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ABSTRACT In the engineering use of a magnetically coupled resonant radio energy transmission system,
both the resonant frequency and the optimal load impedance will be varied because of the external conditions.
In view of the above problems, this paper proposes an RF power supply with adjustable frequency and
optimal load impedance, in order to achieve efficient power transmission for different frequency radio
energy transmission systems and different load conditions. The RF power supply is mainly composed of
a frequency controllable signal generator, a Class E power amplifier circuit, a dynamic impedance matching
network, a load detection circuit and a controller. Through the above parts, the load tracking of the RF power
supply can be realized, and the higher output efficiency can be realized under the condition of changing the
working frequency and the load. Finally, the feasibility of the proposed RF power supply is verified through
experiments. The experimental results show that the RF power supply can automatically track changes in
the operating frequency and load range, and the output efficiency can be maintained at more than 75%.

INDEX TERMS Load tracking, magnetic coupling resonance, RF power supply, wireless power transmis-
sion.

I. INTRODUCTION
Themagnetically coupled resonant radio energy transmission
technology was first proposed by Professor Marin Siljacic
of the Massachusetts Institute of Technology (MIT) at the
AIP Industrial Physics Forum in the United States in Novem-
ber 2006. In 2007, their team successfully used a magneti-
cally coupled resonant radio energy transmission technology
to achieve a 60-watt bulb illuminated at a distance of 2m
[1]–[3]. As a medium-range radio energy transmission
technology, this technology can achieve high-efficiency,
high-power radio transmission at medium distances com-
pared to other types of radio energy transmission technology.
It provides a new solution for many occasions where it is
inconvenient to transmit power through wires, and has a good
development prospect [4], [5].

At present, the research on magnetically coupled resonant
wireless energy transmission systems under constant fre-
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quency and constant load conditions is relatively mature, and
higher efficiency energy transmission can be achieved under
the condition that the working conditions are fixed. However,
in actual engineering use, the load of a wireless power trans-
mission system is changed in most cases, and its resonance
frequency is also affected by various factors. Reference [6]
proposed the use of wireless energy transmission systems for
lithium battery charging. At different stages of battery charg-
ing, as the load of the wireless power transmission system,
the equivalent impedance of the lithium battery is a changing
value. How to ensure that the wireless power transmission
system maintains high efficiency during the entire charging
process is still worthy of our study. In addition, research is
being conducted on the power supply of high-voltage equip-
ment on outdoor high-voltage transmission lines using wire-
less power transmission systems. Some studies have pointed
out that the resonance frequency of the coupling coil in a
wireless power transmission system may vary by ±10% due
to the influence of external conditions. This article mainly
focuses on how to improve the power conversion efficiency
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FIGURE 1. Implementation scheme of wireless energy transmission
system.

of RF power in wireless power transmission systems under
variable frequency and variable load conditions. The current
implementation scheme of the wireless energy transmission
system is shown in Figure 1. It mainly includes the power
supply terminal, the coupling coil, and the load terminal.
At present, researches on how to ensure the transmission
efficiency of a wireless power transmission system under a
variable load situation are mainly focused on the load side.
They change the load impedance to the optimal impedance of
the wireless power transmission system through the AC/DC
or DC/DC conversion circuits at the output. In this way, ZAC
or ZDC in Figure 1 is a fixed impedance. Reference [7] pro-
posed adding step-down chopper circuit and energy storage
equipment failure efficiency control and power control at the
load end. Reference [8] proposes to directly calculate the
load impedance by directly measuring the voltage and current
across the load connected to the wireless power transmis-
sion system, and realize the impedance change at the output
through the buck circuit to improve system efficiency. These
solutions for designing impedance change circuits at the load
end are often designed for specific loads, and their versatility
is poor. In addition, there is another implementation scheme.
That is to add a wireless communication system at the trans-
mitting end and the receiving end respectively to achieve
closed-loop control and improve system efficiency [9], [10],
but this solution increases the transmission of wireless data in
wireless energy systems. The circuit increases the complexity
of the system. Whether the wireless power transmission sys-
temwill affect the communication system under the condition
of large transmission power requires further research.

In view of the above problems, this paper proposes a design
scheme of an RF power supply with adjustable frequency
and optimal load. The dynamic impedance matching at the
power supply side can better shield the difference of the load
and avoid the introduction of a more loaded communication
scheme. Optimize the transmission efficiency with a simpler
system structure design.

II. SYSTEM COMPOSITION
The main structure of the RF power supply is shown in
Figure 2. It mainly includes five parts: frequency control-
lable signal source, class E power amplifier circuit, dynamic
impedance matching network, load impedance detection cir-
cuit and control system. The frequency controllable signal
source can be controlled by the controller to achieve dynamic

FIGURE 2. The overall implementation of RF power supply.

FIGURE 3. Design scheme of frequency controllable signal generator.

frequency adjustment and amplify the output signal power
to the input power required by the class E power amplifier.
The class E power amplifier circuit realizes power amplifica-
tion of the signal source output signal. The load impedance
detection circuit realizes the identification of the load con-
nected to the latter stage and provides a feedback signal
for the dynamic impedance matching network. The dynamic
impedance matching network realizes real-time impedance
matching of the output impedance of the class E power
amplifier circuit to the load impedance according to the feed-
back signal of the load impedance detecting circuit. Finally,
through the control system to achieve the overall cooperation
of the above four parts, the RF power supply can achieve
efficient power output for different frequencies and different
load impedances.

A. FREQUENCY CONTROLLABLE SIGNAL SOURCE
The signal source mainly provides the input signal for the
RF power supply and amplifies it to the value required by
the power amplifier for the input signal. This paper intends
to use the high frequency precision function signal generator
MAX038 as the signal source. This analog IC can achieve a
sine wave output of 0.1-20MHz, and its output frequency can
be dynamically adjusted by setting the FADJ pin voltage to
0.3∼1.7 times the fundamental frequency. It is well suited to
the design requirements of this article. The main structure of
the signal source is shown in Figure 3:

In Figure 3, MAX038 is the signal generator. After setting
the MAX038 fundamental frequency at the center frequency
of the system operation, the controller’s digital-to-analog
converter (DAC) output is level-converted and connected to
the MAX038’s FADJ pin. We can control the output fre-
quency of MAX038 by controlling the voltage of FADJ pin.
The output signal of MAX038 is connected to a signal ampli-
fying circuit and a frequency dividing circuit respectively.
The peak-to-peak value of the output signal of MAX038 is
2V. The signal amplification circuit amplifies the output sig-
nal of MAX038 to 22∼23dbm for driving the class E power
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FIGURE 4. Class E power amplifier structure.

amplifier (the output impedance of the signal source and the
input impedance of the class E power amplifier arematched to
50�). The frequency dividing circuit divides the output signal
by 256 and then connects to the controlled input capture chan-
nel. TheMAX038 output frequencymeasurement is achieved
by measuring the period of the divided signal to provide a
feedback signal for the precise output of the frequency.

B. CLASS E POWER AMPLIFIER CIRCUIT
Class E power amplifier can be regarded as a DC-AC inverter.
This type of amplifier is mainly divided into Zero Voltage
Switching (ZVS) type and Zero Current Switching (ZCS)
type. Among them, ZVS type E power amplifier is considered
to be the most efficient amplifier [11]. The classic zero-E
power amplifier structure is shown in Figure 4:

In Figure 4, L1 is a choke inductor and C1 is a transistor
bypass capacitor. L2 and C2 together form a filter network for
class E power amplifiers. When the class E power amplifier
operates in the ZVS state, the choke inductor L1 and the LCR
series resonant circuit can be equivalent to one current source.
When the transistor is turned on, current flows through the
switching transistor. When the transistor is turned off, current
flows through the bypass capacitor and generates a voltage
across the bypass capacitor and the transistor. Therefore,
the bypass capacitor determines the voltage waveform across
the transistor.

C. DYNAMIC IMPEDANCE MATCHING NETWORK
Commonly used circuits in impedance matching networks
include L-type, π -type, T-type, etc [12]. In the case of low
frequency (the wavelength of the electromagnetic wave is
much larger than the board size), the above circuit is usually
built by using an inductor and a capacitor. In actual engineer-
ing use, the magnitude of the inductance can be changed by
changing the position of the core. However, the inductance
used in this subject has a small inductance value, and the
Q value of the inductor with a magnetic core is difficult to
be high. In practice, the hollow inductor is generally used to
complete the impedance matching. Therefore, changing the
inductance value is difficult to achieve.

The capacitance value can be changed by changing the
relative area of the parallel plate capacitors, or by changing
the capacitance values by connecting different sizes of capac-
itors. Changing the relative area of parallel plate capacitors
requires designing complex mechanical structures, and the

FIGURE 5. impedance matching network.

difference in the mechanical structure’s dead space affects the
accuracy of capacitance adjustment. And the external envi-
ronment also has a certain influence on the capacitance value,
so it is difficult to obtain accurate control of the capacitance
value. According to the above situation, this paper uses the
latter scheme to achieve the change of capacitance value. For
the selection of the actual circuit of the impedance matching
network, this paper implements dynamic impedance match-
ing through a deformed L-type impedance matching network.
As shown in Figure 5:

In Figure 5, L1 is a series inductor, C1 is a series capacitor,
and C2 is a shunt capacitor. Where L1 is designed to be a
fixed value, and C1 and L1 are connected in series to form a
reactance value in the series circuit. By changing the size of
C1, the series reactance value can be dynamically changed.
Changing C2 can change the reactance value of the parallel
connection, thereby achieving dynamic impedance matching.

D. LOAD IMPEDANCE DETECTION CIRCUIT AND
CONTROL SYSTEM
The load impedance detection circuit mainly detects the size
of the overall impedance connected to the RF power supply
(Zcoup in Figure 1). The value of the impedance is passed
into the control system to provide feedback for closed-loop
control. The control system cooperates with a load impedance
detection circuit, a frequency controllable signal generator
and a dynamic impedance matching network to implement
closed-loop control of the entire system.

The load impedance detection is realized by a dual
directional coupler and the phase amplitude detection chip
AD8302. The dual directional coupler is used to sample the
incident and reflected waves at the output of the Class E
power amplifier. The sampled signal is attenuated and AC
coupled to the AD8302 input pin. The AD8302 can convert
the amplitude and phase differences of the two input signals
into voltage signals. We can detect the voltage value of the
AD8302 output pin through the control system to get the
amplitude and phase difference between the incident wave
and the reflected wave. Thereby calculate the impedance
value of several loads. The overall structure of the load detec-
tion circuit is shown in Figure 6:

The controller used in the control system is STM32F407.
Its high-speed performance and abundant external resources
canwell meet the design requirements. In this design, the con-
troller mainly completes the closed-loop control of the signal
source and the closed-loop control of the dynamic impedance
matching network.
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FIGURE 6. Design scheme of load impedance detection device.

E. THE OVERALL STRUCTURE OF RF POWER
Figure 7 shows the overall circuit structure of the RF power
supply. It can be divided into two parts, the top part is the
main component of the RF power supply, and the bottom part
is the control part.

In the top part, the MAX038 is used as a signal generator
output terminal to be amplified by impedance matching and
then connected to a Class E power amplifier. Class E power
method devices are followed by a dynamic impedance match-
ing network, a dual directional coupler, and a transmitting
coil. The dynamic impedance matching network consists of
a fixed inductor and a capacitor array. The capacitor array is
controlled by its own relay to determine whether the capacitor
is connected to the circuit.

In the bottom part, the output signal of MAX038 is
connected to the input capture channel of the controller
STM32F407 for frequency sampling after frequency divi-
sion by 256. It works with the DAC and voltage conversion
circuit to achieve closed-loop frequency control. The output
signal of the AD8302 is collected by the ADC and calculated
by the controller to obtain the load impedance, and then
the controller’s 16-channel GPIO control capacitor array is
used to implement closed-loop control of dynamic impedance
matching.

III. SYSTEM PARAMETER DESIGN
In this paper, the maximum DC operating voltage of the
RF power supply is 24V, the working frequency band is
11∼16MHz (Take ±15% of center frequency), the center
frequency (initial working frequency) is 13.56MHz, the cen-
ter impedance (system initial impedance) is 50 �, and the
system allows the load lower limit to be 10�. The maximum
impedance that can be matched for a dynamic impedance
matching network (depending on the operating frequency).
According to the above parameters, the following three parts
are designed.

A. PARAMETER DESIGN OF CLASS E POWER
AMPLIFIER CIRCUIT
According to the design requirements, the component param-
eters of the class E power amplifier are designed and selected.
The frequency and load impedance involved in the parameter

calculation process are calculated according to the center
value. The main parameters are as follows:

Full load resistance of class E power amplifier:

R =
8

π2 + 4
V 2
I

PO
= 6.64(�) (1)

Maximum voltage at both ends of transistor and shunt
capacitor:

VSM = 3.562VI = 85.488(V ) (2)

In Equation (1) and (2), the input voltage is selected as
the maximum value of 24V, and the resistance to full load
calculated as the output power is selected as 50 W is 6.64 �.

According to the above conditions, NXP’s MRF6V2300N
is selected as the switching tube of the E-class power ampli-
fier. This is an N-channel enhancement type field effect
transistor with a drain-source breakdown voltage of 110V
and a maximum output power of 300W [13]. The maximum
operating frequency can be up to 600MHz, it can meet the
design requirements verywell. After selecting the appropriate
switch, continue to design the load network parameters:

The resonant inductor L2 is:

L2 =
QLR
ω
= 546(nH ) (3)

The resonant capacitor C2 is:

C =
1

ωR
[
QL −

π(π2−4)
16

] = 302(pF) (4)

It can be calculated that the peak voltages of the resonant
inductor and the resonant capacitor can reach 181V and 151V,
respectively. Therefore, in consideration of the operating fre-
quency and withstand voltage of the capacitor in the design
process, the NPO capacitor with a withstand voltage of 500V
is selected as the capacitor of the resonant network, and the
inductor is an air-wrapped inductor with an enameled wire.
The above are the main parameters and device selection of
the class E power amplifier circuit.

B. DYNAMIC IMPEDANCE MATCHING NETWORK
PARAMETER DESIGN
In class E power amplifiers, under the condition of impedance
matching, the output efficiency of the power supply is greatly
affected by the Q value of the inductor. Since the Q value
of the inductor is difficult to be high in the high frequency
circuit, the common high frequency inductance Q value on
the market is mostly around 100. The actual part of the
impedance actually connected into the circuit cannot be
ignored.

Therefore, in order to reduce the influence of the induc-
tance in the load network on the overall efficiency, this
paper does not add additional inductance for impedance
matching. Instead, the capacitor C2 in the resonance cir-
cuit is tapped. The resonant circuit is transformed into
the L-shaped impedance matching network transformed in
FIG. 5. To achieve the combination of output filtering and

68212 VOLUME 8, 2020



Z. Huang et al.: Design of WPT RF Power Supply Based on Dual Directional Coupler

FIGURE 7. A detailed schematic diagram of the entire system.

FIGURE 8. Resonant circuit and its equivalent circuit.

impedance matching network. The inductance L value has
been determined during the design of the Class E power
amplifier, which is 546nH. The following calculations are
performed on the capacitors C1 and C2 in Figure 8(a).

Through the equivalent circuit in Figure 8(b), we can get
the formula for calculating the capacitive reactance of capac-
itors C1 and C2:

XC1 =
1
ωC1
=

[
QL −

π (π2
− 4)

16
−

√
RL
RS
− 1

]
RS (5)

XC2 =
1
ωC2
=

RL√
RL
RS
− 1

(6)

In Equations (5) and (6), the unknowns for calculating the
capacitance value areω, RL, RS, andQL, respectively. Among
them, ω and RS are known quantities, QL can be calculated
by statistics, and RL can be measured by a load detection
circuit. Therefore, after the controller obtains RL through

measurement and calculation, it can calculate the required
capacitance value through the above formula.

After the required capacitance value is calculated,
the capacitance value can be changed through the 16-channel
GPIO control relay of the controller. Through some prelim-
inary calculations, the resolutions of the capacitors C1 and
C2 are set to 10pF and 5pF, respectively. When the high-
frequency parasitic effects are ignored, the theoretical change
ranges are 0 to 2550pF and 0 to 1275pF, respectively. It can
achieve dynamic impedance matching in the frequency range
of 11∼16MHz and impedance range of 10∼200�.

C. LOAD IMPEDANCE DETECTION CIRCUIT
PARAMETER DESIGN
There are a variety of circuits implemented by dual-
directional couplers with centralized parameters. A three-
wire transformer is needed in some circuits, and it is difficult
to determine the best odd-mode impedance and the best even-
mode impedance during the winding process, so it is rarely
used in actual production [14], [15]. In this paper, a dual-
directional coupler in the form of three transformers is used,
which is relatively simple to implement. The actual fabrica-
tion circuit is shown in Figure 9.

The main considerations in the design process of the dual
directional coupler are working frequency band, insertion
loss, coupling degree, isolation, etc. In this paper, the operat-
ing band of the dual directional coupler is the operating band
of the RF power supply. In addition, since the dual directional
coupler actually extracts part of the energy from the system,
the insertion loss should be as small as possible to improve
the system efficiency.

In the design of dual directional coupler, it is mainly nec-
essary to pay attention to the selection and transformation
ratio of the magnetic ring of the transformer (the number of
turns on the magnetic ring). Since the dual directional coupler
operates at a frequency of 11-16 MHz, a nickel-zinc ferrite
magnetic ring with good performance in this frequency band
is selected [16]. The ratio is closely related to the insertion
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FIGURE 9. Dual directional coupler with three transformer structure.

FIGURE 10. 20dB π-type attenuation network.

loss and the degree of coupling. The corresponding mathe-
matical relationship is as follows:

Insertion loss:

Am = 10 lg
PO
PI
= 10 lg

4m6
+ 12m4

+ 13m2
+ 6

4m6 + 4m4 + m2 (7)

Coupling:

AC = 10 lg
PO
Pcoup

= 10 lg
4m6
+ 4m4

+ 13m2
+ 6

4m4 + 8m4 + 4
(8)

In order to reduce the insertion loss as much as possible,
we should choose a larger turns ratio, but as the turns ratio
increases, the insertion loss decreases more and more slowly,
and the number of turns is much more difficult than in the
actual production process. Large, so finally choose m= 29 as
its turns ratio.

According to Equation 13, the coupling degree is about
29dB.When the system output power is 50W (about 47dBm),
the maximum power of the dual directional coupler coupling
end can reach 18 dBm. Since the input signal requirement of
the AD8302 is less than 0 dBm. It is also necessary to add a
20 dB signal attenuation network between the dual directional
coupler and the AD8302. The 20 dB π -type attenuation
network is shown in Figure 10.

IV. EXPERIMENTAL VERIFICATION
A. TESTING OF CLASS E POWER AMPLIFIERS AND
DYNAMIC IMPEDANCE MATCHING NETWORKS
The actual parameters of the Class E power amplifier and
dynamic impedance matching network are shown in Table 1:

The choke inductor is a high-Q spring-type hollow inductor
for radio frequency produced by Coilcraft. Its Q value is
typically 114 and the rated operating current is 3A. The
resonant inductor is wound using an enameled wire.

The capacitance array is changed according to the actual
production as shown in Figure 11:

In Figure 11, the starting value of the parallel capacitance
C2 is large, which is due to the fact that the wiring connected
with C2 is long, the current it passes through is large, and
the wiring width is wide, which leads to the relatively large

TABLE 1. Actual parameters of class E power amplifier and dynamic
impedance marching network.

FIGURE 11. Capacitance array measurements, The horizontal axis is the
corresponding number (1∼28) of the capacitor array. The black line
represents the capacitance value of the series capacitor C1, and the red
line represents the capacitance value of the parallel capacitor C2.

area between the wiring connected with C2 and the GND
layer, resulting in the large initial value. The linearity of the
series capacitor C1 becomes worse when the capacitance is
large, which is because the inductance of the wiring cannot be
ignored when the capacitance is large, resulting in the actual
capacitance value of the series capacitor becoming larger.
In addition, due to the influence of the wiring inductance, the
equivalent capacitance of the parallel equivalent capacitance
in the dynamic impedance matching network will be reduced
compared to a single capacitor. We use the HFSS simulation
tool to optimize the PCB design of the dynamic impedance
matching network. Make the dynamic impedance matching
network have better performance.

B. TESTING OF DUAL DIRECTIONAL COUPLERS AND
IMPEDANCE MEASUREMENT SECTIONS
Dual directional coupler test results are shown in Table 2:

The output fit curve of the load resistance value and the
AD8302 amplitude difference is as shown in Figure 12:

The relationship between the load resistance value and the
output voltage value of AD8302 amplitude difference in the
figure is not monotonous. When the load is 50 �, there is a
maximum value. The output voltage of the same amplitude
difference corresponds to two different load resistance values
before and after 50 �. This is due to the design impedance
of the dual directional coupler being 50 �. For this problem,
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TABLE 2. Dual directional coupler test results.

FIGURE 12. Load resistance fit curve, The horizontal axis is the load
impedance, the red line represents the voltage value corresponding to
the phase difference, and the black line represents the voltage value
corresponding to the amplitude difference.

the load resistance value can be distinguished by the phase
difference of the output of the AD8302. When the load resis-
tance value is less than 50 �, the phase difference should be
180 degrees, so the phase difference output voltage should
be about 0V, when the load resistance value is greater than at
50 �, the phase difference should be 0 degrees. At this time,
the phase difference output voltage should be about 1.8V.

In addition, when the RF power source is used in a wire-
less power transmission system, the phase difference output
voltage of the AD8302 can be used to track the resonant
frequency of the transmission coil. When the transmission
coil does not undergo frequency splitting, the optimal operat-
ing frequency of the system is the coil resonance frequency.
At this time, the imaginary part of the system impedance is
zero, the incident wave and the reflected wave should be in
phase or opposite, and the phase difference output voltage
value should be close to 0V or 1.8V. The tracking of the
optimal operating frequency of the system after frequency
splitting needs further study.

C. PROTOTYPING AND TESTING PLATFORM
FOR RF POWER
After completing the various parts of the test, the RF power
supply is assembled. The overall RF power supply is shown
in Figure 13:

In Figure 13, the first part is class E power ampli-
fier and dynamic impedance matching network, the sec-
ond part is double directional coupler, the third part is

FIGURE 13. The entire composition of RF power supply.

FIGURE 14. RF power supply test platform.

AD8302 phase amplitude detection circuit, the fourth part
is STM32F407 control core, the fifth part is MAX038 sig-
nal generation circuit, and the sixth part is a LCD human-
computer interface supporting touch screen. The parts are
connected by coaxial cable or DuPont wire. The LCD and
touch screen are added here to display the current work-
ing status of the RF power supply and to perform human-
computer interaction during the variable frequency test.
In actual use, the RF power supply can work without LCD.

After completing the prototype of the RF power supply,
we set up a test platform for the RF power output parameters,
as shown in Figure 14.

In Figure 14, the first part is an oscilloscope, the sec-
ond part is an adjustable voltage source, the third part is
an experimental test prototype, and the fourth part is a test
load. The test load used in this article is a dummy load used
in antenna testing. The frequency band used is DC-3GHz,
the maximum continuous power is 100W, and the maximum
available power in a short time is 300W. Compared with ordi-
nary power loads, it has better high-frequency characteristics,
and can basically maintain the same impedance of 50� in its
frequency and power range.
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FIGURE 15. Constant frequency variable load test results. The horizontal
axis is the load impedance, and the test range is 10∼180�. The upper
picture is the output power, the lower picture is the output efficiency,
Black lines and red lines indicate the test results of 12V and 24V working
conditions.

D. RF POWER OUTPUT PARAMETER TEST
After the platform is built, the output performance of RF
power supply is measured. The main test results are constant
frequency variable load measurement and constant load vari-
able frequency measurement.

Figure 15 shows the test results of constant frequency
variable load. Because the load needs to be replaced in the
variable load test, the system impedance is automatically
adjusted from the default load to the actual load during each
test. After the system is stable, perform measurement and
perform 5 measurements, and the interval between each mea-
surement is about 2min. A single test point is the average of 5
measurements. During the test, the working frequency of the
system is 13.56MHz.

According to the results in Figure 15, the output power of
the RF power supply is relatively stable in the variable load
test. The output efficiency is basically stable at over 80% at
12V working voltage, and decreases at 24V working voltage.
This is because the resonance inductor is heated seriously due
to the large resonance network current at high output power.
The measured surface temperature of the resonance inductor
is about 40 ◦C at 12V working voltage. When the working
voltage is adjusted to 24V, the surface temperature of the
resonance inductor can reach over 70 ◦C, and the temperature
is too high. The resonant inductor here is manually wound
using enameled wire. The Q value measured under normal
temperature conditions is 78, and the Q value will decrease
with increasing temperature under actual working conditions.

FIGURE 16. Constant load variable frequency test results. The horizontal
axis is the working frequency, and the test range is 11∼16MHz. The upper
picture is the output power, the lower picture is the output efficiency,
Black lines and red lines indicate the test results of 12V and 24V working
conditions.

Based on the above reasons, the operating efficiency of the
RF power supply has decreased under the condition that the
inductor temperature is too high and the input voltage is high.
To solve the above problems, silver-plated copper wires can
be used to make high Q inductors. And add a heat sink for the
inductor.

Figure 16 shows the test results of constant load and vari-
able frequency. Variable frequency testing can be performed
continuously. A test point is selected at 0.5MHz per division
from 11 to 16MHz, and each test point is tested after 2 min-
utes of stable operation. The measurement was performed
5 times in a cycle, and the test results were averaged. During
the test, the system load is 50 �.

As can be seen from Figure 16, when the frequency
changes, the output power will change greatly, and the output
efficiency can be stable at more than 75%. However, accord-
ing to experimental data, higher output power and output
efficiency can be obtained at lower operating frequencies.
This is because the output power and output efficiency of
Class E power amplifiers are affected by the transistor bypass
capacitor and choke inductance. And the impact of the bypass
capacitor is greater. In the actual design, the bypass capacitor
of the transistor is a fixed value. As the operating frequency of
the system changes, the bypass capacitor of the Class E power
amplifier cannot always be at the optimal value. If the output
power of the system is expected to be relatively stable in the
entire operating frequency band, a bypass capacitor switching
circuit can be added after simulation analysis. The size of
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the bypass capacitor can be dynamically adjusted through the
dynamic impedance matching network to achieve relatively
stable power output in the entire frequency band. The bypass
capacitor resolution can be appropriately larger to simplify
system design.

The above are the test results of the RF power supply with
dynamic impedance matching network. Under the experi-
mental conditions of variable frequency and variable load,
the output efficiency can be maintained above 75%. The
RF power source previously composed of Class E power
amplifiers and fixed impedance matching networks, under
the same input voltage and output power conditions. When
the operating frequency is 13.56MHz, the lowest efficiency
is 55% in the load range of 25�∼200�. When the load resis-
tance is 50�, the lowest efficiency is 58% in the frequency
range of 12.56MHz∼14.75MHz. Relatively speaking, the
RF power supply designed in this paper has higher output
efficiency over the entire range of variation.

During the entire test process, whether the RF power
supply is restarted multiple times during variable load mea-
surement or the RF power supply is continuously operated
during variable frequency testing, its output power and output
efficiency can be basically maintained steadily. The whole
system can work stably during the test.

V. CONCLUSION
In this paper, the problem of frequency and optimal load of
radio energy transmission system is analyzed, and a kind
of RF power supply which can adjust the frequency and
optimal load resistance of radio energy transmission system is
designed. The design scheme of frequency controlled signal
source, class E power amplifier circuit, dynamic impedance
matching network, load impedance detection circuit and other
parts of the power supply are given, and the actual parameters
of each part are designed. Finally, the feasibility of the power
supply is verified by experiments.

The experimental results show that the power supply can
achieve high output efficiency when the frequency and load
change in a large range. In view of the problem that the
output power changes greatly when the frequency changes,
the author gives the corresponding solutions. The experimen-
tal scheme is of great significance to solve the problems of
frequency and load instability of radio energy transmission
system in engineering.
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