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GLOWDISCHARGEINITIATIONWITH ELECTRONGUNASSIST

K.L. Holtrop, G.L. Jackson, K.M. Schaubel, A.G. Kellman
General Atomics
P.O. Box 85608

San Diego, California92186-9784

Abstract: Helium glow dischm'Ke conditioning is used OIII-OVmuml
beforeeverydischa_einthe DIII-D Tokamak to desorbhydro-
gen and low Z impuritiesfrom the graphiteand Inconelplasma 1o0o_:, c,_,=icbr,,k '2ohms

facing surfaces. However high gas pressure is required to initiate 4nora
each glow discharge session and this requires frequent cycling of _
valves to protect pressure sensitive devices. To alleviate this
mechanicalfatigue an electron gun a._sistedglow system (EAG) I"='I c4nmm
isbeing installedon the DIII-D vesselto lower the initiation smu

pressure. Through the injection of electrons the initiation pres- I..... 1

sure of the helium glow discharge has been lowered by a factor SV.@30A _.L._ I
of 70, brining the initiation pressure within a factor of 2 of the G --_'l I
minimum sustainingpressure ofthe glow discharge.This might I. "=''
alsomake possiblepulsedglow condition£_which would allow ....

a lower average pressure duringglow conditioningreducingthe _I
heatloa_ion proposedcryo&_nicpumping panels.Experimental
resultsofthe electronassiston He glow initiationand a scaling B u

model for the electron gun assisted glow will be presented. The ___.... [ I_ _[

electron g_m can also be used as a disgnoatic. Without a glow
dischar_, the electron gun has been pulsed into the wall and 10 kVI J 208VAC
thedesorbed&,asmeasured by & ResidualGas Analyzer.We are I.=L. _m_ml 400mA [ 3phsu-lm I

attempting to correlate the desorbed gas with recyciing or vessel l [- _ I
cleanl_e_$.

I_0kV_m _ I

Introduction i (AININ) fvv_ I(1:1)

Helium glow discharge conditioning is uv_i before every I _ I

tokamak dischargeinthe DIII-D Tokamak to desorbhy_ l I land low Z impurities from the graphite and Inconel tiles and I ._ I
the Inconel wall which form the plasma facing surfaces. A pres-
sure of 84 mTorr is needed to initiate a helium glow discharge, 110 VAC I I

after which the glow normally operates in the 1-3 retort range. .._

2MQ

_o Devices sensitive to the high initiation pressure have to be
isolated during the startup phase causing excessive wear on bel-

o ] 0 ° Imo _ mev lows and valves. The frequent cycling of bellows has resultedin failures and vacuum leaks of the DIII-D vessel. In addition,
315 _ _ at the high pressure needed for initiation the glow can pene-

Electrod trate into port appendages, desorb impurities in those areas, coat
windows and produce arcing.

The Townsend ionization coe_ci-.nt is lower for both H2
and D2 than for He (1]. Taking advantage of this, D2 is pu_ed
in with the He until breakdown occurs. This lowers the initia-
tion pressure to --.40 mTorr. However, so_e of the deuterium is

"=" absorbed by the wail, and a longer glow session is required to
relnove ito

I :\ / ,3s"
DIII-D Vacuum_ ,_X. Electrode To further assist in lowering the initiation pressure an
VOSSel _ __ electron_p_tnhas been _t_lled on the DIII-D vessel.With the

,8Oo a factorof70 lowerthan withoutthe electrongun assist.This
bringsthe initiationpressurewithina factoroftwo of themin-

asm__.j imum sustaining pressure, lt should be possible to pulse the
v glow, lowering the avera,_e pressure and reducing the gas load-

_0n _" ing on cryogenic pumping panels. In addition to lowering the
--" initiation pressure we sre investigating the use of th-. electron

Fig. 1. Glow systemschematic, gun as a diagnostic in determining wall conditions [2].



DIII-D GlowSetup _o |
The DIII-D glow system consists of two graphite anodes

(0.025m 2)biasedpositivewithrespecttothe vesselwall(typi-
caUy 900 V) (Fig.1.).A setofcurrentlimitingresistorsallows

forcontrolofthe currentin the glow discharge.When glow _ _ Pressure=1.8mT0rr
is first initiated a large resistance is used to limit the current ,_
and prevent arcs. After the pressure has dropped the resistance
isloweredto increasethe current.The anodes are placed180 c4}
degrees apart toroidaIIy and are recessed within ports on the
outer wall with the front of the electrode flush with the vessel oD
wall. The DIII-D system parameters fall on the Paschen curve c
such that breakdown occurs to the far walls rather than in the O

port. The voltage at the anodes can be re_ated from 200- ._
,iv

600 V by adjusting the pressure in the vessel. For an electrode ,,_
voltage of 300 V on both electrodes, the total average current of

au

3.5 A corresponds to a wall current of 8/_A/cm 2. The DIII-D
vessel walls act as the cathode in the system collecting the
positive ions.

O
_1 [ I I

ElectronGun Setuo 4 4.s ,_ 5.5 6 6.s

Glow breakdown occurs when a sufficient nmnber of Rlament voltage (kV)
chargedparticlesexistbetweenthe anode and the cathode. To Fi=.4. The emissioncurrentneededforbremkdownat
reach this level without increasing the neutral pressure an elec- 1.S retort remus the eneriw of the ele¢trons. A

moderatedecreaseis seenbeforethecurveappears
tron gun was used to inject electrons into the DHI-D vessel to go asymptotic.
(Fig. 2.) The filament is negatively biased at approximately

5 kV with respect to the anode which is at ground potential, into the DIII-D vessel. The mean free path for ionization of He
Electrons are emitted from the filament, which is heated by a by 5 kV electrons at 4 mTorr is i0 m. Since the line of sight tor
28 A AC current, and accelerated toward the anode. Surround- the electrons in the DIII-D is I m, very few molecules wig be
ing the filament is a control 8rid amembly. By biasing this as- ionised by the high energy electrons. The high energy electrons
sembly slightly more negative(0.1 kV-1.0 kV) than the filament, strike the wall producing lower energy secondary electrons, lt is
the electron beam emission current and focus can be adjusted, these low energy secondary electrons which dominate the glow
The gun is electrically isolated from the vessel. Linking the yes- initiation.
sel to the gun is a I00 ohm resistor used to measure the power
leaving the filament. With 5 kV on the filaments and 5.19 kV Results in DIII-D

on the control grid a total electron beam current of 50 mA is The electron gun was able to inject a current of 80 mA
accelerated toward the anode, with 7 mA intercepted by the an-
ode, a net emission current of 43 mA is obtained. The 5 kV with energies up to 6.3 kV into the vessel. With this the initi-

ation pressure was lowered from 84 retort without the electron
electrons pass throug_h a focusing tube in the anode and stream

gun assist down to 1.4 reTort (Fig. 3.). A large decrease in ini-
tiation pressure was seen for even a moderate initial increase

_'0 inelectron_nm current.Furtherincreasesin currentproduced
proportionatelysmallerdecreasesininitiationpressure.

Anode VoRage= 850 V
Similarresultswereobtainedfordeuteriumglow discharges.

Glow Gas= He The initiation pressure dropped from 40 retort down to
Nm
O 0.8 mTorr with an injected electron current of 49 mA.

The emission current needed for breakdown at 1.8 mTorr
versus the enerED"of the injected electrons was measured for He

= glow (Fig. 4.). Wlth increasing electron energy the emission

¢j -_. current needed drops slightly before becoming constant. This
_._ may be explained by an increase in the number of secondary
_" electrons produced per high ener_" electron impact with thec
O DIII-D wall, reducing the amount of emission current needed

_ for breakdown.

_ Increasing the electron gun current had no effect on the

-- _um masta_nin8energy (Fig. 5.).

No e_ect was seen on the reductionof the initiation

- - pressure before and after the DIII-D vessel was boronized. '_.'his
=0 _ ' _ was surprisingsinceitseemed likelythat the boron coating

"- 0 10 2_0 3'0 40 50 60 i0 80 would change the characteristics of the secondary emission.Emission Current
PulsedGlow

F;&.3. Initi=tion pressureversu•emissioncurrent tor a He
glowdigch•r&e. Even• smmilamountof emission A primary motivation for the electron gma was to reduce
currentproducesa largeeffect, the heat load on proposed cryogenic panels. In addition to



'_ The Electron Gunas a Diagnostic

Additional benefits of the electron gun include the use of
- • InitiationPressure the gun as a diagnostic.Without a glow dischargethe elec-

t" tron gun can be pulsed into the wall and the desorbed gas mea-

_ • Minimum Sustaining sured by a ResidualGas Analyzer. ltmay be possibletocor-

_ relate the desorbed with recycling and wall pumping dur-Pressure gas

© _i ing tokamak discharges. The gases showing the largest des-
_- orption are mass 2 (H2), mass 3 (HD), mass 4 (He, D2), and
cn mass 44 (C02) (Fig. 6.). The partial pressures ranged from

3.5x I0-s Torrformass 2 down to8.2x 10-zzTorr formass 22.
t.

n
The amount of desorbed gas increases with electron gun

.o_ current. The partial pressure of D2 increases linearly with in-
creasing electron gun current throughout the majority of the

"._ _,.

._ gun's range (Fig 7.).

a- ElectronGun AssistedGlow Scalinq Model

A small version of the electron gun was tested on a test
c , chamber beforea electrongun was designedmad installedono 2'o 3'0 ,'o 5'0 +'o ao

Emission Current (mA) =
Fig. 5. The minimum sustainingIXesmareand the initiation

pressureversusthe electrongunemiuion current. The

initiation premare is well with the normal premure --_rangeof the He glow distharl|e. .-_,
¢..

lowering the initiation pressure, the electron gun could also lower ¢,;
the heat load by allowing & pulsed glow dJschrage which will .-- o_
lower the average pressure during a glow ac=ion. The gs= flow

G}
to the glow would be turned off and constant machine pump- =.
ing would decrease the premmre of the glow, lezmenin 8 the heat

load on the _c pumps. It is likely that the glow would
extinguish since the pressure would drop below the minimum Q.

sustainingpressure.The glow would then need to be reiniti- -_
ated.With theelectrongun mmist,however,thepressurewould "_
not have to be raised over the normal working pressure of the He mc_
glow discharge (normally 1.5-2.5 retort) (Fig. 5.). The average ¢_ o_

pressure for the He glow discharge session could be reduced. CI jo
O , , CD ", !o ,o 2'o 3'o ,0

t.._= • Emis,,doncurrent into vessel (mA)===
(/) ¢l

Fig. 7. The partialpressureOf D2 vanes linearlywith

_" = EmissionCurrent= 46 mA incref_fingelectrongun emissioncurrent.
COm..,=

the DIII-D vessel [3]. The prototype gun had emission currentscno

rE O- • up to I0 mA wP,h energies on the order of 1.6 kV. lt was able
.c to reduce the !nitiation pressure in a small test chamber from

o 165 mTorr to 1.6 mTorr.

t_ To determine the electron gun parameters needed for

¢ocJo • DIII-D, the following slmplJfied model was developed in order
•- • to relate the chamber dimensions to the emission current.e-

• ee •
t_ o • el • The effect of the electron gun is to increase the electron
t-- !--

• • dezmity in the DIII-D tokamak to allow glow initiation at a lower
pressure.

o

0 10 2'0 3'0 4'0 §0

Mass Number (AU) In the absence of an external source of electrons, glow
initiation is described by Paschen's curves [4], where the initia-

Fig. 6. The percent incream of various partial premures for tion voltage is a function of Pd, where P is the neutral densityelectrongun injectioninto the vesselwallswithout
a glowdischarge. The largest increasesoccurfor and d is the ionizing path length. For this scaling model with
Ma==2 (H2) Mass 3 (HD), Mass 4 (D2, He), and an additional electron source we assume that breakdown is also
mm 44 (C0_). a functionofPd.



In our model, the electron density, n,, (before glow initia- Ill

tion) is given by _I • Lab results

• Olll-O results
ie Lo 7

"n.,,= (I)
,,ro.,..,_k/'_T'

V mo

dimension of the changer, 7 is the number of secondary elec-

trons produced by a high eners_ electron impact with the wall, v_ S dicted From Scaling Model
V0L is the volume of the vessel, k is the Boltzman constant, Te _'_ "- ,,//
is the secondary electron temperature, and m_ is the mass of an a=
electron [3]. "'""_/

We assume that breakdown will occur at the same value
of Pd for both in DIII-D and the test chamber if the electron

density, ns, is the same value for both. Hence from (Eq. 1), we
obtain "

0 10 20 30 4o 50 e0 70 80 go 100

i,Dm-D_ /;_o,_VDm-Dii,'_ . EmissionCurrent(mA)
-- LoDIII_D VO¢l_b (2) Fig. 8. The scalingmodelandthedata from thesmall test

chamberallowedfor the predictionof Pd for the
DIII-D vessel.The modelshowsgood agreement

Using this relationship we can predict the electron current with the Itri, iii results.
required in DIII-D (shown as a dashed line in Fig. 8.). The
actual results show good a_eement with the predicted values. AcknowJedqment
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