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The present invention relates generally to
thermionic ion sources, and more particularly
to an improved method and apparatus for eject-
ing the ions from the ion chamber of a mass
spectrometer and for selectively focusing ions of
different masses.

It is well known that a gas may be bombarded
by a stream of electrons, and that a certain num-
ber of its molecules hecome ionized as a con-
sequence thereof. If a gaseous mixture is simi-
larly treated, a mixture of ions of various kinds
will result. Such a mixture of ions may be sub-~
jected to the action of a combination of elec=
trostatic and magnetic fields to cause those ions
having a particular mass to impinge upon a col-
lecting member to which electrons will flow, thus
creating an electric current. This current may
ke amplified and used as a measure of the num-
ber of ions having the aforementioned particular
mass.

A mass spectrometer is a device adapted to
separate compenents of a neutral gaseous mix-
ture fed into it by bombarding such mixture with
a strearn of electrons, accelerating the resulting
ions by passing them through a drop in electrical
potential to focus and direct them into a mag-
netic field where ions having the same mass
are bent to follow the same path. Thus, due to
the influence of the magnetic field, the ions divide
themselves into groups, each group containing
only ions of the same mass and each group fol-
lowing a different path. Ions of .any particular
path may be projected upon and made to strike
a collsctor, where the current flowing from the
plate thereof serves as a measure of the quantity
of such ions. Two factors determine the path
of the ion in focusing upon the collector plate,
the mass of the ion and its acceleration. Thus
the mass spectrometer may be adjusted by chang-
ing the accelerating potential to collect ions hav-
ing a given mass; and the number of the ions
having this mass is proportional to the molecules
from which the ions were produced. Accord-
ingly, it is entirely feasible to employ the mass
spectrometer as a gas analyzing means.

It can be shown mathematically that in order
to focus a stream of ions through aligned slits in
a series of spaced plates, the intermediate plates
should be held at a potential which is some de-
finite proportion of the potential drop across the
entire series of plates. However, it is desirable
to gather as many ions as possible into the focus-
ing slits. Heretofore, efforts were made to ac-
complish both of these results by placing a plate
outside of the focusing device and holding it at
a potential intended to drive the ions into the
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initial slit while maintaining all of the inter-
mediate plates at carefully calculated proportions
of the total voltage drop.

One disadvantage of former devices was that
they operated poorly at low potential differences
acress the focusing mechanism. The focusing
devices were ineffective at such low potentials
so that ions were lost because of improper focus-
ing. Ions were also lost because they were not
gathered into the focusing mechanism, in addi-
tion to the normal loss of some ions because of
such things as stray currents in the device. All
of this led to grave difficulties in attempting to
utilize spectrometers with conventional ion
sources therein for a wide range of potentials
across the focusing mechanism. If one plotted
the current at the ion collecting plate against
the voltage applied across the focusing means,
varying the magnetic field to record the same
ion beam over this range of voltages, former de~
vices might develop a certain ion current “a” at
100 volts. They might also develop a current
value of “b60e” or more at 1000 volts. It should
be remembered that the number of ions in the
ionization chamber or its equivalent remains
substantially the same where the electron emis-
sion at the filament is held constant. There-
fore, former devices showed greatly varying effi-
ciency or sensitivity due to defects in or irregular
operation of the focusing mechanism. Former
spectrometers could not be efficiently used over
a wide range and were therefore inadequate for
continuous analysis and as a recording means.

It is, therefore, a principal object of the present
invention to provide an ion source which may be
adjusted over a wide range of potential differ-
ences, and therefore one which may be used
over a wide range of masses without loss of sen-
sitivity and without seriously changing the in-
tensity of the ion current because of this ad-
Jjustment.

It is another object of the invention to pro-
vide an ion source in which more effective focus~
ing of the ions is achieved thereby reducing to a
minimum the loss of ion so as to provide a rela-
tively intense ion current permitting more effec-
tive measurement of the ions.

Another object of the invention is to provide -
an ion source having an ionizing chamber of an
improved construction, permitting the use of a
higher gas pressure, and which, when used in
connection with an improved filament structure
also provides more effective production of ions
without excessively increasing the ionizing po-
tential.

It is a still further object of this invention to
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provide an ion source which may be effectively
used over a wide range of focusing potentials
without materially altering the ion current and
may therefore be effectively employed for an-
alyzing many different mixtures containing ele-
ments having a wide range of masses.

Other objects and advantages of my invention
will appear from the following specification and
accompanying drawings, and the novel features
thereof will be particularly pointed out in the
annexed claims.

Fig. 1 is a schematic or diagrammatic view -in-
dicating one form of mass. spectrometer Wlth
which the present ion source- may_be,emplov_ed
showing in vertical section one embodiment of
the invention installed therein.

Fig. 2 is a fragmental sectional view of-the spec-
trometer incorporating my improved ion source,
taken along the line 2—2 of Fig. 1, but in a plane
displaced angularly 90° from the showing of that
figure. S
- Fig. 3 is a longitudinal:sectional elevation of
the source used.in my improved mass spectrom-
eter.

-Fig. 4 is.a longitudinal -sectional elevation. of
the same source taken along the line 4—4 of Fig.
3,ina plane displaced 90° from that of Pig. 3.

.Fig. 5 is a diagrammatic showmg of the plates
and the clrcults connecting .them in the 1mproved
ion source of my spectrometer.

Fie. 6 is a fragmental detail of the ion source
showing my 1mproved, filament.

As pointed.out hereinbefore; an ion.source em-
bodying the present invention may be used in
connectlon with a. device or proeess in whlch it is
required to produce a stream of- -lons from a gase-
ous substance. However, my ion source has been
used. chiefly in connection with a mass spectrom-
eter. Accordmgly, since this apphcatmn of my
ion source.is the preferred embodlment of my
1nvent10n it will be descr1bed herein chlefly ‘when
thus used.

Referring particularly.toFig, 1 of the drawings,
d1sclesm<r the conventmnal spectmmeter struc-
ture 1nclosed in an. evacuated tube, | des1gnates
the main body of the tube through Whlch the ion
beams travel, and Whlch is preferably made .of
copper tublng -To one end of the tube | is Jomed
a glass envelope 2, Dlsposed within the envelope
2 and mounted on- tube I .is-an ion source 3. :The
various. electrical leads 4, 4 which pass through
the envelope 2 are. shown but_their connections
to the different source elements have been.omit-
ted. This is done for purposes of clarity and
because such connections are conventional.

-Source 3 .includes an elongated inelosure gen-
erally des1gnated 5.which extends t1 ansversely of
the ‘envelope. 2 and. deﬁnes a chamber. 10. :The
inclosure 5 shown in detail in Fig. 3.is deﬁned by
upper plate 186, lower plate 20, one pair of.oppo-
site elongated spaced walls 5a, 5b,.and another
pair. of opposite walls 19, 40. In communication
with an opening in oné vertical side wall 5a is a
tube 12 which passes out through-the envelope 2
and serves as a sample tube for supplying neutral
gases to the ionizing” chamber 10 for. analys1s
Mounted outside of chamber 10.on leads 43, 43 is
a V-shaped filament 28 shown in deta_11 in Fig..6.
The V-shaped filament bridges the lower extremi-
ties of the leads 43, 43 which are supported on
bracket 19, an extension of one wall of the in-
ciosure 5, by insulator elements 6 (see also Figs.
2 and 4). Formed in the lower extremity. of the
bracket 19 in alignment with the filament 28 and
slit T in the opposite partition wall 8.0f inclosure

10

4

5 is a slot 9. Disposed within the chamber de-
fined by the partition 8 and the inclosure walls
including end wall 40 is a trap or anode 30 sup-
ported by stud 41 from the upper plate 15 through
insulator 29 and insulating sleeve 5i. The trap
is maintained. at a positive potential of 75 to 100
volts above the filament. . Fositioned beneath the
lower wall or plate 20 of the ionizing chamber (0

-are a series of electrically isolated spaced plates

2la, 21D, 22, 23, 24, and 25. These plates are held

~in spaced Telation by means of glass spacers, two

15

20

25

30

85

40

50

56

60

65

7

of which are designated as 1T and (8, carried by
bolts 42; 44 which .thread the various spacers and

extend through appropriately dimensioned open-
-ings.in:the plates.so as to be spaced and insulated
,‘,therefrom Nuts may be applied to the bolts 42,

44, and the whole structure may be held in assem-
bled relation in a manner common to the conven-
tional spectrometer. It:is, of course, possible for
structural details to vary, but some system -of
positioning these plates, as shown, for electrically
isolating each .plate and for aligning the slots
must be employed. . Positioned externally of the
envelope 2.on either side of the source in line with
the electron flow are the poles 49, 50 of a. magnet
for setting up a magnetic field along the ionizing
chamber. In Figs. 3 and 4 insulating tubes such
as 33, 34 which serve to house the leads running
to plates 22 and 23 of the ion .source 3 are gener-
ally employed. Other plates are fed in a similar
manner, '

The construction of the filament in the present
device, which is in the form of a long narrow V
coming to a point, is also advantageous in that it
tends to concentrate the emission of electr ons at
the point. This featule together with the pres-
ence of a magnetic field across the chamber. 10,
causes electrons to flow in ‘a well-defined beam
through the chamber 10 to the receiving means
or trap 36. As a result the electron beam of the
present device is much more effective.

For a relatively small gas inflow. and. low. elec-~
tron emission, the present device will produce
more ions and therefore more ion current for
measurement. "This increases the accuracy of the
spectrometer and also aids in increasing its reso-
lution, for any focusing device is.more effective
with more ions flowing through it.

The structure of the present device, especially
the chambe1 10, permits the use of somewhat
higher gas pressures in the spectrometer than in
former spectrometers. ~This in turn provides a
higher gas sample to gas background ratio. This
is advantageous since some background gas_is
necessarily present, although it is undesirable.

Within the chamber 10, the gasequs substance
is bomba1 ded with a stream of electlons _passing
from the filament to the anode or trap and a cer-
tain percentage of its rmplecules becomes ionized
as a consequence.” These ichs pass or are Wlth-
drawn from the i 1on1z1r'r chambe“ and are directed
into’ the aligned openings in the focusing and
accelerating plates of the ion source in the man-
ner more fully dlscussed ‘hereinafter.

As a result of these .operations, the ions.are
formed into a stream or beam and are directed
linearly down the casing | toward the magnetlc
field indicated at 14. The .magnetic field 14 ex-
tending perpendicular to the plane of Fig. 1 is
breferably set, up by one.or more permanent mag-
nets so constructed as to provide the generally
trapezo1dally ‘shaped . field .indicated in Fig. 1.
The ions are influenced by the magnetlc field so
that their paths are curved, the radius of curva-
ture dependmg -upon. thelr .mass .and. veloc1ty
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Aceordingly, it is possible to adjust the mass spec-~
trometer to direct ions of a certain mass to a
suitable collecting means such as the plate shown
at (5.

In order that the present ion source may oper-
ate effectively, it is necessary to provide differ-
ences in electrical potential between various
plates of the series of plates mentioned. A pre-
ferred wiring circuit and voltage applying means
for earrying out this purpose is shown in Fig. 5.
As there indicated, the voltage differences be-
tween the plates 28 and 25 is supplied by a source
of microcurrent indicated at 33, with plate 20
keing maintained at a positive potential with re-
spect to plate 25. Since this difference in poten-
tial may be adjusted over a wide range, such for
instance ag from 100 volts to 2500 volts, it is pref-
erable that this source 33 be of a type especially
designed to provide high voltage. This may be
done by conventional voltage amplifying means
together with suitable variable resistances or a
series of fized resistances which may be placed in
or oub of the circuit as may be found necessary.

Plates flg, 2ib form a “split pair,” i. e, they
are half discs placed side by side but spaced so
as to provide the slit 12 which coincides with slit
12 in the lower plate or shield 28 of the ionizing
chamber of the source 8 of Ffig, 1. Plates 22 and
2% are whole discs possessing slits or openings {4,
Plates 24, 25 are connected together and
have aligned slits 8, {7. One lower plate 25
would sufiice but two plates 24, 28 are provided
to strengthen the structure. A difference in po-
tential between piates 20 and 21D of about 100
volts is applied through the circuit of Fig. b so
that the plate 2§ is at a positive potential with
respect to plate 2ib. This same potential is
maintained between plates 28 and 22. The po-
tential difference between plates 20 and 2la is
substantially the same. These potential differ-
ances are maintained substantially constant de-
spite the wide range of adjustment of the poten-

ial drop between plates 20 and 24, 25, and such
voltage control is brought about by the arrange-
ment of resistances shown in Fig. 5. The poten~
tial of plates 215 and 2ie may be adjusted by the
variable resistances 3i, 32 which bridge across
voltaze source 47 although it is possible to hold
nne of these resistances constant and vary the
othier one. By either of these means the poten-
tial may he balanced on the split plates 2la, 21b
so that the same potential may be placed on each
plate despite unavoidable defects or structural
imperfections. If desired, however, the plates
21q and 21b may have somewhat different poten-
tials, say about five volts, to overcome any slight
tendency of the ions to stray or the beams to bend
due to the magnetic field set up between the poles
48, 56 of the magnet. In addition, a ftandem
switeh may be provided for adjusting the poten-
tial on plates 2ia, 2ib simultaneously, thereby
making the poteniial of the unit consisting of
plates Zla, 21b adiustable without effecting the
relative potential between them. The potential
of plate 22 is controlled by the resistance 45. As
indicated, the voitage for plates 2ie, 21, and 22
is supplied by a voltage source 41, different from
that for the rest of the plates. While this source
is only indicated schiematically, it may preferably
coniprise a suitable power or rectifying unit with
appropriate  voltage regulator tubes. By this
means, the voltage between plates 20 and 21a, 28

i8.

and 216, and 20 and 22 may be held constant-

while the voltage between plates 20 and 24, 25, is
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varied over a wide rangé. Adjustment of the
potential of the plate 23 is accomplished by ad-
justment of the moving contact on voltage di-
vider 27. This resistance or its equivalent forms
8 part of the high voltage supply circuit men-
tioned previously in connection with the voltage
source for the plate 20. Once this resistance 27
is adjusted to provide a proportional voltage gra-
dient between plates 28 and 24, 25, the potential
of plate 23 is maintained at the desired propor-
tion of the voltage drop between plates 20 and
24, 25 even though the latter voltage drop may be
varied widely by regulating the potentiometer or
voltage divider 46.

The above arrangement holds the plates 2ia,
216 and 22 at a constant potential with respect
to plate 28, 'This feature is believed to be a radi-
cal departure from known practices and estab-
lishes a constant field which reaches through the
slit 12 inte the chamber (8 and attracts the ions
formed therein into the focusing device of plates
28, 23, 24, and 25. This method has proven to
be much more effective than former methods for
gathering ions into the slits. Of course, this con-
stant potential difference to some extent detracts
from the focusing ability of the device. But it
will be noted that the plate 22 is maintained at
2 potential proportional to the potential drop
from. 29 to 28. Satisfactory focusing may be ob-
tained if the potential differences between the
plates 28 and 2i¢q, 28 and 21b, and 29 and 22 are
maintained at a low value as corapared with the
voltage between plates 28 and 25. Accordingly,
the present device is more effective when the
voltage between plates 28 and 25 is high, but will
operate satisfactorily when this voltage is as low
as 100 volts. In order to produce as strong a field
as possible without unduly raising the voltages at
21a; 21b and 22, these plates are placed close to-
gether and close to the shield 20.

While difficulty has been encountered in prior
structures in securing proper focusing at low po-
tentials, this is largely overcome in my arrange-
ment. Tor example, the present device will pro-
duce an ion current “a” at 100 volts across the
focusing mechanism and approximately “2a” at
1000 volts instead of “50a,” which often resulted
in the arrangements of the prior art. Accord-
ingly, it is seen that this device has relatively
constant operation over a wide range of poten-
tials between plates 24 and 24, 25; therefore, it
may be used over g wide range of masses and con-
sequently for analyzing a large number of sub-
stances.

Having thus described my invention, I claim:

1. Apparatus for producing and focusing ions
which ecmprises an ionization chamber, means
for feeding vapors of a substance thereto, a fila-~
ment, eans for receiving electrons, said flament
and said means being positioned near opposite
sides of sald chamber thereby causing electrons
to pass thereacross for forming ions from said
substance, a plurality of electrically isolated plates
spaced from each other exteriorly of said cham-
ber, a slot in a wall of said chamber, openings
through said plates aligned with each other and
with said slot, and voltage regulating means elec-
trically connected with said wall and with said
plates for establishing a fixed difference in po-
tential between said wall and at least one plate
adjacent thereto and also establishing differences
in potential between said wall and others of said
plates, said voltage regulating means being con-
trollable for adjusting the potentials of the others
of said plates to desired constant values while
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maintaining the potential of said one plate sub-
stantially fixed, whereby to provide a uniform po-
tential gradient along said other plates.

2. A system of the character described compris-
ing walls defining an ionization chamber, means
for feeding a gaseous mixture to the chamber, a
source for supplying electrons to ionize said mix-
ture, an opening in the ehamber, electrodes posi-
tioned adjacent the mouth of the opening and at
progressively greater distances from the chamber,
said electrodes being maintained at 4 low fixed
potential with respect to said walls for removing
ions from said chamber, a series of spaced plates
positioned adjacent said electrodes for defining a
passage way alined with said opening, and means
for applying progressively-larger potential differ-
ences between each of the plates of said series,
whereby to set up a substantially uniform poten-
tial gradient thereacross and provide high- sensi-
tivity over a wide range.

3. A system of the character described com-
prising anionization chamber having an -exit
opening, means - for feeding neutral -gaseous
vapors to said-chamber; a source of electrons dis-
posed within the chamber for providing electrons
to ionize said vapors, a pair of electrodes posi-
tioned at the mouth of said opening to provide a
passage way for the ions, a disk positioned beyond
the spaced electrodes having a slot alined with the
passage way, meansfor impressing small fixed po-
tentials of substantially the same magnitude on
said electrodes and said disk for setting up a sub-
stantially constant electrostatic field to eject said
ions, a series of spaced plates positioned beyond
the disk at progressively greater distances from
said chamber for defining a collimating channel,
angd means foriimpressing potentials on the plates
corresponding in’ magnitude to their distances
from the chamber for setting up a substantially
uniform potential gradient to focus and accelerate
the ions into a beam.

4. An ion source of the character described
comprising walls-defining an ionization chamber,
means for feeding a gaseous mixture to the cham-
ber, a source for supplying electrons to said cham-
ber for bombarding the gaseous mixture and pro-
ducing ‘ions, ‘an ‘exit opening in the walls of said
chamber for the passageof ions, a group of spaced
slotted plates positioned externally of the cham-
her and adjacent the exit opening at progressively
grester .distances therefrom for defining a pas-
sage way.for:the ions, said plates being main-
tained -at a smali fixed potential-with respect to
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the walls of said chamber for removing the ions
through the exit opening, a second group of plates
each spaced progressively further from the cham-
ber and having slots therein alined with said pas-
sage way, said second group of plates being main-
tained at potential differences with respect to the
walls of said chamber corresponding in magni-
tude to their distances from the chamber, where-
by to provide a substantially uniform potential
gradient thereacross for focusing and accelerat-
ing the ions into a beam.

5. An ion source of the character described
comprising walls defining an ionization chamber,
means for feeding a gaseous mixture to the cham-
ber, a source for supplying electrons to the cham-
ber for bombarding the gaseous mixture to pro-
duce ions, an exit opening in the walls of said
chamber for the passage of ions, a group of spaced
slotted electrodes positioned externally of the
chamber at progressively greater distances there-
from and adjacent the exit opening for defining
a passage way for the ions, said group including
an electrode positioned next adjacent said cham-
ber comprised of a pair of elements electrically
insulated and maintained at slightly different po-
tentials to provide proper focusing, said group of
electrodes being maintained at small fixeq poten-
tials for removing ions through said opening, a
second group of plates each spaced progressively
further from the chamber and having slots there-
in alined with said passage way, said group of
plates being maintained at potential differences
with respect to the walls of said chamber corre-
sponding in magnitude -to their distances from
the chamber, whereby to provide a substantially
uniform potential gradient thereacross for focus-
ing and-accelerating the ions into a beam.
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