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 Abstract
This paper represents modeling and optimization of coaxial 
coupler for Ka band helix traveling-wave tube (TWT), using CST 
microwave studio. Coaxial couplers are used to feed and extract RF 
power into and from a TWT. Hence, couplers are suitably modeled 
to minimize reflection of RF signals. Modeling of coaxial coupler 
includes design of quarter wave to sub-quarter wave transformers 
for transformation of characteristic impedance of helix to load 
impedance (connector impedance), such that, minimum reflection 
occurs. Performance of coupler is measured by S-parameters.

Keywords
Ka-band TWTs; Slow-Wave Structure (SWS); Uniform pitch; 
Coaxial Coupler; Quarter Wave Transformers.

I. Introduction
Increasing requirement of high power, high efficiency microwave 
sources in both civil and defense for wideband frequency agile 
systems demand wideband TWTs due to their unique combination 
of power, gain and bandwidth [1-2]. Helix slow-wave structure 
(SWS) is suitably modeled to achieve wideband and such wideband 
TWTs need wideband couplers to feed and extract RF signal to 
and from the device [3-4].
However, design of such coaxial couplers is difficult as broadband 
matching between helix and standard connectors is necessary. 
Any mismatch in the impedances will cause reflections from the 
coupler and may damage the TWT.
In practical TWT, the coaxial coupler comprises of a center 
conductor of variable radius, an outer conductor and a ceramic 
disc. The center conductor is connected with helix SWS through 
a platinum tape and the characteristic impedance of the helix 
SWS is gradually transformed through the co-axial coupler to 
the connector. Characteristic impedance of helix varies with helix 
pitch and attenuator coated support rods.
Variation or tapering of such helix pitch, which is more relevant 
to practical situations, is very difficult to include in analytical 
models, but can be suitably modeled in commercial software, 
namely, CSTMWS. In this paper authors have presented the design 
of coupler using CSTMWS considering, namely, uniform helix 
pitch and limited number of helix turns.

II. Design
The coupler is designed to operate in 20.6-21.2 GHz frequency 
band. Suitable model has been made (Figure. 1) using helix SWS 
dimensions (Table 1). Helix SWS is already optimized for best 
electrical performance, namely, power, gain, efficiency. Hence, 
helix dimensions are directly used in CSTMWS for optimization 
of coupler. CSTMWS is a three-dimensional finite integration 
technique (FIT) based commercial software package. Here, 
number of points per wavelength can be varied for better accuracy 
in results. Moreover, with the increase in number of points, mesh 
size decreases and hence run-time increases for each iteration. 
Inner radius of outer conductor is kept fixed and outer diameter of 

inner conductor is varied to get suitable S-parameters (Table 2). 

Fig. 1: CSTMWS Model of Ka-Band TWT Coaxial-Coupler with 
Helix and Support Rods

Table 1: Slow Wave Structure Parameters          
Dimension Value  (mm)
Tape Width 0.3
Tape Thickness 0.15
Pitch 0.65
Helix Inner Radius 0.68
Helix Mean Radius 0.755
Ceramic Height 1.5
Ceramic Outer Radius 2.5
Ceramic Inner Radius 0.194

Table 2: Simulated parameter of coaxial coupler

Coupler Sections    Length    
    (mm)

   Radius   
    (mm)

1st 7.177     0.11
2nd 1.794 0.151
3rd 3.589 0.17
4th 1.794 0.194

III. Results and Discussions
Using the optimized helix SWS dimensions (Table 1), a 
number of iterations have been made to achieve suitable 
S-parameters. Optimized coupler dimensions are given in Table-2.            
S-parameters are shown in figure 2. It can be seen from figure 2 
that very good return loss (S11) has been obtained and very less 
insertion loss (S12) has been achieved in the required frequency 
band.
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Fig. 2: S-parameters: (a) Return Loss (S11) and (b) Insertion 
Loss (S12) Plots

References
[1] Basu, B. N.,“Electromagnetic Theory and Applications in 

Beam–Wave Electronics”, Singapore: World Scientific, 
1996.

[2] Gilmour Jr, A. S.,“Principles of Traveling Wave Tube”, 
Artech House, Boston, London, 1994.

[3] Collin, R. E.,“Foundation for Microwave Engineering”, 
McGrew-Hill, Inc. 2nd Edition, 1992.

[4] Naidu, V. B., Datta, S. K., Rao, P. R. R., Agrawal, A. K., 
Reddy, S. U. M., Kumar, L., Basu, B. N.,“Analysis of sever-
loss in a helical slow-wave structure”, In Proc. IEEE Int. Vac. 
Electron. Conf., Monterey, CA, 2008, pp. 304–305.


