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Abstract: Planar meander lines have been recently studied 

in detail due to their favorable properties as slow wave 

structures for traveling wave tubes. However, the 

interaction of a cylindrical electron beam with this kind of 

structures is not efficient enough in order to achieve the 

output power levels required for space applications at W-

band. A new design, suitable and optimized for the 

cylindrical beam geometry, is introduced in this work. Cold 

and large signal results are presented in the paper.  
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Introduction 

The exploitation of W-band for the feeder downlink (71-76 
GHz) between satellites and ground stations could offer a 
suitable transmission window for high data transfer rate [1]. 
The bandwidth and transmission power required to overcome 
atmospheric attenuation at W-band can be provided only by 
TWTs. Given the infeasibility of helix-type slow wave 
structures at high frequencies, different full-metal topologies 
have been tested as alternative SWSs [2, 3]. 

Meander lines represent a promising alternative to the full-
metal designs as they are potentially capable to provide 
similar gain and output power levels while offering higher 
interaction impedance and lower operation voltage. 
However, due to the intrinsic planar design of meander lines, 
high output levels are only obtained when the structure 
interacts with planar electron beam geometries, for instance 
sheet beams [4].  The use of sheet electron beams as particle 
sources in traveling wave tubes is not desirable due to the 
instability that the beam suffers as the electrons travel along 
the tube [5]. Cylindrical geometries are typically much more 
stable and can be easily controlled by means of conventional 
periodic permanent magnets, but the results for gain and 
output power are very discrete [6]. Even though different 
efforts have been made in order to increase the output levels 
using cylindrical electron beams [7, 8], the results are not yet 
satisfactory for satellite applications at W-band and better 
configurations are necessary. 

This paper presents a three-dimensional meander line 
structure which has been shown to provide much better 
results than a planar meander line of the same characteristics. 
Cold and large signal simulations, and a possible fabrication 
process, are presented in the following sections.      

Planar-3D meander 

The typical planar meander line and the proposed three-
dimensional (3D) meander line designs are shown in Fig. 1. 
The 3D structure can be understood as a projection in height 
of the conventional planar meander line. The beam tunnel is 
obtained in the centre of the metal structure.   

The electric field distribution in the transmission direction 
for the planar and 3D meanders is plotted in Fig. 2, where a 
lateral cut-plane of the structures is presented. The electric 

field of the planar meander line is concentrated close to the 
metal line; this implies that a cylindrical beam with certain 
realistic radius traveling on top of the metal line will not 
interact uniformly with the electric field. It is expected that 
the bottom side of the cylindrical beam will present a better 
interaction with the electric field than the top part of the 
beam, thus lowering the overall efficiency. Instead, the 
electric field profile of the 3D meander is more suitable in 
order to accommodate a cylindrical beam as the whole 
electron beam is immersed in the electric field and a more 
uniform interaction should be achieved. 

      

Fig. 1. Design of one period of the planar (left) and the 3D 
(right) meander lines. 

 

 

Fig. 2. Electric field profile for the full planar (top plot) and 3D 
(bottom plot) meander lines. 

3D meander simulations 

A preliminary simulation is performed in order to roughly 
compare the performance of the planar and 3D meander lines 
using the same dimensions and parameters. The results are 
shown in Tab. 1. As expected, considering the more 
favourable electric field distribution, the 3D meander slow 
wave structure shows much better performance than the 
conventional planar meander line.  

Tab. 1. Results obtained after cold and large signal analysis 
of the planar and 3D meander line. The values show the 
average improvement in percentage of the 3D structure in 
comparison with the planar meander line. 

 
Interaction 
impedance 

Gain 
Output 
power 

Electronic 
efficiency 

Planar line -- -- -- -- 

3D meander +220% +30% +400% +150% 

 



The simulations are performed using CST Microwave Studio 
[9]. Alumina with relative permittivity εr = 9.9 and copper 
with reduced conductivity σ = 2.25x107 S/m are used for the 
substrate and metal, respectively.  

The cold results for the 3D structure, computed for an 
operation voltage of 6.5 kV, are presented in Fig. 3. An 
average interaction impedance of about 13.5 Ω in the 
frequency range 71-76 GHz is obtained. 

The coupling transition design between the 3D meander and 
waveguides is similar to the one for planar meanders [6]. The 
bottom planar meander line is extended at both ends acting 
as a probe for the electric field coming from and leaving the 
waveguide (Fig. 4). The S-parameters of the SWS with this 
coupler are provided in Fig. 5. Good transmission is achieved 
in the 71-76 GHz frequency range.     

For the large signal simulations, a cylindrical electron beam 
with radius 80 µm and current 40 mA (current density 200 
A/cm2) is chosen. The beam is focused with 0.5 T magnetic 
field. An input signal of 50 mW is applied. Gain and output 
power at W-band are presented in Fig. 5, providing peak 
values close to 30 dB and 50 W, respectively. 

           

Fig. 3. Normalized phase velocity (left) and interaction 
impedance (right) for the 3D meander line.  

 

Fig. 4. Cut-plane view of the coupling transition between the 
meander line and the waveguide ports.  

     

Fig. 5. Scattering parameters (left) and gain and output 
power (right) for the 3D meander line. 

Fabrication of the 3D meander 

The fabrication of a three-dimensional structure at W-band 
is a more demanding task in comparison with planar 

configurations which can be easily built using lithography. 
Nevertheless, a possible fabrication approach would consist 
of splitting the structure into two parts which could be 
fabricated using, for example, LIGA process: one substrate 
would contain the 3D part of the structure whereas on the 
other one, a planar meander would be grown. Fig. 6 shows 
schematically the design.  

The final step would be to join both structures placing the 
planar meander on top of the other part. However, a method 
to bond the two parts is under investigation. 

    

Fig. 6. Schematic of the parts of the 3D meander line. 

Conclusion 

A 3D meander line has been designed and compared with a 
conventional planar line with the same characteristics 
showing enhanced overall performance. The SWS is able to 
provide the output power level suitable for space applications 
at W-band with the advantages of lower operation voltage 
and higher interaction impedance in comparison with other 
full-metal SWSs. Further work will be focus on finding a 
suitable joining method between both parts of the structure 
and investigating the most suitable materials in order to 
facilitate the fabrication process. 

References 

[1] N. Ayllon, P. Angeletti, M. Ludwig and R. Dionisio, “An overview of 
European Spaceborne Vacuum Tube Amplifiers and System Needs”, 
in Proc. IEEE 18th Int. Vac. Electron. Conf., London, UK, April 2017. 

[2] X. Li, X. Huang, S. Mathisen, R. Letizia, C. Paoloni, “Desing of 71-
76 GHz Double-Corrugated Waveguide Traveling-Wave Tube for 
Satellite Downlink”, IEEE Trans. on Electron Devices. vol. 65, no. 6, 
pp. 2195-2200, June 2018. 

[3] C. W. Robertson, A. W. Cross, C. Gilmour, D. Dyson, P. G. Huggard, 
F. Cahill, M. Beardsley, R. Dionisio and K. Donald, “71-76 GHz 
Folded Waveguide TWT for Satellite Communications”, in Proc. 20th 
Int. Vac. Electron. Conf., Busan, South Korea, April 2019. 

[4] F. Shen, Y. Wei, H. Yin, Y. Gong, X. Xu, S. Wang, W. Wang and J. 
Feng, “A Novel V-Shaped Microstrip Meander-Line Slow-Wave 
Structure for W-band MMPM”, IEEE Trans. on Plas. Sci., vol. 40, 
no. 2, Feb. 2012.   

[5] X. Shi, Z. Wang, T. Tang, H. Gong, Y. Wei, Z. Duan, X. Tang, Y, 
Wang, J. Feng and Y. Gong, “Theoretical and Experimental Research 
on a Novel Small Tunable PCM System in Staggered Double Vane 
TWT”, IEEE Trans. on Electron Devices. vol. 62, no. 12, Dec. 2015. 

[6] J. M. Socuéllamos, R. Letizia, R. Dionisio, C. Paoloni, “Large Signal 
Analysis of a New Meander Line Topology for W-band TWTs”, in 
Proc. 12th UK/Europe-China Works. on mm-Wav. and Ter. Tech., 
London, UK, Aug. 2019. 

[7] S. Sengele, H. Jiang, J. H. Booske, C. L. Kory, D. W. van der Weide 
and R. L. Ives, “Microfabrication and Characterization of a 
Selectively Metallized W-band Meander-Line TWT Circuit”, IEEE 
Trans. on Electron Devices. vol. 56, no. 5, May 2009. 

[8] A. Starodubov, N. Ryskin, A. Rozhnev, A. Pavlov, A. Serdobintsev, 
R. Torgashov, V. Galushka, I. Kozhevnikov, I. Bahteev, G. Ulisse and 
V. Krozer, “Microfabrication and Study of Planar Slow-Wave 
Structures for Low-Voltage V-band and W-band Vacuum Tubes”, in 
Proc. 44th Int. Conf. on Infr., mm and Ter. Waves, Paris, France, Sept. 
2019. 

[9] CST-MWS. [Online]. Available: https://www.cst.com/products/csts2 

 


