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Abstract. The concept of a planar Lower Hybrid (LH) wave guide using resonant power division in 
slotted waveguide, and featuring potential desirable features, such as a simpler construction, less 
obtrusive dimensions and weight, adaptive matching, and eide range N// modulation capability is 
presented  
 

INTRODUCTION 
 
The purpose of this paper is to investigate the concept of a planar Lower Hybrid (LH) 
wave guide array featuring the potential practical advantages of being only few 
centimetres thick and end fed.. The array could be integrated in the first wall of a large 
tokamak, in locations other than a main port, and be installed on large, otherwise 
unused surfaces (such as the inner vacuum vessel wall), so that directivity could be 
enhanced and average power density minimized.  
In the current LH launchers, a multistage binary division is used to bring the input 
power of the RF source (typically 500-750 kW from a single klystron tube) to a power 
output of 30-45 kW per waveguide element, consistent with an acceptable electric field 
at the plasma end. This process requires a rather massive construction that usually 
constrains the LH launcher to a main tokamak port. 
For an overall input power of 20 MW, such as in the ITER case, the number of array 
elements is large (> 2000) and the LH launcher accordingly complex and difficult to 
build, also taking into account the required construction tolerances (~ 0.1 mm) and 
weight (tens of tons). It is obvious that a simpler layout could be useful. 

 
PRINCIPLE OF OPERATION  

 
Current drive requirements (e.g. N// ~ 2, f = 3.7 GHz and ∆φ = 90°) usually lead to an 
array period  δ ~ 1 cm. In the proposed scheme, a rectangular cross section wave guide 
cavity is used as a standing wave fed, linear array of N (with N ~ 10) radiating slots, 
acting as a simple in-phase 1/N power divider. 
Different radiating slot geometries can be used, Two examples of resonantly spaced 
(λg/2) slots radiating in phase in rectangular wave guide geometry, are shown in Figure 
1a) and b). In the first case (1a) the slots are cut in the broad face and alternatively 
offset from wave guide mid plane. In the second, the slots are located in the mid plane 
of the narrow face, and may be tilted at an angle. In both cases a linear array of 
elements radiating in-phase is obtained. 



If a number of linear arrays of the type shown in Figure 1 a) and b) are placed side by 
side (Figure 1c and 1d), and the relative phase of the radiated waves electronical 
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FIGURE 1. Wave-guide arrays : a ) slotted in the in the broad face; b) slotted 
in the narrow face.  c) Planar broadside array  d) Planar narrow side array. 

controlled, the result is a planar array with a governable radiation pattern. If the planar 
array is positioned on the Tokamak vacuum vessel, and the electric field in the slots is 
directed in the toroidal direction, to couple to the slow wave, a launcher topology similar 
to the usual lower hybrid  “grill” is obtained..  
To act as a power divider, the slotted sections are made resonant by adjustable short 
circuit plunger(s) and excited in a suitable point at one and both ends.  
If in the section of Ns resonant slots, copper losses are neglected, and the slot impedance 
is adjusted at Z0/Ns by position and size, the input impedance is Z0.  
As the slot impedance varies with plasma coupling, the input impedance varies 
accordingly. The end plungers can be used to actively match the input(s) of the structure 
against resistive and reactive variations, using techniques well developed for Ion 
Cyclotron heating.  
As the power division involves one single array linear element, and each element is 
individually powered, large and rapid variations of N// can be obtained by electronically 
varying the phase between two sources. 
 

Field patterns in the slotted waveguide sections 

The toroidal spacing δ of the LH wave-guide array used to drive plasma current is 
related to the desired parallel refraction index N//, to the incremental toroidal phase step 
between adjacent elements ∆φ (radians) and to the frequency f by δ = (∆φ c0)/(2π N//f), 

λ/2 λ/2 



where c0 is the speed of light in vacuum. For N// = 2, f = 3.7 GHz, and ∆φ = π/2, δ = 

1.01 cm.  
If a narrow side launch is selected, a reduced-width wave guide with b = δ�can be 
used as basic linear array. At 3.7 GHz, the array of reduced-width wave guide elements 
would be typically ~ 100 mm “thick”, and  perhaps difficult to to install in the first wall 
of a small tokamak, but easily integrated in the first wall of ITER blanket modules.   
The pattern of the electric field module in a waveguide section with 10 resonantly 
spaced, λg/4 long slots, radiating from the narrow side, at  5 GHz  is shown in Figure 2. 
 

 
FIGURE 2 Electric field pattern  for a 10 longitudinal slot wave guide radiating on the 

narrow side, fed by the same power at 5 GHz.  
 
If a broad side launch, with a = δ�is selected, the arr ay is in cut-off at 3.7 GHz, as the 
vacuum wavelength λ0 = 81 mm and λc = 20.2 mm. In this case, we choose ∆φ =3/2π in 
order to increase the wave guide broad side dimension, at the expense of a  

FIGURE 2. Definition of broadside slotted wave guide dimensions 
 
somewhat reduced array directivity (but still maintaining more than one sample per 
cycle on the toroidal slow wave), and obtain δ = a = 30.38 mm, λc = 60.77 mm, and b = 
0.45a = 13.67 mm.  A T-shaped ridge geometry shown in Figure 2 can be used to 
remove the still existing wave guide cut-off (1). 



            

 
FIGURE 3.  E-field and B-fiels distribution in the ridged waveguide 

 
It is found that, for typical normalized values of the ridge dimensions (d/b= 0.25, w/a = 
0.1, t/b = 0.1, s/a = 0.7 and d/b = 0.25, the cut-off and guide wavelengths  are λc = 5.2a 
=15.18 cm, and λg/2  = 4.71 cm. respectively. For the same set of parameters, the value 
of the gap impedance at infinite frequency Zg(∝) = 40 Ω and the gap impedance at 3.7 
GHz, is Zg= 57.3 Ω. In Figure 3 the E-field and B-field distribution in the ridged 
waveguide section are shown. 

 
Conclusions 

Based on the above parameters, an assessment of the electric parameters in vacuum 
of both broad side and narrow side slotted arrays can be performed. The details of 
this analysis are not discussed here for lack of space, but in the companion poster. 

In short, we find that for slotted section of typically 10 slots, at 10 GHz, the electric 
field at the slot, is generally below 1kV/m/(W)1/2  i.e. it is comparable with the one of 
“grill”launchers. Here however the value depends on the slot width, slot offset and 
angle respect to waveguide midplane, and can be easily modified to tune the array to 
the proper plasma loading.   

Each linear array is terminated at both ends by an adjustable short circuit plunger, 
positioned at λg/4 + n λg/2 from the last slot. The resonant condition is maintained by 
acting on the plunger position and on small frequency modulation. Both plunger and 
feeder can be located outside the tokamak vessel for easier maintenance and 
connected to the radiating section by non-slotted sections.  
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