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ABSTRACT 0F THE DISCLOSURE 

The invention relates to electrostatic timeaof-ilight 
mass spectrometer apparatus in which a ribbon of elec 
trons is brought to sharp focus along the longitudinal 
axis of the ion source, ion acceleration and flight tube 
assembly. The ions produced by the collision of the elec 
tron beam with the sample in the ion source are ac 
celerated by means of substantially uniform accelerating 
fields through collimating slits in the ion source, ion ‘ac 
celerator, and iiight tube and impinge on a detector 
which usually is an electron multiplier device. 

20 

. . . . 25 

Thls invention relates to an improved mass analyzer 
and particularly to an electrostatic time-of-iiight mass 
spectrometer having improved sensitivity and resolution. 
Time of iiight mass spectrometers of the prior art 

types have sutIered from one or more of the following 30 
problems: they have been very expensive; have been 
bulky and not especially adaptable for quick changes in 
the type of analytical work in which they were used; had 
less resolution than was desirable for many proposed 
uses; were less sensitive than was desired, or took too 35 
much down time whenever repairs or modification were 
made in connection with the instrument. 

Accordingly, a principal object of the present inven 
tion is to provide an improved time-of-ñight mass spec 
trometer. 
Another object of this invention is to provide an im 

proved, more economical to manufacture, time~ofñight 
mass spectrometer. 
A further object of this invention is to provide an im 

proved, easier to operate and maintain time-of-flight 
mass spectrometer. 
Yet another object of this invention is to provide a 

time-of-flight mass spectrometer which has an improved 
electrical gun assembly. 
A still further object of this invention is to provide 

an improved ion source for use in a time-of-iiight mass 
spectrometer. 
An ancillary object of this invention is to provide an 

improved ion acceleration assembly for use in a time 
of-ñight mass spectrometer. 
An additional object of this invention is to provide an 

improved more compact time-of-ñight mass spectrom 
eter. 

Yet another additional object of this invention is to 
provide a time-of-flight mass spectrometer having im 
proved resolution. 
A subordinate object of this invention is to provide an 

improved method of electronically extracting ions from 
an ion source. 

In accordance with this invention, there is provided ~ 
electrostatic time»ofñight mass spectrometer apparatus 
in which a ribbon of electrons is brought to sharp focus 
along the longitudinal axis of the i-on source, ion ac 
celeration and flight tube assembly. The ions produced 
by the collision of the electron beam with the sample 
in the ion source are eccelerated by means of substan 
tially uniform accelerating fields through collimating 
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slits in the ion source, ion accelerator, and flight tube 
and impinge on a detector which usually is an electron 
multiplier device. 
The invention, as well as additional objects and ad 

vantages thereof, Will best be understood in connection 
with the accompanying drawings, in which: 
FIGURE l is a side elevational and block diagram 

view of mass spectrometry apparatus in accordance with 
this invention. 
FIGURE 1A is an end elevational view of the spec 

trometer tube shown in FIGURE l; 
FIGURE 2 is an end elevational view, partly in sec 

tion, of an electron source in accordance with this in~ 
vention; 
FIGURE 3 is a side elevational view of the electron 

source in FIGURE 2; 
FIGURE 4 is a plan view of the electron source shown 

in FIGURE 2; . 
FIGURE 5 is a side elevational view, partly in sec 

tion, of an ion source and flight tube assembly in ac 
cordance with this invention; ' 
FIGURE 6 is an enlarged fragmentary cross-sectional 

view of a tubular element of the ion source, showing re 
sistive coating on its wall surface and an electrically con 
ductive end surface coating; 
FIGURE 7 is a sectional view taken along the line 

7-7 of FIGURE 5; 
FIGURE 8 is a sectional view taken along the line 

8-8 of FIGURE 5; 
FIGURE 9 is a sectional view taken along the line 

9_9 of FIGURE 5; 
FIGURE 10 is a sectional view taken along the line 

10-10 of FIGURE 5; and 
FIGURE 11 is a sectional View taken along the line 

11-11 of FIGURE 9. 
Referring to FIGURE 1 and FIGURE 1A, there is 

shown mass spectrometer apparatus 10 in accordance 
with this invention which comprises an evacuated hous 
ing 12 composed of a plurality of sections Which as il 
lustrated, an input end section 14 which contains an elec 
tron source and ion source, a body section 16 which con 
tains a iiight tube, and an output end section 18 which 
contains a detector. Electrical and vacuum system con 
nections t-o the various parts of the apparatus are made 
through headers in the various ñanges 20, 22, 24, Z6 for 
example. 
A vacuum system 2S, for example, is coupled to the 

housing I2 through the ilange 24. 
A power supply 36 is coupled to electron source and 

ion source electronic circuitry 30 through the cable 32. 
A clock generator 34 is coupled Ito the power supply 36 
by means of the cable 38, to the electron source and ion 
source electronic circuitry 30 through the cable 40 and 
to the read out device 42, which may be an oscilloscope 
or chart recorder, for example, through the cable 44. 
The detector is coupled through the header in the 

flange 26 and the cable 46 to the readout device 42. 
The power supply is coupled, via the cables B, C, and 

D, to the’electron source (header in flange 22), the de 
tector (header in flange 26), and the ion source (header 
in liange 20) respectively. 

Referring now to FIGURES 2, 3 and 4 it may be seen 
that the electron gun assembly of this invention, indicated 
generally by the numeral 50, comprises a block-like body 
member 52 having a generally rectangular configuration 
except near one end 54 which is rounded off to be semi 
circular. 
The member S0 has a pair of outwardly extending 

flanges 56, 58 at its lower or non~rounded end 60. The 
member 50 is coupled to a suitable stem assembly 62 
which is part of the flange 22 and is adapted to be vacuum 
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sealed to the housing part 14 of the mass spectrometer 
10 lby means of the screws 64, 66, for example. The stem 
62, which usually (but not necessarily) is made of metal, 
has a plurality of pin connector elements 68 extending 
therefrom on the side of the stem which faces the exterior 
of the mass spectrometer housing. The pin connector ele 
ments 68 are, if the stem is made of an electrically con 
ductive material, insulated therefrom and from one an 
other. 
A bore 70 is disposed adjacent to the rounded end 54 

of the body member 52, extending completely through 
the member 52. The bore 70 is perpendicular to the wall 
72 and in axial alignment with the outer surface 74 of the 
member 52. 
The bore 70 has `a counter~bore 75, 76 at each end. 
Ari annulus 78, 80 is provided which is made of an 

electrically insulating material of good thermal con 
ductivity, such as synthetic ruby, for example, and has 
an outer diameter such ythat one of the `annuli may be 
press-fitted into each of the counterbores 75, 76. A slot 
82, usually having parallel sides, extends between the 
inner diameter and outer diameter of each annulus 78 
0r 80. The width of the slot 82 is equal `to or greater 
than the width of the slot 84 which extends across the 
top of the rounded end 54 of the body member 62. The 
slot 82 and the slot 84 are axially laligned with respect 
to the bore 70. 
A slotted tubular member 86 having an electrically 

conductive inner wall surface and a generally C-shaped 
transverse cross-sectional configuration is disposed be 
tweenl the annuli 78 and 80, the outer diameter of the 
tubular member 86 being such with respect to the inner 
diameter of the annuli that it may be press-fitted between 
the annuli. The width of the slot 88 in the member 86, 
which is a beam focusing electrode, is less than or equal 
to the width of the slot 82 in the annuli 78 or 80. 
A threaded bore 9i), extends through the side wall of 

the body member 52 at or near its rounded end 54. 
An electrically insulating bushing 92 engages and ex 

tends through the bore 90. An electrical lead 94 extends 
through the bushing 92 and is electrically connected to the 
conductive inner surface of the member 86. Actually, the 
member 86 is usually made of metal, such as copper, 
for example. 

Referring especially to FIGURE 4, as well as to FIG 
URES 2 and 3, it may be seen that the rounded end 54 
of the body member is flattened over at least a part of 
its surface so that, at the fiattened part, the thickness of 
the end wall is only a few thousandths of an inch (.002 
inch is commonly used). The surface 96 of the fiattened 
part of the end 54 is substantially parallel with respect to 
the surface of the end part 60 of the body member 52. 
The length of the flattened surface 96 (as measured along 
the slot 84), is `about "Vs of the length of the slot 84. 
The surfaces 98, 100, each beginning at an end of the 
fiat surface 96, is beveled upwardly at an angle of ap 
proximately 45 degrees with respect to an end wise exten 
sion of the flat surface 96. 
A pair of filament mount support fianges 102, 104 ex 

tend outwardly from the wall surfaces 72, 73 of the body 
member 52 intermediate of the ends 54, 60. The flanges 
102, 104 are rigidly coupled to the body member and 
may, if desired, be an integral part of the block member 
52, as shown. 
Each of the flanges 102, 104 has a bore 106, 108 ex 

tending therethrough. The axis of each of the bores 106, 
108 is parallel with each other and with the wall sur 
faces 72, 73. An electrically insulating bushing 110, 112 
having an internally threaded bore 114, 116 therein is 
press-fitted into each of the bores 106, 108 in the flanges 
102, 104. 
An electron source filament support element 118 or 

120 having a threaded end 122 or 124 and a slotted, 
thinned spring-like end 126 ̀ or 128 is coupled to each of 
the threaded bores 114, 116, the slotted thinned ends 
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being so aligned that the bottom of the slots in the ends 
126, 128 is below the longitudinal axis of the bore 70 by 
a distance approximating one half the diameter of the 
wire-like electron source (filament) 130. 
The fìlamentary electron source 130 illustrated is a 

`tungsten wire having stop means disposed intermediate 
of its ends 132, 134. While the stop means may Ibe a 
knot in the wire, it is often easier, from a mechanical 
construction standpoint, to spot weld a small metal ele 
ment to the >tungsten wire at an appropriately spaced dis 
tance along the wire. The space between the stop means 
should be such that the spring-like ends of the electron 
source support elements holds the wire firmly in tension. 

If the filaments 130, the slotted tubular member 86, 
`and the slot 88 in the rounded end 54 are properly made 
and aligned, a single plane should pass midway between 
the slot 84 and slot 88, and pass all along the length of 
the filament 130, while the filament 130 is equidistant 
from any point on the inner surface of the focusing elec 
trode 86 (measured perpendicularly). 

Referring now to FIG‘URES 5 to 10, there is shown 
an ion source assembly, indicated generally by the nu 
meral 150, comprising a first electrode element 152 (see 
also FIGURE 8) which is a disc-like element having a 
diameter which is several times its thickness `and has an 
annular fiange 154 disposed on one side thereof con 
centrically with respect to the center of the disc-like elec 
trode element. An array of small diameter bores 156 are 
disposed adjacent to the periphery 158 of the electrode 
element 152. 
A rod-like metal element 160 extends from the center 

of the side of the electrode element 152 which is opposite 
the side having the flange 154 therein. 
The electrode element 152 and the rod 160 may be an 

integral structure or the rod 160 may be secured to 
the electrode 152 as by a fusion coupling, for example, 
or other suitable rigid coupling means. 
The end 162 of the rod 160 which is remote from 

the electrode element 152 is rigidly coupled, as by a 
weld, for example, to a disc-like base element 164 which 
has an array of terminal pins 166 extending therethrough 
and insulated therefrom. The pins 166, are, of course, 
electrically insulated from the base element 164. The 
base element 164 is adapted to be coupled in a gas-tight 
sealing relationship with the housing section 14 of the 
mass spectrometer 10. 
A tubular element 168 having a circular transverse 

cross-sectional configuration and an an outer and inner 
diameter such that its end is closely but slidably in the 
flange 154 in the electrode element 152, extends from the 
grooved side of the element 152. The length of the tu 
bular element 168 is a minor fraction of its diameter. The 
tubular element 168 has an electrically conductive pyroliti 
cally deposited coating 170 on its inner Wall surface (see 
FIGURE 6 for details) and a coating 172 of electrically 
conductive metallized paint (a silver compound is com 
monly used) at its end. 
The tubular element 168 has diametrically oppositely 

disposed slots 174, 176 (see FIGURE 9, especially) 
which lie along a plane parallel with the ends of the ele 
ment 168. The length and width of the slots 174, 176 are 
such that the “ribbon” electron beam emanating from 
the electron gun 50 may pass therethrough without im 
pinging on the tubular element 168. 
As seen in FIGURES 9 and l1 a wire-like electrode 

178 is disposed adjacent to but spaced from the outer wall 
of the tubular element 168 in axial alignment with the 
slot-s 174, 176, and serves as an electron trap. A rigid 
electrical lead 180 holds the trap electrode 178 in posi 
tion and is coupled (by means not shown) to one of the 
pins 166 in the header 24. 
A metal annular member 182 is provided which has 

a circular groove 184 or 186 in each side surface. The 
outer diameter of the member 182 is approximately the 
same as the outer diameter of the element 152. The inner 
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#diameter of the member 182 is slightly less than the di 
ameter of the tubular element 168. A disc 188 having a 
slot 190 therein is ñxedly coupled to the member 182 
by means of screws 192, the disc 188 spanning the open 
inner part of the member 182. 
The ends of the tubular element 168 fit in the groove 

186 and 154 (end 196 in groove 186). 
A tubular element 194, like the tubular element 168 

except that it has no slots (as 174, 176, for example) 
and has greater length, has its end 198 fited into the 
groove 184 (the end 196 of element 28 is fitted into the 
groove 186). The coating 199 on the inner wall of the 
element 194 is essentially the same as the coating 170 on 
the section 168, as shown in FIGURES 5 and 6, for ex 
ample. The elements 168 and 194 may be made of glass, 
for example, 'although other insulating materials may be 
used. 

A. metal annular member 200, which is physically 
identical to the annular member 182, is coupled to the 
end of the tubular element 194 which is remote from the 
member 182. A disc 202 having a slit 204 therein is 
coupled to the memebr 200, the disc 202 being similar 
in form to the disc 188. 
A tubular element 205, shorter in length than the 

length of the tubular element 194, but otherwise identical 
in physical form to the element 194, has one end fitted 
into the groove in the annular memebr 200 which corre 
sponds to the groove 184 in the member 182. The ele 
ment 205 has a conductive coating 206 on its inner wall 
surface and conductive coating on its end surfaces as do 
the elements 168 and 194. 

Referring now to FIGURE 7 as well as to FIGURE 
5, it may be seen that the structure of the annular mem 
ber 208 is the same as that of the annular member 182. 
However, instead of a disc having a slot in it being cou 
pled across the open central part of the annulus, an an 
nular shaped insulating bushing 210 having an L-shaped 
transverse cross-sectional configuration is coupled to one 
side of the member 208 by means of screws 212 made of 
insulating material. Deflection plates 214, 216, each of 
which is rectangular in configuration, are rigidly con 
nected to support plates 218, 220. The deflection plates 
are generally perpendicular with respect to the support 
plates. The support plates `are secured to but insulated 
from the annular member 208 by being disposed against 
the insulating bushing 210 and held in place by the in 
sulating screws 212. 
The deflection plates 214, 216, are each displaced an 

equal distance from the longitudinal axis of the annular 
member 208 and are wider than the thickness of the mem~ 
ber 208. 
A tubular element 222, shorter than the tubular ele 

ment 205, has an end telescoped within the groove 223 
of member 208. Like with the elements 168, 194, a con 
ductive coating or surface is on the inner wall of the 
element 212. 
The other end of the tubular element 222 is telescoped 

within the grooved end 224 of a metal annular member 
226 whose surface facing the element 208 corresponds in 
configuration ‘to the surface of the element 200 which 
faces the element 208. Thus, a disc 226 having a slot 
228 therein is secured to the element 226, the slot 228 
being axially aligned with the slots 204 and 190. 
A flight tube assembly, indicated generally by the nu 

meral 230, has a flanged base 232 and :an elongated tube 
234 of metal, such as stainless steel or copper, for ex 
ample. The inner diameter of the tube 234 is approxi 
mately the same as the inner diameter of the annular 
members 182, 200, 208 and 226, for example. 
A fine mesh metal screen 236 is disposed across the 

output end 238 of the flight `tube 234. A 90 mesh nickel 
screen has been successfully used. ‘Screens having from 
50 lines per inch up to the limit where transmission 
through the mesh becomes too small are practical. The 
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6 
fine screen prevents any substantial penetration of the 
drift tube by external fields. 

Insulating spacer screws 240 made of nylon, for ex 
ample, are disposed in array around the periphery of 
the flight tube 234 intermediate of the ends of the tube 
234. The length of the flight tube is approximately 40 
centimeters. The ion source assembly 150 and the flight 
tube assembly 230 are held together to form a unitary 
structure by means of a plurality of bolts 242 made of 
insulating material which extend from the member 152 
along the peripheral part of the ion source assembly :and 
the periphery of the base 232 of the flight tube assembly. 
The ion source and flight tube assembly is inserted in 

the housing 12 of the spectrometer apparatus by re 
moving the flange 20 to which the disc-like base element 
164 is coupled, and sliding the assemblies into the hous 
ing tube. The flight tube assembly and the ion source 
assembly are supported within and insulated from the 
housing 12 by means of the space-r screws 240 and the 
disc-like header element 164- which is secured to the flange 
20. 
The detector used in this apparatus may be any of a 

number of conventional detectors used for this purpose, 
and electron multiplier type of detector being common 
ly used. 
The electron source assembly, coupled to the flange 22 

on the housing 12, is inserted into the housing perpendicu 
larly with respect to the longitudinal `axis of the ion 
source assembly. The slot 84 of the electron source is 
axially aligned with respect to the slots 174, 176 in the 
element 128. 

In operation the potential on the electron source focus 
ing electrode 86 is adjusted to cause the electron beam 
emanating from the electron source to come as nearly 
as practical to a line focus in axial and planar alignment 
with the slots 190, 204, 228 in the ion source assembly. 
The sample material to be analyzed may be introduced 

into the space defined by the members 152, 186 and ele~ 
ment 168, known as the ion generation chamber, through 
a suitable port, such as a septum 244 in the flange 276 
which is coupled to the housing section 14. The septum 
244 is aligned with Ia small bore 248 in the member 168, 
and sample may be inserted by means of a hollow needle, 
small tube, or other means known to those skilled in the 
art. 

During operation, voltages derived. from the electron 
source and ion source electronic circuitry are repetitively 
applied to the block-like body mem-ber 52 (and thus 
across the slot 84) of the electron source and to lthe 
member 182 of the ion source while the remainder of 
the ion source is held under a constant vaccelerating field. 
The manner of applying the repetitive voltages to the 

ion generating region and the remainder of the ion source 
assembly is shown in simplified form in FIGURE 5 by 
means of the voltage dividing resistor 249 which actually 
represents the resistance of the resistive coating on the 
inner wall surfaces of the tubular elements 168, 194, 
205 and 222, for example. For the sake of simplicity, ‘the 
leads 250, 252, which are connected to the deflecting 
plates 214, 216 (by fused connection to the metal parts 
218, 220, for example) and which provide some focusing 
of the ions passing from the ion source through the slit 
228 are shown as being connected to the voltage divider 
resistor 248 rather than to an external voltage source. 
When a suitable voltage is applied across the slot 84 

of the electron source which permits the electron beam 
to pass into the ion source, the switch 254, which is 
coupled to the resistor 248 at the junction 256 and to 
the metal member 182, is opened, providing `an electrical 
field in the ion accelerating lregion which urges ions 
formed as the electron beam impinges on the sample in 
the region to be accelera-ted towards and through the 
slot 190. 
As indicated by the connections 256, and 262 `along 

the voltage divider, the ions are subjected to accelerating 
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fields (which are uniform in each section of the ion 
source because of the conductive resistive coating on the 
inner wall surfaces of the elements 194, 205 rand 212) 
before entering the drift tube 234 which is at the same 
potential along its length as the potential on the même 
ber 226. 
The purpose of the electrode 178 is to be a trap for 

electrons which pass `through the ion generation region 
of the ion source from the `electron gun (through the 
slits 174, 176 which are about 1,15” wide). The electrode 
178 also provides a convenient means by which electron 
beam current may be measured. 

After each group of ions are urged down the ion source 
and into the ñight tube, they separate in their passage in 
accordance with their mass as is well known in the art 
of time-of-ñight mass spectrometry and successively im 
pinge on the detector, are amplified, and are displayed 
on a readout device on a time base and amplitude of 
received signal scale. The readout device and the appli 
cation of voltages to the electron beam and iron source 
are synchronized by means of the clock generator, as 
is well known in the art. 

In general, materials used in the apparatus of the in 
vention should not out-gas and must be non-magnetic. 

In one apparatus made in accordance with this inven 
tion, the operating potential on the member 152 is ground, 
the potential on the member 182 is between 50 and 300 
volts, the potential on the member 200 is about _3,000 
volts, the potential on the plate 214 is about _3,000 volts, 
the potential on the plate 216 is about _3,000 volts 15%, 
and the potential on the member 226 and í'light tube 234 
is typically _3,000 volts. 
The potential of between 50 and 300 volts on the mem 

ber 182 is determined by setting the voltage to give the 
best resolution for the instrument. 
The detector used may be an electron multiplier tube 

(with glass envelope removed) such as an RCA type 7746 
or EMI type 9603, for example. 
What is claimed is: 
1. Spectrometry apparatus comprising, within an evacu 

ated chamber, a source for producing a ribbon-like elec 
tron beam which may be brought to a sharp focus at a 
predetermined distance from said source, a unitary as 
sembly including an ion source chamber, ion accelerating 
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chamber, ion focusing chamber, drift tube, and ion detec 
tion means, each of said chambers being generally of 
cylindrical configuration and having electrically conduc 
tive ends and an electrically resistive coating covering the 
side walls of each chamber, the chambers and said drift 
tube being joined in end-to-end relationship, the ends 
which are joined each having a slit therein, the slits being 
axially aligned, ion beam focusing means disposed in said 
focusing chamber, means for introducing a sample into 
said ion source chamber, and means including slits in said 
side walls of said ion source chamber for introducing an 
electron beam from said source into said ion source cham 
ber perpendicularly to the axis of said slits. 

2. Apparatus in accordance with claim 1, wherein said 
drift tube comprises an elongated metal tube having an 
input end coupled to said ion focusing chamber and an 
output end which has a metal mesh screen disposed 
across it. 

3. Apparatus in accordance with claim 1, wherein said 
ends of said chambers are made of metal. 

4. Apparatus in accordance with claim 1, wherein said 
side Walls are vitreous and have an electrically resistive 
coating thereon. 

5. Apparatus in accordance with claim 1, wherein the 
length of said slits is less than the inner diameter of said 
drift tube. 

6. Apparatus in accordance with claim 1, wherein 
means are provided for electrically energizing the side 
walls and ends of each chamber and for electrically ener 
gizing said drift tube. 

7. Apparatus in accordace with claim 1, wherein 
means are provided for bringing said electron beam to 
substantially a line focus in alignment with said slits. 
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