Design of Shadow Gridded Electron Gun for a Miniature Klystron
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Abstract:

This paper presents the design of shadow gridded electron gun to be used in a 300 Watt peak power miniature Klystron. Medium power miniature klystrons have important applications in navigation, communication and RADAR systems. A miniature Klystron with 300 Watt peak power has been developed in CEERI and performance evolution of the same is under progress. The pulsing of the device currently under testing is achieved by applying a pulsed voltage in the beam focusing electrode (BFE). The present  work is aimed to improve the performance of the un-gridded electron gun providing 240 mA of beam current. With the shadow gridded design we aim to achieve a steep reduction of the applied potential required in the BFE for beam cut-off. This will eventually ease the complexity of the pulse forming circuitry and a higher pulse repeating factor (PRF) can be achieved. The design and simulation works regarding the electron gun have been carried out using the three dimensional electromagnetic simulation tool CST Particle Studio. The particle tracking solver of CST particle studio consists of magneto-static solver, electrostatic solver and tracking solver. The geometry of the pole piece and grids, the distance between the grids and the applied potential on the control grid have been carefully optimized to achieve the desired current and magnetic field. After these initial optimization, fine adjustments of the current and number of turns in the solenoid have been done to achieve proper beam transmission throughout the entire length of the interaction structure. The value of the magnetic field required for proper beam transmission, geometry and spacing between the cathode, shadow grid and control grid, and the potential needed for beam cut-off have been estimated with the simulations and are presented in this paper. 

Introduction: 

A miniature  klystron with a peak power of 300 W, 33% duty cycle, 25 % efficiency with a bandwidth of  ±25MHz is under development at CEERI for specific radar applications [1]. The major specifications of the klystron tube are as given in Table 1. 

	Parameters
	Specification

	Peak power (W)
	300

	Gain (dB)
	40

	Band width (MHz)
	±25

	Efficency (%)
	25

	Beam voltage (kV)
	6

	Beam Current (mA)
	240


Table 1: Major specifications of the miniature klystron 

A BFE pulsed conventional electron gun  for the klystron with above parameters has been successfully developed in CEERI, providing the required current and beam specifications. To achieve  BFE pulsing in the developed gun, it is required to apply a pulsed negative potential of about 1.6 kV with respect to the cathode. In order to reduce the amplitude of the required negative potential, the shadow gridded design approach has been studied in detail. The basic idea behind this design is to introduce a shadow grid and a control grid between the cathode and the anode to reduce the potential requirement for beam cut off. The pulsing would be accomplished by pulsing the control grid. The shadow grid is placed near the cathode to protect the control grid from the direct hitting of the electrons. Since a direct replacement of the developed electron gun is requirement, the other gun parameters i.e. the anode potential, the beam current, the beam radius, magnetic field requirement should remain identical with the developed electron gun.   

Design and Simulation:                                                                                                                                                             
The simulation for the electron gun has been carried out with the three dimensional simulation tool CST Electromagnetic Studio Suite [2]. This simulation package includes several   solver  modules  applicable for vacuum electronic tube designs. For the gun simulation the magneto static solver,    electrostatic solver and   particle   tracking  solver have been used. The grid geometries have been constructed using an 
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Figure 1: The shadow and control grid geometries used for gun simulation. 

inbuilt macro for spherical grid creation. The constructed shadow grid and control grid geometries are shown in Fig.1 with their geometrical details specified in table 2.

At the first step of the simulation, the trajectories of the electrons, through the shadow and control grid has been studied without applying the magnetic field. The shadow grid has been kept at the same potential as the cathode and BFE and the potential of the control grid has been varied to observe the emission current. The same procedure have been repeated for a number of distances between the cathode and the grids. The emission current has been optimized with this strategy to the desired value. 

	Parameters
	Dimension (mm)

	Radius of curvature
	3.3

	Radius of first circle 
	0.25

	Radius of second circle
	0.61

	Radius of third circle
	0.97

	Radius of fourth circle
	1.42

	Spoke width
	0.1

	Thickness
	0.1


Table 2: Geometrical parameters of the spherical  grid. 

It may be noted here that the anode has been kept to a potential of 6 KV for all the simulation. 
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Figure 2: Trajectory of the electron beam through the shadow grid and control grid without magnetic field. 

In the next step the beam transmission throughout the whole length of the RF section has been studied. A solenoid with pole-pieces to contain and direct the magnetic field have been considered for the beam transmission. The three dimensional particle tracking solver of the CST has been used for the simulation. The three dimensional magnetic field profile for optimum beam transmission is shown in Fig. 3, while the magnitude of the axial magnetic field is shown in Fig.4. It may be
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Figure 3: Three dimensional magnetic field distribution (2D view) of the magnetic field. 
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Figure 4: Axial magnetic field profile for optimal beam transmission. 

noted that the maximum axial magnetic  field required for proper focusing of the electron beam comes out to be around 2600 Gauss. The current and number of turns product (popularly
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Figure 5. Trajectory of the electron beam over the whole length of the RF section under the magnetic field profile shown in Fig.3 and 4. 

termed as NI value) for the solenoid to achieve this particular magnetic field is 10000. The corresponding  electron  beam   trajectory   has 

been shown in Fig. 5. The desired current has been obtained by applying about 140V at the control grid with respect to the cathode, BFE and shadow grid.

Conclusion:

In this paper,   the  design  of  shadow  gridded electron gun for a single beam klystron has been presented. Proper beam current and magnetic field distribution have been obtained through geometrical optimization of the grids, their distances with respect to each other and from the cathode as well as the optimization of the pole piece and solenoid. It has been observed that the shadow gridded gun offers promising results in terms of beam cut off voltage compared to the case of BFE pulsed gun.
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