City Research Online
City St George’s, University of London

ST GEORGE'S

UNIVERSITY OF LONDON

Citation: Ali, J., Youplao, P., Pornsuwancharoen, N., Jalil, M. A., Chiangga, S.,
Amiri, I. S., Punthawanunt, S., Aziz, M. S., Singh, G., Yupapin, P. & et al (2018).
Nano-capacitor-like model using light trapping in plasmonic island embedded
microring system. Results in Physics, 10, pp. 727-730. doi:
10.1016/}.rinp.2018.07.013

This is the published version of the paper.

This version of the publication may differ from the final published version. To cite
this item please consult the publisher's version.

Permanent repository link: https://openaccess.city.ac.uk/id/eprint/20184/

Link to published version: https://doi.org/10.1016/j.rinp.2018.07.013

Copyright and Reuse: Copyright and Moral Rights remain with the author(s) and/or
copyright holders. Copies of full items can be used for personal research or study,
educational, or not-for-profit purposes without prior permission or charge, unless otherwise
indicated, provided that the authors, title and full bibliographic details are credited, a
hyperlink and/or URL is given for the original metadata page and the content is not changed
in any way. For full details of reuse please refer to City Research Online policy.

City Research Online: http://openaccess.city.ac.uk/ publications@citystgeorges.ac.uk



https://openaccess.city.ac.uk/policies.html
mailto:publications@citystgeorges.ac.uk
http://openaccess.city.ac.uk/

Results in Physics 10 (2018) 727-730

journal homepage: www.elsevier.com/locate/rinp

Contents lists available at ScienceDirect

Results in Physics

results in

PHYSICS

)

Nano-capacitor-like model using light trapping in plasmonic island R

embedded microring system

Check for
updates

J. Ali*, P. Youplao®, N. Pornsuwancharoen”, M.A. Jalil’, S. Chiangga“, LS. Amiri®,
S. Punthawanunt’, M.S. Aziz’, G. Singh?, P. Yupapin™"*, K.T.V. Grattan’

2 Laser Centre, IBNU SINA ISIR, Universiti Teknologi Malaysia, 81310 Johor Bahru, Malaysia

® Department of Electrical Engineering, Faculty of Industry and Technology, Rajamangala University of Technology Isan, Sakon Nakhon Campus, 199 Phungkon, Sakon

Nakhon 47160, Thailand

€ Physics Department, Faculty of Science, Universiti Teknologi Malaysia, 81310 Johor Bahru, Malaysia

9 Department of Physics, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand
© Division of Materials Science and Engineering, Boston University, Boston, MA 02215, USA

f Multidisciplinary Research Center, Faculty of Science and Technology, Kasem Bundit University, Bangkok 10250, Thailand

8 Department of Electronics and Communication Engineering, Malaviya National Institute of Technology Jaipur, 302017, India

B Computational Optics Research Group, Advanced Institute of Materials Science, Ton Duc Thang University, District 7, Ho Chi Minh City, Viet Nam

I Faculty of Electrical & Electronics Engineering, Ton Duc Thang University, District 7, Ho Chi Minh City, Viet Nam

J Department of Electrical & Electronic Engineering, School of Mathematics, Computer Science & Engineering, City, University of London, EC1V OHB, United Kingdom

ABSTRACT

We have proposed the convincing electro-optic circuit for long life-time electron mobility emission. Light a monochromatic source is utilized as input into the circuit
via the input port and trapped within the plasmonic island. It is a formed-like capacitor structure formed by the silicon-graphene-gold materials which are stacked
layers. All circuit port ends have added the TiO, to form the reflectors. By selecting the suitable parameters, the fraction of the output power emission can be
controlled at the add port, from which it can be successively pumping and trapped(stored) within the plasmonic island. The system energy saturation can be released
by squeezing light behavior, therefore, the system is always balanced due to the successive pumping process. The results obtained of the single cell(circuit) have
shown that the charging time and discharging times of the nano-capacitor-like of ~2 to 3 s and 1000 h are achieved. This can be applied to long life mobility emission
(discharge) of the capacity-like device. The mobility storage time within the island is 14,000 h, with the electron mobility of ~3.0 x 107 cm?® Vs~ ! is obtained.

Introduction

Light trapping within a micro-scale device has become the pro-
mising technique for various applications, where there are many types
of research and investigations in various investigations [1-5]. Energy
storage using the light trapping technique is also the interesting method
for long life power emission. Many works in both theory and practice
have been reported [6-11], where there were different trapping sys-
tems applied. The key advantage of them is the tiny trapping system
with the suitable materials could offer different applications. Light
trapping within a microring system is also the interesting technique for
energy storage [12], in which the electro-optic energy conversion can
be formed and used for battery [13]. The electro-optic conversion can
be formed by using the device called the plasmonic island and stacked
layers, in which light energy can be converted to be the electron mo-
bility and current, which can be used as the charge and discharge
current for battery applications. Principally, the light intensity can be

converted to be the electron mobility by using the following relation-
ship as I = E? = (%)2. Here, the light intensity is presented by I, and
the group velocity is defined as V4 = pE. An electric current can be
established in the conductor once an electric field of E is applied in the
grating sensor, where the current density can be defined as Js; = oE.
Here, the conductance or the electrical conductivity is defined by o,
where for the gold material it is 1.6 x 108W'm™?! [14,15]. By
modifying the microring resonator design as add-drop filter consisting
of two microring resonators attached to the centred ring, we can induce
the nonlinear effects to the system which offers a generation of short
pulses and easy control of the WGM resonance output compared with
the original microring resonator design [16-18]. The sensitivity of the
system can be obtained by the relationship between the electron mo-
bility output and the applied current (input power). By using the
plasmonic island, the plasmonic waves are introduced in the graphene
layer by the input light intensity from the silicon layer, from which the
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Fig. 1. Schematic of a plasmonic island structure, where E;,, Em, E4r, Eqq are
the electrical fields of the input, through, drop and add ports, Ry, Rg, Rp are the
ring radii of the left, right, and center ring, respectively, ks : the coupling
coefficients are 0.5. Si: Silicon, Ry;: Silicon ring radius, Rrip: Titanium oxide
circle radius.

electron mobility is driven by the surface plasmon waves. The excited
electrons are conducted within the gold layer by the driven plasmonic
waves. In this article, the trapping light within the Panda-ring circuit is
controlled to have the low-emission rate by the applied reflector length
(coefficient). The silicon device on-chip with the scale less than 1 ym
has been recently reported, however, this work the device is formed by
the ChG microring structure, in which the device scale is proposed by
the practical fabrication scale [19]. The low energy(electron mobility)
emission is configured by the black-body-radiation. The system is fed by
the external energy, then it is almost closed during the operation.

The generated electro-optic signal conversion within the system in
Fig. 1 can be obtained by the relationship between the plasmon wave
energy and electron mobility within the gold layer [20]. The driven
group velocity within the device can generate the required WGM beam
output. By adjusting the input power and also the phase modulator
which is realized as two nonlinear ring sides, the whispering gallery
mode can be controlled. Suitable pumping power can be applied to the
center wavelength signal and the resonant pulse width by using the
nonlinear materials such as ZnO. Here, the resonance pulse width is
defined as switching time. Eq. (1) representing the electrical output
field (Ewgm) in the cylindrical coordinator [17]. To simplify the
equation, the surface reflection of the reflector is neglected, where
Iwemr = —Rwem Iwomr- Rwem which is the reflection output. Here,
Rwewm, is the reflection coefficient or the reflectivity of the used ma-
terial [21]. Further investigations can be performed by using different
filters, as the output from the circuit can interfere with the reflection
power, where the results from the interference output can be detected
and seen in the output ports of the system. To obtain such interference
results we have selected simulation system parameters from experi-
mental works [22,23]. The used parameters are given in the captions of
relevant figures. In Fig. 1, a selected light source is fed into the system
via an input port, which is represented as the input electric field (E;,).
The electric fields are circulated within the system and described by the
Egs. (1)-(3) [21], the input electric field is fed into the z-axis, where
E;, = Ez = Eje " x~«t*+¢_E is the initial electric field amplitude, Where
E, is the electric field amplitude (real), k, is the wave number in the
direction of propagation (z-axis) and w is the angular frequency, where
@ is the phase of light.
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Fig. 2. Wave propagation results within the system shown in Fig. 1, where the
input power is 2W, and the center wavelength is 1.55 pm. The ring system,
Ry =Rg = 1.1um, Rp = 2.0 ym, * =1 = K3 =K4 = 0.5, Nochg = 2.9,
Nache = 1.02 X 1077 m?> W™ [25], ng = 3.47 (Si-Crystalline silicon), where
(a) the graphical results, (b) the electric field signal as a function of wavelength,
and (c) the electric field signal as a function of time.
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Here, Ej, = —nEy, . n is the reflection ratio, E,, is the electric field
output from the add port, E;, E,, E3, and E, are the electric fields in the
system. ¥, are the intensity insertion loss coefficients of the 3 dB cou-
plers, and x;; are the coupling constants. « is the attenuation loss of light
in the waveguide, and k,, ne is the propagation constant, Lp, is the
circumference of the center r1ng

The suitable system parameters were achieved by using the gra-
phical approach called the Optiwave program, from which the MATLAB
program is used for numerical calculation. The parameters of the device
are indicated in the figure captions. Fig. 1 shows the system, wherein
the wave propagates within the system is shown in Fig. 2, where the
Optiwave is used to perform the simulations. Here, the input power of
2W at 1.55pum is used. The ring radii are R; = Rg = 1.1 um,
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Rp = 2.0 um. The coupling constants are %; to x4 = 0.5, the refractive
indices are mngchg = 2.9, MNachg = 1.02 x 1077 m?W~1 [24,25],
ng; = 3.47 (Si-Crystalline silicon), where (a) the graphical results, (b)
the electric field signal as a function of wavelength, and (c) the electric
field signal as a function of time. The other parameters are given by the
following details. We define the carrier density as n = [(Den-
sity) X (free electron number per atom) X (Avogadro’s con-
stant) x 10°]/[Molar mass] electrons per cubic metre. For TiO,, the
density is 4.95 gem ™3, the Avogadro’s constant is 6.02 x 10%* atoms,
the free electron number is 1, the Molar mass is 63.866 gmol ~ !, and the
conductivity, o =2.38 x 10°Sm™~! [26]. Then the charge-carrier
number density for the TiO, can be calculated as
n=1[4.95x 1 x (6.02 x 10%®) x 10°]/63.866 = 4.6659 x 10%® elec-
trons-m~3. The TiO, island radius(Ry;0) and thickness are 1.6 pm and
0.1 um, respectively. The charge-carrier number can be calculated as
(4.6659 x 10%) x 7 x (1.6 X 1072 x (0.1 X 107°) = 3.7525

x 10 electrons, where an electron itself has a negative charge of
approximately 1.602 x 10~°C [26]. Thus, the maximum electrical
charge of the island is Qumax = [3.7525 x 10'9]
x [1.602 x 107'°] = 6.0115 x 10~ °C. The charge in time on a
system of two parallel conductive plates, which is a capacitor, can be
calculated as the electric charge divided by the charging current. In
addition, the current density, J, is the product between the electric
field, E, inside the material and of which the conductivity, o, that re-
lated to the material length (the thickness of the plate; Trio). Therefore,
the charging current, I, can be calculated by I = JA = oTp;oEA, where
A = 7[Rp0l? is the cross-section area of the material (area of the
plates). In addition, the charge Q on a capacitor relates to the charging
current I (coulombs~!), which can be expressed as Q = t X I, where t is
the charging time. Therefore, the time-dependent charge of the capa-
citor in the plasmonic island can be considered as Q(t) = [t X oTroEA].
The relationship of the charging Q as a function of time can be illu-
strated as in Fig. 3(a), in which the discharging time will depend on the
applied loads. For simplicity, we suppose the plasmonic island charge is
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Fig. 3. Simulation result of the nano-capacitor-like characteristics using the
system in Fig. 1, where (a) the charging state, where the input light power is at
2W, and (b) the discharging state, where the applied load current is 1000 e/s.
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Fig. 4. Plots of the input power and charging and discharging time, where
Rrio = 1.6 um and the thickness of each TiO, is 0.1 um, and the titanium plate
separation(d) is 0.2 pm. The applied load is varied from 1000e/s to 5000 e/s,
where (a) the charging state, (b) the discharging state. The charging time is less
than 3s in all cases, while the discharging time of 10, 000hours is obtained.

at the maximum(Q,q)- The load driving current is the amount of Q per
time, which is the electron source. Thus, the discharging Q as a function
of time can be considered by Q(t) = [Quax — met], where m is an
amount of discharging electron per time, e is the electron charge
number approximately of 1.602 x 107 C, and ¢ is time.

Similarly, the discharging state can be illustrated as in Fig. 3(b).
Plots of the input power and charging and discharging time is shown in
Fig. 4, where Ryjo = 1.6 pm, the reflector thickness(TiO-) is 0.1 pm, and
the TiO, plate separation(d) = 0.2 pm. The applied load is varied from
1000 e/s to 5000 e/s, where (a) the charging state, (b) the discharging
state. The plot of the (stored) electron mobility in the island is shown in
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Fig. 5. Plot of the (stored) electron mobility in the island, where the load is
drawn current is 1000 e/s from the island capacitor. The Titanium oxide layer
parameters are Ryjo = 1.6 pm, thickness Tr;o = 0.1 um. The electron mobility is
u = Vy/E, where Vy is the drift velocity, which is V4 = jy/ne, where j; = 0TroE
is the current density flowing through the material, e is the electron charge
number, and n is the charge-carrier number density. The storage electron mo-
bility can be reached the value of of 1.0 x 107 cm?A-Vs~! within 15 min.
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Fig. 5. For simplicity, we suppose that the load drawn current is 1000
e/s from the island capacitor, which corresponds to the amount of Q per
time. The titanium oxide layer parameters are Ry;o = 1.6 pm, thickness
Trio = 0.1 um. In the calculation, the electron mobility, u = V4/E,
where Vj is the drift velocity, which is V3 = ji/ne, where j; = oTpoE is
the current density flowing through the material, e is the electron
charge number, and n is the charge-carrier number density (electrons
per cubic metre). The stored electron mobility tends to increase when
the electrons are drawn by the applied loads.

We have proposed the use of the capacitor-like circuit using the
plasmonic island embedded microring system, which consists of a semi-
closed microring resonator system. The input light energy is entered
into the system and the successive pumping occurred. The charge
process of the electron mobility is generated within the plasmonic is-
land, which is formed by the capacitor-like circuit. By using the electro-
optic energy conversion, the charge and discharge characteristics of the
device are simulated and interpreted. The full electrical charge and
discharge capacity can be achieved within 2-3s and 1000 h, respec-
tively, while the mobility discharge(emission) is controlled by the
coated reflected end at the add port. The stored electron mobility
within the island(nano-capacitor-like device) of 3.0 X 1077 cm?Vs™! at
14,000 h is obtained. In application, the reflector at the drop port can
be arranged to achieve the required discharge time and current.
Additionally, the large volume of the circuits can be constructed and
the more charge capacity values can be obtained, where the capacitors
can be connected to form the circuits to obtain the higher capacitance.
The device scale and materials can be found in the currently available
materials, where the device scale can be supported by the current
fabrication technology. The proposed system is almost a closed that can
be used for the black-body radiation of the store energy, which may be
useful for other investigations.
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