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trometer which, however, may also be adapted

This invention is concerned with maSS Spec

trometry and provides improvements in this field,
particularly adapted to the detection of micro
scopic leaks in high pressure vessels and vac
uum systems. In its preferred aspect, the in
vention contemplates a combined maSS Spectron

to more complicated analyses.

A mass spectrometer is a vacuum tube device
for sorting ions according to their respective
mass-to-charge ratios. Molecules introduced

the ions in the ionization chamber proper. Thus,
in its preferred form, the ionization chamber is
formed by a rear vessel or box of conductive ina
terial (with its back and preferably its Sides as
Well acting as one propelling electrode) and a
front plate, insulated from the rear and pro
vided with a slit through which the ions are pro
pelled with velocity sufficient to reach the col
lectOr, by means of a potential impressed be
tween the box and plate portions of the cham
ber. This structure and method of operation
are distinguishable from prior practices in which
the ions are accelerated by passing through Slits
in a plurality of electrodes between which a Sub
stantial potential gradient is maintained.
In passing through the slit in the front of the
ionization chamber in the preferred spectrometer
of my invention, the ion beam fans out under the
influence of a magnetic field. Those ions hav
ing the proper curvature of path paSS through

One of the principal characteristics of the
mass spectrometer of the invention is that Sub
stantially the entire potential which propels the
ions through the magnetic field from ionization
chamber to collector electrode is impressed upon

eter and ionization gauge.

into the device are converted into ions, usually

O

by thermal effect or electron bombardment, and

the ions thus formed are propelled (usually as
a heterogeneous beam) into a magnetic field
wherein the several kinds of ions fan out into

a set of diverging curved beams, each composed
of ions of equal ratio of mass to charge. If one
of these homogeneous beams is permitted to in
pinge and discharge upon a collector electrode,
the current thus produced is an index of the rela
tive-abundance of this kind of ion in the mixture
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being analyzed.
It has been proposed previously to detect leaks
in pressure vessels and the like by evacuating

them and analyzing the gas pumped out. The
precise location of a leak in the shell can be found
- by playing a stream of helium or other gas over
the suspected area. When the Stream is ad
jacent the leak the helium will be sucked into
the system and can be detected in the stream
being evacuated from the vessel. Helium is es
pecially suitable for this purpose because of the
ease with which it. penetrates even the smallest

25

one or more additional slits (in members main

tained at Substantially the same potential as the
3.

crack.

A mass spectrometer is a useful instrument
for analyzing the gas stream evacuated from a
vessel in the foregoing method of leak detection,
but those available heretofore have been expen
sive, complicated and in general too large and
insufficiently rugged to meet the requirements
of rough field use. There is a distinct need for
a small, simple and rugged mass spectrometer
for leak detection and similar operations in
which it is more important to detect the presence

at ground) to a collector electrode, the result
ing current being amplified and recorded as a
partial spectrum.
If desired, a baffle electrode can be disposed
in the analyzer region on the outside of the
Curved path of the beam of ions (say, helium)
passing to the collector. Ions having a greater

ratio of mass to charge pursue a straighter path
40

than those passing to the collector and so in
pinge upon and are discharged at the baffle elec

trode, the current thus formed being (in many
cases) an indication of the relative density of
the sample being analyzed. So by connecting
an amplifier and a galvanometer to the baffle
electrode, the latter serves as an ionization gauge,
giving a measure of the partial pressures of all
gaseS present except helium and hydrogen.
The design, and principles of Operation of the
ionization chamber, plus other design features
to be discussed hereinafter, permit the construc
tion of a spectrometer of extremely small size as
Compared to heretofore customary types. Thus
the essential parts of the spectrometer proper

of one or two selected constituents, say helium

and nitrogen, than it is to make an accurate

quantitative analysis of a mixture having many
ingredients, say a gaseous mixture of many hy
drocarbons. In other words, a spectrometer to
be employed as a leak detector should have the

requisites of a portable instrument and at the

Saline time be extremely sensitive to the constit

uents which indicate the leak. As a result of my
investigations, I have developed such a mass spec

front of the ionization chamber and preferably

55

Call all be included Within a metallic envelope
about 'X.1'x4' in overall dimensions. More
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over, these parts are so constructed and ar

ranged that the parts themselves are inexpensive
to manufacture and the spectrometer is easily
assembled and dis-assembled for cleaning.
By way of example, the ionization chamber
enclosure, the electron catcher, the collinator
baffles, shields to catch stray ions, the ioniza
tion gauge electrode and in fact all of the ele
ments within the spectrometer head may, in ac
cordance with the invention, be mounted On a

4.

one of the slits or Windows. Outside the oppo

site side of the box an electron catcher 33, say
a small gold plate, is mounted and held in posi
tion by a lead 34 that passes upward to another

5

terminal post 35 that passes out through a Seal

in the glass plate 4. As described in detail
hereinafter, an electron beam is formed when the
filament is heated and potentials are applied to
cause the electrons to pass through the box

O from the filament to the catcher.

A collector electrode 36 is mounted ConCen

single detachable member so that all can be

withdrawn at once for cleaning or adjustment.
I prefer, however, to mount the filament for elec

trically on the end of a conductive post 37 that
passes out through the Sealing plate 2 in the
lower nipple , the post being horizontal and

of the envelope.

the collector (which is a circular disc) being
mounted with its major Surfaces Vertical.
A combined electrode and shield 38, which

tron production and the ion collector or target
on separate leads projecting through the sides
These and other features of the invention will

be understood more thoroughly through refer
ence to the following detailed description, taken
in conjunction with the accompanying dra Wing

performs a multiplicity of functions, is suspended

20

in Which

Fig.

is a Schematic Section through a pre

ferred form of my mass spectrometer taken
parallel to the face of the pole pieces of its mag

from a mounting block 39 which in turn is
fastened to one or more terminal posts 40 that
pass up through seals in the glass plate 4 at the
top of the envelope. The combined electrode
and shield (hereinafter called a 'composite elec
trode') is made of Nichrome sheet and passes

25 in front of and covers but does not seal the box
net;
(Which forms the rear of an ionization chamber
Fig. 2 is a Schematic Section taken through the
4), being Separated from the front of the
Spectrometer of Fig. 1 along the line 2-2 and
box by a small dielectric gap 42. A rectangular
Fig. 3 is a simplified wiring diagram of the
ion slit 43 is cut horizontally in the composite
Spectrometer of FigS. 1 and 2.

trometer is enclosed in a metallic envelope 10,

electrode about midway of the box, the sides of
the Slit being parallel and beveled (as shown in

iently from a piece of copper tubing having about

but the front of the ionization chamber, the com

Referring first to Figs. 1 and 2, the spec

30

Fig. 1) to knife edges at the rear face.
Immediately below the box, which encloses all

preferably one made of oxygen free high con
ductivity copper. This may be made conven
1 inch inside diameter and which is flattened into 35

rectangular croSS Section between its two circular

end portions to accommodate the poles , 2
of a permanent magnet of “Alnico' or the like.
The poles are placed close to the rectangular
portion. So that the lines of force run through

40

of a lower shield 45 formed as a flange bent
horizontally to the left on the bottom of the com

which ions are formed and also those in which

are sealed respectively by insulating plates 2, 2.
Within the envelope at approximately the level

of the upper nipple is a box 22 which is rec
tangular in both plan and elevation and stands
vertically with its front open (and facing the
right in Fig. 1). It is held in plage by an angle
piece 23 welded to its top and extending upward
to one or more terminal posts 24, 25, which pro
ject through Seals in the glass plate 4 (see Fig.

2). The box, like most of the other metal parts

posite electrode and a matching horizontal upper

shield 46 of sheet metal welded to the composite

electrode at the bend just above the collector.
An ionization gauge electrode or baffle 4 is
Suspended from a terminal 48 mounted in a sea
in the glass plate f4 at the top of the envelope.
5 This baffle is in plate form and hangs in front of

the composite electrode and generally parallel to
it. On its lower portion it bears two projecting
plates 49, 59 which extend toward the composite

electrode obliquely to the major surface of the

5.
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within the envelope, preferably is made of “ni
chrome' or equivalent. The box has two match 65
ing rectangular slits 26, 2 in its sides to provide
passage for an electron beam through the box
transverse to the direction of ion propulsion.
The electrons are provided by a filament 28
mounted on a pair of .-shaped horizontally 70

placed conductive posts 29, 38 which in turn are

mounted respectively on leads 3, 32 which paSS
out of the envelope through the upper nipple
and its sealing plate 20. The filament is mounted

electrode to permit ions to pass to the collector.
The opening is Smaller than the collector, and

the latter is shielded from vagrant ions by means

the entire interior of the rectangular portion
of the envelope, i. e. through the regions in
Sorting occurs. The lower portion 3 of the tube
is tapered on the outside to fit a standard tapered
joint for connection to a vacuum System (not
shown). The upper end of the envelope is sealed
by a circular glass plate 4, which fits within a
copper flange or ring 5 that is welded to the out
side of the envelope. Two copper nipples 6,
provided with flanges 8, 9 project into the
envelope at right angles to its major axis (from
the left Side as shown in Fig. 1). These likewise

posite electrode is bent horizontally to the left
and then vertically again to pass in front of the
collector electrode. An opening 44, preferably
of rectangular shape, is provided in the composite

baffle and roughly tangential to the paths of ions
of high mass-to-charge ratio issuing through the
slit. It collects and discharges such ions.
If desired, a collinator 5 may be provided in
the ion path from ionization chamber to Collec
tor. Conveniently this is placed horizontally
and Welded to the composite electrode, extending
from it toward the right with a slit 52 for the

passage of ions to the collector.

It will be observed that the slit in the colli

mator is wider than that in the front plate of the

ionization chamber, and that the opening in front
of the collector or target is still wider. This is
desirable in that it facilitates collection of all
helium or other 'detector' ions and thus in

creases sensitivity.

In considering the energization of the spectro
meter, reference should be made to Fig. 3, which
shows the device of Figs. 1 and 2 Schematically,
like parts being indicated with reference nun

outside the box in a vertical position opposite 5 bers of Figs. 1 and 2.

5
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The filament is energized with alternating cur
rent Supplied from a conventional A. C. Source

naSS than: those of helium and hences pursue

paths...having a much larger radius than helium

53B through a filament transformer.53. The cen

ter of the output coil. 53A of the transformer is
"connected to the box 22" which forms the back of
the ionization chamber through a direct current

OS,

5

source 5: The latter supplies the accelerating
voltage which causes the electrons to pass as a

The geometry of the device and the potentials
applied are such that the helium atoms pursue
agpirgximately the circular path 64 indicated on
Fig; i, and passing, through the slot 52 in the
collinator 5 and the hole 33 in front of the col.

beam into the box. A second direct current
source 55 is connected between the first source 5A

lectOr, impinge upon the latter and are discharged
to produce a current that is indicative of the
amount of helium present.

and the electron catcher 33 through a linilliam
meter 56: The second source maintains a proper
potential gradient fron: box to catcher to caus2
the beam to pass out of the box to tha: cateher.
In other words, the battery 55 supplies potential
to the catcher, making it positive with respect to
the box and stillmore positive with respect to the

Simultaneously the ions of greater mass, and
hence of greater mass-to-charge ratio, for ex
anple ions of oxygen and nitrogen, are pro
pelled along paths of greater radii and are

trapped. When they strike the ionization gauge
electrode 47 with its projections 49, 50. These
filament.
ions likewise produce a current, which is roughly
The sensitivity of the spectrometer is propor
indicative of the total amount of gas present.
tional to the current passing through the milliami- :
For leak. detection, employing helium, the
eter, which is used for adjustment purposes.
Spectrometer illustrated may be so propor
The box is also connected in another circuit
tioned that an ion accelerating potential of
with a potential supply network. 5 comprising a
Only about 25 voits (in pressed across the ioniza
direct current, source 53 in Series With the ends of
tion chamber) Will cause the helium ions to pur

a potentiometer 5S. The slider 59A of the go- 2: Sue a curved path with a radius of about 0:4
tentiometer is connected to the box, the end of
inch, to lodge at the collector. Since the radii
the potentiometer being connected, through the
of the paths of the raajor gaseous constituents
network to ground and to the composite electrode.
of air are much greater, it is not difficult to ad
The ionization gauge electrode is connected to
just the position of the ionization gauge elec
ground through a vacuum tube amplifier 63 which
trode to bring about a clean separation. Since
is in turn connected to a conventional galvanon
Ordinarily the ions of nitrogen, oxygen, et

eter 64, the combination of baffle, amplifier a:d

cetera, caught on the baffle electrode will be

The collector electrode is likewise connected to

helium, Say in a ratio of 50,000 to 1, the current
Collected at the ionization gauge electrode will
be closely proportional to the total ions, hence
its usefulness as an ionization gauge.
By adjusting the slider of the potentiometer,

galvanometer serving as an ionization gauge.

ground through a vacuum tube amplifier 82
which has an associated galvanoraeter 63 that
serves to indicate the maSS. Spectrum.
The network 5: Supplies ion accelerating volt
age between box and composite electrode, these
two serving as the sole ion accelerating electrodes

many times, more. numerous than those of
35

the position of the entire fan of ion beams is
40

of the spectrometer. The box, it will be observed,
also serves as an electrode in the electron accler
atting circuit.

To consider the operation of the device, let it
be assumed that a pressure vessel is being tested
for leakage by placing it, under a high. Vacuuin
and playing a stream of helium progressively
over various parts of the outside Surface of the
vessel, so that if there is a leak (even One of very

small dimension) the helium will paSS through
and almost instantly diffuse through the puinp
ing system used to evacuate the VeSSel.
The mass spectrometer has been connected to

the pumping system at tha start of the Operation
and its interior is, in effect, a part of the System.

Suing from the ionization chamber may be ad
justed, and in this way the helium beam 4 can
be focussed on the collector electrode.

It should be noted that all three apertures 43,
52, 44 through, which the ion beam passes are
5

50

at the same potential, in this case at that of
ground, So that Vagrant ions are collected on

the plates that define these apertures and do not
cause interference with the helium spectrum.
AS I have already indicated, the particular

example of the Spectrometer illustrated in the

drawings is designed for leak detection enploy.
ing heliuin in air. Consequently, it is not neces
Sary to employ a beam sweeper circuit (such for
example as that illustrated in application Serial
55

No. 499,055, filed August 18, 1943, now Patent No.

So the helium molecules diffuse into the ionization
chamber of the spectrometer together With mole

2,397,560). However, spectrometers of the type
of the invention may also be employed for quan
titative and qualitative analysis of gaseous mix

art the major constituents of air, i. e. nitrogen
and oxygen.
60
The action of the spectrometer is as follows:
Gas molecules, in the ionization chamber are
bombarded by electrons passing through it from
the window 2 to the window 26 and are thus
ionized. The resulting ions are propelled out of i.65
the ionization chamber through the Slit (3 by a

tures containing many components, in which
Case a beatin Sweeper circuit might, well be em
ployed, although the same result could be ob
input to an electronagnet substituted for the
permanent magnet shown.

of nitrogen and oxygen have a much greater

tory apparatus, not only from the standpoint of

cules of other gases present, usually those which

tained by manually regulating the ion accelerat
ing voltage by varying the position of the slides
of the potentiometer or by varying the current

potential impressed by the network 57 between
It is not essential to employ a metallic en
the box. 22 or rear ion accelerating electrode and
velope, but it is highly desirable since it adds
greatly to the ruggedness of the apparatus and
the composite electrode 38, which acts as the
other ion accelerating electrode. Thus a hetero 0. also provides additional Surface for discharging
vagrant ions.
geneous beam of ions having various maSS-to
charge ratios is formed, but immediately begins
The conditions of Service of a mass spectrom
eter employed for leak detection are much more
to separate, even in the ionization chamber,
which lies. Within the field of the magnet. Ions
Severe than in the case of the ordinary labora

2,537,025
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8

physical shock, but also from the standpoint of

Shield and the slit in the front Wall of the ioniza

the amount of matter accumulated on the inner

tion chamber.

cetera.

2. In a mass spectrometer the combination
which comprises a tubular envelope, Sealed at
one end with an insulating plate and open at the

adapted to this service, because it is easy to dis
assemble and clean. All of the working parts ex
Cept the filament and the collector are attached
to the glass insulator plate 4 on the top of the
envelope. It is merely necessary to unseal this

tem, an ionization chamber having a rear wall of
conductive material, a front conductive Wall On

Surfaces of the apparatus as occluded films, et
The Spectrometer illustrated is excellently

other end for connection to an evacuating SyS

the chamber for an ion slit and insulated from
10

plate (which conveniently is held with wax or
the like) in order to withdraw the bulk of the
Working parts together for cleaning. The co
lector electrode and the filament can also be

withdrawn through their respective nipples and
it is the Work of but a few minutes to completely

5

for producing a potential between the front and

rear walls of the ionization chamber to Cause
ions formed in the ionization chamber to be ex

disassemble, clean, and reassemble the entire
Spectrometer.

The parts of the spectrometer are simple to
fabricate, and the composite electrode with its 20
attachments, such as the shields and the colli

mator Serves a number of functions, being at

Once One electrode in the ion accelerating sys

ten of the ionization chamber, a collimator for
the beam passing to the collector, and a shield
for grounding vagrant ions.
Because of the construction and arrangement

the other walls of the chamber, the ionization
chamber receiving molecules of gas to be ionized
and analyzed by diffusion from the open end of
the envelope, a magnet between the poles of
which the ionization chamber is disposed, means

25

pelled through the ion slit in the space between
the two poles of the magnet whereby they pursue
a curved path between the poles, a collector elec
trode disposed in the path of the ions between
the two poles, a baffle having a slit disposed in
the path of the ions to the collector electrode,
and means for maintaining both baffle and front
wall at substantially ground potential.

3. A mass spectrometer according to claim 2

in which the tubular envelope is of oxygen free

copper.
of its elements, the spectrometer of the inven
4. In a mass spectrometer the combination
tion can be very small, with the result that the
ion accelerating voltage is of the order of 25 30 which comprises a tubular envelope sealed at
one end with an insulating plate and open at
volts, instead of the 4000 volts heretofore em
the other end for connection to an evacuating
ployed. This is an important safety feature,
system, an ionization chamber having a rear wall
eSpecially in a portable instrument for use in
of conductive material, a front conductive Wall
the field.
the chamber having an ion slit and insulated
The Spectrometer of the invention, even tak 35 in
from
the other walls of the chamber, the ioniza
ing into account the associated amplifiers, tion chamber
receiving molecules of gas to be

meters, et cetera, can be built for but a small

fraction
of the cost of heretofore customary mass
Spectrometers, including prior simplified versions
designed for leak detection. This, combined
With inherent Safety of operation, rugged de
sign, easy accessibility for cleaning, high sensi
tivity and Small size and weight make it an
outstanding instrument for both field and
laboratory in cases where a high degree of reso
lution is not required.
claim:
1. In a mass Spectrometer the combination
Which comprises a tubular envelope, sealed at one
end With an insulating plate and open at the
other end for connection to an evacuating sys
tem, an ionization chamber having a rear wall
of conductive material, a front conductive wall
in the chamber for an ion slit and insulated from

the other walls of the chamber, the ionization
chamber receiving molecules of gas to be ionized
by diffusion from the open end of the envelope, a
magnet between the poles of which the ioniza
tion chamber is disposed, means for producing

a potential between the front and rear walls of
the ionization chamber to cause ions formed in

ionized and analyzed by diffusion from the open
end of the envelope, a magnet disposed on the

40 outside of the envelope between the poles on

which the ionization chamber is disposed, means

for producing a potential between the front and

rear walls of the ionization chamber to cause
ions formed in the ionization chamber to be
45

50

expelled through the ion slit into the space be
tween the two poles of the magnet whereby they
pursue a curved path between the poles, a col
lector electrode disposed in the path of the ions
between the two poles, a baffle having a slit dis

posed in the path of the ions to the collector

electrode, means for maintaining the baffle and

the front Wall at substantially the same poten
55

tial, a baffle electrode disposed between the baffle
and the front wall on the outside but adjacent
to the curved path of the ions, and current in
dicating means connected to the baffle electrode.
CLIFFORD E. BERRY.
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