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Abstract 
The demand for charging is gradually increasing as people's standards of living improve 
and the frequency of use of various electronic gadgets increases. The classic wired 
charging approach entails leaving an interface on the electronic device and attaching the 
charging data cable. This charging method causes frequent cable plugging and 
unplugging, as well as wear and tear on the device interface. At the same time, the data 
cable and plug hole are both susceptible to electrical sparks, posing a safety risk. 
Furthermore, the data cable is difficult to store, making the desktop cumbersome and 
unappealing. To address the shortcomings above, this paper designs a wireless charging 
transmission system based on Qi standard protocol, and can be applied to portable 
mobile electronics such as cell phones, bracelets and tablets. 

Keywords 
Qi Agreement; Wireless Charging; BQ51013; Electromagnetic Induction. 

 

1. Introduction 

With the continuous advancement of technology, there are various electronic devices on the market. 
But no matter what kind of electronic devices are ultimately inseparable from the charging problem. 
The current traditional charging method will take the data cable interface plug-in type, because of the 
different types of interfaces of various electronic devices, users often need to carry different 
specifications of the data cable, causing inconvenience to people's daily lives, and as a result of the 
many types of data cable interface, also against the principle of saving resources and protecting the 
environment. At the same time, the data cable and the jack between the unplugging process is prone 
to electrical sparks and incorrect use of the data cable and other users are prone to safety hazards. 
Numerous studies have shown that the development of more compatible wireless charging methods 
and standards has become a hot research topic in recent years. 

The primary wireless charging protocols are currently separated into four main categories: Qi, PMA 
(Power Matters Alliance), A4WP (Alliance for Wireless Power), and iNPOFi (invisible power field) 
technology. Qi is the "Wireless Power Consortium" (WPC), the world's first standardization 
organization to promote wireless charging technology. Qi's primary goal is to provide universal 
wireless charging for cell phones and other portable electronics, with two key features: convenience 
and versatility. Most portable electronic products on the market use the Qi standard wireless charging 
method, and the most commonly used wireless charging standard for cell phones is also the Qi 
standard;The PMA alliance is dedicated to developing IEEE Society-compliant wireless power 
standards for cell phones and electronic devices. Three companies, AT&T, Google and Starbucks, 
currently join the PMA consortium;The proximity MRI technology used in A4WP enables the 
charging of multiple devices at the same time.The A4WP is adaptable in terms of device space, and 
its primary goal is to provide wireless charging for electronic products such as portable electronics 
and electric vehicles. It currently has 40 members, including Samsung, Qualcomm, and 
Broadcom;iNPOFi technology is similar to wired conduction contact charging technology. It converts 
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the original cell phone power charging connector's electrical contacts into a charging plate and 
charging housing.Currently supports the two major cell phone manufacturers, Apple and Samsung.To 
summarize, this paper chose to use a Qi-based wireless charging method in order to be compatible 
with the majority of portable mobile electronic products. 

Cai Xiaowei's team studied the Qi-based standard wireless charger and designed an electromagnetic 
induction wireless charger for energy transfer via coil coupling;Liu Yu's group investigated the design 
of a wireless charging system based on the Qi standard, which employs a microcontroller to control 
the device in order to charge small appliances. These two teams investigated wireless charging 
systems based on the Qi standard, but both teams can only charge devices within a certain range, 
limiting the charging space range, so this project also designed an additional module for powering 
the circuit with an external USB port. 

This circuit design in this paper includes a transmitter coil L1 and an integrated Qi-compliant wireless 
power receiver. The two combine to form an electromagnetically coupled inductor that powers 
portable devices like cell phones. A USB port is also provided for power supply in use scenarios 
where there is no wireless charging dock.  

2. Fundamentals of Qi Standard Power Supply 

BPP transmission efficiency of 5W and EPP transmission power greater than 5W are among the Qi 
standard workflow specifications. The Qi standard employs tiny induction coils that exploit the 
principle of electromagnetic induction to transport energy at high frequencies. Under ideal conditions, 
the Qi standard has a high power conversion efficiency of about 70-80% of the power supply. 

The Qi standard is a combination of a transmitter and a receiver. The Qi standard includes a coil at 
the transmitter and a coil at the receiver, which create an electromagnetically connected inductor. The 
transmitting end's coil is connected to a high-frequency alternating signal, producing an 
electromagnetic signal. The receiving end converts the electromagnetic signal into current via the coil, 
which is then delivered to electronic devices via rectification and voltage regulation circuits. 

The transmitter is primarily in charge of driving the coil and demodulating the ASK signal, which is 
divided into two sections: digital and analog circuits. PWM and FSK generators, as well as an ASK 
digital demodulator, are included in the digital circuit part; the analog circuit portion has a transmit 
front-end circuit and an ASK demodulation pre-processing circuit. Figure 1 depicts the transmitter's 
overall circuit. 

 

 
Figure 1. Transmitter circuit diagram 
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After rectification and a voltage regulator circuit, the receiver side turns the electromagnetic signal 
into current via a coil and charges the device. The receiver side also consists of a combination of 
analog and digital circuitry. FSK demodulation pre-processing, ASK modulation, and full-bridge 
rectifier circuits are examples of analog circuits. The digital circuit section is the digital FSK 
demodulator. Figure 2 depicts the overall circuit diagram of the receiver side. 

 

 
Figure 2. Receiver circuit diagram 

 

The transmitter and receiver work together to generate magnetic regeneration electricity via a high-
frequency alternating signal, allowing wireless charging to be accomplished. Figure 3 depicts a 
general schematic of the Qi standard system operation. 

 

 
Figure 3. Qi system operating principle 

3. Design of the overall system 

3.1 Design Structure  

The basic system design consists of the following components: coil, integrated wireless power 
receiver BQ51013, USB connector, BLM3401 load, small signal MOSFET transistor 2N7002, and 
so on. When used,connect the FPC(Flexible Printed Circuit) connector to the electronic device and 
charge the device through the coil or external USB. Figure 4 depicts the system architecture diagram. 
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Figure 4. System architecture diagram 

 

Figures 5 and 6 depict the overall circuit design schematic. 

 

 
Figure 5. Circuit design diagram 
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Figure 6. Physical diagram NO.1 

3.2 Circuit Design 

3.2.1 Wireless Power Receiver Module Integrated  

The Qi-compliant BQ51013B highly integrated wireless receiver power supply is used in the design, 
which has a 93 percent overall peak AC/DC conversion efficiency and is perfectly synced to the 
rectifier. While the output voltage can be regulated, the dynamic rectifier control allows for improved 
load transient response. Supports input voltages of up to 20V. Temperature monitoring, charge 
completion, and fault host management with versatile NTC (Negative Temperature Coefficient) and 
control pins, WPC v1.2 compliant communication control, ideal for wireless power transmission in 
portable applications with up to 5W of power. Figure 7 depicts the circuit design schematic. 

 

 
Figure 7. Circuit diagram of the BQ51013 

 

The AD-EN pin defines whether charging is wired or wireless; if wired charging, use the push-pull 
external driver PFET; if wireless, float it. Connect the AD pin to the input of the wired adapter. By 
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altering the reflection resistance, the COM1 and COM2 pins are used as open drain outputs to connect 
with the primary circuit. Both for load modulation, COM1 connection capacitor from COM1 to AC1 
and COM2 connection capacitor from COM2 to AC2 are employed. Because the AC1, AC2 pins 
require AC power, connect the capacitor and block DC power via AC power. For drain protection, 
the CLMP1 and CLMP2 pins are connected to a capacitor and then to AC1 and AC2, respectively. 
Both switches will open when the RECT voltage surpasses 15V, and the capacitor will operate as a 
low impedance, preventing device damage. BOOT1, BOOT2 To drive the synchronous rectifier, 
connect a 0.01uF capacitor to AC1 and AC2. The ILIM pin serves as a circuit breaker, while the OUT 
pin powers the load. The filter capacitor for the internal synchronous rectifier is located on the FECT 
pin. If not in use, the CHG pin is an open-drain output that can be grounded or floated. TS/CTRL 
pins with temperature detection (TS) and control (CTRL) functions. The EN1 and EN2 pins enable 
and disable the wireless and wired charging inputs, respectively. Wireless charging is turned off when 
AD-EN is pushed low, and it is turned on when AD has no voltage. 

3.2.2 Coil Module for L1 Wireless Charging  

Electromagnetic induction occurs when the L1 coil is placed in a continually changing magnetic field 
(such as a wireless charging port). The coil turns electrical energy into magnetic energy on one side 
(electricity generates magnetism), and magnetic energy into electrical energy on the other side 
(magnetism generates electricity). This accomplishes the goal of energy exchange between the two. 
The current generated by the L1 coil travels through the Qi-compliant wireless power receiver 
BQ51013 before being powered by the collation and voltage regulation circuits. Figure 8 shows a 
schematic diagram of electromagnetic induction wireless charging. 

 

 
Figure 8. Electro-magnetic induction wireless charging schematic 

 

Pin 1 of the L1 wireless charging coil is linked in parallel to four capacitors. The capacitors modify 
the best resonance point, allowing the coil's induction current to be regulated and then fed into the 
circuit, boosting the device's charging efficiency. Figure 9 depicts the coil schematic. 

 

 
Figure 9. Coil schematic 
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3.2.3 USB Interface Module 

In situations where a wireless charging dock is not accessible, the module can be used. When the data 
cable port is connected to the USB port, an external power supply can be used to charge electronic 
items via the FPC port. Figures 10, 11, and 12 depict the schematic for the USB interface. 

 

 
Figure 10. USB interface schematic 

 

 
Figure 11. FPC schematic 

 

 
Figure 12. USB interface model diagram 

4. Analyses based on Experiments 

The actual object was created using the design process described in this research, as shown in Figure 
13, and the time required to fill various loads was measured, with the findings provided in Table 1.  
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Figure 13. Physical diagram NO.2 

 

Table 1. Wireless charging transmission system test results 

Category Battery Capacity Filling time required 

Mobile Phone 4000mAh 300mins 

Bluetooth Headset 380mAh 84mins 

Charger 10000mAh 568mins 

Handheld fans 400mAh 91mins 

5. Conclusion 

A Qi standard-based wireless charging transmission system is designed using the Qi-compliant 
BQ51013 integrated wireless power receiver as the core to solve the waste of resources caused by 
different charging interfaces, the wear and tear caused by frequent plugging and unplugging of data 
cables to electronic device interfaces, and the potential safety hazards. The results of the experiments 
demonstrate that the system is suited for cell phones, bracelets, tablets, and other portable mobile 
electronic items, which has the potential to make people's lives easier. 

Acknowledgments 

Laboratory Project Fund. 

References 
[1] S. H. Cheng, Y. Li. Design of an intelligent wireless charging system[J]. Science and Technology & 

Innovation, 2022(07):145-148. DOI:10.15913/j.cnki.kjycx.2022.07.043. 

[2] X. Y. Li. Study of Wireless Charging module For Lower-power Portable[D]. Hangzhou Dianzi University, 
2015. 

[3] Y. N. Zhou. Design of the Wireless Charging System for Mobile Phones[D]. Chongqing University, 2014. 

[4] X. W. Cai, G. P. Huang, Y. Chen, and H. F. Lin. Researchon Wireless Charger Based on Qi Standard[J]. 
Journal of Longyan University, 2017,35(02):19-23+34. DOI:10.16813/j.cnki.cn35-1286/g4.2017.02.004. 

[5] N. Liu. Design and Implementation of Wireless Charging System Based on QI Standard[J]. Journal of 
Zhengzhou Railway Vocational and Technical College, 2021,33(03):18-20. DOI:10.13920/j.cnki. 
zztlzyjsxyxb.2021.03.007. 

[6] H. Z. Wang. Research and Implementation of Electromagnetic Induction Wireless Charging System[D]. 
XIDIAN UNIVERSITY, 2021. DOI:10.27389/d.cnki.gxadu.2021.000768.  

[7] W. J. Yan. Research and implementation of wireless charging communication system based on Qi 
standard[D]. XIDIAN UNIVERSITY, 2021. DOI:10.27389/d.cnki.gxadu.2021.000596. 


