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1. 
This invention relates to mass spectrometers in 

general and in particular to an improved and sim 
plified ion source for a mass spectrometer. The 
invention also relates to fabrication methods em 
ployed in the construction of the improved ion 
SOUce. 
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 

(C. 

are introduced. In the ionization chamber the 
molecules are bombarded by a stream of electrons 
and converted into ions. So-called propelling or 
accelerating electrodes propel the ions from the 
ionization chamber into and through an analyz 
er chamber. The ionization chamber, Sample 
inlet, electron source and accelerating electrodes 
are, in accordance with the instant invention, 
formed into a single mechanical unit referred to 
as the “ion Source.' 
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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 plu 
rality of diverging beams of ions. Each ion beam 
is composed of ions of the same Specific naSS and 
differing from the ions in the other beams. The 
diverging beams are successively focused on an 
ion collector by varying the potential applied to 
the accelerating electrodes or by varying the in 
tensity of the transverse field in the analyzer 
tube. The current produced by the discharge 
of each beam on the ion collector is a measure 
of the partial pressure of the molecules (from 
which the ions were derived) in the Sample being 
analyzed. - 
In accordance with the present invention, there 

is provided an ion source which possesses a num 
ber of advantages both with respect to appli 
cation and function over the conventional ion 
SOCe. 
to facilitate an understanding of the objectives 
of the invention. 
... 1. The number of separate parts required has 
been materially reduced. 

2. The function of insulating and mounting 
the several parts is accomplished by one mem 
ber instead of a plurality of members. 

3. The parts are attached in definite and stable 
position by brazing them to their supporting 
members. 

4. Closely adjacent surfaces which can hold 
contaminating material and thus slow down 
evacuation have been eliminated. 

250-41.9) 
2 

accomplished in accordance with the invention 
by the construction of an ion source comprising 
an insulating plate having a plurality of con 
ductive Wires or rods sealed therethrough. A 
Series of metal parts are mounted over all or a 
part of the plurality of rods and are held there 
to and in appropriate relationship to each other 
by brazing to one or more of the rods. The series 
of metal members form successively from the 
insulating disk a sample inlet, an ionization 
chamber, pusher electrodes housed in the ioniza 
tion chamber, a first ion slit, a second ion slit, 
and a third ion slit. An electron emitting fila 
ment is mounted adjacent an outer wall of the 
ionization chamber. The filament emits an elec 
tron beam which is directed through a slit in 
the Wall and transversely across the ionization 
chamber. . . . . . . . 

A feature of my invention is the combined 
function of the plurality of conducting rods which 
Serve : (1) as supports to which the several parts 
are affixed and (2) as electrical leads supplying 
appropriate potentials to the various parts of the 
ion Source. Additionally, the rods permit spac 
ing of the various parts to (1) facilitate clean 
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ing, (2) eliminate closely adjacent difficultly 
evacuated Surfaces, and (3) insulate the neces 
Sary parts from each other. 
The invention will be more clearly understood 

with reference to the following detailed descrip 
tion taken in relation to the accompanying draw 
ings. Wherein: - 

Fig. 1 is a partial sectional view of a mass spec 
trometer showing the relationship of the ion 
Source of the invention to the sample inlet means 
and analyzer tube; 

Fig. 2 is a section view of the ion source; 
Fig. 3 is a horizontal section taken on the line 

3-3 of Fig. 2; 
Fig. 4 is a vertical Section taken on the line 

4-4- of Fig. 3; - . . . 
- Fig. 5 is an exploded view of the ion source 
showing each of the elements thereof in per 
Spective; and . . . . 

Fig. 6 is a bottom perspective view of the later 
ally aligned element of Fig. 5. 

Referring to the drawing and particularly to 
Fig. 1 thereof, the ion source O is shown mounted 
within the inlet end of a mass spectrometer. 
The mass spectrometer includes an analyzer tube 
f2 and an evacuating tube 4. . Generally, the 
evacuating tube 4 is connected to apparatus ca 
pable of producing a high degree of vacuum such 
as a molecular pump, mercury diffusion pump or 

The foregoing and other improvements are 55 the like. The evacuating tube 4 opens through 



3 
a wall of a tubular member 3 which surrounds 
the ion source 0 and from which the analyzer 
tube 2 projects. 
A tubular member 7, projecting into tubular 

member 3, is clamped between flange 24, at 
tached to tube 3, and a flange 6, and Serves to 
Support the ion Source inside tube 3. The ion 
Source includes a plurality of Conducting rods 

, 2, 3, 4, 5 (see Fig. 5), ShoWn in Fig. 1 project 
ing down Wardly from the ion Source. In the 
mounting as shown, a circular metal disk 22 is 
brazed to the Several rods 5, and is in turn bolt 
ed to the top of the tube T. 
The tube i3 is provided at its lower end. With 

a flange 24 which rests against a flange 25 formed 
On the IOWer end of the tube 7. The tube in 
turn rests against the flange 6. The flange 25 
on tube it is provided with electric inlet leads 
26, 27 through which the several rods , 2, 3 and 4 
of the ion Source: O may be connected to a volt 
age Supply circuit to establish appropriate po 
tentials at the various parts of the ion source. 
The rods 5 which are connected through the 
metal plate 22 in conductive relationship to the 
tube 7 are at the same potential as the tube 7. 
The ion Source includes a nippe 28 extend 

ing through the disk 22 and the top of the tubular 
member 7. The nipple 28 is connected to a 
Sample source (not shown) by means of a flexible 
Sample inlet tube. 30 extending through the tubul 
lar member and the flange of 6. 
The construction of the ion source can best 

be understoodby reference to Figs. 2, 3, 4, 5 and 6. 
Referring first to the exploded perspective view of 
Fig. 5, the ion Source includes an insulating plate 
3, a first disk 35 through which the inlet nipple 
28 is affixed, Split pusher electrodes 36, 37, a sec 
Ond disk 38 having a recess 40, which forms an 
ionization chamber with the adjoining face of the 
disk 35 and having a first ion slit 42 in the top 
thereof, a third disk 44 defining a second ion slit 
and a fourth disk. 45, defining a third ion slit, 
The plate 34 is conveniently, fabricated of glass 

and preferably glass having a co-efficient of ex 
pansion approximating that of the conductive 
rods. Sealed therethrough. Preferably the rods 
are tungsten. The construction of an insulating 
disk of this type with such rods sealed there 
through is described in detail in my co-pending 
application Serial No. 760,196, filed July 1, 1947, 
and entitled Metallic-Glass Joints. 
AS shown in Fig. 5 the plate 34 contains 15 

Straight tungsten wires, or rods of varying lengths 
arranged in two concentric circles; 6 in the inner 
circle and 9 in the outer. Some of the wires pro 
ject through-the back surface of the disk a short 
distance so that appropriate electrical connec 
tions can be made to them. Two spaces in the 
outer concentric circle are unfilled, leaving a 
blank section of glass which is ground off to 
form a flat face 34A. A hole 48 is drilled in the 
middle of the plate through which the gas inlet 
tube 28 projects (see Fig. 4). The various tung 
sten rods are denoted by numerals from to 5. 
These designations will be used to identify the 
rods when the mounting of the various parts is 
described. . 
The disk 35 is made from a solid piece of metal, 

generally circular in plan with the exception of a 
flat face 35A. When the ion source is assembled, 
the face 35A coincides with the surface 34A of the 
insulating plate 34. The disk 35 is provided with 
a central hole 58 into which the inlet nipple 28 
is brazed. There are 15 holes drilled in the block 
to match the 15 rods projecting from the plate 34. 

O 
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Each of these holes is made larger than the rods 
So that no connection exists when the disk 35 
is placed on the plate 34. The clearance between 
the rods and SO called “clearance holes' in the 
Successive disks is clearly apparent in Figs. 2 
and 4. 
The several clearance holes in the disks and 

pusher electrodes are designated by numerals cor 
responding to the numbers of the support rods 
which extend through these holes. Thus the 
number 2 rods project through the clearance 

5. 
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holes 2A in the disk 35. 
Ferules 6, 6, 62, and S3 (FigS. 3 and 4) are 

brazed into the holes 3A in the disk 35. When 
this disk is mounted on the plate 34 as shown 
in FigS. 2, 3 and 4, the rods 3 project through the 
ferrules 60, 6, 62, and 63 and are brazed thereto 
to hold the disk and the plate together in Spaced 
relationship. 
In attaching the metal disk 35 to the glass plate 

34, a Spacing of a few thousandths of an inch is 
naintained between the block and the disk by 
means of removable spacers. After completing 
the aSSernibly, the Spacers are removed leaving 
Sufficient Space So that the adjoining faces. Of 
the block and the, disk may be readily cleaned. 
In the drawing the Several members are shown 
touching each other; it being inpOSSible to illus 
trate a spacing in the order of magnitude of a few 
thousandths of an inch. Additionally, although 
highly desirable, Such spacing is not absolutely 
cSSential to the functioning of the ion Source. 
AS rentioned above, one of the objects of the 

invention is to provide an ion. Source wherein 
closely adjacent Surfaces are eliminated So as to 
reduce the consequent interference with evacua 
tion. The term closely adjacent surfaces, as ap 
plied relative to an ion Source operating at re 
duced preSSures, refers to metal Surfaces which 
are actually, touching. In such case, because of 
InicroScopic unevenneSS in the adjoining faces, 
evacuation is impeded. The spacing of a few 
thousandths of an inch provided between the disk 
35 and the plate 34 is considered in this applica 
tion to be a large Space in that it...is. of such mag 
nitude as not to interfere... with the evacuating 
proceSS. 
The disk. 35. is provided with two oppositely 

located peripheral notches 64 and 65 which form 
thin lips 64A, 65A, in the top of the disk. These 
lips are used as hereinafter described, for Spot 
Weiding the disk.38 to the -disk 35. 

in my co-pending patent, application Serial 
No. 763,886, filed, July 26, 1947, and entitled 
Welding, and relating to the fabrication of ioniza 
tion chambers for maSS. Spectrometers, it was 
pointed out that difficulties are, encountered in 
brazing the-Various parts of an ionization cham 
ber or ion Source to stungsten leads such as the 
rods extending from the plate 3A. Since the 
brazing alloy meltSat, about 1000.G. it is impose 
Sible to heat the Whole assembly, including the 
gia SS plate:34 to this brazing point. Without dam 
age. Further, a difficulty: normally encountered 
in the brazing operation is splattering of the 
molten alloy; even microscopic Splatters of the 
material on the glass plate or on other parts of 
the ion Source will cause Subsequent difficulties in 
operation. - - - 

In the last mentioned co-pending application 
I described the construction and use of ferrules 
Such as the ferrules 60, 6, 62 and 63 whereby the 
foregoing difficulties were eliminated. As there 
described, the ferrule has a cup-shaped upper 
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portion forming an annulus around the rod in 
which a brazing, welding, or soldering material 
is disposed. With the cup held relatively up 
right, heat is applied to the outside of the ferrule 
from below. By conduction through the ferrule 
the annulus to be fused attains the necessary high 
temperature. In that application. I described a 
resistance element for supplying the necessary 
heat to the annulus to be brazed. This position 
ing of the cup, Soldering element, and heating ele 
ment, completely avoids Spattering of the Soldier 
or other Welding material after it becomes fused 
and provides an intense localized heat for the 
fusing operation without necessitating applica-. 

.. 5 tion of intense heat to the whole apparatus. 
The recess 40 in disk 38 forms, with the adjoin 

ing face of disk 35, an ionization chamber in. 
which ionization of the Sample-molecules: takes 
place. Disposed in the chamber and directly 
above the disk, 35 are pusher electrodes 36 and 
3. 
members conveniently constructed by splitting a 
disk into two parts. Each electrode is provided 
With a hole 2B (Fig. 5) alignable"With the rods 2 
projecting from the glass plate 34. Ferrules 66, 
and 6 are brazed in the holes 2B and the rods 2 
projecting from the glass plate are brazed to the 
ferrules to hold the electrodes in Spaced and 
fixed relationship to the other parts. 

Proceeding with the description of the appara 
tus in the Order of aSSembly, a small rectangular 
gold member 70 is brazed to the upper end of 
wire which projects through a clearance hole 
A in the disk 35. The gold rectangle 70 forms 
an electron catcher aS more fully described here 
inafter. 
The Second disk 38 contains 8 clearance holes 

through Which all of the rods numbered 4 and 5 
project without touching the disk. These sev 
eral clearance holes are designated either 4B or 
5B, to indicate which of the rods 4 and 5 project 
therethrough and are in alignment With the holes. 
4A and 5A in the disk 35. . . . . . - 
As hereinbefore described, a recess 40 is formed 

in one face of the second disk leaving a thin face 
72 on the other side of the disk. A slit 42 is cut 
in the face 72 and serves as a first ion slit. 

". A flat 38A is formed across one side of the disk 
in alignment. With the flat faces 35A and 34A of 
the members 35 and 34 respectively for the like 
purpose of providing. Space for an electron emit 
ting filament 74 (Fig. 2). A thin lip 5 is left 
above the flat surface 38A to act as a shield for 
the flament 74. A slit 76 is cut in the flat, 38A 
opening into the chamber formed by the recess 
40. A somewhat larger slit 78 is cut in the oppo 
site side of the recess 40 giving access to a smaller 
recess 79 in which the electron catcher TO is 
placed. Electrons generated by the filament pass 
as a beam through the slits 76 and 78 and impinge 
on the electron collector 70. During traversal of 
the chamber 40, the electrons ionize the sample 
molecules therein. m 

The disk 38 is provided with oppositely spaced 
peripheral notches 80 and 81 in alignment with 
the notches 64 and 65 in the disk 35. The notches 
80 and 8 form thin lips 80A and 8A in the lower 
edge of the disk 38. The first and Second disks 
are joined by Spot Welding the lipS. provided by 
the several notches (see Fig. 4). A Space of a few 
thousandths of an inch is provided between the 
parts during assembly to allow cleaning of the 
surfaces and to eliminate closely adjacent sur 
faces for the reasons given above, 

These electrodes comprise two D-shaped 

10 

20 

25. 

30 

35 

40 

50 

60 

65 

70 

6 
The member 44 comprises a split disk forming 

two D-shaped parts 44A and 4.4B. These form a 
second ion slit 44C. Each of parts 44A and 4.4B 
is provided With holes 4C and 5C through which 
the rods 4 and 5 project. Ferrules 82, 83, 84 and 
85 are brazed into each of the holes 4C in the 
members: 44A and 4.4B, and the appropriate rods 
are brazed thereto. . . . . 
The member 45 comprises a disk having a re 

ceSS 86 in one face thereof leaving a thin opposite 
face 87. The face 87 is provided with a slit.88 
therein. The disk 45 is provided with holes 5D. 
in which ferrules 90, 9, 92, and 93 are brazed. 
(FigS. 2 and 4.) 
As illustrated in the drawing, all of the clear 

ance holes as Well as all of the holes in the fer 
rules are oversize in order to reduce the precision 
neceSSary in the location of the wires and the fer 
rules. In assembling the ion source, all of the . 
parts are held in correct position by an accurate 
fixture and are brazed together while so held. 
Thus, in the final assembly the wires are not 
Strained in any Way and there is no distortion in 
the ion Source when removed from the fixture. 
As shown in Figs. 2 and 4 the plate 34 is pro 

Vided on both its upper and lower surfaces with 
strengthening bosses around each of the wires 
with the exception hereinafter noted. There are 
no supporting bosses in the upper face of the 
plate around wires and 2 (Fig. 2). For pur 
poses of clarity in Fig. 5 all of the bosses are 
eliminated from the plate 34. The reason for 
eliminating the upper bosses around wires and 
2 is to reduce gas leakage from the ionization 
Chamber through the holes A, 2A and B in the 
disks 35 and 38. Thus, as above described, these 
clearance holes are made larger than the wires 
for the double purpose of avoiding contact of the 
wires with the blocks 35 and 38 and also for the 
purpose of facilitating assembly of the ion source. 
Gas leakage through these holes will be directly 
proportional to their size and inversely propor 
tional to their length. It follows that by elimi 
nation of the upper bosses from the disk 44 the 
length of the holes A and 2A will be increased 
and gas leakage will be reduced. This is not a 
necessary feature of the invention but is illus 
trated as a preferred embodiment thereof. 
Although one specific means of mounting the 

ion Source of the invention in a mass spectrome 
ter, is illustrated in detail in Fig. 1, it is to be 
understood that the ion source is designed for use 
in Substantially any mass spectrometer. The 
means of mounting the ion source within any 
given instrument will be determined by the de 
sign of the mass spectrometer. The present in 
Vention is not intended to be limited to the 
mounting of the ion source as shown in Fig. 1. . . 
The feature of the invention which involves 

the mounting of the several parts of the ion 
Source to different ones of a plurality of semi 
rigid rods projecting from an insulator plate 34 
is not limited to the particular configuration of 
rods shown in the drawings. Thus, for conven 
ience in manufacturing, the plurality of supports 
are arranged in tWO concentric circles as shown 
in Fig. 5. However, any arrangement may be 
employed and the relative positioning of the 
shorter and longer rods may be interchanged 
without interfering with the functioning of the 
ion source. Any rearrangement will, of course, 
necessitate relocation of the clearance holes in 
the several members. In short, the illustrated 

75 arrangement of the rods. with respect to each 
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other. is not essential to the: proper functioning 
or construction of thesion source. 

Not: only have I provided an ion Source which; 
is: greatly simplified with respect to the number 
of parts-and-compactness; over conventionalion 
sources, but the ioniSource of the...invention fir 
thier possesses the advantage. Of simple construc 
tion and assembly. One of the aspects of the in 
vention is the method of fabrication which corn 
prehends the-relative-positioning of the several 
parts of the ion source-in a fixture so that each 
is in engagement. With one or more of the Several 
wiressprojecting from the plate 34. While held 

8. 
third disk. On theside; opposite the second disk, a 
plurality of Conductive Supports passing through. 
the several disks, means affixing the first, third, 

in the fixture the several parts are brazed to the . . . 
appropriate wires. By such a practice the ion 
Sotirce is constructed as a unit. and smay be-in-l. 
Serted or withdrawn from the mass spectrometer 
assa: unit. The advantages of this type of con 
struction-and-method of fabrications with respect 
to manufacture and with respect to periodic 
cleaning of the ion-source, are manifest. 

claim: 
l. In an ion source for a mass spectrometer-the 

combination which compiises a first conductive 
disk having an inlet therein for molecules to be 
ionized, a second conductive disk affixed against 
the first disk and having recess therein opening 
tOWard the first disk and defining an ionization 
chamber, the second disk: having an ion-slit in it 
opposite the first disk, a third conductive disk 
having an ion slit in alignment with the ion slit 
in-the-Second disk and spaced from the second 
disk on the side opposite-the-first disk, a plurality 
of conductive supports passing through the sev 
eral disks, and means affixing the first disk and 
the third disk to Separate ones of the said sup 
ports. 

2. In anion Source for a mass spectrometer the 
combination which comprises a first conductive 
disk having an inlet therein for molecules to be 
ionized, a second conductive disk disposed against 
the first disk and affixed thereto and having a 
recess therein opening toward the first disk and 
defining an ionization chamber, the Second disk 
having an ion slit in it opposite the first disk, a '. 
pair of pusher electrodes suspended in the ion 
ization chamber independent of the first and 
Second disks; a third conductive disk having an 
ion slit in alignment with the ion slitin the second 
disk and spaced from the second disk on the side 
opposite the first disk, a fourth, conductive disk 
having anion slit in alignment with the ion slit in. 
the third disk and spaced from the third disk on 
the side opposite the second disk, and plurality of 
Conductive Supports passing through the several 
disks and means affixing the first, third and fourth 
disks and the pusher electrodes to separate - ones 
of said Supports. 

3. In an ion source: for a mass spectrometer-the 
combination which comprises a first conductive 
disk having an inet: therein for the molecules to 
bes ionized, a second conductive disk disposed 
against and affixed to the first disk and having 
a receSS therein Opening toward the first disk and 
defining an ionization chamber, the second con 
ductive disk having an ion slit in it opposite the 
first disk, a pair of pusher electrodes suspended in 
the ionization chamber independent of the first 
and second disks, a third conductive disk having 
an ion slit in alignment with the ion slit in the 
second disk, and spaced: from the second disk. On 
the side: opposite the first disk, a fourth conduce 
tive disk having an ion, slit in alignment with 
ghe ion slit in; the third disk and spaced, from the 
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and fourth disks and the pair of pusher elec 
trodes: to separate. Ones of said, supports, and 
means for:anchoring: the plurality of Supports in. 
fixed relationship to each other. 

4. Apparatus according to claim 3, wherein the 
meanSafor-anchoring the Several. Supports com 
prises: a glass plate through which the conductive 
SupportStare: sealed. - 

5. Insanion source...for a mass spectrometer. 
the combination which comprises a first conduce. 
tive:disk...having an inlet therein for molecules to 
be ionized, a.second conductive disk disposed, 
againstand affixed to the first disk, a first recess 
in the second disk. opening toward the first disk: 
and defining: an ionization chamber, a second 
recess in the second disk opening toward the first: 
disk, a first slit, in the second disk communicat 
ing between the first recess and the second recess, 
a...Second slit in the second disk communicating 
between the first recess and the exterior of the 
disk opposite the first slit, a third slit communi 
cating. With the first recess. opposite the first disk, 
a. third conductive disk having, an ion slit in 
alignment with the third slit in the second disk 
and Spaced from the second disk on the side op 
posite the first disk, a plurality of conductive sup 
portS passing through the several disks, means 
affixing the first and third disks to separate ones 
of Said Supports, one of said supports extending 
into the Second recess in the second disk, an elec 
tron catcher mounted on. Said one of said sup 
ports, and an electron semitting element disposed: 
adjacent said second disk in alignment with said: 
second sit therein. 

6. In an:ion Source. for a mass spectrometer, 
the combination. which comprises: a plurality of 
conductive rods, sealed through a sintered glass 
plate, and means, mounted to separate ones of 
the plurality of rods to form an ionization cham 
ber, pusher electrodes and accelerating elec 
trodes the means forming the pusher. electrodes 
and accelerating electrodes being spaced from 
each other and from the means forming the ion 
ization chamber, 

7. In anion Source for a mass spectrometer 
Which comprises an ionization chamber having: 
Sample inlet means, pusher electrodes disposed in 
theionization chamber and accelerating electrodes, 
the improvement which comprises a sintered 
glass disk, a plurality of conductive rods sealed 
through the disk, the ionization chamber, pusher 
electrodes and accelerating electrodes being 
(mounted to Separate ones-of-said plurality of rods. 
in Spaced relationship to each other. 

8. In an ion source for a mass spectrometer 
having several component parts including means. 
for ionizing molecules and means for discharging 
ions from the ion source, the improvement which 
comprises a plurality of conductive members 
sealed through an insulating member and spaced 
from each other, the several component parts of 
the ion source being mounted to different ones 
of said conductive members in spaced relation 
ship; 

9. In an ion Source for a mass spectrometer, 
the combination which comprises a plurality of 
Conductive rods. Sealed through an insulating. 
member, and means mounted to separate ones 
of the plurality of rods to form an ionization 
necessitate relocation of the clearance holes in 
the Several members. In short, the illustrated 

75 arrangement of the rods with respect to each 
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each other and from the means forming the Number Name Date 
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CLIFFORD E. BERRY. 2,444,968 Washburn ---------- July 13, 1948 

REFERENCES CITED 5 OTHER REFERENCES 
The following references are of record in the Coggeshall et al.: Review of Scientific Instru 

file of this patent: ments, May 1943, vol. 14, pages 125-129. 
UNITED STATES PATENTS Honig: Journal of Applied Physics, November 

Number Name Date 0 1945, vol. 16, pages 646-654. 
ier: Scientifi tS, J 2,071,597 Vasselli ------------ Feb. 23, 1937 Nier: Review of Scientific Instruments, June 

bl. 18, 99. 2,084,858 Metcalf ------------ E, E, 1947, vol. 18, pages 398 and 3 

  


