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The AGS Cold Cathode Gauge System 

I. Introduction 

Two types of cold cathode vacuum gauges are used ex tens ive ly  
around t h e  AGS vacuum system, t h e  Penning type from CVC* and t h e  newly 
i n s t a l l e d  inver ted  magnetron type from Balzers .  Both types w i l l  be 
powered and monitored by t h e  Balzers  con t ro l  boards i n  t h e  new vacuum 
ins t rumenta t ion  system. 
t h e s e  cold cathode gauges are the  sub jec t s  of t h i s  t echn ica l  note .  

** 

The behavior and the  measuring accuracy of  

11. System Description 

One CVC tube was i n s t a l l e d  a t  every r i n g  vacuum s e c t o r  during t h e  
summers of 1982 and 1983 f o r  vacuum monitoring. These gauges are read 
ou t  manually a t  t h e  RF house through CVC c o n t r o l l e r s .  
t r i n i s c  c h a r a c t e r i s t i c s  of Penning d ischarge  and the  ring-shaped anode 
design,  t h e  low l i m i t  of t h e  measurements is  about 5 x Torr .  
These Penning tubes w i l l  be obso le t e  when the  present  vacuum i s  f u r t h e r  
improved t o  below 1 x Torr .  The Balzers  tubes ,  based on t h e  in- 
ve r t ed  magnetron p r i n c i p l e ,  have been i n s t a l l e d  i n  the  r i n g  s ince  1986. 
These tubes are capable of measuring down t o  10-l' Torr range. 
present  plan c a l l s  f o r  i n s t a l l i n g  one Balzers  tube per vacuum s e c t o r .  
The e x i s t i n g  CVC tubes w i l l  be moved t o  t h e  s e c t o r  roughing s t a t i o n s  
which are t y p i c a l l y  operated from atmosphere t o  Torr.  

Due t o  t h e  in- 

The 

The gauge con t ro l  boards from Balzers  have been s e l e c t e d  t o  power 
both types of gauge tubes and read vacuum down t o  lo-' Torr  ( N  nA dis -  
charge c u r r e n t )  range. 
cover the  r i n g  and the  HEBTs. Up t o  12 boards w i l l  be housed i n  one 
c r a t e ,  and two o r  t h r e e  c r a t e s  w i l l  be loca ted  a t  each con t ro l  house. 
To minimize c ros s  t a l k s  ( leakage c u r r e n t )  between boards,  each board 

A t o t a l  of 64 Balzers  boards are needed t o  

* 
** GPH-001 Penning gauge tube from CVC Products ,  Inc . ,  Rochester,  NY. 

IKR 020 Inver ted  Magnetron from Balzers ,  L ich tens t e in .  
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w i l l  be powered by an individual  mother board. 
gram of the  cold cathode gauge system i s  shown i n  Fig. l ( a ) .  These 
Balzers boards w i l l  be ac t iva ted  and inter locked through the P i r an i  
gauges (Convectron type from Granvi l le-Phi l l ips)  i n  the  aux i l i a ry  con- 
t r o l  chass i s .  The analog output s igna l s  from Balzers w i l l  be used t o  
in t e r lock  the  ion pumps, the  sec to r  valves and the  roughing pumps/- 
i s o l a t i o n  valves .  

A schematic block dia-  

111. The Calibration of the Boards and the Tubes 

The vacuum leve l  i s  monitored through the  analog out u t  of t h e  
Balzers boards. I n  the  lower pressure range (P < 2 x 10- Torr) ,  t h e  
pressure-dependent discharge cur ren t  i s  measured with a logarithmic 
amplif ier  (LogAmp). In t he  upper pressure range (P > 2 x Torr ) ,  
the  board l i m i t s  the  discharge cur ren t  t o  100 Wi and the discharge 
vol tage becomes a funct ion of pressure.  This discharge vol tage ,  a f t e r  
cor rec t ion  with an ac t ive  diode-resis tor  network, and the  addi t ion  of 
t h e  LogAmp output,  i s  added up i n  a summing ampl i f ie r  t o  give the  ana- 
log output.  A s impl i f ied  layout of t he  Balzers board is  shown i n  Fig.  
l ( b ) .  

9 

To ensure accurate  vacuum measurements i n  t h i s  vacuum gauge sys- 
tem, the  following parameters have t o  be known: 

the  l i n e a r i t y  and consistency of the  analog output i n  r e l a -  
t i o n  t o  discharge current  and vol tage 

the  behavior of both types of tubes while powered by the  
Balzers boards 

the  c a l i b r a t i o n  of tubes and boards against  pressure a s  mea- 
sured by a reference vacuum gauge. 

In one inves t iga t ion ,  the  analog output of the  Balzers boards was 
measured a t  d i f f e r e n t  discharge cur ren ts  and vol tages  using the  setup 
shown i n  Fig. 2 .  In the  other  s tud ie s ,  the  gauge tubes were mounted on 
a vacuum chamber evacuated by the  combination of a turbopump and an ion 
pump. Both CVC and Balzers tubes were measured against  a Bayard-Alpert 
i on iza t ion  gauge or  a P i r an i  gauge ( f o r  > Torr range). A va r i ab le  
leak valve was used t o  achieve the desired pressure between lo-’ Torr 
and Torr.  A schematic of the  setup i n  shown i n  Fig.  3. 

To derive the  numerical r e l a t i o n s  between the  cu r ren t ,  the  vo l t -  
age, the  pressure and the  analog output,  the  da ta  a re  f i t t e d  t o  f i r s t  
and/or second-order polynomials using POLYMATH, a multi-regression 
curve f i t t i n g  program running on a PC. 
explained i n  the  following sec t ions .  

The r e s u l t s  a r e  summarized and 
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A. Analog Voltage V v s  Discharge Current I and High Voltage P 

The Balzers board l i m i t s  the  maximum discharge t o  100 PA 
and/or 3.3 KV as  shown i n  Pig. 4, for  t yp ica l  measurements 
of discharge vol tage and cur ren t  versus  pressure.  A t  pres- 
sure  lower than ,., 2 x Torr,  the  analog output i s  l i n e a r  
t o  the  Log(I) ,  as  shown i n  Fig. 5. A best  f i t  of the  mea- 
sured V vs  Log(1) of 14 Balzers boards gives 

V = 0.71 f 1.34 * Log(I) (1) 

here  I i s  i n  nA. 

A t  higher  pressure,  the  discharge cur ren t  topped t o  100 PA 
and the  analog output vol tage from the  summing ampl i f ie r  
becomes a funct ion of discharge vol tage as given by the  f o l -  
lowing r e l a t ions :  

V = 9.1 - 0.63 * P fo r  7.3 < V < 8.3 
V = 11.5 - 2.9 * 1-1 fo r  8.5 < V < 10 

here  P i s  i n  k i l o v o l t .  

B. V versus  P 

To have accurate  vacuum measurement, the  co r re l a t ion  between 
t h e  t r u e  vacuum l e v e l  and the  analog output has t o  be known. 
Here we have used a Bayard-Alpert type ion iza t ion  gauge (BA 
gauge) a s  our reference gauge t o  c a l i b r a t e  both the  CVC and 
the  Balzers tubes.  The resul ts  a r e  summarized i n  Figures 6 
t o  9 and explained below. 

The readings of the  Balzers tubes i s  l i n e a r l y  proport ional  t o  
t h a t  of the  BA gauge from 
shown i n  Figures 6 and 8,  and can be expressed by 

Torr down t o  10'' Torr,  as 

Log P(Torr) = 0.64 * V - 9.5 (2)  

A previous measurement a t  prototype HITL even gave l i n e a r  
co r re l a t ion  down t o  low 10-l' Torr. Similar  r e s u l t s  were 
a l s o  obtained a t  CERN-SPS vacuum system. A t  Torr range, 
t he  pressure ca lcu la ted  by Eq. (2) w i l l  be lower than the  
r e a l  pressure.  
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The behavior of the  CVC tubes with Balzers boards i s  l e s s  
than t o  be desired.  The pressure-independent leakage of 
about 100 nA makes them use less  for  measuring vacuum below 5 
x Torr.  A t  Torr range, the  discharge vol tage does 
not decrease monotonously. Instead,  it increases  with in- 
creasing pressure around 1.5 x Torr ( see  Figures 4 and 
7 ) .  
One p laus ib le  explanat ion i s  the  space-charge d i s t o r t i o n  of 
t h e  e l e c t r i c  f i e l d  around the  ring-shaped anode. More de- 
t a i l e d  inves t iga t ion  is  required t o  understand t h i s  phenom- 
enon. Two second-order polynomial funct ions (Fig. 9 )  a re  
required t o  give a reasonable f i t  (with a var iance l e s s  than 
1 x 
up t o  1 x Torr.  However, accuracy of 50% over t o  
1 x loe4 Torr s t i l l  can be achieved by j u s t  using Eq. (2). 
Since the  CVC tubes w i l l  be mostly used a t  t he  roughing s ta -  
t i ons  during pumpdown, t h e i r  accuracy i s  l e s s  c r i t i c a l .  

The exact mechanism of t h i s  phenomenon i s  not c l e a r .  

of the  BA gauge readings versus  the  analog output 

IV. Summary 

The following parameters a r e  e s s e n t i a l  t o  the  successful  implemen- 
t a t i o n  of our new vacuum gauge system: 

1. A system using Balzers boards can cont ro l  severa l  d i f f e r e n t  
types of tubes and s t i l l  give r e l a t i v e  accurate  readings i n  
the  appl icable  pressure range, i . e . ,  CVC tube a t  t o  1 x 

A l l  the  boards w i l l  be ca l ib ra t ed  and adjusted according t o  
Eq. (1) .  

Torr range, and Balzers tubes a t  10'' t o  Torr range. 

2. The pressure measured by the  Balzers tube-Balzers board com- 
b ina t ion  can be expressed by Eq. (2). 

3 .  No f i r s t  order  equation can give accurate  readings t o  CVC 
tube-Balzers board combination over loe7 t o  10'' Torr range. 
However, by using Eq. (21, accuracy within 50% can be ob- 
ta ined  between Torr and 1 x Torr. The o ther  opt ion 
i s  t o  use the  formula shown i n  Fig.  9, which w i l l  give b e t t e r  
accuracy over d i f f e r e n t  pressure ranges. 

4.  The ove ra l l  accuracy of the new cold cathode gauge system i s  
estimated t o  be wi th in  a f a c t o r  of two. The following a r e  
the  major cont r ibu t ing  f ac to r s :  

a .  the  c a l i b r a t i o n  of the  Balzers boards. 

b. the  ca l cu la t ion  of pressure using Eq. (2) fo r  both types 
of tubes.  
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c .  the leaking current  of RG59 cables  which i s  about 0.5 nA 
f o r  a length of 800' .  

d. the  v a r i a t i o n  among gauge tubes and leakage in s ide  t h e  
tubes which i s  about 100 nA fo r  CVC tubes and less than 
0.2 nA f o r  Balzers tubes.  

e. the  diminishing of discharge cur ren t  due t o  contamina- 
t i o n  and aging. 
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Q.  6 
COLD CATt-{ODE TUBE CALIRI3AA;TION 
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COLD CATHODE TUBE CALIBRATION 
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