
NSRRC KLYSTRON FAT ON FEB. 5th, 2026 @CANON (IN JAPAN)

1. Target klystron 
1) Klystron model: E37310, C x 2
2) S/N: 26A003, 26A004

2. Discussions
1) No problematic points were identified in CANON's FAT report content on Feb. 5th 

at the CANON factory. 

2) No abnormal oscillation phenomena (unexpected signal fluctuations) have been 
observed across the entire klystron beam voltage range (operating voltages 
applied to the electron beam in the klystron). → pages 3/14 and 10/14. 

3) The klystron tube, a specialized vacuum device that amplifies RF signals, operates 
in the saturation region of input power (RF input power at the maximum level 
before output stops increasing) due to its high amplification gain, such as ~50 dB.
However, no abnormal oscillation phenomena were observed across the beam 
voltage range. → pages 4/14, 4/14, 11/14, and 12/14. 

4) A saturated RF input power (RF input power at the maximum level before output 
stops increasing) of 500W is required at an RF output of 20-MW and a beam 
voltage of 265-kV. This requirement arises because the klystron tube is optimized 
for an RF output of 35-MW and a beam voltage of 295-kV. To address this, 
CANON proposed an optimization method that reduces the focus magnet coil 
current (the electric current that controls the focusing of the electron beam), a 
common approach. CANON specified a maximum reduction of 5%. In practice, 
the convergence coil current varies in proportion to the 35-MW RF output. → 
pages 5/14 and 12/14. 

5) For the two existing klystron tubes (Serial Numbers 26A003 and 26A004), the 
NSRRC will determine the optimal focus magnet current value at an RF output of 
20-MW, which is indicated on pages 5/14 (up Fig.) and 12/14 (up Fig.) 

6) Regarding dimensional tolerances for the positioning pins of the focusing magnet, 
CANON reported that internal discussions have concluded, favoring a reduction in 
the current margin. 

7) NSRRC presented a proposal to change the method for specifying dimensional 
tolerances on drawings, and CANON responded that it would respect this change. 
For example, as follows. 
For ID: +x.xx mm, -0.00 mm. 
For OD: +0.00 mm, -x.xx mm. 

8) Since the EMI noise superimposed on the current waveform results from the 
combination of several factors, the following improvements are effective: 
1) Faraday caging of the modulator power supply and oil tank. 
2) Reducing the inductance in the drive current circuit for the klystron tube. 
3) Using low EMI noise leakage type coaxial cables. 
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NSRRC CIRCUIT SIMULATION

ITEMs RF POUT: 20 MW RF POUT: 35 MW

1) KLYSTRON IMPEDANCE [Ω]: 964 916 ~ 919

2) KLYSTRON BEAM
VOLTAGE [kV]:
CURRENT [A]:

-265
275

-295
321 ~ 322

3) INVERSE VOLTAGE (80 kV max.) [kV]: 25 26

4) NUMBER OF PFN SECTION [n]: 21 21

5) PFN PARAMETERs
CHARGING VOLTAGE [kV]:

CAPACITOR [nF]:
INDUCTANCE [nH]:

IMPEDANCE [Ω]:

38.1
25.0

554.0
4.71

43.4
25.0

554.0
4.71

6) PTR STEP-UP RATIO [1 : n]: 1 : 14 1 : 14

7) PTR PRIMARY INDUCTANCE [mH]:
(Measured)

1.14 1.14

← ZPFN = ZPRI = 4.71 Ω
EOLC: 6 Ω

← ZPFN = 4.71 Ω, ZPRI = 4.69 Ω
EOLC: 6 Ω

↑ -295 kV

↓ -265 kV

← 26 kV
← 25 kV
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COMMENT:
The effect of increasing the beam voltage to -295 kV (ZPRI = 4.69 Ω, PRF: 35.9 MW) is 
negligible when using parameters optimized for a beam voltage of -265 kV (PRF: 20 MW) 
and ZPFN = ZPRI = 4.71 Ω.

NOTE: This is not the final tuning.
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Additional explanation of the cause of EMI superimposed on the klystron tube 
current monitor signal.

 Use triaxial cable between modulator power supply and pulse 
transformer tank. 

 Use wide copper plate (300mm x 0.5t) for a current return circuit.
 Use common mode filter covered by EMI shielded box to reduce a 

leak EMI noise from pulse transformer.
 The Trucial triaxial cable has no low inductance in the 3rd-outer 

layer. So, we need an additional current return circuit, for example, a 
copper plate. 

1) Faraday caging of the modulator power supply and oil 
tank.

The TPS injector linac uses a medical-grade modulator 
power supply rather than one designed for accelerator 
environments. As a result, it lacks strong Faraday-cage 
shielding, increasing the risk of electromagnetic interference 
(EMI) and noise that could affect sensitive measurements. In 
contrast, the PAL-XFEL power supply uses Faraday cage 
shielding.

FEL Sch. 2026@NSRRC
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3) Using low EMI noise leakage type coaxial cables. 

FEL Sch. 2026@NSRRC

LOW NOISE WAVEFORM MONITORING

Internal discussion


