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This paper describes an automatic matching method for TORE SUPRA ICRH antennas based on impedance 
variations seen at their feed points. Error signals derived from directionnal voltage and phase measurements in 
the feeder allow to control the matching capacitors values for optimal power transmission. 

1. INTRODUCTION : 

On TORE SUPRA, the ICRH is provided 
through three Résonnant Double Loop antennas [1], 
12], [3], [4]. An antenna, composed of two current 
straps each terminated by two variable capacitors, 
can couple up to 4 MW of RF power to the plasma. 
This internal matching device prevents from having 
standing waves in the feeder, avoiding breakdown 
and overheating problems. 
Matching is performed between shots by adjusting 
the two capacitors whose values are computed 
according to previous shots characteristics. 
During the shots, plasma coupling perturbations can 
modify antenna load. The performed matching does 
not fit all these variations which results in a non 
optimized power coupling. Therefore, an automatic 
matching device has been developped. 
This method uses directionnal voltage and phase 
measurements in the feeder to calculate error 
signals to adjust the internal capacitors values 
during the shots. 

2. PRINCIPLE : 

The current strap is modelized by a 
transmission line characterized by the r, L, C 
constants. The resistance r (Q/m) stands for the 
plasma load. The overall electrical circuit is given 
in figure 1 where Ci and Cj represent the variable 
capacitors. In the feeder are included the 
directionnal couplers for measurement of the 
forward and reflected voltages. 
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~ Figure 1 
Electrical model of half an antenna. 

For an optimized RF power transmission, the 
system must work at the minimum of reflection 
coefficient p (fig.2). 
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Figure 2 
p versus capacitors values. 
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The matching point corresponds to a normalized 
admittance Yn at the feed point equal to unity : 

Jn = Yc 

-Yn : Normalized admittance 
• = 1 -Yc : Line Characteristic admittance 

-Y : Antenna admittance 

Around this point, Yn=£^+j£2, consequently 
perfect matching is reached when E\ = l and E; = 0. 
Level lines of these two parameters are represented 
versus c-ipacitors values (fig.3). 
These computations have been made for a working 
frequency of 57 Mhz and a plasma load (r) of 5Q/m 
which are values corresponding to ICRH scenarii on 
TORE SUPRA. 

Figure 3 
£> level lines in capacitors plane, (plain lines) 
Si level lines in capacitors plane, (dashed lines) 

The curve EI = 1 divides the plane in two parts. To 
tune the real part of admittance and reach the curve 
ei = 1 capacitors values must be modified, keeping 
their sum constant, according to the sign of (EI -1). 
The curve E2 = 0 cuts this capacitors plane into two 
parts perpendicularly to the previous one. C3 and Ci 

capacitors values must both be decreased or 
increased with the same quantity, according to e : 

sign. The combination of those two criteria allows 
to find the variations to be applied to each 
capacitors value to converge to the matching point 
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Figure 4 
Capacitors evolution according to (sj -I) and €2 
sign. 

Load (r) or operating frequency (f) does not change 
the global shape of these curves. Load only affects 
G, shifting its level lines whereas frequency effects 
are more sensible on E2 curves. This is shown on 
figure S and 6. 
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Figure 5 
Ei = I line evolution with load (r) 
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E2 — 0 line evolution with frequency 

3. ERROR SIGNALS : 

To minimize system time response and to 
drive capacitors faster, the admittance value is not 
directly used. Its mathematical expression is 
linearised around the matching point to obtain error 
signals Ei and E2 which can be analogically derived 
from the line measurements : 

E,= (s,-l)~Vr/Vicos(<t>). 
E2= E2 ~ Vr/Vi sin(4>), where : 

- Vr is the reflected voltage in the feeder 
- Vi the forward voltage 
-<j>the phase between Vr and Vi at the feed point 

The global shape and properties of ei and s2 level 
lines are transmitted to E, and E2 ones so that they 
can be used for capacitors driving as described 
above. 
Vr and Vi magnitude is constant along the feeder. 
This means that only one set of probes can cover 
our frequency range (35-80 Mhz). 

4. VALIDATION : 

The model has been tested on consecutive 
Tore Supra shots with constant plasma 

characteristics. Capacitors values were changed to 
check ei and E2 variations. 
In figure 7 and figure 8 are plotted the measured 
values of et and E2 as a function of Ct and C2 

variations. 
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Figure 7 

These capacitors variations have been done on such 
a way that the effect on e is maximum, i.e. keeping 
the capacitors sum constant for si and adding or 
substracting the same quantity to the capacitors for 
E2 . 
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Figure 8 



The sign of s variations is consistant with the 
expected level lines presented in figure 3. Those two 
ways of modifying capacitors values allow to tunc 
the real and imaginary part of the admittance seen 
by the feeder. 
Error bars are due to phase instability and noise 
measurement The latest will be improved with a 
new phase measurement system now installed on 
TORE SUPRA ICRH experiment. 

5. DYNAMIC BEHAVIOUR : 

A numerical model of the antenna allows to 
simulate dynamic behaviour of such a system. 
Capacitors velocity is set proportionnai to each error 
signal and is limited, as acceleration, by the driving 
system characteristics. 
For each time step, errors signals are computed and 
the new speed value combined with the time step 
length gives the new position of the capacitors. 
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Figure 9 
Closed loop system simulation 

is given to capacitors at time zero and coupling 
resistance steps arc applied to the system as soon as 
equilibrium is reached. 
Figure 9 shows that time response around hundred 
milliseconds should be obtained with such a system 
but the experimental conditions would not be so 
stringent as those imposed to the system in the 
simulation because the start position of the 
capacitors will not be far off the matching point and 
coupling variations would be softer than steps. 

6. CONCLUSION : 

Computations and experimental results 
confirm this matching method for the TORE 
SUPRA ICRH antennas. It will be applied on TORE 
SUPRA plasma experiments. The capacitors driving 
system has to be modified to match feed back and 
time constant requirements. This will lead to an 
optimisation of RF power transmission on TORE 
SUPRA and allow to follow plasma characteristics 
changes during long pulses. 
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For this simulation, capacitors values and reflection 
coefficient are plotted versus time. A start position 


