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ELECTRON BEAM DISCHARGE DEVICE 
George H. Robertson, New Providence, N.J., assignor 

to Bell Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 
Application December 30, 1953, Serial No. 401,231 

8 Claims. (C. 313-85) 

This invention relates to high intensity electron beam 
discharge devices and more particularly to hollow electron 
sources therefor of the type disclosed in the applications 
Serial Nos. 361,527, 361,623 and 361,663, filed June 15, 
1953, of D. MacNair. 

In electron tubes which depend for operation upon a 
small concentrated beam or pencil of electrons, the pro 
vision of an electron source which is capable of supply 
ing copious emission over a long period of time is of 
prime importance. Commonly used sources of electrons 
are equipotential cathodes which include a planar surface 
coated with a mixture of the oxides of barium, calcium 
and strontium. Of course, the larger the emissively 
coated area is in size, the greater is the number of elec 
trons available. in vacuum tubes such as cathode ray 
or traveling wave tubes where it is highly desirable that 
the electron source form a concentrated beam, either 
comparatively small emissive surfaces have been employed 
despite the limitation on quantity of electrons available, 
or elaborate focusing systems were used without complete 
success. The need for providing an improved electron 
source is indicated by an estimate that 80 percent of the 
failures of cathode ray tubes are due to poor emission. 
One cause of poor emission of the cathode is the gradual 
evaporation of the electron producing material, for ex 
ample, free barium from the limited area of emissive 
coating. Another cause of failure of the electron source, 
which has been noted particularly in traveling wave tubes, 
is bombardment of the emissive surface by charged parti 
cles, particularly positive ions. Instances have been noted 
where the back bombardment was so great that the cath 
ode was actually punctured and the heater wire burned 
through, ending the life of the device. 
With these difficulties in mind, it is a general object 

of this invention to improve electron sources for electron 
beam vacuum tubes. 
More specific objects of this invention are to enhance 

the quantity of electron emission of cathodes while insur 
ing long life of the electron source; to minimize the evap 
oration of electron emissive material from cathodes; and 
to eliminate detrimental bombardment of the electron 
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These objects are attained in accordance with this in 
vention, one specific illustrative embodiment of which 
comprises a traveling wave tube including a highly evacu 
ated envelope containing an electron source, a helical elec 
trode and a collector electrode. Electromagnetic wave 
input and output transmission lines are coupled to the 
terminations of the helical electrode. The electron source 
comprises a metallic body including a cavity which is 
coated with electron emissive material. The cavity is in 
the form of a torus joining an annular passage which com 
municates between the cavity and an electron exit aper 
ture. 
An additional electrode is positioned opposite the aper 

ture in the metallic body so as to capture positive ions or 
particles in the region of the emitted beam of electrons. 
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A feature of this invention involves the configuration 

of the electron source whereby a large reservoir of elec 
tron producing material enclosed within the metallic body 
provides a concentrated beam of electrons from a re 
stricted opening in the body. 

In accordance with another feature of this invention 
no portion of the electron emitting surface is exposed 
to bombardment by positive ions. 
Another feature of this invention relates to the in 

clusion of an aperture in the cathode in the path of posi 
tive ion bombardment. 

Still another feature of this invention relates to the 
presence of a positive ion collecting electrode opposite 
the aperture in the electron source. 
A more complete understanding of this invention may 

be had from the following detailed description and by 
reference to the accompanying drawings in which: 

Fig. 1 is an axial sectional view of a traveling wave 
tube embodying this invention; 

Fig. 2 is a magnified view of the electron source of 
the traveling wave tube of Fig. 1; and 

Fig. 3 is a schematic representation of the electron 
and positive ion paths within the device of Fig. 1. 

Referring now to Fig. 1, one specific illustrative embodi 
ment, a traveling wave tube, may be seen. It comprises 
a highly evacuated metallic housing 10 including a cen 
trol bore 11 therein, a cathode base member 12 mounting 
a vitreous disc 13 including terminal pins 14 extending 
sealed therethrough, and a collector base member 16 in 
cluding an exhaust tubulation 17. Within the bore 11 is 
a helix 9 mounted from a series of insulating rods 20, 
for example, three, which are disposed in a circular ar 
rangement and extend between an accelerating grid 21 
and an electron collector 35. The ends of the helix 19 
are electrically connected to the center conductors 41 
and 42 of coaxial input and output transmission lines 
43 and 44. Mounted from a stepped vitreous ring 25 
adjacent grid 2 is an electron source or cathode gen 
erally designated 26. It comprises a metallic body 27, 
for example, of nickel, encompassed by a heater wire 
28, a heater sheil 29 and a heat shield 30. The 
heat shield 30 fits snugly within the stepped ring 25, 
and the heater shell 29 and metallic body 27 are suspended 
from the shield 30 by a series of fingers 31, one of which 
is shown. The cathode 26 is electrically connected to one 
of the terminal pins 14 by a nickel lead as are the ends of 
the heater wire 28. Aligned with cathode 26 at the op 
posite end of helix 19 is the electron collector 35 in posi 
tion to receive electrons emitted from cathode 26 after 
they have pased through the helix 19. On the opposite 
side of the cathode 26 from the helix 19 and the electron 
collector 35 is a positive ion collector 36 in the form of 
a solid block of nickel, 
The details of cathode 26 may be seen more clearly 

in Fig. 2. The metallic body 27 comprises a pair of re 
cessed cylinders 37 secured together as by welding. The 
recesses form a toroidal cavity 32 within the body 27. 
A sprayed or compressed coating 38 of electron emissive 
material, a mixture of the oxides of barium, calcium and 
strontium, covers the recessed surfaces of the cylinders 
37 forming the cavity 32. As an exit for electrons emitted 
from the enclosed cavity 32, the body 27 includes a cen 
tral aperture 33, which is coaxial with the toroidal cavity 
32, and an annular passage 34 communicating between 
the cavity 32 and the aperture 33. The coating 38 con 
stitutes an electron reservoir of substantial area compared 
with the ultimate emitting orifice, aperture 33 or to the 
annular passage 34 both of which tend to concentrate the 
electron flow. 

Electron emission is achieved when the coating is heated 
by the heater wire 28 and electrons pass through the 
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within said body and disposed about said electron exit 
aperture and communicating therewith, heater means for 
raising said reservoir to electron emission temperature, 
a positive ion collector electrode, and means mounting 
said metallic body, and means mounting said positive ion 
collector electrode in alignment with the aperture in said 
metallic body. 
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