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Abstract: A multi-beam (6 beams) terahertz reflex 
klystron based on a coaxial cavity is presented. 6 beams 
instead of 1 beam are used to increase the total direct 
current and output power. When the beam voltage is 
2000V, the single beam current is 5.7mA and the reflection 
voltage is 2235V, the electromagnetic field of TM110 mode 
with frequency of 316.54GHz is excited and the output 
power and electron efficiency are 832mW and 1.2%, 
respectively. 
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Introduction 
Reflex klystron is a klystron oscillator that enables electron 
beam to achieve velocity modulation at the interaction gaps 
of re-entrant resonant cavity, drift and bunch in the 
reflection zone between cavity and reflection electrode, 
and finally returns to the gaps to convert kinetic energy to 
electromagnetic (EM) energy and so on [1]. Reflex 
klystron is usually assembled as a microwave generator 
with advantages of small size, short beam channels, and 
low voltage, etc. The coaxial resonator has a larger size 
compared with cylindrical ones when resonating at the 
same frequency, which can store more EM energy and be 
easy to be fabricated. Compared with single-beam reflex 
klystron, the single beam current density of multi-beam 
klystron decreases while the total current density could be 
maintained at a high level, which can reduce the design 
difficulties for both the electron gun and the focusing 
system while increases the output power [2]. Based on 
above analysis, a multi-beam terahertz coaxial reflex 
klystron is presented and designed.  
 
STRUCTURE OF THE MULTI-BEAM COAXIAL 
CAVITY REFLEX KLYSTRON 
As depicted in Fig.1, the reflex klystron in this paper is 
equipped with 12 drift tubes, of which 6 drift tubes have 
electrons flowing through them. The six empty drift tubes 
between two adjacent beam channels can widen the 
frequency intervals between different modes and suppress 
the mode competition [3]. The intermediate waveguide 
between coupling hole and R2.8 standard waveguide is 
utilized to reduce the reflection of output signal. Some 

structure parameters of the reflex klystron are listed in 
Table 1.  

 
Figure 1. Structural diagram of the reflex klystron with 

front section view(up) and top section view(down). 
 

Table 1. Structure parameters of the coaxial cavity 
Parameter Symbol Value/mm 

beam channel radius rebc 0.04 

inner radius of the cavity a 0.45 

outer radius of the cavity b 0.75 

height of the cavity d 0.19 

distance of interaction gaps h 0.03 

cavity-repeller distance drc 0.3 

 
SIMULATION RESULTS 
In the reflex klystron, the single beam current is set as 
5.7mA with current density of 200A/cm2. The beam 
voltage is 2000V and the coupling coefficient of interaction 
gaps is slightly lower than that of the ideal gaps with 0.77. 
When the reflection voltage is 2235V, as depicted in Fig. 2 
and Fig. 3, the output power and average power loss of 
electron are 832mw and 1.1W, respectively. The power 
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loss of the electron beam is output through the waveguide 
and stored in the cavity separately. The electron efficiency 
of this reflex klystron is 1.2%. According to the bunching 
theory of reflex klystron, oscillation reaches maximum 
when the beam drift time in the reflection zone satisfies 
t=(n+3/4) T, where n is a natural number and T is period of 
the EM field between the gaps [1]. As shown in Fig. 4, the 
EM field of TM110 mode with frequency of 316.54GHz is 
activated, the pure frequency spectrum means that no other 
modes are excited to compete with it. The drift time of 
electrons in the reflection zone can be calculated as 12.75T 
using the Newton’s law of motion, which means the 
electrons return to the gaps at an optimum phase to be 
decreased by the EM field between them. 

 
Figure 2. Output signal voltage vs time of the reflex 

klystron 
 

 
Figure 3. Wave-particle power transfer vs time of the 

reflex klystron 
 

 

 
Figure 4. The Fourier Transform of output signal vs 

Frequency of the reflex klystron 
 
Conclusion 
A 6-beam terahertz coaxial cavity reflex klystron is 
presented in this paper. A coaxial re-entrant cavity instead 
of cylindrical one is designed to enlarge the size of 
resonator to reduce the machining difficulties and increase 
the power capacity of cavity. Multi-beam is used to 
increase the total DC current and output power. When the 
beam voltage is 2000V, single beam current is 5.7mA, 
reflection voltage is 2235V, the TM110 mode with 
frequency of 316.54GHz is activated and there are no other 
parasitic modes are excited. The output power and electron 
efficiency are 832mW and 1.2%, respectively.   
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