
COMPARED BEHAVIOUR OF STAINLESS STEEL AND TITANIUM TESTS LINES 

FOR A L.H.H. GRILL LAUNCHER 

G. REY, P. BRIAND, C. DAVID, G. LAMBOLEY, D. MOULIN, G. TONON 

AaooLntion EURATOM-C.E.A. - Qipcvrf.une.rvt it KzdiucJieA 6UA ÙL 

FuAlon ConUnSUz - C.E.N. - iS X - 3&041 GR.ENOUE Ctdzx [Fiance.) 
12. Symposium of fusion technology 
Juelich, Germany FR 13 - 17 Sep 1982 

INTRODUCTION CEA-CONF--6571 

Low Hybrid Heating experiments have clearly shown that parasitic plasmas inside Grill 

launcher induced a limitation of the transmitted power and strong modifications of the 

phase conditions between the waveguide. IM 111. 
As consequence the preliminary condition for application of L.H.H. by a grill launcher, 

is the control in vacuo of the RF power transmission up to a few hundredscf kW per wave

guide of the grill. This control has to be sharp enough to avoid or minimize the phase 

perturbations induced by RF ionization inside the waveguide. 

The choice of the material as first wall of a grill is of major importance. It must 

satisfy eventually conficting demands : (i) mean secondary emission coefficient low enough 

to avoid multipactor effect 111 /3/, (ii) low gas absorption and di,sorption and (iii) easy 
manufacturing. 

Then two test lines, one made of pure titanium, the other made of 304 L stainless 

steel have been tested at RF power greater than 300 kW during 150 ms at 1,25 GHz. 

As reported in a previous paper /4/, 360 kW have been transmitted in the titanium 

test line without or with a very slight change in phase between incident an transmitted 

wave (< 5°) after application of low pressure argon glow discharges. 

We now report the first results obtained on a stainless steel test line after the use 

of the same conditioning procedure (baking and argon glow discharges) and the effects of 

a static magnetic field superimposed in the reduced size sections of the line (B parallel 

to the large dimension of the waveguide). 

1. DESCRIPTION OF THE APPARATUS 

Fig. 1 shows the sketch of the line. This 3m long test line includes a 140 cm long 

reduced size waveguide (16,5 x 1,9 cm 2) ; at each end an impedance transformer matches 

the liie to a standard waveguide section (WR 650 : 8,25 x 16,5 cm 2) terminated by a 

alumina vacuum window. 

Ports all along the line allow pumping, observation and measurements of ionization 

and breakdown, as well as the application of conditioning processes. 

The main diagnostics whose positions are indicated in Fig. 1, are the following : 

pressure gauges, mass spectrometry, optical spectrometry, radial light measurements by 

phototransistors and measurement of the incident, transmitted and reflected powers and 

theirs corresponding phases. 

The RF power is delivered by a Thomson-CSF n° 1086 - 1,25 GHz klystron /5/. A dry 

matched load absorbs the power at the opposite side of the line. 
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P-ior to installation, all the vacuum sections of the line have been submitted to 
slectropolishing. 

2. RESULTS QF THE STAINLESS STEEL TEST LINE 
2.1. Baking procedure and RF conditioning 

After baking at 150°C during 150 hours, the base pressure is in the range of 
-8 -7 510 - 210 torr, mainly made up by water and hydrogen, the desorption rate is in the 

range of 10" 1 1 tl/sr.i*. 
After one hundred RF shots, 40 kW are transmitted without change in phase between 

incident and transmitted wave (< 5°). Above this value when a defect of wave transmissions 
occurs, the phototransistors and pressure gauges locate it, in the second part of the test 
line (the first light is observed by D g and then stays is Dg and sometimes goes in D J . 

This 40 kW threshold value is maintained even with hydrogen pressure value up to 
5 10' 4 torr. 

2.2. Argon glow discharge application 
250 kW have been transmitted with no significant change in phase between incident 

and transmitted waves, after RF conditioning and several argon glow discharge applications 
in the range of 10 torr. Only the 6, glow discharge electrodehas been used since the 
defects were located in the downstream part of the test line. 

_3 Up to now, 320 kW have been transmitted even with hydrogen filling up to 2 10 torr. 
Fig. 2 indicates the last results of the evolution of transmitted, reflected and 

absorbed power as a function of incident power. 
The absorbed power defined as P a * P i - P t P r, includes the losses of the test line 

itself and the calibrating errors which already reached 20 kW, at 320 kW incident power. 
Fig. 3 shows the UHF measurements (P^, P t, P r, P i t ) for a typical shot at 315 kW 

incident power. The phototransistors cannot detect any light, the increase of pressure is 
below 10" . Only a very small amount of hL is detected by mass spectrometry. A slight 
perturbation of the 4>̂  t and of the reflected power is observed for the range 8 0 - 1 2 0 kW 
incident power during the rise time of the pulse. 

The multipactor effect /6/ seems to explain this last phenomena : for b = 1,9 cm, 
f » 1,25 GHz, the 4th and 5th harmonic give for this range of power 300, 600 eV electron 
energies which corresponds to the maximum of secondary emission coefficient for stainless 
steel. 

Fig. 4 gives the evolution of transmitted, reflected and absorbed power as function 
of incident power after a long exposure to the atmospheric pressure. The conditioning has 
been lost and the behaviour of the line is very similar to the ona of a line after baking 
only. 

2.3. Tests with a static magnetic field superimposed 
Fig. 1 indicates the spatial variation of the static magnetic field superimposed 

in the reduced size sections of the test line. 



Fig. 5 points out at 100-120 kW incident power, the strong correlations of the 

perturbations of $- with the emitted ligth the pressure increase and the absorbed power 

for the différents under-harmonics of B „„ in the center of the reduced size section of 
ùoce 

the waveguide. 

Fig. 6 shows the changes of the phase between incident and transmitted waves as 

junction of incident power. 

This resonant behaviour is well explained by the one point multipactor effect /7/. 

Taking into account the power range of the two points multipactor : 60 < P < 210 kW (which 

corresponds to the 6th to 3rd harmonics), the maximum final energy of electrons coming 

back on the wall, for the corresponding values of B /n, is in the range of 0,2 to 1 keV. 

This values fit well with the corresponding maximum secondary emission coefficient of the 

stainless steel. 

At 20 G. magnetic field the increase of light, pressure, P., 0. + seems to be 
attribute to the two points multipactor effect. 

The changes in the phase $,. + and the associated perturbations of P., light and 

pressure have been very strongly reduced (<*. t < 5°) by an application of argon glow 

discharge at low pressure just at the point where the phenomena took place. 

3. COMMENTS ON THE GLOW DISCHARGES ACTIONS 
i 

In order to take into account the particular geometry of the grill, the glow 

discharge electrodes have been located into $. = 38 mm ports, at the working argon pressure 
-2 

(a few 10 torr), the sheath dimensions of the glow discharges (a few cms) are large 

compared to the reduced size waveguide. The discharge works in quite anormalous conditions. 

Fig. 1 shows the spatial evolution of the light detected by the phototrans^stors 

during a glow discharge. This profile indicates that an energetic ion bombardment of the 

surface of the waveguide is spatially limited. 

According to a constant density model /8/ and from the measurements of the trans

mission coefficient and its corresponding phase, the density of the glow discharge can be 

evaluated at 10 cm"1 and its lenght at 30-50 cm. 

The low pressure argon glow discharges induce metal redepositions. This effect is 

qualitatively shown by optical spectrometry and electronic microscope analysis which more 

over indicates a granuious surface forming favourable to the capture of secondary electrons 
0 

and more quantitatively by quartz balance measurements detecting a 750 A thickness deposi

tion for 2.5 amp-hours glow discharges. 

After 20 mn glow discharge application, mass spectrometry indicetes an increase of 

almost a factor 2 of hydrogen mass whereas the carbone compounds (CO, C0 2, CHJ decrease 

in the same proportion. 

More quantitative experimentations have to be undertaken to accuratly precise the 

role of the glow discharges on the two ionization terms : 

(i) Reduction of secondary emission coefficient by creating pulverulent surface. 

(ii) Reduction of gas desorption and of the forming of compounds owing strong secondary 

emission coefficient (the conditioning is lost after coming back at the atmospheric 

pressure). 



CONCLUSION 
Thanks to argon glow discharge conditioning power density more than 10 kW/cm2 can 

be transmitted in a stainless steel vacuum waveguide even with both pressure and magnetic 
field superimposed. 

Since the stainless steel test line has the same behaviour than titanium line /4/, 
the initial value of the secondary emission coefficient-even if greater than one does not 
seem to be a sharp limit. We have probably to take into account a mean secondary emission 
coefficient lower than the one measured on small samples and its reduction by the glow 
discharge procedure. Low pressure argon glow discharges appear to be a remarkable tool for 
in situ conditioning of metallic vacuum waveguides. 
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