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[5 7] 7 ABSTRACT 

A suppressor grid is positioned between an ionizer and 
In ion gauge in a mass spectrometer. The suppressor 
grid prevents electron interference with the ion gauge 
for operation at ultrahigh vacuum levels. 

4 Claims, 2 Drawing Figures 
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ELECTRON SUPPRESSOR GRID FOR A MASS 
SPECTROMETER 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part of aban 

doned application Ser. No. 86,870, filed Oct. 20, 1970. 

BACKGROUND OF THE INVENTION 

In a residual gas analyzer, partial vapor pressures of 
a vacuum environment are analyzed. lons within the 
environment are accelerated and focused through a ?l 
ter which passes only discrete charge-to-mass ratio 
ions. At a detector the quantity of ions passed by the 
?lter is related to an electrical current output as an ana 
logue representation of partial pressures. One common 
residual gas analyzer incorporates a mass spectrometer 
which includes both an ionizing section for ionizing the 
gas sample within the vacuum chamber, and an ion 
gauge for measuring total vapor pressure within the 
vacuum chamber. 
The ionizing section of a mass spectrometer has a 

heated ?lament, an ionizing chamber, and electrostatic 
lenses for ion ?ltering and focusing. Electrons pro 
duced at the ?lament are accelerated through the ioniz 
ing chamber by a controllable electric field. A portion 
of these electrons strike neutral atoms and molecules. 
If the resulting energy transfer is adequate, positive 
ions are produced. From the ionizing chamber these 
positive ions are accelerated through the ?lter section 
by a focusing aperture, and into an electron multiplier 
or Faraday ion detector. 
For total vapor pressure monitoring in an ultra high 

vacuum an ion gauge is used. An ion gauge usually in 
cludes a heated ?lament, a grid, and a collector. Elec 
trons thermally ejected from the ?lament collide with 
residual gas molecules, forming positive ions. These 
positive ions collide with the collector, inducing posi 
tive current ?ow in the collector circuit. If the density 
of the residual gases decreases, fewer positively ionized 
molecules are produced, so the output current also de 
creases, indicating a vapor pressure drop in the cham 
ber. 

SUMMARY OF THE INVENTION 

When the total vapor pressure in an ultra high-vac 
uum chamber used with a mass spectrometer is below 
approximately 2.5(l0)‘9 torr, as occurs when a mass 
spectrometer is used as a residual gas analyzer, electron 
interference produced in the ionizer section begins to 
interact with the vapor pressure responsive ion gauge. 
The electron interference appears to cause a space 
charge in the ion gauge, which acts as an effective 
shield against ionization. Since the ion gauge detects 
vapor pressure by measuring positive current flow gen 
erated by positive ions, the space charge causes an er 
roneous reduced pressure reading. As the pressure falls 
increasingly below 2.5( 10)” torr, this electron cross 
coupling of the ionizer and ion gauge causes progres 
sively lower readings. To overcome this defect of the 
prior art this invention was made. 
This invention is an electron suppressor grid for use 

in an ultra-high vacuum chamber with a mass spec 
trometer or residual gas analyzer to prevent spurious 
vapor pressure readings. The suppressor grid consists 
of a negative or positive voltage wire screen, positioned 
on a line-of-sight path between the ionizer and ion 
gauge. The voltage of the suppressor grid, which is 
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2 
somewhat higher in absolute value than the negative 
voltage of the ion gauge collector, prevents electron in 
terference between the ionizer and the ion gauge. 
Using a negative voltage, the suppressor grid repels 
stray electrons to prevent interference between the two 
ionizer systems. Using a positive voltage, the grid traps 
electrons while at the same time repelling positive ions 
back into the ionizer section of the spectrometer, thus 
increasing measurement sensitivity while preventing 
space charge interference. By eliminating electron in 
terference between the ionizer and ion gauge, the sup 
pressor grid enables accurate vapor pressure readings 
at pressures substantially less than 2.5( 10)‘9 torr. 
Therefore, one object of this invention is an electron 

suppressor grid for improving vapor pressure measure 
ment in a mass spectrometer. 
This and other objects of the invention are apparent 

in the following speci?cation and drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a lateral schematic view of an electron sup 
pressor grid 10 in intermediate position between mass 
spectrometer ionizer 12 and a nude ion gauge 14. 
FIG. 2 is a frontal view of an electron suppressor grid 

10, shown laterally in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An electron suppressor grid 10, together with associ 
ated components of a mass spectrometer, is shown in 
FIG. 1. The suppressor grid is positioned on a line-of 
sight path between an ionizer section 12 and a nude ion 
gauge 14. Broken rectangles generally de?ned the 
bounds of components 10-14 for descriptive purposes. 
Extending across the lower portion of FIG. 1, a parti 
tion 16 divides a vacuum environment 18 above from 
an ambient environment 20 below. Electrical power for 
the components is transmitted by sealed conductors 
passing through the partition. _ 

In ionizer section 14 a ?lament 22, supplied with cur 
rent by a conductor 24, emits free electrons. The elec 
trons are accelerated by a negative potential electrode 
26 and positive potential electrode 28, connected by 
conductors 30 and 32, respectively, to appropriate po 
tential sources (not shown). After acceleration, the 
free electrons enter an ionizing chamber 34, formed by 
the positive accelerator electrode 28, a Faraday cage 
36, and an electron extractor 38, connected to a posi 
tive potential source by a conductor 40. 
When free electrons are accelerated into ionizing 

chamber 34, some of them collide with neutral atoms 
and molecules. If sufficient energy transfer results, pos 
itive ions are formed. Positive ions of discrete mass-to 
charge ratio are drawn from the ionizing chamber by a 
focusing lens 42, supplied with negative potential by a 
conductor 44. From the focusing lens, the particles 
pass through an exit lens 46, grounded by a conductor 
48. 
For monitoring total vapor pressure within the vac 

uum environment 18, a nude ion gauge 14 is used. 
Electrical power from an appropriate source (not 
shown) is transmitted, through conductors 50 and 5,2, 
to heat a ?lament 54. When heated, the ?lament emits 
electrons that collide with residual gas molecules, 
forming positively charged ions. Under the in?uence of 
a positive potential grid 56, the positive ions migrate 
toward and collide with collector electrode 58. The 
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collector is grounded by two conductors 60 and 62, 
through an electrometer ampli?er 64. The collision of 
positive ions with collector 58 induces positive current 
flow in the ampli?er circuit. Since the number of ions 
produced from residual gas molecules is directly re 
lated to vapor pressure, the higher the vapor pressure 
in vacuum environment 18 the greater the current flow 

in the amplifier circuit. When the pressure decreases, 
the current through the ampli?er similarly decreases. 
The ionizer section 12 and the nude ion gauge 14 de 

scribed above are well known in the prior art. When 
operating in the prior art con?guration in a vacuum en 
vironment such as occurs with a residual gas analyzer 
when used with a pressure below approximately 
25(10)‘9 torr, cross-coupling between the ionizer sec 
tion 12 and ion gauge 14 occurs causing erroneous 
vapor pressure readings. Cross-coupling is caused by 
electron interference generated in the ionizer section. 
The electron interference appears to cause a space 
charge around the ion gauge grid 56 which acts as an 
effective shield against ionization within the grid. Since 
the ion gauge detects vapor pressure by measuring pos 
itive current flow generated by positive ions within the 
grid, the space charge causes an erroneous reduced 
pressure reading. To prevent this reduction in indicated 
pressure, the electron suppressor grid 10 is positioned 
on a line-of-sight path between the ionizer 12 and ion 
gauge 14. 

Electron suppressor grid 10 is shown in H6. 2 as it 
would be viewed by sighting from the ionizer 12 toward 
the ion gauge 14. The grid consists of a planar, wire 
mesh 66, connected to a source potential by a conduc 
tor 68. The exact shape and position of the grid 10 de 
pend upon the relative dimensions and positions of the 
ionizer and ion gauge, and are easily determined for 
common mass spectrometer and residual gas analyzer 
components. The potential of the grid is somewhat 

‘ greater in absolute value than the negative voltage of 
the collector 58. In operation with a negative potential 
applied, electrons approaching suppressor grid 10 from 
the ionizer side are repelled by the negative potential, 
preventing interference between the two ionizer sys 
tems. With a positive grid potential, electrons are 
trapped by the suppressor grid, again preventing inter 
ference between the two systems. As vapor pressure 
within the system drops substantially below 25(10)-9 
torr, operation of the suppressor grid is relatively more 
effective, enabling ion gauge accuracy that was not ob 
tainable in prior systems. 

In addition to increasing ion gauge accuracy when 
operated with positive potential, the electron suppres 
sor grid 10 increases measurement sensitivity by a fac 
tor of approximately two. As a probable explanation of 
this increased sensitivity, it appears that the suppressor 
grid repels positive ions back into the ionizer section. 
Because of the increased sensitivity, this invention is 
particularly useful for surface studies with low energy 
electron diffraction or Auger emission equipment at 
pressures less than l0“‘° torr. 

In one embodiment of the system shown in FIG. 1 
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and 2, the following parameters are effectively used. 
The electron suppressorgrid 10 is a two inch diameter, 
stainless steel screen of tensile bolt cloth, type NAM, 
40 X 40 mesh with 54.8 percent open area. The screen 
is supported by a suitable insulated support (not 
shown) approximately 1 inch in front of the filament 22 
in the ionizer section, although this distance is not criti 
cal. A 1 ma current energizes the filament 22 of the 
ionizer 12; negative electrode 26 has a potential of —70 
volts; positive electrode 28 has a potential of +10 volts; 
electron extractor 38 has a potential of +15 volts; fo 
cusing lens 42 has a potential of —60 volts. In the nude 
ion gauge 14, grid 56 has a potential of +1 50 volts, and 
the collector has a potential of —45 volts. With these 
operating parameters, a —l45 volt potential on the 
anion suppressor grid effectively prevents cross 
coupling between the ionizer and ion gauge. 

In another embodiment of the invention, the above 
parameters are employed with a +245 volt potential 
substituted for the negative grid potential. 
While electron suppressor grid 10 has been described 

by referring to a speci?c preferred embodiment, other 
forms of the invention are expected within the scope of 
this disclosure. Therefore, the extent of this invention 
is limited only by the scope of the following claims: 
We claim: 
1. A mass spectrometer comprising in combination: 
an ionizer section having a total vapor pressure less 
than approximately 2.5( 10)"9 torr for forming and 
accelerating positive ions in a vacuum environ 
ment; 

a nude ion gauge for monitoring the total vapor pres 
sure in the same environment; and 

an electron suppressor grid including a negative or 
positive potential wire screen positioned on a line-of 
sight path between said ionizer section and said ion 
gauge, and having suf?cient potential to prevent elec 
tron interference between said ionizer and ion gauge. 

2. A mass spectrometer as claimed in claim 1 in 
which: 

the potential on the electron suppressor grid is on the 
order of minus 150 volts. 

3. A mass spectrometer as claimed in claim 1 in 
which: 

the potential on the electron suppressor grid is on the 
order of plus 250 volts. 

4. A method for preventing electron cross-coupling 
between an ionizer section and a nude ion gauge in a 
mass spectrometer having an ultra high vacuum cham 
ber with a pressure less than approximately 25(10)-9 
torr compris-ing the steps of: 

ionizing the neutral atoms and molecules in said ion 
izer section to produce positive ions; 

measuring the total vapor pressure in said chamber 
by said nude ion gauge and 

preventing electron cross-coupling between said ion 
izer section and ion gauge by positioning a suppres 
sor grid with an appropriate potential on a line-of 
sight path therebetween. 

* * * * * 


