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Abstract
Wireless power transfer (WPT) enables energy delivery without physical
connectors, providing flexible, reliable, and safe solutions for consumer
electronics, biomedical implants, electric vehicles, and loT devices. The
effectiveness of WPT systems relies heavily on efficient and optimized circuit
design, including resonant inverters, rectifiers, impedance matching networks,
and control circuitry. This paper presents a detailed review of circuits used in
WPT systems, emphasizing efficiency, stability, and scalability. Tables
summarize key parameters, trade-offs, and performance metrics, while a 2D
block diagram illustrates a typical WPT circuit architecture. Challenges such
as misalignment, energy loss, and EMI are discussed, along with emerging
trends in adaptive control, high-frequency design, and multi-device power

transfer.
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1. Introduction

Wireless power transfer is rapidly gaining attention due to its convenience, safety, and
elimination of physical connectors. Applications range from charging mobile devices and
wearable electronics to powering biomedical implants and electric vehicles.

Effective WPT relies on precisely designed circuits to minimize losses, maintain voltage and
current stability, and adapt to varying loads and distances. Key circuit components include
resonant inverters, rectifiers, impedance matching networks, and control units. Recent
advances in high-frequency operation, resonant topologies, and adaptive control have

significantly improved the performance and efficiency of WPT systems.

2. Background: Principles of WPT Circuits
2.1 Key Components
e Power Inverter: Converts DC from the source to high-frequency AC for magnetic or
capacitive coupling.
e Transmission Coil / Capacitor: Transfers energy through magnetic or electric fields.
* Receiver Rectifier: Converts received AC to DC for load consumption.
e Impedance Matching Network: Maximizes power transfer efficiency.

e Control Circuits: Maintain voltage regulation, frequency tuning, and protection.

2.2 Advantages over Conventional Power Delivery

Feature WPT Circuit Wired Circuit
Contact-Free Operation Yes No
Safety & Durability High Mechanical wear
Mobility Enabled Limited
Maintenance Low Requires connector maintenance
Multi-Device Charging Possible Complex wiring required
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3. Circuit Architectures
3.1 Resonant Inverter Circuits
e Full-bridge or half-bridge inverters convert DC to high-frequency AC.
e Series, parallel, and series-parallel resonant topologies optimize power transfer.
e High-frequency operation reduces size of inductors and capacitors.
3.2 Rectifier Circuits
» Synchronous or passive diode rectifiers convert received AC to DC.
e  Multi-stage rectifiers improve voltage regulation and efficiency.
e Active rectifiers reduce conduction loss and improve efficiency for low-voltage
applications.
3.3 Impedance Matching Networks
e L-C matching networks maximize power transfer.
e Automatic tuning circuits adjust to load variations and coil misalignment.
e Series, parallel, or combined matching topologies are selected based on WPT
application.
3.4 Control and Protection Circuits
e Voltage and current monitoring for load regulation
e Opvercurrent, overvoltage, and thermal protection

» Frequency tracking circuits for resonant tuning

3.5 Conceptual 2D Block Diagram
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S —— S S —— S o — +
| | |
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| |
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4. Design Considerations
4.1 Efficiency Optimization
e Minimizing conduction and switching losses in inverter and rectifier circuits
e High-Q resonators reduce energy dissipation in coils or capacitors
e Adaptive impedance matching enhances performance under varying conditions
4.2 Frequency Selection
e MHz-range operation reduces passive component size but increases EMI challenges
e kHz-range operation suitable for high-power applications like EV charging
4.3 Multi-Device Charging
e Circuit topologies must support multiple receivers without significant efficiency loss
e Load sharing and control algorithms manage power distribution
4.4 Safety and EMI Compliance
e Shielding and filtering to meet regulatory limits

e Control circuits prevent overvoltage or thermal hazards

5. Implementation Techniques
e Full-Bridge Inverters: Preferred for high-power WPT, provide bidirectional
switching and high efficiency
» Active Rectifiers: Synchronous MOSFET rectifiers for low conduction loss
e L-C Resonant Networks: Series-parallel tuning for optimal energy transfer
e Adaptive Control: Phase or frequency tuning for load and distance variation

» EMI Mitigation: Snubber circuits and shielding techniques

6. Applications
6.1 Consumer Electronics
»  Wireless charging of smartphones, laptops, and wearables

e Compact WPT circuits for high-efficiency small devices
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6.2 Biomedical Implants
e Charging pacemakers or neurostimulators without surgical intervention
e Safe low-power transfer using miniature resonators
6.3 Electric Vehicles
e Dynamic and stationary EV charging
e High-power WPT circuits with resonant inverters and adaptive control
6.4 Industrial and IoT Devices
e Powering remote sensors and actuators wirelessly

» Energy-efficient circuits reduce maintenance in inaccessible locations

7. Performance Metrics

Typical WPT Circuit
Metric Comments
Value
Power Transfer
80-95% Depends on alignment and load
Efficiency
Operating Frequency 85 kHz — 10 MHz Application dependent
Load Voltage Range 3348V Adjustable via rectifier & PMU
Transfer Distance 5 mm — 500 mm Coil separation distance
) Consumer electronics to EV
Maximum Output Power mW — kW
charging

8. Challenges

Misalignment Losses: Coil or capacitor misalignment reduces efficiency
Load Variation: Power delivery must adapt to changing loads
High-Frequency Losses: EMI and skin effect increase losses at MHz range

Multi-Device Operation: Power distribution and interference must be managed

A o

Safety & Thermal Management: Overvoltage or overheating can damage devices

9. Future Trends
e Adaptive WPT circuits with real-time impedance tuning

e Multi-coil and beamforming techniques for efficient multi-device transfer
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e Integration with energy harvesting for hybrid power solutions
e High-frequency WPT circuits for compact loT and wearable applications

e Al-assisted control for predictive load and alignment optimization

10. Conclusion

Wireless power transfer relies on efficient and robust circuit design to provide contactless,
reliable, and safe energy delivery. Inverter circuits, resonant networks, rectifiers, impedance
matching, and control/protection circuits form the foundation of WPT systems. Challenges
include maintaining efficiency across misalignment, load variation, and frequency selection.
Future circuits will increasingly integrate adaptive control, multi-device operation, and Al-
assisted optimization to expand WPT applications in consumer electronics, biomedical

implants, EVs, and industrial IoT systems.

Tables & Figures Summary
o Table 1: WPT circuit features vs conventional wired power delivery
e Table 2: Performance metrics for wireless power transfer circuits

e Figure 1 (ASCII): Conceptual block diagram of a WPT system

References

1. Kurs, A., et al., “Wireless Power Transfer via Strongly Coupled Magnetic
Resonances,” Science, vol. 317, pp. 83—86, 2007.

2. Kim, J., et al., “Circuit Design Considerations for Wireless Power Transfer Systems,”
IEEE Transactions on Power Electronics, vol. 29, no. 6, pp. 2949-2960, 2014.

3. Zhang, W., et al., “High-Efficiency Wireless Power Transfer Circuits for Consumer
Electronics,” IEEE Transactions on Industrial Electronics, vol. 63, no. 8, pp.
49764985, 2016.

4. Budhia, M., et al., “Design and Optimization of Resonant Circuits for Wireless Power
Transfer,” IEEE Transactions on Power Electronics, vol. 30, no. 11, pp. 6129-6142,
2015.

5. Sample, A. P., et al., “Analysis, Experimental Results, and Range Adaptation of
Magnetically Coupled Resonators for Wireless Power Transfer,” IEEE Transactions

on Industrial Electronics, vol. 58, no. 2, pp. 544-554, 2011.

69 I Page 64-70 © MANTECH PUBLIATIONS 2016. All Rights Reserved



MA NI ECH Journal of Research in Electrical Circuits and Systems
Publications Volume 1 Issue 2, May-August 2016

6. Liu, X., et al.,, “A Review of Wireless Power Transfer for Electric Vehicles and
Mobile Applications,” Renewable and Sustainable Energy Reviews, vol. 68, pp.
715-732,2017.

7. Covic, G. A., & Boys, J. T., “Modern Trends in Inductive Power Transfer for
Transportation Applications,” IEEE Transactions on Industrial Electronics, vol. 57,
no. 2, pp. 14-22, 2010.

8. Shinohara, N., Wireless Power Transfer via Radiowaves, Wiley, 2014.

9. Kim, S., et al., “Design of Adaptive Matching Networks for Wireless Power Transfer
Systems,” IEEE Transactions on Circuits and Systems I, vol. 65, no. 11, pp.
3662-3674, 2018.

10. Zhang, Y., et al., “Multi-Device Wireless Power Transfer Circuits with Efficiency
Optimization,” [EEE Transactions on Power Electronics, vol. 34, no. 10, pp.

10042-10055, 2019.

70 I Page 64-70 © MANTECH PUBLIATIONS 2016. All Rights Reserved



