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I TNTRÛDuCTION 

A 8 MW - quasi continuous - 3.7 GHz Lower Hybrid Heating system is being 
designed for mainly current-drive studies on the TORE SUPRA Tokamak. A Urge 
simplification of the L.H. antenna and of the RF transmission Line Is obtai­
ned ay applying two sain ideas : (i) modular design, (ii) internal RF power 
division - 3 d3 hybrid junction and E-plane multifunction (M.J.). The E-pla­
ne M.J. system t\I brings not only simplification in the building of the an­
tenna, but also* when used in travelling wave, lowers strongly the power re­
flection coefficient cowards the generator. This is a very important point, 
because such a system allows Co avoid che use of circulators - expensive 
elements for large machine. 

In order to test the physical and these technical options chosen for che 
TORE SUPRA experiment, a 500 fcW-30 ms-3. 7CHz experiment has been successful­
ly operated on PETULA-3 (see other papers in this conference Hi co /V. 

2 GENERAL DESCRIPTION 

2.1 The RF power, provided by a 500 ltW-30 ̂ s-3.7 GHs ThCSF klystron Là 
injected to the coupler by means sf an Aluminium, am long, 5"6 pressurized, 
standard *«"R 234 transmisssion line. The RF losses including che insertion 
losses of =he circulator and flexible waveguides are measured equal ZD 0.1-. 
3 i3 hybrid junctions allow the RF power co be divided in che ratio l/i:l/2: 
1/4 between the 3 modulus (1/2 in che central one). 

Fig, 1 shows che generaL view of the Low hybrid coupler on Pecula. A va­
cuum tank composed by a Large movement beLlow and a rigid sector for the va­
cuum pumping is connected ay means of $ 400 vacuum valve co a Petula port. 

2.2 Fig. 2 shows che front view of the 13 wave gui de-9 column-2 lir.e-nec-
work made from 3 juxtaposed identical modulus. Each modulus is composed of ; 
(i) a RF aLumina vacuum window with ics associated arc detector, (il) a 3 d3 
hybrid junction* (iiî) a 90* phase shifter in order co balance che 90* pha­
sing of che hybrid junction» (iiii) che 0-l2O--24O*-3 wg E-pLane M.J. system 
(cf. fig. 3a, 3b). The phase shifters are obtained by changing the wavegui­
de length in the wg by reducing ics height. The RF matching of such sections 
is obtained by step transformers, 

Sy changing che phase of che injected wave between the 3 modulus, the N*, 
spectrum excited by che Launcher can vary from I.6 co 3. From code calcula-"' 
eions /5/, che S,, spectra obtained with a + 90* phasing between modulus is 
plocced in fig. L. 
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3 LOW LEVEL TEST 

As expected by theorical predictions, self aaeching property of the 3 wg 
~;M20*-2-Ci*-E-pUrte M.J. is obtained when che 3 loads are in the same plane 
(:ig. 5a) and che power reflection coefficient- (P.R.C.) is che square of che 
P.R.C. of che loads. For a X /6 spacing of che loads, which leads co the aa-
se phasing (130*) in each secondary wg, no self Hatching property is obser­
ved (fig. 5b). Self oatthing property is confirmed on plasma /2/. 

the SWRV of each eleaent of che modulus is lover Chan 1.06. 

4 CONDITIÛNWC TECHNIQUES 

4.1 Cn a separated test Line, argon glow discharges have been tested ,'6/ 
Such a technique, currently used for che 1.3 GHz experioenxs has been siat-
pLified fay using a cannon longitudinal electrode. High pressure (-1 corr) 
argon glow discharge is needed in order co obtain a quasi hooogeneous dis­
charge in the 3 reduced waveguides (fig. 6). Due to the lower ion nuabers 
striking che surface vich a sufficient energy (-300 eV) /6/, che cine dura­
tion of such a discharge has co be of the order of 10 hours. This procedure 
has to be verified ac high RF power on the launcher itself, 

4.2 Cp Co now, on Pecula, the conditioning technique, derived from pre­
vious high Ri* power tests in a test bed, is che following ; (i) during che 
cleaning session of che machine vich a 10 H. pressure, che RF power is 
gradually increased wich a duey cycle of I RF-las long-shoe every 10 seconds. 
3C0 ta 4G0 pulses are so performed during such a session, (ii) between tvo 
pLasua shoes, a&oue 10 short RF pulses are powered ac a level slightly grea­
ter than that required for the following plascsa shoe. 

4.3 Performances : As-^expeeced, the power density liai cat ion due co the 
aultlcactot effect ( £ • £"), is greatly decreased by working at 3.7 GHz and 
c:-e -leaning of the surface has been achieved by using RF shots conditio­
ning technique. 

«i:h such a technique, after a overall zv.z thousand RF conditioning 
shots, the full power - 300kW-30os - of the klystron has been injected to 
the coupler. When che central ooduLus is fed alone wich che RF power, the 
corresponding power density.- assuming no reflected power - is - i0kw/ca~ it 
the RF window and « lOkW/em at the reduced section of the grill. Such va­
lues - however with shore tiae pulses - are twice che ones planned on TS 
Low Hybrid experiaenes. 
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fig.4 - N,, spectra excited by cha anten­
na for -90* and +90* phasing between modulus .î i load" 

Fig.5 - Power reflection coeffi­
cient vltii and without ît. J. a££ec; 
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fig»6 - Spatial distribution of ian currant in a tcic une 


