
 

Numerical Simulation of Electron Bunching Characteristics 
 of Inductive Output Tube 

 Zhi-Hui Geng, Rui Zhang, Xiu-Dong Yang, Yun-Feng Liao, Ting-Hua Wen and Shou-Xi Xu 
Key Laboratory of High Power Microwave Sources and Technologies  

Aerospace Information Research Institute, Chinese Academy of Sciences  
Beijing, P. R. China 
www.aircas.ac.cn 

Contact Author Email: zhgeng@mail.ie.ac.cn 

 
 

Abstract: In this paper, in order to study 650MHz inductive 
output tube, according to the basic principles of 
electrodynamics, the influence of the gap and field strength 
between the cathode and grid, the bias voltage of grid and 
frequency offset on the modulation density of electron beam 
is simulated and analyzed, and the verification is carried out 
by using the three-dimensional electronic optics software. 
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Introduction 
The inductive output tube (IOT) is a type of gridded and 
compact vacuum electron device, which offers some 
advantages over klystrons in terms of efficiency, such as 
higher basic efficiency, power regulation possible at full 
output power, inconsequential drop of efficiency at reduced 
output power. Due to the proven reliability and high 
electrical efficiency, IOT has established its position in the 
television transmitter service. Scientific applications, like 
proton accelerators, require hundreds to over thousands of 
kilowatts, the electrical power requirement and the operating 
cost are tremendous. Therefore, a high electrical efficiency 
RF amplifying system is in demand. In IOT, the grid, 
cathode and the input waveguide constitute the input 
resonator. Through the grid voltage and the high frequency 
field strength between the cathode and the grid, the 
modulated density electron beam is generated. Therefore, 
the design of the grid is very important. 

In this paper, in order to design 650MHz inductive output 
tube, the influence of the gap and electric field strength 
between cathode and grid, the bias voltage of grid and 
frequency offset on the modulation density of electron beam 
is simulated and analyzed by using the code originated from 
the basic principles of electrodynamics, and the verification 
is carried out by using the three-dimensional Beam Optics 
Analysis code. 
 
Simulation 
The parameters of designed inductive output tube are as 
follows: operating frequency 650MHz, anode voltage 32kV, 
grid voltage 68V and the gap between cathode and grid 
0.5mm. The layout of the grid and cathode is shown in Fig. 
1. In this paper, only the effect of the electric field strength 

between the grid and cathode and grid voltage on electron 
emission is considered, and the capture of electrons by grid 
structure is not included. 

  
Figure 1. Three-dimension model of the grid and cathode 

When the grid voltage is 68V and the electric field strength 
between cathode and grid is 136V/mm, the modulated 
electron beam is as shown in Fig. 2 and Fig. 3. The pass rate 
of electron through the grid is 80.8%. Fig.2 is a local zoom 
of the cathode and grid area in Fig. 3. 

 
Figure 2. Distribution of electrons between cathode 

 and grid 

 
Figure 3. Distribution of electrons in anode region 
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Under the above conditions, the three-dimensional Beam 
Optics Analysis software is used to simulate the electron 
clustering, which is shown in Fig. 4. It is obvious that the 
farther the beam drifts, the more obvious the clustering is 
through the modulation of the grid. The trajectory of the 
electron beam with the designed magnet configuration is 
illustrated in Fig. 5. The designed magnet meets the design 
requirements according to the beam trajectory simulation. 

In order to present the effect of the grid voltage on the 
electron modulation, under the condition that the grid 
voltage is 32V and 0V respectively, the distribution of 
electrons is shown in Fig. 6 and Fig. 7, and the ratio of 
electrons passing through the grid is 64.2% and 38.8% 
respectively. The calculation of the relationship between the 
passing rate and the grid voltage shows that the passing rate 
of electrons basically varies linearly with the grid voltage. 

When the electric field strength between the cathode and 
grid is reduced by half, the distribution of electrons is shown 
in Fig. 8. It can be seen that the electron passing rate is 
increased from 80.8% to 84.9%, the impact of the electric 
field strength on the passing rate is not obvious, but the 
density modulation of electrons is obviously weakened. 

 
Figure 4. Simulation of electron clustering with the Beam 
Optics Analysis software at grid voltage 64V and electric 

field strength 136V/mm. 

 
Figure 5. Trajectory of electron beam with the Beam Optics 

Analysis software at grid voltage 64V and anode voltage 
32kV. 

 
Figure 6. Distribution of electrons at grid voltage 32V 

  
Figure 7. Distribution of electrons at grid voltage 0V 

  
Figure 8. Distribution of electrons under the condition  

of half electric field strength 
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