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1t INTEQDUCTION

A B MW - quasi concinuous =~ 3.7 Gdz Lower Hybrid Heating system is being
designed for mainly currenc-drive studies on the TORE SUPRA Tokamak. & large
gimplification of the L.H. antenaa and of the RF transmission line is obtai-
ned by applying two main ideas : (i) modular design, (ii) iaternal RF power
division - 3 dB hybrid junction and E-plane muleijumctiom (M.J.). The E-pla=
ne 4.J. system 71/ Srings not ouly simplificacion in the building of che an-
ceana, bue alse, when used in travelling wave, lowers scrougly che power ce-
flection coefficient cowards the generator. This is a very important poing,
Yecause such a system allows to avoid cthe use of circulators - expensive
elements for large wachine.

In order co test the physical and these cachnical options chosen for the
TORE SUPRA experiment, a 300 kW-30 »s-3.7GHz axperiment has been successful-
ly operated on PETULA-3 (see other papers in this conference /2/ co /4/.

2 GENERAL DESCRIPTION

2.1 The 3F power, provided by a 300 wW=~10 2s-1.7 GHz TCSF klvstron is
injected ts the coupler by means of an aluzminium, dm loug, ST4 pressurized,
stancard wR 284 transmisssion line. The RF losses iacludiag che inserzica
losses of c4e circulacor and flexible waveguides are measured agual ®a QO.(%.
) d3 aybrid junctionms allow the RF power to de divided in che ractio 1/4:1.2:
1/4 between the 3 modulus (1/2 in che zentral one).

Fig. | shows cthe ganeral view of the low hybrid coupler on Perula. A va-
cuum tank composed by a large Zovement bellow and a rigid sector Zsr the va-
cuum pumping is connecced 5y means of 9 400 vacuum valve to a Perula porc.

2.2 ?ig. 2 shows che Eront view of the 18 waveguide-J colum~1 [ine-aec=
work made from ) juxtaposed identical dodulus. Each zodulus is 2omposad 2f
(i) a RF alumina vacuum window with ics associated are detecter, (ii) a 3 d3
bybrid junctiom, (iii) a 90° phase shiiter in order to balance zhe 90° pha-
sing of che bybrid junctiom, (iiii) the 0~120°-240°-) wg E-plane ¥.J. system
(ef. fig, 3a, Jb). The phase shifters are obrained by changing the wavegui-
de length in the wg by reducing its height. The RF matching of such sections
is obtained by step traansformers,

Sy chauging che phase of the injecced wave between the 3 zodulus, che ::_,/
dpectrum excited by the launcher can vary from |, to 3., Trom code calcuia~’
cions /5/, the N‘ specera obtained with a + 90° phasiang becween —odulus is
plocced in fig. 3.



3 Low LEVEL TEST

As axpected 9y theorical predictions, self anacching prapercy of the 3 wg
-3-120°-240°~c-plane 4.J. i3 obtained whes the 3 loads are in the same plane
(Zig. 3a) and che pover reflection coefficienc (P.R.C.) i3 che square of the
2.R.C. of the loads. For a A_/9 spaciag of the loads, which leads to the sa-
ze phasing (180°) in each sedondary wg, 1o self macching propercy is obser-
ved (£ig. SB). Self matching propercy is confirmed on plaswma /2/.

The SWRV of each alement of che modulus is lower tham [,06.

4 CONDITIONING TECHNIQUES

4.1 ©On a separated test line, argoan glow discharges have been cesced /6{
Such a technique, currencly used for the 1.3 GHz experiments has been sim-
plified by using a common longizudinal electrode. High pemssyre (- tors)
argon glow discharge is needed in order to abcain a quasi homageneous dis-
charge in che 3 reduced waveguides (fig. 6). Jue to che lower ion aumbers
scriking the surface with 2 sufficient energy (~300 &V) /6/, the cime dura-
cion of such a discharge has co be of the order of {0 hours. This procadure
hag ¢o be verified ac high RF power on the launcher itself.

4.2 Cp to now, on Pecula, the condicioning techulque, derived from pre-

vious aigh RF power tests in s test bed, ip the following : (i) during Che
cleaning session of the machine with 3 10 = H. jressure, the RF power is

graduslly increased wich a ducy cycle of | RF=ias long-shoec every !0 seconds.

3C0 ta 400 pulses are so performed duriang such 1 session, (ii) Secween cwe
olasma shocs, abouc iQ shorc RF pulses are powered at a level slightiy grea-
ter than chat required for the followiang 2lssma shoc.

4.3 Performances : As,expected, tie jower <Jensiry limication due to the
Juleifaczor e€facs (P - £7), is greacly decresased by workiag at 3.7 GHz and
txe cleaning of che suyrface has been ichieved by using RF shots conditio-
aing cecanique.

with such a technique, after a overall ome thouysand RF conditianing
shots, zhe full power = 5Q0kW=30ms - of the klyscron has been injectad 2o
the couplar. When che central wodulus is fed alene wich the RF power, Iha
corrasponding power demsity,- assuming no raflectad pover = is ~ 20kW/za” ac
the AF wiadew and = 10kW/em™ at the reduced section of Zhe grill. Such wva-
lues - however with short tizme pulses - are twice che ones planned on TS
Low Hybrid experizents.

5 REFERENCES

/1/ T.R. NGUYENX and D. MOREAU - Proc. |2th Symp. onm Fusion Tech. (JUlicy)
Vel. 2 1381 (1982)

/2/ M. GONICHE et al. ~ This conf. paper n® 213

/3/ C. GORMEZANO et al. =" " " oa® 27

/4/ D, VAN HOUTTE et al, ~" " a® 218

/5/ D. MOREAU, T.K. NGUYEN = Report EUR=CEA F 1159 (9-33)

/6/ D. BOILOT, 4. GONICHE - Internal report 1239 (1985)

q



Petula port

windaw bellow sector-rigid ector-vacuun valve

- Fig, | = [=plemencation of L.H. coupler on Petula

lateral central laceral
modulus mdulue mdulus

Fig. Ja ~ Tap view of the Jwg E-plane

T T
1| O —— || |
A

aulsijunction
el o !
={g,2-F -oru: “viaw of the ldwg grill
1 338 118
. {1]
3dB 90° shase  0=120-240- Z-plame M.J.
Hybridi » Lfter
juaction . R
vacuun ’ glov disqha:gc slectrode | ;

window are

Fig. 35 - Cross section of one modulus



e evaarg = e s

8'%  powards

- — . . generator
Al | I“\ i )
|0 .

Loaddih e
"9011 t :‘ +90 0 . without M.J. -
A bt Teffect (b . :
i bopn : :
t [ - -
H A _ :
i Lo .

i i i ll i

Al P : *(a) with .13
,\-\': ‘.M i :i l 'I‘ effect :
! \ P :
= 'I\A_LX A | {\tJ\JC\ -
-; - i | -] L - - -

Flg.4 = NI/ spectra exciced By che ancen=

ae Por -50% and +90° phasing between modulus o

)
aiv load

Fig.5 = Power refleccion coeffi-
eiens wizh and withour ¥.J. effect

Anode
PUMPING

i

Zimm)

“ 5 3 8
O[S ! ] |
Tiso g 100 T60 700 400 950

Argon gicw - discharge

T (mA/cm?)

] 1 i | ]
-150 Q 200 400 600 800 950

Fig.b ~ Spacial distribucion of igm curreat in a :us {{El“)




