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Optical properties of low-refractive index polymers

Abstract

The study of optical properties of polymers is an integral part of smart materials research.
It has immense potential in diverse fields spanning from structural health monitoring and
underwater surveillance to medical imaging and automobile industries. Polymers are
excellent candidates for these purposes due to their adaptable physical properties, one of
which is their optical response to external stimuli such as temperature, pressure, magnetic
fields, humidity, surrounding gases etc. Thus, being able to predict these responses is
invaluable in the formulation of devices that are relevant to these applications. This paper
presents a study of the simulation of the optical properties of several polymers when exposed
to electromagnetic radiation, ranging from Ultra Violet to Near-Infra Red. A simulation of
the influence of varying thicknesses of polymers (10, 50, 100 pm) on substrates [silicon
(10, 50, 100 um) and metal (Au) (0.025, 0.053, 0.117 um)], on the optical properties, is
presented in this study. Consequently, the results of these simulations serve as a guideline
for selecting the best material configuration for the desired application. The optical bandgap
of some of the polymer candidates is examined in light of Tauc’s method of analysis of the
absorption coefficient variation with energy.
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Introduction

There is a need to optimize the manufacturing processes in many
industrial fields to improve productivity while lowering costs and in-
creasing the overall quality of the product. The implementation of an
efficient, repeatable, reproducible and profitable operational procedu-
re is fundamental to obtaining in situ readings of process variables
and performing accurate analysis of the overall state of the system.'
Thus, it is important to study state vectors of interest. Figure 1 shows
multiple parameters of interest when considering polymers for opti-
cal applications. Refractive index is one such key parameter that can
give a comprehensive overview of a system. Thus, monitoring fluc-
tuations, brought on by the variance of environmental constraints, is
instrumental to predicting the materials that are appropriate for speci-
fic applications. Investigations of the optical properties of polymeric
materials are currently of significant interest as these materials have
many impactful applications in emerging fields such as energy, opti-
cs, optoelectronics and photonics. In the last few decades, the highly
advantageous properties of these materials have enabled the develo-
pment of critical technologies such as electroluminescent displays,
field effect transistors, sensors and solar cells.”’ Low refractive index
polymers are ideal for controlling light distribution in antiglare, anti-
-iridescence, low reflectance, and low interference products as they
can eliminate disturbances from external light and increase light trans-
mission to enhance the performance of these devices. They also have
other attractive properties such as light weight, low cost and easy to
process, along with low sensitivity to vibrational stress,® which makes
them superior to their inorganic counterparts. Low refractive index
polymers have also been utilized in other electro-optical light-mana-
gement applications such as anti-reflection coatings, flat light emitting
technologies like OLEDs, optical adhesives, and optical waveguides.

Although the thin film materials industry has historically been do-
minated by inorganic films, more recently, polymer films have beco-
me extremely important for a variety of applications. Consequently,
they are present in various modern devices in multiple fields which
include biotechnology, microelectronics, micro fluidics and optoelec-
tronics. The need for a reduced structural requirement has enhanced
the development of advanced thin film growth techniques that can

be easily executed in manufacturing processes for developing devi-
ces and systems. Two-dimensional thin films hold considerable ad-
vantages over bulk materials as their large surface-to-volume ratios
make them desirable candidates for applications involving surface in-
teractions. Thin films also have greater benefits as coatings over bulk
materials, since they can achieve application-specific properties that
are unfeasible in the substrate material. A polymer inorganic material
hybrid can be promising as a functional material.”
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Figure | Optical properties of polymers for applications in optics/optical
components.

Applications of optical properties of polymers

Polymers have a variety of compelling features that make them
useful for multiple areas of applications. They have the potential to
help solve the storage deficiency and environmental impact caused
by an increase in energy demand.'® The use of photovoltaic technolo-
gies in collecting energy from sunlight and converting it into a useful
source of power is considered to be one of the most promising techni-
ques to quell the increasing global energy demand. Amongst several
available technologies, photovoltaic’s (PVs) are considered to be the
cleanest way to process solar energy conversion.'* additionally; con-
jugated polymers are widely used in fabricating organic solar cells
(OSCs). Third generation solar cells have been invented for their
low costs and high- power conversion efficiencies (PCE) in various
applications, for example, organic PVs (OPVs), light condensed cells,
dye-sensitized solar cells (DSSCs), tandem cells, and organic—inor-
ganic hybrid (OIH) solar cells. Although PCE of solar cells, con-
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Optical properties of low-refractive index polymers

taining organic components, seem to exhibit a shorter lifespan than
those of conventional first- and second-generation solar cells, OSCs
are still worth considering as they are highly flexible, light weight as
well as have low manufacturing costs.” Recently, the development of
conjugated polymers and organic semiconductors has led to poten-
tial applications in optoelectronic devices, such as polymeric/organic
light-emitting diodes (OLEDs), field-effect transistors (FETs), photo-
voltaic’s (PVs), nonlinear optical devices, memory storage devices,
energy storage, photo detectors, and chem- and bio-sensors. "

Figure 2 depicts a summary of the multiple prospects for uses of
polymers in opto-electronic and other device applications. Due to
their very interesting properties, polymers are used as coatings, opti-
cal wave guides, semiconductors, sensors, and many other devices, in
addition to applications in packaging. Optical fibers are used in a vast
majority of everyday applications which include networking, broad-
casting, and electronics. They are often used as a medium to transmit
information and are usually made from pure glass or polymers becau-
se of their flexibility and small size. In recent years, polymer optical
fibers have been considered to be a viable replacement for silica-based
fibers. This is due to their cost effectiveness, high flexibility in ben-
ding, ease of fabrication, biocompatibility, high fracture toughness,
and high sensitivity to strain. As a result, the use of these materials in
optical fiber sensors has contributed to improving specific properties,
making them useful for sensing purposes due to their improved res-
ponse time and enhanced sensitivity. Two (Polymethylmethacrylate
- PMMA and Polycarbonate - PC) of the four polymers, studied in the
simulations in the present study, are excellent candidates for polymer

optical fibers.”
—o Sensors

Applications of |
== s
polymers

Figure 2 Applications of polymers — based on their optical properties.

Optical lenses are another area of optical components in which
polymeric materials are relevant. They are integral to optical mate-
rials that are designed to control light behavior i.e., diverge or con-
verge light. Although, traditionally, optical glass has been used for
this application, more recently optical polymers are replacing them.
The optical behavior of lens materials is mostly studied using their
transmittance, reflectance, and dispersion in specific areas. Therefore,
these properties are often considered in the selection of polymers for
micro-lens applications. Sultanova et al.,' were successful in incorpo-
rating PMMA and PC polymers for micro-lens applications in optical
communication networks.

The refractive index is a key parameter to consider for use of poly-
mers in optical applications. Consequently, the refractive index (RI
- n) of the polymer must be tailored to suit the desired application. In
order to do so, other materials should be examined to create a hybrid
material. A major objective of the present study is to consider the ro-
les of such materials (Au and Si) with polymer candidates and their
influence on optical properties.’

Polymer based optical waveguides are integral to the development
of broadband communications which include optical networking,
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computing systems and polymer integrated optics. These optical poly-
mers are dependent on the phenomenon of Total Internal Reflection
(TIR) which has the ability to confine light in a waveguide. Optical
waveguides typically have two modes (single and multi) which de-
pend on their frequency, refractive index, magnetic field strength and
polarization.'” Polymeric optical waveguides are excellent at refrac-
tive index modulation as a result of their thermal confinement and
strong thermo-optic effect. This makes them perfect candidates for
tunable filters which are vital components of optical communication
systems.'?!* these types of materials can be made of thin films inte-
grated into optical circuits. Polymers such as poly methacrylate and
polyvinyl derivatives are of interest to researchers due to their uncom-
plicated fabrication process and film forming including waveguide
patterning.

95% of the PV modules sold today are silicon based solar cells
making silicon the most popular semiconductor material.’® additio-
nally; silicon is the second most abundant material on earth (after oxy-
gen) as well as the semiconductor, most used, in the manufacture of
computer chips. Silicon based solar cells are favorable because they
have three important properties: they are low-cost, highly efficient and
have a long lifespan. Conversely, Organic PV, or OPV cells, compo-
sed of carbon-rich (organic) compounds, can be tailored to improve
PV cell function. However, these OPV cells are half as efficient as
their crystalline silicon counterparts (or less efficient) with shorter
life span.'s consequently, this makes silicon an extremely favorable
substrate to consider when researching materials for use in electronic/
optoelectronic devices.

This study considers the use of a metal substrate; in this simula-
tion, gold is considered as the metal as it possesses several properties
of interest to catalysis, drug delivery systems, electronics, optoelec-
tronics and photonics. These properties include the following: gold
does not corrode or tarnish; it is soft; it exhibits a combination of high
electrical conductivity, optical reflectivity and a low Young’s modulus
of 79 GPa. Additionally, gold has been used in biochemical sensors as
signal transducers. Its inertness makes it useful in Surface Enhanced
Raman Scattering (SERS) in miniaturized micro fluidic lab on chip
devices.'® Gold is a particularly significant material for several appli-
cations including biosensing, chemical catalysis, electronics, optics,
photonics, and plasmonics, as it possesses numerous favorable che-
mical, electrical, optical, and physical properties.'® In Table 1, some
of the applications of low refractive index polymers are summarized.

Simulation methodology
Principles of optical properties

Previous research regarding the optical properties of polymers has
primarily focused on experimental results which can be limiting sin-
ce the sources for optical constants have varying information. This
causes a large spread in the available data of the fundamental optical
constants. Simulations are a great way to address this as they allow
for a process of predicting outcomes and narrowing the search for
the polymer candidates that are useful for a specific application. In
this study, we consider four polymers (Polymethyl Methacrylate -
PMMA, Polyethylene Terephthalate -PET, Polyvinyl Chloride - PVC
and Polycarbonate - PC) for simulations of their optical properties (R,
T, A), on silicon and gold substrates, in the wavelength range of visi-
ble to near-infrared region. The polymer films of thicknesses, 10um,
50um and 100um, and substrates - silicon (thicknesses -10, 50, 100
um) and gold (thicknesses - 0.025, 0.053, 0.117 um) are considered
in the simulations. The optical properties - reflectance, transmittance
and absorptance are simulated utilizing predetermined n and k values
for the polymers,** silicon® and gold.**
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Table | Low refractive index polymers and their applications
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Polymer Properties Device Other Applications
PMMA Low-cost Polymer waveguide for three-dimensional polymer Optical lenses
(Polymethyl Transparency in integrated optics'’ Direct-write

methacrylate)

PET
(Polyethylene
Terephthalate)

PVC (Polyvinyl chloride

PC (Polycarbonate)

PEI (Polyethylenimine)

wide range of
wavelengths
Thermal stability
Electrical insulation
Mechanical
Resistance

Transparency

High melting point
(265 °C)
Flexibility

Low molecular
weight

Heat Resistant

Compatible w/
wide range of
transitional metals
low-cost
increased thermal
stability

Thermal stability
Highly transparent
to visible light

UV stability

Easy to fabricate
and machine

Soluble in water,
methanol, ethanol,
and chloroform
but insoluble in
solvents of low
polarity such as
benzene, ethyl
ether, and acetone.

Polycationic

air,g_lt‘liquid
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Corrugated OLED in a two-dimensional projection.Three
representative positions of the dipole with different heights:
low (L), mid (M), and top (T)*®
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Pitcha

polycarbonate substrate

PEl interlayer in QLEDs enhance efficiency by increasing

generation of excitons, particularly over low driving currents

which is convenient for the brightness targets of display

applications?'

(510 @1y} 23 rsaumunsaI) PRI

e-beams
Deep UV micro
lithographic processes

Optoelectronics
Organic Light Emitting
Diode (OLED)
Optical filters

Optical sensors
Smart coatings

Optical fibers
Liquid Crystal Display
(LCD)

Printing inks

Textile coating additives
Adhesion promoters
Enzyme carriers

Wet-strength agents

All the calculations of the optical properties are carried out at room
temperature and under conditions of normal incidence. The waveleng-

70

th dependent Reflectance (R), Transmittance (T) and Absorptance (A)

are given by the following equations:
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R = [(n=1) 48]/ (n+1)" +#] (1)
T = (1-R) (e*) ©)

where, o is the absorption coefficient and is calculated from equa-
tion.

a = (4Ilk/ ) 3)

Here, k is the extinction coefficient and A is the wavelength of the
incident photon.

A=(1-R-T) 4

The optical constants n and k (refractive index and extinction co-
efficient, respectively) were back calculated using the dielectric cons-
tants (¢, and €,). €, and €, are, respectively, the real and imaginary parts
of the complex dielectric constant, €; their relationship is as follows:

g=n"-k )

& = 2nk (6)

Solving the above equations, the following equations are obtained:
4n' - 4n’e - £°= 0 7

k = (&/2n) ®)

Equations (7) and (8) lead to the determination of the values of n
and k. Next, the optical properties of polymers on gold and silicon
substrate were simulated. This requires the calculations of reflectance
for the two layers. Reflectance for the two-layer medium is given by:

Ro= [(m=n) + 2 /1 my) 47 ©)

where, n, and k, are the refractive index and extinction coeffi-
cient of the polymers, respectively, and n, is the refractive index of
the substrate. The transmittance and absorptance calculations for the
two-layer medium follow from equations (2) and (4), respectively.

Modelling of optical properties
Refractive index

The refractive index, dielectric constants, and dispersion proper-
ties are important parameters to observe in the modeling and deve-
lopment of optical properties. Consequently, these parameters have
been considered in this study. Refractive index is a physical property
of a material which explains the light propagation through a material.
The speed of light in a material is inversely proportional to its re-
fractive index. This means that a high refractive index causes light to
pass slower within the material. The refractive index can be calculated
using the expression:

1+R
n=

1-R

(1-R)’
The extinction coefficient is a measure of how strongly a mate-
rial absorbs light at a specific wavelength. It is given by the fraction

of absorption per unit distance in participating medium. This can be
evaluated from expression (11):

(10)

_ Ao

k="
4n

(11
Results & discussion
Polymer

The simulated absorptance, reflectance and transmittance spectra,
under conditions of normal incidence, room temperature and varying
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thicknesses of polymer (PMMA), polymer/gold and polymer/silicon
substrates are presented in Figures 3-9. The four polymers (i.e. wi-
thout the substrate introduced), exhibit results of the optical properties
that look almost identical as these polymers were selected for their
similar (low refractive index) properties. Due to the similarity in the
simulated optical properties, utilizing the four polymer candidates,
only one set of simulations based on PMMA is discussed throughout
this study.

PMMA 10um

0.0400
0.0395 a
® 0.0390
<
=
E 0.0385
s
g o.0380
% 0.0375
~ 0.0370
0.0365
0.0360
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Wavelength (micrometer)
PMMA 10um
0.963 b
8
2 o962
g
2 o9
“
=
S o960
=
0.959
0.4 0.6 o.8 1.0 1.2 1.4 1.6 1.8 2.0
Wavelength (micrometer)
PMMA 10um
0.005
c
0.004
§ 0.003
)
&
o 0.002
a
o
< o.001
0.000 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Wavelength (micrometer)

Figure 3 Simulated (a) Reflectance, (b) Transmittance and (c) Absorptance
Bare Polymer (PMMA) — 10 pm thickness.
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Figure 4 Simulated (a) Reflectance, (b) Absorptance and (c) Transmittance
Bare silicon (Si) - 10pm thickness.
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Gold (Au) - [0um thickness.
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Figure 6 (a) Simulated Reflectance of PMMA, Au, PMMA/Au; (b) Simulated
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Figure 7 (a) Simulated Transmittance of PMMA, Si,at 10um, 50pm, 100pm (b)
Simulated Transmittance of Si, PMMA, PMMA/Si.
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Figure 9 (a) Simulated Transmittance of PMMA - 10um, 50pm, 100um;Au -
0.025,0.053,0.117 pm. (b) Simulated Transmittance of Au, PMMA, PMMA/Au.

Figure 3a presents the results of the simulated reflectance of
PMMA. As expected, the simulated reflectance does not change with
varying thicknesses of the polymer. Hence, a representative set of
calculations, based on 10 um thick polymer (PMMA), is presented
in Figure 3. The reflectance decreases with increase in wavelength.
The simulated transmittance of the polymer layer, in Figure 3b, shows
multiple dips with change in wavelength. An initial increase in trans-
mittance is followed by a slight dip at a wavelength of 1.14 microns
followed by a small increase in the transmittance till 1.2 microns and
then a decrease until 1.37 microns. A major dip in transmittance is
observed at about 1.7 microns. The absorptance spectra in Figure 3¢
behaves in a complementary manner to the transmittance spectra.
Amongst the materials considered in this study, PMMA thin films
exhibit the lowest absorptance in the ultraviolet and visible region of
the electromagnetic spectrum (Figure 3(c)).

Si substrate

In the case of bare silicon substrate, the reflectance is unaffected
by a change in substrate thickness (10, 50, 100 pm). Thus a represen-
tative set of calculations based on 10 pm thick silicon is presented
throughout the study. As seen in Figure 4a, the reflectance of silicon
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decreases rapidly from 0.4 to 1.2 um, followed by a slow decrease
from 1.2 to 2 um. The transmittance of bulk silicon experiences an al-
most linear increase from 0.62 to ~1.14 pm and then it becomes cons-
tant from 1.14 - 2 um (Figure 4¢). The dip in absorptance at ~1.14 pm
in silicon (Figure 4b) corresponds to its absorption edge. Absorptance
in silicon increases with increasing energy (or decreasing wavelength)
beyond the absorption edge (1.14 um). It decreases from 0.62 to 0.4
pum. Silicon is a window in the infrared range of wavelengths.

Au substrate

The simulated reflectance of bare gold substrate shows a sharp
peak and three dips at several wavelengths (Figure 5a). Gold, at a
thickness of 0.025 microns, exhibits a peak in reflectance at a wave-
length of 0.46 pm followed by three subsequent dips at wavelengths
of 1.2, 1.3 and 1.99 um. Similar behavior in reflectance of gold for
thicknesses of 0.053 um and 0.117 pm are observed. The absorptance
of bare gold of thickness 0.025 um, 0.053 um and 0.117 um are exa-
mined in Figure 5b. It shows a sharp dip at 0.46 um and three sharp
peaks at wavelengths of wavelengths of 1.2, 1.3 and 1.99 pum. The
transmittance values are shown in Figure Sc. They are consistent with
the reflectance and absorptance spectra.

Polymer, Au, polymer/Au, Au/polymer

In Figure 6(a), the reflectance spectra of polymer (PMMA), Au,
polymer/Au and Au/polymer are presented. As can be seen in this fi-
gure, the reflectance of polymer/Au (PMMA/Au) is very similar to
that of bare gold substrate except for a very slight difference in reflec-
tance from 0.4 to 0.7 um. The reflectance of Au/PMMA is lesser than
that of bare Au and (PMMA/Au). From these simulations, it may be
inferred that the influence of PMMA, as a bottom layer, is to decrease
the reflectance of Au. The sharp dips in reflectance of Au (1.2 and 1.3
um) are observed in all the three simulations (Au, PMMA/Au and Au/
PMMA).

Polymer, Si, polymer/Si, Si/polymer

The simulated reflectance of Si, polymer, polymer/Si and Si/poly-
mer are shown in Fig. 6b. All the results of the reflectance resemble
that of silicon (also, Figure 4a). Si/PMMA exhibits less reflectance
than Si and PMMA/Si. The reflectance of polymer is less than those
of Si/polymer, polymer/Si and Si. The influence of thickness of bare
Si and bare polymer on their transmittance is examined in Figure 7(a).
As can be seen in this figure, polymer exhibits a constant high trans-
mittance, except at 1.65-1.7 um wavelength range. Bare Si exhibits
high transmittance in the IR range of wavelengths (1.1 to 2 um. The
transmittance of 10 um thick bare Si shows an increase in transmittan-
ce from 0.6 to 1.1 um while thicker bare Si exhibits a similar increase
in transmittance that begins at 0.8 pm. The transmittance of the poly-
mer/Si is very similar to that of bare Si, except for a slight decrease
in the peak transmittance. The order of the configuration — polymer/
Si and Si/Polymer does not seem to have any influence on the simu-
lated transmittance spectra. Hence, the simulation of transmittance of
only polymer/Si is shown in Figure 7(b). The results of the simulated
absorptance spectra in Figure 8(a) and 8(b) are complementary to the
results of transmittance in Figure 7(a) and 7(b).

Polymer, Au, polymer/Au

The simulations of transmittance and absorptance spectra of poly-
mer, Au and polymer/Au are presented in Figures 9 and 10. The resul-
ting graphs in Figure 9 show that the transmittance of gold (thickness
~0.117 pm) is negligible. The reflectance spectra in Figure 5(a) and
6(a) complement the absorptance spectra of gold in Figure 10 (a and
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b). Au at a thickness of 0.117 pum, presents a peak in absorptance at a
wavelength of 0.46 microns followed by an exponential decrease at ~
0.71 pwm, remains low (~ 0.05) and exhibits peaks at wavelengths of
1.2 and 1.3 pm. Also, similar behavior is observed when the thickness
changes to 0.53 microns with an exponential decrease till 0.7 microns
where the absorptance becomes close to zero with minute changes and
a shallow peak at 1.89 microns. Regarding the two-layer simulations
(Figure 10b), the transmission simulation (Figure 9) results mirror
those seen with pure gold described above. This is due to the thin film
polymer thickness relative to the gold substrate material properties.

Polymer candidates considered in the study

Several polymers, grouped by their lower refractive indices, were
considered in this study. They include PMMA (Polycarbonate (PC),
Polystyrene (PS), Polyethylene Terephthalate (PET), Poly Vinyl
Chloride (PVC) and Polyethylenimine (PEI). The refractive indices
(n) and extinction coefficients (k) of these polymers are presented in
Figures 11 and 12 respectively. In these figures, the differences in their
individual optical properties (n and k) are observed. However, the si-
mulated optical properties (R, T and A), based on their n and k, were
almost identical and the difference was negligible. Consequently, only
the simulated results for PMMA are presented in this study (Figures
3-10).
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~—— Au 0.053 um
0.5 Au0.117 um
—— PMMA 10 um
¥ 04 —— PMMA 50 um
s
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Figure 10 (a) Simulated Absorptance of PMMA, Au - 0.025, 0.053,0.117 ym
(b) Simulated Absorptance of Au, PMMA, PMMA/Au.
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Figure 11 Simulated Refractive Index vs Wavelength of Low Refractive Index
Polymers (PMMA PC PS PET PVC PEI).

Optical band gap and tauc’s method

The band gap energy, for semiconductors, is the minimum energy
required for an electron to transition from the valence band to the
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conduction band. The direct band gap value represents the energy
difference between the two bands at the same value of momentum
and the indirect band gap represents the difference when they have
different values of momentum.” Energy gap is of significance in
photonics as it demonstrates how energy from a photon can be used
to produce an electron-hole pair. Optical transitions in a direct band
gap occurs when the photon energy is equal to or exceeds the band
gap energy as the electron receives the required energy for inter-band
transition via absorption of photons. The indirect process occurs at a
much slower rate because the electron needs to interact with not only
the photon, but also the quanta of lattice vibration, i.e., a phonon, to
undergo the required change in momentum to create an electron-hole
pair.*® Consequently, direct band gap materials such as GaAs, CdS,
ZnS, CdSe etc. are used in light-emitting applications such as LEDs
and LASERs.*

The Tauc method is used to determine optical band gaps by rela-
ting the absorption coefficient to photon energy. The Tauc relation is
as follows:

(12)

where, h is the Planck’s constant, v is the photon frequency, E, is
the band gap energy, and B is the band form parameter which depends
on the transition probability and can be assumed to be constant within
the optical frequency range. The nature of the electron transitions de-
termines the y factor which can be % or 2 for the direct and indirect
transition band gaps, respectively. It can also be 3 and 3/2 for the indi-
rect forbidden transition and direct forbidden transition, respectively.
Figure 13 illustrates the different electronic transitions based on Tauc
model. The resulting plot from the equation has a distinct linear re-
gion that can be extrapolated to the x-axis which gives an approximate
value of the optical band gap.

(othv)mr =B (hv—Eg)
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Figure 13 Transition types: (a) direct allowed, (b) direct forbidden, (c) indirect
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The optical band gap of the polymer candidates (Table 2) is de-
termined from the absorption spectra near the absorption edges. The
plots of (a*E )* and (a*E )" versus E are presented in Figure 14 in
order to approximate the direct (Eg L) and indirect energy gap (Eg )
respectively. The Energy band gap value was extrapolated from each
graph. The values of the band gap energy of each polymer have been
summarized in Table 2.

Table 2 Energy gap of Some polymers

Eg Eglid/s
IdIs(eV) Egl/dle (eV) (eV) Eglid/e (eV)
Polymer  Simulated Experimental Simulated Experimental
Direct Direct Gap Indirect Indirect Gap
Gap Gap
4.39 [27],5.03 4.80 [28],3.54
PMMA 43 [28], 5.04 [29] 463 [30]
3.58 [31],4.45
PC 2.86 [32],3.57 [33], 292 E;? [33.35). 428
4.12 [34]
4.05 [36],4.44
PS 429 [37],2.0 [38], 351 3:'5 [36].4.39
4.2 [39] (371
3.87 [40],3.14 3.73 [40], 3.96
PET 3.86 [41] 32 [42]

Conclusion & future work

Simulations of the optical properties of some low refractive index
polymers have been performed in the above study. These simulations
are an important first step in order to identify, recommend and enhance
the applications of polymers. Consequently, the optical properties (re-
flectance, transmittance and absorptance) of some polymer candidates
[Polymethyl Methacrylate (PMMA), Polycarbonate (PC), Polystyre-
ne(PS), and Polyethylene Terephthalate (PET)] were examined on
two representative substrates — metal (Au) and silicon. The results of
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these simulations demonstrate that the material configurations, consi-
dered in this study, will be useful for applications in the fabrication of
passive optical components, photonics and optoelectronics.

In order to increase the utility of the simulations, factors such as
the effect of temperature, pressure and magnetic field must be consi-
dered. Additional candidates for substrates need to be examined along
with a larger range of wavelengths and thicknesses. Model simula-
tions such as these require a reliable database of optical constants of
materials and their dependence on wavelength.

Tauc’s method of analysis was utilized to estimate the optical band
gap of the four polymer candidates, PMMA, PC, PS and PET. They
have been compared with the corresponding data in the literature.
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