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1. Simplified schematic of Plasma Coupling process under conditions

where excessive currents are being demanded and a double sheath region

develops with attendant high voltage drops. This condition should be

avoided by designing the plasma source (plasma contactor) so it produces

adequate plasma. The key to high plasma densities is a high ion produc-

tion rate.

2. Plasma contactor performance objectives - This transparency should

be self-explanatory.

3. The basic elements of the hollow cathode are shown. Electrons are

drawn from the insert by field-enhanced thermionic emission and from the

bulk plasma by multistep ionization processes. The bulk plasma is sus-

tained by the expellant gas flow through the cathode tube and orifice

plate in the presence of the electrical discharge between the cathode

insert and anode. Electrons escape from the cathode interior through the

orifice; ions are drawn to the insert and orifice place surfaces where

they deposite energy, heating these surfaces. Some ions are produced

downstream of the orifice as a result of electron collisions with neutral

atoms close to the orifice. Electron or ion currents (J ) can be drawn
6

from this plasma downstream of the orifice to a plasma further downstream

of the hollow cathode assembly on demand and depending upon the cathode

to downstream plasma potential difference. For present tests a 0.6 cm

diameter cathode with 0.6 mm diameter orifice was used.

4. In order to augment the production of ions the hollow cathode based

plasma source was designed and built. Key features of this device are:

o a hollow cathode

o an anode moved downstream from the location used for the basic

hollow cathode

o an enclosure that confines the neutral gas

483



6 ̂  & 8 *S * ̂ 8 ̂

o a reverse feed expellant flow plenum

o a ring cusp magnetic field configuration

For the test results presented the basic hollow cathode and the hollow

cathode based plasma source used an identical hollow cathode.

5. The ion filings map for the hollow cathode based plasma source.

The magnetic field is used to confine ions and electrons and thereby

improve ion production performance.

6. The mechanical schematic of the system being used to study the ion

and emission characteristics of the hollow cathode (shown) or the hollow

cathode based plasma source.

7. The system used to supply power and make electrical measurements in

this experiment. The anode supply shown supplies the discharge power.

The tank supply is used to bias the hollow cathode or hollow cathode

based power source relative to the vacuum tank so ion or electron

currents can be drawn to the tank.

8. Typical comparison of the ion/electron emission characteristics of

the two devices. The power cited is the discharge power. Either device

produces high electron emission currents at modest collector bias

conditions. (This situation was observed at all discharge power and

expellant flow rate conditions with either argon or xenon expellants.)

The hollow cathode based plasma source is a much more effective ion

producer than the hollow cathode. The ion current tends to level off at

what will be called the ion production rate at sufficiently negative

potentials (~ - 30 V for the case shown). The term SCCM means standard

cubic centimeters/minute.

9. The effects of discharge power and expellant flow are shown. Ion

production rates are over an order of magnitude better for the hollow

cathode based plasma source than for the basic hollow cathode. The

hollow cathode based plasma source operates better (more efficiently)

when the bulk of the expellant is fed through the main flow plenum.
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10. When argon is used in place of xenon in either device, the

performance of that device is degraded.

11. Expellant utilization (fraction of input expellant that leaves the

source in an ionized state) vs. the energy cost of a plasma ion that

escapes the source is a typical plot that characterizes ion production

performance. These curves also show the hollow cathode based plasma

source is a much more efficient ion source than the hollow cathode itself

for the case of xenon expellant.

12. When argon is used the hollow cathode based plasma source again

shows substantially better performance than the basic hollow cathode.

13. A broadly defined performance comparison of the hollow cathode and

hollow cathode based plasma source based on the experiments reported is

given. This comparison is based on performance goals cited in 2. The

comparison suggests substantial gains in ion production capability for

the hollow cathode based plasma source for a very modest increase in ion

source complexity.

485



o
 
<

ID 
2

CD 
in

I
-
 
Q
J
 

Q
J

<
 
U
J
 O

-
I
 
C
L
 

C
j

UJ
 
Z
 
Q
.

CC
 
3
 
C
O

. 
.
 •
 

Q
. 

• ' ' 
uj

-
 

*
 

.
 

»

' • . 
i

• • 
_jUJ

' 
• 

o
. 

• 
• • 

on<T".4—o
. 

•' 
• ' 

ui
• 
'
 .
 .
 
o

• 
' 

<
• 

• 
a;

'
•
•
.
.
'
•
.
'
 
w

•*̂
*

Xi-<UJXCOU
J_!
CDz>Q

N̂
.

• '
 •
 '
 
^V

l:-:-.v\
o
 

.
.
.
 

•
 •
 •
 
A

U
J
 
'
 -
 
.
 
.
 
'
 
-
 
\

cr 
'
.
.
.
.
' 

.'\
.

•
 

•
 

•
 
*

* 
.
 

*
 

.
 •

• 
• 

• 
» 

« 
•
 

f

cus-301

C
O<

486



COLUUU
J

maLJua:aLL.
C

£
LUC

L

a:ou<auCO<

TY WITH SHUTTLE/SCIENCE

i— i
_j•— i
m1—1
h-<CL:Eaui—z<_
i

_jLUC
L

XLU

ION CAPABILITY

i—u13aaa:C
Lzaa:»—cjLU_jLUXLDi—
 i

X

APABILITY

uza•—i
i—uIDaaccC

L

za»— i
XLDi—

 i
X

STARTING AND OPERATION)

a:aLu«^y

>
-

1
-

_
l

H
H

m<»— *
_
i

LUC
£

XLDi—
 i

X

_
J
act:
H

-
~
7
aLJ2^ai— i
LOLOt—

 i
•SL
LULU>•—

 i
LOLO<C

L

(BETWEEN ION/ELECTRON EMISSION)

>-t—»— *
_

j
»— \
CD<C

L<
Ua:LU>axuh-1—

1
3
:

LO

ENERGIES

zaa:j-LJ
LU_
l

LUaz<zai— i
3
:

a_
i

LOLO<^L3LLUH
-

LO>
-

LO3sa_j

LUH
-

<C
£

ai— i
»—a
.Z^3LOZaui—z<_
i

_
i

LUCLXLU2sa_
i

za»—i
i—C

L21
IDLOZauC

£
LU3
:

aC
L

3=a_
i

>-i—»—i
_jH

- 1

CD<Q
_
<C

J

C
L

ID1—a:<H-LOat— i
D

_<
cn

>-i—H
-l

Ut—
 I

_JQ
_

t—
 i

LO

1—LOau•SL
LU1—tn>-LO3ea_
i

C
M<ui.3C
D

Q
_

487



X-ae—
~

f^.
LJc->f)<•*

L
'J 

"
o
 

£
O

 
=»

oo_J_Jo

488



QU
J

C/3
<

 L
U

CD

<US
-

0_
l

_
l

O

489



03S_

490



Ein

E(0

I-

ao

s-o

f-zLJ2o:LJCLXLJo:oH-O<z:oo<2CO<_JQ.o:ou.oILJXoCO_J<oIoUJ

10O
)

3CT)

ooX

491



t-2LJCCLJQ.
XLJo:oHo.ooGO<_JQ.ccou.otooocI-oLJ_lLJ

O
)

S-cn

492
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