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MASS SPECTROMETRY 
Clifford E. Berry, Altadena, Calif., assignor to 

Consolidated Engineering Corporation, Pasa 
dena, Calif., a corporation of California 
Application May 25, 1951, Serial No. 228,219 

(Cl. 250-41.9) 12 Claims. 

This invention relates to mass Spectrometry 
and mass spectrometers and particularly to ioni 
zation of sample molecules by an electron beam 
and methods and apparatus for regulating the 
intensity of the ionizing electron beam. 
A mass spectrometer is an analytical apparatus 

which functions to sort and measure ions. Ordi 
narily it includes an ionization chamber into 
which molecules of the sample to be analyzed are 
introduced. In the ionization chamber the mole 
cules are ionized as by bombardment with a 
stream of electrons, the extent of the ionization 
being dependent in part upon the intensity of the 
electron beam. So-called propelling or accel 
erating electrodes propel the ions from the ioni 
zation chamber into and through an analyzer 
chamber. 
During passage through the analyzer chamber 

the ions are subjected to a transverse electric or 
magnetic field, or both, to separate them accord 
ing to their mass-to-charge ratios into a plurality 
of diverging beams of ions with each beam being 
composed of ions of the same Specific mass and 
differing from the specific mass of ions in the 
other beans. The diverging beans are generally 
Successively focused on an ion collector by vary 
ing the potential applied to the accelerating elec 
trodes or by varying the intensity of the trans 
verse field in the analyzer tube. In a fixed focus 
or monitoring instrument a particular beam of . 
interest may be continually focused on the col 
lector electrode and there is no need to Scan the 
ion spectruira by variation of the parameters af 
fecting the focus thereof. The current produced 
by the discharge of an ion beam on the ion col 
lector is a measure of the partial pressure of 
those molecules in the Sample from which the 
given ions were derived. 

In one type of mass Spectrometer, in compara 
tively general use, ions are formed within an 
ionization chamber by an electron beam directed 
through the chamber at right angles to the path 
of the ions and parallel to the direction of the 
magnetic field. The ionizing electrons may be 
developed by an electron emitting filament either 
in the form of a ribbon or as a thin wire, the elec 
trons being collimated as a beam and directed 
through a slit in a wall of the chamber, trans 
versely across the chamber and through a slit 
in the opposite wall to impinge on an electron 
target electrode. 

In co-pending application, Serial No. 52,341, 
filed October 1, 1948, now Patent No. 2,611,875, 
by Harold W. Washburn, consideration was given 
to the problem of collimating the electron beam. 
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In that application the advantages of using a 
thin wire filament over a ribbon filament were 
explained, and means was disclosed for develop 
ing a collimating electrical field to make possible 
the use of the preferred filament. 
In mass Spectrometry it is desirable to hold 

electron emission from the heated filament Of 
the electron gun at a Substantially constant 
value independent of variations in the filament 
power Source and in the emitting properties of 
the filament. Variation in electron emission and 
hence in beam intensity introduces a correspond 
ing error factor into the analysis as a conse 
quence of correlative variation in the degree of 
ionization. Conventionally the desired control 
of electron emission is accomplished by elec 
tronic feedback means which automatically ap 
plies a compensating adjustment to the power 
Supplied to the electron emitting filament. Such 
an electronic System adds appreciably to the cost 
and complexity of the instrument. Moreover, 
any change in power to the filament results in 
a corresponding change in filament temperature, 
Such result is undesirable as placing an increased 

5 load on the ion source temperature control 
ea.S. 

I have now found that electron emission can 
be controlled by the development of a negative 
field adjacent the electron filament and on the 
side thereof opposite the ionization chamber. 
The invention in one aspect comprises a method 
of producing ions within a space which COraprises 
admitting molecules to be ionized into the Space, 
causing emission of electrons from a filament 
adjacent the Space, directing the electrons as a 
beam through the space, collecting electrons at 
a target electrode spaced from the filament, ap 
plying a negative voltage to a shield electrode 
adjacent the filament and on the side thereof 
opposite the target electrode and controlling the 
negative voltage as a function of the current de 
veloped at the target electrode. 

Several means are illustrated and described for 
carrying out the foregoing method, the invention 
contemplating in addition to the method anion 
Source comprising an ionization chamber having 
a first slit in a wall thereof for admitting elec 
trons and a second slit in a wall thereof for exit 
of electrons, the combination Comprising an elec 
tron emitting filament mounted exteriorly of the 
ionization chamber in alignment with the first 
slit, a target electrode mounted exteriorly of the 
ionization chamber in alignment with the Second 
slit, a shield electrode mounted adjacent the fila. 
ment and on the side thereof opposite the first 
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slit, means for impressing a negative voltage on 
the shield electrode and means for varying the 
magnitude of the negative voltage as a function 
of the current developed by electron discharge 
at the target electrode. 

In the aforementioned co-pending application 
it was proposed to use a shield electrode in Sub 
stantially the same position as the shield elec 
trode in the presently described apparatus and 
a focusing electrode intermediate the filament. 
and the first slit, and to apply to the shield elec 
trode a negative voltage and to the focusing elec 
trode a positive voltage with respect to the filar 
ment so as to develop a shaped field for focusing 
the electrons emitted from a thin wire-filament" 
through the slit in the ionization. chamber wall. 
The purpose of focusing the electrons by means 
of a shaped field was to avoid the necessity of 
determining the cross section of the electron 
beam by the dimensioning of...the-slit. By avoids 
ing this necessity the normal and objectionable 
lens effect of such a slit can be minimized; 
In accordance with: the present invention the 

shield electrode may be used in conjunction with 
a focusing electrode to produce a shaped focusing 
field as suggested in the aforementioned co 
pending application, and further to automatical 
ly regulate electron emission from the filament. 
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TIe invention will be more clearly understood 
from the following detailed description taken in 
conjunction with the:accompanying, drawings in 
Which: 

Fig. 1 is a diagrammatic view of a conventional 
180°. mass spectrometer; 

Fig. 2 is an enlarged section...taken. On the line 
2-2 of Fig. 1; w 

Fig. 3- is a graph showing the effect on anode 
or target electrode current.of various connections 
of the shield electrode; 

Fig. 4 is a circuit diagram showing: One: means 
of connecting the shield electrode to regulate fila 
ment emission in accordance with the invention; 

Fig. 5; is; a circuit, diagrant of an alternative 
means for accomplishing...this regulation; : 

Fig. 6 is a circuit diagram of another means of 
accomplishing this regulation and 

Fig. 7 is a circuit diagram of an alternative 
form of regulator circuit including amplification 
eaS 
In the drawings the invention is shown in as 

Sociation withi, a 180 mass spectrometer. Of the 
type wherein propelling electrodes are provided 
in theion Source. A.S. will be apparent from the 
following: description, the invention is equally 
adapted to incorporation, in sibstantially any 
mass spectrometer whereinthie sample to be 
analyzed isionized by means of an electronbeam. 
It is also apparent that the invention is not 
limited to the field of mass-spectrometry but will 
find application in; any ion source in which, uni 
formity of an ionizing electronbeam is sought. 

In: Figs. 1 and 25 there is shown...a...mass spec 
trometer: Ohaving an ion sourceff, an analyzer 
tube. 2; angion: collectori F3, all disposed within 
an envelope: 4 which is kept at low pressures dur 
ing the: operation of the instrument. A trans 
verse magnetic field is established in the analyzer 
tube-by-conventional magnet means (not shown), 
mounted exteriorly of the envelope. The 
analyzer tube 2 is: provided at its end adjacent 
the ion, collector E3, with an exit: slit. 5, through 
which theionibeams.are focused on the collector. 
electrode, 3... . . . . 
The spectrometerisprovided with, as pumping 

system or envelope exhaust line 6 which may be 
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4. 
connected with a mercury diffusion pump, 
molecular pump, or any appropriate evacuating 
system (not shown). The analyzer tube 2 may 
be provided with ports 7 by means of which the 
ion source and the analyzer tube are evacuated 
through the envelope. Alternatively the envelope 
may be omitted by making the analyzer tube gas 
tight and by attaching the evacuating system di 
rectly to the analyzer tube by means which are 
well known. An inlet line f8 provides means for 
introducing a Sample to be analyzed. 
An electron gun 20, in accordance with the in 

vention, is mounted adjacent to or as part of the 
ion source and cooperates with an electron target 

'... 2 to discharger a beam 9 of electrons through a 
first slit 22 in a wall of the ion Source adjacent 
the gun 2G and a second slit 23 in an opposite 
wall of the source adjacent the target electrode 
2. 

Propelling electrodes 25 and accelerating elec 
trodes 26; 27 are disposed within the ion source 
to expel the ions formed therein into the analyzer 
chamber and at a sufficient. Velocity to carry them 
through the analyzer chamber. Representation 
of this particular ion source is for illustrative 
purposes only, there being many modifications 
thereof equally, applicable to this invention. 
As above described, the ions propelled from the 

Source: are formed in the analyzer tube under the 
influence of the transverse magnetic field into 
diverging beams of ions. Of given Specific maSS. 
These diverging, beams are. Successively focused 
on the ion collector 3 through the exit slit 5 by 
varying the potentials applied to the accelerating 
electrodes 26, 27. The ion collector 3 is linked 
with an amplification and sensing circuit by a 
lead 29 sealed through a wall of the envelope 3 
and connected exteriorly to an amplifier 30 which 
is, in turn, linked to sensing means (not shown) 
Such as a recorder or the like. 

Accelerating electrodes. 26, 27 are connected 
through leads 32, 33 to a conventional voltage 
supply circuit (not shown). In a similar manner 
the propelling electrode 25, may be and generally 
is connected into the same voltage supply circuit. 
The electron-gun shown: in Fig. 1 comprises a 

filament 34 preferably of circular cross section 
and disposed adjacent the first electron slit 22. 
A shield electrode 36 is disposed adjacent the 
filament 34 on the side opposite the slit 22. The 
shield; electrode 36 is:shown as arcuate in Section. 
However, there is no requirement in the present 
invention that this electrode assume any par 
ticular shape; 
The filament 34, shield electrode 36 and elec 

tron target 2 are interconnected in accordance 
With the invention in One of a number of circuits 
whereby the shield 36 is maintained at a negative 
potential with respect to the filament, 34 and the 
magnitude of the negative-voltage applied to the 
shield 36: is determined as a function of a bias 
voltage source and of the current collected at the 
target, 2 ... Various circuits- for accomplishing 
this purpose: are illustrated in Figs. 4,5,6 and 7, 

5 hereinafter discussed. - 
References to Fig. 3 will give; a clear under 

standing. Of the objectives of the invention. Fig. 
2 shows the variation in anode current. (abscissa) 

... as a function of filament. Current (ordinate). un 
70 

75 

der three conditions of shield electrode potential. 
Curve. A shows the indicated, relationship with 
the shield connected directly to the filament and 
thus at the filament potential. Curve. B. shows 
the relationship between filament. current and 
anode current with the shield held at a constant 
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potential of minus 12 volts with respect to the 
filament. Curve C shows the relationship of 
filament current and anode current With the 
Shield regulated in accordance with the present 
invention. The slope of the plateau in curve C 
is Such that a 3.3% change in filament current 
causes a 1% change in anode current. 

It is plain from curves A and B of Fig. 3 that 
for a given filament current, the anoe current 
decreases rapidly as the shield is inade more 
negative with respect to the flainent. It is this 
characteristic that enables the Shield electrode 
to be used as a regulating element to control the 
anode current. 
One circuit for energizing the electron gun and 

controlling the Voltage applied to the shield elec 
trode is shown in Fig. 4. In Fig. 4 and in the 
succeeding figures, the shield, filament, and 
target electrodes are given the numbers 36, 34, 2, 
respectively, to conform these figures with Fig. 1. 
The target electrode 2 is connected directly to 
the shield 36 thirough a bias battery 4G which de 
livers a negative Voltage to the shield 36. A re 
sistor A2 and batteries 3, 46 are connected be 
tween the target 2 and the filament 34 with the 
ion source connected between the batteries 44 
and 6. 
The operation of the circuit of Fig. 4 is as foll 

lows: The filament is operated so as to supply an 
excess of electrons, and the filament shield is 
biased negative with respect to the filament to a 
suitable operating point by the battery 4. The 
anode current flows through the resistor A2 which 
is of comparatively high resistance, variations in 
the anode current causing corresponding Varia.- : 
tions in the voltage across the resistor. These 
voltage changes are directly coupled to the shield 
electrode 36 and are in such a direction that an 
increase in anode current causes an increase in 
the negative shield voltage. The effect of an in 
crease in the negative shield voltage is to decrease 
the potential of the space between the filament 
and electrode , which has the effect of decreas 
ing the current to the target 2. Thus any tend 
ency for the target current to change is counter 
acted by the action of the Shield. 
A SOneWhat different circuit arrangement is 

shown in Fig. 5 in which target electrode 2 is 
connected directly through batteries 44 and 40 to 
the shield electrode 36. The resistor 42 and the 
filament battery 6 are connected to the anode 2 
intermediate the batteries A.O. and 44, and the ion 
Source is connected intermediate resistor A2 
and battery 46. 
The operation of the circuit of Fig. 5 is similar 

to that of Fig. 3, the only difference being that 
the particular arrangement reduces the total bat 
tery voltage required. 

Fig. 6 shows yet another arrangement of the 
same components including the three batteries 

, 44 and 46 and the resistor 2. The circuit of 
Fig. 6 again has an advantage of minimizing the 
battery voltage requirements. As an example of 
the Operating characteristics of the System of Fig. 
6, battery 40 may be a 22.5 volt battery, battery 
44 a 270 volt battery and battery 46 a 90 volt bat 
tery. Resistor 42 has a value of 1.75 megohms, 
So that with a current of 58.ua, the nominal shield 
tO-filament Woltage is minus 12 volts. 
The circuit of Fig. 7 differs from that of Fig. 

in the inclusion of a D. C. amplifier 5 in the lead 
connecting target electrode 2. With the shield 
electrode 36. An amplifier may be included in 
any of the illustrated circuits to increase the 
sensitivity of the system to changes in collected 
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6 
current. Although the inclusion of an amplifier 
entails additional expense, such expense may be 
justified in particular circumstances because of 
the increased degree of regulation achievable. 
Many other circuit arrangements may be de 

veloped to control, the shield-to-filament Volt 
age as a function of anode current Within the 
scope of the invention. Various circuit con 
ponents may be altered, the specific values given 
for Voltage Sources and resistors being by way 
of example only, and in no way limiting. In the 
Same respect illustration of batteries in the Sew 
eral described circuits is intended to be repre 
Sentative of any D. C. Voltage source, it being obs 
vious that there is no limitation to the deriva 
ion of power from any particular type of Source. 
I claim: 
1. In an ion Source comprising an ionization 

chamber, the combination comprising an electron 
emitting filament, a target electrode for Collect 
ing electrons, a shield electrode nounted adja 
cent the filament on the side thereof opposite the 
target electrode, means for directing the elec 
trons through a portion of the ionization cham 
ber to the target electrode, means for impressing 
a negative Woltage on the shield electrode, and 
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means for varying the magnitude of the negative 
Voltage as a function of the current developed by 
electron discharge at the target electrode. 

2. In an ion Source comprising an ionization 
chamber having a first slit in a wall thereof for 
admitting electrons and a second slit in a Wall 
thereof for exit of electrons, the combination 
comprising an electron emitting filament mounted 
exteriorly of the ionization chamber in alignment 
With the first slit, a target electrode mounted ex 
teriorly of the ionization chamber in alignment 
With the Second slit, a shield electrode mounted 
adjacent the filament on the side thereof oppo 
Site the first slit, means for impressing a negative 
voltage. On the shield electrode, and means for 
varying the magnitude of the negative voltage as 
a function of the current developed by electron 
discharge at the target electrode. 

3. In an ion Source comprising an ionization 
chamber having a first slit in a wall thereof for 
admitting electrons and a second slit in a wall 
thereof for exit of electrons, the combination con 
prising an electron emitting filament mounted 
exteriorly of the ionization chamber in alignment 
With the first slit, a target electrode mounted ex 
teriorly of the ionization chamber in alignment 
With the Second slit, a shield electrode mounted 
adjacent the filament on the side thereof oppo 
site the first slit, means for holding the shield 
electrode at a negative potential with respect to 
the filament, and means for varying the shield 
electrode to filament potential as a function of 
the current developed by electron discharge at 
the target electrode. 

4. In an ion Source comprising an ionization 
Chamber having a first slit in a wall thereof for 
admitting electrons and a second slit in a wall 
thereof for exit of electrons, the combination 
comprising an electron emitting filament mount 
ed exteriorly of the ionization chamber in align 
ment. With the first slit, a target electrode mount 
ed exteriorly of the ionization chamber in align 
ment with the second slit, a shield electrode 
mounted adjacent the filament on the side there 
of opposite the first slit, a first source of bias 
voltage connected to maintain the shield electrode 
at a negative potential with respect to the fila 
ment, and a second Source of bias voltage oper 
able to vary the shield electrode to filament po 
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tential as a function of the current developed by 
electron discharge at the target electrode. 

5. In an ion source comprising an ionization 
chamber having a first slit in a wall thereof for 
admitting electrons and a second slit in a Wall 
thereof for exit of electrons, the combination 
comprising an electron emitting filament mount 
ed exteriorly of the ionization chamber in align 
ment with the first slit, a target electrode mount 
ed exteriorly of the ionization chamber in align 
ment with the second slit, a shield electrode 
mounted adjacent the filament on the side there 
of opposite the first slit, a first Source of bias 
voltage connected to maintain the shield elec 
trode at a negative potential with respect to the 
filament, neans for developing a voltage respon 
sive to and as a function of the current developed 
by electron discharge at the target electrode, 
means for amplifying this voltage, and means for 
applying the amplified voltage to vary the shield 
electrode to filament potential. 

6. In an ion source including an ionization 
chamber, the combination comprising an electron 
emitting filament, a target electrode for collect 
ing electrons, means for directing electrons fron 
the filament through a portion of the ionization 
chamber to the target electrode, means develop 
ing a potential between the filament and ioniza 
tion chamber to direct electrons emitted from the 
filament toward the ionization chamber, and 
means for varying this potential as a function of 
the current developed by electron discharge at the 
target electrode. 

7. In an ion source including an ionization 
chamber having a first slit in a wall thereof for 
admitting electrons and a second slit in a wall 
thereof for exit of electrons, the combination 
comprising an electron emitting filament mount 
ed exteriorly of the ionization chamber in align 
ment with the second slit, means developing a po 
tential between the filament and ionization cham 
ber to direct electrons toward the first slit, and 
means for varying this potential as a function of 
the current developed by electron discharge at the 
target electrode. 

8. In an ion source including an ionization 
chamber having a first slit in a wall thereof for 
admitting electrons and a Second slit in a Wall 
thereof for exit of electrons, the combination 
comprising an electron emitting filament mount 
ed exteriorly of the ionization chamber in align 
ment with the first slit, a target electrode mount 
ed exterioriy of the ionization chamber in align 
ment with the second slit, means developing an 
electron focusing field in the region of the fila 
ment to focus electrons through the first slit, and 
means for varying the focusing characteristics of 
the field as a function of the current developed 
by election discharge at the target electrode. 

9. In an ion source including an ionization 
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chamber, the combination comprising an elec 
tron emitting filament, a target electrode for col 
lecting electrons, means for directing electrons 
from the filament through a portion of the ioniza 
tion chamber to the target electrode to develop 
a current at the target electrode proportional to 
the number of electrons discharging thereon, 
means developing a potential between the fila 
ment and ionization chamber, and means for 
varying this potential responsive to variations in 
the current developed by electron discharge at 
the target electrode whereby this current is main 
tained Substantially constant in magnitude. 

10. Apparatus for producing ions within a space 
which comprises means for introducing molecules 
to the space, electron producing means, means 
developing an electrical field for directing elec 
trons from the electron producing means through 
the Space, means for collecting electrons after 
passage thereof through the space and developing 
a current proportional in magnitude to the num 
ber of electrons collected, and means for varying 
the magnitude of the field responsive to varia 
tions in the magnitude of the current SO as to 
vary the number of electrons directed through the 
Space to hold the current at a Substantially con 
Stant value. 

11. Apparatus for producing ions within a space 
which comprises means for introducing molecules 
to be ionized into the space, electron producing 
means, means developing an electrical field for 
directing electrons from the electron producing 
means through the Space, means developing a 
negative electrical field in the region of electron 
production, means for collecting electrons after 
paSSage through the Space, and means controlling 
the negative field as a function of the curren 
developed by collection of the electrons. 

12. Apparatus for producing ions within a space 
which comprises means for introducing molecules 
to be ionized to the space, an electron emitting 
filament disposed adjacent the space, means di 
recting electrons from the filament through the 
Space, means for Collecting electrons after pas 
Sage through the space, an electrode disposed ad 
jacent the filament and on the side thereof op 
posite the space, means maintaining said elec 
trode at a negative potential with respect to the 
filament, means controlling the magnitude of the 
negative potential as a function of the current de 
veloped at the electron collecting means respon 
sive to discharge of electrons thereon. - 

CLIFFORD E. BERRY. 
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