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Abstract 
 

The contribution of this paper is to propose a higher order 

mode generation for gyrotron using fundamental mode. 

The proposed structure aerates two higher order modes –

TE6,2 and TE 10,1  because their first kind of Bessel 

function values is almost equal. The TE6,2 mode is very 

useful for gyrotron amplification, whereas TE10,1 is an 

undesired higher-order mode. We suppressed the TE10,1 

mode by properly loading high conductive wire. 

 

1. Introduction 
 

     A higher-order mode generator is essential for specific 

applications, such as performance tests of a Gaussian mode 

converter in a powerful microwave source, feeding circuits 

for gyrotron amplifiers etc. It is one of the challenging tasks 

for the research community due to its frequency residing in 

the millimeter-wave regime and operating mode being 

highly over-mode. A gyrotron is a vacuum electronics tube 

device to generate high power and high-frequency 

radiation. It is used in different industrial application for 

heating purposes. For instance, research experiments in 

nuclear fusion to heat plasmas and manufacturing 

industries, as a rapid heating tool in processing glass and 

composites, as well as for solar system and semiconductor 

industry. Gyrotron is also very popular in military 

applications. 

      The basic idea and its application on powerful source 

gyrotron has been described in [1]. High-power microwave 

sources and its technologies are shown in [2]. Gyrotron for 

various applications has been noted in [3]-[11]. Quasi-

optical mode converter has been illustrated in [12] for 

transforming TE22,6 mode at 110GHz gyrotron. A quasi-

optical approach for higher-order mode generation has 

been suggested and tested in [13]-[14]. Theoretical 

discussion on non-linear trappers for high power gyrotron 

is noted in allusion [15]. Waveguide mode generator with 

corrugate configuration to generate the desired mode is 

explained in [16]-[18]. Higher-order mode generator by 

direct launched the fundamental mode is shown in [19]. 

The list of the first 700 zeros of the Bessel function is 

presented in [20]. The basic concept of microwave circuits 

and devices is noted in [21].  

     In this paper, we proposed a higher order mode 

generation for gyrotron at 95 GHz using the fundamental  

 

 

 
Figure 1. Cylindrical cavity magnetically coupled with rectangular 
waveguide 

 

mode of rectangular waveguide (WR10) at 59 GHz. The 

fundamental mode is magnetically coupled with a 

cylindrical cavity. As a result, the cylindrical cavity 

generates the desired TE6,2 mode with reasonable reflection 

coefficient and transmission coefficient. When we attempt 

to increase the bandwidth of TE6,2 mode, we discover TE10,1 

mode is also present at that 95GHz frequency since the zero 

Bessel function values between desired mode and 

undesired mode ( TE10,1 ) are quite close to each other. 

Therefore, our next objective is to suppress the undesired 

mode and improve the desired mode performance for the 

gyrotron In this case, we introduced twenty highly 

conductive metallic wires inside the cylindrical cavity at its 

unwanted mode position, maintaining equal angle of 

separation between all the installed highly conductive 

wires. Additionally, we were able to suppress the undesired 

mode in order to increase the transmission coefficient and 

bandwidth of TE62 mode.   

. 

2. Higher Order Mode Generator 
 

     A cylindrical cavity is designed for higher-order mode 

generation as presented in Figure 1. The TE6,2 mode can be 

generated at 95 GHz using a cylindrical cavity. Equation 

(1) and (2) are used to calculate the cut-off frequency of the 

cavity [21]. 

 
 



 
Figure 2. TE6,2  mode,  generate by cylindrical cavity with rectangular 

waveguide at 95GHz 
 

 
Figure 3. Transmission coefficient of  TE6,2 mode  

 
Figure 4. Reflection coefficient realized by rectangular wave guide. 
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Where C is the velocity of light, 𝑓𝑐 is the cut-off frequency, 

𝐾𝐶  represents the cut-off wave number, a is the radius of 

the cylindrical cavity and 𝑋𝑛𝑝
′  denotes the pth zeros of nth 

odder first kind Bessel function. The diameter of the 

cylindrical cavity is 11.80 mm and its length is 9λ0, where 

λ0 represents the wavelength of that cut-off frequency. It is 

fed by the fundamental mode of rectangular waveguide ( 

WR10 ) at 59 GHz. The fundamental mode is magnetically 

coupled with a cylindrical cavity. The length of the 

rectangular waveguide is 10.17 mm.  

     As a result, the cylindrical cavity generates the higher 

order TE6,2 mode at 95 GHz. It is well observed in Figure 

2.  From the Figure 3, the optimum power transmission of  

 
 
Figure 5. Transmission coefficient of TE6,2 and TE10,1  

 

 
 

Figure 6. TE10,1  mode, generate by cylindrical cavity with rectangular 

waveguide at near 95GHz 

 

 
Figure 7. proposed cavity with down trapper 

  
the corresponding mode through the cylindrical cavity, is  
-2.79 dB. Power transmission in that TE6,2 mode is 0 dB in 

the ideal case. According to Figure 4, the rectangular cavity 

produces the reflection coefficient of the TE6,2 mode. We 

are now working to increase the desired mode's bandwidth. 

Then, we discovered that TE10,1 mode is also present there, 

interrupting the desired response. However, the TE10,1 

mode is produced a good transmission coefficient and 

bandwidth. The transmission coefficient of both TE6,2 and 

TE10,1 modes are illustrated in Figure 5. This TE10,1 mode is 

unwanted in this scenario. The TE10,1 mode at the 

cylindrical cavity is presented in Figure 6. The main reason 

behind these two modes appearance in very close 

frequency intervals is because of the first kind of Bessel 

function. The magnitude of the first kind of Bessel function  



 
Figure 8. Proposed cylindrical cavity with properly loaded conductive 
wires. 

 
Figure 9. TE6,2 mode of Figure 8. 

 

 
Figure 10. TE10,1 mode of  Figure 8 

for TE6,2 mode is 11.73, and the value for TE10,1 mode is 

11.77 [20]. We need to suppress the TE10,1 mode from our 

cylindrical cavity to obtain a higher bandwidth of TE6,2 

mode.  

     We used a down trapper to control the energy flow in a 

particular one direction. The proposed scheme is depicted 

in Figure 7. The diameter of the down trapper is less than 

the diameter of the cylindrical cavity. If we put the radius 

value of the down trapper cavity in equation number 2, we 

get a higher cut-off frequency for down trapper compare to 

our desired frequency. For this reason, the mode generated 

inside the cylindrical cavity will not flow through the down 

trapper. Thus, we obtain the one-direction power flow 

needed for the gyrotron.  

 

Figure 11. Transmission coefficient of TE6,2 and TE10,1 after  introduced 
the conductive wire 

Figure 12. Reflection coefficient realized by rectangular wave after 

introduced the conductive wire 

3. Unwanted Higher Order Mode Suppression  

 
     To improve the transmission coefficient and the 

bandwidth of desired TE6,2 mode, we introduced 

conductive wires inside the cylindrical cavity to degrade 

the power transmission of the unwanted  TE10,1 mode. The 

cylindrical cavity with properly loaded conductive wires is 

presented in Figure 8. Here we installed twenty conductive 

wires to suppress the TE10,1 mode maintaining equal angle 

separation between two conductive wires. Thus we got a 

better response in TE6,2 mode. The TE6,2 mode is shown in 

Figure 9. The TE10,1 mode is totally suppressed from the 

cylindrical cavity shown in Figure 10. After suppressing 

the TE10,1 mode, we achieved a wider bandwidth than the 

previous response. 

     The transmission coefficient of TE6,2 and TE10,1 mode is 

shown in Figure 11. It clearly observed from this 

transmission coefficient versus frequency plot that the 

TE10,1 mode is suppressed after the introduction of 

conductive wires. In Figure 12, the reflection coefficient 

response is better than the previous approach.  

4. Conclusions 
     In this paper, we proposed a higher order mode 

generation for gyrotron using fundamental mode. The 

proposed structure aerates two higher-order modes –TE6,2 

and TE 10,1  because of their  first kind of Bessel function 

values. The TE6,2 mode is very useful for gyrotron 



amplification, whereas TE10,1 is an unwanted higher-order 

mode. We make an approach to suppress the TE10,1 mode 

by properly loading conductive wires. 
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