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Design consideration

Parameters Value

Freq.(MHz) 650

Klystron QTY. 120

Klystron power(kW) 800

1 to 2 SC cavity

P band klystron for CEPC Collider

C&S band klystron for CEPC Linac

Parameters S C

Freq.(MHz) 2860 5720

Klystron QTY. 33 236

Klystron power(MW) 80 50

RF structure distribution 1-to-2&1-to-4 1-to-2
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R&D Status



RF Power source choice
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Tetrodes IOTs Klystrons SSA Magnetrons

DCς400MHz (200ς1500)MHz 300 MHz ς1 GHz DC ς20 GHz GHz range

1 MW 1.2 MW 1.5 MW < 1MW

85%- 90% (class C) 70% 65% 60% 90%

Remark Broadcasttechnology, 
widelydiscontinued

Oscillator, not 
amplifier!

RF power sources - efficiencies

Highpower klystronsare the moreattractive choicebecauseof their high
ŜŶŎƛŜƴŎȅΣlow costand morestablethan IOTand SSAfor CEPCcollider.

The Collider beampower is more than 60 MW. The increasein efficiency of

RF power sourcesis considereda high priority issue.



System overall efficiency
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Wall to PSM power supply/modulator95%

Modulator to klystron 96%

Klystron to waveguide 75%

Waveguide to coupler 95%

Coupler to cavity ~100%

Cavity to beam ~100%

Overall efficiency ~65%

CEPC Collider SRF Wall Plug Efficiency

The critical factor is klystron efficiency

Much higher efficiency, less energy consumption.



Cost consumption
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Efficiency, %

65 M RMB

84M RMB

Efficiency impact on operation cost (Only considering operation

efficiencyof klystrons)

NOW
1st tube

62%

COMING
2nd tube

75%
FUTURE

MBK
80%

Save Money



R&D strategy and plan (2016 to 2021) 

3 or more klystron prototypes 
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Step1

Step2

Step3

1st

2nd

3rd

more

Prototypes

Efficiency: 60% 70% 80%

2016 2017 2018 2019 2020 2021 2022 2023



1st prototype high power test results
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High power test stand

Pulsed 800kW

Parameters Design Test

Operating frequency (MHz) 650 650

Beam Voltage (kV) 81.5 80

Beam Perveance (ɛA/V3/2) 0.65 0.7

Efficiency(%) 65 62

Saturation Gain(dB) Ó45 47

Output power(kW) 800 800

1 dB Bandwidth(MHz) Ó1 1.8

É700kW CW and 800kW pulsed power with 62% efficiency
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É Jan., 2021: Klystronmanufacturestarted

É Jul., 2021: Partsfabricationcompleted

É Nov., 2021: Gunprocessingandklystronbakingout

É Dec., 2021: Klystrondeliveredto IHEP

ÉMar., 2022: Klystronconditioningstarted
ŵ Coldhighvoltageconditioning

Ŷ Cathodeactivation

ŷ High voltageconditioning

Ÿ RF Conditioning(PulsedandCW)

É Jul., 2022: CW 630kW/Eff . 70.5%

HE Klystron Milestone
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Fabrication processing

Cold test Collector body
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Electron gun processing

CathodeTemp. 975degreeC @Fil. 27V/6A
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Klystron final assembly

Klystron final assembly
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Klystron baking out 


