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INTRODUCTION
 RF power sources are key equipment that provide the required high-frequency electromagnetic energy in particle accelerators.
 The power consumption of large-scale accelerator facilities (ILC, CLIC, FCC, CEPC, …) , operate at the hundred-megawatt level, leading to

extremely high annual operating costs.
 All residual beam energy is converted into heat in various forms and removed by the water-cooling system.

Green, environmentally-friendly and cost-effective accelerator facilities have become a hot research topic worldwide.

CLIC 3 TeV: 1 GHz, 𝑃ୖ୊,୲୭୲ୟ୪ ൌ 𝟏𝟖𝟎 𝐌𝐖 ILC 0.25 TeV: 1.3 GHz, 𝑃ୖ୊,୲୭୲ୟ୪ ൌ 𝟐𝟎 𝐌𝐖

FCC-ee: CW, (0.4 & 0.8) GHz, 𝑃ୖ୊,୲୭୲ୟ୪ ൌ 𝟏𝟎𝟓 𝐌𝐖CEPC 0.24TeV: 0.65 GHz, 𝑃ୖ୊,୲୭୲ୟ୪ ൌ 𝟔𝟎 𝐌𝐖
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 Taking CEPC as a example, its total RF power consumption reaches 110 MW according to the TDR design. Improving the
efficiency of RF power sources is essential to resolve the high-energy-consumption.

Among them, the grid power demand 
is 109.5 MW (the klystron efficiency is 

calculated at 75%).
FCC 80%[1]

CEPC power consumption @TDR

INTRODUCTION



Accelerator Division 3

 A complete RF power system consists of grid-side input, high-voltage power supply, klystron and microwave
transmission units.

 Both high-voltage power supplies ( >96%) and microwave transmission systems achieve (> 95%).
 However, conventional klystrons only 65%, which serves as the major efficiency bottleneck of the whole system.
 At hundred-megawatt operating levels, these losses lead to pretty big costs.
 So，It is estimated that increasing the klystron efficiency from 62% to 78% can save nearly 76 million RMB in

annual operating costs.

2026/8/20
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[1] J. Harikumaran. Powering RF systems of FCC. Accelerator Systems (SY Dept.), 2026
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 Sub-task 1: high-efficiency klystron with Multi-Stage 
Depressed Collector

 Sub-task 2: Energy-Recovery RF Device

 Sub-task 3: Power Conversion Device for energy  
Recovery

R&D Progress overview
To further break through efficiency limits, our team looks into three main research areas:
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R&D Progress overview

ZushengZhou. High-Efficiency RF Power Sources for Future Large-Scale Facilities. FCC Week 2026, Helsinki, Finland, Jun.8-12 2026

With efficiency: 62%

In terms of high-efficiency klystron development, our team has achieved Continuous 
improvement in efficiency klystron at IHEP

design efficiency: >80%

Energy recovery klystron(ERK)
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R&D Progress overview

Mode1: High-Voltage DC Power Supply Configuration for Multi-Stage Depressed Collector (MSDC) Klystrons
- with Cascaded HVDC Power Supplies topology & Hybrid Modulation-Control Strategy
- the power supply can adapt for 1st 2nd 3rd 4th and multi-stage depressed collector operating requirements

Cathode HV

1st depressed-collector HV

2nd depressed-collector HV

3rd depressed-collector HV

Preliminary experimental results of the three-stage configuration show that it performs 
flexibly and can adapt well, providing a solid foundation for future engineering applications.
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R&D Progress overview

Mode 2: Reliability-test for Megawatt-level High-voltage Power Supply

• adopt an energy-recovery load to replace traditional resistive loads.
• conventional resistive loads are usually only capable of hundreds-of-kilowatt-level power tests.
• The energy-recovery load enables megawatt-level power cycle testing; only system losses need to be 

supplemented by the grid, thus overcoming the power limit of traditional loads.

Conventional Reliability Test
(Resistive-Load Type)

Reliability Test (Energy-recovery Load)
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R&D Progress overview
Preliminary experimental results at module level show that the full-load efficiency reaches 90.0 % at 800 V, 
and the grid-side THD is 6.66 %.

This technology provides strong support for high power supply reliability tests and 
possesses important engineering application value.
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Mode 3: RF-to-DC RF Energy-Recovery Mode
- To achieve efficient recovery of the radio-frequency energy output by the klystron.
- To convert the originally dissipated microwave energy into reusable electric energy.
- To reduce the overall system energy consumption and improve energy-utilization efficiency.

R&D Progress overview

This report focuses on the DC-side energy recovery power conversion module, which achieves a high efficiency of over 95% 
under the 1.5 kW operating condition.
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