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This invention relates to a vacuum analyzer
adapted for detecting gas leaks in a highly evacu-
ated vessel and for analyzing the gases present in
said vessel as to their type and their relative con-
centrations within said vessel, and more particu-
larly to a vacuum analyzer having an improved
ion generating source. -

In vacuum systems such as the tank portion of
the calutron, information relative to the qualita-
tive composition of the residual gases present is
of great importarnice in order that ultimate vacu-
ums can be quickly and efficiently obtained. By
use of the vacuum analyzer progress of the bake-
out processes and information on other out-
gassing phenomena can be simultanecusly moni-
tored. )

In order to properly analyze the gases present
in a vessel undergoing evacuation it is necessary
for the analyzer ion source to be capable of oper-
ating over a wide range of gas pressures. Diffi-
culty has been experienced with conventional ion
sources in this respect, particularly at low pres-
sures wherein they are incapable of producing a
sufficient supply of icns and of providing an ion
beam having sufficient. hemogeneity of energy to
insure proper resolution of the beam. This in-
vention includes an improved ion generating
source which when used in a vacuum analyzer
is capable of detecting one part of helium to
50 000 parts of air at pressures as low as 1x10—4¢
mm. of mercury contrasted to a sensitivity of one
part of he'ium to 5,000 parts of air'at the same
pressure when using a conventional type of ion
generating source. ’

A vacuum analyzer having an ion source slit -
together with g single slit positioned on the lon~i-

tudinal hafile plate opposite an ion collector plate
will portray for a given nominal ion accelerating
voitage, indications of only such ions having com-
parable mass.

Let us now consider g vacuum analyzer having
an ion source slit together with two slits in the
longitudinal baffle plabe spaced successively apart
from the ion source slit. Then for a nominal ion
accelerating voltage, ions of greater mass traverse
longer arcuate paths than do ions of a lesser mass.
Consequently in order to admit ions having the
lesger mass to a collector plate, g slit in the longi-
fudinal bafile plate must be lecated nearest the
ion source slit.
having the greater mass tea collector plate, g slit
in the longitudinal bafile. plate must he located
further from the ion source slit-than in the case
for ions having lesser mass.

By incorporating 2 multiple slit-hafile plate the

Conversely; in order to admit ions :
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usefulness of the device as g vacuum analyzer is
extended to include for a given nominal acceler-
ating voltage the indication of ions of a wide range
of masses.

It is therefore an object of this invention to
provide a vacuum analyzer whereby various gases
present in a highly evacuated vessel can be de-
tected and the relative concentrations of said
gases indicated.

A. further object of this invention is to provide
an improved ion generating source capable of
generating from the gas molecules present in a
vessel evacuated to extremely low pressure, a
sufficiently abundant supply of ions to produce
satisfactory ion beams for use in the vacuum
analyzer.

A further object of this invention is to provide
means for portraying on the screen of a cathode
ray oscilloscope evidences of the relative mass and
concentrations of ions of gases present in a highly
evacuated vessel, said ions varying widely in rela~
tive mass over a range of approximately 1 to 50.

A further object of this invention is to pro-
vide selective means of portraying on the screen
of a cathode ray oscilloscope evidences of ions
having relatively low mass, together concurrently
with ions of relatively higher mass; or, of ions of
relatively higher mass singularly.

A further object of the invention is to provide
electrical circuits necessary to complete the over-
all operation of the device as a vacuum analyzer
comuprising an ion source voltage supply. an ion
accelerator voltage supply, a pre-amplifier, an
amplifier, and g cathode-ray tube.

Other objects and advantages of the invention
will be apparent from the following decseription
and claims considered together with the accom-~
panying drawings in which:

Figure 1 is a block diagram of the functional
elements comprising this invention.

Fig. 2 is a partial schematic representation of

~certain elements of the mass spectrometer as in-

o8

dicated by section line 2—2 of Fig. 1 showing the
direction of the electromagnetic field, the ion
souree, and the spectrometer box.

Fig. 3 is a perspective view. partly in section of
the mass spectrometer, together with an ion gen-
erator, mounted on a face plate.

Referring to Figs. 1 and 3, my improved vacuum
analyzer generally indicated at { is suitably
mounted on a face plate 2, the latter being posi-
tioned. on the wall of a vessel whose vacuum
analysis is desired such as = calutron tank and
thereby projecting the vacuum analyzer § into
the interior of the vessel, and hermetically: seal-
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ing the wall thereof. Further, face plate 2 has
a gas valve 22 mounted thereon for test purposes.
The vacuum analyzer | comprises essentially the
following, all being within the vessel: an electron
oscillator type of ion source 3, an ion beam cham-
ber 4, and ion current collector plates 13 and 14.

Referring now to Fig. 2, the vacuum analyzer
I is positioned in a substantially uniform mag-
netic field denoted by the arrows, which is par-
allel to the longitudinal axis of the ion source 3
and normal to the large face of the spectrometer
box 4. The ion source 3 consists of an anode
cylinder 6 having a pair of electrically connected
cathode plates Ta and Tb spaced from the open
ends of the anode cylinder 6.

Referring again to Figs. 1 and 3, a slit 8 is pro-
vided in the wall of anode cylinder 6 through
which ions may be withdrawn and projected into
the box 4 through an accelerating slit 8. There

is also provided in the box 4 a longitudinal bafle o

18 provided with slots {1 and {2 through which
the ion beams may pass and be collected by col-
lector plates {3 and {4 respectively. Moreover,
a pair of beam-defining vanes 5a and 5b are posi-
tioned along the 90° radius of the ion beam of
greater mass and are so spaced as to trim the
beam to an angular divergence of +10°.
Considering now the electrical connections. the
cathode plates Ta and Tb. and the anode 6 are

respectively connected to the negative and posi- :

tive terminals of a hich voltage ion source power
supply {8 of the order of 2000 volts. Further,
the anode § and the chamber 4 are resnectively
connected to the terminals of a sinusoidally

varying high voltage accelerator supnly {5 which 3;

varies from zero to a few thousand volts, the
outnut of the voltage suvply 15 being also ap-
plied to the horizontal plates of an oscilloscove

16. Considering the manner of oneration of recti~
fier 15 it recomes apparent that after a few cveles -

the condenser becomes chargzed to a positive D. C,
potential nominally equal to the secondary volt-
age of the transformer. The condencer once
charged remains substantially at a D. C. poten-
tial due to the R. C. circuit havine a compara-
tively long time constant by virtue of the large
load resistance. Consequentlv, on negative reaks
of secondary A. C. voltaze. the voltage develoned
in the secondarv winding of the transformer will
be opposed by the equal voltaze of the condenser,
the resultant output voltage at such instant< be-
ing zero: further. on pocitive peaks of secondary
A. C. voltage, the voltage developed in the sec-
ondary winding of the transformer will be addi-
tive to the equal voltage of the condencer, the re-
sultant voltage outout at such instants being
doutle the A. C. peak value and nocitive in polar-
ity. Intervolation by this analvsis indicates the
output voltage to be sinusoidal and ranging from
zero to a positive potential substantially twice
the peak A. C. voltage of the secondary.

Collector plates 13 and {4 are connected as
shown (Fig. 1) to a terminal strip in the pream-
plifier stage {7. Provision is made in said stage
17, whereby the input thereto can be electrically
connected by means of a switch 2{ to collector
plate 13 in addition to its connection to collec-
tor plate {4, The output of the preamplifier
stage 17T is connected to ground through a re-
sistor 19, the voltage droo across resistor 19 be-
ing amplified by the amplifier 26 and applied to
the vertical deflection plates of the oscillo-
scope 6.

In operation, the vacuum analyzer is mounted
in the vessel to be tested and the gas in the an-
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ode cylinder 6 is of substantially the same com-
position and concentration as the gas in the ves-
sel. When voltage from (8 is applied to the elec~
trodes Ta, Tb and 6 of the ion source 3, electrons
will oscillate between the cathodes 7a and Tb
through the cavity in the anode cylinder 6 break-
ing up and ionizing the gases in the cavity, the
kind of ion formed being dependent on the gases
present, their quantity being dependent on the
gas pressure. The ions are withdrawn through
slit 9 into box 4 by the accelerating voltage im-
pressed between the box 4 and the anode 6. The
varying accelerating voltage results in the dif-
ferent ion beams sweeping across slots {1 and 12
and impinging on the respective collector plates
13 and {4 causing voltages to be impressed on
the vertical plates of the oscilloscope (6 propor-
tional to the current density of the particular
ion beam. Moreover, the ions traverse circular
paths, the radii depending on the impressed ac-
celerating voltage, the mass and charge of the
individual ions, and the magnetic field, in ac-
cordance with the formula:

r2H? 1

m_rH 1
2V

2mV

Where:

H=strength of the magnetic field in gausses;
V=the accelerating voltage in practical volts to
which the ions are subjected;
r=the radius of curvature in inches of the paths
along which the ions are projected;

and

T —the mass-to-charge ratio of the positive ions pro-
jected along arcuate paths and passing trans-
versely through magnetic field H.

The ion egress slots {{ and 12 in the baffle sur-
face {0 have been spaced from the ion source
slot 9 so that for a given accelerating voltage V
and a given magnetic field H, ions of mass two
and ten on the scale of O*=16 will pass through
their respective ion egress slots, whereby the
ration of their radii of curvature becomes

145

This arrangement precludes ambiguity in differ-
entiating between the Hz+ ion and the H:O ion
which otherwise would occur were the slots i
and (2 positioned in accordance with ion masses
two and eighteen. More particularly, slots [1
and i2 are so spaced from slot 9 that when an
jon beam passes through slot I] noc ion beam
passes through slot 12, thus avoiding overlapping
peaks on the oscilloscope 6. Inasmuch as the
oscilloscope sweep is controlled by the accelerat-
ing voltage, the oscilloscope trace is an indication
of the various ion densities, the abscissa identi-
fying the individual ion beam and the ordinate
the density thereof, the former being an indi-
cation of the gases present and the latter the
concentrations thereof.

Thus, after the system has been practically
dezassed, the presence of a high HO+ peak is an
indication of water vapor pointing to a water
leak while a high N+ peak would indicate an air
leak. By directing a stream of hydrogen at a
suspected surface region of the vessel a rise in
the H* peak would indicate a leak in this region.

Although this invention has been described
with reference to a particular embodiment there-
of, it is not limited to this embodiment nor other-
wise except by the terms of the followmg claims.

‘What is claimed is:

+ 1. In 2 -mass spectrometer an ion generatmg
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source comprising & pair of spaced cathodes hav-
ing a gaseous region therebetween, an apertured
tubular anode axially aligned with, spaced from,
and intermediate said cathodes, said anode be-
ing positioned within the magnetic field of said
spectrometer and axially aligned therewith.

2. A vacuum analyzer comprising a mass spec-
trometer having an ion source, a spectrometer
box, and a receiver, said ion source comprising a
tubular apertured anode disposed in and par-
allel to the magnetic field of said mass speec-
trometer and a pair of cathodes disposed adja-
cent the ends of said anode, said spectrometer
box being positioned adjacent said ion source
and having an ion access slot formed therein, and
being further provided with at least two ion
egress slots, said receiver being disposed exterior
to said spectrometer box and adjacent said ion
egress slots, and electrical elements cooperatively
associated with said mass spectrometer providing
a visual indication of the kind and amount of
ions formed at said ion scurce and received at
said receiver.

3. A vacuum analyzer comprising a 180 degree
mass spectrometer having an ion source, an ion

I
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[}
receiver, and an ion beam therebetween, means
supplying a sweep voltage to said mass spectrome-
ter whereby the trajectory of said ion beam is
varied, and an ion bafile plate interposed between
said receiver and said ion beam situated on the

‘diameter of said ion beam path and having two

ion egress apertures formed therein, the ratio of
distances from said ion source to said apertures
being substantially
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