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Abtrod~

The influence of changing the magnetic field on the resolution and sensi-
tivity of the omegatron mass spectrometer is shown for krypton. Good reso-
lution may be extended through the mass range of the xenon isotopes (mass
number 136) by carefully selecting the operating parameters of the omegatron.

The resolution is plotted against the magnetic field strength for Kr 84+, and
follows the theoretical predictions within experimental error. The effect of
varying the other parameters of the omegatron with krypton Is shown and dis-
cussed. A summation of the work with xenon is also given.

The authors wish to express sincere appreciation to Miss Olive N. L.

Denniston and Mr. Lawrence C. Mansur for their critical review of this paper.
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Improved High Mass Range Resolution with an

Omegatron Mass Spectromt4er

1. INTRODUCTION

The need for identifying residual gases occupies a place of first importance

in the advancement of ultra-high vacuum research. A low pressure measure-
ment alone does not assure gas ambient purity. At least one harmful constitu-
ent may still remain. Identification of residual gases is essential to the study

of many phenomena in vacuum with a sensitivity to surface contamination.

The omegatron mass spectrometer is a practical tool in fulfilling this need.

Unfortunately, much of the literature states that the instrument is useful only
through mass number 44. One notable exception to this purported limitation

will be found in the works of Dummler,1 who reports good resolution through
mass number 100.

The work performed in our laboratory extends the range of the omegatron
still further. To date, good resolution is achieved through mass number 136.

The omegatron clearly resolves seven of the xenon isotopes in the correct per-
centages of natural abundance, within experimental error.

The magnetic field parameter had the greatest influence on the resolution

of the omegatron in the high mass range. An increase in the magnetic field re-

*Presented at the Sixth National Conference on Tube Technques, New York
City, September, 1962, Advisory Group on Electron Devices, Office of the Dimec-
tor of Defense Research and Engineering.
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Figure 2. Variation of Resolution with Magnetic Field

multiple isotopes in the high mass region.

Magnetic field had a pronounced effect on the resolution, as can be seen in

Figure 2. Note the spectra of krypton at different magnetic field strengths, as
illustrated. The upper portion of the figure shows almost complete separation

of the singly-ionized peaks at 6435 gauss. Based on later studies with xenon in
which complete separation of the isotopes was obtained by increased precision

in setting the trapping and r-f voltages, it is evident that similar results would

have been achieved with krypton, if time had permitted. The percentages of the

natural abundance of the mass peaks were approximately in the correct propor-



6

300

200

100

50-6 -so-

Go-

40

30

20- P *6 th SCALE VACUUM

10 I I I

3000 4000 5000 6000

(6 RUN AVERAGE) MAGNETIC FIELD, GAUSS

Figure 3. Average Resolution vs. Average
Magnetic Field for Kr 84+

tion. Both experimental and handbook values of the natural abundance of the
krypton isotopes are listed in the table of Figure 2. With the experimental data
agreeing so closely with the handbook values, it is apparent that the omegatron

is suitable for more than rough measurements of residual gases. The lower
portion of Figure 2 shows a similar relationship for the doubly-ionized krypton
isotopes. Complete separation between each mass peak was observed at 6260

gauss.
Figure 3 presents a plot of the resolution versus the magnetic field, with

each plotted point representing an average of six runs. Arrows designate the
range of the data. The straight line is a square-law plot (that is, R versus B2).



5

NAT. ABUNDANCE NAT. ABUNDANCEIde EXPERIMENTAL HANDBOOK

78 0.326 % 0.354%
6o 2.61% 2.27 %
82 13.06% 11.56%
83 12.91% 11.55%
64 56.66% 56.90%
86 14.36% 17.37%

64
ET, 0.8 V
Er7 a1.0 V
Eas 70.0 V

84 Ec- 20.0 VZ'be 1.0 Aa

84 P ,32X10 4 tort

63 63
30 Mv 30 MV 100MV

80 78 s0

3m3423 GAUSS 8"3961 GAUSS 6.6435 GAUSS
42 42

4ET 0.9 V
Efli' O.9V
E.o 70.0V

42 EC* 20.OV
1b, l.Ope

41.5 41.5 43 P 4 X 1.5tort

41LM 
41.

3MV 4 3 :MV, 41 3 MV 441

40 93

@.3266 GAUSS 8.3804 GAUSS .86260 GAUSS

Figure 2. Variation of Resolution with Magnetic Field

multiple isotopes in the high mass region.
SMagnetic field had a pronounced effect on the resolution, as can be seen in

Figure 2. Note the spectra of krypton at different magnetic field strengths, as
illustrated. The upper portion of the figure shows almost complete separation

of the singly-ionized peaks at 6435 gauss. Based on later studies with xenon in

which complete separation of the isotopes was obtained by increased precision
in setting the trapping and r-f voltages, it is evident that similar results would

have been achieved with krypton, if time had permitted. The percentages of the

natural abundance of the mass peaks were approximately in the correct propor-
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tion. Both experimental and handbook values of the natural abundance of the
krypton isotopes are listed in the table of Figure 2. With the experimental data

agreeing so closely with the handbook values, it is apparent that the omegatron
is suitable for more than rough measurements of residual gases. The lower
portion of Figure 2 shows a similar relationship for the doubly-ionized krypton

isotopes. Complete separation between each mass peak was observed at 6260

gauss.
Figure 3 presents a plot of the resolution versus the magnetic field, with

each plotted point representing an average of six runs. Arrows designate the

range of the data. The straight line is a square-law plot (that is, R versus B2).
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Figure 4. Variation of Resolution with r-f Voltage

The experimental points agree within the estimated error.

The importance of precise changes in the r-f and trapping voltages as scans
are made in the high mass region is evident in Figures 4 and 5. Figure 4 shows
some spectra of the krypton isotopes at various r-f voltages. The optimum

setting for the singly-ionized krypton isotopes was 0.8 volt, while I volt seemed

to be the best r-f voltage setting for the doubly-ionized isotopes. One can
readily see that the identity of the isotopes is lost if the setting is either too

high or too low.

Figure 5 is a series of plotted curves showing ion current versus trapping
voltage for krypton. The optimum trapping voltage for Kr÷ was between 0.75
and 0.8 volts, and between 0.85 and 0.9 volts for Kr t +.

Figure 6 shows a series of curves of the ion current versus the accelerating
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Figure 5. Ion Current vs. Trapping Voltage for Kr

voltage. The ion current was maximum between 60 and 70 volts. This corre-
sponds to the point of maximum ionization efficiency for krypton. The appearance

potential can also be estimated from this curve.

With the knowledge gained from the study of the omegatron with krypton, the

experiment was extended to include some tests with xenon. Complete separation

of seven of the xenon isotopes was obtained by increasing the magnetic field to

6486 gauss and tuning the r-f and trapping voltages one against the other. A

very slight change in either the trapping or the r-f voltage had a marked effect

on the xenon pattern. Figure 7 shows a spectrum of the xenon isotopes at the
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beat setting*. The table included In Figure 7 ahows that the percentages of

natural abundance were approximately correct.

4. CONCLUION

The range of an omegatrou may be extended through mass number 186 with
good resolution by increasing the magnetic field and decreasing the r-f and
trapping voltages. The settings of the r-f and trapping voltaps are very
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Figure 7. Xenon Spectrum

criticas1 they should be tuned one against the other. Time did not permit these

later findings with xenon to be repeated with krypton. If the r-f and trapping

voltages were tuned as precisely for the krypton tests as for the xenon tests,

complete separation of the krypton isotopes would have been achieved.

This experiment also shows that tN is proportional to B2 . The omegatron
has proved to be a practical tool for the analysis of partial pressures through

mass number 136. Continued studies, undoubtedly, will extend this range even

further.

i
__ _ _
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Appendix A

Figure A-i is a block diagram showing the functional relationship of the
components of the system. A few comments about some of the components

follow.
A mechanical forepump, block 1, is used for the initial pumpdown of the

system. A clean copper-foil trap, block 2, placed between the pump and the
system eliminates the risk of oil contamination. These components are sealed
off once the Vac-lon pump, block 3, starts.

The laboratory-built electromagnet, block 8, is capable of producing a vari-
able magnetic field up to 7000 gauss. The magnet slides in and out of the oven

on an adjustable mount.
The omegatron power supply,* block 9, also built in the laboratory, is a

modified Raytheon design. The circuit diagram is shown in Figure A-2.
A strip chart and an X-Y recorder, block 13, are used for recording the

test data. Advantages can be cited for each.
VI, V2, V3 and V4 are Granville-Phillips Type C bakeable metal valves.
The system is pumped on continuously to prevent build-up of any contami-

nants that may be present. The continuous flow of gas is controlled by a
Granville-Phillips Type C valve.

*Design modified by Ernest Owen.
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