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Gyrotron schematic
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Need for a Multi-frequency Gyrotron 
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At a given Thermonuclear fusion facility, several Gyrotrons are used in various operations such as

plasma startup, heating, current drive, instability suppression etc., all operating at different

frequencies

As these operations are not simultaneous, a single Multi-Frequency Gyrotron can be used

A single Multi-Frequency Gyrotron is capable of operating at any of the several (designed)

frequencies without any change in the physical parameters

Frequency switching is accomplished by external electrical parameters, such as voltages and

currents



Triple Frequency Gyrotron – Choice of Frequencies
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Single frequency Gyrotron designs exist for 42 GHZ, 84 GHz and 95 GHz

Dual frequency Gyrotron designs exist for 42/84 GHz

Triple frequency Gyrotron design for 42/84/95 GHz with output power range of

100 kW – 200 kW is a novel extension



Design Goals and Specifications
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Parameter Value

Frequency  42/84/95     GHz 

Output power  200 – 500     kW

Beam Energy  60 – 70          kV

Beam Current  10                 A          

Magnetic field at interaction  1.6/3.2/3.62  T

Velocity ratio (α) 1.3 – 1.4

Total output efficiency 45  %



Selection of a Operating Mode-Triplet
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Criterion:

Electron gun parameters depend on the parameters of cavity, which in-turn depend on the

parameters of the output system

For the common mode converter and launcher, for the TEm,p mode of operation, the ratio

m/χm,p

should be approximately same for all the desired modes (frequencies),

where

m - azimuthal index

p - radial index

χm,p- pth zero of the mth order derivative Bessel function, J’m(x)

Frequency 

(GHz)

Mode 

(m,p)

Eigenvalue 

(χm,p)

Cavity 

radius (mm)

m/χm,p Δϕ = 2arccos(m/χm,p)

(deg)

42 6, 2 11.73 13.34 0.51 118.67

84 10, 4 23.76 13.34 0.42 130.33

95 12, 4 26.24 13.34 0.46 125.23



Cavity parameters needed for Gun design 
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ΔRb

Rb

cavity



Cathode Design – Emitter Strip 

Indian Institute of Technology Tirupati, India 9



Anode Design  
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MIG - Geometry
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Beam radius 7.28 mm

Compression ratio 14

Emitter radius 26.71 mm

Beam current 9 A

Emitter current density 1.1 A/cm2

Axial length of Emitter 4.9 mm

Slope angle 22.5o

Slant length of emitter 5.3 mm

Cathode – Anode spacing 10 mm



Magnetic field - Coil
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Coil Axial Position

(mm)

Radial Position

(mm)

Width

(mm)

Height

(mm)

Main 320 90 320 15

Aux. Coil-1 200 101.25 80 7.5

Aux. Coil-2 440 101.25 80 7.5

Gun Coil 100 90 20 15



Magnetic field profile
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MIG Performance: Simulation at 42 GHz 

Perpendicular velocity spread 6.5 %

Average alpha 1.39

Z R W            H I

----------------------------------------------------

320     90  300     15       99

200    101.25   80      7.5      7

440     101.25   80      7.5      7

100     90             20      15           -10



MIG Performance: Simulation at 84 GHz 
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Perpendicular velocity spread 2.14 %

Average alpha 1.375

Z R W            H I

----------------------------------------------------

320     90  300     15       175

200    101.25   80      7.5      150

440     101.25   80      7.5      150

100     90             20      15           -153
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MIG Performance: Simulation at 95 GHz 

Z R W            H I

----------------------------------------------------

320     90  300     15       195

200    101.25   80      7.5      153

440     101.25   80      7.5      153

100     90             20      15           -209.5

Perpendicular velocity spread 1.94 %

Average alpha 1.385



MIG – Parametric Study
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Conclusion and Future Scope
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A Magnetron Injection Gun of Diode type has been designed for Triple frequency Gyrotron operating at

42/84 /95 GHz

The compression and positioning of the annular beam at the desired radial position in the cavity is

achieved by Magnetic filed profiling

Generation of annular electron beam of specified beam parameters is presented

Application of Machine learning/Reinforcement learning for magnetic field profile optimization

extention of the design to one more frequency 30/60/75 GHz
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