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Abstract 

Klystron is a microwave tube capable to produce very high power that find wide use in communication, radar, material processing, particle accelerator and thermonuclear fusion reactor. A precise simulation of beam wave interaction in klystron is useful not only to understand its operation but also in development of tube with minimum iterations in fabrication. For this purpose a 1-D code AJDISK has been used to estimate different design parameters of RF section for desired tube performance. This information is used for simulation of complete tube including electron gun using MAGIC 2D PIC code. The paper presents the results of simulation.
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I. Introduction
This klystron consists of an input cavity, four buncher cavities, and an output cavity. The RF signal to be amplified at the input cavity starts the velocity modulation process. The field free space between cavities allows the beam to drift and form bunches. Each subsequent cavity couples to the beam, reinforcing bunching energy. The output cavity couples energy from the beam to the output waveguide. Cavities 1, 2, and 3 are stagger-tuned to achieve required flat bandpass response. Cavities 4 and 5 are tuned for efficiency at a frequency above the highband edge, enhancing bunching action of the beam. Cavity 6, the output cavity, is always tuned to center frequency.

A 250 kW CW C-Band klystron with specifications as given in Table1 is under development at CEERI, Pilani (India)
Table1: Specifications of 5GHz klystron
	Parameters
	Specification

	Operating frequency
	5 GHz

	Output power
	250 kW

	Beam voltage
	50 kV

	Beam current
	10 A

	No. of cavities
	6

	Efficiency
	>40%

	Gain
	>40dB


II.  Design of RF cavities using Poisson's Superfish
Poisson’s Superfish is a collection of programs for calculating static magnetic and electric fields and radio-frequency electromagnetic fields in either 2-D Cartesian coordinates or axially symmetric cylindrical coordinates. The programs generate a triangular mesh fitted to the boundaries of different materials in the problem geometry. 
Plotting programs and other postprocessor codes present    the results in various forms. We design individual Cavities   and calculate their respective R/Q in Poisson’s Superfish.
Design of input and intermediate cavities:
Input parameters

Height of cavity- 15mm

Radius of cavity- 13.75mm  

Height of drift tube- 5.75mm

Radius of drift tube- 4mm
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  Figure1: Graphical representation of Input Cavity using   Poisson’s Superfish
Output parameters
 Frequency-5008 MHz

 R/Q-105

 K-250
Design of output cavity:
  Input parameters

  Height of cavity- 15mm

  Radius of cavity- 13.48mm  

  Height of drift tube- 6mm

  Radius of drift tube- 4mm
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Figure2: Graphical representation of Output Cavity using Poisson’s       Superfish
  Output parameters
 Frequency-5002 MHz

 R/Q-103

 K-260

III. Design of RF section using 1-D code AJDISK

AJDISK is a 1-D large signal code developed by A.Jensen and is available in public domain. It is an ideal code for quickly estimating the basic design of klystron. Input needed to run the program include resonant frequency, Qs, R/Q and gap voltage of each cavity, axial distance between the gap centres, operating beam voltage, current and drive power. The output of the program includes gain, output power, cavity voltages, phase diagram and velocity dispersion diagram. A typical output generated by the Program for design of present tube is shown in figure3 and figure 4. 

At 50kv beam voltage: When 50kv beam voltage and 10Amp current is applied at the input of RF section the Output Power obtained is 242KW.
[image: image3.png]AU Disk - [243kw. dsk]

Fle Edt Vew Help

power243kw
50.000 kV/ z(m) 0.0000 0.0530 0.1060 0.2050 0.2770 0.3190
10.000 A f(MHZ) 5000.00 4984.00 5087.00 5140.00 5098.00 5000.00
5.000 GHz Qe 300000  4000.000  4000.000  4000.000  4000.000 70.000
4.000 mm Qo 4000000 4000000 4000000  4000.000 4000000  4000.000
5200 mm RIQ 105000 105000 105000  105.000  105.000 97.000
8.000 W k25000 250,00 250,00 250,00 250,00 260.00
241.793 kKW d(m) 0.00350 0.00350 0.00350 0.00350 0.00350 0.00300
44.804 dB Vi(kV) 0.5836 3.7708 6.0601 12.8272 26.5392 57.3018
= =T 7 07
I
06
]
s == o
H _— 04
£ 03
02
==
—— 041 -
istance (mm) x10/Step 340 00 Energy/Eo 20
250 LamdaQ= 0.42540m
M= 077213
/ o 125 -
o Beta= 1.00000
= oo Theta(Vé)= 1.72566
aat = Effic.K= 067631
.25 Effic.E= 063893

b

o Distance (mm) x10/Step 340
10 -
— 3
< 18 ch
Z 08 § 2
S o4 N
] 31
02

-10 Distance (mm) x10/Step 340 0.0 Time 10 Electric Field




figure3: Graphical representation of beam wave   interaction simulation using AJDISK at 50kv beam voltage
At 52kv beam voltage: When 52kv beam voltage and 10Amp current is applied at the input of RF section the Output Power obtained is 251KW.
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Figure4: Graphical representation of beam wave   interaction simulation using AJDISK at 52kv beam voltage
Table 2 : Input parameters for RF section of length 340 mm

	CAVITY
	Z (Distance in mm)
	Frequency in MHz
	R/Q
	Qe

	Cavity 1
	0
	5000
	105
	300

	Cavity 2
	53
	4984
	105
	4000

	Cavity 3
	106
	5087
	105
	4000

	Cavity 4
	205
	5140
	105
	4000

	Cavity 5
	277
	5098
	105
	4000

	Cavity 6
	319
	5000
	103
	70


IV. Simulation of cavity using MAGIC 2D PIC code

MAGIC is particle-in-cell code developed by Mission Research Corporation, USA. The code is available both in 2D and 3D versions. It simulates actual electric and magnetic fields by tracing the outlines of RF cavities, drift tubes and pole pieces on closely spaced grids pushing thousands if simulated electrons through these simulated fields and iterating to convergence. The code is capable of designing electron gun and cavity as well. Following figures show the result of cavity simulation using MAGIC code.  
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 figure5: simulation of input cavity using magic 2D
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     figure6:frequency of input cavity using magic 2D
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     figure7:R/Q of input cavity using magic 2D
Fabrication and cold testing of input and output cavity
  Fabricated Input Cavity
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   figure8:fabricated input cavity 
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    figure9: testing of input cavity
	Parameters
	Analytical Input Section 
	Simulated value CST 

	Frequency
	5.0GHz
	5.0005GHz 

	Return-loss
	1.43 dB
	1.433dB 

	Band-width
	16.67MHz
	16 MHz


Fabricated Output Cavity:
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   figure10:fabricated output cavity
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   figure11: testing of output cavity
	Parameters
	Analytical  Input Section 
	Simulated value CST 

	Frequency
	5.0GHz
	5.0005GHz 

	Return-loss
	0.33 dB
	0.457dB 

	Band-width
	69.50MHz
	60 MHz


V. validation of RF section design using MAGIC CODE

 Result at 53KV beam voltage: At 53KV beam voltage output   power obtained is 230KW in magic software 
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figure12: simulation of RF section and beam wave interaction
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figure13: 230KW power obtained at 53kV using magic 2D
                         VI. CONCLUSION
Simulation of beam wave interaction for  250 kW CW C-band high power klystron has been done using AJ disk and power obtained at 50 kV in AJ disk is 243 kW and in Magic we obtained power of 230kW at 53 kV and further at 50 kV it is in progress using Magic 2D pic code.
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