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Patented Oct. 5, 1954 

UNITED STATES 

2,691,108 

EPATENT OFFICE 
2,691,108 

MASS SPECTROMETRY 

Clifford E. Berry, Pasadena, Calif., assignor to 
Coal solidated." Engineering Corporation, Fasa 
dena, Calif., a corporation of California, 

Application February 25, 1947, Serial No. 30.18 
(C. 250-49) Claims. 

This invention is concerned with mass spec 
tronety and contemplates in provements in naSS 
Spectrometry involving a high frequency pulse 
forming instrument as described hereinafter. 

In Ina,SS Spectrometry, a gas Sample 
bombarded by moving electrons to produce ions 
of various substances present in the sainpie, and 
the ions thus formed are separated into various 
CornponentS having different ... maSS-to-charge 
ratioS. by Subjecting the ions to the influence of 
electric or magnetic fields or both. The individ 
ual components are then directed upon an ion 
collector or target and discharged, and the in 
tensity of the resulting ion current is measured. 
Thus, the Several components may be caused to 
fall successively upon the collector by varying 
the electric or magnetic fields, or by moving the 
collector. Successively into the respective paths 
of the several components or by the method as 
hereinafter Set forth. 

r. naSS spectroneticy as previously proposed, a 
gas sample to be analyzed is bombarded by an 
selectron bean to ionize the molecules thereof. 
The ions thus formed are projected by means 
of accelerating electrodes or the like through 
a Semi-circular path to an ion collector or target. 
Throughout this semi-circular course of travel 
the ions are subjected to the effect of an elec 
trical or magnetic field or both whereby those 
ions of different na SS-to-charge ratio will assurna 
different radii of travel and may therefore be 
Successively focused on the ion collector. 
The present invention has as an object there 

of the provision of a method of mass spectrometry 
and an apparatuS for the accomplishinent there 
of which involves the Segregation of the ions of 
Waiying mass-to-charge ratios into Spatially Sep 
arated mass pulses which may be selectively 
measured by an ion collector or target. 
The above contemplated object is accomplished 

according to my invention by the provision of an 
evacuated envelope, an electron gun to ionize 
the molecules of the sample to be analyzed by 
the emission of an electron beam, pusher and ac 
celerating electrodes to propel the ion beam to 
ward a target or ion collector, means for apply 
ing time-Spaced pulses to the electrodes to ener 
gize them in a pulsating fashion. With the con 
sequent formation of a pulse type ion beam 
collecting means comprising, an ion collector and 
electrical measuring apparatus responsive to the 
current at the ion collector, the collecting means 
being so synchronized with the ion beam forming 
circuit as to measure. Only those mass pulses 
of ions of a given mass-to-charge ratio at a given 
voltage. 
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The invention may be more clearly understood 

by reference, to the following detailed descrip 
tion thereof taken ... in relation to the accorn 
panying drawings in which 

Fig. I shows...the mass spectrometer of the 
invention in diagrammatic form; 

Fig. 2 shows.a. modification of the target. Ol' 
collecting element of Fig. 1 ini. Which a ragnetic 
field has been interposed between the ion Source 
aid the ion target or collector; 

Fig. 3 shows diagrammatically the generation 
of the ion pulses and certain. of the mathemati 
cal functions involved therein; 

Eig. 4 shows a modified... arrangement of the 
pulse forming and Synchronizing System; and 

Fig. 5 shows a chart of the Wave forms of the 
voltage to the sending and collecting circuitS. 

Referring to the drawings, there is shown in 
Figs... l and 4 a diagrammatic form of a mass 
spectrometer G enclosed in... an eyelope iSA. 
The spectrometer is equipped. Withionizing...means, 
for example: an electron gun , which fires a 
bean. 2 of electrons to a catcher 3. The beam 
passes between a pusher electrode 3-and- a first 
accelerating electrode 5, which in turn is foll 
lowed by a second accelerating electrode 6. 
Both of the accelerating electrodes: are provided 
With slits, or apertures through which an ion 
bearin is propelled. 
In the apparatus shown in both Figs. 1. arid. 4, 

anion target 7 is placed in line with the aper 
tures in the two accelerating electrodes, SO: that 
a straight beam expelled through the apertures 
Will strike" the target. 

Power to operate the apparatus is supplied 
by a conventional oscillator 20 which ordinarily 
operates at constant frequency. This oscillator 
powers a pulse former 2 is such as is used in 
television and radar. Such an apparatus is de 
scribed in detail in an article entitled 'Toran 
indicator circuit operation” by David Davidson, 
in Electronics Industries of March 1946. The 
pulse former produces an alternating current of 
the wave form shown at 22 in. Fig. 5. It will be 
observed that for most of a cycle time T, the 
voltage is zero with square waves at T intervals. 
These waves are B volts high and of t'seconds in 
ducation. This form of pulse is Supplied to a 
high voltage power supply 23 which in turn Sup 
plies...a wave of the same form to the accelerat 
ing equipment of... the mass spectrometer. Thus 
the high Voltage power supply is connected a CFOSS 
a potentiometer 24. The pusher is connected at 
one end, the mid-accelerating electrode 5 at 
a midpoint, and the final accelerating electrode 
6 at the end of the potentiometer. 
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In this apparatus, the accelerating voltage is 
Supplied for t seconds at intervals of T Seconds, 
the result, being the propulsion of ions through 
the aperture for only the fraction t/T of the cycle. 
Heavy ions Will travel slowly since their rate of 
travel for a given Voltage is inversely propor 
tional to the Square root of their mass. In coin 
Sequence of this action, the ions tend to sep 
arate into bunches in traveling toward the tar 
get. For example, in One method of operation, 
a bunch of light ions 25 is formed each cycle 
and the geometry, i. e. the distance of ion travel 
is Such that the instant a bunch of light ions 25A 
is leaving the slit of the accelerating apparatus, 
the preceding bunch 25 has just reached the 
target. 

Referring to Fig. 4, when we consider the bal 
ance of the apparatus, it will be observed that 
the pulse former 2 f is directly connected to both 
the discharge and pickup circuits in Which case 
Synchronization is obtained by Spacing the target 
and the accelerating sit such a distance apart 
that the target picks up the preceding pulse 25 
of a given mass-to-charge ratio as a Second pulse 
25A is being projected by the electrode 6 toward 
the target. 

In the alternative embodiment as shown in 
Fig. 1, the constant frequency oscillator 29 is also 
connected through the delay network 29 and a 
second pulse former 2a to a circuit 26, the pur 
pose of which is to energize an amplifier in Syn 
chronism. With the ion accelerating circuit so that 
the amplifier is only active during the intervals 
necessary to pick up the particular bunches of 
the maSS 25, 250 to be measured. The delay net 
Work 29 in the pickup system Synchronizes the 
energization of the collecting means with the ac 
celerating apparatus So that the energization of 
the former lags behind that of the latter an inter 
val Sufficient to allow travel of the pulse of the 
desired mass to the target. 
Between the pulse former and the circuit 26 a 

bias 27 is inserted. This does not alter the Wave 
form of the output of the pulse former but does 
shift it with respect to the zero voltage as shown 
at 28 in Fig. 5. Thus the voltage is shifted so 
that the base line is negative. 
The voltage from the bias 27 is as indicated 

before fed to the Selection circuit 26 which com 
prises a diode 30 and a triode 3, the latter being 
provided with a conventional biassing apparatus 
32 comprising a bias battery in series with a re 
sistance. When the diode becomes non-conduc 
tive the grid of the triode will be energized and 
the pulse created by the ion mass 25 impinging on 
the target will be transmitted through the triode 
3f to the wide band amplifier 40 and the peak 
vacuum tube voltmeter 4. 
The selecting circuit thus comprises a diode 30, 

a triode 3, and a conventional biassing arrange 
ment for the triode comprising a bias battery in 
Series with a resistor, the bias apparatus being 
indicated at 32. The target is connected to the 
plate of the diode and to the grid of the triode. 
The cathode of the diode is connected through a 
resistance to the lower end of R, and the cathode 
of the triode is connected to ground. The signal 
from the pulse former is applied to the cathode 
of the diode. Thus the diode 30 effectively 
shunts the resistor R. The plate of the triode is 
connected to a wide band amplifier 40 which in 
turn is connected to a peak vacuum tube volt 
meter 4. 

Ordinarily, when no pulse is sent out by the 
pulse former, the cathode of the diode is nega 
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4. 
tive with respect to its anode, so that the diode 
is conductive and no signal is received by the 
amplifier, i. e. the current of the ions is shunted 
through the diode rather than producing a drop 
in resistor R. However, when a pulse is received, 
the cathode of the diode is made positive With 
the result that the diode becomes non-conductive 
and any ion current must flow through resistor 
R and produce a voltage to energize the grid of 
the triode. 
To summarize, the amplifier circuit is Synchro 

nized with the voltage supply circuit so that Se 
lected separated quantum of the ions of a given 
mass-to-charge ratio are accepted by the ampli 
fying circuit while the others are grounded. 
The apparatus and its functioning will be un 

derstood more thoroughly in the light of the foll 
lowing mathematical analysis, wherein ) is equal 
to the velocity of a given ion maSS Which in turn 
is proportional to the Square root of the voltage 
W over the maSS m. 

Let it be assumed a pulse of ions is sent out at 
a voltage W. The pulse lasts for t Seconds. The 
physical length of a pulse for a maSS m is there 
fore 

unt K VE t 7. 

where K is a constant depending upon the physi 
cal units used. After a time T, each mass pulse 
has gone a distance of 

Ky/T" 2. 

If T is large enough compared with t, the ion 
pulses will become Spatially separated according 
to mass, i.e., as shown diagrammatically in Fig. 3 
Wherein the Spatially Separated quantum of ions 
of differing maSSes m1, m2, m3, m.A, n.5, and mag are 
illustrated as traveling between the starting posi 
tion f6 and the target f. The pulse generator 
comprising the Oscillator 28 and the pulse former 
2 and the amplification system 39 are also shown 
Schematically in Figs. 1 and 4. 
The following eXpressions can be developed by 

reference to the mathematical functions illus 
trated in Fig. 3: 

Target distance 

d = KVT 
At the target, the distance between trailing 

edges of adjacent bunches of masses equals 

Kt (VE-V() 
Distance between adjacent edges of the adja 

cent masses equals 

KT(VE -VE)-Ki | 2 

For purposes of resolution, the distances be 
tween the adjacent edges must be greater than 
the length of the bunch of mass m2; i. e. 

2 Ki- 1. 2 
wherefrom the following expressions may be 
developed: 

T(VE-VA)= ty...! t / 722 2721 721 72 

T(-)-(+) 



2,691,108 
5 

T(vmi-wm) at (vim -- Wim) 
therefore 

T T>-- ?- 
Wm/m-1 

expresses the relation that must exist between the 
frequency as represented by T and the duration 
of the pulse it in order to obtain resolution be 
tween masses m1 and m2. Thus for resolving 
ions of mass 50 and maSS5i 

T> = 2 - t V51/50-1 
2 

) .0049 

>408 
The velocity at mass 5) is, for V=500 v. 

| 500 
y = 5.93X107X 1824X50 

= 4.4X105 cm./sec. 
Suppose T'=106 sec., i.e. a frequency of 1 million 
cycles/sec., then the mass 50 pulse moves out 4.4 
cm. in 106 Sec. If there is a target at this point, 
and the ion pulses are t seconds long in time, 
Where 

(since m1) m2) 

and if the amplifier following it is allowed to 
operate for t seconds, then only mass 50 is regis 
tered. Every T seconds a pulse it seconds long 
is sent out and one is received. It is seen that 
the mass registered varies directly as the Voltage, 
and the resolving power depends upon T/t as 
shown previously. 

In the systern as shown in Fig. 1, the target 
need not of necessity be a distance 

T 
2. 

from the point 6 for the time delay network can 
be adjusted to provide a lag sufficient to accom 
modate substantially any distance of pulse travel. 

If a Wide range of maSSes is present, an ion 
of maSS ma Which is four times as heavy as 
another ion of mass mb will travel at exactly half 
the speed of ion b. Such an ion is called a har 
monic ion, and it is plain that the apparatus of 
Fig. 4 cannot distinguish between two such ions. 
As one way of eliminating the difficulty due to 

harinonic ions, it may be desirable to insert a low 
resolution magnetic analyzer 50 between the ion 
accelerating apparatus and the target. In such 
a case as illustrated in Fig. 2 the mass pulses of 
harmonic ions Will be deflected less by the mag 
netic field so that the harmonic ions are angul 
larly Separated from the desired ions. 
Another method of eliminating the difficulty is 

ShoWn in Fig. 1. Here, if the structural dimen 
Sions are the same as in Fig. 4, we may cut the 
frequency of operation in half, that is increase 
the period to a value T1-2T where T is the Origi 
nal period. A delay network 29 Supplies the 
pulse to the selecting circuit 26 at a time T sec 
Onds after the sending pulse. Thus in effect 
pulses of the Same length and speed as before are 
Sent out, but Only half as often. If other har 
monic maSSes are present, such that ma=nimb, 
then a value T1=vnT must be used, where ma is 
the heaviest ion present and mb the lightest. 
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I claim: 
1. In a mass spectrometer the combination 

Which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the en 
velope, Collecting means including a collector 
electrode, amplifier and Sensing means for meas 
uring ions impinging on the collector electrode, 
means for projecting the ions toward the collector 
electrode in mass pulses, and means for relating 
the operation of the projecting means and the 
collecting means to render the collecting means 
sensible only to ion pulses of a given maSS-to 
charge ratio. 

2. In a mass spectrometer the combination 
which comprises an evacuated envelope, means 
for ionizing a gas sample introduced to the 
evacuated envelope, collecting means including a 
collector electrode, amplifier and sensing means 
for measuring ions impinging on the collector 
electrode, accelerating electrodes disposed in the 
envelope for projecting ions toward the collector 
electrode in mass pulses, and means for relating 
the operation of the accelerating electrodes and 
the collecting means to render the collecting 
means sensible only to ion pulses of a given maSS 
to-charge ratio. 

3. In a mass spectrometer the combination 
which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the en 
velope, collecting means including a collector 
electrode, amplifier and Sensing means for meas 
uring ions impinging on the collector electrode, 
accelerating electrodes disposed in the envelope 
for projecting ions toward the collector electrode, 
a high frequency oscillator, a pulse former and a 
Source of high voltage in circuit with the acceler 
ating electrodes to project the ions in a pulsating 
beam toward the collector electrode, and means 
for relating the operation of the accelerating 
electrodes and the collecting means to render the 
collecting means sensible only to ion pulses of a 
given mass-to-charge ratio. 

4. In a mass Spectrometer the combination 
which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the en 
Velope, collecting means including a collector 
electrode, amplifier and sensing means for meas 
uring ions inpinging on the collector electrode, 
accelerating electrodes disposed in the evacuated 
envelope, a high frequency oscillator, a pulse 
former and a source of high voltage in circuit 
with the accelerating electrodes whereby the ac 
celerating electrodes may be caused to project 
ions in a pulsating bean toward the collector 
electrode, the collecting means being in circuit 
With the high frequency oscillator and said pulse 
former whereby operation of the accelerating 
electrodes and collecting means is related so as 
to render the collecting means sensible only to 
ion pulses of a given mass-to-charge ratio. 

5. In a mass Spectrometer the combination 
Which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the en 
velope, collecting means including a collector 
electrode, amplifier and sensing means for meas 
uring ions impinging on the collector electrode, 
Ireans for projecting ions toward the collector 
electrode in mass pulses, means for establishing 
a transverse magnetic field within the space 
Separating Said means for projecting ions and the 
collector electrode, and means relating the oper 
ation of the projecting means and the collecting 
means to render the collecting means sensible 
only to ion pulses of a given mass-to-charge 
ratio. 
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6. In a mass spectrometer the combination 
which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the en 
velope, collecting means including a collector 
electrode, amplifier and Sensing neans for nea S 
uring ions impinging on the collector electrode, 
accelerating electrodes disposed in the evacuated 
envelope, a high frequency OScillator, a pulse 
former and a source of high voltage in circuit 
With the accelerating electrodes So that the ac 
celerating electrodes will be caused to projections 
in a pulsating beam toward the collector elec 
trode, means for establishing a transWei'Se mag 
netic field in the space separating the accelerat 
ing electrodes and the collector electrode where 
by ion pulses of a given maSS-to-charge ratio may 
be defected toward the collector electrode, and 
means for relating the Operation of the accelerat 
ing electrodes and the collecting means to render 
the collecting means Sensible only to ion pulses 
of a given mass-to-charge ratio. 

7. In a mass spectronetter the combination 
which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the en 
Velope, Collecting means including a collector 
electrode, amplifier and Sensing means for meas 
uring ions inpinging on the collector electrode, 
accelerating electrodes disposed in the evacuated 
envelope, a high frequency oscillator, a pulse 
former and a source of high voltage in circuit 
with the accelerating eiectrodes whereby the ac 
celerating electrodes inay be caused to project 
ions in a pulsating beaim to the collector elec 
trode, means in association with the collecting 
System to 'etard the energization thereof With 
i.espect to the accelerating electrodes for an inter 
Val Sufficient to permit a given ion pulse to travel 
from the accelerating electrodes to the collector 
electrode. 

8. In a naSS Spectrometer the combination 
Which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the en 
Velope, a Collector electrode for measuring ions, 
accelerating electrodes disposed in the evacuated 
envelope, a high frequency oscillator, a pulse 
former and a source of high voltage in circuit 
With the electrodes whereby the electrodes may 
be caused to projections in a pulsating beam to 
Ward the collector electrode, the collector elec 
trode being in circuit with the high frequency 
OScillator, a time delay network, a second pulse 
foriner, an amplifier and sensing means whereby 
Operation of the amplifier and sensing means and 
the accelerating electrodes are related so as to 
render the sensing means sensible only to ions 
of a given inass-to-charge ratio. 

9. A maSS Spectrometer comprising means for 
ionizing a gas Sainple, a Substantially straight 
tube aSSociated with the ionization means, col 
lecting ileans comprising an ion collector elec 
trode disposed in the straight tube opposite the 
ionizing means, and an amplifier and sensing 
means, accelerating electrodes disposed adjacent 
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the ionizing means for projecting ions toward the 
collector electrode in maSS pulses, and means for 
relating the operation of the accelerating elec 
trodes and the collecting means SO as to render 
the collecting means sensible only to those ion 
pulses of a given mass-to-charge ratio. 

10. In a mass Spectrometer the combination 
which comprises an evacuated envelope, means 
for ionizing a gas Sample introduced to the evac 
luated envelope, collecting means including a co 
lector electrode, an amplifier and sensing means 
for neaSuring ions impinging on the collector 
electrode, accelerating electrodes for projecting 
ions from the means for ionizing a gas Sample to 
Ward the collector electrode, means for impress 
ing a pulse-type potential On the accelerating 
electrodes so as to project the ions toward the 
collector electrode in mass pulses, means for 
making the collecting system sensible to ion dis 
charge On the collector electrode for spaced 
periods corresponding in duration to the period 
of the pulses impressed on the accelerating elec 
trodes, and means for relating the accelerating 
electrode and collector periods so as to render 
the collecting System sensible only to ion pulses 
of a given maSS-to-charge ratio. 

11. In a mass spectrometer the combination 
Which complises an evacuated envelope, means 
for ionizing a gas sample introduced to the avacu 
atted envelope, collecting means including a col 
lector electrode, an amplifier and sensing means 
for measuring ions impinging on the collector 
electrode, accelerating electrodes for projecting 
ions from the means for ionizing a gas sample to 
Ward the collector electrode, means for impress 
ing a pulse-type potential on the accelerating 
electrodes So as to project the ions toward the 
Collector electrode in mass pulses, means for mak 
ing the collecting System sensible for spaced 
periods col'responding in duration to the period 
of the pulses impressed on the accelerating elec 
trode, and means for relating the periods of the 
accelerating electrodes and the collecting system 
So that the instant a puise of given mass-to 
charge ratio is propelled from the accelerating 
electrodes the immediate preceding pulses of ions 
of the Sane mass-to-charge ratio will strike the 
collector electrode and be sensed by the collecting 
System. 
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