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Abstract

The pressures at which RG-discharges can be ignited (P

	

and sustained

(PQ )have been measured in an unbaked SS vessel of 33 m surface area and

11 m3 volume . Different rfeelectrode arrangements for the application in

Fusion devices have been tested . PQ = 5 x 10 -4 mbar can be achieved with

an rf-anode in the center of the vessel . Higher pressures are necessary

to sustain the discharge from anodes in portholes . Ignition is easily

achieved by gaspuffing in the very vicinity of the rf antenna.

No bipolar arcs of considerable lifetime have been observed, whereas nu-

merous unipolar arcs were triggered by surface contaminations . Their rate

increases strongly with increasing current but decreases exponentially with

time for fixed Plasma conditions . A careful discharge conditioning by RG dis-

charges in nonbakable devices or a prehandling at elevated wall temperature

seem to be necessary . If they can be used, special means against unipolar

ares and their transition into a stable bipolar arc become unnecessary .



Introduction

Glow discharges in hydrogen are used to a rapidly growing extent as wall

cleaning and conditioning procedure for fusion devices eg . /1, 2/ . They will

be implemented into large tokamaks 'Ulke TUTOR, JET, TFTR and JT60 /3/.

In previous studies /4, 5/ the conditions leading to a high cleaning ef-

fectivness of the glow discharge have been explored . These experiments have

been performed in a SS simulation vessel of 3
2

innerm

	

area and a volume of

0,2 m3 . lt has been found that, besides elevated wall temperature and large

pump speed, a low pressure of hydrogen in the discharge is required for a

high cleaning rate . This has led to the development of the RG (radiofrequency-

glow)-discharge : a hollow cathode glow discharge wherein the anode is suppor-

ted by a radiofrequency (rf)-discharge . The RG plasma in the simulation vessel

can be sustained at a pressure of 10- 3 mbar which is a factor of 10 lower

than that at which conventional glow discharges quench . Another important pa-

rameter is the current density j . lt was shown that an "optimum" value for j

exists depending an the ratio Sp/A of the pump speed Sp and the wall area A

of the device.

A scaling an the basis of these results leads e .g . to total currents for

the RG discharges in TUTOR and JET of 6 A and 40 A respectively (Sp/A is

nearly the saure in both inses as it was in the small scale simulation expe-

riment).

There remain some open questions related to the operation of RG discharges

in large vessels and at large total currents . A latent instability tends to

switch the glow discharge over into an arc mode of operation /6/ when the

total current is larger than 1 A . A concentration of the discharge poweroe-

to a very small area for a prolonged time could result in a serious damage

of the wall surface . The process requires ho euer a trigger mechanism /6/.

For a given total current I,a glow discharge at low pressures tends to be

more stable against arc formation than at higher pressure /6/ . lt can ths

be expected /7/ that stable operation of a discharge at low pressures is alle-

viated in large devices . Other problems are associated with the initiation

of the RG-discharge! the minimum pressure P I at which ignition can be achieved

in an RG discharge is lower that that of a pure glow discharge . Nevertheless

P I is still considerably higher than the perlehing pressure P Q near which



3

the RG discharge would be operated . Flooding large vessels to P I in order

to achieve ignition and returning to P Q could present a problem for the

gas inlet and/or the pump system of a tokamak . Thus, appropriate ignition

procedures have to be examined.

lt is the aim of this work to explore the domains of P I and P0 for RG

discharges in a large vessel and to find arrangements of electrodes appli-

cable to large tokamaks . Attention is paid to the problems associated

with the operation of RG discharges at total currents larger than 1 A . No

emphasis was laid on the optimization of the cleaning properties of such

a discharge in this vessel of which the walls remained close to ambient tem-

perature . For those topics the reader is referred to /4, 5/.

11 . Experimental arrangement

The vacuum vessel wherein the experiments have been performed is shown in

figs . 1 and 2 . lt is the beam dump of the neutral beam injection -Lest stand

of the Jülich tokamak TUTOR . The vessel has various large portholes (3 x

NW 600, 8 x NW 250), an appendix of 1 .2 m diameter and a structure on the

top for the introduction of cryopumps .Stainless steel 1 .4541 (AISI Type 321)

is used as a wall material . The total inner area and the volume of the whole

system are 33 m 2 and 11 .6 m3 , respectively . The linear dimensions of the

device are indicated in fig . 2 . All flanges and connections are provided

with rubber 0-rings as vacuum seals . The pipes of the smaller portholes ex-

tend into the rain volume by approximately 20 cm, (fig . 2, 16) . Before any

equipment was attached to the system, it had been thoroughly cleaned by a

water jet . This eliminated residual material fron a previous sand blasting

procedure . The inner surface has been etched and rinsed with deionized water.

The vessel is pumped by a 3500 ls -l turbopump via a NW 450 gate valve,

adapted to one of the NW 600 portholes . The base pressure obtained was

2 x 10- 7 mbar . A differentially pumped residual gas analyzer (Balzers QMG

112) was attached to one of the smaller ports . Vacuum gauges and a gas inlet

system were mounted onto some of the small flanges . The system could not

be baked out.

Several rf-electrode arrangements were mounted to the vessel (see fig . 2) :
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Fig . I

	

Beam lump of t he TEXTOR neutral injection Lest stand as used in

this work
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Fig . 2

	

Arrangement of antennas in the vessel, its dimensions

are indicatecL

Fig . 3

	

Lecher line in a porthole having the geometry of the small

JET Ports . The cooling system is shown in detail above

(all dimensins in mm) .
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- A pair of watercooled stainiess steel-tubes, closed at one end, was intro-

duced into a porthole having the triangular geometry of the small JET ports

(for details see hg . 3) . The tubes were isolated from the walls by A1 2 03

vacuum feedthroughs . They were arranged such that they acted as a "Lecher-

circuit" when radiofrequency was coupled to them . A small pipe was installed

near the open end of this circuit to allow gas puffing through an appropriate

device . When attached to the main tank, the open end of the Lecher system

was still separated from the free main volume by approxirnately 20 cm.

The resonance frequency depends an the length of the system . lt is ca .100 MHz

in the present Gase . The impedance of the arrangement at that frequency is

= 2 1 . Radiofrequency was applied to the system by a broad band power amplie

fier with a maximum output of 100 W, driven by a tunable 2 W master oscilla-

tor . The electrical coupling network is indicated in fig . 4, limiting the

effective power to 40 W.

- Two different coil systems allowed the inductive coupling of rf-power into

the main vessel . The first coil was inserted very near the center of the

vessel ; the second was fixed into a NW 100 porthole (see fig . 2) . Both
_cm

rf coils had 6 windings of 5 diameter and were 10 cm lang . They consisted of

a 6 mm hollow SS tube allowing water cooling . These tubes were guided co-

axially from their vacuum Feed throughs to the point were the curls of the

coil started . In addition, both arrangements were provided with a third

central tube for gas puffing close to the vicinity of the coil.

V0CUUM

Fig . Schematic diagram of the rf and DC coupling network

for the Lecher liner
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The radiofrequency was supplied by a 13,5 MHz rf generator with a maximum

power of 70 W . The matching was achieved by the circuit indicated in fig . 5.

+0- 1000V :z.

Fig . 5

	

Schematic diagram of the rf and DC coupling network for the

coil anodes . The gas puffing tube is also indicated.

All three rf electrode systems could be coupled through anLC network

(figs . 4 and 5) to a DC power supply (0 - 1 kV, 10 A max) . This made the

rf system either anode or cathode of the giow discharge . The load resistor

used was 250Q in most cases.

An auxilary electrode was also mounted to the main tank . The system con-

sisted of a port with triangular cross section (i=dentical to the one shown

in fig . 3) . At the open end of the port, a triangular plate of 67 cm' area

was placed, electrically insulated from the surrounding . When attached to the

vacuum vessel the electrode was separated by 20 cm from the main volume by

the pipe of the port.

The device used for gas puffing at the rf antennas consisted of a volume

of 450 cm
3 , filled with hydrogen at various pressures . The gas was suddenly

expanded into the main tank by means of an electromagnetic valve and was

guided by a tube to the vicinity of the antenna . All measurements were per-

formed in hydrogen as a working gas.

A TV camera and a monitor were used to control the state of the discharge

during the experiment .
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111 . Results and Discussion

111 . 1 . Pressures for ignition and quenching of RG-discharges

To measure the pressures P I at which discharges could be ignited and P Q

at which they quenched, a constant throughflow of hydrogen through the ves-

sel was first established . The gate valve was then closed, leading to a con-

tinuously rising pressure . After ignition the gate valve was reopened and

the flow eventually reduced until quenching occured . Ignition and quenching +)

were observed either by light emission or by recording the discharge current.

111 .1 .1 Pure rf-discharges

The variation of P and

	

for pure rf-discharges with the rf-power are

shown in fig . 6.

In all three cases tested fiere, it is observed as a general trend that both

P I and PQ decrease as a function of the rf-power, tending to saturate at

power levels larger than 20 W . Except for the case of the central coil the

influence of the rf power on P Q is less pronounced than that on P I . From

fig . 6 it is obvious, that a large geometry dependent effect exists . The

ranges of P I and P Q seem to be rather unaffected by the type of rf coupling

(inductive or Lecher circuit) . Both types of antennas, when located in a

(smali) port, i .e . somewhat separated from the main volume, require a P I

which is a factor of three to five higher than that for the central coil.

For PQ the situation is similar ; it is lower by about a factor of 5 in the

latter case . The central coil seems to be the most favourable location for

the antenna

	

P I = 1 .3 x 10 -2 mbar and P Q = 5 .5 x 10-4 mbar can be achieved

with a power of 70 W.

In some cases (RG-anode in the center of the vessel) the pressure could be

reduced to very low values with the discharge still maintained, but in a

mode (Townsend regime) characterized by high voltages and extremely low eure

rents . Since the cleaning effectiveness increases with the current density

/5/ it is desirable to operate the discharge in the "regular' glow domain

with high current . The transition pressure to the low current mode was re-

garded as the quenching pressure P Q in these cases .
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Fig . 6 Variation of ignition

	

)- and quenching (PQ ) pressures of

pure rf discharges as a function of the rf power W .
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A problem arose with the tuning of the rf-circuits . When the systems are

tuned for minimum reflected power before ignition, a certain amount of re-

flected rf is measured in the presence of the plasma . This is particularly

pronounced in the case of the Lecher circuit . The effect can be expected

because of the electrical conductance and dielectric constant of the plasma.

The mistuning decreases as the pressure is decreased . lt can in principle

be compensated by electronic means (feed back control) but it was regarded

to be of minor importallee here due to the saturation behaviour observed for

P I and P0 at powers larger than 20 W . Gare has to be taken, however, if trah-

sitorized rf generators are used,since the reflected power might damage the

booster . All rf-power values given in this work are those prior to ignition.

111 . 1 .2 . RG- and pure glow-discharges

How a DC-voltage U affects P I and PQ is shown in figs . 7 - 9 for several

rf power levels . The rf circuit always acted as anode and the main vessel

as cathode ; the values given for U are those prior to ignition.

When the rf antennas are situated in portholes (figs . 7a and 8a), the P l e.

U curves display pronounced minima when U z 100 V . Their values are 5 x 10 -3mbar

for the Lecher circuit (40 Wrf) and 16 x 10-' mbar for the coil in the NW

100 porthole (60 W rf ) . When the voltage is raised, P I increases to values

which are even higher than those observed without DC voltage ; it goes through

a maximum and decreases again . This behaviour is similar to that observed

earlier in the smaller simulation apparatus /5/ . Both minima and maxima of

the P I curves are shifted towards higher voltages when the rf power level is

increased . In the case of the Lecher circuit it was observed by light emission

that,at high pressures,the plasma is driven into the porthole with increasing

voltage . lt can be suspected that at the anode the gain of electrons fror the

main volume competes with the loss of Charge carriers to the neighbouring

walls of the portholes . At high DC voltages the system tends to approach the

pure giow discharge . PQ is observed to decrease as a function of U in both

cases (figs . 7b and 8b), showing less pronounced relative minima and maxima.

The curves tend to saturate at Lt> 500 V and reach a final value of PQ around

2

	

3 x 10-' mbar .
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-u[v)

Fig . 7 Variation of the ignition (a)- and the quenching (b) pressures

for RG discharges wich the Lecher antenna as a function of the

initially applied voltage U at two rf power levels
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Fig . 8 Variation of the ignition (a)- and the quenching (b) pressures

for discharges with a coil antenna in a NW 100 porthole as a

function of the initially applied voltage U at three different

power levels .
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Fig . 9 Variation of the ignition (a)- and the quenching (b) pressure

for

	

discharges with a coil antenna in the center of the

vessel as a function of the initially applied vol tage U (three

rf power levels) . lt is apparent that the quenching pressure

is almost independent an W
rf
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Wheh the plasma anode is situated in the center of the vessel (fig . 9a, b),

an increase of the DC-voltage decreases smoothly both P I and Pcr Satuhation

is approached for U

	

300 V . Beyond 8 W, the influence of the rf power level

an P I is small, and not significant in the case of PQ . The limiting pressrares

obtained are 1 .5 x 10-' mbar for P I and 0 .5 x 10-' mbar for PQ .

To facilitate the comparison of the results obtained with different arran-

gements , the relevant P I and PQ curves are compiled in fig . 10, together

with the values obtained for pure glow discharges fror the respective ahodes.

The following conclusions can be drawn:

The ignition and quenching pressrares of pure glow discharge are always

higher than those of RG discharges with rf supported anodes,

- when the RG-anode is located in a porthole of reduced aperture, it is not

very important whether the rf power is coupled into the System via a Lecher

circuit of a coil . There exists then an Optimum DC voltage to alleviate

ignition,

- the by far lowest P I and PQ values are obtained, when the RG-anode is situ-

ated in the middle of the vessel, i .e . when the System most closely he-

sembles a central anode and a concentric hollow cathode.

The low PQ pressure at which the RG-discharge can be operated using a

central anode is very favourable with respect to an effective cleaning . lt

can be expected, that the cleaning rate under otherwise comparable conditions

should be even langer in this case than in the previous simulation study /4,5/.

111 .1 .3 . Gaspuffing

lt is easy to ignite RG-discharges with each of the antennas by means of

localized gas puffing : A constant throughflow of hydrogen was established

at the low pressure required for cleaning purposes . The rf power and glow

discharge voltage were switched

	

and a gas-puff-volume (450 cm') filled with

hydrogen was suddenly expanded into the vessel.

Ignition occurs when the particle density at the coil or the open end

of the Lecher circuit rises for a short time to an adequately high value . This

was achieved fiere by guiding the pressure wave in a tobe of appreciable um . .
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• Lecher circa in JET-size porthole, 40Wf

x coil in NWIOO porthole, 50Wt

• coil in vessel center, 60 W4
D pure glow dischwige, Gnade= Lecher circuit

+ pure glow diecharge, ancade =coil in vessel center

R = 250Q vessei = cothode

Fig . 10 Ignition (fall line) and quenching (dashed line) pressures

for RG discharges and for pure giow discharges with various

anode arrangements, as a function of the initially applied

voltage .
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ductahce to the very vicinity of the antenna before it is allowed to

expand into the main volume . Cohsequehtly, a high starting pressure for

the wave is more important than the total amount of gas (mbar x Liters}

introduced into the tank . Under these conditions the RG discharge Gould

be initiated without floodiog the vessel to a large extent.

In the case of the Lecher line and of the coil in the NW 100 porthole, a

starting pressure of 5 mbar in the gas-puff-volume sufficed to ignite the

plasma (W rf = 40 W, U = 90 V) ; this gave rise to a pressure spike in the

main volume of 6 - 8 x 10 -4 mbar above the constant level . In the case of

the central cal] the starting pressure had to be increased to 10 mbar

(W rf = 30 W, U = 100 V) due to the larger volume and smaller conductance

of the guiding pipe . Here, the pressure spike was 10-' mbar.

Gas puffing offers a simple and reliable way to ignite RG-discharges.

the case of machines working with tritium, this solution may however be

impeded by safety considerations, which might make a simple technical so-

lution impracticable.

111 .2 Current-Voltage-characteristics

The current (I)-voltage (U)-characteristics haue beeil measured for a number

of RG-discharges . When not stated otherwise, the wall of the vessel was

grounded and one of the antennas acted as an anode . The load resistor was

250 f2 , limiting the accessible current to 9e3 .2 A . In a few cases the dis-

charge was operated at currents up to = 8 A with a resistor of 50 fl . The

voltage U was measured across anode and cathode directly, representing the

floating potential to within 20

	

30 V /5/.

The 1-U-curves for GD discharges with different rf circuits are shown in

figs . 11 - 13 . In all Gases the voltage needed to establish a given current 1

increases at first rapidly when 1 is raised . lt saturates for currents lar-

ger than = 1 A . Ih sonne cases it was difficult to obtain reproducible I-values

for increasing and decreasing U ("unstable" regime) . In these domains Bither

new parts of the vessel (portholes) were covered by the plasma or the dis-

charge type in the portholes changed from normal to a hollow cathode glow.

The discharge is still

	

quiesceht . lt is not an arcing effect .
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exception of the steep increase at Iow current, the curves

are almost independent on the rf power.
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Fig . 12 Voltage (U)- current (1) characteristics of RG discharges

with a co1 antenna in a NW 100 porthole at different pressures.

With the exception of the steep increase at Iow current, the

curves are almost independent on the rf power.
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Figs . 11 - 13 show the I-U characteristics up to 1 .5 A . A smooth continuation

of the curves was observed up to 6 - 8 A (see however §111 .3) . The characteri-

stics depend weekly an the rf-power in their steeply ascehding part : the

application of a higher rf power decreases U at a given current . At leg. 0 .3 A

all curves are essentially independent an W rf .

Higher voltages are required, to establish a given current when the Lecher circuit

is the anode (fig . 11) . The saturation voltage increases when the pressure

is decreased, whereas in the other cases a decrease was observed . We believe

that the difference results maihly from the fact that the Lecher circuit is

still separated from the main volume by a 20 cm lang porthole at ground po-

tential . For P 2 = 4 x 10-3 mbar the saturation voltage is 400 V for the

Lecher anode and

	

300 V when different coils are used . In the latter two

geometries the I-U discharge characteristics are almost identical (cf . fig.

12, 13).

order to check the homogeneity of the discharges and in particular their

penetration into the portholes, the current I probe flowing to the auxiliary

electrode has been measured (cf . fig . 14) . lt is plotted (fig . 15a,b) as a

function of the total discharge current I tot for the two coil antennas at

different hydrogen pressures.

Both arrangements behave similarly . At small total currents and at low

pressures I probe increases rapidly when I tot is raised . lt increases there-

after linearly when I tot ?., 0 .3 A . In this domaih the auxiliary electrode

is reached by a certain fraction of the total current ; the current density is

about 1/10 of the averaged current density to the wall of the main vessel +) .

Obviously some discharge current penetrates into the portholes even at low

pressure . The ratio I probe /I tot does not change significantly when the pres-

sure is varied and does not depend

	

the location of the anode.

For both anodes the curves at P 1 .5 x 10- 2 mbar display a flat part at

Itot s:- 1 A . This is probably due to the fact that new parts of the surface

are covered by the discharge (see above).

Effects due to the potential difference of e6 200 mYwhich is induced by

the internal resistance of the amperemeter between electrode and vessel

wall have not been considered .
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Voltage (U)

	

current (1) characteristics of RG discharges

with a coil antenna in the center of the vessel at two

different pressures . With the exception of the steep in-
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Fig . 14

	

Electric circuit diagram of the arrangement used for

measurernents of the current to the auxiliary electrode,

20

10

20

0.5

	

to

	

4.5

- IbtiA

Fig . 15

	

Current to the auxiliary electrode (l probe ) versus total

current of the discharge (l tot ) for

a) coil anode in a NW 100 porthole

b) coil anode in the center of the vessel
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Iarge toroidal devices, it may be useful to distribute the current among

several anodes . This alleviates the cooling problems, allows to operate at

Iow pressures and ensures a better homogeheity of the discharge . This is easily

achieved provided each anode has a separate load resistor j . The current

through each anode is tuen proportional to 1/R d . With one common load resi-

stor, the power might concentrate

	

a single anode . This could in particular

occur at Iow pressures where the different anode plasmas haue been observed

to quench in the order of their respective P Q .

A test has been made to check whether a discharge between an (rf )-anode

and coid, auxiliary cathodes situated in protholes and ihsulated from the

vessel might be suited for cleaning purposes . The glow current which could be

drawn under those conditions, was smaller by orders of magnitudes than when

the whole vessel acted as a hollow cathode . Since the cleahihg rate is pro-

portional to the current density

	

the wall /5/, this arrangement is uhfa-

vourable . Larger currents could in principle be achieved using hot cathodes

as electron emitters . These are undesirable in tokamak systems since evapo-

ration effects could occur.

111 .3 . Arcing

111 .3 .1 . General remarks

Arcing in tokamaks may lead to the evaporation of metallic atoms and thus

represent as important source for the impurities observed in the plasma . The

present state of knowledge

	

arcing phehomeha in -Fusion devices has been re-

cently surveyed in a workshop /8/ and has been extensively reviewed /9, 10/.

A dose similarity between the arc spots in a tokamak and unipolar arcing

phenomeha occuring in other types of plasma discharges seems to exist.

lt is gehehally accepted, that the arc is driven by the potential differente

between plasma and wall ("unipolar" arc) . The nature of the trigger mechahism

is however still uhelear . There is considerable evidente that, besides inherent

material parameters /11/, the presence of surface contaminants such as residual

grease, oil

	

other locally insulating substances

	

the metallic wall can

lead to the ihitiatioh of ares /9/.

+) .erandt , Be-it.L .s'n. Patent 1112,917
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This statement is supported by the observations mute in our laboratory /5/

that the arcing frequency is high in unbaked devices, but that it falls down

to zero when the UHV components haue been baked in situ under vacuum at a

temperature of 200 °C or more . This underlines the importance of foreseeing

baking procedures for the vacuum vessels of fusion devices . lt suggests

furthermore that operation with walls at elevated temperatures should drasti-

cally diminish the arcing problem.

Many experiments on unipolar arcing reveal a conditioning effect . The ar-

cing rate decreases as a function of time /1,5,6,8/ . From detailed studies

of negatively biased samples in a rf-plasma /11/ it has been shown that the

arcing rate decreases exponentially with time for fixed sample and plasma

conditions . This suggests the presence at a finite number of initial arcing

sites which are gradually "burnt out".

111 .3 .2 . Observation of ares in the RG-discharge

The measurements presented in this paper were performed in a system which

could not be heated . Thus arcing occured during the RG discharges.

No arc phenomena could be identified during pure rf discharges ; they appeared

only when an additional voltage was applied . The ares were detected by their

light emission and measured through the resulting current spikes which are

superimposed on the otherwise constant RG current . The observations reported

here, refer to experiments made in the pressure domain between 10 -1 and 10 mbar.

Two types of ares occured:

- In the very initial phase of RG-discharge operation using the Lecher antenna

columnar ares (resembling plasma Jets) struck between the anode and the

nearby wall of the porthole . Individual ares might burn during several se-
conds . Their frequency gradually decreased and the phenomenon disappeared

completely after several minutes of operation . This disappearance was pro-

bably accelerated by the gradual elevation of the porthole temperature du-

ring operation (see above) : After about one hour of RG-discharges a tempe-

rature of 80 'c was measured at the (lange . No similar effects were observed

near the other anodes .
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Fig . 16 Unipolar are striking across the cathode sheatL lt is lo-

cated at the upper left corner of the picture (arrow) . The

bright structure an the right hand side is the rf plasma

anode (coil in the center of the vessel) .
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During the Iater measurements with the Lecher antenna and with the coil

ahtehhas i another type of arcs has been observed . The luminescent spots

were clearly separated from the anode . The arc was obviously fed by the

wall-near plasma ("unipolar") . They struck across the cathode sheath . An

example is shown in fig . 16 . The ares occured, irrespective which anode

was used . The following comments refer to observations male

	

this "uni-

polar" arc behaviour.

The arcing probability depends sehsitively

	

the current of the RG-dis-

eharge . For fixed plasma parameters it decreases as a function of time (111 .3 .3).

No unique dependence

	

the pressure in the discharge was identified . Birke

the plasma parameters vary with pressure, it is difficult to separate its

influence from other effects . Fig . 17 shows how the arcing frequency varies

with the current 1 (the voltage changed by about 20 V in the range of 1 cove-

red) . Although the data points are scattered, an exponential dependence is

suggested (cf . also /6/).

The occurehce of the arcs was very markedly localized along the welds of

the vessel . The arcs did not show up preferentially at edges of the apparatus

Ilke portholes or tubes

The duration of an arc extended up to about a second in the initial phase

and at elevated glow currents ( ,e, 3 A) . During this time they travelled same-

times about 1 m along the main welds of the vessel . The plasma resista .nce

became very small . The arc current was then limited by the load resistor and

the DC voltage applied . Later in the conditioning phase (111 .3 .3) the arcs

became shorter and carried less current, even when the glow current was large.

The arc tracks in the smaller portholes (all ports shows similar patterns)

have been investigated (figs . 18a,b) . The tracks start at the flange weld

and are particularly Bense along the longitudinal weld . Not all tracks extend

up to the end of the porthole, but a very pronounced longitudinal orientation

can be seeh +) . lt is interesting to note, that

	

arc track was observed

the antenna structures themselves, in the triangular Lecher-pört, or

	

the

ehdflanges of the antenna devices . These parts had all been treated by roh-

title UHV-prehahdlihg methods .

	

the rain tank which due to its size

lt is quite unlikely that the small rf-magnetic Field might have induced

this preferential oriehtatioh .
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Fig . 18

	

Arc tracks in the neighbourhood of the main weid of a

NW 250 porthole (a) and enlarged section of the sarge

figure (b) .
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could not be cleaned as carefully, arcs occured at coldworked (strongly berat)

structures . Here and at the welds residual organic materials from the prehand-

ling procedure of the vessel probably triggered the arcs . The materials eva-

porate at much lower temperature than the metal and are easily ionized later

under the influence of the arc . The evaporation might give rise to a local

density increase, which is large enough to initiate the arc . The later evapo-

ration of metal and of further organic material would make it move along the

surface Ilke a spark on a firing tape.

In the absence of a strong magnetic field the preferential direction of the

tracks would be along "surface defects" such as microcracks from the manufac-

turing and machining process and the prorous structure of the weld . Both could

act as reservoirs for material which is easily evaporated.

111 .3 .3 . Conditioning

For fixed discharge parameters, the arcing frequency decreases as a function

of time . As can be seen from figs . 19 - 20, an exponential dependence is sug-

gested . This agrees with the observations of Mioduszewski et al /12/ on micro-

arcing in an rf plasma . Fig . 20 also Shows that after a conditioning period at

a glow current of 3A, a decrease of this current down to 2 .5 A results into

a very large reduction of the arcing frequency . The decrease is much larger

than the preceding increase of the arcing rate which occured when the current

was increased from 2 .5 to 3 A.

Thus RG- or a glow-discharges could be used to burn out possible arcing

sites in (non bakeable) fusion devices before main discharges are initiated.

The procedure is well adapted to this purpose because of the high cathode

sheath potential . The treatment should be carried out in such a way that the

current of the discharge is gradually and carefully increased up to the desired

value . lt may be useful to choose a pressure for the "arc--conditioning-dis--

charge" which differs from that of the "cleaning-discharge" in order to op-

timize the cathode fall potential . The authors believe however that bake-out

procedures, when applicable, should be preferred .
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111 .3 .4 . Control of arcing

Continuously burning bipolar ares, which would concentrate large power den-

sities onto small wall areas for prolonged periods of time, have never been

observed in the Iow pressure domain and even in the high current range ex-

plored here . Thus it does not seem to be necessary to develop special means

against their oceurrence at least as long as the discharge is operated at

total currents of ten amperes or below . lf a discharge were to be operated

'at very high total currents (e .g . in an extremely large vessel), it might be

useful to monitor the glow current and to switch off the DC (not the rf)

power supply when the duration of the current spike produced by the arc ex-

ceeds some preset value . An advantage of the RG discharge is that, when the

DC voltage is reapplied, the glow current flows again without the necessity

of pressure manipulation.

lt is difficult to control unipolar ares, once triggered because of their

skort duration . lt is however desirable to Limit their current in order to

minimize the material erosion . Since the current of the unipolar arc is fed by

the capacitarice of the wall-near plasma layer, a distribution of the discharge

current over several anodeshaving separate (large) Ioad resistors cannot help

auch in this respect . Dur measurements indicate, that for ares of long duration,

the total arc current is limited by the ratio U/Rr, where Rr is the equivalent

loaderesistance of the parallel anode circuits . A large inductance in series

with a purely ohmic Ioad resistor could here Limit the arc current down to a

value which is dose to that of the total steady state current of the dis-

charge.

As observed previously /5/, it is again confirmed that a thorough degreasing

and cleaning of the vessel reduces the arcing probability . Moreover, as men-

tioned in the introduction and in /5/, in situ bake-out procedures have pro-

ven to be very effective in avoiding the appearance of ares in RG discharges.

IV . Conclusio s

The ignition and quenching pressures of RG discharges in hydrogen werein

the anode is supported by a Iow power rf discharge are lawer than those of

pure glow discharges . The reduction factor found here is -v 3 . The effect is
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not very sensitive to the rf system used (inductive or Lecher line) . Low

operating pressures are desirable /5/ to achieve high discharge cleaning

efficiencies.

As expected, it has turned out to be easier to operate the RG discharges at

Iow gas pressures when the size of the vessel was enlarged . The lowest igni-

tion and quenching pressures are achieved when the anode is positioned at

the centre of the vessel which acts as a hollow cathode . In tokamaks, this

requires however retractable anode Systems.

The discharges can also be sustained by fixed RG anodes located in portholes,

but only at higher pressures (P Q = 2 x 10-3 mbar) ; this affects the cleaning

rate . The anodes should, as far as possible be positioned near the rain volume

and in broad portholes.

The total current can be distributed among several anodes by proper choice

of the Ioad resistors . This presents advantages in a toroidal vessel, and

simplifies the cooling problems . lt was however observed that, when the Pressure

was reduced, each RG anodes quenched at its own PQ value.

The RG discharge can easily be ignited by the injection of a gas puff in the

vicinity of an rf antenna.

The occurence of bipolar ares could only be observed in the very initial

phase of this work and when the discharge was operated at Iarge currents.

They disappeared after a few minutes and could not be reinitiated using the

available experimental meas . Thus special Provisions for the stabilization
against columnar ares do not appear necessary at total currents around 10 A.

In very large devices it may be useful to monitor the current and switch

the DC power supply oft in case of a continuous arc . During the later phases

unipolar arcs occured, preferentially at contaminated Parts of the surface.

Their frequency increases nearly exponentially with the discharge current . In

agreement with earlier results /12/ it was measured that the unipolar arcing

rate decreases exponentially with time at fixed plasma parameters.

A thorough cleaning and degreasing, a bake-out at T

	

200 °C /5/ or a graa

dual increase of the current (making use of the conditioning effect) should

allow to avoid unipolar arcing problems in RG cleaning discharges .



-31-

V . Acknowledgements

The authors are indebted to Mr . R . Gervelmeyerfor technical

assistance and for performing some of the measurements.

They acknowiedge the help of H . Korr, L . Peuser and F .L . Wael-

broeck Jr . and thank the members of the neutral injection group

of the institute that they could use Part of their beamline for

these studies.

The work was carried out within the framework of a JET contract

and was supported by FOM - ZWO.

Vl . References

/1/ H .F . Dylla, S .A . Cohen, S .M . Rossnagel, G .M . McCracken and Ph . Staib,

J .Vac . Sci . Technol . 17, 286 (1980)

/2/ W . Poschenrieder, G . Staudenmaier and Ph . Staib

J . Nucl . Mat . 94 & 95, 322 (1980)

/3/ IEA Workshop an First Wall Problems, Culham, England,

10 . - 12 . September 1980

/4/ J . Winter, F . Waelbroeck, B . Brandt, K .J . Dietz, 1 . All-Khan and
P . Wienhold, J . Nucl . Mat . 94 & 95, 812, 1980

/5/ F . Waelbroeck, J . Winter, 1 . Ali-Khan, P . Wienhold, B . Brandt and
K .J . Dietz, JOL-PP-I692, 1980

/6/ B . Brandt, Rijnhuizen Report 80 - 125

/7/ G . Gertz and R . Rampe, EinfUhrung in die Plasmaphysik und ihre tech-

nische Anwendung, Akademie Verlag Berlin, 1968

/8/ Arcing Phenomena in Fusion Devices Workshop, Oak Ridge National

Laboratory, USA, 5 . - 6 . April 1979, R .A . Langeley (Coordinator)

/9/ P . Mioduszewski, Comments Plasma Phys . Cont . Fusion 6, 7 (1980)

/10/ G .M . McCracken, J . Nucl . Mat . 94 & 95, 3 (1980)



-32-

/11/ K . Höthker, K . Koitzlik and E . Hintz, Fourth Int . Symp . an Plasma

Chemistry, Zürich, Switzerland, August 27 .8 . - 1 . September 1979

/12/ P . Mioduszewski, R .E . Clausing and L . Heatherly, . Nucl . Mat.

21, 297 (1980)


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38

