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Our invention relates to mass spectrometers or iso 
tope separators of the type known from German Patent 
944,900 and US. Patent 2,939,952. Such mass-?lter 
devices are applicable for analyzing gaseous subtance, 
separating isotopes, measuring partial pressures, detecting 
leaks in vacuum plants, performing trace analyses, meas 
uring vapor pressures, and related purposes. While the 
mass ?lters according to the above-mentioned patents 
are equipped with ion sources of the hot-cathode type, 
those of the cold-cathode type are also suitable for mass 
?ltens that are to operate at relatively high gas pressures. 

It is an object of our invention to improve mass ?lters 
of the above-mentioned type, particularly for use at rela 
tively high gas pressures, between 10-2 and 10-6 mm. 
Hg, toward a more rugged and structurally simpli?ed 
construction that can be readily produced as an instru 
ment for use in industries and utilities, and that, in the 
event of trouble, can be more readily checked or read 
justed than the known devices of this type. 

According to our invention the enclosure of the mass 
?lter cell proper consists essentially of metal and is com 
posed of three subassemblies each forming a unit struc 
turally different from the others, namely a ?rst unit com 
prising a tubular envelope with a connecting nipple for 
the supply of gas to be investigated and with an ion col 
lector electrode inserted into the envelope but insulated 
therefrom, a second unit comprising the mass analyzer 
system proper, and a third unit comprising the ion source 
with a connecting ?ange and, if desired, the ion-entrance 
diaphragms for the analyzer portion. These three units 
are mounted together in axial alignment with each other. 
The invention will be further described with reference 

to the embodiments illustrated by way of example on the 
accompanying drawing in which: 
FIG. 1 is a schematic block diagram showing the com 

plete equipment of a partial-pressure vacuum meter on 
the principle of the above-mentioned electric mass ?lter, 
comprising a measuring cell, the appertaining electrical 
equipment, and a recipient for gas to be investigated. 
FIG. 2 is a longitudinal section for a measuring cell 

according to the invention. 
FIG. 3 is a cross section taken along the line 

indicated in FIG. 2. 
FIG. 4 is a cross section along the line IV--IV indi 

cated in FIG. 2. 
FIG. 5 is a partly sectional View of a modi?ed por 

tion in a cell otherwise similar to that shown in FIG. 2; 
and > a 

FIG. 6 is an axial view from the left of FIG. 5. 
According to FIG. 1, the mass-?lter cell 1 is provided 

with an envelope 5 which contains ‘an ion source 2, a 
group of rod-‘shaped de?ector electrodes 3 having indi 
vidually a circular cross section. Located at the end of 

III-III 

' the ion-beam path is a cup-shaped collector electrode 4. 
The ion source 2 and the collector electrode 4 are co 
axially spaced from each other and thus de?ne a center 
axis for the ion beam issuing from the source 2 toward 
the electrode 4. The electrode rods 3 are uniformly 
distributed about the ion-beam axis and extend parallel 
thereto. A total number of four such electrodes may 
be used. 
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The above-mentioned envelope 5 of the cell 1 is vacu 

um-tightly sealed and has a nipple or neck 6 connected 
with a tank 7 containing the gaseous mixture to be m 
vestigated. The rod electrodes ‘3 are electrically con 
nected in pairs to a high-frequency generator 8 which 
supplies electric energy of suitable voltage and frequency. 
The current due to the ions impinging upon the collector 
4- is ampli?ed by an ampli?er 9‘ and supplied to a ‘re 
corder 10 or other indicating or measuring device. 
Another measuring instrument ‘10' is provided for super 
vising the electron emission of the cathode in the ion 
source 2. 

During operation, a beam of ions is continuously be 
ing extracted from the source 2 and is ‘directed toward 
the collector 4. However, only the ions of a given spe 
ci?c electric charge, or within a given range of charges, 
can reach the collector 4. Those ions'which ‘have differ 
ent speci?c charges travel on instable, pendulous paths 
and’thus impinge upon the de?ector electrodes 3, thus 
being ?ltered out of the mixture. This is more fully 
explained in the copending application Serial No. 
859,030, ?led December 11, 1959, now Patent Number 
3,075,076, granted January 22, 1963 as well as in the 
above-mentioned patents. 

Details of a measuring cell according to the invention 
will now be described with reference to the embodiments 
shown in FIGS. 2 and 3. The mass-?lter cell comprises 
a tubular metal envelope 11, for example of'cylindrical 
shape, in which the analyzer portion of the system is 
located. One end of the envelope is closed by a glass cap 
.12-which is vacuum-tightly joined with the metal tube 
11‘by'a metal ring 13. Ring 13 is fused into the glass 
material ‘of cap 12 and is welded or soldered to the 
rim of the tube 11. Mounted at the junction between 
ring 13 and tube 11' is an ion exit diaphragm 14 of 
metal. .The conductor 15 for connection with the col-, 
lector electrode 16 passes vacuum-tightly through the 
glass cap 12. The metal tube 11 is provided with a 
lateral neck 17 which has a ?ange for connection of the 
analyzer cell to a recipient or vacuum pump, or to the 
tank (7 in FIG. 1) containing the gas tobe investigated. 
The other endof the envelope tube 11 has a ?ange 18 

to which a cover 19 is removably attached by means of 
fastening bolts and is sealed with the aid of a gasket 23. 
The cover 19 carries the ion source 21 and the ion entrance 
diaphragms 22.. The electric conductors for supplying 
current to the ion source pass through the glass cap 20 
to the outside, thus being sealed and insulated by the 
material of the cap. The seal between the ?ange 18 and 
the cover 19 may also be effected by means of readily 
melting solder materials. Aside from ?at and planar 
sealing surfaces, cylindrical or conical sealing surfaces 
may be employed. The ion source may be designed in 
accordance with the one illustrated and described in the 
copending application Serial No. 94,070, ?led March 7, 
1961, by K. G. Giinther, (F—2l46, PA 60/1151). _ 
The analyzer system, located within the tubular en—_ 

velope portion 11, comprises four rod-shaped electrodes 
24 of circular cross section which are electrically inter 
connected in pairs of mutually opposite ‘rods. This con 
nection is effected by conductors 24a and 24b. The rods 
are held in position by insulating rings 25 and 26 consist 
ing of a material of high mechanical strength and low 
vapor pressure, such as mica, glass, or high-frequency 
ceramics. These substances are applicable when the meas 
uring cell, during operation, becomes exposed to relatively 
high temperatures. If the operating temperature does not 
exceed a limit of approximately 150° C., such synthetic 
plastics as available in the trade under the name Te?on 
are likewise applicable. 

Generally, the tubular envelope portion 11 With the 
neck 17 consists of stainless steel. However, if the meas 
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uring cell is used at temperatures up to about 150° C., . 
the envelope portion may also consist of copper or brass. 
As apparent from the cross section shown in FIG. 3, the 
insulating ring as has four holes merging with a central 
opening. The individual analyzer rods 24 are inserted 
into the respective holes so that an arcuate inner portion 
of each rod remains completely exposed to the gaseous 
atmosphere. This is also apparent from the cross section 
shown in FIG. 4 in which the insulating ring 26 is shown 
in section. The analyzer rods 24 are fastened in the in 
sulating ring by means of radially extending set screws 27. 

10 

By adjusting the screws 27, in conjunction with the elas- ' 
tic properties of the insulating material, a very ?ne ad 
justment and calibration of the electrode rods can be 
e?'ected. 

According to a modi?cation, the analyzer rods may be 
supported by insulating rings of high mechanical strength 
and low vapor pressure which are joined with the analyzer 
rods at the respective axial ends thereof. In this case, 
the insulating rings consist preferably of mica, and a 
proper adjustment of the rods relative to the mica disc is 
effected by accurately adjusted screws in threaded engage 
ment with the axial ends of the analyzer rods, 

Such a modi?cation is illustrated in FIGS. 5 and 6. 
The rods 24 are shown mounted on a mica ring 33. Each 
ring is securely fastened to the ring by a cap screw 32 
whose threaded portion is in engagement with a threaded 
bore of the rod. 

According to FIGS. 2 and 3, the envelope portion 111 
is provided with two metal nipples 28 which are angularly 
displaced 90° from each other and are vacuum-tightly 
sealed by means of respective glass caps 29. Insulated 
conductors 36 pass centrally through the glass caps 29 
and are connected to respective contact springs 51 for 
electrically connecting the analyzer rod with the high 
frequencysource (.8 in FIG. 1) of the system. 
At relatively high pressures (above 5.10-4 mm. Hg), 

the mass travel lines may become widened by collision and 
the stable ions may lose in intensity, also due to collision. 
To minimize such phenomena, a proper dimensioning of 
some of- the ?lter components is important. Thus, the 
spacing between the two entrance diaphragms 22a, 22b of 
the part 22 located between the ion source and the 
analyzer, should be considerably smaller than the length 
of the analyzer rods. The mutual spacing of the dia 
phragms 22a, 22b is preferably 0.1 to 0.2 times the length 
of the analyzer rods. The diameter of the aperture in the 
entrance diaphragms is preferably 0.1 to 0.3%, the term 
r0 denoting one-half of the mutual spacing of the analyzer 
rods. When the measuring cellis assembled, the distance 

I between the ion exit opening of the ion source 21 and the 
adjacent ?rst entrance diaphragm 22:: should be smaller 
than the value r0 or at most equal thereto. A proper ad 
justment in radial direction must also be secured. The ‘ 
diameter of the connecting neck 37 is preferably approxi 
mately equal to the diameter of the analyzer system. The 
length of the neck portion 17 is likewise approximately 
equal to the diameter of the analyzer system. 

Instead of using a hot-cathode type of ion source, a 
source of the cold-cathode type may also be employed in 
which the electron emission is excited by the discharge 
itself and a spacial and temporal ?xing of the discharge 
plasma onto the ion exit opening'is effected. Ion sources 
of this type, particularly well applicable for the purposes ‘ 
of the invention, are illustrated and described in the co 
pending application of K. G. Gunther, Serial No. 94,070, 
?led March 7, 1961, (1-7-2136, PA 60/1151). 
The envelope, particularly the tubular portion 111 with 

the appertaining neck 17 and nipples 28, is preferably 
made of a non-magnetic material in order to prevent ‘any 
disturbance of the ion motion within the measuring cell. 
Preferably the-material should also be non-corrosive as 
is the case with non-magnetic alloy. steel, copper ‘and brass. 
At the highest operating temperatures, the material ofthe 
envelope should have an extremely small vapor pressure 
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4 
no longer ascertainable with the mass ?lter. That is, all 
of the components or constituents of the envelope material a 
should have such a low vapor pressure in order to prevent‘ 
varying and falsifying the results obtained with the mass 
?lter. The above-mentioned materials satisfy these re 
quirements. 1 

The ion current passes through the collector electrode 
4 (FIG. 1) into the high-ohmic input circuit of the direct-~ 
current measuring ampli?er 9. In order to secure a high 
voltage sensitivity, it is preferable to give the collector 
electrode a small capacitance versus ground. ' This is at- . 
tained by suspending the collector electrode in the illus 
trated manner within the measuring cell. 

If the gas mixture to be investigated is available only i 
at such a high pressure that a direct measuring with the ‘ 
mass v?lter cannot be performedjt is preferable to provide 
a ?xed or controllable throttle in the connection between 
the gas supply and the measuring cell. Such a control 
lable throttle is schematically shown at V6’ in FIG. 1. "As 
a result, the gas mixture enters into the measuring cell 
under reduced pressure in the vicinity of the ion source, 
vand directly passes through the region of the ion source. 
The gaseous mixture can be pumped out of the analyzer 
system at any desired location, for example near the mid 

of the analyzer portion, by means of an auxiliary 
pump. A pressure stage between ion source andranalyzer * 
portion is not required. 
For employment of the rugged measuring device ac 

cording to the invention in practice, the measuring cell 
can be mounted on a mobile unit which also comprises 
the high-frequency generator with a high-voltage direct 
current converter, a direct-current measuring amplifier 
with recorder, any auxiliary and supervisory devices and 
‘instruments required, and also anauxiliary pump andv 
throttle if the gas to be measured is available only at pres 
sure not matching the measuring range of the mass ?lter. ‘ 
By providing such a single mobile unit, the use of the 
invention in practice is greatly facilitated. ' i 
The measuring cell according to the invention has the 

advantage that the analyzer system can be assembled and 
adjusted outside of the envelope structure. This greatly. 
facilitates the entire adjusting 
quired. 

if desired, a number of analyzer portions of respectively 
different geometry may beprovided and can then readily 

and calibrating work re 

be inserted selectively into the same envelope structure, ’ 
depending upon the resolving power required and the 
types of gas to be analyzed. Consequently, the .rangeof 
mass ?ltering operations can thus be varied. The entire 
measuring cell can be readily taken apart and reassem- ’ 
bled‘ for cleaning purposes or inspection and repair. 

it will be obvious to those skilled in the art, upon study a . 
of this disclosure, that our invention alfordslof various, 
modifications With respect to details andlmay be given em 
1bodirnents other than illustrated and described herein,‘ 
without departing from the essential features of our in-. 
vention and within 7 I I 

hereto. 1 ' 

We claim: 
_ 1. An electnic mass-?lter cell, particularly for measur-_ 
ing partial pressures in vacuum of 10*2 to l0_b mm. Hg, ; 
comprising an envelope tube of metal and twopenvelope 
end portions sealing the respective ends of said tube, said‘ 
tube having a lateral neck for connection to a supply of 
gas to beinvestigated; an ion source mounted on one of 
said end portions and forming a ?rststructural unit to- . 
‘gether therewith; a collector electrode mounted on said 
other end portion and forming a second structural unit ’ 
together therewith; and a group of analyzer electrodes 
consisting of elongated rods parallel to the axis of's‘aid 
tube and distributed about said axis, said rods being’ 
mounted on said tube in insulatedvrelation to said source 
and collector electrode and tube, and'said rods forming 
together with-said tube a third structural unit;' said three. 7 
units being individually "adjustable prior to being assermv 

the scope. of the claims annexed 
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bled and being fastened and sealed together in coaxial 
alignment When assembled, said metal tube and said one 
end portion having respective metal ?anges releasably and 
vacuum-tightly joined "with each other, an ion entrance 
diaphragm mounted on said one end portion coax-ially in 
front of the ion outlet of said source, said diaphragm 
being axially spaced from said outlet a distance at most 
equal to one-half of the mutual spacing of said analyzer 
rods. 

2. An electric mass ?lter cell, particularly for measur 
ing partial pressures in vacuum of 10*2 to 10-6 mm. Hg, 
comprising an envelope tube of metal and two envelope 
end portions sealing the respective ends of said tube, said 
tube having a lateral neck for connection to a supply of 
gas to be investigated; an ion source mounted on one of 
said end portions and forming a ?rst structural unit to 
gether therewith; a collector electrode mounted on said 
other end portion and forming a second structural unit 
together therewith; and a group of analyzer electrodes 
consisting of elongated rods parallel to the axis of said 
tube and distributed about said axis, said rods being 
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mounted on said tube in insulated relation to said source 
and collector electrode and tube, and said rods forming 
together With said tube a third structural unit; said three 
units being individually adjustable prior to being assem 
bled and being fastened and sealed together in coaxial 
alignment when assembled, said ?rst unit comprising a 
plurality of ion entrance diaphragrns mounted in coaxial 
relation to said source and axially spaced from each other 
{between said source and said analyzer rods, the mutual 
spacing of said diaphragms being smaller than the length 
of said rods, said diaphragrns having a central ion en 
trance opening whose diameter is 0.1 to 0.3r0, Where r0 
is one-half of the spacing between the analyzer rods. 
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