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(54)  Method  and  apparatus  for  analyzing  a  gas  sample. 

(57)  A  mass  spectrometer  system  for  gas  analysis  comprises  an  ion  pump  (12)  for  creating  an  internal 
vacuum  within  said  mass  spectrometer,  an  ionization  chamber  (26),  an  inlet  passage  (14)  through  which 
a  gas  sample  is  introduced  into  the  ionization  chamber,  valve  means  (18,20)  associated  with  the  inlet 
passage  for  controlling  the  volume  of  gas  sample  introduced  into  the  ionization  chamber  (26),  a  filament 
(32)  for  introducing  electrons  into  the  ionization  chamber  (26)  whereby  the  electrons  bombard  the  gas 
sample  thus  forming  ions,  an  extractor  plate  (48)  positioned  adjacent  the  ionization  chamber  (26)  and 
biased  such  that  a  proportion  of  ions  and  electrons  are  allowed  to  pass  through  the  extractor  plate,  a 
quadrupole  filter  (50)  into  which  the  ions  and  electrons  are  directed  by  the  extractor  plate  (48),  the 
quadrupole  filter  (50)  being  operative  to  permit  a  stream  of  ions  with  a  pre-selected  mass-to-charge  ratio 
to  pass  through  the  filter  while  ions  other  than  those  having  the  pre-selected  mass-to-charge  ratio 
separate  from  the  stream  of  ions,  means  for  directing  electrons  toward  ions  other  than  those  having  the 
pre-selected  mass-to-charge  ratio  in  the  area  of  said  quadrupole  filter  (50)  so  that  the  electrons  combine 
with  the  ions,  a  sensor  (64)  for  detecting  the  stream  of  ions  passing  through  the  quadrupole  filter  (50), 
and  analyzing  means  (80)  connected  with  the  sensor  for  analyzing  the  components  of  the  gas  sample. 
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The  invention  relates  to  a  method  and  apparatus 
for  analyzing  a  gas  sample  and,  more  particularly,  to 
mass  spectrometers  utilizing  quadrupole  mass  fil- 
ters,  or  the  like. 

Much  of  pulmonary  physiology  is  based  on  the 
analysis  of  respiratory  gases  and  the  mass  spectrom- 
eter  has  shown  its  usefulness  as  a  high  speed  accu- 
rate  gas  analyzer.  The  mass  spectrometer  is  an  ap- 
paratus  that  separates  charged  particles  (ions)  ac- 
cording  to  their  mass-to-charge  ratios  and  determi- 
nes  the  relative  abundance  of  each  type  of  ion  pres- 
ent. 

Mass  spectrometers  used  in  pulmonary  applica- 
tions  generally  include  a  sample-inlet  assembly,  an 
ionization  chamber,  a  focusing  lens,  a  mass  filter  in  a 
filter  chamber  and  a  sensor,  all  housed  in  a  low  pres- 
sure  vacuum  envelope.  Examples  of  such  prior  mass 
spectrometers  are  found  in  U.S.  Patents  Nos. 
4,008,388,  issued  to  McLafferty  et  al.,  and  4,816,685, 
issued  to  Lange.  The  sample-inlet  system  captures 
the  respiratory  gas  to  be  analyzed  and  directs  it  to  the 
ionization  chamber.  Astream  of  electrons  from  a  fila- 
ment  bombards  the  gas  entering  the  ionization  cham- 
ber  and  causes  the  gas  molecules  to  lose  electrons 
thereby  producing  positive  ions.  The  ions  alone  are 
focused  into  a  beam  and  accelerated  into  the  filter 
chamber.  The  electrons  are  not  allowed  to  pass  into 
the  filter  chamber.  In  the  filter  chamber,  the  ion  beam 
is  sorted  into  its  components  on  a  mass-to-charge  ra- 
tio  by  the  mass  filter. 

In  the  filter  chamber,  a  mass  filter,  as  for  example 
a  quadrupole  mass  filter,  is  utilized  to  separate  ions 
by  their  mass-to-charge  ratios.  The  filter  does  so  by 
the  application  of  an  electric  and/or  magnetic  field. 
The  filter  is  designed  such  that  the  ions  of  the  mole- 
cule  to  be  measured,  for  example  preselected  oxygen 
(M/e  32)  ions,  continue  through  the  filter  chamber  and 
are  collected  and  measured  by  the  sensor.  The  re- 
mainder  of  the  ions,  for  example  the  non-oxygen  ions, 
remain  in  the  filter  and  do  not  migrate  to  the  sensor. 

It  is  these  remainder,  or  unselected,  ions  that  do 
not  migrate  to  the  sensor  that  cause  problems  with  the 
stability  and  sensitivity  of  the  mass  spectrometer.  Un- 
der  normal  operation,  these  unselected  ions  contact 
the  filter  elements,  pick  up  electrons  from  those  ele- 
ments  to  become  neutralized,  and  eventually  migrate 
from  the  filter  and  are  removed  from  the  filter  cham- 
ber  by  the  ion  pump.  However,  continued  operation 
can  result  in  a  build  up  of  these  unselected  ions  on  the 
filter  elements  that  in  time  creates  a  dielectric  film 
which  prevents  the  ions  from  picking  up  electrons 
from  the  elements.  That  film  will  eventually  take  on  a 
charge  of  its  own  and  interfere  with  operation  of  the 
filter,  its  stability  and  sensitivity.  In  the  past,  to  retain 
its  sensitivity  and  the  stability  of  the  mass  spectrom- 
eter,  the  practice  was  to  disassemble  it  and  mechan- 
ically  or  chemically  clean  the  filter  elements  to  re- 
move  that  film.  This  disassembly  has  the  obvious  dis- 

advantage  in  that  it  causes  down  time  of  the  mass 
spectrometer  and  additional  expense  along  with  re- 
duced  sensitivity  and  stability  of  the  mass  spectrom- 
eter  before  the  disassembly. 

5  The  invention  provides  a  method  and  apparatus 
for  analyzing  a  gas  sample  in  a  mass  spectrometer. 
The  mass  spectrometer  system  includes  a  pump  for 
creating  a  vacuum  envelope  within  the  mass  spectr- 
ometer  and  includes  an  ionization  chamber.  An  inlet 

10  passage  is  provided  through  which  a  gas  sample  is  in- 
troduced  into  the  ionization  chamber.  A  valve  means 
is  associated  with  the  inlet  passage  for  controlling  the 
volume  of  gas  sample  introduced  into  the  ionization 
chamber.  Afilament  introduces  electrons  into  the  ion- 

15  ization  chamber  whereby  the  electrons  bombard  the 
gas  sample  thus  forming  ions.  An  extractor  plate  is 
positioned  adjacent  the  ionization  chamber  and 
biased  such  that  a  proportion  of  ions  and  electrons 
are  allowed  to  pass  through  the  extractor  plate  and 

20  into  a  quadrupole  filter.  The  quadrupole  filter  permits 
a  stream  of  ions  with  a  pre-selected  mass-to-charge 
ratio  to  pass  through  the  filter.  Ions  other  than  those 
having  that  pre-selected  mass-to-charge  ratio  sepa- 
rate  from  the  stream  of  ions  and  contact  the  filter  ele- 

25  ments.  The  electrons  which  were  allowed  to  pass  to 
the  quadrupole  filter  migrate  to  the  ions  other  than 
those  having  the  pre-selected  mass-to-charge  ratio 
which  had  contacted  the  quadrupole  filter  and  com- 
bine  with  the  ions  on  the  filter  elements.  These  ions 

30  are  thereby  neutralized  and  are  eventually  removed 
from  the  filter  by  the  pump.  A  magnet  collects  elec- 
trons  that  did  not  combine  with  any  ion.  A  sensor  de- 
tects  the  stream  of  ions  passing  through  the  quadru- 
pole  filter.  Finally,  an  analyzing  means  is  connected 

35  with  the  sensor  for  analyzing  the  components  of  the 
gas  sample.  Preferably  the  filament  in  the  ionization 
chamber  and  the  direction  of  migration  of  the  elec- 
trons  and  ions  generated  (the  ion/electron  beam)  in 
the  ionization  chamber  are  co-axial  with  the  quadru- 

40  pole  filter  and  the  principal  direction  of  flow  in  the  fil- 
ter  of  the  ions  of  preselected  mass  to  charge  ratio. 

It  is  one  feature  of  the  invention  to  provide  a  mass 
spectrometer  apparatus  for  analyzing  a  gas  sample. 

It  is  another  feature  of  the  invention  to  provide  a 
45  mass  spectrometer  that  maintains  its  sensitivity  and 

operational  integrity  of  gas  sample  analysis  on  a  con- 
tinuous  basis. 

It  is  another  feature  of  the  invention  to  provide  a 
mass  spectrometer  that  continually  neutralizes  ions 

so  remaining  in  the  filter  of  the  mass  spectrometer. 
It  is  another  feature  of  the  invention  to  provide  a 

mass  spectrometer  that  utilizes  electrons  in  the  filter 
of  the  mass  spectrometer  to  neutralize  ions  remaining 
in  the  filter. 

55  It  is  another  feature  of  the  invention  to  provide  a 
method  for  analyzing  a  gas  sample  in  a  mass  spectr- 
ometer  that  maintains  the  sensitivity  and  operational 
integrity  of  the  filter  of  the  mass  spectrometer. 
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It  is  another  feature  of  the  invention  to  provide  a 
method  for  neutralizing  a  mass  spectrometer  filter  of 
undesired  ions  that  utilizes  electrons  in  the  filter  of 
the  mass  spectrometer. 

Other  features  and  advantages  of  the  invention 
will  become  apparent  to  those  of  ordinary  skill  in  the 
art  upon  review  of  the  following  drawings,  detailed  de- 
scription,  and  claims. 

Fig.  1  is  a  simplified  schematic  representation  of 
the  mass  spectrometer  system  embodying  the  in- 
vention; 
Fig.  2  is  a  graphical  representation  of  a  voltage 
versus  time  waveform  that  is  part  of  an  inlet  con- 
trol  means  of  the  mass  spectrometer;  and 
Fig.  3  is  a  plan  view  of  a  retaining  plate  of  the 
mass  spectrometer. 
Before  one  embodiment  of  the  invention  is  ex- 

plained  in  detail,  it  is  to  be  understood  that  the  inven- 
tion  is  not  limited  in  its  application  to  the  details  of 
construction  and  the  arrangement  of  components  set 
forth  in  the  following  description  or  illustrated  in  the 
drawings.  The  invention  is  capable  of  other  embodi- 
ments  and  of  being  practiced  or  being  carried  out  in 
various  ways.  Also,  it  is  to  be  understood  that  the 
phraseology  and  terminology  used  herein  is  for  the 
purpose  of  description  and  should  not  be  regarded  as 
limiting. 

Referring  to  the  drawings,  there  is  shown  in  Fig. 
1  a  mass  spectrometer  10  embodying  the  invention. 
Mass  spectrometers  operate  on  the  basis  of  an  inter- 
nal  vacuum.  To  this  end,  the  illustrated  mass  spectr- 
ometer  10  includes  a  means  for  creating  an  internal 
vacuum  within  the  mass  spectrometer  such  as  an  ion 
pump  12. 

The  mass  spectrometer  1  0  further  includes  an  in- 
let  passage  14  through  which  a  gas  sample  enters  the 
mass  spectrometer  10.  The  inlet  passage  14  is 
formed  in  a  portion  of  the  spectrometer  housing  16 
and  the  volume  of  gas  sample  entering  the  mass 
spectrometer  1  0  is  controlled  by  a  valve  means  asso- 
ciated  with  the  inlet  passage  14.  The  valve  means  can 
include  a  conventional  valve  assembly  for  controlling 
entry  into  the  inlet  passage  14.  Preferably,  the  valve 
means  includes  a  sapphire-tipped  needle  valve  18  in 
association  with  a  nickel  seat  20  and  a  piezoelectric 
crystal  22.  The  sapphire-to-nickel  seal  of  the  inlet 
passage  14  is  helium  tight  thus,  the  mass  spectrom- 
eter  1  0  is  able  to  retain  its  internal  vacuum  for  extend- 
ed  periods  of  time.  The  end  24  of  the  needle  valve  18 
opposite  the  jeweled  tip  is  mounted  on  the  piezoelec- 
tric  crystal  22.  The  piezoelectric  crystal  22  flexes  in 
response  to  an  applied  electric  signal.  The  operation 
of  the  needle  valve  18  and  the  piezoelectric  crystal  22 
to  control  the  intake  of  the  gas  sample  into  the  mass 
spectrometer  1  0  will  be  described  further  hereinafter. 

The  inlet  passage  14  opens  into  a  closed  ioniza- 
tion  chamber  26  that  is  small  in  size,  preferably  having 
a  volume  of,  for  example,  .2cc.  The  ionization  cham- 

ber  26  has  two  orifices  28  and  30  communicating  with 
the  internal  vacuum.  Because  the  ionization  chamber 
26  communicates  with  the  internal  vacuum  through 
only  the  two  small  orifices  28  and  30,  the  pressure  in 

5  the  ionization  chamber  26  is  typically  one  or  two  or- 
ders  of  magnitude  higher  than  the  pressure  else- 
where  in  the  mass  spectrometer  10.  This  enables  a 
higher  ion  output  from  the  ionization  chamber  26  at  a 
lower  system  pressure,  thus  reducing  the  pumping  re- 

10  quirements  for  creating  the  internal  vacuum  in  the 
mass  spectrometer  10.  The  closed  ionization  cham- 
ber  26  makes  possible  the  use  of  an  ion  pump  12 
which  is  smaller  than  that  used  by  mass  spectromet- 
ers  utilizing  open  ionization  chambers.  Further,  the 

15  closed  ionization  chamber  26  contributes  directly  to 
increasing  the  response  speed  of  the  mass  spectrom- 
eter  10  since  the  small  ionization  chamber  volume  of, 
for  example,  .2cc  washes  out  a  given  gas  sample 
more  rapidly  thus  enabling  a  more  rapid  response  to 

20  changes  in  gas  composition  by  the  mass  spectrom- 
eter  10. 

A  filament  32  is  located  outside  the  ionization 
chamber  26  and  is  heated  in  a  conventional  manner 
to  emit  electrons.  The  emitted  electrons  travel 

25  through  the  first  orifice  28  into  the  ionization  chamber 
26.  The  first  orifice  28  and  the  filament  32  are  ar- 
ranged  in  line  with  the  axis  of  the  quadrupole  filter, 
which  will  be  described  hereinafter.  A  magnet  34  lo- 
cated  outside  the  ionization  chamber  26  produces  an 

30  axial  magnetic  field  which  serves  to  focus  the  elec- 
trons  into  a  beam  within  the  ionization  chamber  26. 
This  greatly  enhances  the  efficiency  of  the  ionization 
by  increasing  the  path  length  of  the  electrons.  More 
particularly,  the  axis  of  the  magnetic  field  is  co-axial 

35  with  the  quadrupole  filter.  Thus,  the  filament  32  and 
the  axis  of  the  magnetic  field  generated  by  magnet  34 
are  co-axial  with  the  axis  of  the  quadrupole  filter.  In 
operation,  the  gas  sample  enters  the  ionization  cham- 
ber  26  through  the  inlet  passage  14  and  once  in  the 

40  ionization  chamber  26,  the  gas  sample  is  bombarded 
by  the  electron  beam  so  as  to  cause  the  molecules  of 
the  gas  sample  to  become  ionized. 

A  concentrating  collector  36  is  located  behind  the 
filament  32.  The  collector  36  is  biased,  in  a  conven- 

es  tional  manner,  more  negative  than  the  filament  32 
and  has  two  functions.  First,  the  collector  36  serves 
as  an  electron  focusing  element  focusing  electrons 
into  the  ionization  chamber  26.  Second,  the  collector 
36  serves  as  an  ion  collector  for  the  ions  leaving  the 

so  ionization  chamber  26  via  the  first  orifice  28.  This 
second  function  will  be  described  more  fully  here- 
after. 

The  newly  formed  ions  can  pass  out  of  the  ioni- 
zation  chamber  26  either  via  the  first  orifice  28  or  the 

55  second  orifice  30.  The  ions  that  pass  out  of  the  ioni- 
zation  chamber  26  via  the  first  orifice  28  are  repre- 
sentative  of  the  pressure  in  the  ionization  chamber 
26.  Thus,  the  volume  of  ions  exiting  the  first  orifice  28 
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can  be  used  as  a  control  signal  to  maintain  a  desired, 
preferably  constant,  pressure  within  the  ionization 
chamber  26.  The  rate  of  flow  of  the  sample  gas  into 
the  ionization  chamber  26  is  critical  for  the  accurate 
measurement  of  the  gases  to  be  analyzed,  in  an  anes- 
thesiology  application  these  are  respiratory  gases. 
The  total  pressure  within  the  ionization  chamber  26 
needs  to  be  maintained  at  a  constant  or  predeter- 
mined  level  to  thereby  maintain  the  desired  rate  of  ion 
flow.  The  movement  of  the  needle  valve  1  8  or,  in  other 
words,  its  position  relative  to  the  nickel  seat  20,  de- 
termines  the  leak  rate  of  the  gas  sample  into  the  ion- 
ization  chamber  26.  That  movement  and/or  position  is 
a  function  of  a  potential  applied  to  the  piezoelectric 
crystal  22  by  an  inlet  control  means.  An  input  signal 
proportional  to  and  representative  of  the  total  pres- 
sure  within  the  ionization  chamber  26  provides  an  in- 
put  to  the  inlet  control  means.  The  output  signal  from 
the  inlet  control  means  is  coupled  to  the  piezoelectric 
crystal  22  thus  establishing  a  servo-controlled  mo- 
tion  of  the  needle  valve  18  so  as  to  maintain  a  con- 
stant  pressure  in  the  ionization  chamber  26. 

More  specifically,  the  stream  of  ions  exiting  the 
ionization  chamber  26  via  the  first  orifice  28  are  de- 
tected  by  the  collector  36  located  behind  the  filament 
32.  That  stream  of  ions  is  determined  by  and  repre- 
sentative  of  the  pressure  in  the  ionization  chamber 
26.  Thus,  the  ion  current  collected  by  the  collector  36 
is  representative  of  the  pressure  in  the  ionization 
chamber  26  and  is  used  as  the  control  signal  to  main- 
tain  a  constant  pressure  in  the  ionization  chamber  26. 
The  current  flow  out  of  the  collector  36  provides  the 
input  signal  for  the  inlet  control  means.  The  inlet  con- 
trol  means  preferably  includes  the  following  conven- 
tional  components;  a  comparator  38,  a  reference  vol- 
tage  generator  40,  a  summing  circuit  42  and  a  trian- 
gular  wave  generator  44.  The  input  signal  from  the 
collector  36  provides  one  input  to  the  comparator  38 
for  comparison  against  a  second  input  or  reference 
voltage  from  the  reference  voltage  generator  40.  The 
resulting  DC  level  output  from  the  comparator  38  is  in- 
troduced  into  the  summing  circuit  42  which  also  re- 
ceives  an  input  from  the  triangular  wave  generator 
44.  The  time  of  actuation  of  the  piezoelectric  crystal 
22  is  thus  a  function  of  the  combination  of  both  the 
amount  of  activity  from  the  ionization  chamber  26  and 
the  instantaneous  output  of  the  triangular  wave  gen- 
erator  44.  This  is  graphically  illustrated  in  Fig.  2 
wherein  A  is  a  DC  level  representing  the  pressure  of 
the  ionization  chamber  26  at  one  point  in  time  which 
combines  in  the  summing  circuit  42  with  the  triangular 
waveform  from  the  triangular  wave  generator  44  to 
produce  an  on-time  pulse  of  T1.  The  output  signal  of 
the  summing  circuit  42  is  fed  to  the  piezoelectric  crys- 
tal  22.  The  piezoelectric  crystal  22  responds  to  the 
signal  by  deforming  and  forcing  the  needle  valve  18 
to  open  the  inlet  passage  14  thus  allowing  a  gas  sam- 
ple  to  flow  into  the  ionization  chamber  26  for  a  period 

of  T1  .  A  higher  DC  level  B  from  the  comparator  38  rep- 
resenting  a  higher  pressure  level  in  the  ionization 
chamber  26  combines  with  the  generated  sawtooth 
pulse  in  the  summing  circuit  42  to  produce  an  on  time 

5  pulse  of  T2.  Because  the  pressure  was  higher  in  the 
ionization  chamber  26  during  the  later  measurement 
of  B,  the  piezoelectric  crystal  22  will  receive  a  signal 
such  that  the  needle  valve  18  will  keep  the  inlet  pas- 
sage  14  open  for  a  shorter  amount  of  time  (T2). 

10  It  should  be  noted  that  if  no  output  signal  is  ap- 
plied  to  the  piezoelectric  crystal  22,  the  needle  valve 
18  will  fully  occlude  the  inlet  passage  14.  Modulation 
of  the  inlet  passage  14  is  effected  by  a  level-shifted 
triangular  wave  signal  rather  than  a  square  wave  sig- 

15  nal  since  the  triangular  wave  signal  has  proven  to  ex- 
tend  the  life  of  the  piezoelectric  crystal  22  and  the 
nickel  seat  20. 

In  addition  to  exiting  the  ionization  chamber  26 
via  the  first  orifice  28,  ions  also  exit  via  the  second  or- 

20  if  ice  30.  Ions  leaving  the  ionization  chamber  26  exit 
via  the  second  orifice  30  are  accelerated  towards  a 
filter  chamber  46  by  an  extractor  plate  48  which  cre- 
ates  an  electric  bias.  The  extractor  plate  48  is  posi- 
tioned  adjacent  the  second  orifice  30  and  is  biased  in 

25  a  conventional  manner  to  allow  a  certain  proportion 
of  ions  to  pass  into  the  filter  chamber  46.  The  voltage 
of  the  extractor  plate  48  is  preferably  selected  relative 
to  the  voltage  on  the  filament  32  such  that  a  certain 
proportion  of,  but  not  all  of,  the  electrons  are  also  al- 

30  lowed  to  pass  into  the  filter  chamber  46.  The  voltage 
on  the  filament  and  the  extractor  plate  could  be  equal 
and  thereby  allow  all  of  the  electrons  into  the  filter,  but 
this  is  not  the  best  operation  so,  preferably,  the  vol- 
tage  on  the  extractor  plate  is  more  negative  than  that 

35  on  the  filament.  More  particularly,  the  voltage  on  the 
extractor  plate  should  exceed  that  on  the  filament,  in 
a  negative  sense,  by  2-4  volts  but  not  more  than  5 
volts  at  which  point  the  extractor  plate  will  tend  to  turn 
back  too  many,  if  not  all,  electrons.  Preferably,  and  as 

40  an  example,  if  the  potential  of  filament  32  is  approx- 
imately  -50  volts,  the  potential  of  the  extractor  plate 
48  will  be  approximately  -52.5  volts.  This  will  allow 
both  ions  and  electrons  to  pass  into  the  filter  chamber 
46,  some  of  the  electrons  which  are  present  will  be 

45  turned  back  at  the  extractor  plate. 
The  filter  chamber  46  contains  a  filter  apparatus 

such  as  a  conventional  quadrupole  mass  filter  50 
consisting  of  four  parallel  rods  52,  54,  56  and  58  that 
are  equidistant  from  a  longitudinal  axis  60  of  the 

so  quadrupole  filter  50.  The  rods  52,  54,  56  and  58  are 
retained  in  this  orientation  by  a  pair  of  retainer  plates 
62  (Fig.  3),  one  plate  62  at  each  end  of  the  rods  52, 
54,  56  and  58.  The  quadrupole  filter  50  operates  on 
the  principle  that  charged  particles  of  a  given  mass 

55  can  be  suspended  in  a  space  by  an  electric  field  con- 
sisting  of  a  balanced  AC  and  DC  excitation  signal. 
Particles  with  a  selected  mass-to-charge  ratio  have  a 
stable  oscillatory  behavior,  while  all  particles  with  a 

4 
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different  mass-to-charge  ratio  have  an  unstable  oscil- 
latory  trajectory  and  will  escape  from  the  space  in- 
side  the  quadrupole  filter  50.  Thus,  only  ions  entering 
the  quadrupole  filter  50  with  the  selected  mass-to- 
charge  ratio  will  pass  all  the  way  through  the  quadru- 
pole  filter  50  to  be  detected  by  a  sensing  mechanism 
such  as  a  conventional  sensor  64.  Thus,  by  applying 
the  proper  voltages  and  frequencies  to  the  rods  52, 
54,  56  and  58,  the  quadrupole  filter  50  operates  as  a 
selective  filter  permitting  ions  of  only  a  particular 
mass-to-charge  ratio  to  pass  to  the  sensor  64. 

The  co-axial  arrangement  of  the  filament  32,  the 
field  of  magnet  34,  and  the  extractor  plate  48  is  with 
reference  to  the  axis  60.  In  other  words,  the  filament, 
the  magnetic  field,  and  the  extractor  plate,  and  the 
general  flow  path  of  the  ions  and  electrons  from  the 
ionization  chambertotheand  through  the  filter  cham- 
ber  is  along  the  axis  60. 

The  resolution  of  the  quadrupole  filter  50  is  deter- 
mined  by  the  ratio  between  the  AC  and  DC  compo- 
nents  of  the  excitation  signal.  The  excitation  signal  is 
generated  by  excitation  means  66  which  are  conven- 
tional  components  to  create  a  signal  with  varying  AC 
and  DC  components.  The  quadrupole  filter  50  is  ad- 
justed  by  tuning  the  amplitude  of  the  AC  and  DC  com- 
ponents  of  the  excitation  signal  such  that  only  ions 
with  a  desired  mass-to-charge  ratio  have  a  stable  tra- 
jectory  through  the  quadrupole  filter  50.  In  this  way, 
the  quadrupole  filter  50  can  be  tuned  for  a  wide  range 
of  mass-to-charge  ratios.  Preferably,  a  mass  range  of 
2  to  200  amu  is  detectable  by  the  mass  spectrometer 
1  0  since  this  range  includes  all  of  the  important  gases 
to  be  analyzed  in  medical  applications. 

Preferably,  the  quadrupole  filter  50  used  in  the 
mass  spectrometer  10  incorporates  a  delayed  DC 
ramp.  Only  an  AC  component  is  appl  ied  to  a  short  sec- 
tion  68  of  the  rods  52,  54,  56  and  58  at  the  front  end 
70  of  the  quadrupole  filter  50  thus  resulting  in  a  stable 
trajectory  for  all  ions.  The  remainder  section  72  of  the 
rods  52,  54,  56  and  58  have  an  excitation  signal  ap- 
plied  to  it  with  an  AC  and  a  DC  component.  The  de- 
layed  DC  ramp  functions  as  a  pre-focusing  element 
by  having  less  discrimination  at  the  front  end  70  of  the 
quadrupole  filter  50  and  allowing  a  wider  range  of  ions 
to  be  focused  in  the  remainder  section  72  of  the  quad- 
rupole  filter  50. 

As  the  ion  beam  with  electrons  passes  into  the  fil- 
ter  chamber  46,  a  specif  ic  excitation  signal  is  applied 
to  the  rods  52,  54,  56  and  58  so  that  only  specific  ions 
of  a  particular  constituent  of  the  sample  gas  are  al- 
lowed  to  pass  through  the  quadrupole  filter  50.  The 
remainder  of  the  ions  (unselected  ions)  follow  an  un- 
stable  trajectory  and  do  not  pass  through  the  quad- 
rupole  to  the  sensor  64. 

As  the  selected  ions  travel  in  a  stable  trajectory 
through  the  quadrupole  filter  50,  they  pass  through  a 
focus  plate  74  which  focuses  the  ion  beam.  The  fo- 
cused  ion  beam  then  strikes  the  sensor  64  which 

measures  the  ion  current  passing  through  the  quad- 
rupole  filter  50.  The  output  of  the  sensor  64,  which  is 
proportional  to  the  percentage  of  the  selected  mole- 
cule  that  is  present  in  the  gas  sample,  is  amplified  by 

5  asolidstateelectrometer76thenfurtheramplified  by 
a  programmable  gain  amplifier  (PGA)  78  to  provide 
the  best  possible  system  signal-to-noise  ratio.  The 
signal  is  then  sent  to  an  analyzing  means,  such  as  a 
computer  80,  that  functions  as  a  data  collection  and 

10  analysis  system  for  handling  gas  concentration  data. 
The  computer  80  calculates  the  proportion  of  the  se- 
lected  ion  in  the  gas  sample  based  upon  the  signal 
from  the  sensor  64. 

The  ion  migration  into  the  filter  chamber  64  and 
15  the  basic  operation  of  the  quadrupole  filter  50  relative 

to  those  ions  as  described  to  this  point  is  substantially 
conventional.  Referring  back  to  the  unselected  ions 
and  the  basic  phenomena  upon  which  the  quadrupole 
filter  50  operates,  it  is  the  unselected  ions  which  cre- 

20  ate  the  problem  of  the  interference  with  the  fields  cre- 
ated  by  the  quadrupole  filter  50.  The  unselected  ions 
remain  in  the  area  of  the  filter  and  come  in  contact 
with  the  elements  of  the  filter,  for  example  the  quad- 
rupole  rods.  In  normal  operation,  these  ions  will  take 

25  on  electrons  from  the  elements,  the  electrons  neu- 
tralizing  the  ions  which  can  then  migrate  out  of  the  fil- 
ter  under  the  influence  of  and  through  the  ion  pump. 
Under  extended  operation,  these  ions  will  have  a  ten- 
dency  to  build  up  on  the  filter  elements  preventing  lat- 

30  er  generated  ions  to  contact  the  filter  elements  such 
that  they  will  be  capable  of  extracting  electrons  from 
those  elements.  The  electrons  build  up  a  film  on  the 
filter  elements,  the  film  is  in  the  nature  of  a  dielectric 
and  basically  insulate  the  ions  from  the  filter 

35  rods/elements.  Thus,  the  ions  will  not  be  neutralized, 
the  film  with  the  ions  will  take  on  a  charge  of  its  own 
and  interfere  with  the  operation  of  the  filter,  i.e.,  the 
sensitivity  and  stability  is  thereby  eroded.  In  present 
practice  the  mass  spectrometer  must  then  be  disas- 

40  sembled  and  the  film  removed  either  by  mechanical 
means  or  chemical  treatment.  This  is  undesirable  as 
it  is  not  only  costly  but  it  defeats  the  basic  intention 
of  having  the  mass  spectrometer  operate  on  a  contin- 
uous  basis  over  an  extended  period  of  time. 

45  To  solve  this  problem,  the  bias  on  the  extractor 
plate  48  is  selected  so  that  a  preselected  amount  of 
electrons  is  allowed  to  pass  with  the  ions  into  the  filter 
chamber  46.  Because  of  the  magnet  34  and  the  ar- 
rangement  of  filament  32  as  described  above  relative 

so  to  axis  60,  a  general  direction  of  electron  migration  or 
flow  toward  and  into  the  filter  and  toward  the  sensor 
will  occur  generally  along  the  axis  60.  This  general  di- 
rection  of  electron  flow  may  be  enhanced  by  an  ad- 
ditional  magnet  82.  These  electrons  in  the  f  iltercham- 

55  ber  combine  with  the  ions  other  than  those  having  the 
pre-selected  mass-to-charge  ratio  and  in  the  area  of 
the  quadrupole  filter  50,  i.e.,  on  the  filter  elements  as 
described  above,  so  that  the  negatively  charged  elec- 
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trons  can  combine  with  and,  thus,  neutralize  the  pos- 
itive  ions.  These  neutralized  ions  will  eventually  leave 
the  filter  under  the  influence  of  the  ion  pump  and  will 
not  interfere  with  the  performance  of  the  quadrupole 
filter  50.  Another  magnet  84  is  present  at  the  far  end 
86  of  the  filter  chamber  46  to  remove  any  stray  elec- 
trons  that  did  not  combine  with  the  unselected  ions  so 
that  those  electrons  do  not  interfere  in  the  sensing 
and  analysis  of  those  selected  ions  by  the  mass 
spectrometer  10. 

By  allowing  electrons  to  flow  into  the  quadrupole 
filter  50,  the  electrons  are  able  to  neutralize  the  un- 
selected  positive  ions  and  maintain  the  sensitivity  and 
the  stability  of  the  quadrupole  filter  50  to  measure 
respiratory  gases  over  long  periods  of  time.  This  is 
accomplished  without  the  necessity  for  disassem- 
bling  the  mass  spectrometer  1  0,  a  cost  and  operation- 
al  saving  for  the  user. 

In  general  terms  and  viewed  in  the  context  of  the 
flow  patterns  in  the  mass  spectrometer  1  0,  a  control- 
led  amount  of  sample  enters  through  the  inlet  pas- 
sage  14  and  is  ionized  in  the  ionization  chamber  26. 
The  ions  are  thus  generated  upstream  of  the  quadru- 
pole  filter  50.  A  proportion  of  the  ions  and  electrons 
migrate  through  the  extractor  plate  48  and  are  accel- 
erated  into  the  filter  chamber  46,  an  area  of  influence 
of  the  quadrupole  filter  50.  The  quadrupole  filter  50 
accomplishes  the  selection  of  the  pre-selected  ions 
which  are  intended  to  proceed  through  the  filter  50  to 
the  sensor  64  and  generate  an  appropriate  signal  to 
determine  the  components  of  the  gas  sample.  The 
pre-selected  ions  migrate  in  the  nature  of  a  stream 
from  the  ionization  chamber  26  to  the  sensor  64.  In 
the  area  of  the  quadrupole  filter  50,  the  unselected 
ions,  based  on  a  mass-to-charge  ration  criteria,  sep- 
arate  from  that  migration  or  stream  and  migrate  to  the 
elements  of  the  filter,  the  filter  rods  for  example.  The 
electrons  in  the  filter  chamber  46  are  removed  from 
the  stream  and  are  caused  to  remain  in  the  area  of  the 
quadrupole  filter  50  and  thus  migrate  to  the  unselect- 
ed  ions  on  the  filter  elements.  The  electrons  neutral- 
ize  those  unselected  ions  so  that  the  sensitivity  and 
operational  integrity  of  unit  of  the  quadrupole  filter  50 
is  maintained  on  a  continuous  basis  and  without  any 
external  intervention  such  as  disassembly  of  the 
mass  spectrometer  10  to  any  degree.  Any  electrons 
which  did  not  combine  with  any  ions  are  collected  by 
a  magnet  84  so  that  such  electrons  do  not  interfere 
with  the  sensor  64.  The  quadrupole  filter  and  the 
mass  spectrometer  in  general  have  a  longitudinal 
axis  (60)  and  the  generation  of  ions  (the  filament  32) 
and  the  general  direction  of  flow  of  the  ions  and  elec- 
trons  (the  extractor  plate  48)  is  along  that  longitudinal 
axis. 

Methods  are  also  provided  by  the  invention  for 
analyzing  a  gas  sample  in  a  mass  spectrometer  and 
for  neutralizing  a  mass  spectrometer  filter  of  unde- 
sired  ions. 

Claims 

1  .  A  mass  spectrometer  system  comprising: 
means  for  creating  an  internal  vacuum 

5  within  said  mass  spectrometer; 
an  ionization  chamber; 
an  inlet  passage  through  which  a  gas  sam- 

ple  is  introduced  into  said  ionization  chamber; 
valve  means  associated  with  said  inlet 

10  passage  for  controlling  the  volume  of  gas  sample 
introduced  into  said  ionization  chamber; 

a  filament  for  introducing  electrons  into 
said  ionization  chamber  whereby  the  electrons 
bombard  the  gas  sample  thus  forming  ions; 

15  an  extractor  plate  positioned  adjacent  said 
ionization  chamber  and  biased  such  that  a  pro- 
portion  of  ions  and  electrons  are  allowed  to  pass 
through  said  extractor  plate; 

a  quadrupole  filter  adjacent  said  extractor 
20  plate  and  into  which  the  ions  and  electrons  are  di- 

rected  by  said  extractor  plate,  said  quadrupole  fil- 
ter  is  operative  to  permit  a  stream  of  ions  with  a 
pre-selected  mass-to-charge  ratio  to  pass 
through  said  filter  and  ions  other  than  those  hav- 

25  ing  the  pre-selected  mass-to-charge  ratio  being 
separated  from  the  stream  of  ions; 

means  for  directing  electrons  toward  ions 
other  than  those  having  the  pre-selected  mass- 
to-charge  ratio  in  the  area  of  said  quadrupole  fil- 

30  ter  so  that  the  electrons  combine  with  the  ions; 
a  sensor  for  detecting  the  stream  of  ions 

passing  through  said  quadrupole  filter;  and 
analyzing  means  connected  with  said  sen- 

sor  for  analyzing  the  components  of  the  gas  sam- 
35  pie. 

2.  A  mass  spectrometer  system  as  set  forth  in  claim 
1  and  further  comprising  a  magnet  adjacent  said 
quadrupole  filter  to  collect  electrons  that  did  not 

40  combine  with  any  ion. 

3.  A  mass  spectrometer  system  as  set  forth  in  claim 
1  and  further  comprising  a  second  magnet  oper- 
ative  to  produce  a  magnetic  field  within  said  ion- 

45  ization  chamber,  the  magnetic  field  serves  to  fo- 
cus  electrons  into  a  beam  within  said  ionization 
chamber. 

4.  A  mass  spectrometer  system  as  set  forth  in  claim 
so  1  and  further  comprising  a  separator  plate  oper- 

ative  to  focus  the  stream  of  ions  passing  through 
said  quadrupole  filter  onto  said  sensor. 

5.  A  mass  spectrometer  system  as  set  forth  in  claim 
55  1  wherein  said  ionization  chamber  has  a  first  or- 

ifice  and  a  second  orifice  and  wherein  said  ex- 
tractor  plate  is  positioned  adjacent  said  second 
orifice. 

45 
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6.  A  mass  spectrometer  system  as  set  forth  in  claim 
5  and  further  comprising: 

a  collector  positioned  adjacent  said  first 
orifice,  said  collector  operative  to  collect  ions 
leaving  said  ionization  chamber  through  said  first 
orifice  and  also  operative  to  develop  an  input  sig- 
nal  indicative  of  the  collected  ions  and  which  in 
turn  is  indicative  of  the  pressure  within  said  ioni- 
zation  chamber;  and 

inlet  control  means  responsive  to  said  in- 
put  signal  for  manipulating  said  valve  means  to 
maintain  a  constant  pressure  within  said  ioniza- 
tion  chamber. 

7.  A  mass  spectrometer  system  as  set  forth  in  claim 
6  wherein  said  valve  means  includes 

a  needle  valve  positioned  adjacent  to  and 
movable  relative  to  said  inlet  passage  to  control 
the  effective  opening  of  said  inlet  passage,  and 

a  piezoelectric  crystal  coupled  to  said  nee- 
dle  valve  so  that  the  position  of  said  needle  valve 
is  controlled  by  the  amount  of  flexing  of  said  pie- 
zoelectric  crystal. 

8.  A  mass  spectrometer  system  as  set  forth  in  claim 
7  wherein  said  inlet  control  means  manipulates 
said  valve  means  by  producing  an  output  signal 
that  is  coupled  to  said  piezoelectric  crystal  to 
control  the  amount  of  flexing  of  said  piezoelectric 
crystal. 

9.  A  mass  spectrometer  system  as  set  forth  in  claim 
8  wherein  said  output  signal  is  a  triangular  wave 
modulated  signal. 

1  0.  A  mass  spectrometer  system  as  set  forth  in  claim 
1  wherein  said  extractor  plate  is  biased  on  the  or- 
der  of  2-4  volts  more  negative  than  the  potential 
on  said  filament. 

11.  Amass  spectrometer  system  as  set  forth  in  claim 
10  wherein  the  potential  on  said  filament  is  ap- 
proximately  -50  volts  and  the  potential  on  said 
extractor  plate  is  approximately  -52.5  volts. 

12.  Amass  spectrometer  system  as  set  forth  in  claim 
1  and  further  comprising  excitation  means  for 
providing  an  excitation  signal  to  said  quadrupole 
filter,  wherein  said  quadrupole  filter  has  a  first 
portion  and  a  second  portion,  wherein  said  exci- 
tation  means  provides  an  excitation  signal  to  said 
first  portion  including  only  an  AC  component  and 
an  excitation  signal  to  said  second  portion  that  in- 
cludes  an  AC  and  a  DC  component. 

13.  Amass  spectrometer  system  as  set  forth  in  claim 
1  wherein  said  quadrupole  filter  has  a  longitudi- 
nal  axis  and  said  filament,  said  extractor  plate, 

and  the  general  direction  of  the  ions  and  elec- 
trons  from  said  ionization  into  and  through  said 
quadrupole  filter  is  generally  along  said  longitu- 
dinal  axis. 

5 
14.  An  mass  spectrometer  system  comprising: 

an  ion  pump  for  creating  a  vacuum  within 
said  mass  spectrometer; 

an  ionization  chamber  with  a  first  and  a 
10  second  orifice; 

an  inlet  passage  through  which  a  gas  sam- 
ple  is  introduced  into  said  ionization  chamber; 

valve  means  associated  with  the  inlet  pas- 
sage  for  controlling  the  volume  of  gas  sample  in- 

15  traduced  into  said  ionization  chamber; 
a  filament  for  introducing  electrons  into 

said  ionization  chamber  via  the  first  orifice 
whereby  the  electrons  bombard  the  gas  sample 
thus  forming  ions; 

20  a  first  magnet  positioned  for  producing  a 
magnetic  field  within  said  ionization  chamber 
which  serves  to  focus  the  electrons  into  a  beam 
within  said  ionization  chamber; 

a  collector  positioned  adjacent  said  first 
25  orifice,  said  collector  being  biased  more  negative 

than  said  filament  such  that  said  collector  is  op- 
erative  to  focus  the  electrons  emitted  from  said 
filament  and  further  operative  to  collect  ions  leav- 
ing  said  ionization  chamber  via  said  first  orifice; 

30  a  filter  chamber; 
an  extractor  plate  adjacent  said  second  or- 

ifice  of  said  ionization  chamber,  said  extractor 
plate  being  biased  such  that  a  proportion  of  ions 
and  electrons  in  said  ionization  chamber  are  al- 

35  lowed  to  pass  into  said  filter  chamber; 
a  quadrupole  filter  in  said  filter  chamber 

through  which  the  emitted  ions  and  electrons  are 
directed  by  said  extractor  plate,  said  quadrupole 
filter  allows  ions  of  only  a  selected  mass-to- 

40  charge  ratio  to  pass  through  said  quadrupole  fil- 
ter; 

a  second  magnet  for  attracting  electrons 
toward  the  ions  other  than  those  having  the  se- 
lected  mass-to-charge  ratio  in  the  area  of  said 

45  quadrupole  filter  so  that  the  electrons  combine 
with  the  ions; 

a  third  magnet  for  collecting  electrons  that 
did  not  combine  with  any  ion  in  the  area  of  said 
quadrupole  filter; 

so  a  separator  plate  for  focusing  the  ions  of 
the  selected  mass-to-charge  ratio  after  the  ions 
have  passed  through  said  quadrupole  filter; 

a  sensor  for  receiving  the  ions  that  have 
been  focused  by  said  separator  plate;  and 

55  analyzing  means  connected  with  said  sen- 
sor  for  analyzing  the  components  of  the  gas  sam- 
ple. 

7 
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1  5.  A  mass  spectrometer  system  as  set  forth  in  claim 
14  wherein  said  collector  develops  an  input  signal 
indicative  of  the  collected  ions  and  which  in  turn 
is  indicative  of  the  pressure  within  said  ionization 
chamber  and  further  comprising  an  inlet  control 
means  responsive  to  said  input  signal  for  manip- 
ulating  said  valve  means  to  maintain  a  constant 
pressure  within  said  ionization  chamber. 

19.  Amass  spectrometer  system  as  set  forth  in  claim 
14  wherein  said  extractor  plate  is  biased  on  the 
order  of  5%  of  the  potential  on  said  filament. 

22.  A  mass  spectrometer  system  as  set  forth  in  claim 
14  wherein  said  extractor  plate  is  biased  on  the 
order  of  2-4  volts  more  negative  than  the  poten- 
tial  on  said  filament. 

10 1  6.  A  mass  spectrometer  system  as  set  forth  in  claim  w 
15  wherein  said  valve  means  includes 

a  needle  valve,  one  end  of  which  is  tapered 
and  positionally  adjustable  adjacent  to  said  inlet 
passage  to  control  the  effective  opening  thereof, 
and  15 

a  piezoelectric  crystal  coupled  to  said  nee- 
dle  valve  so  that  the  position  of  said  needle  valve 
is  controlled  by  the  amount  of  flexing  of  said  pie- 
zoelectric  crystal. 

20 
1  7.  A  mass  spectrometer  system  as  set  forth  in  claim 

16  wherein  said  inlet  control  means  manipulates 
said  valve  means  by  producing  an  output  signal 
that  is  coupled  to  said  piezoelectric  crystal  to 
control  the  amount  of  flexing  of  said  piezoelectric  25 
crystal. 

1  8.  A  mass  spectrometer  system  as  set  forth  in  claim 
16  wherein  said  output  signal  is  a  triangular  wave 
modulated  signal. 30 

35 
20.  A  mass  spectrometer  system  as  set  forth  in  claim 

14  and  further  comprising  means  for  providing  an 
excitation  signal  to  said  quadrupole  filter,  where- 
in  said  quadrupole  filter  has  a  first  portion  and  a 
second  portion,  wherein  said  providing  means  40 
provides  an  excitation  signal  to  said  first  portion 
including  only  an  AC  component  and  an  excita- 
tion  signal  to  said  second  portion  that  includes  an 
AC  and  a  DC  component. 

45 
21.  Amass  spectrometer  system  as  set  forth  in  claim 

14  wherein  said  quadrupole  filter  has  a  longitudi- 
nal  axis  and  said  filament,  said  extractor  plate, 
and  the  general  direction  of  the  ions  and  elec- 
trons  from  said  ionization  into  and  through  said  so 
quadrupole  filter  is  generally  along  said  longitu- 
dinal  axis. 

55 

23.  A  mass  spectrometer  system  as  set  forth  in  claim 
22  wherein  the  potential  on  said  filament  is  ap- 
proximately  -50  volts  and  the  potential  on  said 
extractor  plate  is  approximately  -52.5  volts. 

24.  A  mass  spectrometer  system  comprising: 
means  for  creating  a  vacuum  envelope 

within  said  mass  spectrometer; 
an  ionization  chamber  and  means  defining 

an  inlet  passage  through  which  a  gas  sample  is 
introduced  into  said  ionization  chamber; 

inlet  control  means  responsive  to  the  pres- 
sure  condition  within  said  ionization  chamber  for 
controlling  the  volume  of  gas  sample  introduced 
into  said  ionization  chamber; 

means  for  introducing  electrons  into  said 
ionization  chamber  whereby  the  electrons  bom- 
bard  the  gas  sample  thus  forming  ions  within  said 
ionization  chamber; 

a  filter  chamber  associated  with  said  ioni- 
zation  chamber  and  into  which  a  portion  of  ions 
and  electrons  generated  in  said  ionization  cham- 
ber  are  allowed  to  pass; 

a  filter  apparatus  in  said  filter  chamber  op- 
erative  to  permit  a  stream  of  ions  with  a  pre-se- 
lected  mass-to-charge  ratio  to  pass  through  said 
filter  apparatus  and  ions  other  than  those  having 
the  pre-selected  mass-to-charge  ratio  being 
separated  from  the  stream  of  ions; 

means  for  directing  electrons  toward  ions 
other  than  those  having  the  pre-selected  mass- 
to-charge  ratio  in  the  area  of  said  quadrupole  fil- 
ter  so  that  the  electrons  combine  with  the  ions; 
and 

means  for  sensing  the  ions  passing 
through  said  filter  apparatus  and  operative  to 
generate  a  signal  corresponding  to  the  ion  condi- 
tion  thereby  detected. 

25.  A  method  of  analyzing  a  gas  sample  in  a  mass 
spectrometer  comprising  the  steps  of: 

ionizing  a  gas  sample  in  an  ionization 
chamber  by  bombardment  of  said  gas  sample  by 
electrons; 

migrating  the  ions  from  said  ionization 
chamber  toward  a  sensing  mechanism; 

separating  the  ions  on  the  basis  of  their 
mass-to-charge  ratio  prior  to  arrival  of  the  ions  at 
said  sensing  mechanism  to  allow  only  ions  of  a 
preselected  mass-to-charge  ratio  to  migrate  to 
said  sensing  mechanism; 

calculating  the  proportion  of  the  ion  with 
the  preselected  mass-to-charge  ratio  in  the  gas 
sample  based  upon  the  amount  ions  that  migrate 
to  said  sensing  mechanism; 

migrating  electrons  along  with  said  ions 
from  said  ionization  chamber  toward  said  sens- 
ing  mechanism;  and 

8 
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neutralizing  the  ions  other  than  those  of 
said  preselected  mass-to-charge  ratio  by  allow- 
ing  the  electrons  to  combine  with  said  ions  prior 
to  said  sensing  mechanism  so  that  the  sensitivity 
and  operational  integrity  of  the  gas  sample  ana-  5 
lysis  is  maintained  on  a  continuous  basis. 

26.  The  method  of  analyzing  a  gas  sample  of  claim 
25  and  further  comprising  the  step  of  creating  an 
electric  bias  downstream  of  said  ionization  cham-  10 
ber  and  upstream  of  said  sensing  mechanism  to 
influence  said  migration  of  ions  and  electrons. 

27.  The  method  of  analyzing  a  gas  sample  of  claim 
25  and  further  comprising  the  step  of  migrating  a  15 
portion  of  the  generated  ions  in  the  ionization 
chamber  to  an  valve  and  inlet  control  system  to 
control  the  amount  of  gas  sample  being  intro- 
duced  for  ionization  in  the  ionization  chamber. 

20 
28.  The  method  of  analyzing  a  gas  sample  of  claim 

25  and  further  comprising  the  step  of  removing 
electrons  downstream  of  separation  of  ions  on 
the  basis  of  mass-to  charge  ratio  and  upstream 
of  the  sensing  mechanism.  25 

29.  The  method  of  analyzing  a  gas  sample  of  claim 
25  further  comprising  producing  the  general  di- 
rection  of  the  migration  of  ions  and  electrons  from 
said  ionization  chamber  into  and  through  said  30 
separation  generally  along  a  longitudinal  axis 
and  toward  sensing  mechanism. 

30.  Amethod  of  neutralizing  a  mass  spectrometerfil- 
ter  of  undesired  ions  comprising  the  steps  of:  35 

introducing  electrons  into  an  ionization 
chamber; 

creating  an  electric  bias  downstream  of 
said  ionization  chamber  to  influence  migration  of 
said  electrons  into  a  filter  chamber;  and  40 

focusing  the  electrons  toward  the  unde- 
sired  ions  in  said  filter  chamber  to  be  neutralized 
thereby  allowing  the  electrons  to  combine  with 
the  ions  thus  neutralizing  the  ions. 

45 
31.  Amethod  of  neutralizing  a  mass  spectrometerfil- 

ter  of  undesired  ions  of  claim  30  and  further  com- 
prising  the  step  of  removing  electrons  that  do  not 
combine  with  any  ions. 
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