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ABSTRACT 
1 

A min ia tu re  vacuum system, comprising a molecular  l eak  
from atmospheric  p re s su re ,  an i o n  pump, .and a quadrupole 
mass spec t rometer  has  been designed f o r  u s e  a s  a b r e a t h  
ana lyze r  by an a s t r o n a u t .  It i s  t o  f i t  under h i s  ch in ,  

i n s i d e  h i s  helmet.  The m o s t  c r i t i c a l  elements of t h e  
system, a molecular l eak  and"an  a s soc ia t ed  ion  pump of smal l  

' dimensions,  have been assembled and have demonstrated capa- 

b i l i t y  t o  work t o g e t h e r  i n  a s a t i s f a c t o r y  manner. ,The leak  
u t i l i z e s  an e l ec t ro -po l i shed  tungs t en  needle  i n  a go ld  f o i l  
seat. A l a r g e ,  mechanical a c t u a t o r  has  been used t o  a d j u s t  

. t h e  flow rate a t  va lues  below 5 x t o r r - l i t e r s / s e c o n d .  
A t he rma l ly  ad jus t ed  a c t u a t o r ,  t h e  s i z e  OE a p e n c i l  e r a s e r ,  
has been designed and f a b r i c a t e d  but  not assembled. The 
e x t e r n a l  dimensions of t h e  ion  pump, inc luding  t h e  magnetic 

- f i e l d  s t r u c t u r e ,  a r e  those' of a 1-inch r i g h t  c i r c u l a r  c y l -  

i n d e r .  The quadrupole mass spec t rometer  has rods 2 inches  
long, wi th  hype rbo l i c  contours  de f ined  by r .=  0.075 inches  

0 
When e x c i t e d  by a l a b o r a t o r y  o s c i l l a t o r  a t  6 megahertz, it 
provides  u n i t  r e s o l u t i o n  wi th  f l a t  topped peaks.  An exper i -  
mental  assembly of t h e  l e a k ,  5-inch hea ted  i n l e t  t u b e ,  ion  0 

source  , quadrupole and l abora to ry  a u x ' i l i a r i e s  demonstrated a 
n e g l i g i b l e  l a g  t ime between t h e  change of t h e  composition of 
the gas a t  t h e  i n l e t  and t h e  o n s e t  of t h e  i n s t r u m e n t r e s p o n s e .  

i n  composition of i n l e t  gas  i n  1 2 0  mi l l i s econds  i n d i c a t e s  a 
" t i m e  c o r s t a n t "  02 52 mi l l i s econds  based on an exponen t i a l  

- Tke near  completion of the s t e p  change ( t o  w i t h i n . 1 0  percent )  

decay. 
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INTRODUCTION 

This  r e p o r t  d e s c r i b e s  t h e  work done by Earth Sc iences  
on Con t rac t  NAS9-8371 wi th  Manned Spacecraf t  Center ,  
Houston, Texas; Technica l  monitoring of t h i s  work w a s  
accomplished by Pau l  W. Schlottman. A s  i nd ica t ed  by t h e  
Work Sta tement ,  t h i s  p r o j e c t  concerns t h e  development of 
a mass*spec t rometer  b r e a t h  ana lyze r  system t o  be worn under 
t h e  ch in  by a n  a s t r o n a u t  wh i l e  on a mission i n  space.  

A knowledge of t h e  composi t iona l  change i n  an a s t r o -  
n a u t ' s  b r e a t h  between i n h a l e  and exhale  i s  of g r e a t  va lue  
t o  t h e  medical people  who a r e  observing tE.e phys' ical  con-- 
d i t i o n  of t h e  man i n  space .  This  i s  of p a r t i c u l a r  importance 

if it is  obta ined  on a rea l - t ime b a s i s  and i s  supplemented 
by t h e  measurement of t h e  r a t e  a t  which b r e a t h  gas  i s  flowing. The 

flow r a t e  i n s t rumen ta t ion  i s  beyond t h e  scope of t h i s  endeavor. From 

t h e s e  combined d a t a ,  t h e  r e s p i r a t o r y  q u o t i e n t  i s  r e a d i l y  obta ined .  

I .  

The concept of sampling and analyzing t h e  b r e a t h  gas  
wi th  a se l f - con ta ined  i n s t r u m e n t  which i s  smal l  enough t o  f i t  
e s s e n t i a l l y  under t h e  ch in  of t h e  a s t r o n a u t ,  w i th in  t h e  helmet,  

is a most cha l l eng ing  one. The device  t o  accomplish t h i s  t a s k  
consists of a gas  i n l e t  system, a mass spec t rometer ,  and a 

vacuum pump. 
must be min ia tu r i zed  wi thout  apprec iab le  s a c r i f i c e  i n  perform- 
ance i f  t h e  g o a l s  a r e  to be achieved.  Aux i l i a ry  e l e c t r o n i c  
components a r e  t o  be c a r r i e d  i n  a back-pack. 

# 

Each of t h e s e  "bu i ld ing  b locks"  of t h e  system 

Even though t h e  mass spec t rometer  must  be  min ia tu r i zed  
beyond c u r r e n t  s t a t e - o f - t h e - a r t ,  t h e  problems a s soc ia t ed  wi th  
the i n t r o d u c t i o n  and removal of t h e  b r e a t h  sample w i t h  minia-  
t u r i z e d  " leak"  and pump combination is most acute. Laboratory 

appara tus  f o r  t h i s  func t ion  i s  huge compared bo t h e  c o n s t r a i n t s  

. .  

of t h i s  endeavor.  

t 
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WORK STATEMENT 

Phase Al, Leak 

I t e m  1. Study means of devis ing  minia ture  needle valve.  
I t e m  2 .  Make experimental  model, w i t h  no regard  f o r  

refinement of a c t u a t o r  mechanism. 

I t e m  3. Attach t o  ultra-high-vacuum system w i t h  s l o w  
pumping speed and make experiments on va lve  opera t ion .  

Item 4.  Optimize va lve  parameters (exc lus ive  of motion 
ptoducing dev ices )  . // 

I t e m  5. Design, dev i se  and f a b r i c a t e  min ia tu r i zed  va lve  
a c t u a t o r .  

I t e m  6 .  Attach minia tur ized  va lve  and a c t u a t o r  system 
t o  vacuum appara tus  and observe i t s  performance. 

I t e m  7. De l ive r  f i v e  leak va lves  w i t h  a c t u a t o r s  f o r  
performance tests. 

I 

Phase A2, Ion Pump 

I t e m  1. I n v e s t i g a t e  the u t i l i t y  of va r ious  permanent 
magnetic materials f o r  producing a magnetic f i e l d  of 0 . 1  t o  

0.2 tes las  i n  a s m a l l  volume s u i t a b l e  for a Penning Discharge.  
Item 2. Design a se l f -conta ined  magnetic c i r c u i t  f o r  

producing the a p p r o p r i a t e  magnetic f i e l d  for  the Penning D i s -  

charge.  

s t r u c t u r e s  and exper imenta l ly  determine t he i r  pumping capa- 

b i l i t i es  as f u n c t i o n s  of p re s su re ,  magnetic f i e l d  s t r e n g t h ,  
cell geometry and app l i ed  p o t e n t i a l .  - 

Item 3, Design and fabricate s m a l l  Penning Discharge 

I t e m  4. Choose most promising combination of geometry; 

L t e m  5. S e l e c t  t i t a n i u m  subl imator  m o s t  s u i t a b l e  for  

magnetic f i e l d ,  and p o t e n t i a l  and b u i l d  model. ?. 

use wit'n pump model b u i l t  i n  I t e m  4. 
.-. . .  
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I t e m  6. Optimize parameters of power app l i ed  t o  sub- 
limator t o  achieve maximum d e p o s i t i o n  of t i t an ium w i t h  
minimum (average)  power. 

. I t e m  7. 
I t e m  8, Perform experiments t o  d e t e r m i n e  ope ra t ing  

Add t i t a n i u m  subl imator  t o  pump model. 

characteristics of pump model desc r ibed  i n  I t e m  7 .  
I t e m  9 .  Make two i o n  pump assemblies and i n t e g r a t e  

w i t h  t w o  of t h e  leak va lves  t o  form se l f - con ta ined  system. 
These w i l l  be d e l i v e r e d  t o  MSC f o r  eva lua t ion .  

Phase B,  Lon Source 
I 

I t e m  1. Study ope ra t ing  character is t ics  of f i l a m e n t s  
of va r ious  c o n f i g u r a t i o n s  and materials i n  oxygen-rich 
environments.  

I t e m  2 .  Based on t h e o r e t i c a l  s t u d i e s  made p rev ious ly ,  
des ign  min ia tu re  i o n  source  which inco rpora t e s :  

a. M u l t i p l e  f i l a m e n t s  
. b. D i f f e r e n t i a l  pumping 

c.  High product ion e f f i c i e n c y  fo r  
- .  w e l l  co l l ima ted  i o n  beam 

L 

.. - d, Low product ion  ra te  of photons which 
can reach  d e t e c t o r .  

I t e m  3 .  F a b r i c a t e  and assemble i o n  source of I t e m  2 .  
I t e m  4. A t t a c h  i o n  source  t o  system w h i c h  i nc ludes  s m a l l  

quadrupole,  gas i n l e t ,  and pumping system similar  t o  t h a t  

I t e m  5 .  P e r f o r m  experiments on assembly ( I t e m  4) t o  
demonstrate  degree  t o  which g o a l s  have been achieved. 

I t e m  6. Optimize parameters .  

I t e m  7. Prepare  r e f i n e d  i o n  source  for  attachment t$ 

. 
.. -. 
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Phase C 

I t e m  1. Design, f a b r i c a t e  and assemble a min ia tu re  
quadrupole m a s s  ana lyze r  t o  match the  i o n  source  developed 
i n  Phase B. 

I t e m  2 ,  I n t e g r a t e  i o n  source ,  quadrupole,  and a 
secondary emission m u l t i p l i e r  i n t o  an assembly of minimum 
volume 

I 

I t e m  3 .  Energize assembly w i t h  l a b o r a t o r y  e l e c t r o n i c s  
( suppl ied  by Earth Sc iences)  and make experiments t o  explore  
t h e  r e l a t i o n s h i p  between performance c a p a b i l i t i e s  aAd t h e  

power l e v e l  of the exc i t a t ion  of the rod system. 
I t e m  4 .  Review f i n d i n g s  w i t h  Manned Spacec ra f t  C e n t e r  

and mutua l ly  dec ide  t h e  p r e f e r r e d  combination among the 
v a r i a b l e s  of I t e m  3 .  

I t e m  5, Design, f a b r i c a t e  and t e s t  f l igh t -compat ib le  
e l e c t r o n i c s ,  guided by choices  made i n  I t e m  4 .  

I t e m  6 .  At tach  system comprising t h e  i o n  source ,  quad- 
rupole ,  and t h e  d e t e c t o r  t o  a l a b o r a t o r y  vacuum appara tus  
(supplied by Earth S c i e n c e s ) .  Using l a b o r a t o r y  type  gas i n l e t  
system, observe the  performance of t h e  mass spec t rometer  

system t o  b r e a t h  gas .  

I t e m  7, Replace the l a b o r a t o r y  vacuum and i n l e t  systems 
w i t h  those developed i n  Phases A and B and r e p e a t  t h e  exper i -  
ment desc r ibed  i n  I t e m  6 ,  us ing  e l e c t r o n i c s  of I t e m  5. 

I t e m  8. D e l i v e r  t o  Manned Spacec ra f t  Center  t h e . o p e r -  
a t i ng  ins t rument  used i n  I t e m  7. 

*. 

4 



SYSTEM GOALS AND CONSTRAINTS 

The most obvious c o n s t r a i n t  i s  t h a t  of s i z e ,  because 

of t h e  severe  l i m i t a t i o n  of space under t h e  ch in  (and e a r s )  
of a man for an appara tus  of th i s . complex i ty .  The space 
f a c t o r  i s  f u r t h e r  complicated by t h e  vo l t age  l i m i t a t i o n  

’ placed on t h e  wi re s  which in t e rconnec t  t h e  back-pack wi th  
t h e  otKer p a r t s ,  s i n c e  t h i s  n e c e s s i t a t e s  t h e  use of bo th  

. - d c  and ac p o t e n t i a l  conver te rs  ad jacent  t o  t h e  mass spec- 
f8’ / g r o n e t e r  assembly. 3 .  

The system response i s  t o  be t h e  same f o r  a11 f o u r  of 
t h e  gases  - wate r  yapor, n i t r o g e n ,  oxygen, and carbon monox- 
i d e .  This  i s  most d i f f i c u l t  t o  ob ta in ,  because t h e  p o l a r  
water  vapor molecule has  such a s t rong  a f f i n i t y  f o r  su r faces .  

Unless very s p e c i a l  p recaut ions  a r e  taken,  an undesired t ime 
l a g  ex i s t s  between t h e  change i n  t h e  water  vapor concentra-  
t i o n  i n  t h e  atmosphere and t h e  a r r iva l  of t h e  s i g n a l  a t  t h e  
d e t e c t o r .  

It i s  d e s i r e d  t h a t  t h e  response of t h e  e n t i r e  system t o  
a s t e p  change i n  t h e  composition of t h e  atmospheric gas  be 

n e a r l y  completed i n  100 mi l l i s econds  from t h e  t i m e  of t h e  
onse t  of t h e  change. This f a s t  response i s  d i f f i c u l t  t o  
o b t a i n  wi th  l abora to ry  appara tus  where pumps of l a r g e  capac i ty  
are a v a i l a b l e .  The very l i m i t e d  speed of t h e  t i n y  pump i s  a 
very  severe  handicap i n  t h i s  i n s t a n c e .  To d i s p l a y  t h i s  change 
i n  concen t r a t ion  f o r  a l l  f o u r  gases ,  t h e  h e i g h t  of each of 

Tour mass peaks must  be observed many t imes  dur ing  t h e  100- 
mil l i s econds  of t h e  change i n  output  s i g n a l .  It is a n t i c i -  
pated t h a t  t h e  ou tpu t s  corresponding t o  each gas  composition 

I 

a i  w i l l  be observed every  5 mi l l i s econds .  1 .  

1. 

... . 

. * 
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TEST APPARATUS 

A f l ex ib l e  vacuum system w a s  set  up fo r  measuring 
the flow of gases  through t h e  experimental  l eak  va lve  
assemblies a n d ' f o r  observing t h e  speed of t h e  ion  pump 
models. . .  T h i s  system i s  shown i n  F igu re  1. 

a c h i l i e d ' z e o l i t e  s o r p t i o n  pump. 

* p r e s s u r e s  i s  provided by the 30 l i t e r / s econd  D r i V a c  i o n  * 

pump which can  be valved o f f  fol lowing t h e  baking of the '  
system. A t  no t i m e  i s  t h e  system exposed t o  vapors from 
oil pumps (roughing o r  f i n e  pumping)'. 

The system i s  evacuated f r o m  atmospheric p r e s s u r e  by 
Continued pumping t o  l o w  

G a s  f low rates are monitored by observing t h e  p re s su re  
d i f f e r e n c e s  across an  o r i f i c e  o€ known conductance.  Quad- 

rupole  r e s i d u a l  gas  ana lyze r s  are used t o  measure t h e  p re s su re  
d i f f e r e n c e s .  The quadrupoles are c a l i b r a t e d  by admi t t ing  
a f i x e d  q u a n t i t y  of argon t o  t h e  system and observing t h e  
r e s u l t a n t  change i n  the c u r r e n t  from t h e  Bayard-Alpert ion-  

i z a t i o n  gauge i n  the absence of any ion  pump-operation. The 
ion gauge and the R G A ' s  are opera ted  a t  v e r y  l o w  ' e l ec t ron  
c u r r e n t s  t o  minimize t h e i r  pumping a c t i o n .  F u r t h e r ,  t h e  
s i g n i f i c a n c e  of t h e i r  pumping a c t i o n  i s  demonstrated by-ob-  

se rv ing  the readings  of the o t h e r s  when t h e y  are tu rned  off 
i n  sequence. 

The v a r i a b l e  magnetic f i e l d  i s  provided by a movable 
electromagnet .  Following t h e  system bake, t h e  magnet is 
rol led i n  p l a c e ,  surrounding the t e s t  Penning ce l l .  The 

E i e l d  produced by t h i s  magnet is much more uniform than  t h a t  
.p rovided  by t h e  se l f -conta ined  magnetic s t r u c t u r e  desc r ibed :  
later. 

5 
. *  
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THE LEAK 

DISCUSSION - 
A t  the o n s e t  of t h i s  program, t h e  l e a k  w a s  considered t o  

be the most d i f f i c u l t  p a r t  of t h e  whole t a s k .  
very l i m i t e d  c a p a c i t y  of t h e  ion.pump, t h e  flow rate through 
the leak is extremely s m a l l .  
molecular  na tu re ,  and not  v i scous ,  p l a c e s  f u r t h e r  c o n s t r a i n t s  

on the  des ign ,  A c a p i l l a r y  tube ,  fo r  i n s t a n c e ,  w i l l  no t  

Because of t h e  

The g o a l  t h a t  t h i s  f l o w  be of 

. m e e t  t h i s  r e q u i r e m e n t  f o r  molecular f l o w .  
Conductances on t h e  o r d e r  of l i t e r s / second  are Y e -  

q u i r e d .  When sampling from atmospheric p re s su re ,  t h i s  i s  
g iven  by an a p e r t u r e  area of c m 2 .  I f  t h e  conductance 
is a round tube  of diameter D and l eng th  L, t h e  area of t h e  
c ros s - sec t ion  v a r i e s  as L/D f o r  cons t an t  conductance.  Thus, 
it is  ev iden t  t h a t  t h e  cond i t ions  of molecular f low l i m i t  t h e  

ratio of L/D t o  such va lues  t ha t  t h e  c r o s s - s e c t i o n a l  area 
remains minute. The d iameter  becomes comparable t o  a l a r g e  
vj-rus molecule and consequent ly  i s  vu lne rab le  t o  plugging. 

TEST MODEL 

Of the va r ious  dev ices  which might be used t o  form a min- 
i a t u r e  gas  l eak ,  w e  chose t o  t r y  f i r s t  t h e  microneedle and seat  - 
arrangement,  This  fo l lows  a sugges t ion  made by MSC. The 

needle i s  an e l ec t ro -po l i shed  tungs t en  w i r e ;  t h e  seat  i s  1 - m i l  
thick gold  f o i l ,  I n  t h e  l abora to ry  model, emphasis was 

. placed on the needle  and seat  combination and no a t tempt  .was  
-.made t o  m i n i a t u r i z e  the a c t u a t o r .  The arrangement used i s  

ID 

shown i n  F i g u r e  2.  The p i v o t  fo r  the needle  i s  placed i n  the 

p l a n e  of the f o i l  t o  minimize the s idewise  motion of the needle  
in the seat. F u r t h e r ,  the  p i v o t  i s  a " f l exure"  w i t h  no 
s l i d i n g  p a r t s ,  R e l a t i v e  motion between the needle  and t h e  
seat is  provided by the micrometer s c r e w  through t h e  l i nkage  
w i t h  a mechanical advantage of about s i x .  The adjustment . n 

.. : 

.* .  

.- 
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of t h i s  u n i t  i s  p a r t i c u l a r l y  s e n s i t i v e  t o  extremely s m a l l  
motions of t h e  screw. Consequently,  an u n i l l u s t r a t e d  
ref inement  was added. An a r m  about  1.8 inches  long w a s  
a t t a c h e d  t o  t h e  micrometer s c r e w .  Th i s  a r m  w a s  s p r i n g  
loaded a g a i n s t . a  6-32 s c r e w .  I n  pushing a g a i n s t  t h i s  a r m ,  
the s c r e w  opens t h e  l e a k .  The s p r i n g  closes it, b u t  on ly  .. 
t o  a n  a d j u s t a b l e  s t o p .  T h i s  arrangement prevents  the 

i n a d v e r t e n t  i n s e r t i o n  of t h e  needle  t o o  deeply  i n t o  t h e  
fo i l .  

The i n i t i a l  o p e r a t i o n  of t h e  needle  t o  create the l e a k  
, 

is very  c r i t i ca l .  With t h e  a i d  of a microscope t o  locate 

the needle ,  it i s  clamped i n  the arm w i t h  i t s  a x i s  perpen- 
d i c u l a r  t o  t h e  p l ane  of the  f o i l  and i t s  t i p  j u s t  touching 

the gold  seat. The t ube  f r o m  t h e  l eak  is  a t t ached  t o  a 
helium mass spec t rometer  leak d e t e c t o r .  With t h e  needle  and 
s e a t  immersed i n  an  atmosphere of helium, t h e  t e d i o u s  job of 
forming t h e  leak is  begun. The procedure c o n s i s t s  of a l te r -  
n a t e l y  advancing the needle  a very  small d i s t a n c e ,  t h e n  with-  

drawing i t .  When t h e  needle  r u p t u r e s  t h e  diaphragm, a Leak 
of helium i n t o  t h e  leak d e t e c t o r  is noted on t h e  withdrawal.  
The f i rs t  p i e r c i n g  of t h e  f o i l  p rovides  a leak of more than  

ample conductance.  R e i n s e r t i o n  of ‘ t h e  needle  i n t o  the foil 0 

closes t h e  l e a k  e f f e c t i v e l y  . 
: 

PERFORMANCE 

Leak assemblies-were tested by using t h e  helium leak 
detector and many w e r e  capable  of adjustment  i n  the range 

of 1’ t o  2 x l oe7  t o r r - l i t e r s / s e c o n d .  One’assembly w a s  SUC-- 

c e s s f u l l y  opera ted  a t  a tempera ture  
gave a stable flow rate of 2 x 
gen equ iva len t .  

10 

of 16OoF f o r  18 h o u r s  and 
to r r - l i t e r s / second ,  n i t r o -  

?. 
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A s i n g l e  leak assembly w a s  a t tached  
and performed *cont inuous ly  f o r  11 weeks. 
per iod,  it was e a s i l y  ad jus t ed  t o  obta in  

1 x t o  9 x t o r r - l i t e r s / s e c o n d .  

t o  t h e  t e s t  system 
During t h i s  
flow r a t e s  from 

Occas iona l ly ,  t h e  

leak  c losed  of . i t s  own accord,  bu t  it never  opened spon- 
taneous ly .  A s imple  manual adjustment r e s t o r e d  t h e  leak 
t o  i t s  normal opera t ion .  

An' experimental  l eak  assembly was hand c a r r i e d  t o  
Manned Spacec ra f t  Center  i n  November 1968, There i t s  per -  
formance was observed, using a magnetic m a s s  spec t rometer  

t o  observe t h e  r e s p i r a t o r y  components of i n t e r e s t .  The leak 
demonstrated i t s  molecular f l o w  c a p a b i l i t y  through t h e  
appearance of t h e  water  vapor peak before  &he CO, peak 
during t h e  exhale  po r t ion  of t h e  r e s p i r a t o r y  cyc le .  

F L I G H T  MODEL 

A f l i g h t  model of the molecular leak  and a c t u a t o r  was 
designed and f a b r i c a t e d .  It is  t o  be ope ra t ed  by d i f f e r e n t i a l  
expansion of t h e  needle  suppor t  s t r u c t u r e  b y ' t h e  a p p l i c a t i o n  
of e l e c t r i c a l  power. A schematic  of t h i s  l e a k  i s  sho\& i n  
Figure 3 ,  The needle  and s e a t  are i d e n t i c a l  t o  those  of t h e  
l abora to ry  model. . 
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THE PUMP 

DISCUSSION 

I n  order t o  f i t  w i t h i n  t h e  a v a i l a b l e  space ,  the i o n  
pump used w i t h  t h e  b r e a t h  ana lyze r  must have dimensions of 

"about an i n c h , "  T h i s  volume must c o n t a i n  t h e  magnetic 
f ie ld-producing  s t r u c t u r e ,  i nc lud ing  any magnet ic  s h i e l d h g  
which may be requ i r ed  t o  c o n t a i n  t h e  f i e l d ,  

The pumping speed one might a n t i c i p a t e  from a pump of 
I 

t h i s  s i z e  can be es t imated  f r o m  t h e  speeds of commercial 
i on  pump des igns .  A t y p i c a l  30 l i t e r  per  second pump u s e s  
36 cel ls  i n  a f i e l d  of about  0 .2  t e s l a  ( 2  k i l o g a u s s ) .  The 
e x c i t a t i o n  p o t e n t i a l  i s  u s u a l l y  8 k i l o v o l t s .  The s m a l l  
s t r u c t u r e  can suppor t  a f i e l d  of only abouik 0 . 1  t es la ,  which 

works a t  a cor respondingly  lower p o t e n t i a l ,  The lowered 
magnetic f i e l d  and v o l t a g e  r e s u l t  i n  a speed  of about 8 

* l i t e r s  pe r  second for the  36 cel ls ,  as evidenced by t h e  very 
e a r l y  d iode  pumps (VacIon) . T h i s  i s  0 .22  I t i t e r ' p e r  second 
per  ce l l .  These ce l l s  are 0.5 i n c h , i n  diamieter , .0 .75 i n c h  
long. T h e  pump under c o n s i d e r a t i o n  i s  a b o u t  t h e  same diain- 
eter, b u t  half the l eng th .  A c o n s i d e r a t i o n  of t h e  p o t e n t i a l  
d i s t r i b u t i o n  i n  t h i s  c e l l  under t h e  i n f l u e n c e  of h i g h  

c 

e l e c t r o n  space  charge  leads t o  t h e  conclusiion t h a t  t h e  ends 
of the  ce l l s  do no t  c o n t r i b u t e  as h e a v i l y  'to t h e  pumping 

process as do t h e  c e n t e r  p o r t i o n s .  T h i s  accounts  fo r  t h e  
d i f f i c u l t y  people  have had i n  s c a l i n g  down t h e  geometry of 
the commercial i o n  pumps. The maximum speed expected from 

the ce l l  of the min ia tu re  i o n  pump t h u s  becomes less than  

0.1 Liter p e r  second. 

Discharge,  the  p o t e n t i a l  on the a x i s  of the dev ice  w a s  found 

During a s tudy  of the c h a r a c t e r i s t i c s  of - the  Penning. 

13 ' 



t o  be e s s e n t i a l l y  t h a t  of t h e  cathode' ').  
volt-ampere r e l a t i o n s h i p  of t h e  d i scha rge  proved t o  be 

n e a r l y  independent of t h e  presence or  absence of a p o s t  
on the ax is  of t h e  dev ice  between t h e  two cathodes.  

Fu r the r ,  t h e  

During t h e s e  e a r l y  experiments,  the  i o n i c  pumping of 
noble  gases  (argon) by t h e  c e l l  was shown t o  be very  g r e a t l y  
enhanced by t h e  evaporat ion/subl imat ion of t i t an ium onto  t h e  
a c t i v e  cathode s u r f a c e s  during t h e  running of t h e  d i scha rge  . 
That  t h e  g e t t e r i n g  a c t i o n  of t h e  f r e s h l y  depos i ted  t i t a n i u m  
s u r f a c e s  e f f e c t i v e l y  pumps t h e  chemical ly  a c t i v e  gakes h a s  
been known f o r  many y e a r s .  Hence t h e  fac t  t h a t  t h e  deposi-  

(2 )  

t i o n  of t i t a n i u m  on the i n n e r  s u r f a c e s  of a Penning Discharge 
ce l l  g r e a t l y  enhances i t s  pumping c a p a b i l i t i e s  f o r  a l l  gases  
is  w e l l  e s t a b l i s h e d .  

I .  

DESIGN OF CELL 

- The problems a s s o c a t e d  w i t  . t h e  development of a minia- 
t u re  g e t t e r / i o n  pump c o n s i s t  p r i m a r i l y  of fin-ding t h e  bes t  

parameters f o r  t i t a n i u m  d e p o s i t i o n  and determining the  m o s t  
a p p r o p r i a t e  combination of magnetic f i e l d  and d i scha rge  
p o t e n t i a l s  for  t h e  Penning Discharge f o r  t h i s  very  unique 
a p p l i c a t i o n .  

The des ign  of t h e  min ia tu re  pump centers around. t h e  
small Penning ce l l  shown i n  c r o s s - s e c t i o n  i n  F igu re  4 .  I ts  
working volume i s  a r i g h t  c y l i n d e r  1/2 i nch  i n  diameter and 
3/8 i nch  long. The c e n t e r  p o s t  con ta ins  a t i t a n i u m  w i r e  f o r  
subl imat ion  wrapped around a suppor t ing  w i r e  of tantalum. 

(1) W. M. Brubaker,  Space Charge and P o t e n t i a l  D i s t r i b u t i o n s '  

.e 
-_ __ 

i n  t h e  Penning Discharge,  Proceedinqs 20th A n n u a l  Con- 
Serence  Phys ica l  E l e c t r o n i c s ,  MIT, 1960 * . .  

i ng  Act ion of a Penning Discharge,  S i x t h  Na t iona l  Sympo- .* 
.siurn on Vacuum Technofoqy, 1 9 5 9 -  :r 

(2) W. M.  Brubaker,  A Method f o r  G r e a t l y  Enhancing t h e  Pump- 

' .  .. ~ .. 
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TEST RESULTS - MINIATURE CELL P E R * O W N C E  

T e s t s  of t h e  m i n i a t u r e  c e l l  i n  t h e  electro-magnet 
were performed over a pe r iod  of 20 weeks. During t h i s  

t i m e ,  the c e l l  was cont inuous ly  under a load  of n i t r o g e n  
g a s  ranging from 1 x t o  5 x lo-" t o r r - l i t e r s / s e c o n d .  
A min ia tu re  leak  assembly w a s  used f o r  11 weeks of t h i s  

per iod ,  It s u c c e s s f u l y  provided flow rates i n  t h e  loe7  
range. Pumping speeds (without subl imat ion)  as a f u n c t i o n  
of anode v o l t a g e ,  f o r  va r ious  magnetic f i e l d  s t r e n g t h s ,  
w e r e  determined. These data are summarized i n  F igu re  5. 
N o t e  t ha t  t h e  p o t e n t i a l  which produces optimum pumping 
speed v a r i e s  approximately as t h e  square  of t h e  magnetic 

f i e l d  s t r e n g t h .  A l s o ,  t h e  speed of t h e  pump i s  seen t o  
f a l l  apprec iab ly  f o r  f i e l d s  of less t h a n  1 ,000  gauss ,  

SELF'-CONTAINED MAGNETIC F I E L D  - DESIGN AND TEST RESULTS 

A magnetic f ie ld-forming s t r u c t u r e  which f u l f i l l s  t h e  
necessary  f i e l d  s t r e n g t h  and s i z e  requirements i s  shown i n  
F igu re  6. It u t i l i z e s  two c y l i n d r i c a l  Indox .V ceramic magnets 
1/2 i n c h  i n  diameter  and 3/16 inch  long t o  produce a f i e l d  of 

approximately 1,000 gauss  i n  a 0.4 i n c h  gap. The magnets 
and pump e l e c t r o d e s  are held i n  p l a c e  by a c y l i n d r i c a l  " p i l l -  
box" which completes t h e  magnet ic  c i r c u i t ' b e t w e e n  the two 
magnets and a l s o  serves t o  s h i e l d  t h e  res t  of t h e  system 

from the magnetic f i e l d ,  The o u t e r  dimensions of the " p i l l -  
box" are 0.925 inch  i n  diameter by 1 i n c h  long, H o l e s  and 
slots i n  the s i d e  of t h e  " p i l l b o x "  provide' f o r  electrode . 
leads and pumping, 0 

net ic  s t r u c t u r e ,  is shown i n  F i g u r e  7. 
conducted over  a 2-week per iod  and t h e  r e s u l t s  are shown i n  

The complete p m p ,  w i t h  the Penning c e l l i n s i d e  the mag- .. 
Tests of the pump w e r e  

.-. 
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F i g u r e  8 along w i t h  t h e  d a t a  obta incd  from t h e  t es t s  of 
the Penning c e l l  i n  t h e  uniform f i e l d  of the electromagnet .  
A maximum speed of 0.14 l i t e r s  per  second occurs  a t  an 
anode v o l t a g e  of 2.5 k i l o v o l t s .  This equa l s  t h e  best speed 
a t t a i n e d . b y  t h e  pro to type  pump when opera ted  i n  a uniform 
f i e l d  of 1,100 gauss .  T h e  pump c u r r e n t  a t  3 x 10'" torr 
is approximately 2 microamps, g iv ing  a t o t a l  power d i s s i -  

pa t ed  by t h e  pump of less than  6 m i l l i w a t t s .  

SUBLIMATOR 
/ /, 

* .  

The subl imator  of t h e  minia ture  pump i s  loca ted  on the 

c e n t e r  p o s t  between t h e  two cathodes of t h e  Penning cel l ,  

It  c o n s i s t s  of one or  two f ine-d iameter  t i t an ium w i r e s  
wrapped around a suppor t ing  w i r e  of tantalum. 

The l i f e  of t h i s  f i l amen t  i s  p ropor t iona l  t o  t h e  mass 
of the t i t a n i u m  a v a i l a b l e  f o r  pumping and i n v e r s e l y  propor- 

t i o n a l  t o  the amount of gas t h a t  i s  being pumped. A t h e o r e t -  
ical  c a l c u l a t i o n  of t h e  f i l a m e n t  l i f e  i s  g iven  i n  Appendix I. 

F o r  a t i t a n i u m  mass of 1 mi l l ig ram and a l e a k  ra te  of 
torr-l i ters pe r  second, the maximum l i f e  of t h e  f i l amen t  i s  
about 45 days.  This  c a l c u l a t i o n  i s  based on .complete u t i l -  
i z a t i o n  of the depos i t ed  t i t an ium.  
is used a t  a much lower e f f i c i e n c y .  

I n  p r a c t i c e ,  t h e  t i t a n i u m  

Power i s  supp l i ed  t o  t h e  subl imator  f i l amen t  i n  c u r r e n t  
pulses of 3 t o  6 seconds d u r a t i o n  wi th  a du ty  c y c l e  of 5 t o  

. 10 percent .  Curren t  ampli tcdes  range from 1.6 t o  2.3 amps, 
The average depending on the s i z e  and age of t h e  f i l amen t .  

power d is ' s ipa ted  i n  the subl imator  v a r i e s  f r o m  0.2 t o  0.5 w a t t .  
T e s t s  of the subl imat ion  f i l a m e n t  show t h a t  it i n c r e a s e s  

.the n i t r o g e n  pumping system speed by a f a c t o r  of t e n  o r  more 
r e l a t i v e  t o  t h a t  of t h e  Penning d i scha rge  alone.  Systerr: a .  

. 
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speeds g r e a t e r  t h a n  1 l i t e r  per second have been measured. 
_ .  The t i t a n i u m  i s  used a t  lower e f f i c i e n c y  a t  t h e s e  h i g h e r  

pumping speeds.  When use of the  subliniator i s  te rmina ted ,  
the pumping speed drops t o  t h a t  of t h e  c e l l  a lone  i n  a manner 
which i s ' r o u g h l y  desc r ibed  by a t i m e  cons t an t  of 7 minutes.  . 

speeds g r e a t e r  t h a n  1 l i t e r  per second have been measured. 
The t i t a n i u m  i s  used a t  lower e f f i c i e n c y  a t  t h e s e  h i g h e r  
pumping speeds.  When use of the  subliniator i s  te rmina ted ,  
the pumping speed drops t o  t h a t  of t h e  c e l l  a lone  i n  a manner 
which i s ' r o u g h l y  desc r ibed  by a t i m e  cons t an t  of 7 minutes.  

. .  

22 

- .  



THE QUADRUPOLE MASS FILTER, 

DISCUSSION 

Very s i g n i € i c a n t  improvements have been made r e c e n t l y  
i n  t h e  d e s i g n  of t h e  quadrupole m a s s  f i l t e r .  These i n c l u d e  

the use of a delayed dc ramp a t  t h e  en t r ance  t o  t h e  f i l t e r ,  
and t h e  &se of hype rbo l i c  rod contours .  (4) * The performance 
of a s m a l l  quadrupole wi th  round rods 0.150 inches  i n  d iameter ,  
3 inches  long, i s  w e l l  e s t a b l i s h e d  as t h e s e  ins t ruments  have 

. been used e x t e n s i v e l y  i n  rocke t  probes of t h e  e a r t h ' s  atmos- 
phere.  (5) 

( 3 )  

* 

Papers d e s c r i b i n g  t h e s e  i n s t r u m e n t s  a r e  inc luded  
in t h e  appendix. / 

, 
The requirements  of t h e  mass spectrometer  f o r  t h e  b r e a t h  

ana lyze r  usage &e more demanding than  t h o s e  of a rocke t  probe. 

I n  o r d e r  t o  o b t a i n  a n a l y t i c a l  accuracy, f l a t - topped  peaks are 
requi red ,  i n d i c a t i n g  100 percent  t r a n s m i s s  ion of t h e  i o n s .  
The u s e  of t h e  de layed  dc ramp ( 3 )  g r e a t l y  f a c i l i t a t e s  t h e  
achievement of t h i s  goa l .  F u r t h e r ,  t h e  u s e  of rods wi th  

hyperbol ic  field-forming s u r f a c e s  permi ts  high performance i n  
an ins t rument  of s m a l l  s i z e .  (4) These i n v e s t i g a t i o n s  have 

. demonstrated t h a t  a h igh  performance quadrupole mass analyzer  
can be b u i l t  i n  s m a l l  s i ze ,  s u i t a b l e  f o r  mounting under an ,  
a s t r o n a u t ' s  ch in .  

Theory p r e d i c t s  t h a t  the. performance of quadrupole m a s s  
f i l t e r  is  dependent upon t h e  v o l t a g e  a p p l i e d  to t h e  rods, 
and i s  e n t i r e l y  independent of t h e  p h y s i c a l  s i z e  of t h e  i n -  
s t rument ,  Th i s  conclus ion  assumes t h a t  the imper fec t ions  i n  
the f ie ld-forming s u r f a c e s  scale with t h e  rod dimensions. 

The h ighe r  r e s o l v i n g  power a t t a i n e d  w i t h  m a s s  f i l t e r s  of . l a r g e r  
dimensions i s  a t t r i b u t e d  t o  the non-scaling c h a r a c t e r i s t i c s  
of the imper fec t ions  i n  the contours  of t h e  f i e l d  forming 

- - 
. s u r f a c e s .  
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ION SOURCE . -  
I 

The des ign  of t h e  i o n  source f o r  t h i s  a p p l i c a t i o n  i s  
complicated by s e v e r a l  unusual c o n s t r a i n t s ,  some of which 
t end  t o  be mutua l ly  exc lus ive .  F i r s t ,  a h igh  s e n s i t i v i t y  
i s  d e s i r e d  t o  f a c i l i t a t e  t h e  handl ing of t h e  d a t a  and t o  
provide h igh  response speed i n  t h e  output  network. Second, 
the composition of t h e  gas  i n  the i o n i z i n g  reg ion  must 
a d j u s t  promptly t o  any change of t h e  composition of t h e  
b r e a t h  gas .  Thi rd ,  t h e  f i l amen t  must use l o w  power and . .  
have a long l i f e  expectancy i n  t h e  presence of oxygen. 
Fu r the r ,  it must have a ' n e g l i g i b l e  e f f e c t  on t h e  composition 
of t h e  ambient  gases ,  

- High s e n s i t i v i t y  i s  obta ined  through t h e  use of d i f f e r -  

e n g i a l  pumping between t h e  i o n i z i n g  volume and t h e  rest of 

the vacuum system. To provide a p res su re  drop of t o r r  
2 a. .. 

. through t h e  a p e r t u r e s  jo in ing  t h e  i o n i z i n g  reg ion  and the 

rest of t h e  vacuum system a t  a gas  flow rate of t o r r -  
l i t e r s / s e c o n d  r e q u i r e s  a conductance of l i t e r s / s e c o n d ,  

Such a conductance is provided by an  a p e r t u r e  of 0.015 
inch i n  diameter, which i s  scarcely l a r g e  enough t o  
allow t h e  i o n s  t o  g e t  ou t  of t h e  source .  This  conductance 
l i m i t a t i o n  c e r t a i n l y  does n o t  permit  the  use of a d d i t i o n a l  
a p e r t u r e s  ( o r  t u n n e l s )  f o r  the admission of a n  i o n i z i n g  
e l e c t r o n  beam from e i t h e r  of t w o  f i l a m e n t s  (one i s  a s p a r e ) .  

Conversely,  t h e  use of such a s m a l l  conductance f r o m  t h e  i o n  

source  makes t h e  t i m e  cons t an t  of t h e  gas  dynamics of the ion- 

i z i n g  r eg ion  long (7 = V/S w h e r e  V i s  the-volume of t h e  i o n i z i n g  
I 

reg ion  and S i s  t h e  conductance under d i s c u s s i o n ) .  

The 'above d i s c u s s i o n  of source.  s e n s i t i v i t y  and t h e  gas  
dynamics i n d i c a t e s  t h e  g r e a t  d e s i r a b i l i t y  of p l ac ing  t h e ' f i l a -  

ment(s) w i t h i n  t h e  vacuum enc losu re  of t h e  i o n  source .  Other- 
wise, e f f e c t i v e  d i f f e r e n t i a l  pumping i s  almost imposs ib le  t o  

... 

. 
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achieve.  I f  t h e  f i l a m e n t  is  placed w i t h i n  t h e  vacuum 
enclosure ,  it must be cons t ruc t ed  of m a t e r i a l  t h a t  i s  
e s s e n t i a l l y  i n e r t  t o  oxygen when it i s  a t  e l ec t ron -emi t t i ng  
t e m p e r a t u r e .  F o r t u n a t e l y ,  rhenium i s  such a mater ia l .  

The 'very s m a l l  i o n  source designed to'meet t h e s e  con- 
s t r a i n t s  i s  shown i n  F igu re  9 .  Its volume is  only 0.3 cc, 

When cons ider ing  t h e  gas  dynamics of the system, t h e  volume 
and t h e  conductance of t h e  i n l e t  t ube  must be taken  i n t o  
account.  T h i s  t u b e  i s  0 .091  inch  i n  diameter  and 5 inches  
long. I ts  volume i s  about 0.5 cc and i t s  conductance f o r  
a i r  a t  room temperature  i s  1.1 x 10-2 l i t e rs / second,  

Ions  are formed i n  t h e  s m a l l  i o n  cage,  a t  a p o t e n t i a l  
c l o s e l y  r e l a t e d  t o  t h a t  of t h e  cage. The enclosing opaque 
c y l i n d e r  forms an e lec t r ica l  s h i e l d  for the f i l a m e n t ( s ) .  
E lec t rons  .. from the f i l a m e n t  are a c c e l e r a t e d  toward the  i o n  
cage. Some of the e l e c t r o n s  pas s  completely through t h e  

cage and are r e f l e c t e d  back t o  it by  t h e  opposing f i e l d  i n  
the space between t h e  i o n  cage and t h e  s h i e l d .  Eventua l ly ,  
a l l  of the e l e c t r o n s  are captured  by the w i r e s  of the i o n  

cage. 

which r e s u l t s  f r o m  the fact  t h a t  the p o t e n t i a l  of the i o n  
exit a p e r t u r e  is  more nega t ive  t h a n  t h a t  of t h e  ion  cage. 

Ions  are urged toward t h e  i o n  e x i t  a p e r t u r e  by the f ie ld  

S e n s i t i v i t i e s  f o r  reso lved  i o n  peaks are i n  excess of 

amperes /t o rr . 

JON SOURCE FILAMENTS 

The requirements  t h a  the f i lamen ope ra t e  a t  l o w  
power and have a long l i f e  t e n d  t o  be mutual ly  exc lus ive .  . 

Therefore ,  ob ta in ing  data  on the l i f e  expectancy of f i l a -  
ments of va r ious  materials and s izes  i n  an oxygen-rich atmos- 
phere is  impor tan t .  To t h i s  end, an experiment w a s  made 

c 

to observe t h e  aging of f i l a m e n t s  o p e r a t i n g  wi th  e lectron 
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emiss ion  i n  an oxygen-rich atmosphere a t  a p r e s s u r e  of 

about t o r r .  This  g i v e s  an  a c c e l e r a t e d  t e s t ,  so  far  as 

the oxygen i n t e r a c t i o n  i s  concerned. 
A diagram of t h e  f i lament  l i f e  t e s t  appara tus  i s  shown 

i n  F igu re  10 .  A f i x t u r e  f o r  ho ld ing  s e v e n ' t e s t  f i l a m e n t s  
has been provided. Each f i l amen t  i s  surrounded on three 

s i d e s  by an anode s t r u c t u r e .  S t a b i l i z e d  power s u p p l i e s  pro- 
v ide  r egu la t ed ,  ad jus tab le  p o t e n t i a l s  f o r  each f i l amen t .  
Meters monitor t h e  h e a t i n g  c u r r e n t  and v o l t a g e  and the emission 
(anode) ' c u r r e n t  f o r  each f i l amen t .  i rr 

, 
The vacuum system is  pumped by a 30 l i t e r  p e r  second 

D r i V a c  i o n  pump. The pumping speed i s  conductance l i m i t e d  
by an a p e r t u r e  placed i n  t h e  pump l i n e .  This  permi ts  t h e  
pump t o  o p e r a t e  a t  low pres su re  whi le  t h e  f i l amen t s  are 
immersed i n  oxygen a t  a much h ighe r  p re s su re .  P recau t ions  
w e r e  t aken  t o  a s s u r e  t h a t  t h e  f i l a m e n t s  would not  f a i l  pre-  
maturely through i n a d v e r t e n t  ope ra t ion  a t  h ighe r  p r e s s u r e .  

These inc lude  an overpressure  shu to f f  by the  i o n  gauge, as 
w e l l  as a shu to f f  i n  case of i o n  gauge f i l amen t  burn-out. 
Add i t iona l ly ,  a s t r i p  chart r eco rde r ,  running a t  'slow speed, 

g i v e s  a continuous record  of the p r e s s u r e  during unattended 
pe r iods  (weekends) /. 

1 

I 

FILAmNT LIFE TEST DATA 

Time-to-fai lure  d a t a  fo r  f i l a m e n t s  of va r ious  materials 
.* 

and s i z e s  are summarized i n  Table 1. 

. .  QUADRUPOLE - .  

The requirements  of the mass ana lyze r  are rather modest 
in t e r m s  of t h e  c a p a b i l i t y  of modern quadrupole ana lyze r s .  

a 

D .  
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Table  1 

Fi lament  T e s t  D a t a  

F i lament  W i r e  T y p e  : S i z e  ( D i a )  L i f e  ( H r s )  

3D Tungsten (3% Rhenium) 

3D Tungsten (3% Rhenium) 

3D Tungsten (3% Rhenium) 

218 Tungsten (100%) 

218 Tungsten (100%) 

218 Tungsten (100%) 
I 

5% Rhenium, 95% Tungsten 

26% Rhenium 

3D 

100% Rhenium 

100% Rhenium 

100% Rhenium 

.. . 

.001 

-003 

005 

001 

003 

005 

.003 

.003 

:003 

003 

.003 

.003 

. . -.. - 6% 

235 avg 

24 5 

270 

,-23 5 

3 10 

315 

, 

.312  avg. 

200 avg. 

64 8 

500 avg. 

790 

>1800 

i 

. .  . .. 

t.  

- : 



However , 
u n i t  and 

the s e v e r e  r e s t r i c t i o n s  on t h e  dimensions of t h e  

the l i m i t a t i o n s  on e x c i t a t i o n  power make t h e  task 

more d i f f i c u l t .  

rods 0.150 i n c h  i n  diameter  and 3 i nches  long(5)  , it w a s  con- 
c luded t h a t  a quadrupole of s i m i l a r  c r o s s - s e c t i o n a l  dimen- 
s i o n s  2 i nches  long, w i l l  provide adequate performance. The 
smaller quadrupole would have hype rbo l i c  rod s u r f a c e s  (4) and 

would have a set  of a u x i l i a r y  e l e c t r o d e s  a t  t h e  e n t r a n c e ' t o  
provide  a delayed dc ramp mode of ~ p e r a t i o n ' ~ ) .  With t h e s e  
added improvements, it is  expected t h a t  t h e  smaller quadrupole 
would out-perform t h e  l a r g e r  (3  inch)  one. 

Ex t r apo la t ing  from the performance of a quadrupole w i t h  

. %  - 

Although t h e  r e s o l v i n g  power requirements f o r  the b r e a t h  
ana lyze r  are less s t r i n g e n t  t h a n  those  of t h e  3-inch i n s t r u -  
ment ,  the  demand f o r  a n a l y t i c a l  accuracy ( f l a t - topped  peaks) 
r e q u i r e s  t h e  utmost performance of t h e  mass ana lyze r .  The 
dimensions chosen f o r  t h i s  instrument  are: ro = 0.075 inch ,  

L = 2 inches .  
The molybdenum rods w e r e  contoured t o  a hype rbo l i c  shape 

by g r i n d i n g  w i t h  a narrow diamond wheel.  The g r i n d e r  w a s  
opera ted  au tomat i ca l ly  by t a p e .  C a s t  r e p l i c a s  of the contours  
w e r e  observed i n  a 50-power comparator.  I n  g e n e r a l ,  t h e .  
d e p a r t u r e s  of the  s u r f a c e s  from t h e  hype rbo l i c  contours  were 
found t o  be less  t h a n  5 x lo'* i nches .  This  u n c e r t a i n t y  i s  
l a r g e r  t h a n  was d e s i r e d  and a n t i c i p a t e d .  

(3)  W, M.  Brubaker,  Improved Quadrupole,  Advances i n  Mass 
Spectrometry,  V o l .  4 ,  page 293, a 

W. M.  Brubaker,  Comparison of Quadrupole M a s s  Spectrometers  
w i t h  Round and Hyperbolic Rods, S i x t e e n t h  Annual Conference 
on M a s s  Spectrometry and A l l i e d  Topics ,  1968 

W,  M.  Brubaker,  N.  W. B e l l ,  and F. B. Wiens, Quadrupole Mass 
Spectrometer  f o r  Atmospheric S t u d i e s  i n  t h e  50- t o  90- 

.*  

K i l o m e t e r  Range, Twelfth Annual Conference on Mass Spec- 
t rome t ry  and A l l i e d  Topics ,  1964, 

30 
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A novel  method was used t o  hold t h e  rod assembly 

t o g e t h e r .  The rods were cemented wi th  saue r i sen  cement t o  a 
h igh  alumina r i n g  whi le  they  were clamped i n  .a j i g .  F igure  
11 shows- the  assembly wi th  t h e  j i g  and F igure  1 2  shows t h e  
assembly a f t e r  t h e  j i g  w a s  removed. W i r e  t a b s  cemented t o  
the high  a l u m i n a  r i n g  provide at tachments  f o r  t h e  i o n  source.  

Saue r i sen  cement was a l s o  used t o  form t h e  feed-through 

i n s u l a t o r s  f o r  t h e  ion  source.  Before t h i s  cement w a s  used 

for  t h i s  purpose i t s  outgassir ,g  c h a r a c t e r i s t i c s  were obs'erved. 
A smal l  q u a n t i t y  of t h e  cement was p laced  i n  t h e  vacuum system 
used t o  t es t  t h e  ion  pump. The appendage i n  which t h e  cement 
w a s  p laced  was hea ted  t o  over 100°C. 

presented  a gas  load t o o  l a r g e  f o r  t h e  s m a l l  pump t o  handle  
a lone .  However, a f t e r  a few hours  a t  t h e  high tempera ture ,  
the outgass ing  r a t e  decreased t o  a po in t  where t h e  smal l  ion  . 

pump opera ted  s a t i s f a c t o r i l y ,  ca r ry ing  t h e  e n t i r e  load alone.  

Thus, t h e  s a u e r i s e n  appeared t o  be a s a t i s f a c t o r y  cement f o r  

The i n i t i a l  ou tgass ing  

hold ing  t h e  rod assembly i n  p lace ,  even when t h e  appara tus  
i s  opera ted  a t  e l eva ted  tempera tures .  

. 
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Figure'  11. Miniature  Quadrupole Assembly 

in Alignment .~ J i g  ~ 
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Figure 1 2 .  Minia ture  Quadrupole Assembly Removed 
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DESCRIPTION 

SYSTEM PERFORMANCE 

The .performance of t h e  complete breath a n a l y s i s  system 
w a s  e f f e c t i v e l y  determined by j o i n i n g  a11 of t h e  e s s e n t i a l  

elkments - pump, l eak  and quadrupole - into a s m a l l  bench- 
s i z e  system. A system diagram showing t h e  conf igu ra t ion  of 
t h e  e s s e n t i a l  p a r t s  and t h e i r  a s s o c i a t e d  e lec t ronics  i s  

g iven  i n  F i g u r e  13. 1 

Although t h e  assembled system is  l a r g e  r e l a t i v i  t o  tha t  
of the b r e a t h  ana lyzer ,  t h e  e s s e n t i a l  f e a t u r e s  are dup l i -  
cated. I n  p a r t i c u l a r ,  t h e  gas i n l e t  system i s  i d e n t i c a l  i n  
i t s  essentials.  The go ld  f o i l - t u n g s t e n  needle  va lve  l eak  i s  
connected t o  the i o n  source by a hea ted  t u b e  5 inches  long. 
The i n l e t  t o  t h e  leak is  p laced  i n  a 3/4-inch metal  t u b e  about 
3 i nches  from e i ther  end. The purpose of t h e  tube  i s  t o  

-conduct breath g a s  t o  t h e  l eak  i n  a known manner so t h a t  

t h e  ins t rument  response c a n  be s t u d i e d .  

ates' a t  the i o n  source.  
from t h e  s o u r c e  i s  through the  i o n  e x i t  a p e r t u r e ,  

i n g  speed (conductance) of t h i s  a p e r t u r e  w a s  designed t o  be 

about  10  pe rcen t  of t h e  speed of t h e  i o n  pump, o r  1 .5  x 
. 

l i t e r s / s e c o n d .  At a gas  f l o w  ra te  of 1.5 x torr-liters/ 
second, t h i s  g i v e s  a c a l c u l a t e d  ion  source  p r e s s u r e  of 

The s m a l l  s i z e  i n l e t  tube (0.091 i n c h  diameter)  termin- 
.. 

The on ly  escape f o r  the molecules 
The pump- 

0 

torr and an analyzer-pump p r e s s u r e  of 1W6 t o r r .  
\ 

1 . .  :. 
r .  
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The t o t a l l y  enclosed i o n  source has  t h e  same geometry 
as t h a t  planned f o r  t h e  breath ana lyzer .  I ts  i n t e r n s 1  
volume i s  only 0.3 cc. The volume of t h e  i n l e t  t ube  i s  about 
0.5 C C .  .The t o t a l  volume or' the i n l e t  tube  and t h e  i o n  

source i s  t h u s  0 .8  cc, or 8 x l oe4  l i ters .  I f  t h i s  volume 
w e r e  lumped i n t o  one u n i t  and evacuated through a conductance 
of 1.5 x l i t e r s / s e c o n d ,  the t i m e  cons tan t  of t h e  assembly 

would be 

T = V/S = 8 x 1.5 x = 53 x seconds.  
i 

As i s  noted l a t e r ,  t h e  observed t i m e '  cons t an t  i s  52 m i l l i -  
seconds.  i 

'The  quadrupole used f o r  these tests i s  i d e n t i c a l  to 
t h e  one in tended  f o r  t h e  breath ana lyze r  except  t h a t  the  

a u x i l i a r y  e l e c t r o d e s  r equ i r ed  t o  achieve a delayed dc ramp 
mode of o p e r a t i o n  w e r e  n o t  i n  p l ace .  

. The m u l t i p l i e r - d e t e c t o r  is a vene t i an  blinc? l a b o r a t o r y  

type.  
impeaance reducer  (cathode fo l lower )  and t h e n  t o  a high-speed, 
S anbo r n mu lt i channe 1 record  e r'. 

The s i g n a l ' f r o m  t h e  m u l t i p l i e r  i s  directed t o  a u n i t y  g a i n  

The l a r g e ,  unbaked system w a s  pumped s a t i s f a c t o r i l y  w i t h  . 
the minia ture  i o n  pump w h i l e  a t  room temperature .  However, 
when the f i l a m e n t  i n  t h e  sou rce  w a s  raised t o  e l e c t r o n  e m i t -  
t i n g  temperature ,  the outgass ing  of the s a u e r i s e n  cement 
presented  a g a s  load t o o  l a r g e  f o r  t h e  s m a l l  pump. Add i t iona l  
pumping, which w a s  conductance l i m i t e d  t o  about 2 l i ters/  
second, w a s  provided by t h e  D r i V a c  ion  pump. . T h e  response 
speetl of the system i s  determined by the combined volume of 
t h e  source  and i n l e t  t ube  and the conductance of the a p e r t u r e  
from the  source  t o  the ana lyze r .  The addi t ional  purnping,,.there- 
fore, i n  no way alters t h e  speed of response of t h e  system. 

36 
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EXPERINXNTS 

The 'ope ra t ion  of t h e  s m a l l  quadrupole i s  i l l u s t r a t e d  
by the background spectrum shown i n  F i g u r e  14. Peaks from 
masses 14, 16, 17 ,  18, 2 8 ,  3 2 ,  40 ,  and.44 a r e  c l e a r l y  
v i s i b l e .  The modulations of the peak t o p s  on masses 18 and 
2 8  are a t t r i b u t e d  t o  imperfec t ions  of t h e  contours  of t h e  
f ie ld-forming rod s u r f a c e s .  The spectrum c l e a r l y  demon- 
strate; the c a p a b i l i t y  of t h e  s m a l l  quadrupole,  w i th  hyper- 

*bo l i c  s u r f a c e s  and wi thout  t h e  a i d  of a se t  of a u x i l i a r y  
electroaes, t o  adequate ly  provide t h e  m a s s  s e p a r a t i o n  re- 
qu i r ed  f o r  t h e  b r e a t h  ana lyze r  a p p l i c a t i o n .  

The response of t h e  system t o  b r e a t h  gas  i s  shown i n  

F igure  15, which i s  a record ing  of t h e  CO, peak as t h e  man 
brea thed  through t h e  3/4-inch t u b e  mentioned above. The upper 
trace shows t h e  CO, peaks a t  low amplitude and t h e  middle 
trace shows them a t  higher a m p l i f i e r  ga in .  The bottom square  

swi tch  which t h e  s u b j e c t  opera ted  upon r eve r s ing  t h e  direc- 
t i o n  of b rea th ing .  

- t r a c e  i s  i n  response t o  t h e  opening and c l o s i n g  of a hand 

O f  prime importance i s  the rate  of decay of t h e  CO, s i g n a l  
on t r a n s i t i o n  from exha le  t o  i n h a l e .  The quick r e v e r s a l  of 

b rea th ing  promptly t e r m i n a t e s  t h e  h i g h  CO, concen t r a t ion  as . 
room a i r  i s  drawn over t h e  leak. As i n d i c a t e d  on t h e  c h a r t ,  
the  decay t o  1 0  p e r c e n t  of the s i g n a l  occurs  i n  about  120 
mi l l i seconds .  On a n  exponen t i a l  decay, t h i s  occurs  i n  2.3 
t i m e  c o n s t a n t s ,  which corresponds t o  a t i m e  cons t an t  of 52 
mi l l i seconds .  Th i s  exper imenta l  va lue  of t h e  ins t rument  

response agrees s u r p r i s i n g l y  w e l l  w i t h  the  response ca lcu-  
laked  when the volume of the i n l e t  t u b e  i s  lumped w i t h  t h a t  
of t h e  i o n  source .  The assumptions made i n  the t h e o r e t i c a l  
d e r i v a t i o n  (lumped volumes) would no t  seem t o - w a r r a n t  such 
v e r i f i c a t i o n .  

. t  

. .  
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Figure 14. Mass Scan on Breath Analysis System ~ ‘ . 
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Figure ii. System Response to-CO, dur ing  Inhale and Exhale Cycl ing .  
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SUMn9RY AhTD RECOMMENDATIONS 
FOR A FOLLOW-ON PROGRAM 

The f e a s i b i l i t y  of provid ing  a mass spec t rometer  b r e a t h  
ana lyzer  t o  f i t  under t h e  & i n  of an a s t r o n a u t  w i t h i n  h i s  
helmet was demonstrated wi th  t h e  assembled appara tus .  A 

set of p ro to type  u n i t s ,  assembled t o  d u p l i c a t e  t h e  c r i t i c a l  
c o n s t r a i n t s  of t h i s  s p e c i a l  a p p l i c a t i o n ,  has demonstrated 
a very r a p i d  response t o  a s t e p  change i n  t h e  composition 

of t h e  b r e a t h  gas .  Ninety pe rcen t  of t h e  s t e p  change i s  
I 

made i n  1 2 0  mi l l i s econds .  . i  

The c r i t i ca l  p o r t i o n s  of t h e  b r e a t h  ana lyzer  ( t h e  
molecular lezk  and t h e  a s s o c i a t e d  i o n  pump) have been oper- 

a t ed  s u c c e s s f u l l y  i n  a system conta in ing  t w o  mass spectrom- 
eters f o r  a per iod  of 11 weeks. There were no f a i l u r e s  of 
t h e  system t o  main ta in  vacuum dur ing  t h i s  per iod.  The 
molecular flow c h a r a c t e r i s t i c s  of t h e  leak  have been demon- 

r e v e r s a l  of b r e a t h i n g  from i n h a l e  t o  exhale .  The small i o n  . 
pump, wi th  i t s  w e l l  conta ined  magnetic f i e l d ,  pumps n i t rogen  
a t  a speed of 0.14 l i t e r  pe r  second a t  a pressure  of 

torr. 

- s t r a t e d  by t h e  appearance of water  vapor before  CO, on t h e  

The s m a l l  quadrupole ,  w i th  2-inch hype rbo l i c  rods e 

spaced 0.150 inch ,  provides  u n i t  r e s o l u t i o n  wi th  f l a t - topped  
peaks when it i s  e x c i t e d  a t  6 megahertz. 

Because t h e  p rogres s  t o  d a t e  has  unquest ionably demon- 

s t r a t e d  t h a t  a min ia tu re  mass spec t romete r  b r e a t h  ana lyze r  

system, inc luding  t h e  d i f f i c u l t  gas  sampling devices ,  can be  
b u i l t ,  t h i s  program should be cont inued wi th  t h e  o b j e c t i v e  of 
achieving a working model. S t a r t i n g  wi th  t h e  molecular leak ,  

the min ia tu re  a c t u a t o r  i s  t o  be  assembled and opera ted .  The 
problem a r e a s  h e r e  are concerned wi th  t h e  avoidance of od&; 
c los ing  t h e  va lve  under any cond i t ions  of s t o r a g e  and opera t ing  

40 



temperatures, The i o n  source geometry i s  e n t i r e l y  satis-  
f a c t o r y ,  b u t  t h e  i n s u l a t o r s  used t o  suppor t  t h e  e l e c t r o d e s  
must be amenable t o  o p e r a t i o n  a t  high temperatures .  F u r t h e r ,  

t h e y  must e f f e c t i v e l y  seal t h e  i o n i z i n g  reg ion  f r o m  the rest 
of t h e  d e v i c e  wi thout  i n c r e a s i n g  ' i t s  volume. 

The quadrupole s t r u c t u r e  does n o t  i nc lude  p rov i s ions  
f o r  t h e  delayed dc ramp mode of ope ra t ion .  Advantage must, 

be t aken  of the  improved performance which r e s u l t s  f r o m  t h e  
use  of t h e  delayed dc ramp. The technique used t o  fabricate 
t h e  hyper&olic s u r f a c e s  i s  u n s a t i s f a c t o r y ,  and a bet ter  method 

(or  machine shop) must be sought ,  The mass s p e c t r o k e t e r  and 
t h e  i o n  pump must be i n t e g r a t e d  i n  a compact vacuum envelope, 
contoured t o  f i t  a man. 

The ins t rument  has been opera ted  exc lus ive ly  w i t h  
l abora tory- type  e l e c t r o n i c s .  F l igh t - type  e l e c t r o n i c s ,  compat- 
ib le  w i t h  t h e  seve re  l i m i t a t i o n  of t h e  vo l t age  and power which 
may be a p p l i e d  t o  any p a i r  of l e a d s  used t o . i n t e r c o n n e c t  t h e  
back-pack e l e c t r o n i c s  and t h e  quadrupole assembly, have y e t  t o  
be des igned  and assembled. The a p p r o p r i a t e  data  process ing  
and read-out dev ices  are inc luded  i n  the f l i g h t - t y p e  e l e c t r o n i c s ,  

Table 2 p r e s e n t s  an i temized  l i s t  of t h e  t a s k s  completed 
t o  date and a l s o  g i v e s  a summary i n d i c a t i o n  of t h e  scope of .. 
e f f o r t  s t i l l  r e q u i r e d  t o  c a r r y  

.. 

41 

t h i s  program t o  i t s  conclusion.  

. : , .. 
* .  . .  

f 



Table 2 - 

NAS9-8371 Statement  of Work - Itemized S t a t u s  Sheet 

COMMENTS ON 
COMPLETION ACHIEVENENTS 

TASKS . . *  P E RC E NTAG E OR PERFORMANCES 

Phase A l ,  Leak i 

I t e m  1, Study means of dev i s ing  

I t e m  2 .  Make experimental  model, 

.min ia ture  needle  valve.  100 

w i t h  no regard  f o r  r e f i n e -  
ment of a c t u a t o r  mechanism. 100 Exce l l en t  

8 
I 
; 

I t e m  3 .  Attach  t o  ultra-high-vacuum 
system wi th  slow pumping 
speed and make experiments 

100 Exce l l en t  on va lve  ope ra t ion .  I 

I t e m  4, Optimize va lve  parameters 
( exc lus ive  of motion pro- 
ducing d e v i c e s ) .  100 S a t i s f a c t o r y  . 

I t e m  5. Design, d e v i s e  and f a b r i c a t e  
min ia tu r i zed  va lve  a c t u a t o r .  90 Unit  w a s  fab-  

f r i c a t e d  and 
n e a r l y  assernbled. 
N o  tests run. 

I t e m  6 ,  Attach min ia tu r i zed  va lve  
. and a c t u a t o r  system t o  

vacuum appara tus  and ob- 
1 s e r v e  i t s  performance. 0 

I t e m  7. 'De l ive r  f i v e  leak  va ives  wi th  
a c t u a t o r s  for performance 
tests. 40 

Phase A2, I o n  Pump 

I t e m  1. I n v e s t i g a t e  t h e  u t i l i t y  of 
v a r i o u s  permanent magnetic 
materials f o r  producing a mag- 

- ne t i c  f i e l d  of 0 . 1 t o  0 . 2  teslas 
. i n  a s m a l l  volume s u i t a b l e  f o r  

I t e m  2, Design se l f -conta ined  magnetic 
a Penning Discharge.  100 

c ' i r c u i t  f o r  producing appro- 
priate magnetic f i e l d  f o r  t h e  

. Penning Discharge,  100 

* e  

Very good . 
.. 

t .  

Exce l l en t  

4 2  .. : -. 



TASKS - 
I t e m  3 .  

I t e m  4. 

. .  

I t e m  5. 

I t e m  6 .  

. -  
I t e m  7 .  

I t e m  8. 

I t e m  9.  

Table  2 - Continued 

COlrIDBNTS ON 
COMPLETION ACHIEVEMENTS 
PERCENTAGE OR PERPOFUWNCES 

Design and fabr icate  s m a l l  
Penning Discharge s t r u c t u r e s  
and exper imenta l ly  determine 
. their  pumping c a p a b i l i t i e s  
as f u n c t i o n s  of p r e s s u r e ,  
niagnetic f i e l d  s t r e n g t h ,  c e l l  

.geometry and  app l i ed  p o t e n t i a l  100 

Choose most promising combina- 
$ion of geometry, magnetic 
f i e ld ,  and p o t e n t i a l  a n d  b u i l d  
model. 100 

Select t i t a n i u m  subl imat  or 
m o s t  s u i t a b l e  f o r  use w i t h  
pump model b u i l t  i n  I t e m  4.  100 
Optimize parameters  of power 
app l i ed  t o  subl imator  t o  a 
achieve  maximum d e p o s i t i o n  of 
t i t a n i u m  w i t h  m i n i m u m  (aver- 

Add t i t a n i u m  subl imator  t o  

Perform experiments t o  d e t e r -  
mine o p e r a t i n g  c h a r a c t e r i s -  
t i c s  of pump model descr ibed ,  

age) power. 10 0 

pump model. 100 

..in I t e m  7.  80 

Exce l l en t  

i 

Excellent 

Very good 

Pump gave ex- 
c e l l e n t  perform- 
ance wi thout  
b e n e f i t  of titar,- 
ium subl imat ian .  

Make two i o n  pump assemblies  2 5  Only one  self-  
and i n t e g r a t e  w i t h  t w o  of t h e  conta ined  i o n  
leak va lves  t o  form self-con-  pump w a s  
t a i n e d  system. These w i l l  be assembled. 
d e l i v e r e d  t o  MSC f o r  evalu-  
a t i o n .  

- .  Phase €3, Ion  Source 
I 

I t e m  1. Study ope ra t ing  c h a r a c t e r i s t i c s  
of f i l a m e n t s  of va r ious  config-  
u ra t ions  and m a t e r i a l s  i n  t o  be sat i isfac-  
oxygen-rich environments.  100 t o r y .  $ .  

3 m i l  rhenium 
f i l a m e n t  'appears 

.. . . 

.-. 
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Table  2 - .Continued 

COPII4ENTS ON 
COMPLETION ACHIEVEMENTS 

TAS IZS . -  PERCENTAGE OR PERPORf4ANCES 

I t e m  2.  Based on t h e o r e t i c a l  s t u d i e s  E x c e l l e n t ,  con- 
made p rev ious ly ,  des ign  min- s i d e r i n g  dimen- 
i - a t u r e  i o n  source  which i n -  s i o n a l  con- 
co rpora t e s :  100 s t r a i n t s ,  

a ,  Mul t ip l e  f i l amen t s  
b. D i f f e r e n t i a l  pumping 

'c .  High-production e f f i c i e n c y  
for  w e l l  co l l imated  i o n  
beam. 

photons which can reach  
detector 

I t e m  3 .  F a b r i c a t e  and assemble i o n  
source  of I t e m  2 .  

e. Low product ion r a t e  of 

I 

I. . 

. I 

.: I t e m  4.  Attach i o n  sources t o  system 
which inc ludes  s m a l l  quad- 
rupole ,  gas  i n l e t  and pumping 
system similar  t o  t h a t  pro- 
posed f o r  u se  on a s t ronau t .  

I t e m  5, 

I t e m  6 . .  

I t e m  7. 

P e r f o r m  experiments on assembly 
(Item 4) t o  demonstrate degree 
t o  which g o a l s  have been 
achieved. 

Optimize parameters ,  

100 

100 

100 

10 

Prepare  r e f i n e d  i o n  source  f o r  
attachment t o  min ia tu r i zed  quad- 
rupo le  mass spectrometer  of 
Phase 6. 

44 

50 

Choice of saue- 
r i s e n  cement 
for  i n s u l a t i n g  
the  suppor t  
w i r e s  w a s  poor.  
S e r i o u s  outgas- 
s i n g  and/or de-- 
cornpos-i ti on 
occurred on . 
h e a t i n g .  

. 
G o a i s  appeared 
t o  have been m e t ,  
G a s  load from 
s a u r i s e n  clouded 
experimental  data.  

Only pre l iminary  
experiments w e r e  
performed w i t h  ' 
b r e a t h  gas  on 
e n t i r e  system, 
Geometry of f i e l d  
forming s u r f a c e s  ' 

appeared t o  be 
q u i t  e s a t i s f a c t o r y :  
U s e  of s a u e r i s e n  
for mechanical 
suppor t  i s  q u e s -  
t i o n a b l e .  



. ..I 

. .. 

. .  

I 'h 

TASKS 
Phase C 
ccI_ 

I t e m  1. 

I t e m  2 .  

I t e m  3 .  

I t e m  4.  

I t e m  5. 

I t e m  6. 

Table  2 - Continued 

COMPLETION 
. PERCENTAGE 

Design, f a b r i c a t e  and 
assemble a min ia tu re  quad- 
r u p o l e  mass ana lyze r  t o  
match t h e  i o n  source  
developed i n  Phase B. . 100 

' I n t e g r a t e  i o n  source ,  quad- 
rupo le ,  and a secondary 
emiss ion  m u l t i p l i e r  i n t o  an 
assembly of m i n i m u m  volume . 
Energize assembly with lab- 
o r a t o r y  e l e c t r o n i c s  ( supp l i ed  
by Ea r th  Sciences) and make 
experiments t o  explore  t h e  
r e l a t i o n s h i p  between perform- 
ance c a p a b i l i t i e s  and t h e  
power l e v e l  of t h e  e x c i t a t i o n  
of t h e  rod system. 

R e v i e w  f i n d i n g s  w i t h  Manned 
S p a c e c r a f t  C e n t e r  and mutual ly  
dec ide  t h e  p r e f e r r e d  combina- 
tion among the  v a r i a b l e s  of 
I t e m  3 .  
Design, fabr icate  and t es t  
f l igh t -compat ib le  e l e c t r o n -  
ics, guided b y  choices made 
i n  I t e m  4 .  

Attach system comprising t h e  
i o n  source ,  quadrupole,  and t h e  
d e t e c t o r  t o  a l a b o r a t o r y  vacuum 

. appara tus  ( supp l i ed  by Ea r th  
Sc iences)  . Using l a b o r a t o r y  
type gas i n l e t  system, observe 
the performance of t h e  m a s s  
spectrometer system t o  b r e a t h  
g a s  

. 

4 5  

100 

100 

0 -  

0 

100 

COMMENTS ON 
ACHIEVEMENTS 

OR PERFORMIlNCES 

S e l e c t e d  vendor 
w a s  unable t o  
hold  dimensions 
t o  t a r g e t  t o l -  
e rances .  
Package was 
p laced  i n  labor-  
a t o r y  vacuum 
envelope. 
System gave every  
i n d i c a t i o n  of 
meeting perform- 
ance r e q u i r e m e n t s  
except  fo r  s l i g h t  
abnorma l i t i e s  of 
peak shape which 
are a t t r i b u t e d  
t o  rod contour  
imperfec t ions  . 

Tests w e r e  made 
w i t h  min ia tu re  
leak, lab 

- a c t u a t o r .  

i 
. .  

?. . 
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Tab le  2 - Continued 

COMMENTS ON 
COMPLETION ACHIEVEMENTS .. 

TAS IC5 PERCENTAGE OR PERE'ORMANCES 

I t e m  7 .  Replace t h e  l a b o r a t o r y  
vacuum and i n l e t  systems 
w i t h  t h o s e  developed i n  
Phases  A and B and repeat 
the experiment desc r ibed  
i n  I t e m  6 ,  u s ing  elec- 

, t r o n i c s  of I t e m  5.  

I t e m  8. Del ive r  t o  Manned Space- 
. c ra f t  Center  t h e  oper- 
a t i n g  ins t rument  used i n  
I t e m  7. 

... 
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I t e m  6 equip- 
ment w a s  
d e l i v e r e d .  
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A P P E N D I X  I 

CALCULATION OF T I T A N I U M  C O N S U I P T I O N  P4TE D U R I N G  G E T T E R I N G  

Assumptions : 

1. One a t o m  of t i t an ium i s  r equ i r ed  t o  g e t t e r  one 
atoin of n i t rogen  (or o t h e r  g e t t e r a b l e  gases) .  

A v a i l a b i l i t y  of t i t a n i u m  s p u t t e r e d  from cathode 
of d i scha rge  i s  ignored.  

2. 
. I  

Calcula t ions :  

One to r r - l i t e r  of a diatomic gas  (N, o r  0,) a t  room 
temperature  con ta ins  about 3 .25  x lo1' molecules ( o r  6.5 x 

atoms).  I f  t h e s e  m o l e c u l e s  react w i t h  t i t a n i u m  i n  the 
manner p o s t u l a t e d ,  t h e  mass of t i t a n i u m  involved i s  (6.5 x 
103*/G x x 48, o r  5 .2  x grams. That i s ,  5 .2  

mil l igrams of t i t a n i u m  are used i n  t h e  g e t t e r i n g  of one 
t o r r - l i t e r .  I f  t h e  gas  load  i s  admitted t o  t h e  g e t t e r  pump 
a t  a rate of Q t o r r - l i t e r s / s e c o n d ,  t h e  amount of t i t an ium 
consumed i n  one day i s  

60 x 60 x 24 x 5.2 x x Q = 4.5 x 102 x Q. 

It is p o s s i b l e  t o  load  one m i l l i g r a m  of t i t a n i u m  on a 
support  w i r e  of tantalum, tungs ten ,  o r  molybdenum. It is  
feasible t o  cons ide r  supplying 2 mil l igrams of t i t a n i u m  on 
m u l t i p l e  f i l a m e n t s  w h i c h  can be used i n  sequence. 
af a l eak  r a t e  of 
achievable. 

Our g o a l  
t o r r - l i t e r s / s e c o n d  appears  t o  be 

I 

BASED ON TEESE ASSUMPTIONS, the t i t a n i u m  supp l i ed  by ; 

the subl imator  would last .. !. . 

_. 

2 x loe3/ 4.5 x l o 2  x lo-' = 45 days.  
e 

- .  .. : -. 



APPENDIX I1 

Abstract of a Paper Presented a t  Vacuum Science  & 
Technoloqy Symposium, Southwest Sec t ion  of t h e  
Amer ican  Vacuum Socie ty ,  Los Angeles, May 7-9, 1969 

VACUUM SYSTEM FOR ASTRONAUT BREATH ANALYZER** 

W. M .  Brubaker" and F. P .  P i cke t t*  
Earth Sciences ,  A Teledyne Company, Pasadena, C a l i f o r n i a  

A molecular l eak  and minia ture  ion  pump have been com- 
bined t o  form t h e  dynamic po r t ions  of a vacuum system f o r  
an a s t r o n a u t  b r e a t h  ana lyzer .  The micro-leak admits t h e  
b r e a t h  gas  from ambient (atmospheric) p re s su re  d i r e c t l y  
i n t o  t h e  vacuum system under molecular f l o w  cond i t ions .  

The less-than-golf-ball-size i o n  pump handles  t h e  e n t i r e  
gas load from the 'micro- leak .  G a s  2low ra tes  of s e v e r a l  
times 
about 0 .1  l i t e r s / s e c o n d  a t  p re s su re  of s e v e r a l  times 

t o r r / l i t e r s / s e c o n d  are pumped a t  a speed of 

torr. The e n t i r e  vacuum system, which con ta ins  t h e  quad- 
rupole  m a s s  ana lyze r ,  f i t s  under t h e  a s t r o n a u t ' s  c h i n ,  i n -  
s i d e  t h e  helmet .  The e l e c t r o n i c  appara tus  i s  carried i n  a 
back pack. 

"Present address :  Analog Technology Corporat ion,  Pasadena, 
C a l i f o r n i a .  .. 

**This research w a s  supported i n  whole by NASA-MSC, Houston, 
Texas, under Cont rac t  N o .  NAS 9-8371. !. 
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