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SOME ERRORS I N  GAUGE CALIBRATION 

In t roduc t ion  

This  i n v e s t i g a t i o n  i s  concerned wi th  t h e  experimental  e r r o r  i n  gauge 

c a l i b r a t i o n  caused by gas  flow w i t h i n  and i n t o  vacuum systems. 

The c a l i b r a t i o n  technique f i r s t  used included t h e  " v a r i a b l e  volume 

1 

1 2  

technique" t o  determine "Q", t h e  gas flow rate, and t h e  " l i m i t i n g  o r i f i c e  

technique" ' t o  determine "S", t h e  pumping speed a t  t h e  p lane  of t h e  gauges 

Eo - be c a l i b r a t e d .  Because of e a r l y - d i f f i c u l t i e s  i n  a c c u r a t e l y  measuring 

small flow rates, t h e  f u l l  pumping speed of t h e  vacuum system w a s  measured 

without  a n  o r i f i c e  by t h e  "rate of r ise  of p re s su re  technique.  'I3 

higher  pumping speed allowed t h e  use  of  a correspondingly h ighe r  gas flow 

r a t e  t h a t  could be more a c c u r a t e l y  measured. 

technique" w a s  i nves t iga t ed  t o  determine i f  it was a s u i t a b l e  method t o  

c a l i b r a t e  gauges and t h a t  i n v e s t i g a t i o n  forms t h e  b a s i s  f o r  t h i s  paper .  

The 

The "rate of  r ise  of  p re s su re  

There were two major problems. F i r s t ,  t h e  experimental  methods f o r  

measuring t'S" had t o  be s tud ied  so t h a t  c o n s i s t e n t  and a c c u r a t e  d a t a  could 

be  recorded. Second, when t h e  speeds as exper imenta l ly  determined by t h e  

"rate of  r i se  technique" were compared t o  t h e  speeds c a l c u l a t e d  by t h e  

* 
Work done a t  Veeco Instruments  Inc. ,  Plainview, New Pork. 
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" l i m i t i n g  o r i f i c e  technique," t h e r e  w a s  s e r i o u s  disagreement.  

When t h e  gauge f a c t o r s  f o r  n i t rogen ,  helium and oxygen re la t ive t o  

argon are compared t o  t h e  l i t e r a t u r e ,  good agreement i s  obta ined  by t h e  

"rate of r ise  technique" and by t h e  " l i m i t i n g  o r i f i c e  technique." 

t h e  a b s o l u t e  gauge f a c t o r  as -de termined  by each method can d i f f e r  by as  

much as 16%, a number much g r e a t e r  than t h e  expected a b s o l u t e  accuracy of 

each technique . 
Experimenta 1 

However, 

The vacuum system used i s  shown schemat ica l ly  i n  F ig .  1. It c o n s i s t s  

o f  a s tandard  6-in. o i l  d i f f u s i o n  pumped system wi th  o r  without  a l i m i t i n g  

o r i f i c e ,  c a l i b r a t i o n  dome, and gas  meter ing system. 

A b a s i c  v a r i a b l e  volume "Q" measuring device  and a s s o c i a t e d  formulae 

are shown i n  F ig .  2.  

The problem a s s o c i a t e d  wi th  t h e  measurement of l eak  rates by t h e  

"va r i ab le  volume technique" below 1 x lom4 t o r r  &/sec i s  not due t o  e r r o r  

i n  measuring small volume changes, bu t  r a t h e r  t o  t h e  e f f e c t s  of atmospheric 

p re s su re  and temperature  on t h e  volume and gas p re s su re  i n  t h e  "Q" measuring 

device.  

The e f f e c t s  of changes i n  atmospheric p re s su re  may be  t r ansmi t t ed  

through small leaks i n  t h e  "Q" device .  

and sea l ed .  

These leaks can, of course,  be  found 

0 By f a r ,  t h e  most p e r s i s t e n t  e r r o r  i s  caused by small (less than  1 K) 

changes i n  ambient temperature .  

For example, t h e  colume change necessary t o  measure a leak rate of 

-5 1 x lom5 t o r r  &/sec over a ten-minute i n t e r v a l  i s  about 1 x 10 4,. 

The "Q" device  shown i n  F ig .  2 has  a leak and r e fe rence  volume of about 

I f ,  dur ing  t h e  ten-minute test  i n t e r v a l ,  a l / l O O ° K  temper- .03 l i t e rs  each. 

a t u r e  d i f f e r e n t i a l  develops between t h e  l eak  and r e fe rence  volume, it w i l l  
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-6  
cause  a d i f f e r e n t i a l  volume change of 1 x 10 4. This  i s  enough t o  cause 

a 10% e r r o r  i n  a "Q" measurement of 1 x A l a r g e r  l eak  o r  

r e fe rence  volume w i l l  cause a correspondingly l a r g e r  e r r o r .  

a t o r r  4/sec. 

A suggested method t o  overcome t h i s  problem i s  t o  reduce t h e  p re s su re  

i n  t h e  "Q" manifold s o  t h a t  a p r o p o r t i o n a l l y  l a r g e r  volume change can be 

measured f o r  t h e  same leak rate. This  can, of course,  be  done. However, it 

means t h a t  an  a b s o l u t e  gauge has  t o  be a t t ached  t o  t h e  "Q" manifold,  and a 

more s o p h i s t i c a t e d  d i f f e r e n t i a l  manometer and leak va lve  have t o  be used. 

These devices  are usua l ly  a t t ached  t o  t h e  "Q" device  wi th  tubing,  and i n  t h e  

end t h i s  extra tubing  j u s t  serves t o  amplify any e r r o r  caused by temperature  

d i f f e r e n t i a l s .  Most important t h e  ion  gauges cannot be s t a b i l i z e d  because 

t h e  tes t  gas  p re s su re  i s  cont inuous ly  changing due t o  low p res su re  and volume 

of "Q" device.  What appears  t o  happen i n  t h i s  c a s e  i s  t h a t  a complicated 

device  i s  cons t ruc ted  whose accuracy can be s e r i o u s l y  quest ioned.  

An i d e a l  device  would be one t h a t  i s  small and made from a s o l i d  block 

of m e t a l  o f  h igh  h e a t  conduc t iv i ty  wi th  a minimal of  appendages. 

A "Q" device  h a s  been f a b r i c a t e d  f o r  t h e s e  tes ts  from a s o l i d  block o f  

aluminum and it has  been c o n s i s t e n t  i n  measuring leaks of  1 x 

t o  b e t t e r  t han  1%. 

t o r r  &/sec 

The ra te  of r ise of p re s su re  technique t o  measure pumping speed i s  

use fu l  wi th  any c a l i b r a t i o n  system t h a t  h a s  a va lve  above t h e  pumps and can 

reach a n  u l t i m a t e  i n  t h e  low 10 t o r r  scale. The schematic of a system 

t h a t  can use  t h i s  technique i s  shown i n  F ig .  3 along wi th  t h e  a s s o c i a t e d  

formula. 

-8 

- 7  The equ i l ib r ium gauge reading  i s  usua l ly  set  h igh  on t h e  10 scale 

when no o r i f i c e  i s  used so t h a t  a measurable rate of change through t h e  mid 

-6  scale can be recorded. The ra te  of  change through t h e  10 scale i s  

much t o o  f a s t  t o  make an  a c c u r a t e  reading .  
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The main advantages of  t h i s  technique t o  measure, "S", are i t  uses  

t h e  f u l l  pumping speed of  t h e  vacuum system t o  exper imenta l ly  measure t h e  

pumping speed a t  t h e  p lane  of each gauge t o  be  c a l i b r a t e d ,  i s  independent 

of  gas  spec ie s  and t h e  gauge f a c t o r .  

Before showing t h e  r e s u l t s  of t h e  speed runs,  t h e  vacuum technique used 

w i l l  be  b r i e f l y  descr ibed:  

0 1. The gauges and dome were baked out  a t  125 C f o r  8 hours .  

2. Af t e r  bakeout, l i q u i d  n i t rogen  was added t o  t h e  t r a p  and t h e  gauges 

I R outgassed a t  t h e  system's base  p re s su re  f o r  15 minutes.  

The gauges were s t a b i l i z e d  wi th  t h e  test  gas  a t  a p res su re  of 4 x 10 

t o r r  f o r  1 hour a t  1 mil l iampere emission c u r r e n t .  

2 

-4 3 .  

4 .  The order  of c a l i b r a t i o n  w a s  from t h e  s c a l e  down t o  t h e  lom7 

scale. 

The equi l ibr ium p res su re  f o r  t h e  de te rmina t ion  of pumping speed w a s  

u s u a l l y  on t h e  h igh  10 

The test  gas used w a s  argon un le s s  o therwise  noted. 

One e lec t rometer ,  a s tandard  l abora to ry  model wi th  a r epor t ed  a b s o l u t e  

accuracy of &2% was  used t o  read  t h e  ion  cu r ren t  and rate of change 

of i on  c u r r e n t  from a l l  t h e  gauges wi th  t h e i r  r e s p e c t i v e  emission 

r e g u l a t o r s .  That i s ,  one e lec t rometer  w a s  moved p o s i t i o n  by p o s i t i o n  

about t h e  done, f i r s t  t o  no te  a l l  t h e  equi l ibr ium gauge readings ,  

second t o  record  a l l  t h e  rate of  change of e lec t rometer  readings .  

This  t e s t  was repea ted  four  t i m e s .  

These r e s u l t s  are  shown i n  Table  I. The main po in t  t o  no te  i s  t h e  

5. 

-7 t o r r  scale. 

6 .  

7. 

cons is tency  i n  t h e  speed number f o r  each gauge and t h e  cons is tency  between 

t h e  speed readings  f o r  a l l  t h e  gauges. However, it can be noted t h a t  t h e r e  

i s  a non-random spread i n  t h e  speed numbers, t h a t  i s  tube  no. 5 i s  t h e  h i g h e s t ,  

t u b e  no. 1 i s  next,  then  tube  no. 4 ,  then  tube  no. 2 and f i n a l l y  tube  no. 3 .  
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This  sys temat ic  spread i s  small and could be a real e f f e c t .  However, it 

h a s  not been def ined  and could be caused by non-uniform gas flow, t h e  

emission c o n t r o l l e r s ,  o r  t h e  gauges themselves.  

Comparative Tests 

0 

A n a t u r a l  ex tens ion  of t h e s e  experiments w a s  t o  compare t h e  "rate of 

p re s su re  technique" f o r  measuring pumping speed with t h e  " l i m i t i n g  o r i f i c e  

technique." This  was done by p l ac ing  a 1/2" o r i f i c e  j u s t  below t h e  gauges 

as ind ica t ed  i n  F ig .  1. This  o r i f i c e  had a t h e o r e t i c a l  speed f o r  argon of  

10.7 &/sec a t  2OoC. 

co r rec t ed  f o r  t h e  system wi th  t h e  l i m i t i n g  o r i f i c e  by t h e  formula: 

The pumping speed a t  t h e  p lane  of t h e  gauges w a s  

1 + -  1 1 - = -  

S g 'system 

The "rate of r ise of p re s su re  technique" w a s  a l s o  used t o  determine t h e  

pumping speed a t  t h e  p lane  of  t h e  gauges and t h e  r e s u l t s  of  t h e s e  tests were 

compared wi th  t h e  " l i m i t i n g  o r i f i c e  technique" i n  Table  11. 
0 

Severa l  p o i n t s  should be  noted. F i r s t ,  t h e  spread i n  t h e  pumping speed 

f o r  t h e  rate of r ise method i s  about equal  t o  t h e  spread when no o r i f i c e  i s  

used. Second, t h e  experimental  pumping speed by t h e  rate of r ise  method i s  

h ighe r  t han  t h e  t h e o r e t i c a l  speed by t h e  l i m i t i n g  o r i f i c e  method i n  every 

case and, i n  p a r t i c u l a r ,  t h e r e  i s  l i t t l e  agreement f o r  t h e  helium speed. 

Third,  t h e  spread between t h e  average pumping speed f o r  a p a r t i c u l a r  gas  and 

t h e  t h e o r e t i c a l  speed i s  not a cons tan t  i n d i c a t i n g  t h e  discrepancy may be 

due t o  a c h a r a c t e r i s t i c  of  t h a t  p a r t i c u l a r  gas .  

When t h e s e  speed runs  were made by t h e  rate of r ise method, bo th  wi th  

and without  a n  o r i f i c e ,  t h e  gauge f a c t o r  was u s u a l l y  determined f o r  each 

gauge. 

Table I11 i s  a comparison of  t h e  gauge f a c t o r s  as determined with o r  

wi thout  a n  o r i f i c e  by t h e  rate of  r ise method. The agreement i s  u s u a l l y  
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w i t h i n  2%. However, i f  t h e  gauge f a c t o r s  as determined by t h e  l i m i t i n g  

o r i f i c e  are compared t o  t h e s e  numbers t h e  argon f a c t o r  would be  11% high;  

t h e  n i t rogen  9%; t h e  hel ium 17% and t h e  oxygen 6%. 

d i f f e r e n c e s  are much g r e a t e r  than  t h e  expected a b s o l u t e  accuracy of e i t h e r  

technique  . 
It i s  s t r a igh t fo rward  t o  experimental ly  check t h e  rate of r i s e  method 

Severa l  o f  t h e s e  

by s u b s t i t u t i n g  d i f f e r e n t  o r i f i c e s  t o  l i m i t  t h e  pumping speed. This  i s  what 

w a s  done i n  t h e  above example. However, t h e  parameters  involved i n  checking 

t h e  pumping speed as determined by t h e  l i m i t i n g  o r i f i c e  technique a r e  most ly  

t h e o r e t i c a l .  

c o r r e c t i o n s ,  c o r r e c t i o n s  f o r  c a l i b r a t i o n  dome geometrics and gauge pos i t i on ing .  

They have t o  do wi th  t h e  system pumping speed, o r i f i c e  

Table  I V  g ives  t h e  average gauge f a c t o r s  r e l a t i v e  t o  argon f o r  t h e  ion  

gauges used. 

d a t a  on t h e  r e l a t i v e  gauge f a c t o r s ,  even though t h e  experimental  pumping 

speeds w e r e  not  i n  agreement wi th  t h e o r e t i c a l  speeds as c a l c u l a t e d  by t h e  

o r i f i c e  technique.  

Conclusion 

This  work i s  i n  gene ra l  agreement wi th  much of t h e  publ ished 

Some of t h e  problems a s s o c i a t e d  wi th  t h e  l abora to ry  use  of t h e  " v a r i a b l e  

volume technique" of measuring small l eaks  have been d iscussed .  

The problems a s s o c i a t e d  wi th  gas flow i n  vacuum systems and t h e  measure- 

ment of pumping speed t o  t h e  accu rac i e s  necessary  f o r  gauge c a l i b r a t i o n  

have been inves t iga t ed .  The r e s u l t s  show t h a t  t h e  pumping speed can be 

c o n s i s t e n t l y  measured t o  be  w i t h i n  2% by t h e  "rate of  r ise of p re s su re  

technique" . 
The r e s u l t s  of c a l i b r a t i n g  by t h e  "va r i ab le  volume technique" t o  measure 

"Q" and t h e  "rate of r ise technique" t o  measure "S" are  i n  e x c e l l e n t  agree-  

ment wi th  prev ious ly  publ ished d a t a  on gauge f a c t o r s  re la t ive  t o  argon. 

However, t h e r e  i s  s e r i o u s  disagreement between t h i s  technique  and t h e  l i m i t i n g  
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o r i f i c e  technique  t o  measure pumping speed. Fu r the r  experiments are  needed 

e t o  r e s o l v e  t h i s  discrepancy.  
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where 

CALIBRATION 
DOME 

V 

VARIABLE 
LEAK 

VALVE 

BAFFLE a TRAP 

PUMPING SYSTEM 

v = volume of c a l i b r a t i o n  dome between t h e  h i - v a c  
v a l v e  and l e a k  v a l v e .  

g = e q u i l i b r i u m  gauge r e a d i n g  i n  c a l i b r a t i o n  dome 
w i t h  t h e  l e a k  v a l v e  c r a c k e d  and t h e  h i - v a c  v a l v e  o p e n .  

* =  rate of c h a n g e  of g a u g e  r e a d i n g  i n  t h e  c a l i b r a t i o n  
d t  dome w i t h  t h e  l e a k  v a l v e  c r a c k e d  and t h e  h i - v a c  v a l v e  
c l o s e d .  

Figure -3 Calibration System Schematic 



TUBE # SPEED RUN # 
1 2 3 4 

320 325 329 323 

314 318 328 320 

304 312 316 316 

314 329 336 319 

325 329 332 338 

% 
AVERAGE SPREAD 

326 .9 

320 1.3 

3 12 1.3 

325 1.8 

331 1.2 

AVG 
_ -  

% 
SPREAD 

~~ 

315 323 328 323 

1.8 1.9 1.5 1.9 I I 

TABLE 1 

Pumping speed i n  &/sec measured a t  t h e  p lane  of  the 

gauges. Each test  w a s  r epea ted  four  t i m e s .  



TUBE 
# 

1 

2 

3 

4 

5 

AVG 

% 
SPREAD 

A r  

11.5 

11.5 

11.0 

11.5 

11.7 

11.4 

- 

1.8 

THEO 
A r  

10.3 

- 

PUMPING SPEED ( l l s e c )  

N2 

13.6 

13.3 

13.0 

13.5 

13.8 

13.4 
- 
1.8 

THEO 

N2 

12.3 

H e  

37.8 

37 .1  

36.2 

37.7 

38.4 

37.4 

1 .7  

THEO 
He  

32.1 

- 

O2 

12.4 

12.2 

11.9 

12.4 

12.6 

12.3 

1.6 

THEO 
O2 

11.6 

TABLE I1 

Comparison of t h e  pumping speed i n  d l s e c  determined experimental ly  

by the "rate of r ise  of p re s su re  techniquett  and ca l cu la t ed  by t h e  

" l imi t ing  o r i f i c e  techniquetr.  



TUBE 
# 

1 

2 

3 

4 

5 

- 

True P res su re  
Gauge Reading 

ARGON 
a, a, 
&I &I 
5 1 
4J 4J 
&I )-I 
a, 0 o a  tL 

Gcd cd 

.58 .61 

.70 .74 

.63 .61 

.88 .91 

.78 .76 

NITROGEN 
a, a, 
)-I &I 

5 
M )-I 
a, a, 0a a 

Gcd cd 

Y 5 4 J  

.80 .82 

.93 1.00 

.82 .82 

1.15 1.23 

1 .01  1.04 

HELIUM 
a, a, 
N )-I 

5 
&I 

1 
4J 
&I )-I 
a, a, 

004 a 
dtd cd 

~ 

4.47 4.36 

5.00 5.55 

4.58 4.60 

6.37 6.67 

5.83 5.67 

1.20 

1.27 

.99 

1.34 

1.27 

TABLE 111 

Comparison of t h e  gauge f a c t o r s  determined by us ing  t h e  

"rate of rise of p re s su re  technique" f o r  t h e  vacuum system wi th  

and without  a. l imitt ing o r i f i c e .  
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