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SENSITIVITY COMPARISON OF, HEL1UM.LEA.K DETECTOR VS MASS SPECTROMETER 
(RESIDUAL GAS ANALYZER) 

A t  t h e  Conversion.Parameter Working Committee Meeting of Sbpt.  20th,  

some, ques t ions  were r a i s e d  concerning t h e  r e l a t i v e  s e n s i t i v i t y  of  a mass 

spectrometer  to t h a t  of a commercial helium l eak  d e t e c t o r ,  the  thought being 

t h a t  perhaps e i t h e r  instrumen 

system. 

ould be used on the  converted RGS vacuum 

0 Tests were conducted comparing a commercially a v a i l a b l e  60 magnetic 

s e c t o r  mass spectrometer  (Veeco GA-4) t 0 . a  helium leak d e t e c t o r  of comparable 

des ign  (Veeco MS-9) 

The r e s u l t s  show t h e  l eak  d e t e c t o r  t o  be 3 t o  5 t i m e s  more s e n s i t i v e  t o  

helium than t h e  m a s s  spectrometer .  The reason  f o r  t h i s  d i f f e r e n c e ,  even though 

b o t h s i n s t r u m e n t s  are  of s imi l a r  design,  i s  t h a t  t he  mass spectrometer  b a f f l e s  

more of t he  i o n  c u r r e n t  thereby reducing t h e  s e n s i t i v i t y ,  bu t  i nc reas ing  t h e  

r e so lv ing  power of t he  instrument .  The l eak  d e t e c t o r  u s e s  less b a f f l i n g  and 

achieves h ighe r  s e n s i t i v i t y  wi th  reduced r e s o l u t i o n .  

Note: The GA-4 mass spectrometer  can a l s o  make use of  anpelec t ron  
m u l t i p l i e r  f o r  increased  s e n s i t i v i t y .  However, i t  i s  not  as 
v e r s a t i l e  when used t h i s  way and, t he re fo re ,  w a s  n o t  considered 
i n  t h i s  t es t .  

The response  t i m e  of t h e  l e a k  d e t e c t o r  f o r  one-half  superperiod ( l eng th  

of mockup) w a s  a l s o  measured. 

pumps ope ra t ing .  

It w a s  less than  t h r e e  seconds w i t h  a l l  twe lve '  
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Tes t  Apparatus:  "Mock-up'! Conversion System i n  Bldg. 197 

T e  - edur e : 

1. 

2. 

- 
C a l i b r a t e  l eak  d e t e c t o r . w i t h  va lve  V-1 c losed .  

Open va lve  v-1 and a d j u s t  m a s s  spectrometer  zero t o  t h a t  

of t he  l eak  d e t e c t o r .  

Bleed-in helium through va lve  V - 2  and record  output  s i g n a l  

change of L.D. and M.S. 

Compare s e n s i t i v i t y  of L.D. t o  M,S. by us ing  Sent= change s i g n a l  

assume t h e  change i n  H e  p a r t i a l  p r e s s  i s  t h e  same 

i n  both  instruments  compare t h e  r a t i o :  

3 .  

4 .  
Change H e  p a r t i a l  p r e s s ;  

s e n s i t i v i t y  L.D. 
s e n s i t i v i t y  M.S. 
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T e s t  Resu l t s  

-10 
1. Leal? dec tec to r  s e n s i t i v i t y  (minimum, d e t e c t a b l e  leak)=6,4x10 s'td cc /sec :  

2, It w a s  n o t , p o s s i b l e  t o  main ta in  a s teady  p r e s s u r e  wi th  t h e  l eak  e i t h e r  

opened or c losed  t h e r e f o r e  p o i n t s  on e i t h e r  s i d e  of opening o r . c l o s i n g  

t h e  l e a k  were used. I 

(A signal)L.D, @ s i g n a l )  PI. S a S e n s i t i v i t y  
Sca le  d i v i s i o n s  Ra t io  L,D. Sca le  d i v i s i o n s  

M.S. 

Close va lve  300-80 = 220 

Open ' I  840-25 = 215 

Close  I' 890-100 = 790 

Open I '  300-36 = 264 

Open ' I  880-200 = 680 

Close " 880-160 = 720 

98-22 = 76 

180-5 = 175 

190-27 = 163 

70 - 8 = 62 

180-49 ~ ' 1 3 1  

180-41 = 139 

2.9 

4.7 

4.8 

4 .3  

5.2 

5,2 

Note: A l l  spu t t e r - ion  pumps remained ope ra t ing  during t h i s  test .  

Response T i m e  Measurement 

The response t i m e  of t h e A l e a k  d e t e c t o r  t o  a helium l eak  w a s  a l s o  measured. 

Again t h e  "mock-upr' system w a s  used,  however, t h i s  t i m e  t he  e n t i r e  system w a s  

used (1/2 superperiod) .  

system and a heliumsleak t o  t h e  o the r  I as shown below: 

The l e a k  d e t e c t o r  w a s  connected t o  one 'end of t h e  
I 



-4- , 

The system w a s  pumped t o  a base  p re s su re ,  va lve  V - 3  w a s  opened andzthe t i m e  

recorded u n t i l  a s i g n a l  response was noted on t h e  l e a k  de tec to r .  

T e s t Re s u l  t s 

Run #l - S t a r t i n g  wi th  a 50 s c a l e  d i v i s i o n  background due t o  r e s i d u a l  he l ium,  

A l l  twelve pumps were 

1 ,  

i n  t h e  sys t em. the  response t i m e . w a s  2.9 sec, 

ope ra t ing  dur ing  t h i s ' t e s t .  

by c a l c u l a t i n g  t h e  pumping2 speed a t  t h e  l e a k  due t o  t h e  s p u t t e r - i o n  

pump (using 150,t/sec f o r  i t s  'speed) and measuring the  change i n  p re s -  

su re  b e f o r e  and a f t e r  opening 1 t h e  leak .  

The helium l e a k  s i z e  may b e  approximated 

Q = s Ap = (61) (2.8 x IO?) TR/sec 

Q = 1 .71  x 10'3TR=:2.3 x s t d  cc / sec  
sec  

Run #2 

RunZ#3 

S t a r t i n g  wi th  a background< o f  70 s c a l e s  t h e  response t i m e  w a s  2 .3  sec .  

S t a r t i n g  wi th  a background ok 62 s c a l e s  t h e  response t i m e  w a s  1 .2  s ec  

( l a r g e r  l e a k  used) ,  
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