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Abstract

We propose the use of the thermo-electro-optic energy con-
version system for daily sunlight charger. A circuit consists
of a modified silicon microring circuit embedded by a
plasmonic island at the center. The island materials consist
of silicon-graphene-gold layers. The thermal expansion of
the island materials from the daily sunlight can affect the
change in island material lengths and transfer to the plasmon
wave path difference, which can perform the energy conver-
sion and a charger. In manipulation, the daily sunlight statis-
tic from South East Asia, the significant daily charging
mobility of 4.34 x 107° cm?. (V. s)™'/Vs with the input light
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power of 10 mW can be obtained, which may be useful for
one of the selected alternative energy sources.
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1 | INTRODUCTION

Variant daily sunlight in nature is the powerful energy
resource, which can be found in many applications,' espe-
cially for solar cell device input energy. However, the effi-
ciency of such devices is still continuously improved.®’ There
is another way of an application when the heat from sunlight
can be used to form the thermal devices,&9 in which the direct
thermal energy can be applied and the device functioned.
Recently, the use of the variant sunlight for thermo-electric has
shown a very interesting aspect, which can be used for an elec-
trical device. In this article, we propose the use of the thermo-
electro-optic energy conversion, in which the required output
is the electron mobility that can be converted to be the required
electrical output. By using the whispering gallery mode
(WGM) output of the generated output beam, the reflected
light intensity is given by Iwgmr = —Rwaem IweMmr- Rwem
is the reflection output. Here, Rwgwm, is a coefficient of the
reflection or the used material reflectivity.'®

2 | BACKGROUND

In the manipulation, the input electric field, E;, = Ez =
Ege~*:=0t*+¢ s fed into the system along the z-axis direc-
tion with the wave propagation number k,. E represents the
amplitude of the initial electric field, @ and @ represent the
angular frequency and the phase of the propagation light,
respectively.'®

. _aD_ g Ip
Ea=/T=1, (VI=xi En+jyii Bse 22 ) (1)
Edr=\/1—73( 1-k3 Eqaa +J'\/’<_3E23_{2L‘D_jk"%n) (2)

* . _ap_ 4 Lp
Eoi=+/1=73 (VI=K3 Eg, +jy/Rs Bz (3)

E:r = —nEgq,, where n is the ratio of the reflection, E
represents the output electrical field that appears at the add
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port. Each the electrical field that propagates within each
part of the system represents by E|, E,, E3, E4, E;, and Eg,
illustrated as in Figure 1. The intensity insertion loss coeffi-
cients are 3 dB couplers, which is represents by y;,, and «js
are the coupling coefficients. The attenuation loss due to
light propagates within the waveguide is @. The propagation
constant is k, = 2 negy.

The circumference of the island ring circumference is
Lp, which is changed under the change with the daily variant
temperature. The change in the linear dimension can be esti-
mated to be ALp/Lp = ar AT, where ALp is the change in
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FIGURE 1 A microring circuit with the embedded plasmonic
island at the centre ring, where Ry, Rg, Rp: the radius of the left, right,
and centre ring, respectively. The coupling coefficients: ks = 0.5. Ry,
Rs;, Rg,: the radius of Gold, Silicon, and Graphene plate, respectively.
Ein, Ew, Eqr, and E 4, represent the electrical fields of each port,
throughput port, drop port, and add port, respectively [Color figure can
be viewed at wileyonlinelibrary.com]
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FIGURE 2  Graphical results obtained by the Optiwave program,
where the used output is the whispering gallery mode (WGM) at the
centre of the circuit as shown in Figure 1. The ring system, Ry, = Rg
= 1.1 pm, Rp = 2.0 pm, k3 =k = k3 = k4= 0.5, Rs; = Roy = RGa

= 1.6 pm, of which the thickness: 0.1 pm, 0.1 pm, and 0.2 pm,
respectively, ng; = 3.47. The input power is 10 mW with 1.55 pm
center wavelength [Color figure can be viewed at
wileyonlinelibrary.com]

the island ring circumference, . is the thermal expansion
coefficient, AT is the change in temperature. However, the
elongation limits of all materials are the applied conditions.
The relation of the volume expansion coefficient as a func-
tion of the temperature can be evaluated by Griineisen’ s
equation,11 which can be express as Equations (4)-(8).12

1/0V
7=y (51, @
Cy
- v 5
g Qy[1-k(U/Qy) G)
AV

where AV/V, is the fractional change in volume, Cy is the
capacity of molar heat considered at constant volume, U is
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FIGURE 3 Thermal expansion of the island rings-silicon,
graphene, gold, where A, and B, C'213 [Color figure can be viewed
at wileyonlinelibrary.com]
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TABLE 1  Specified parameters for charge-carrier number density evaluation'®
Density (g/cm3) Free electron number Molar mass (g/mol) Conductivity: 6 (S/m)
Au 19.30 1 196.97 4.10 x 107

the lattice vibrations energy, Qg and k are constant quanti-
ties. Then, with a specified Debye temperature, 8p, both Cy
and U at any temperature 7 can be calculated by using Equa-
tions (7) and (8), where R is the molar gas constant.

T\ (*/" x*dx . 6p/T
=3R|12( — - 7
=3 (0D> , s O
T
U=J CydT (8)
0

3 | SIMULATION RESULTS

By using the graphical program called an Optiwave pro-
gram, from which the result of the WGM is obtained as
shown in Figure 2, where the selected parameters of the
system in Figure 1 were applied. The major role was the
side ring radii that can be used to control to obtain the
WGM output. From which the key effect was the
nonlinear Kerr effect of the GaAsInP-P material. Those
identified parameters will use for the MATLAB program
later on. The used materials thermal characteristics are also
are given in Figure 3, in which the fractional change in
volume for Au and Si can be illustrated as in Figure 3A,B.
In addition, for graphene, the fractional change in length
can be considered from the theoretical data by References
13 and 14 and illustrated in Figure 3C. Based on the aver-
age temperature, according to statistics such as Bangkok,
Thailand, which changes in the range of 20°C to 40°C
(~294°K-314°Kelvin)," the volume change of the island
according to the type of material can be considered as fol-
lows. Figure diagram in each figure of Figure 3. The
parameters are given by the following details. As the spec-
ified parameters used in Table 1, the charge-carrier number
density for an Au island can be calculated by an Equation
(8), which is n =5.8987 x 10*® electrons.m™>. The Au
island radius Ra, = 1.6 pm, of which the thickness is
100 nm.  Then the calculated charge-carrier is
47440 x 10'° electrons, where an electron charge,
e = 1.602 x 107" coulombs. Thus, the island’s maximum
electrical charge is Qunax = 7.5999 X 10~ coulombs. Fur-
thermore, the current density, J = oF, where E represents
the electric field inside the Au plate and its conductivity
(o) are related to the thickness of the plate (T,). The
cross-sectional area of the Au island is A = n'[RAu]Z. Thus,
the charging current can be considered as I = JA = oTx,EA
and results in the induced charge Q within the Au plate,
which can be expressed by a function of time: 7, as
Q = IX t. Therefore, the time-dependent charge on the Au
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FIGURE 4 Results of the induced electrical charge characteristics
using the proposed circuit, A, the charging state, where the input light
powers are varied from 10 to 50 mW, and B, the discharging state,
where the loads are varied from 1000 to 5000 e/s [Color figure can be
viewed at wileyonlinelibrary.com]

plate within the plasmonic island can be expressed by O(¢)
= [0TA,EAX t]. This time-dependent charging Q can be
illustrated as shown in Figure 4A, in which the discharging
state will depend on the applied loads. For simplification,
it starts from the maximum charge, Q.x, on the plasmonic
island and the load draws the current as an electrons
source, an amount of electrons/s (Q/s). Thus, the time-
dependent discharging Q can be considered as Q
(® = [QOmax — met], which is illustrated in Figure 4B,
where m is an amount of discharging in electrons/s. The
daily sunlight with the charging current is shown in Fig-
ure SA, which can have the electron mobility within the
operation period as shown in Figure 5B. The electron
mobility can be changed to the electrical current and found
in the Reference 18.

4 | CONCLUSION

The proposed micro-circuit for the thermo-electro-optic
energy conversion is a very interesting device that can be
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In manipulation, the thermal expansion is employed by the relationship between the input light power and the induced electron

mobility, where A, the reference to a weather data record,'” B, the daily charging current for the input light power of 10 mW can be obtained as in

the figure, from which the electron mobility of 4.34 x 10~ cm”. (V. s)~" can be obtained [Color figure can be viewed at wileyonlinelibrary.com]

practically fabricated and used as one of the selected alterna-
tive energy sources. In the manipulation, the significant
result of the daily charging electron mobility of
434 x107° cm®.(V. s)™' with the input light power of
10 mW can be obtained. The large area circuits can also be
employed to achieve more mobility output for further
applications.
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