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ABSTRACT 

Wireless Power Transfer (WPT) is an emerging technology that enables the transmission of electrical 

energy from a source to receiving devices without the necessity of physical conductors. This paper presents 

a Magnetic Resonant Wireless Power Transfer (MR-WPT) system with remote control capability using 

light. Light at a wavelength of 650 nm is employed to activate a photodiode placed on both the transmitter 

and receiver of the MR-WPT system. Depending on the active and inactive states of the incident light, the 

transmitter and receiver operate at different frequencies through a frequency control circuit embedded in 

the backside of resonators. This control circuit allows the MR-WPT system to function at two frequency 

bands, 13.0 MHz and 13.56 MHz, corresponding to the presence or absence of incident light, respectively. 

Simulations have been conducted to verify and elucidate the energy transfer mechanism and switching 

capability of the proposed MR-WPT system. Measurements indicate that at a transmission distance of 50 

mm, the MR-WPT system achieves transmission coefficients of 0.74 at 13.0 MHz and 0.75 at 13.56 MHz. 

The results demonstrate that the MR-WPT system can operate efficiently with high performance across 

two different frequency bands, featuring a flexible remote control enabled by light. 

Keywords-dual-band wireless power transfer; light controller; controlling; reconfigurable 
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I. INTRODUCTION  

Since Nikola Tesla proposed the concept of Wireless Power 
Transfer (WPT) in the early 1900s, this technology has 
garnered significant attention worldwide [1]. Tesla envisioned 
a future where electrical energy could be transmitted wirelessly 
to various locations. Unfortunately, his project was 
discontinued due to resource constraints at the time. 
Throughout the 20

th
 century, WPT was studied sporadically. 

However, in recent years, with the rapid advancement of 
technology and the exponential increase in the number of 
mobile devices, WPT has emerged as a critical solution [2]. 
WPT holds potential applications in various fields, such as 
wireless charging systems for electric vehicles, mobile phones, 
and other handheld devices [3, 4]. Additionally, extensive 
research on WPT is being conducted for applications in areas 
like biomedical implant technology and Autonomous 
Underwater Vehicles (AUVs) [5, 6]. 

Research on WPT in modern commercial applications 
primarily relies on two main methods: inductive coupling and 
magnetic resonance coupling [7, 8]. The earlier-developed 
inductive coupling technology enables high-efficiency wireless 
power transfer over short distances, typically ranging from 
millimeters to centimeters [9]. In contrast, magnetic resonance 
coupling, which has been developed more recently, allows 
power transfer over longer distances [10]. This makes it highly 
promising for applications requiring transmission distances of 
several centimeters or even meters. Moreover, in challenging 
transmission environments, magnetic resonance coupling is 
considered a more viable candidate compared to inductive 
coupling [11-15]. 

In conventional configurations, WPT systems typically 
operate at a fixed frequency due to the structure of resonant 
coils and externally attached capacitors, whose values cannot 
be adjusted [16]. To enhance the applicability of WPT, many 
studies have focused on controlling the operating frequency of 
the system [17, 18]. Some research has explored WPT systems 
with dual-frequency bands. Operating at multiple flexible 
frequency bands can enable WPT systems to function in 
various modes tailored to specific applications while also 

reducing interference among electronic devices [19-21]. 
Furthermore, in many cases where WPT systems operate in 
specialized environments, such as hazardous or inaccessible 
terrains, remote operation becomes a critical requirement. 
Consequently, the demand for a WPT system configuration 
capable of remote control to expand its range of applications is 
an important issue that warrants attention. 

This paper explores a new method for controlling Magnetic 
Resonant Wireless Power Transmission (MR-WPT) systems. 
The proposal focuses on light-based remote control of resonant 
coils. The proposed design can achieve two resonant 
frequencies, allowing for flexible reconfiguration without 
compromising performance. We designed the MR-WPT 
system to operate at the 13.56 MHz frequency band in the 
absence of light impact and at the 13.0 MHz frequency band 
when remotely activated by light. The simulation and 
experimental results of transfer efficiency depending on 
resonant frequency have demonstrated the feasibility of the 
proposed MR-WPT system. 

II. DESIGN AND ANALYSIS OF LIGHT–

CONTROLLED MR-WPT SYSTEM 

The remote control of electrical and electronic systems 
offers significant convenience and expands the potential 
applications of such devices. Figure 1 presents an MR-WPT 
system that can be operated using a red semiconductor laser 
with a wavelength of 650 nm. This MR-WPT system features a 
fundamental configuration consisting of four coils: source loop, 
transmitter resonator (Tx), receiver resonator (Rx), and receiver 
loop. The Tx and Rx resonators consist of a copper spiral coil 
with five turns fabricated on an FR-4 substrate. This classical 
coil design has been widely employed in the development of 
various WPT systems in previous studies [16]. The system is 
designed to operate at two frequency bands, 13.0 MHz and 
13.56 MHz, corresponding to two scenarios: with and without 
laser illumination. With this configuration, the system can be 
easily controlled remotely via the laser light source to switch its 
operational mode from active to inactive or to toggle the 
working frequency between 13.0 MHz and 13.56 MHz, and 
vice versa.  

 

 

Fig. 1.  Light-controlled MR-WPT system, with active (ON) and inactive (OFF) states of the laser beam. 
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The equivalent circuit model of the spiral coil and 
embedded circuit of the Tx and Rx resonators is shown in 
Figure 2. The coil can be modeled using components such as 
self-inductance (Ls), self-capacitance (Cs), and self-resistance 
(Rs). The natural resonance frequency of this coil is relatively 
high, reaching up to 116 MHz, which is unsuitable for WPT 
applications. Therefore, an external capacitor (C0) is added to 
lower the operating frequency of the spiral coil. To control the 
operation of the Tx and Rx resonators, a varactor diode 
1SV304TPH3F (Cv) is utilized, whose capacitance can be 
adjusted from 18 to 10 pF by applying a voltage in the range of 
1 to 3 V. The voltage applied to the varactor diode Cv was 
regulated using an electrical circuit that includes a photodiode 
(D1) capable of switching when exposed to light and a resistor 
R1. To activate the photodiode, a red laser diode with a 
wavelength of 650 nm was used as the light source.  

 

 
Fig. 2.  Equivalent circuit of a resonator with the controlled circuit. 

When the photodiode functions as a light-dependent resistor 
within the circuit, the total resistance varies based on the 
lighting conditions. The photodiode can be characterized by 
shunt resistance (Rsh), series resistance (Rs), and junction 
capacitance (Cj). The shunt resistance, used to evaluate the 
noise current in a photodiode under no bias conditions 
(photovoltaic mode), is expected to exhibit a very high value, 
typically ranging from 10 to 1000 MΩ. The series resistance, 
which accounts for the combined resistance of the contacts and 
the undepleted material, can be described by the following 
formula [22]:  

 s d

s c

W W
R R

A

 
      (1) 

where Ws represents the thickness of the substrate, Wd is the 
width of the depleted region, A denotes the diffused area of the 
photodiode junction, ρ is the resistivity of the substrate, and Rc 
is the contact resistance. When light is incident on the 
photodiode, the resistivity (ρ) decreases, leading to a reduction 
in the overall resistance of the photodiode. This resistance (Rs) 
typically ranges from 10 to 1000 Ω. In the actual experimental 
setup, we utilized the Silicon PIN Photodiode SFH 213. The 
measured resistance of the photodiode is 200 Ω and 10 MΩ, 
corresponding to the presence and absence of red laser 
excitation. 

In order to make the system operate at two distinct 
frequencies, two ends of the spiral are connected to the back 
panel through a circuit on the back side of the structure. This 
circuit is responsible for changing the total capacity so that the 
resonant operating frequency can be controlled. 

The total capacitance of the coil with an embedded circuit 
can be calculated: 

1

total S 0

1 2 V

1 1 1
C C + C + 

C C C


 

   
 

   (2) 

Here, C1 and C2 are external capacitors to prevent the 
Direct Current (DC) from VMOD flowing into the spiral coil. 
Conversely, the two inductors L1 and L2 are used to block the 
Alternating Current (AC) from the coil to the photodiode and 
the source VMOD. 

Figure 3(a) illustrates the frequency response of the 
resonator under two conditions: with the laser diode active and 
inactive. All the circuit component values are presented in 
Table I. It can be observed that under normal conditions, when 
no light is incident on the resonator, the VMOD source supplies a 
voltage of 3 V to the varactor diode, resulting in a capacitance 
value of 10 pF. At this capacitance, the resonator resonates at a 
frequency of 13.56 MHz (black curve). When the laser diode is 
activated, the light incident on the photodiode causes it to 
conduct, leading to a drop in the voltage supplied to the 
varactor diode to 1 V, corresponding to a capacitance value of 
18 pF. This shift in capacitance causes the resonator's 
resonance frequency to shift to a lower frequency, at 13.0 MHz 
(red curve). 

Figure 3(b) shows the phase response of the resonator under 
the same conditions as Figure 3(a). In the absence of 
illumination, the phase response of the resonator exhibits a 
phase inversion at a frequency of 13.56 MHz. Conversely, 
when illuminated by the laser light and activating the 
photodiode, the phase inversion points red-shifts to a frequency 
of 13.0 MHz. These results are in excellent agreement with the 
theoretical analyses presented above.  

TABLE I.  CIRCUIT COMPONENT VALUES USED IN THE 
MR-WPT SYSTEM 

Component Value 

Rs (Ω) 0.68 

Ls (μH) 1.48 

Cs (pF) 1.5 

C0 (pF) 82 

C1 (nF) 1 

C2 (nF) 1 

Cv (pF) 10, 18 

L1 (μH) 200 

L2 (μH) 200 

RD1 (Ω) 200 Ω-10 MΩ 

R1 (Ω) 400 Ω 

VMOD (V) 3 
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Fig. 3.  (a) Simulated frequency response of the resonator in the active and 

inactive modes, (b) phase shift of S21. 

 
To evaluate the performance of the MR-WPT system 

operating at two different frequencies, 13.0 MHz and 13.56 
MHz, simulations were conducted using the CST Studio Suite 
software to observe the field distribution around the system. 
Figure 4 illustrates the magnetic field distribution around the 
MR-WPT system, with system parameters listed in Table II. 
The results indicate that, in the case where both the transmitter 
(Tx) and receiver (Rx) are in an inactive state (Figures 4(a) and 
4(c)), the MR-WPT system exhibits a strong magnetic field at 
both Tx and Rx at a frequency of 13.56 MHz. In contrast, at 
13.0 MHz, the magnetic field intensity is weak at both Tx and 
Rx, with the field at Rx being almost negligible and equivalent 
to the free space. Conversely, in the active state (Figures 4(b) 
and 4(d)), the field intensities observed at 13.56 MHz and 13.0 
MHz are reversed compared to the inactive state. In cases 
where only Tx or Rx is active (Figures 4(e-h)), it was observed 
that at 13.56 MHz, the magnetic field at both Tx and Rx is very 
weak, whereas at 13.0 MHz, the magnetic field intensity at Rx 
is stronger compared to that at 13.56 MHz.  

This implies that the MR-WPT system will have a 
transmission peak at a frequency close to 13.0 MHz when only 
one of the two resonators, either Tx or Rx, is active. However, 
when only Tx or Rx is active, the transmission efficiency is 
significantly lower compared to the cases where both Tx and 
Rx are either active or inactive simultaneously. 

TABLE II.  TECHNICAL SPECIFICATIONS OF THE MR-WPT 
SYSTEM 

Specification 
Source 

loop 

Load 

loop 

Tx 

resonator 

Rx 

resonator 

R (Ω) 0.06 0.06 0.68 0.68 

L (μH) 0.088 0.088 1.48 1.48 

Number of turns 1 1 5 5 

Inner diameter (mm) 42.5 42.5 20 20 

Outer diameter (mm) 45 45 50 50 

Copper thickness 

(mm) 
̶ ̶ 0.035 0.035 

Strip width (mm) ̶ ̶ 2 2 

Spacing between 

strips (mm) 
̶ ̶ 1 1 

Resonant frequency 

(MHz) 
̶ ̶ 13.56 13.56 

 

 
Fig. 4.  Magnetic field distribution of the MR-WPT system at 13.0 MHz 

and 13.56 MHz for several configurations: (a) Tx & Rx inactive at 13.56 

MHz, (b) Tx & Rx active at 13.56 MHz, (c) Tx & Rx inactive at 13.0 MHz, 

(d) Tx & Rx active at 13.0 MHz, and (e-h) only Tx or Rx active at either 

13.56 MHz or 13.0 MHz. 

III. RESULTS AND DISCUSSION 

Following a comprehensive analysis of the effects of the 
light-controlled dual-band WPT system, we proceeded to 
fabricate the MR-WPT system and conducted empirical 
measurements, as illustrated in Figure. 5. The MR-WPT system 
was constructed based on the schematic presented in Figure 1. 
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To evaluate the performance of the fabricated MR-WPT 
system, we utilized a Vector Network Analyzer (VNA) model 
KEYSIGHT P3975A. Prior to the measurements, the VNA was 
calibrated using the 2-port calibration Short-Open-Load-
Through (SOLT) method. The two loop antennas of the system 
were connected to the two ports of the VNA to measure the 
reflection and transmission coefficients. The fabricated MR-
WPT system was measured at a fixed distance of d23 = 50 mm. 
The values of d12 and d34 were adjusted to ensure that the S11 
parameter was less than -10 dB to minimize impedance 
mismatch. A DC power supply was employed to provide 
reverse bias voltage for the varactor diode and to power the 
laser diode for operation. 

 

 

Fig. 5.  Experiment setup for the proposed MR-WPT system. 

 

Fig. 6.  Reflection coefficient S11 of the MR-WPT system under both 

inactive and active light conditions. 

To investigate the operation of the resonator, we fabricated 
the loop antenna and resonators with parameters as presented in 
Table II. Due to the symmetrical nature of the MR-WPT 
system, both the Tx and Rx resonators share identical 
dimensions and parameters. They were fabricated using copper 
on an FR-4 substrate with a thickness of 1.2 mm. The self-
inductance and self-resistance values of the resonators are also 
measured and listed in Table II.  Figure 6 presents the 
measured reflection response of the resonators under both 
illuminated and non-illuminated conditions. The results 
obtained align well with the theoretical analyses discussed in 
the previous sections. Specifically, the results indicate that the 

Tx and Rx resonators have a resonant frequency of 13.56 MHz 
in the absence of illumination, with a reflection coefficient of 
S11 = -32 dB, and a resonant frequency of 13.0 MHz under 
illumination, with a reflection coefficient of S11 = -23 dB. 

The quality factor (Q-factor) of the resonator is a critical 
parameter that significantly affects the performance of the 
WPT system. When the MR-WPT system operates at two 
different frequencies, variations in the Q-factor may occur. 
Figure 7 illustrates the Q-factor of the resonator at various 
frequencies. It can be observed that the resonator achieves a 
maximum Q-factor of 380 at 52 MHz. This maximum Q-factor 
is dependent on the size and configuration of the resonator. 
However, at the two operating frequencies of the MR-WPT 
system, ranging from 13.0 to 13.56 MHz, the Q-factor exhibits 
negligible variation, reaching values of 245 and 248, 
respectively. This indicates that the MR-WPT efficiency at 
13.56 MHz will be slightly higher than at 13.0 MHz; however, 
the difference is insignificant. 

 

 
Fig. 7.  Q-factor of the resonator at two frequencies: 13.0 MHz and 13.56 

MHz. 

Figure 8 shows the measurement results of the system with 
the distance between the two resonators surveyed from 5 mm 
to 100 mm in the case without the light. When the transmission 
distance is d23 = 50 mm, the system works in critical coupling 
mode with a transmission coefficient of 0.75. If d23 > 50 mm, 
the MR-WPT system operates in the under-coupling region, 
and the coupling between Tx and Rx resonators quickly 
decreases, leading to reduced WPT performance. If d23 < 50 
mm, the MR-WPT system operates in the over-coupling 
region, and it suffers from the frequency splitting effect. Then, 
because the coupling is too strong, the resonance is split into 
two upper and lower frequencies, which is why the 
transmission efficiency at the original resonant frequency 
(13.56 MHz) is degraded. 

Figure 9 presents the transmission coefficient results of the 
MR-WPT system under four different configurations. The first 
case corresponds to the original MR-WPT system, where no 
light illumination is applied to the photodiode. Under normal 
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conditions, the MR-WPT system achieves a transmission peak 
at 13.56 MHz, which is the resonant frequency of the two 
resonant coils. In this scenario, the transmission coefficient 
reaches a value of 0.75, as shown in Figure 9(a). In the second 
case, both the Tx and Rx are illuminated. Due to the resonance 
frequencies of both resonators shifting to 13.0 MHz, the 
transmission peak is observed at this frequency. Figure 9(b) 
demonstrates that the peak transmission in this case is 0.74, 
comparable to the scenario without laser illumination. The 
slightly lower transmission coefficient is attributed to the 
reduced Q-factor of the resonators at 13.0 MHz compared to 
13.56 MHz. Meanwhile, at 13.56 MHz, the transmission 
coefficient significantly decreases to only 0.15. In the case 
where only one resonator is illuminated, the resonance 
frequencies of the two coils are detuned to 13.0 MHz and 13.56 
MHz, respectively. This results in a trade-off frequency for the 
highest transmission coefficient occurring between these two 
frequencies. Due to the symmetrical nature of the MR-WPT 
system in this study, when either the Tx (Figure 9(c)) or the Rx 
(Figure 9(d)) is illuminated, the transmission spectrum peak 
consistently occurs at 13.25 MHz, with respective values of 
0.21 and 0.20. The appearance of the transmission peak at this 
frequency is attributed to the overlap of two resonance peaks at 
13.0 MHz and 13.56 MHz. The slight difference between the 
peak transmission values in these two cases can be explained 
by measurement errors and variations in the experimental 
setup.  

 

 

Fig. 8.  Transmission coefficient of the original MR-WPT system as a 

function of distance. The transmission distance d23 has been adjusted to 

achieve the optimal position prior to activation and inactivation. 

The measurement results demonstrate consistency with the 
simulation results shown in Figure 4. The fabricated MR-WPT 
system has the capability of remote control via laser diode 
light. The integrated circuit presented in Figure 2 performed 
well, exhibiting low loss, as evidenced by the high transmission 
coefficient of the measured MR-WPT system. Although MR-
WPT systems have been extensively studied, designing a 

system with remote control capability and operation at two 
distinct frequency bands remains significant and contributes to 
the development of MR-WPT systems operating under various 
conditions. 

 

 
Fig. 9.  Transmission coefficient of the MR-WPT system in four different 

configurations: (a) Tx and Rx are not illuminated, (b) Tx and Rx are 

illuminated, (c) Tx is illuminated, and (d) Rx is illuminated. 

IV. CONCLUSION 

This paper presents an Magnetic Resonant Wireless Power 
Transfer (MR-WPT) system capable of controlling its 
operating frequency through illumination from a laser diode. A 
red-light laser diode with a wavelength of 650 nm is utilized to 
adjust the operating frequency of the MR-WPT system via a 
control circuit employing a varactor diode. The results obtained 
from illuminating and non-illuminating the photodiode at 
resonators demonstrate that the MR-WPT system can switch 
between two frequencies, 13.0 MHz and 13.56 MHz. The 
transmission coefficients in both cases are high and fairly 
similar, with values of S21 = 0.74 and S21 = 0.75, respectively. 
Furthermore, simulations were conducted to analyze the 
magnetic field distribution around the MR-WPT system under 
various conditions. These simulations demonstrated a high 
degree of agreement with the experimental measurements, 
validating the model's accuracy and reliability. The MR-WPT 
system, which is controlled by light and has two distinct 
frequency operating bands, was first proposed and 
subsequently tested in experiments that proved its efficacy. The 
findings of this study can be applied to the design of flexible 
MR-WPT systems capable of remote frequency switching and 
operation across multiple frequency bands. This, in turn, 
enhances the controllability, adaptability, and potential 
applications of Wireless Power Transfer (WPT) technology. 
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