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Abstract: - The low-power conversion of voltage and the self-starting of the system based on wireless charging 

technology are studied. The system uses the XKT412 wireless charging module for wireless charging and uses 

super capacitors to store power. The system uses the MSP430F5529 single-chip microcomputer as the 

microprocessor to perform AD sampling on the charging circuit to realize the self-starting function of the 

circuit. The MSP430F5529 single-chip device performs the AD sampling of the voltage across the capacitor 

and sends the data to the OLED screen through the IIC communication mode for real-time display. The system 

outputs a voltage through a DC-DC converter circuit designed by the TPS63020 chip, and the ripple of the 

output voltage is less than 76mV. By designing a wireless charging car for experimental testing, the wireless 

charging efficiency of the system is higher than 85%. By using the MSP430F5529 single chip microcomputer 

and the TPS63020 chip, the power consumption of the system is effectively reduced and the function of 

automatically starting after charging is realized. 

 

Key-Words: - wireless charging, low power consumption, MSP430F5529, TPS63020, self-starting, super 
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1 Introduction
1
 

In recent years, the problems of air pollution and 

greenhouse effect have gradually increased, and the 

use of electric energy has been gradually extended 

to various fields. At present, the charging method of 

electronic products is divided into two methods: 

wired charging and wireless charging. In wired 

charging, frequent plugging and unplugging of the 

plug may cause problems such as aging of the 

socket and generation of electric sparks[1-4]. 

Damage to the wired charging line can cause safety 

hazards and poor adaptability to extreme weather[5-

6]. The wireless charging technology solves the 

interface limitation and security problems of wired 

charging by getting rid of the limitation of the 

charging cable. Wireless charging transfers energy 

through electromagnetic induction, thus enabling 

static wireless efficient charging and dynamic 

charging of electronic products[7-8]. And wireless 

charging does not occupy the space on the ground, 

which brings great convenience. There are three 

main types of wireless charging technologies 

commonly used today: magnetic field coupling[9-

10], electric field coupling[11-12], and 

electromagnetic radiation[13]. 

                                                 
* Xiaodong Zhuang is the corresponding author. 

DC-DC technology is widely used in various 

electronic equipment fields. It is widely used in DC 

motor drive, uninterruptible power supply, 

aerospace power supply, and solar wind power 

generation. There are many DC conversion circuit 

topologies, the most basic ones are Buck and Boost 

circuits, and widely used such as flyback circuits. 

With the rapid development of electronic products, 

the conversion efficiency and power consumption 

requirements of DC-DC conversion circuits are also 

increasing[14-16]. For example, a DC-DC 

conversion chip must have a small size, a simple 

peripheral design circuit, and high stability[17-18]. 

This paper uses the case analysis method to 

design a wireless charging car as an example to 

realize the low power conversion of the wireless 

charging system and the self-starting function of the 

charging completion system. 

 

 

2 System Composition 
The system consists of two parts: a wireless 

charging transmitter and a wireless charging 

receiver. The system uses the MSP430F5529 single 

chip microcomputer as the micro-control processor 

of the wireless charging transmitter. The 5V/1A 

power supply is provided by the DC stabilized 
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power supply for the single chip microcomputer and 

the XKT412 wireless charging module transmitting 

coil. The MSP430F5529 single chip microcomputer 

controls the on/off of the relay to realize the power-

on and power-off of the wireless charging 

transmitter. The system block diagram is shown in 

Fig.1. 

 

Fig.1 Wireless charging transmitter system block diagram 

 

The system uses the MSP430F5529 single-chip 

microcomputer as the wireless charging receiver 

micro-control processor, and uses the super 

capacitor as the energy storage system. The wireless 

charging receiving end charges the super capacitor 

through the receiving coil of the XKT412 wireless 

charging module. When the voltage of the super 

capacitor reaches 1.8V of the working voltage of the 

TPS63020, the power of the super capacitor is 

stably outputted by the DC-DC conversion circuit to 

output the 5V voltage for the MSP430F5529 single 

chip and the system. The MSP430F5529 single-chip 

microcomputer starts normal operation and 

continuously samples the wireless charging 

receiving coil and the capacitor voltage. The OLED 

screen displays the voltage across the capacitor in 

real time. When the voltage of the wireless charging 

receiving coil is 0 or the voltage across the capacitor 

is equal to Vcc, the MSP430F5529 single-chip 

microcomputer starts the system operation. The 

block diagram of the wireless charging receiver 

system is shown in Fig.2. 

Fig.2 Wireless charging receiver system block diagram 

 

3 Subsystem Design 

3.1 Wireless Charging System 
 

3.1.1 The of Advantages of the XKT412 

Wireless Charging Module 

In order to achieve high efficiency wireless charging, 

the wireless charging module must be required to 

have high current and high power utilization. The 

XKT412 wireless charging module has a simple 

circuit. The maximum charging current that can be 

obtained under the 5V/1A power supply is >0.85A, 

and the energy utilization rate is extremely high. 

 

3.1.2 The Spacing between the Charging Coil 

and the Receiving Coil 

When the power supply of 5V/1A is supplied, the 

experimental data of the charging current when the 

voltage across the capacitor U<0.9Vcc is measured 

by changing the interval between the charging coil 

and the receiving coil is shown in Table 1. 

Table 1 Relationship between power utilization efficiency of 
charging coil and coil spacing 

Coil 

spacing 

1 

mm 

2 

mm 

3 

mm 

4 

mm 

5 

mm 

Voltage 

and 

current 

supplied  

5V 

1A 

5V 

1A 

5V 

1A 

5V 

1A 

5V 

1A 

Charging 

voltage 
5V 5V 5V 5V 5V 

Charging 

current 
0.67A 0.86A 0.86A 0.56A 0.2A 

Power 

utilization 

efficiency 

67% 86% 86% 56% 20% 

By measuring the experimental data, when the 

charging coil and the receiving coil are separated by 

2~3mm, the electric energy utilization rate of the 

XKT412 wireless charging module can reach more 

than 85%, and the electric energy utilization rate is 

extremely high. 

3.2 Energy Storage System 

 
3.2.1 Super Capacitor Breakdown Voltage 

Since the power supply voltage is 5V, in order to 

prevent the breakdown capacitance when the 

capacitor is charged, the system selects a super 

XKT412 

receiving 

coil 
Super 

capacitor 

TPS63020 

DC-DC 

conversion 

system 

1 

KΩ 

1 

KΩ 

����������	AD sampling 




Control 

signal 

1 

KΩ 

1 

KΩ 

AD sampling 

DC regulated 

power supply 

relay 

MSP430F5529 

�

XKT412 

transmitting 

coil 
�

control  

signal 
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capacitor with a breakdown voltage of 5V to store 

the electric energy. 

3.2.2 Super Capacitor Capacity 

According to the capacitor charge and discharge 

formula[19]: 

          (t) (1 )
t

RCU Vcc e
−

= −                                (1) 

 

When the capacitor voltage U = 0.9 Vcc, t = ln10 

RC ≈ 2.3 RC. After measurement, the wireless 

charging receiving end circuit resistance R ≈ 2.5 Ω. 

In order to reduce the test time, the system selects 

10F super capacitor for experimental test, that is, the 

capacity can be charged to 4.5V when t≈57.5s. 

3.3 DC-DC System Chip Selection  
 

3.3.1 LM2596S Chip 

LM2596S chip can realize voltage drop and output 

voltage stability[20-22]. However, LM2596S chips 

have high calorific value and are not suitable for 

low power systems. Moreover, the corresponding 

circuit parameters must be modified for different 

input voltages, so it is not suitable for DC-DC 

converter with time-varying input voltages. The 

LM2596S pin diagram is shown in Fig.3. 

 
Fig.3 LM2596S pin diagram 

3.3.2 TPS63020 Chip 

The efficiency of TI's TPS63020 chip is as high as 

96%. It can automatically change the step-up and 

step-down mode. Its input voltage range is wide 

(1.8-5.5V). Its output voltage is adjustable in the 

range of 1.2-5.5V. Its static current is small and it 

has the advantages of over-temperature and over-

voltage protection. Moreover, when the circuit 

parameters are fixed, the output voltage will not 

change with the change of the input voltage. The 

TPS63020 pin diagram is shown in Fig.4. 

 
Fig.4 TPS63020 pin diagram 

3.4 DC-DC Conversion Circuit 
The DC-DC conversion circuit is based on TI's 

TPS63020EVM. Based on this, the inductor is 

modified to reduce the interference of the circuit and 

the layout is adjusted to reduce the interference of 

the circuit. 

Adjusting the ratio of the resistance across the 

feedback port FB changes the output voltage. 

According to the TPS63020 data sheet: 

                  
1 2 1OUT

FB

V
R R

V

 
= − 

                               (2) 

And the system sets the output voltage Vout=5V, 

R2=200Ω, and calculates R1=1.8MΩ. The schematic 

diagram of the DC-DC converter circuit is shown in 

Fig.5. The layout of the PCB component of the DC-

DC converter circuit is shown in Fig.6. 

 
Fig.5 DC-DC conversion circuit schematic 

 
Fig.6 DC-DC converter circuit PCB component layout 

 

The output voltage is measured by an 

oscilloscope and the output voltage ripple is less 

than 76mV. 
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3.5 Selection of Single Chip Microcomputer 

 

3.5.1 STC89C52 Microcontroller 

The 51 series of single-chip microcomputers are 

widely used. From internal hardware to software, 

there is a complete set of bit-wise operating systems. 

The processing object is not a byte but a bit. Not 

only can certain bits of some special function 

registers be processed, such as transfer, set, clear, 

test, etc., but also bit logic operations[23]. However, 

the operation speed is slow and the power 

consumption is high. When used in conjunction with 

the LCD1602 liquid crystal panel, the circuit 

becomes complicated, and the overall performance 

of the system is degraded. The pin diagram of 

STC89C52 microcontroller is shown in Fig.7. 

 
Fig.7. Pin Diagram of STC89C52 Microcontroller 

3.5.2 STM32 Microcontroller 

STM32 MCU is a series of single-chip 

microcomputer with high cost performance. It has 

powerful computing functions and first-class 

peripherals[24]. However, it is inferior to MSP430 

series MCU in terms of power consumption, which 

is not suitable for the low power requirements of 

this system. The pin diagram of STM32F103xx 

MCU is shown in Fig.8. 

 

 
Fig.8.Pin Diagram of STM32F103xx MCU 

3.5.3 MSP430F5529 Microcontroller 

MSP430F5529 is a 16-bit ultra-low power 

microcontroller with 128KB flash memory, 8KB 

SRAM, 63 programmable I/O ports, 4 16-bit 

timers/counters, abundant interrupt sources, etc[25]. 

It has a wide range of low-power mode 

combinations, suitable for battery-powered products, 

and it is a compact instruction set (RISC) structure, 

powerful, resource-rich on-chip, fast operation, and 

the microcontroller is small, light weight, for low-

power system has obvious advantages[26]. And it is 

very simple to design display circuit by I
2
C 

communication mode. The pin diagram of the 

MSP430F5529 microcontroller is shown in Fig.9. 

 
Fig.9. Pin Diagram of MSP430F5529 Microcontroller 

 

Considering that the system is designed to 

achieve simple display circuit and low power 

consumption, the MSP430F5529 microcontroller is 

used as the central control chip. 

3.6 Selection of  Display  
 

3.6.1 LCD Display 

LCD display is a liquid crystal screen, which can 

not emit light itself[27]. It needs backlight to control 

the angle of liquid crystal through an external circuit 

through the liquid crystal layer. LCD display has the 

advantages of simple process, high cost 

performance, and stable and controllable image of 

large layout. But LCD display has high energy 

consumption, small viewing angle, low pass rate 

and complex peripheral circuit[28-29]. The physical 

picture of LCD1602 display screen is shown in 

Fig.10. 
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Fig.10. Physical picture of LCD1602 display screen 

3.6.2 OLED Display 

OLED can emit its own light without backlight, 

which can be directly presented by tricolor 

technology[30-31]. OLED display has brighter 

imaging, wider viewing angle, low energy 

consumption, and data transmission can be carried 

out through I
2
C communication mode. The 

peripheral circuit design is simple. The physical 

picture of OLED display screen is shown in Fig.11. 

 
Fig.11. Physical picture of OLED display screen 

Considering the simple design and low power 

consumption of the peripheral circuit of OLED 

display screen, the system uses OLED display 

screen to display the sampling voltage in real time. 

4 I
2
C Communication Mode 

 
4.1 Advantages of I

2
C Bus 

(1) I
2
C has two bus lines, a serial data line SDA and 

a serial clock line SCL. 

(2) Each device connected to the bus has a unique 

address. 

(3) The bit rate of serial 8-bit bidirectional data 

transmission can reach 100 kbits/s in standard mode, 

400 kbits/s in fast mode and 3.4 Mbits/s in high-

speed mode. 

(4) Support multiple master modules, but only one 

master is allowed at the same time. 

 

 

4.2 I
2
C Bus Protocol 

Bus can start data transmission only when it is not 

busy. The schematic diagram of data transmission of 

"start" and "stop" shows that when SCL line is high 

level, SDA line will be "start" from high level to 

low level, and all data transmission must have 

"start" condition. When SCL line is high level, SDA 

line will be "stop" condition from low level to high 

level. All data transmission must end with a "stop" 

condition. The SCL and SDA lines remain at high 

levels during this period to indicate idle state after 

the "stop" condition and before the "start" 

condition[32]. The timing diagram of the I
2
C 

protocol start and end conditions is shown in 

Fig.12.

 
Fig.12. Timing diagram of I2C protocol start and end conditions 

 

The I
2
C bus data data transmission is in byte 

format, that is, each byte sent to the SDA line must 

be 8 bits, the highest bit (MSB) is transmitted first, 

and each transmitted byte must be followed by a 

response bit ( Issued by the slave). All masters 

generate their own clocks on the SCL line to 

transmit messages on the I
2
C bus. The data is valid 

only during the high period of the clock. When 

transmitting data, the SDA line must be stable 

during the high period of the SCL line. The high or 

low state of the SDA can only be changed when the 

SCL line is low. A deterministic clock is required 

for bitwise arbitration. The I
2
C bus addressing mode 

is clearly defined. The 7-bit addressing mode is 

adopted. The highest byte of the first byte 

transmitted indicates the slave address, and the 

lowest bit (the 8th LSB) determines the data 

transmission direction. If it is '0'. Indicates that the 

host writes data to the slave. If it is '1', the host reads 

data from the slave. When an address is sent, each 

device in the system compares the first 7 bits with 

its own address after the start condition. If so, the 

device will determine that it is addressed by the host. 

5 Self-starting Function Principle 
The system can trigger the self-starting function in 

two situations. The first one is to power off the 

wireless charging transmitter, and the other is to 

reach the Vcc of the super capacitor voltage. 

 

5.1 Hardware Circuit 

Starting  

Condition 

Stop 

Condition 
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The MSP430F5529 single chip microcomputer 

determines whether self-starting is performed by 

separately sampling the voltage across the capacitor 

and the voltage across the receiving coil of the 

XKT412 wireless charging module. The system 

uses a diode to separate the XKT412 wireless 

charging receiving coil and the super capacitor. The 

positive pole of the diode is connected to the output 

coil of the XKT412 wireless charging module, and 

the negative pole of the diode is connected to the 

super capacitor. Therefore, the voltage U1 of the 

positive terminal of the diode is the receiving coil 

voltage of the XKT412 wireless charging module. 

The diode negative terminal voltage U2 is the 

voltage of the capacitor. In order to prevent the AD 

sampling voltage from penetrating the 

MSP430F5529, the system uses two 1KΩ resistors 

for voltage division sampling. When the sampling 

voltage of the positive terminal of the diode is 0 or 

the voltage of the negative terminal of the diode is 

Vcc/2, the MSP430F5529 starts the system. The 

sampling principle is shown in Fig.13. 

 

 
Fig.13 Sampling schematic 

5.2 Software Programming 
After the microcomputer is powered, the voltage 

sampling is continued. To prevent the judgment 

error, the MCU starts the system operation when the 

self-start condition is satisfied for 5 consecutive 

times. The MCU stops the AD sampling 1 and 

enters the low power state. The block diagram is 

shown in Fig 14. 

 
Fig.14 Block diagram 

6 System Debugging 
First discharge all the energy in the capacitor. The 

wireless charging receiving coil is mounted on the 

electric cart and is 2.5 mm from the wireless 

charging transmitting coil. The wireless charging 

transmitter is provided with a 5V/1A power supply, 

and the single-chip driving relay of the wireless 

charging transmitting end is energized to supply 

power to the wireless charging transmitting coil. 

The wireless charging receiving coil starts to charge 

the super capacitor. When the voltage across the 

capacitor reaches 1.8V, the DC-DC converter circuit 

stably outputs 5V voltage and the ripple is less than 

76mV. The wireless charging receiver starts 

working, and the voltage across the capacitor is 

displayed in real time on the OLED. Displayed on 

the screen. When the voltage across the capacitor is 

equal to 5V, the wireless charging receiver detects 

the charging and drives the car to drive and displays 

the voltage across the capacitor in real time. 

Discharge all the power in the capacitor again. 

The wireless charging transmitter terminal is timed 

for 50s. When the charging starts, the wireless 

charging transmitter transmits the power to the 

wireless charging transmitting coil. The wireless 

charging receiving coil starts to charge the super 

capacitor. When the voltage across the capacitor 

reaches 1.8V, the DC-DC converter circuit stably 

outputs 5V voltage and the ripple is less than 76mV. 

The wireless charging receiver starts working, and 

the voltage across the capacitor is displayed in real 

time on the OLED. Displayed on the screen. After 

XKT412 

receiving coil 

Super 

capacitor 

1 

KΩ 

1 

KΩ 

1 

KΩ 

1 

KΩ 

AD 

sampling 1 

AD 

sampling 2 
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Register 
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AD sampling 1 

�����

�����

��� �

Stop AD sampling 1 

  

No 
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�	�
���
�

�����

��� �

No 

No No 
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AD sampling 2 

Display  
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voltage 
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the charging of 50s, the single-chip drive relay of 

the wireless charging transmitting end is 

disconnected, and the single-chip microcomputer of 

the wireless charging receiving end detects that the 

charging car is driven after the end of charging and 

displays the voltage across the capacitor in real time. 

7 Conclusion 
The system uses a 5V/1A power supply to 

wirelessly charge the super capacitor. When the 

wireless charging transmitting coil is separated from 

the wireless charging receiving coil by 2~3mm, the 

wireless charging efficiency is greater than 85%. 

The super capacitor is discharged by the DC-DC 

converter circuit designed by the TPS63020 chip. 

The input voltage range is wide, the output voltage 

is stable at 5V, and the peak-to-peak value of the 

voltage fluctuation is less than 76mV. The system 

effectively reduces the power consumption of the 

system by using the MSP430F5529 microcontroller 

and the TPS63020 chip. The wireless charging 

technology effectively improves the service life and 

safety of the charging device of the system. The 

stability of the output voltage of the system ensures 

the stability of the operation of the electronic 

product. If the system is applied to electronic 

products such as sweeping robots, the stability of 

the products will be further improved, and the self-

starting function will further improve the 

performance of the products. 
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