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p
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S
p

ecificatio
n

s:

•
5 m

eter (198
”) diam

eter, 3 m
high, elevated off cham

ber floor

•
11.5 T
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•
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orr base pressure
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)
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 0
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uasi-neutral region;
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T
h

e G
D

C
 P

ro
cess

•G
as and V

acuum
 pum

ping
system

s:

•V
essel pum

ped dow
n to

~
10

-3 T
orr

•G
as pum

ping system
introduces H

 or H
e gas

into vessel

•G
low

 initiated Æ
im

purities liberated from
vessel w

alls

•C
ontinual pum

ping
rem

oves liberated
im

purities from
 vessel



Im
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rtan

ce o
f G

D
C

 fo
r L

D
X

•
LD

X
 requires pure

hydrogenic plasm
a

Æ
experim

ental objective is
to exam

ine lim
its of

stability in high pressure
(high b) plasm

as

•
Large volum

e of plasm
a

and lim
ited pow

er
availability

•
Im

purities on the interior of
LD

X
 vessel w

all (such as
oxygen, nitrogen, etc.)
ejected into confined
plasm

a by plasm
a and

neutral bom
bardm

ent

•
E

jected atom
s radiate

pow
er, causing the plasm

a
to cool

•
Im

purities can dissipate
pow

er enough to severely
low

er confined plasm
a

pressure

•
T

hus, LD
X

 vessel m
ust be

free of im
purities to obtain

experim
ental objective!



G
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C
 A

n
o

d
e P

ro
b

e
•

G
D

C
 anode probe enters and retracts from

m
ain vessel via m

ounting system
 connected

to pre-existing flange on vessel

•
P

robe attached to rigid, insulated stainless
steel rod

•
E

nd of rod outside vessel connects to full
nipple flange

•
V

acuum
-operated bellow

s encloses rod
betw

een exterior of vessel and full nipple
flange

F
ilam

en
t

en
try

A
n
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d
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p
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b

e
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G
D

C
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lan
g
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G
D

C
 A

n
o

d
e P

ro
b

e

A
n

o
d

e S
u

p
p

o
rt S

h
aft

•
B

iggest concern in design:
arcing!

•
S

haft design takes into careful
account possibility of arcing

•
1/8

” copper conductor shielded
w

ith 1/4
” O

D
 alum

ina tube

•
3/4

” O
D

 stainless steel m
ain

support rod shielded w
ith

1”O
D

, 40
” long alum

ina tube

•
S

teel rod is w
elded to a blank

flange at low
er end

•
S

haft housed in bellow
sÆ

m
echanism

 for insertion and
retraction of G

D
C

 probe
•V

iew
 of shaft upper end-- w

ill go inside probe

•P
rovides pow

er to anode via copper w
ire-

copper w
ire is attached to the inside of anode

•S
tainless steel anode inserted into

vacuum
 vessel for G

D
C
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e A
n

o
d

e P
ro

b
e

•
K

ey to
 in

sid
e o

f p
ro

b
e is b

o
ro

n
n

itrid
e cylin

d
er

•
C

ylin
d

er p
ro

vid
es in

su
lated
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in

atio
n

 p
o

in
ts fo

r all sh
aft

co
m

p
o

n
en

ts
•

1/8” co
p

p
er co

n
d

u
cto

r exits to
p

 o
f

cylin
d

er an
d
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ed

 to
 in
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e o

f
steel p

ro
b

e
•

B
N
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d

er is su
p

p
o

rted
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e
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h

erical an
o

d
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w
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d
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B
o
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n

 N
itrid
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d
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C
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n
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o
d
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ro

b
e

S
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less S
teel

H
o
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w

 S
p
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S
et screw

C
o

p
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er co
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d
u

cto
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A
n

o
d

e P
o

w
er S

u
p

p
ly

•
10.5

” H
 x 19

” W
 x 19” D

rack m
ount supply

•
O

utput:
–

800V
 D

C

–
U

p to 7.5 A

•
F

loating ground isolates
pow

er supply from
 chassis

ground

•
S

elected for high current
output, rem

ote operation
capability, and front
console design

•M
anufactured by

S
pellm

an H
V

, O
ct. 2002

12 kW
 P

ow
er S

upply



P
o

w
er T

ran
sfer C

o
n

n
ectio

n

F
ull

N
ipple

F
lange

M
ain S

teel S
upport R

od
com

ing dow
n from

 anode

1/4” alum
ina

C
opper conductor

from
 anode

C
opper from

feedthrough

Insulation from
feedthrough

C
opper connector

tube

A
lum

ina
encasing entire

connection

•1/8
” copper conductor

attached internally to
anode m

ust m
ake solid

connection w
ith pow

er
supply

•V
ery high risk of arcing

inside full nipple
flange

Æ
 m

any regions
w

here ‘line of site’
betw

een copper and
other m

etals could
cause arcing and effect
discharge



P
rein

o
izatio

n
 F

ilam
en

t

175 V
A

V
A

R
IA

C

D
C

 B
ias P

ow
er

S
upply

O
utput:
300V

, up to
30m

A
6V

, 24A

F
ilam

ent
T

ransform
er

Isolation
T

ransform
er

T
o F

ilam
ent

115V
 A

C
 in

115V
 A

C
 in

Lighted fuse holder w
ith

2A
 fuse

Lighted fuse holder w
ith

.1A
 fuse

O
n/O

ff
toggle
sw

itch

G
N

D

P
o

w
er tran

sfer system
 to

 F
ilam

en
t

B
ias P

ow
er S

upply and T
ungsten

F
ilam

ent

•B
iased tungsten

filam
ent inserted near

anode

•A
ids in glow

 discharge
by providing added
electron source

•A
lso useful for

illum
inating inside of

vacuum
 vessel



G
D

C
 O

p
eratio

n
 P

lan

•
P

reionization filam
ent m

ay
not be used in first G

D
C

plasm
as in order to test

only anode and high-
voltage pow

er supply

•
V

ery long period of glow
discharge w

ill run before
first LD

X
 plasm

as to
thoroughly clean vessel

•
G

D
C

 w
ill use hydrogen

gas and then a shorter
period of helium

 gas

•
C

urrently do not have Z
-

detector to m
onitor w

hat
is rem

oved from
 vessel

during G
D

C

•
D

o have 2-pi bolom
eter

(photodiode w
ith green

filter)

•
T

his w
ill be used to

assess G
D

C



G
D

C
 O

p
eratio

n
 P

lan

•
R

esidual G
as A

nalyzer
(R

G
A

) w
ill m

onitor vacuum
conditions betw

een
plasm

a shots

•
O

ption to run G
D

C
betw

een shots w
ill be

determ
ined by vacuum

conditions as indicated by
R

G
A

•
G

D
C

 w
ill run for

approxim
ately 7 hours total

in betw
een run days

•
G

D
C

 operates at
pressure ~

10
-3 T

orr

•
F

uture G
oal:

–
W

ould like to autom
ate

G
D

C
 system

 in the future-
anode pow

er supply is
capable of rem

ote
operation

–
T

his w
ould also require

m
odifications to gas and

pressure system
s



C
o

n
clu

sio
n

s

•
G

D
C

 uses unconfined plasm
a to rem

ove
im

purities from
 inside of LD

X
 vacuum

 vessel
•

R
em

oval of im
purities essential for LD

X
experim

ent
•

G
D

C
 design based on pre-existing flanges in

LD
X

 vessel
•

Largest issue in design w
as to avoid arcing

•
G

D
C

 first plasm
as expected in D

ecem
ber

2002!
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