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Courtesy of GE 

Background: Cyclotron 
• Eurostar ENEFRF project: 10 kW high 

efficient RF power sources for cyclotron 
particle accelerator at 27 and 101 MHz  

• The highest output power for LDMOS 
technology is about 1.8 kW 

• Combine 10-12 power amplifier modules 
at half the nominal power 

• Each module output 1 kW, eff>80%. 
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Amplifier classes of operation 

Push-pull class AB 

Class A 

Class B 
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Background : Class E 

• Non-negligible  parasitic capacitor Cds 
contributes to shunt capacitor      in 
Class E operation. 

•  Class E amplifier is a well 
known a high efficiency 
switching mode amp. 

• novelty: planar structure, 
kW level 

𝒊𝑺 𝑽𝑺 

𝑪𝑺 
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Push-pull and single ended architectures 

Push-pull 

Single Ended (resonant output network) 

output balun input balun 

drain 
voltage 

output 
voltage 

input 
voltage 
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Planar Layout EM Simulation 

𝒊𝑺 𝑽𝑺 

waveform at transistor’s drain side 

Layout of final planar circuit 
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Work Prototype for Measurement 
Signal Generator 
R&S SMA100A Power Meter 

R&S NRP2 

Coupler Coupler 

Circulator 

Driver PA 
50 Ω Load 

50 Ω Load 
50 Ω Load 

50 Ω dummy 
Load, kW level 
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Measured Results 

@100 MHz @102 MHz 

Pout=1200W, Eff= 83% Pout=1000W, Eff= 87% 
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State of the Art 
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Conclusion 

• Verified the feasibility of Class E high power/high efficiency amplifier 

• Achieved 1000 Watts with 87% in a single-ended prototype 

• Improved the state of art -> accepted for EUMW 2019 in Paris 


