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[57] ABSTRACT 
An ion source for separately ionizing a plurality of va 
porized samples and focusing the ions produced by the 
ionization into an ion beam containing ions from each 
of the vaporized samples. The ion source comprises an 
ionization chamber having an aperture through which 
ions are emitted, means for emitting an electron beam 
into the ionization chamber, at least one ion control 
electrode for establishing an ion control ?eld, and par 
tition means for dividing the ionization chamber into a 
first and second electron bombardment chamber. The 
ion source also includes a ?rst and second gas storage 
vessel for respectively introducing at least a ?rst and 
second vaporized sample into the first and second 
electron bombardment chambers, respectively, so that 
the ?rst and second vaporized samples are indepen 
dently ionized. 

14 Claims, 2 Drawing Figures 
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PLURAL SAMPLE ION SOURCE 

BACKGROUND OF THE INVENTION 

This invention pertains to the art of ion sources and, 
more particularly, to improved ion sources for indepen 
dently ionizing a plurality of gas samples. 
Known ion sources have included an ionization 

chamber into which two different gas samples are intro 
duced in order to ionize the samples by electron bom 
bardment. Generally, one of the gas samples is a refer- - 
ence sample of which the spectral peaks are of a known 
mass, and the other sample is an unknown sample in 
which the spectral peaks thereof are to be compared 
with those of the reference sample. The molecules of 
the gas samples are ionized by an electron beam which 
passes through the chamber, and the ions produced by 
this ionization process are then focused and acceler 
ated by a series of electrodes so that the ions are pro 
jected through an ion exit slit in the ion source. When 
such ion sources are employed in a mass spectrometer 
system, the projected ions are directed into a magnetic 
analyzer of the spectrometer. 

In these mass spectrometer systems, it is desirable to 
maintain the ion current of each of the gas samples at 
a relatively high value. In order to obtain an ion current 
of a relatively high level, it is necessary to increase the 
value of the ionizing electron beam current, or altema 
tively, it is necessary to increase the total pressure of 
the two samples in the ionization region. It has been 
found, however, that when the ionizing electron beam 
current is suf?ciently high and the total pressure of the 
two samples in the ionization region exceeds a certain 
critical value, an increase in the partial pressure of one 
of the gas samples causes a decrease in the number of 
ions produced from the other sample. Thus, when the 
reference sample is introduced into the ionization 
chamber, i.e., an increase in the partial pressure of the 
reference sample, the number of ions of the unknown 
sample'present in the ion beam decreases. This de 
crease in the number of ions developed by the un 
known sample whenever the reference sample is intro 
duced into the ionization chamber results in a decrease 
in the intensity of the‘ spectral peaks of the unknown 
sample, thereby resulting in measurement errors. 
More particularly, it has been found that if nitrogen 

is present in an ionization chamber at a pressure ex 
ceeding a certain critical value, the nitrogen ion cur 
rent in the ion beam decreases approximately exponen 
tially as the pressure of another sample, such as hep 
tacosa ?uoro tributylamine, is linearly increased. 

SUMMARY OF THE INVENTION 

The present invention is directed toward an ion 
source in which a plurality of vaporized samples may be 
independently ionized, thereby overcoming the noted 
disadvantages, and others, of such previous ion 
sources. 

In accordance with one aspect of the present inven 
tion, the ion source for separately ionizing a plurality 
of gas samples comprises an ionization chamber having 
an aperture for the passage of ions, means for emitting 
an electron beam into the ionization chamber for de 
veloping ions by electron bombardment, at least one 
ion control electrode for establishing an ion control 
?eld, and partition means for dividing the ionization 
chamber into a first and second electron bombardment 
chamber, so that a first and second gas sample may be 
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independently ionized. A pair of gas storage vessels are 
respectively associated with the ?rst and second elec 
tron bombardment chambers so that the ?rst and sec 
ond gas samples may be separately introduced into the 
electron bombardment chambers. 

In accordance with another aspect of the present in~ 
vention, there is provided, in a mass spectrometer, an 
ion source having an ionization chamber for separately 
.ionizing a plurality of vaporized samples. The ioniza 
tion chamber includes an evacuatable chamber having ' 
an aperture for the passage of ions, means for dividing 
the evacuatable chamber into at least a ?rst and second 
electron bombardment chamber, means for emitting an 
electron beam into the ionization chamber for develop 
ing ions by electron bombardment, and means for es 
tablishing an ion transporting ?eld for propelling the 
ions through the aperture so that the ions are directed 
into an ion beam. A pair of passage means are provided 
for introducing a ?rst and a second gas sample into the 
?rst and second electron bombardment chambers, re 
spectively, so that the ?rst and second gas samples are 
independently ionized. 

In accordance with still another aspect of the present 
invention, the electron beam emitting means includes 
a pair of electron emitting elements for respectively 
emitting a ?rst electron beam into the ?rst electron 
bombardment chamber and a second electron beam 
into the second electron bombardment chamber so that 
the ?rst and second vaporized samples are separately 
ionized by the pair of electron beams. 

In accordance with a still further aspect of the pres 
ent invention, the ion source includes means for evacu 
ating air from the ?rst and second electron bombard 
ment chamber. 

In accordance with another aspect of the present in 
vention there is provided a method of generating an ion 
beam containing ions from a plurality of vaporized 
samples. The steps in accordance with this method in 
clude, introducing a ?rst and second vaporized sample 
into a ?rst and second electron bombardment cham 
ber, separately ionizing the ?rst and second vaporized 
sample in the ?rst and second electron bombardment 
chambers respectively to thereby generate ions from 
the vaporized samples, and, accelerating the ions pro 
duced from both of the vaporized samples through an 
aperture means to thereby form a single ion beam. 
The primary object of the present invention is to pro 

vide an ion source having an ionization chamber for 
separately ionizing a plurality of vaporized samples. 
Another object of the present invention is to provide 

an ion source wherein the ionization chamber includes 
partition means for dividing the ionization chamber 
into a plurality of separate electron bombardment 
chambers so that a plurality of gas samples may be in 
dependently ionized. 
A further object of the present invention is to provide 

an ion source wherein at least two gas samples are sepa 
rately ionized. and the ions developed upon ionization 
of the two gas samples are then focused into an ion 
beam. 
A still further object of the present invention is to 

provide an ionization chamber wherein at least two va 
porized samples may be ionized in a manner such that 
an increase in the partial pressure of one of the samples 
has substantially no effect on the number of ions devel 
oped by the other vaporized sample. 
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Another object of the present invention is to provide 
an ion source wherein at least two gas samples may be 
ionized in such a manner such that an increase in the 
partial pressure of one gas sample has substantially no 
effect on the ionization of the other sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the inven 
tion will become apparent from the following descrip 
tion of the preferred embodiment of the invention as 
read in conjunction with the accompanying drawings in 
which: 
FIG. 1 is a block diagram, sectional view of an ion 

source illustrating a preferred embodiment of the pres 
ent invention; and, 
FIG. 2 is a sectional view of the ion source illustrated 

in FIG. 1, taken along line 2--2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, FIG. 1 illustrates a 
mass spectrometer 10, which generally comprises an 
evacuatable chamber 14 which encloses an ionization 
chamber 12 and a collector assembly 13. The ioniza 
tion chamber 12 includes an aperture 16 for the pas 
sage of ions, and a partition wall 18 which divides the 
ionization chamber 12 into a pair of electron bombard 
ment chambers 20, 22. The aperture 16 is de?ned by 
a pair of chamber walls 23, 25, each of which has a 
leading edge 27, 29, which slopes away from the aper 
ture 16. The walls 23, 25 are electrically insulated from 
the remainder of electron bombardment chamber 20, 
22, and each of the wall 23, 25 is electrically connected 
to voltage supply source 8-]. The edge 31 of partition 
wall 18 tapers to a point so as to direct the ions through 
the generally funnel shaped aperture 16. Ionization 
chamber 12 is electrically connected to a voltage sup 
ply S-l. Positioned within electron bombardment 
chamber 20 is a generally arcuate shaped ion repeller 
electrode 24, which is electrically connected to a volt 
age supply source S-l. Similarly, positioned within 
electron bombardment chamber 22 is a generally arcu 
ate shaped ion repeller electrode 26 which is electri 
cally connected to voltage supply source 8-1. 
The electron bombardment chambers 20, 22 are re 

spectively coupled to a pair of gas storage vessels 28, 
30, electrically insulated from ionization chambers 20 
and 22, so that a ?rst and second gas sample may be in 
troduced into the electron bombardment chambers 20, 
22. Also, an electron beam 32 is emitted into electron 
bombardment chamber 20 by the ?ow of the electrons 
between a cathode 34 and an anode 36 through a pair 
of apertures 38, 40 in electron bombardment chamber 
20. The cathode 34 and anode 36 are connected to 
voltage supply source 5-1 in a known manner for pro 
viding the ?ow of an electron current between these el 
ements. In a similar manner, an electron beam 42 is 
emitted into electron bombardment chamber 22 by an 
other anode-cathode arrangement positioned across 
bombardment chamber 22. 
Mass spectrometer 10 also includes a vacuum pump 

44 for maintaining a relatively high vacuum in evacua 
table chamber 14. The ions generated upon ionization 
of the two gas samples in electron bombardment cham 
bers 20, 22 are respectively accelerated by repeller 
electrodes 24, 26, and are emitted through aperture 16 
to form a single beam of ions containing ions from both 
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samples. This beam of ions is then focused by a pair of 
beam centering electrodes 48, 50 and a pair of ground 
electrodes 52, 54, so that the beam passes through a 
ground slit 56 and is projected to collector assembly 
13. 
The collector assembly 13 includes an outlet aper 

ture 58 and a collector electrode 60, which are respec 
tively connected to voltage supply source S-1 and a de 
tector D1 of known design. Each of the electrodes 48, 
50, 52, 54, as well as evacuatable chamber 14, is elec 
trically connected to voltage supply source S-] in a 
known manner. 
Thus, upon introduction of electron beams 32, 42, 

into electron bombardment chambers 20, 22, the two 
gas samples present in bombardment chambers 20, 22 
are ionized and accelerated by the arcuate repeller 
electrodes 24, 26 thereby propelling the ions through 
the funnel-shaped aperture 16 in ionization chamber 
12. It has been found that by separately controlling the 
voltage signal applied to the chamber walls 23, 25, opti 
mum performance of each bombardment chamber 20, 
22 may be obtained even though there is a slight varia 
tion in the geometrical dimensions of the bombardment 
chamber 20, 22. The ions from the gas samples are ac 
celerated and focused into a single beam containing 
ions generated from both samples. Accordingly, an in 
crease in the partial pressure applied to the gas sample 
in electron bombardment chamber 20 has substantially 
no effect on the number of ions generated by the gas 
sample in electron bombardment chamber 22, and sim 
ilarly, an increase in the partial pressure applied to the 
gas sample in bombardment chamber 22 has substan 
tially no effect on the number of ions generated by the 
gas sample in chamber 20. As is apparent, the energy 
level of electron beam 32 may be set equal to the en 
ergy level of the electron beam 42, or these energy lev 
els may be set at different values, depending on the na 
ture of the spectrometric analysis to be conducted. 
Although the invention has been shown in connec 

tion with a preferred embodiment, it will be readily ap 
parent to those skilled in the art that various changes 
in form and arrangement of parts may be made to suit 
requirements without departing from the spirit and 
scope of the invention. 
Having now described my invention, I claim: 
1. An ion source for a mass spectrometer comprising: 

a. an evacuable ionization chamber; 
b. inlet means for introducing a plurality of vaporized 
samples into separate regions of said chamber; 

c. common aperture means defining at least one 
opening in communication with said ionization 
chamber through which ions formed in each of said 
regions exit to form an ion beam; 

= d. partition means within said chamber for restricting 
the movement of the vaporized samples between 
said regions; 

e. means for developing ions of the samples in their 
respective regions of said chamber; 

f. electrode means for accelerating the ions through 
said common aperture means thereby producing an 
ion beam containing ions from each of the samples; 
and, - 

g. said partition means extending to a position adja 
cent said common aperture means to de?ne ?ow 
paths whereby ions from each of said regions may 
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exit said ionization chamber through said opening 
without passing through any other regions. 

2. The apparatus of claim 1 wherein said common ap 
erture means comprises a single centrally located open 
ing communicating with said ionization chamber, and 
said partition means divides said ionization chamber 
into substantially symmetrical regions of substantially 
equal size. 

3. The apparatus of claim 1 wherein said opening has 
edges shaped to facilitate the flow of ions from said ion 
ization chamber and the formation of a single ion 
beam. 

4. The apparatus of claim 1 wherein the portion of 
said partition means which extends in the region of said 
opening is shaped to facilitate the flow of ions from said 
ionization chamber and the formation of a single ion 
beam. 

5. The apparatus of claim 4 wherein said portion 
comprises edges tapered toward the region of said 
opening to provide said portion with a substantially 
pointed con?guration. 

6. The apparatus of claim 1 wherein: 

5 

20 

said partition means divides said chamber into ?rst , 
and second electron bombardment chambers; and 

said inlet means comprises ?rst and second inlet pas 
sage means for respectively introducing first and 
second vaporized samples into said ?rst and second 
electron bombardment chambers. 

7. The apparatus of claim 6 wherein said partition 
means extends adjacent said opening in a plane which 
is substantially perpendicular to the plane of said open 
mg. 

8. The apparatus of claim 7 wherein the portion of 
said partition means which extends in the region of said 
opening, and the edges of said opening are shaped to 
facilitate the flow of ions from said ionization chamber 
and the formation of a single ion beam. 

9. The apparatus of claim 1 wherein said aperture 
means comprises an ion exit slit, the edges of which are 
tapered to facilitate the ?ow of ions from said ioniza 
tion chamber and the formation of a single ion beam. 

10. The apparatus of claim 1 wherein said electrode 
means comprises a separate repeller plate disposed in 
each of said regions for accelerating the ions produced 
in that region into the ion beam. \ 

11. An ion source for separately ionizing a plurality 
of gas samples, comprising: 
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6 
a. an ionization chamber having a single aperture 
through which ions are emitted; 

b. inlet means for introducing a plurality of gas sam 
ples into separate regions of said chamber; 

c. means for developing ions of the samples in their 
respective regions of said chamber; 

d. partition means within said chamber for restricting 
the movement of the samples between said regions; 

e. ion control electrode means in each of said regions 
for establishing an ion control ?eld for propelling 
ions through said aperture to form a single ion 
beam including ions of each of the samples; and, 

f. said partition means extending to a position adja 
cent said aperture to de?ne flow paths whereby 
ions from each of said regions may exit said ioniza 
tion chamber through said aperture without pass 
ing into any of the other regions. 

12. The apparatus of claim 11 wherein said ion con 
trol means in each of said regions comprises a separate 
ion control electrode positioned in each of said regions. 

13. A method of generating an ion beam containing 
ions from a plurality of vaporized samples with an ion 
source including an ionization chamber partitioned 
into separate ionization regions and having a common 
aperture means through which ions exit the ionization 
chamber, comprising the steps of: 

introducing a ?rst vaporized sample into a ?rst one 
of said regions; 

introducing a second vaporized sample into a second 
one of said regions; 

separately ionizing each of said samples in its respec 
tive region by electron bombardment; and, 

accelerating ions produced in each of said regions 
through said common aperture means to produce 
an ion beam containing ions of each of said sam 
ples. 

14. A method of generating an ion beam as de?ned 
in claim 13 comprising the steps of: 
emitting a ?rst electron beam through said ?rst elec~ 
tron bombardment region for ionizing the ?rst va 
porized sample; and, ’ 

emitting a second electron beam through said second 
electron bombardment region for ionizing the sec 
ond vaporized sample so that the samples are ion 
ized by separate electron beams. 

* * * * * 


