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OPERATION OF COLD-CATHOCE GAUGES IN HIGH MAGNETIC FIELDS 
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Lawrence Livermore National Laboratory 

P. 0. Box 55U. L-634 
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Abstract 

The Mirror Fusion Test F a c i l i t y JMFTF-B), under 
cons t ruc t ion at LLNL, r equ i r e s measurement of the 
neutral gas density in high magnetic f i e l d s near the 
plasma at several axial regions. This Background Gas 
Pressure (BGP) diagnostic will help us understand the 
r o l e of background n e u t r a l s in particle and power 
balance, par t icular ly in the maintenance of the cold 
halo plasma that shields the hot core plasma from the 
returning neutrals [ 1 j . I t consists of several cold-
c a t h o d e , magnetron-type gauges s t r ipped of t h e i r 
permanent nagriels, and u t i l i zes the MFTF-B ambient B-
field in strengths of 5 to 25 *G. Similar gauges have 
operated in TMX-U in B-f ie lds up to 3 KG [ 2 ] , To 
de t e rmine how well the gauges w i l l perform, we 
assembled a test stand which operated magnetron gauges 
in an external, un.form magnetic f ield of up to 30 kG, 
over a pressure range of 1E-8 T tc 1E-5 T, at severa l 
cathode voltages. This paper describes the tes t stand 
and presents the resul ts of the t e s t s . 

"Work performed under the a u s p i c e s of the U.S. 
Department of Energy by the Lawrence Livermore 
N a t i o n a l L a b o r a t o r y u n d e r c o n t r a c t number 
W-7405-ENG-48." 

Introduction 

Past experi ence and recent r e s u l t s on TMX-U have 
showed the importance of dynamic pressure measurements 
close to the plasma. Originally, these measurements 
were made with shielded Bayard-Alpert gauges located 
at the vacuum vessel wall and connected to the warm 
wall plasma region by conductance "chimneys" [1-2] . 

Recently, p ressure measurements with magnetron and 
unshielded Bayard-A.Xpert gauges a l i g n e d wi th t h e 
ambient magnetic f ie ld of TMX-U nearer the plasma were 
successfully used and showed the local pressures to be 
more than an order of magnitude higher than those 
previously measv ?d by the shielded gauges. 

Because of the l a rge s i z e of the MFTF vacuum vessel 
re la t ive to the plasma and higher magnetic f i e l d s , 
n e i t h e r s h i e l d e d Bayard-Alpert ion gauges at the 
vessel wall nor unshielded Bayard-Alpert ion gauges 
near the plasma are very p r a c t i c a l . However, the 
rugged cons t ruc t ion and simpler e l e c t r o n i c s of the 
magnetron and the r e l i a b i l i t y requirements of HFTF-B 
make the magnetron an a t t r a c t i v e a l t e r n a t i v e for 
p res su re measurements near the plasma. ; so, Pickles 
has shown on TMX-U that a properly a l igne magnetron 
wi l l opera te in a uniform 3 kG magnetic "ield with 
approximately 0.5 A/Torr sens i t iv i ty over ti.s 1E-8 to 
1E-5 Torr range. 

To q u a n t i t a t i v e l y a s s e s s the performance of the 
magnetron throughout the MFTF-B operating cora i t lons , 
a t e s t s tand was se t up. The g o a l s of the t e s t 
program were t o : 1) confirm the gauge operation in 
p ressures of 1E-8 Torr t o 1E-4 Torr in uniform 
magnetic f i e l d s up to 30 kG, 2) check gauge current 
l i n e a r i t y , s e n s i t i v i t y , and r e p e a t a b i l i t y as a 
function of p ressure for ex t e rna l uniform magneti« 
fiel'd strengths of up to 30 kG and cathode voltag, s of 
up t o - 5 kV, and 3) e v a l u a t e g a u g e - t o - g . uge 
consistency. 
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Figure J. Magnetron tes t stand arrangement. 



Description of the Magnetron Test Stand 

Figure l shows the test stand arrangement. The gauges 
we tested are Varlan 524, cold-cathode magnetron 
gauges, l ike those used in TMX-U. I t is mounted to a 
ceramic insulator and 2-3/ t ) - inch conflat-type flange 
assembly to accommodate attachment to a small u l t r a ­
high vacuum (UHV) system and maintain e lec t r i ca l 
i so ia t i on . The UHV system is an approximately 
1 - l i t e r , e lectro-pol ished, tainleas steel assembly 
connecting the magnetron to a gas feed plenum, 25 1/s 
ion pumo, a shielded Bayard-Alpert ion gauge, and 
external pump-out port. Care was taken to make the 
conductance from the gas feed and ion pump to both 
gauges approximately equal. Tne ent i re UHV system, 
i nc lud ing Ion pump, i s bakeable to 250 °C, and 
typically has a ra te -o f - r i se of 6.55E-10 T/s arter 
takeout. The system's ultimate pressure with ion p^np 
on is l,5E-9 Torr. The ion gauge is a Varian UHV-24 
dua l - f l lanent , Bayard-Alpert configuration, nude ion 
gauge with 8^1 controller. 

The magnet system is a MCA modsl VYW8060L super­
conducting magnet system loaned f i jm the MFTF-B ECRH 
system. I t is a 5 _ c o l l array with ind iv idua l ly 
controlled and regulated power suppl ies, and has a 
4.25-inch diameter, room temperature, vert ical bore 
centered on i t s ax is . There i s an approximately 
5-inch long region within the bore, where the magnetic 
f i e l d is f l a t , that the magnetron is pos i t i oned . 
Because the Bayard-Alpert gauge is in the fringe f ie ld 
of the MCA magnet system, i t is shielded and in a 
magnetic f ie ld measured to be less than 10 gauss. 

Tne gas plenum is Isolated from the UHV system by a 
manually-operated variable leak valve to regulate the 
rate of pressure rise to the UHV system during a test. 
Though nitrogen was used in earlier tests, deuteriuc 
was used in a l l the data reported in t h i s paper. 
T y p i c a l l y , we found that maintaining the plenum 
pressure In the few 100's of m i l l i t o r r range allowed 
us fine enough control to maintain the UHV system at a 
constant pressure as low as 5E-9 Terr against the ion 
pump. 

To accomnodate the large range of current correspond­
ing to the expected pressure range in MFTF-B, a LLKL 
designed [3] LOG current-to-voltage ampl i f ier based 
upon the Analog Devices 757 chip was prototyped and 
ut i l ized on the test stand. This gives a usable 2 
volt/decade output. I t s 1 nA to 1 mA range proved 
more than adequate for the testing. 

Test Procedures 

The testing procedure was to: 1) set the MCA system 
nagnetlc f ie ld and magnetron cathode voltage, 2) bleed 
deuterium through the variable leak valve, increasing 
the pressure from the UHV system base pressure up to a 
maximum of 1E-4 T, 3) close the variable leak valve, 
l e t t i n g the ion pump reduce the pressure back to the 
base pressure. Data were c o l l e c t e d as p lo ts of 
Bayard-Alpert pressure as a funct ion of magnetron 
current. To study gauge str iking characterist ics, we 
could also set the UHV system to an a r b i t r a r y 
pressure, balancing the variable leak valve throughput 
with the ion pump, and varying the cathode voltage as 
the independent variable from -500 V to -5 kV. Though 
the magnet system could be controlled to within 50 G, 
i t s inductance limited i ts ab i l i ty to be varied during 
a test. 

The LOG I/V amplifier l inearity and response time were 
checked independently several times during the test 
period to assure i t had no effect on the data. I ts 
time response over a 5 decade input is 1.5 ms in rise 
time and 1 ma In f a l l time. The LOG I/V also has 

protection c i rcu i t ry . Several t-*sts were run with and 
without the circui t ry to assure there was no effect on 
the data. 

Test Results 

In general, a magnetron can be ignited and kept l i t in 
uniform magnetic f ields up to 30 kG from pressures of 
approximately 1E-8 T up to approximately 1E-5 T. 
However, i t requires increasing cathode voltages to 
i g n i t e a gauge, and keep i t l i t , with 'ncreasing 
magnetic f ie ld strength ( i . e . , -1 kV at 1 KG and -5 kV 
at 30 kG). Though the magnetron w i l l stay l i t down to 
3E-9 T under certain conditions, i t could not be done 
so r e l i a b l y . Operating at pressures higher than 
1E-5 T was done, but periodically we would experience 
a radical increase in current. This is believed to 
correspond to the high pressure impedance change in 
the gauge referred to by Jepsen [ iJ] . This current 
change occurred at a l l cathode voltages and B-f ie ld 
strengths at pressures of 5E-5 T to 5E-U T at currents 

.o f 6E-6 A to 6E-5 A before the i n s t a l l a t i o n of a 
grounded screen between the ion pump and the UHV 
system and the r e i n s t a l l a t i o n of the magnetron 
ba f f l es . I t was not seen, however, in any of the 
later tests, evn when we were above the current range 
(though the co. responding pressures were an order of 
magnitude lower). 

The magnetron s e n s i t i v i t y ( i . e . , Amperes/Torr) 
increases with .ncrea3ing cathode voltage regardless 
of pressure or nag: ot ic f ie ld strength. Figure 2 is 
an example of th is at 11 kG. Also, the magnetron 
s e n s i t i v i t y decreases with increasing magnetic f ie ld 
strength. Figure 3 exemplif ies th i s for severa l 
B- f ie ld strengths at -5 kV. Sensitivity ranged from 
0.02 A/T to 10.0 A/T throughout the testing. 
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Figure 2. Anode current vs pressure as a function of 
cathode voltage at a uniform B-field of 11 kG. 

Note that though the current/pressure relationship 
does not appear quite l inear as predicted in the 
l i t e ra tu re [ 5 ] , i t is repeatable. Figure U compares 
several pairs of tests at the same condit ions. Note 
tha t the 25 kG/5 kV ca l ib ra t ion curve has higher 
sensit ivi ty than the 18 kG/3 kV calibration curve. 

Jepsen [1 ] predicts a current/pressure hysteresis at 
low pressures rnd currents near the magnetror i r ik ing 
voltage, which we experienced. The locatlo- of this 
hysteresis was found to vary with B-f ie ld strength, 
and for 10 kG, i s evident at about 1E-8 T or below. 
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Figure 3. Anode current vs pressure as a f u n c t i o n o f 
B - f i e l d fo r a cathode voltage of -5 kV. 

f i e l d s t r e n g t h . This has the e f f e c t on the magnetron 
3 e n 3 i t i v i t y of changing i t f r o m d e c r e a s i n g w i t h 
d e c r e a s i n g p ressu re t o be ing c o n s t a n t or s l i g h t l y 
1ncreas ing wl i n d e c r e a s i n g p r e s s u r e . The a x i a l 
B - f i e l d f o r the permanent magnets ranged from about 
800 G to 900 G. 
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Figure 4. T e s t - t o - t e s t r e p e a t a b i l i t y f o r severa l sets 
of operat ing cond i t ions . 

Above the s t r i k i n g reg ion, current /pressure hys teres is 
i s a l s o seen , g e n e r a l l y less than 10 percent (though 
has been seen as g rea t as 70 pe rcen t ) o f the lower 
current value fo r that pressure. This higher pressure 
h y s t e r e s i s i s t e s t - t o - t e s t r e p r o d u c i b l e and n o t 
understood. Figure 5 is an example of t es t data where 
the hysteres is is ev ident . 

A second magnetron gauge was t e s t e d f o r eva luat ing 
gauge-to-gauge r e p e a t a b i l i t y . F i gu re 6 shows t h a t 
though the c u r r e n t vs pressure curves fo r the gauges 
w i th t h e i r own magnet d i f f e r by more than a decade, 
g o i n g t o h i g h e r , un i fo rm magnet ic f i e l d s t r e n g t h s 
reduces t h i s d i f f e r e n c e c o n s i d e r a b l y . S t i l l , i t 
appears t h a t i n d i v i d u a l gauge c a l i b r a t i o n s w i l l be 
unavoidable. Note a s i g n i f i c a n t d i f f e r e n c e i n s lope 
be tween t h t c u r r e n t / p r e s s u r e curves f o r a g iven 
magnetron when i t i s run wi th i t s own permanent magnet 
( i . e . , w i t h a symmetr ic , but nonuni form B - f i e l d ) 
r a t h e r than a symmet r i c , u n i f o r m 3 - f i e l d . T h i s 
apparent " r o t a t i o n " of c a l i b r a t i o n curves seems to 
occur for a l l uniform magnetic f i e l d s , independent o f 
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F i g u r e 6 . A c o m p a r i s o n o f gai. j e - t o - g a u g e 
r e p e a t a b i l i t y between the magnetron w i t h i t s own 
magnet and h igher , e x t e r n a l , uni form magnetic f i e l d s . 

Because the gauge i s c a l i b r a t e d on a t e s t stand and 
then i n s t a l l e d I n t o the MFTF-B a t a i r , a change i n 
c a l i b r a t i o n w i th c lean l iness i s of concern. Figure 7 
shows the d i f f e r e n c e i n c a l i b r a t i o n o f a magnetron 
which has been baked-out and subsequently exposed to 
a i r . Note that the c a l i b r a t i o n curves i n c r e a s i n g l y 
d i v e r g e be low 1E-6 T, where bakeout reduces the 
s e n s i t i v i t y of the magnet ron . From o t h e r t e s t s , i t 
a p p e a r s t h a t t h e e f f e c t o f b a k e - o u t on gauge 
s e n s i t i v i t y i s m i t i g a t e d w i t h i n c r e a s i n g c a t h o d e 
voltage and increasing magnetic f i e l d s t reng ths . 

As noted e a r l i e r , a grounded screen was placed between 
the i on pump and the UHV sys tem, and the magnetron 
ba f f l es were r e i n s t a l l e d . Besides e l i m i n a t i n g the 
h i g h p ressure anode current change noted e a r l i e r , i t 
a lso reduced tho l eve l of " s p i k i n g " seen I n the anode 
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Figure 7. C a l i b r a t i o n curves f o r a magnetron in a 
uniform B - f i e l d of 11 KG at -3 kV cathode v o l t a g e t 

comparing bake-out (T161) w i th exposure to a i r (T196). 
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current by three orders o f magni tude. Th is s p i k i n g 
appears as a rap id reduct ion (50-200 Hz) of the gauge 
cur ren t , i n c r e a s i n g i n f requency and amp l i tude and 
decreas ing i n pu lse l eng th , w i th increasing pressure 
and cathode vo l tage. The " s p i k i n g " r e q u i r e d 3 5 H2 
low pass f i l t e r on the chart recorder input throughout 
a l l of the t e s t i n g . Care was taken to keep the t ime 
r a t e - o f - c h a n g e s u f f i c i e n t l y slow to not have the RC 
c i r c u i t a f fec t the data. Though not unde rs tood , the 
e f f e c t of t n i s " s p i k i n g " on gauge c a l i b r a t i o n i s most 
pronounced below 1E-8 T at high cathode vo l tages and 
above 1E-6 T above 25 kG and at high cathode vol tages. 

Conclusions 

I t appears that the cold-cathode magnetron can be made 
t o operate r e l i a b l y over a broad band of p ressu res , 
magnet ic f i e l d s t r e n g t h s , and cathode voltages w i th 
adequate s e n s i t i v i t y and r e p e a t a b i l i t y to be useful as 
t he BGP d i a g n o s t i c i n MFTF-B. C u r r e n t / p r e s s u r e 
hysteresis and current " s p i k i n g " have been seen, and 
t h e i r p resence w i l l l i m i t the accuracy and t ime 
response of the measurement. The cause o f t h e s e 
phenomena i s not yet understood. The magnetron w i l l 
be f i e l d t e s t e d i n MFTF-B d u r i n g i t s e n g i n e e r i n g 
acceptance t e s t i n g t h i s f a l l . 
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