
March 10, 1970 D. L. WINSOR 3,500,110 
NONCURRENT INTERCEPTING ELECTRON BEAM CONTROL ELEMEN 

Filed Aug. 23, 1967 M 3 Sheets-Sheet 1. 

OUTPUT 
A/G M yo 

22? / 
GRID 

CONTROL 

24 
KXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXX 

N XXXX?V7 VA7VYYYYK2XXXXXXXXXXXXXXXXXX SXXX Nº XXXXXXX XXXXXX KXXXX) XXXXX&SR SXXXXXS XXXXX? KO) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXX 

ÉÉSIASAN) N 

//MVVEMV7'OA? 
ADOMVAALAD A. AV/MVSOA? 

ABY Ø ØZ1 
A77OAPMVEy 

    

      

    

  

  



March 10, 1970 D. 1. WINSOR 3,500,110 
NONCURRENT INTERCEPTING ELECTRON BEAM CONTROL ELEMENT 

Filed Aug. 23, 1967 V 3 Sheets-Sheet 2 

/AVVEMV7OAP 
DOWAZALO A. MW/MA/SOA? 

” S. 63 -21 A477OAM/FETY 

  



March 10, 1970 D. L. WINSOR 3,500,110 
NONCURRENT INTERCEPTING ELECTRON BEAM CONTROL ELEMENT 

Filled Aug. 23, l967 3 Sheets-Sheet 3 

25 za ŽFree EØÀ 
A *** KAY Y 22 

| | “e” 2 2 
|||||||| 

//MV/EW7OA? 
MVAALIAD A. MIV/A/SOA? 

BY Ø7. 2Ø2- W 
A77 OAMVEY 

  

      

    

  

  

  



United States Patent Office 3,500,110 
Patented Mar. 10, 1970 

1 

3,500,110 
NONCURRENT INTERCEPTING ELECTRON BEAM 

CONTROL ELEMENT 
Donald L. Winsor, Wakefield, Mass., assignor to Raytheon 
Company, Lexington, Mass., a corporation of Del 
Ware 

Filed Aug. 23, 1967, Ser. No. 662,766 
Int. CI. H01j 25/34 

U.S. C. 315-3.5 5 Claims 

ABSTRACT OF THE DISCLOSURE 
An electron transparent beam control structure includ 

ing a grid electrode and shadow mask of such configura 
tion that substantially ideal registration is attained to pre 
vent any electrons emitted by a cathode electrode from 
impinging on the grid control element and consuming 
power. High perveance high convergence ratio Pierce type 
electron guns utilized in high power electron discharge 
devices are described as a selected illustrative embodiment 
of the invention. 

Background of the invention 
Conventional klystron tubes and traveling wave devices 

having grid controlled electron gun emitters are continu 
ally being required to operate at higher and higher aver 
age power levels, which, in turn, requires substantially 
higher electron beam average power densities. Planar lam 
inar flow type electron guns, as well as other type electron 
guns, may utilize control elements to assist in the modula 
tion of the electron beam. Such elements are disposed in 
close proximity to the electron emitter and may comprise 
a grid-type electrode having an independently variable 
biasing voltage supply connected thereto with, desirably, 
a negative bias with respect to the emitter. When said bias 
is applied no beam current flows. The device is activated 
subsequently by application of a positive voltage to the 
grid electrode of an appropriate waveform, beam current 
flows and the device functions to amplify and produce 
output power. As said grid electrode is made positive in 
potential with respect to the emitting electrode, electrons 
are intercepted by the grid and power is consumed. As the 
grid electrode structure has a finite limit of power capable 
of being tolerated before destruction, the average power 
capability of the electron device is thereby limited. 

Further, present day demands have led to the require 
ment for grid controlled electron beams having a current 
density far greater than the emitter emission densities. To 
achieve this goal the convergent Pierce-type electron beam 
gun has achieved wide usage. In such convergent guns the 
problem of introducing a grid electrode into the structure 
to permit beam modulation is rendered increasingly com 
plex due to a requirement of conforming mechanically to 
electric potential configurations which may differ from 
regularly designed surfaces. Again, the electron flow into 
such grid electrodes often restricts the capabilities of the 
electron device in view of the fact that the grid electrode 
designed parameters cannot tolerate large input powers 
without degrading the optics of the resulting convergent 
electron beam. 

Neutralizing means should desirably be provided ad 
jacent to the electron emitter of the gun to offset the ef 
fects of a positively biased grid electrode element. Such a 
structure is often referred to in the art as a “shadow 
mask” and is biased at the emitter electrode potential. 
Perfect registry or alignment, however, of the mask and 
grid electrode is necessary, particularly in the convergent 
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2 
type gun where the spherical and radial aberrations of the 
electron beam must be carefully considered and the sitting 
of the mask and grid electrode is highly critical. 

Summary of the invention 

In accórdance with the teachings of the present inven 
tion a grid electrode and shadow mask arrangement to 
collectively define a control element is provided in such 
a manner that substantially all electrons emitted from the 
emitter electrode will pass through the control element 
without interception and restriction of the average power 
provided by the electron gun beam. A plurality of dia 
phragm members is rigidly secured together in a struc 
ture taillored to provide the final grid-mask spatial rela 
tionship in the over-all gun assembly. The unitary grid 
electrode and shadow mask assembly is provided with 
precisely aligned radially extending rib elements of any 
desired dimension by means of electrically actuated dis 
charge machining of both the grid and mask element in 
one sequential operation by an accompanying tool bear 
ing the final configuration of the resultant structure. In 
the spherical concave embodiment of a convergent elec 
tron gun, the grid and mask elements have differing curva 
tures of radius oriented to and concentrically disposed 
about a common point. Substantially ideal registry and 
alignment of the grid and shadow mask elements is there 
by provided and biasing the first or mask element at the 
cathode potential permits operation of the grid element 
at a positive potential with negligible electron intercep 
tion. Essentially zero power grid consumption is thus pro 
vided by the subject invention. While concave structures 
are disclosed and described herein, the invention is equally 
applicable to all grid electrode and mask structures of 
other well known configurations. 

Brief description of the drawings 
The invention, as well as the details of the construction 

of a preferred illustrative embodiment, will be readily 
understood after consideration of the following detailed 
description and reference to the accompanying drawings, 
in which: 

FIG. 1 is a diagrammatic representation of a prior art 
traveling wave electron discharge device; 

FIG. 2 is an enlarged partial cross-sectional view of a 
prior art electron gun assembly of the convergent type; 

FIG. 3 is a diagrammatic presentation of the equi 
potential planes and electron trajectories of an illustrative 
high convergence electron gun structure; 

FIG. 4 is a schematic representation illustrative of the 
sitting of the grid and mask electrode elements in the non 
uniform electric field configuration of a convergent elec 
tron gun wherein the 69 as well as the qþ trajectory com 
ponents must be resolved; 

FIGS. 5A and 5B are, respectively, front elevational 
and cross-sectional views of an illustrative grid-mask 
structure in accordance with the present invention; 

FIG. 6 is a schematic view of the reference lines to 
assist in an explanation of the invention; 

FIG. 7 is a cross-sectional view of a component of 
the over-all grid-mask assembly in one of the stages of 
fabrication; 

FIG. 8 is an exploded view illustrative of the method 
of fabricating the illustrative embodiment of the inven 
tion; 

FIG. 9 is a cross-sectional view of the completed ma 
chined grid-mask assembly components in one of the sub 
assembly stages; and 
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FIG. 10 is a perspective view, partially broken away, 
showing the principal elements of the electron gun of 
the present invertion. 

Description of the preferred embodiment 

Referring now to FIG. 1 of the drawings, a Schmatic 
representation of a traveling wave tube embodiment is 
shown and designated 10. A slow wave periodic electro 
magnetic energy propagating structure in the form of a 
helix 12 is aligned along the longitudinal axis of an en 
velope 14. The wave propagating structure may, of 
course, assume any of the well known periodic structure 
configurations such as a ring and bar line, interdigital 
finger delay line, coupled cavity line, or a bifilar helix, 
as desired. The electron beam generation means 16 is 
disposed at one end of the tube envelope to propel and 
direct an electron beam designated collectively by the 
numeral 18. Surrounding the over-all tube envelope is 
the magnetic field producing means 20. A longitudinal 
magnetic field parallel to the path of the electron stream 
is provided by the magnetic means 20 which may com 
prise a permanent magnet or electromagnetic solenoid 
arangement. Microwave energy is coupled into and out of 
the respective ends of the slow wave structure by an input 
transmission line 22 and an output transmission line 24. 
The electron beam generation means 16 comprises an 

emissive cathode member 26 having an internal heater 
coil 28 with conventional leads 30 and 32 extending 
through the tube envelope for connection to an appro 
priate voltage supply. Anode member 34 is disposed in 
the intermediate region between the input end of the slow 
wave periodic structure and the electron beam generation 
means. This member is conventionally provided with a 
sufficiently high positive voltage to accelerate and direct 
the emitted electrons formed in a beam of the desired 
configuration along the interaction path adjacent to the 
slow wave structure. A grid control member 36 is disposed 
in close proximity to the emissive cathode member and 
is suitably biased by a voltage supply 38 connected by 
means of lead 40 to the grid electrode. The supply 38 
may be varied from a negative to a positive biasing poten 
tial with respect to the cathode electrode. A collector elec 
trode 42 is disposed adjacent to the opposing end of the 
envelope and provides a terminal for the electron beam 
traversing the longitudinal axis of the device. 

In FIG. 2 a convergent electron gun assembly 44 is 
disclosed. In this configuration rather substantial thermal 
emission velocities are possible by means of a spherical 
concave emitting surface 46 at the outer end of cathode 
electrode member 48. A heater coil 50 is supported on a 
rod member 52 to indirectly heat the emissive Surface. 
In such electron gun structures an anode member 54 
biased positively with respect to the cathode electrode ad 
jacent to the emitting surface and provided with a central 
aperture 56 conforms and shapes the thermal electrons 
into a beam of reducing diameter represented by the 
numeral 58. 
To focus the beam to the diameter which is smaller 

than the over-all cathode emitting area, a beam-forming 
electrode 60 surrounds the emitting surface. This elec 
trode creates a potential along the edge of the electron 
beam which desirably matches as nearly as possible the 
theoretical potential inside the beam. Ceramic member 62 
supports the beam-forming electrode and inwardly ex 
tending diaphragm or lip 64 assists in exerting the con 
strictive forces on the electron beam. Generally the beam 
forming electrode is biased at the cathode potential by 
the voltage supply means 66 also connected to the anode 
electrode 54. The illustrative electron gun is referred to 
in the art as the Pierce electron gun. Appreciably high 
perveance which is defined as the ratio of total beam cur 
rent to the three halves power of the beam voltage may 
be realized with this structure. Expressed in terms of 
amperes/volts values in the order of 5.9X 10-º may be 
attained. 
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4 
In FIG. 3 a theoretical calculated plot of the electron 

trajectories 68 and equi-potential planes 70 for a high 
convergence electron gun having an emitter Surface 72, 
anode electrode 74 with central aperture 76 and focusing 
element 78 is displayed. The lack of orthogonality is evi 
dent and is nearly always present in an electron gun which 
produces a well behaved resulting electron beam. This 
lack of orthogonal electron flow from the emitter surface 
makes the design and sitting of a nonelectron intercepting 
grid, other than as described herein, most difficult. The 
foregoing discussion points up the problems associated 
with the placement of a grid control element in close 
proximity to the emitter surface. FIG. 4, reference nu 
merals relating to similar structure shown in FIG. 3 be 
ing similarly numbered, will now be referred to. Along 
the beam axis 80 the radius 82 and symbol r indicates the 
radius of the emitter surface 72 from a focal point along 
the electron beam axis 80. A honeycomb grid electrode 
disposed adjacent to the emitter surface illustratively com 
prising elements may utilize such elements provided in 
the qþ plane 86 as well as the 69 plane 88. To achieve an 
ideal electron trajectory indicated by the dotted line 90 
without any interception of the electron by the grid elle 
ments, a mask 92 would be required in an offsetting rela 
tionship to neutralize the force of the grid potential. Any 
grid-mask structure, therefore, will require complex call 
culations of the spatial relationship and each gun would 
have to be carefully individually taillored. The problem is 
further amplified by the fact that the critical spatial 
orientations must be maintained at the elevated tempera 
tures at which the electron gun is conventionally oper 
ated. To achieve a practical grid electrode and mask 
structure the present invention teaches the provision of 
a substantially perfect registration of the grid-mask elle 
ments utilizing solely the çpi directed elements which leads 
to the provision of a unitary structure in a spherical con 
cave embodiment having a bursting sunrise effect when 
viewed in a front elevation. 

Referring now to FIGS. 5A and 5B, a grid-mask as 
sembly comprises two juxtapositioned diaphragms 94 and 
96 having pie-shaped segmented openings 98 in each of 
the concave surfaces. Between each of the piece-shaped 
openings a radially extending rib element 100 is defined. 
Further, an aperture 102 may be provided in the com 
posite grid-mask assembly through the technicque of 
fabrication. FIG. 6 explains the orientation of the rib 
elements with respect to the beam axis 80 and the spheri 
cal configuration along the plane referred to by the 
symbol qp and numeral 86 will be evident. The orthogonal 
axis 88 would have no grid elements disposed therealong. 

In FIG. 7 an exemplary structure of solid diaphragm 
members 104 and 106 of a high temperature resistant 
metal such as, for example, molybdenum, is maintained 
in the desired shape during the forming operation to 
provide the spherical concave surface by member 108 of 
a relatively softer metal such as copper sandwiched be 
tween the diaphragms. 

Other techniques for providing the desired grid-mask 
configuration prior to the fabrication of final assembly 
having the radial rib elements and segmented openings 
will be course be readily apparent to those skilled in 
the art. An example would be a stamping and die opera 
tion with careful control of the registry of the com 
ponent parts. With the spherical concave embodiments 
differing curvatures of radius along the spherical sur 
faces will result since both members 104, the grid blank, 
and 106, the mask blank, have a common axis about 
which they are concentrically disposed. It is important 
in the teachings of the invention to bear in mind that 
throughout the manufacturing operation the uniform 
spatial relationship between the grid and mask be rigidly 
maintained by processing these components as an integral 
subassembly of the final over-all electron gun structure 
as will now be described. 

In FIG. 8 the components of a suggested method of 
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processing are illustrated. After shaping, the substantially 
rigid concave metallic diaphragms 104 and 106 are per 
manently secured, illustratively by brazing, to a cylindri 
cal support member 112 which forms a permanent part 
of the over-all electron gun assembly. A space 110 be 
tween the diaphragms is maintained by ceramic spacers 
117. A portion of the reentrant passageway 114 is utilized 
in the final assembly as the beam-forming electrode. To 
this end a circular lip member, not shown for the sake 
of clarity in the explanation of the present invention, 
would be secured to the outer planar surface 115 ad 
jacent the end of the passageway 114 by the similar 
technique of brazing. The diaphragm members are joined 
within a recessed portion 116 disposed adjaceht to the 
opposing end of the support member 112 and ceramic 
spacer members 117 and 118 form an integral part of 
this sub-assembly for providing electrical isolation of the 
grid members from the cathode member. In addition, an 
annular member 120 secures the lower diaphragma mem 
ber 106 or what eventually will be considered the mask 
electrode in position. It is therefore evident that with 
the diaphragm members securely positioned and the fact 
that they are fabricated of a rather rigid metal such as 
molybdenum, it is now permissible to fabricate the di 
aphragm members as an integral unitary body to secure 
the final grid-mask structure illustrated in FIGS. 5A and 
5B. 
One method of fabricating the grid-mask components 

is the so-called electricai discharge machine or method 
which provides a highly intense arc to erode any metal 
disposed underneath the directed arc. In the practice of 
the invention, therefore, a tool or arc element 122 is 
provided with radially disposed notches 124 together 
with raised pie-shaped segmented portions 126 disposed 
therebetween. The notches 124 eventually define the rib 
elements 100, and the portions 126 provide for the ero 
sion of the pie-shaped segments 98 between the respective 
radial rib elements. In an exemplary electrical discharge 
machine available commercially under the name Elox, a 
registered trade name, the tool element is a carbon com 
position and oil is disposed between this element and the 
component to be machined to provide for transmission of 
the high intense electrical arc. Travel of the tool elle 
ment 122 in the direction indicated by the arrow 128 will 
cause the erosion of, successively, the diaphragm mem 
bers 104 and 106 to thereby result in the desired grid 
electrode member 94 and the mask member 96. 

Referring now to FIGS. 9 and 10 a still further evolu 
tion in the manufacture of the electron gun assembly in 
accordance with the practice of the present invention is 
noted. The subassembly heretofore described with refer 
ence to FIG. 8 has now been modified by the provision 
of the grid and mask elements 94 and 96 respectively, 
together with the central aperture 102 and rib elements 
100. The subassembly designated generally by the num 
eral 130 has a further collar member 132 affixed to the 
shoulder 134 defined in the support member 112. In 
this illustration the cathode support member 136 having 
a passageway 138 defining a separate shoulder portion 
140 and flange 142 is joined to the subassembly 130. 
Within passageway 138 the cathode electron emitter to 
gether with a heater coil is supported having a shape and 
construction closely sirnilar to that shown in FIG. 2 and 
designated by numerals 46, 48, 50 and 52. Voltage bias 
ing connections may be affixed to the member 136 at 
the cathode potential. The mask element 96 may also be 
biased at this potential. Grid electrode 94 is preferably 
biased through support member 112 at the slightly posi 
tive potential relative to the cathode for optimum con 
Vergence. 

In accordance with the invention then substantially 
perfect alignment and registry may be assured in each 
structure by the simultaneous processing of the grid and 
mask elements as a common unitary unit. The teachings 
are equally applicable to any and all configurations of the 
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6 
grid and shadow mask elements including planar and cir 
cular as well as hollow beam electron guns. The trans 
parency provided by the prevention of interception of 
electrons by the grid has now made possible grid con 
trol of electron beams of exceedingly high current den 
sities having many kilowatts of average power. It will 
be evident to those skilled in the art that numerous 
modifications, alterations or variations may be practiced 
in the embodiments herein described. Accordingly, it is 
intended that any such modified embodiments be included 
within the scope and tenor of the invention as defined in 
the accompanying claims. 
What is claimed is: 
1. An electron gun assembly comprising: 
an electron emissive cathode electrode for generating and 

projecting a converging beam of electrons along a 
predetermined axis; 

a control electrode disposed along said axis in spaced 
apart relationship from said cathode electrode; 

said control electrode defining a plurality of grid elle 
ments oriented in a predetermined manner; 

a masking i electrode intermediately disposed between 
said cathode and control electrodes and defining grid 
elements conforming to and in substantially identi 
cal registry with the elements in said control elec 
trode; 

said masking electrode being electrically biased at said 
cathode electrode potential. 

2. Af electron gun assembly according to claim 1 
wherein said grid elements comprise a plurality of sub 
stantially rigid radially converging conductive members 
terminating in an apertured apex portion. 

3. An electron gun assembly according to claim 1 
wherein said control and second electrodes are of a sub 
stantially concave spherical configuration. 

4. A traveling wave type electron discharge device 
comprising: 
an envelope; 
a periodic slow wave electromagnetic propagating struc 

ture disposed along the longitudinal axis of said en 
velope; 

a high perveance high convergence ratio electron gun 
for producing a converging beam of electrons directed 
along the envelope axis adjacent to said slow wave 
structure; 

said electron gun comprising an electrically biased elec 
tron emitting member; 

a conductive masking member of spherical concave con 
figuration positioned anterior to said emitting member 
and biased at a substantially similar electric potential 
as said electron gun; 

said conductive masking member defining a plurality 
of radially disposed metallic elements with openings 
therebetween for passage of emitted electrons; 

a grid control electrode of substantially identical con 
figuration and positioned anterior to said conductive 
masking member and defining a plurality of sub 
stantially identical metallic elements in register with 
the underlying elements; 

and input and output means for coupling electromag 
netic energy to said slow wave structure for inter 
action with said electron beam. 

5. In a high perveance high convergence ratio electron 
gun assembly adapted to produce a converging electron 
beam having an electron emissive surface, means for 
directing and projecting emitted electrons along a prede 
termined path comprising: 

first and second conductive members of spherical con 
cave configuration spaced apart a rigidly maintained 
uniform dimension and disposed with said first mem 
ber nearest to said emissive surface; 

said conductive members defining substantially identical 
grid elements with apertures therebetween for pas 
sage of electrons; 

and means for electrically biasing the first conductive 
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member at a potential whereby said second conduc 
tive member is substantially prevented from inter 
cepting beam current from the emitting surface. 
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