
United States Patent [191 [ I  I 1 3,996,464 
Fletcher et al. [451 Dec. 7, 1976 

[ 541 MASS SPECTROMETER WITH MAGNETIC Primary Emminer-Craig E. Church 
POLE PIECES PROVIDING THE MAGNETIC 
FIELDS FOR BOTH THE MAGNETIC 

PUMP 

Attorney, Agent, or Firm-Monte F. Mott; Wilfred 
Grifka; John R. Manning 

1571 ABSTRACT 
spectrometer (MS) with unique magnetic pole 

pieces which provide a homogenous magnetic field 
across the gap of the MS magnetic sector as well as the 
magnetic field across an ion-type vacuum pump is dis- 
closed. The pole pieces form the top and bottom sides 
of a housing. The housing is positioned so that portions 
of the pole pieces form part of the magnetic sector with 
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eliminate the need to shield parts of the MS, which may 
MASS SPECTROMETER WITH MAGNETIC POLE be sensitive to a stray magnetic field, from the magnetic 
PIECES PROVIDING THE MAGNETIC FIELDS FOR field of the pump, if the latter is located away from the 

BOTH THE MAGNETIC SECTOR AND AN magnetic sector. 

SUMMARY OF THE INVENTION 
In accordance with the invention, magnetic pole ORGIN OF THE INVENTION 

The invention described herein was made in the per- pieces with unique features are used to form the top 
formance of work under a NASA contract and is sub- and bottom side of an enclosed housing. The pole 
iect to the provisions of Section 305 of the National 10 pieces are placed to form part of the magnetic sector, 

ION-TYPE VACUUM PUMP 5 

Aeronautics and Space Act of 1958, Public Law 
85-568 (72 Stat. 435; 42 USC 2457). 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention generally relates to a magnetic 

sector mass spectrometer and, more particularly, to a 
mass spectrometer with a magnetic sector incorporat- 
ing pole pieces which serve both the magnetic sector 
and provide the magnetic field of an ion-type vacuum 
pump. 

2. Description of the Prior Art 
In a mass spectrometer (MS) with a magnetic sector, 

whether the MS is of the single focusing or double 
focusing type, two magnetic fields are generally re- 
quired. One magnetic field is required for the magnetic 
sector through which the ion beam passes in the gap 
between pole pieces of the magnetic sector. It is this 
magnetic field which causes the beam to turn, with the 
amount of turning depending upon the mass to charge 
ratio of the ions in the beam. The other magnetic field 
is required for the operation of the ion-type vacuum 
pump, which is generally used to evacuate the path in 
the MS through which the ion beam travels. The ele- 
ments required to produce the two magnetic fields 
represent the major portion, in terms of weight and 
size, of the entire MS. 

In a typical prior art small magnetic sector MS, the 
ion beam travels inside a non-magnetic stainless steel 
duct. The duct extends from the ion source, such as an 
ionization chamber, and in case of a double focusing 
type MS through an electric sector, and therefrom 
through the magnetic sector to the ion detector. It is 
this duct which the ion-type vacuum pump evacuates. 
Since the duct passes through the magnetic sector, the 
gap between the pole pieces fo the magnet, producing 
the magnetic field, has to be wide enough to accommo- 
date the duct therein. The gap has to be wider than the 
ion beam height by at least twice the duct wall thick- 
ness, plus required assembly clearances. 

It is well appreciated that the greater the gap between 
the pole pieces, the more magnetic material is needed 
for a desired flux density across the gap. More mag- 
netic material represents increased weight and size of 
the magnetic sector. For a miniature portable MS the 
increased weight and size of the magnetic sector repre- 
sent significant disadvantages. Therefore, for such a 
MS, the elimination of the duct is highly desirable, 
since without the duct, gap size can be greatly reduced 
thereby reducing the weight and size of the magnetic 
material required to produce the required flux density 
across the gap. Also, for a miniature portable MS, it is 
desirable to eliminate the need for separate magnetic 
material, in order to produce the magnetic field for the 
ion type vacuum pump, thereby further reducing the 
overall size and weight of the MS. Furhtermore, in such 
a portable MS, it is desirable to locate the pump as 
close as possible to the magnetic sector in order to 
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the pimp-is located at the magnetic sector and a direct 
path is provided between the gap of the magnetic sec- 
tor and the pump which evacuates the gap. Two cou- 
plings are provided on the opposite sides of the hous- 
ing. These are used to couple a first outer duct, through 
which the ion beam travels to the magnetic sector, and 
a second outer duct through which the dispersed ions 
travel from the magnetic sector to the ion detector. The 
vacuum pump in addition to evacuating the gap of the 
magnetic sector also evacuates the two outer ducts 
extending therefrom, and the remaining MS vacuum 
envelope, thereby evacuating the entire ion beam path 
in the MS. 

The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
best be understood from the following description 
when read in conjunction with the accompanying draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-sectional view of a prior art mag- 

netic sector; 
FIG. 2 is an expanded view of parts forming a mag- 

netic sector and ion-type vacuum pump combination in 
accordance with the present invention; 

FIG. 3 is a cross-sectional view of a magnetic sector 
ion-type vacuum pump combination including the 
novel pole pieces of the present invention; and 

FIG. 4 is a top view of a housing with the novel pole 
pieces and the connections of the housing to an ion 

with a small gap between them through which the ion 
beam travels. The housing with the pole pieces extend 
beyond the magnetic sector, and form part of the ion- 
type vacuum pump enclosure. In the section of the 
housing extending beyond the magnetic sector, the 
space between the pole pieces is sufficiently large to 
accommodate therein the electrical parts of the vac- 
uum DumD. such as the cathodes and the anode. Thus, 

source and an ion detector. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In order to highlight the advantages and the novel 
structure of the present invention, the disadvantages of 

55 the prior art will be discussed briefly and explained in 
connection with FIG. 1. Therein, the magnetic sector is 
shown in cross sectional view. The magnetic sector 10 
typically includes a magnet, consisting of two spaced 
magnets 12 and 13 which are interconnected by a mag- 

60 net yoke 14. Spaced apart magnetic pole pieces 15 and 
16 are used to provide a homogenous magnetic field in 
the space or gap between the pole pieces, which repre- 
sents the magnetic sector gap 20. The gap width is 
designated by W. A non-magnetic duct 22 is employed 

65 to provide a path for an ion beam 25 which travels from 
an ion source (not shown) through the magnetic sector 
gap 20 to an ion detector 26. The duct is evacuated by 
an ion-type vacuum pump 28, which requires a mag- 
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netic field, provided by a separate cylindrical magnet 
29. 

As is appreciated, since the duct 22 passes through 
the gap 20 the latter has to be wide enough to accom- 
modate the duct therein. That is, W has to be large 
enough to accommodate the height of the ion beam 
and twice the duct wall thickness, plus required assem- 
bly clearances. The weight and size of the magnets 12 
and 13 and yoke 14 are directly related to the gap 
width W for a desired flux density across the gap. If the 
need for the duct to pass through the gap can be elimi- 
nated, a smaller gap can be used and, therefore, the 
total weight and size of the magnetic sector can be 
greatly reduced. This is of particular importance when 
constructing a miniature portable MS. Also, to further 
reduce the MS size and weight, it is desirable to use the 
magnets 12 and 13 of the magnetic sector 10 to provide 
the magnetic field for the pump 28 and thereby elimi- 
nate the need for the separate magnet 29. 

The present invention is directed to achieve these 
advantages. Briefly, in accordance with the present 
invention pole pieces with novel shapes are used to 
eliminate the need for the duct 22 to pass through gap 
20, thereby enabling the use of a magnetic sector with 
a smaller gap. Also the pole pieces are shaped and 
extend from the magnetic sector to provide the re- 
quired magnetic field for an internal vacuum pump, 
thereby eliminating the need for the separate magnet 
29 and separate ion type vacuum pump 28. 

The invention will now be described in connection 
with FIGS. 2 and 3. FIG. 2 is an expanded view of 
various parts, forming a ductless magnetic sector and 
the enclosure of an ion-type vacuum pump, which is 
provided with a magnetic field by the magnets of the 
magnetic sector. FIG. 3 is a simplified cross sectional 
view of the ductless magnetic sector and the vacuum 
pump. In FIGS. 2 and 3 elements like those shown in 
FIG. 1 are designated by like numerals. 

In accordance with the present invention a hollow 
structure 30s of the non-magnetic material, e.g., stain- 
less steel, is provided. It, together with a pair of identi- 
cal magnetic pole pieces 40 and 41 and non-magnetic 
end plate 58 which are welded to the structure 30s 
form a hollow housing 30, which defines the gap region 
of the magnetic sector and the vacuum pump enclo- 
sure. As seen from FIG. 2 the non-magnetic structure 
30s has a circularly shaped back wall 31, an opposite 
front wall 32 which defines an opening 33 and two 
opposite side walls 34 and 35. These walls represent 
walls of housing 30. The top and bottom sides of struc- 
ture 30s are open except for flanges 36 and 37 which 
extend therefrom. 

The two pole pieces 40 and 41 form the top and 
bottom sides of housing 30. The top pole piece 40 is 
welded to the top flange 36 to form the top side of 
housing 30, while the pole piece 41 is welded to the 
bottom flange 37 to form the bottom side of housing 
30. The welds are represented in FIG. 3 by 45. As 
shown in FIG. 2 each of the pole pieces has a sector 
shaped portion 42 from which a rectangularly shaped 
portion 43 extends. The thickness of each pole piece is 
not uniform. Most of the sector-shaped portion 42 is 
thicker than the rest of the pole piece. In one embodi- 
ment each pole piece was fabricated from magnetic 
4 10 stainless steel. 

As seen from FIG. 3 the pole pieces are welded, so 
that when the housing 30 is inserted into the magnetic 
sector, the sector shaped portions 42 of the pole pieces 

4 
are aligned with the sector-shaped magnets 12 and 13, 
and the thicker sections of the pole pieces 40 and 41 
are spaced apart. The distance between them defines 
the magnetic sector gap, represented by 50 and is 

5 formed with the required precision for optimum MS 
performance. The gap width is made sufficiently small 
to accommodate only the ion beam 25 passing there- 
through. While the gap 50 is defined between the 
thicker portions of the pole pieces 40 and 41, the por- 

10 tion of the housing 30 between the thinner sections of 
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the pole pieces is- used to accommodate the electric 
parts of the ion-type vacuum pump. 

The electric parts are assumed to include cathodes 
52 and 53 and an anode 55. The cathodes and anode 
are assumed to be supported by the end plate 58 which 
is secured, such as by welding within opening 33 (see 
FIG. 2) of housing front wall 32. Thus, end plate 58 
forms part of and seals the front wall of housing 30. 
Typically, the cathodes are grounded and the high 
voltage to the anode may be supplied from a terminal 
60 which is electrically connected to the anode 55 
through end plate 58. In one embodiment which was 
actually reduced to practice and as shown in FIG. 3 the 
cathodes 52 and 53 when inserted into the housing 
were tightly fit against the pole pieces which were at 
ground potential. The cathodes 52 and 53 wee ma- 
chined with grooves at their contact with pole pieces 40 
and 41 to eliminate a virtual leak. 

From the foregoing it should thus be appreciated that 
when the pole pieces 40 and 41 and end plate 58 and 
external ducts 66 and 72 are welded to housing 30 the 
latter is vacuum tight. The pole pieces 40 and 41 act as 
the top and bottom sides of the enclosure of the vac- 
uum pump, designated in FIG. 3 by 2&, while the 
space between the thicker sections of the pole pieces 
defined the gap of the magnetic sector. The path of the 
ion beam 25 through the magnetic sector is confined 
between the two pole pieces on the top and bottom, by 
the back wall 31 on one side (shown as the left side) 
and by the enclosed vacuum pump 28a on the other 
side. Thus, the need for a duct, such as duct 22, shown 
in FIG. 1, through the magnetic sector is eliminated. 
Consequently, the gap width can be made to be very 
small, since it needs to provide only clearance for the 
ion beam 25. In one embodiment the gap width was 
reduced to  0.100 inch as compared with a gap width of 
about 0.183 inch of a comparable prior art magnetic 
sector which requires a duct to pass through the gap. 
With the reduced gap width, smaller and lighter mag- 
nets 12 and 13 and yoke 14 may be used to provide the 
desired flux density across gap 50. 

Furthermore, it should be pointed out that since the 
vacuum pump is located contiguous with the magnets 
12 and 13, the magnetic flux designated in FIG. 3 by 
lines 65, pass through the pole pieces which provide the 
uniform magnetic field for the vacuum pump 2&. Con- 
sequently, a separate cylindrical magnet for the pump 
is not required, thereby further reducing the total 
weight and size of the MS, which is particularly impor- 
tant for a miniature portable MS. 

Another advantage is realizable by placing the vac- 
uum pump contiguous with the magnetic sector. In the 
prior art the vacuum pump is generally located away 
from the magnetic sector. Therefore, magnetic shield- 
ing is often required to shield parts of the MS from the 
magnetic field provided for the pump by its separate 
magnet. However, in the present invention since the 
pump 28a is located contiguous with the magnetic 
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5 
sector which provides the magnetic field therefor, sepa- 
rate magnetic shielding is not required. The elimination 
of such shielding further reduces the overall weight of 
the MS which is of particular importance for a portable 
miniature MS. 

Attention is now directed to FIG. 4 which is a top 
view of the housing 30 consisting of the structure 30s 
with the pole pieces 40 and 41 welded thereto. As seen 
therefrom and from FIG. 2, couplings 62 and 64 re- 
spectively extend from sides 34 and 35 respectively. In 
practice, an external duct 66, which extends from an 
ion source 70 is coupled to the housing 30 by coupling 
62, thereby providing a path for the ion beam from the 
source 70 into the gap 50 in the magnetic sector 10. 
Similarly, coupling 64 is used to couple another exter- 
nal duct 72 which extends to the ion detector 26. Thus, 
ions dispersed in the magnetic sector 10 pass to the 
detector 26 through external duct 72. 

It should be stressed however that in the present 
invention a duct does not pass through the magnetic 
sector, which is the case in the prior art (see FIG. 1). In 
the present invention the pole pieces 40 and 41, the 
back wall 31 and the open side of the vacuum pump 
28a facing the gap confine the ion beam path, thereby 
eliminating the need for a duct to pass through the 
magnetic sector. And, as previously pointed out, due to 
the absence of the duct in the magnetic sector the gap 
can be made much smaller thus reducing the size and 
weight of the magnetic sector. 

In operation, the vacuum pump 28a evacuates not 
only the gap 50 but also the external duct 66 (see FIG. 
4), through which the ion beam travels from source 70 
to the magnetic sector 10, and external duct 72, 
through which the dispersed ions travel from the mag- 
netic sector 10 to detector 26. However, by placing the 
vacuum pump adjacent to the magnetic sector 10, cer- 
tain advantages are realized. Since beam scattering off 
residual gas molecules can take place in the magnetic 
sector, it is very important that a near ideal vacuum be 
present therein. Otherwise, non-evacuated molecules 
causing ion scattering will degrade MS performance. 
By placing vacuum pump 28a adjacent to the gap 50 
highest pumping speed is produced in the gap region, 
so as to insure the proper vacuum therein and thereby 
prevent undesired ion scattering. However, it should 
again be stressed that in addition to evacuating the gap 
region the pump 28a also evacuates the remainder of 
the MS through external ducts 66 and 72. 

In one embodiment actually reduced to practice, the 
total weight of the magnetic sector and the ion pump 
was about 1401 grams, or about 3.09 pounds. In it the 
magnetic field across the gap was on the order of 6333 
gauss and the ion-type pump capacity was 1 liter per 
second. The magnetic field across the pump was on the 
order of 2000 gauss. By comparison the weight of a 
conventional magnetic sector with a duct, as shown in 
FIG. 1, and with a comparable magnetic field across 
the gap is about 2360 grams of 5.19 pounds. The sepa- 
rate ion pump 28 of the same capacity and the separate 
magnet 29 which are commercially available from dif- 
ference sources, e.g., Varian Associates of California 
weigh on the order of 2724 gram or 6.0 pounds. Thus, 
in the prior art the total weight of the magnetic sector 
and the ion pump is about 1 1.19 pound, while in accor- 
dance with the present invention the ductless magnetic 
sector with the contiguous vacuum pump weigh a total 
of only 3.09 pounds, producing a weight reduction of 
11.19 - 3.09 = 8.1 pounds. Such weight reduction is 

6 
most significant for a small portable MS. The above 
indicated weight reduction does not include the weight 
of magnetic shielding which may be required if the 
vacuum pump is not contiguous with the magnetic 

Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modifications and variations may readily 
occur to those skilled in the art and consequently, it is 

10 intended that the claims be interpreted to cover such 

5 sector. 

modifications and equivalents. 
What is claimed is: 
1. A mass spectrometer comprising: 
a magnetic yoke; 
a pair of spaced apart magnets coupled to said yoke; 
a housing including a non-magnetic hollow structure 

and a pair of spaced apart magnetic pole pieces, 
forming two opposite sides of said housing, said 
housing being located with respect to said magnets 
whereby portions of said'pole pieces are in contact 
with said spaced apart magnets and together there- 
with and said yoke define a magnetic sector of said 
mass spectrometer, with the space between the 
portions of said magnetic pole pieces defining a gap 
region of said magnetic sector, said housing and 
portions of said pole pieces extending beyond said 
magnetic sector and forming and enclosure for 
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ion-type vacuum pump means; 

ion-type vacuum pump means located in said housing 
in the space between the portions of the pole pieces 
extending beyond said magnetic sector, and in 
direct communication with said gap region, with 
said pole pieces providing a magnetic field across 
the magnetic sector gap region and across said 
ion-type vacuum pump means; 

first means including means coupled to a first end of 
said housing for providing a path of ions into said 
gap region; and 

second means including means coupled to a second 
end of said housing for providing a path for ions 

2. The mass spectrometer as described in claim 1 
wherein said first means include at least a source of 
ions and a first duct extending from said source to said 
first end of said housing, and said second means include 

45 an ion detector and a second duct extending from said 
second end of said housing to said detector, with said 
first and second ducts providing enclosed paths for ions 
from said source to said gap region and for ions exiting 
said gap region to said detector, with said ion-type 

50 vacuum means evacuating the entire path of the ions 
from said source to said detector including said gap 

30 

35 

40 exiting said gap region. 

region. 
3. The mass spectrometer as described in claim 2 

wherein said first means further include an electric 
55 sector between said source and said magnetic sector 

whereby, ions from said source pass through said elec- 
tric sector and therefrom through said gap region 
through said first duct. 

4. The mass spectrometer as described in claim 1 
60 wherein said magnetic sector is a 90" magnetic sector 

with each of the pole pieces having a portion defining a 
90" sector portion and a rectangularly shaped portion 
extending therefrom with the space between the pole 
pieces' portions forming part of said 90" magnetic sec- 

65 tor being less than the space between the rectangularly 
shaped pole pieces' portion, with said first and second 
ends of said housing being in directions forming an 
angle on the order of 90" therebetween. 
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5. The mass spectrometer as described in claim 4 
wherein said first means include at least a source of 
ions and a first duct extending from said source to said 
first end of said housing, and said second means include 
an ion detector and a second duct extending from said 5 
second end of said housing to said detector, with said 
first and second ducts providing enclosed paths for ions 
from said source to said gap region and for ions exiting 
said gap region to said detector, with said ion-type 
vacuum means evacuating the entire path of the ions 10 
from said source to said detector including said gap 
region. 

6. The mass spectrometer as described in claim 5 
wherein said first means further include an electric 
sector between said source and said magnetic sector 15 
whereby, ions from said source pass through said elec- 
tric sector and therefrom through said gap region 
through said first duct. 

7. In a mass spectrometer of the type including at 
least a source of ions, an ion detector, a magnetic sec- 2o 
tor, means for providing an enclosed path for ions from 
said source to said ion detector through a gap region in 
said magnetic sector and an ion-type vacuum pump 
requiring a magnetic field for evacuating the path 
through which ions travel in said mass spectrometer, an 
arrangement comprising: 

a pair of spaced apart magnetic pole pieces having 
first portions forming part of said magnetic sector 

25 

8 
providing a magnetic field for said ion-type vacuum 
pump. 

8. The arrangement as described in claim 7 wherein 
the ion-type vacuum pump is in direct communication 
with said gap region. 

9. The arrangement as described in claim 7 wherein 
said magnetic sector is a 90" magnetic sector, with the 
first portions of said pole pieces being in the shape of a 
90" sector and their second portions being rectangu- 
larly shaped and extending outwardly from said first 
portions. 
10. The arrangement as described in claim 7 wherein 

said ion-type vacuum pump includes a vacuum tight 
enclosure which is in direct communication with said 
gap region said enclosure comprising a plurality of 
sides of non-magnetic material with said second por- 
tions of said pole pieces forming two opposite sides of 
said enclosure, said vacuum pump including anode and 
cathode means located between the second portions of 
said pole pieces forming part of said enclosure. 
11. The arrangement as described in claim 10 

wherein the distance between the pole pieces' portions 
defining said gap region being less than the distance 
between the second portions of said pole pieces be- 
tween which said anode and cathode means are lo- 
cated. 
12. The arrangement as described in claim 11 

wherein said magnetic sector is a 90" magnetic sector, 
with the first Dortions of said Dole Dieces being in the . .  

with the space between said pole pieces, first por- 3o shape of a 9Q sector and their second portio& being 
tions defining the gap region of said magnetic sec- rectangularly shaped and extending outwardly from 
tor, said pole pieces having second portions ex- said first portions. 
tending outwardly from said magnetic sector for * * * * *  
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