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Abstracf

A new, non—magnefic Time of Flight Mass Spectrometer has been
constructed. Preliminary work with this instrument indicates that the
theoretical mass resolution formula, previously derived by Lum,1964,
is in error. New mass resolution formulae which agree with experimental
observations, are presented. These formulae distinguish between even
and odd n numbers. A resolution of one part in six thousand has been
achieved with the instrument. Although higher resolutions are theoretically
possible, fhey have not been reached due to a splitting of the mass peaks
when large R.F. voltages are applied to the deflecting plates. Several
possible causes of this splitting are advanced, but no detailed’

investigation of the effect has been done to date. -

‘...h
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CHAPTER I

INTRODUCTION

A. Mass Spectroscopy.

Traditionally, mass measurements have been made ( see Duckwofth,
1958 3 with 1arge magnetic deflection type instruments. In such
instruments, ion béams of either éﬁnstant energy or constant velocity
are separated into different trajectories corresponding to the different
masses present in the beam. For the accurate comparison of two masses,

* the magnetic field shouid be the same gver both trajectories. Since it
is difficult to produce a uniform magnetic field over é.large region,
sqch comparisons are limited to ions whose masses are almost equal.

This so called doublet method may be used to compare the mass of a heavy
ion to fhe carbon standard, but it is often necessary to employ several
interﬁediate doublet determinétionso Hence, the error in the comparison
will be the sum of the errors in each of the doublet determinétions.
Thus an instrument which would permit the direct comparison of two

widely separated masses is of great importance.

Smythe and Mattauch‘in 1932 were the first to use a non-magnetic
fime of flight instrumenf to determine atomic masses. Since that time
mahy instruments of this type have been built, but all of them suffer
from low resolution, with the pbssible exception of the electric
quadrupole mass spectrometer., These instruments are not suited for the
direct determination of large mass differences since a wide range scan
must be made betweeh-the light and ﬁeavy masses. In 1964, Lum reported

on a high resolution, non-magnetic Tiwm: of Flight Mass Spectromeier.
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This spectrometer, which permits the direct comparison of light and heavy
masses, 1is essentiallj a velocity filter for a mono-energetic beam of
ions. The preliminary operation of a more sophisticated instrument will
be discussed in this thesis, and a more accurafe theory for the mass

resolution will be worked out.

B. Operating Principles

Figﬁre Iisa schématic diagram of the Time of Flight Mass
Spectrometer. Ions are produced in a surface ionization source ( Inghram
and Hayden, 1954 ) and then accelerated towards the ground slit by the
high voltage power supply. Ions which are able to pass through the
ground slit form an ion beam, represented by the dashed line in the
diagram; This beam, after passing sucessively through the'firstv
collimating stage, the first R.F. stage, the second collimating stage,
the second R.F. stage, and the third collimating stage, enters the
detecting system consisting of a magnetic mass analyser and a particle
detector., The two R.F. stages produce sinusoidally varying electric
fields of the same fréquency and amplitude, perpendicular to the ion
bean. Oniy those ions that pass the R.F. stages at zero field can enter
the detecting system. Hence, any ion that is detected, must have
travelled the distance between the two R.F. stages in an integral number
of half periods of the applied frequency. The condition for an ioﬁ
reaching the detector is

v = 2Lf/n I-1

where v is the vélocity of the ion, f is the applied frequency, n is the
integral number of half periods, and L is the distance between the two

R.F. stages.
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-of the spectrometer, thus msking an easy determination of the resolution
almost a neceésityo Secondly, it was found that the sawtooth generator :.
and possibly the square wave generator were picking up some A.C. noise
with the result that the peaks displayed on the oscilloscope were

unsteady, jumping back énd.fofth'over a small range.

C. Frequency Sweeping, High Power Oscillator

N

The frequency sweeping with the high power oscillator proved to be’
the most convenient for the preliminary work b;cause of its wide rangéo
Figure X is a recording of a frequency sweep over a range greater thaﬂ
one megacycle centred at 15Mce Although the resolution is not too high
in this par£icular recording, it does show a good stability and the wide
range over which the cable system can be used. It should be mentioned
that the high power oscillator was also used dufing,the slow voltége

sweep for the results shown in figure IX.

The particular recording in figure X shows how the mass peaks for
diffefenﬁ masses overlap at high n nﬁmbers. The small peak has a lower
repetition frequency than the large oné, thus thé small peak appears to
emerge from under the large one on the left hand side, move between two
large peaks, and then go back under a large peak from the right hand

side, as the frequency increases,

D. Frequency Sweeping, Low Power Oscillator

The low power oscillator using the resonant circuit to drive the
R.F. plates, had, in contrast to the high power oscillator, a working
" frequency range of only approximately 100Kc. However in this range the

mass peaks are quite good showing a resolution of one part in si:: thrusand.
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s
Figure XI is a recorder tracing of a freguency sweep using the low poﬁer
’scillator in which the peaks to the left are occuring at resonance and
the ones to the right are off resonance, It is impossible bo measure the

voltopze on the R,F, plates when the resonant circuit is employed since

this would disturb the resonance, The am l»uvde of the R.Fy voltage is
P g

estinmated to lie in the ranze 50 to 100v,

L.

If the R.F. voltage is increased, the peaks start to broaden and
split as can bec seen in figure XIT. This recorder tracing was token at
the same time as that in figure XTI, the only difference between the two
being an increase in the R.F., volta we for figure XTI, These effecls were
also observed when the high power oscillator was employed if the R.¥,

voltage was incressed much beyond 50v, In fi

fiz

ure XIT the odd peaks for
both of the masses, RbSS and 207 , have split and the even pesks for

hoth of the masses are broadened,

5. General Results

It was mentioned -in Chagter I that a low resolublon nmagnebic mass

anslyser was used so that only a small mass range could reach the

RPN NP S oy Es N - e eyt R TR
detentor, is a recorder tracs of bthe oubpub of the nuse

spectrometer without the megnetic mass analyser, bub with the particle
detector mounted dive ctly behind slit S,. Since there several mass pealks

present, it is difficult te make any accurabe mcasruenents of the

resolubion or the peak separations,

£

The experimental verification of the di ferend mass resolubtion for

~even and odd peaks can be seen in figure XTV, Both of the rubidiuwn mass
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peaks are present, but due to its greater intensity, the Rb ~ peak shows
the effect better. The even n number peaks have been marked with an E
and the odd peaks with an O. The widths of the even and odd peaks are in

the ratio of approximately three to two. This is in agreement with the

theory developed to explain this effect.

Figure XV shows a slow voltége sweep and a frequency sweep using
the high power oscill;tor. These two sweeps were taken one after the
other so that the conditions are the same for both sweeps. The voltage
sweep gives a resolution of one.part in twenty two hundred, while the
frequency sﬁeep gives a resolution of one part in twenty four hundred.
Since the resolutions are approximately the same, it indicates that the
frequency, in the voltage sweep, is as stable as the voltage, in the

frequency sweep.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

33



CHAPTIR V

e s i b P .

DISCUSSICN AND CONHCILUSTON

The new Time of Flight MHass Spectromebter shows significant
inprovement over the one used by Lum, in stability, reliability, and
ease of operation..However, with the present instrument a resolution
of at least one part in.twpnty thousand should be possibie, since the
voltages that have been applied to the deflecting plates are only a
small fraction of those that can be supplied by the oscilators, As
was seen in IV,E if an R.F., voltage grealer than about 50v. was applied

ot

to the deflecting plates, the odd mass peaks started to split while the
even mass peaks broadened, These elfects are not fully understood at

present and only possible causes for them will be advanced in this

It is thoughl that the broadening of the even mass peaks nay be due
to a component of the R,F., electric field in the directlion of the ion
beam. I this is the case, then as the lon beam passes through an R.F.

vart of it 1will receive an zcoeleraghion in the diveciion of the

ile Lhe obbar pary will receive z deccleration, The not effect
111 be cumuleative for the even mass pesks and cancel for the odd mass
peeks, Thus the even mass peaks will tend to become brozler than is

¢ ¥ill continue to iuerezsse

predicted By theory while the odd mass pea

in resolubion as the R,T.

If there is a2 harmonic distorticn of the t,F., signal, then instcad
“of having half periods that are all equsal to each other, it is possible

to oo Lwo divTerent nall
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not affect the even mass peaks, since an even number of consecutive half
.

periods will always yicld the same fiming interval no mstier where they

re taken. However, an odd number of half periods can yield two different

timing intervals depending on where the initial half period is taken.

rJ.

Thus, this type of distortion will cause the odd mass peaks to split if
the difference between the two timing intervals is sufficiently large,

while the even mags peaks will not be aflfected,

Although a high resolution has not been achieved in the preliminary
work due to the peak splitting and broadening, it is felt that the

instrument is capable of a much higher resolution once the exaclt cause

of these effects has been found and corrected,
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