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6 Claims. 

This invention relates to electron discharge 
devices and has for its object to provide im 
proved electron discharge devices of the grid 
Controlled type which have incorporated in them 
a SeCOndary emission amplifier Stage and which 
have high mutual conductance. 
One object of the invention is to provide a 

grid Controlled thermionictube of the secondary 
emission amplifier type which is of maximum 
eficiency and is so constructed that all the pri 
mary electrons which pass throughthe grid con 
trol System strike the multiplying electrode. 
Another object is to provide such a tube in 

which the output anode is in effect so close to 
the multiplying electrode that space charge ef 
fects do not prevent utilization of the full Sec 
ondary emission, and all the primary electrons 
proceed to the multiplying electrode which in 
use is at a considerably lower potential than the 
Output anode. - 

A further object is to provide Such a tube in 
which the multiplying electrode has a reason? 
ably long life even when the thermionic Cathode 
is of the barium activated type. 
According to the invention an electron dis? 

Charge device in which the electron stream to the 
Output anode is a Secondary electronstream emit? 
ted by an electron multiplying electrode which 
is bombarded by electrons from a primary cath 
Ode has a grid-like output electrode or anode 
interposed between the primary Cathode and the 
multiplying electrode, and another similar grid 
like electrode interposed between the output 
anode and the primary Cathode?the output anode 
and Said other grid-like electrode acting as partS 
ofan electron lens System to directelectrons from 
the primary cathode through the apertures of 
the two grid-like electrodes to the multiplying 
electrode the Secondary electrons from which are 
collected by the Output anode. 
For a better understanding of the invention, 

reference is made to the acCompanying draW 
ingS, which illustrate Some embodiments of the 
invention and in which Figure 1 is a Cross-Sec 
tion through the electrode System of one exam 
ple of the invention: Figure 2 a Side view of 
the electrode assembly partly broken away to 
Show details of construction; Figure 3 an en 
larged fragmentary view indicating diagram? 
matically the flow of electrons; Figure 4 a simi 
1ar view to indicate the electron flow when the 
1ens grid emitS Secondary electrons; Figure 5 
a croSS-Section of a form of tube with a barium 
activated cath0de; and Figure 6 a side elevation 
of a tube Constructed as Shown in Figure 5. 

(Cl.250-174) 
Referring to the accompanying drawings the 

tube Shown in Figures 1 and 2 has an evacuated 
bulb l enclosing an electrode assembly compris 
inga central rectilinear and preferablyflattened 
Cathode 3 which may be directly or indirectly 
heated and is positioned symmetrically within a 
closely adjacent control grid 4, preferably in the 
form of a flattened ellipse with two large grid 
rods or Supports positioned in the plane of the 
Cathode Symmetrically surrounding the con 
trol grid is a Similarattenedelliptical screen grid 
6 preferably also with its supports Tin the com 
mon plane of the Cathode and of the Control 
grid Supports Placed Symmetrically about the 
Cathode and OutWardly of the screen grid is a 
duplex lens grid Comprising a pair of unipoten 
tial lens grids 8?9, which are of very open mesh 
and which preferably consist of spaced recti 
linear rods p0Sitioned parallel to the longitudi? 
nal axis of the Cathode andelectrically connected 
together Outwardly of the duplex lensgrid and 
again Symmetrically arranged with respect tc 
the Cathode is a duplex output anode compris 
ing a pair of unipotential grids {0, 1, which are 
Similar to the lens grids 8 and 9 and which have 
their Conductors and apertures aligned with the 
CorreSponding Conductors and apertures of the 
lens gridS OutWardly of the output anode grids 
and again SymmetriCally arranged with reSpect 
to the Cathode is a duplex multiplying electrode, 
COmprising a pair of Secondary electron emitters 
or multiplying electrodes ?2 connected together, 
each emitter being in the form of a metal plate 
SenSitized On the face toward the Cathode in 
Some known manner to have high secondary 3 
electron emissivity and preferably provided with 
bent back cooling finS I3. These multiplying 
electrodes may for example be of copper, with 
their SurfaCeS Oxidized and SenSitized With 
CaeSiurn, aS Such eleCtrodes are found to be SOrne? 
what more robust than the Caesium-on-Silver 
type of multiplying electrode though the 
CaeSium-on-Silver type may be uSed?if desired. 
The enlarged Schematic view in Figure 3 bes? 

Shows the alignment of the lens grids and the 
Output grids, as each Wire Or rod 10 and f I Of 
each anode grid lies directly behind a Corre? 
sponding wire or rod 8 and 9 of the adjacent 
lenS grid SO that a line drawn through One rod 
in an anode grid and the CorreSponding rod in 
the adjacent lens grid will run normal to the 
emissive Surface of the adjacent multiplying 
electrode 12 and to the Operative faces of the 
SCreen and control grids which are not Shown in 
this figure. 
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Preferably a shieIdelectrode is mounted adia? 

cent the screen grid to help form the electron 
discharge into two opposltely extending beams. 
meshieidelectrode may forexample comprise 
a pair of trough Hke sheet metal members.?4 
mounted at the ends of the screen grld near the 
grid rods 7, with the open sldes of these troughs 
facing the screen grld and the sldes of the 
troughs projectingslightly beyond the grld rods, 
which,asaresult areinefectinsidethetroughs. 
In use the opentrough-like electrodes l4 act as 
beam shaping electrodes to constrain electrons" 
from the primary cathode into two lateral pha? 
1anxes which pass in turn through the control 
grids the screen grlds the lens grlds and the 
anode grlds to the multiplying electrodes where 
several secondary electrons are released for one 
Drimary electron and return to the anode grids 
which constitute the output anode. - 
A convenient operating potential for the lens 

grlds is that of the screen gridto which they may 
be connected, either outslde or inside the tube. 
In use when suitable potentials are applied to the 
various electrodes most of the primary electrons 
in their outward courses from the cathode pass 
through the interstices of the lens and anode 
grids, without touching the grld conductors and 
go to the multiplying electrode surfaces as in 
dicatedin Figure3,in which the broken lines with 
arrow heads represent primary electrons paths, 
the ful11ines witharrow heads represent Second? 
aryelectron paths and the dotted lines represent 
in the conventional manner equipotential lines 
and the chain lines represent in conventional 
manner lines of force. - 
External connection to the control electrode is 

preferablymadethrough one end of the envelope 
opposite to that at which connection to the out? 
put anode is taken out and if desired an elec 
trostatic screen may be provided across the elec? 
trode system at the end where the control grid 
1ead istaken out in order to minimize capacity 
feed back efects. 
With the constructions illustrated and de? 

scribed, most of the primary electrons will in 
each case, pass through the lens grid to the mul? 
tiplier electrode but some primary electrons will 
impinge on the lens grid itself If this lens grid 
ismade of nickel, most of the impinging electrons 
will be lost because of the high surface work 
function of this metal It is in some.cases de 
sirable to make the lens grids of a high second 
ary electron emissivity; for example by making 
the lens grids of silver or copper oxidized on the 

5 surface?and coated with caesium The result is a 
substantial increase of eficiency an imprOVe? 
ment of es much as 20-25% in mutual Conduct? 
ance. The way in…which the improvement is Ob? 
tained will best be seen from the acCompanying 
Figure 4, in which the same reference numerals 
and electron path Conventions are used as are 
employedin Figure3 it beingassumed however, 
that in Figure 4 the lens grid is Secondary elec? 
tron emissive The electron paths (r) at the 
bottom of Figure 4 represent the Case where a 
primary electron passes through the lens grid as 
will occur in the majority of Cases; and the paths 
(y) and (2) represent two Cases where a primary 
electron impinges on the lens grid As will be 
seen, in neither case does such impingement rep? 
resent loss?for in case (y) secondaries are emitted 
and pass direct to the output anode grid 10 and Il, 
while in case (2) secondaries are emitted which 
pass to the multiplier electrode surface 12 where 

2,164,892 
still more secondaries are emitted and pass back 
to the output grld ?? and I ?? 
The conventional Cathode is Coated with oxides 

of barium and strontium, and is therefore barl 
um activated It has been found that in a tube 
made as above described and having a barium 
activated cathode there is atendency after con 
siderable use, such as for 100 hourg or more, for 
the performance to drop away as Compared to 
what it was initially This tendency seems to be 
caused by a diminution of the 8econdary emission 
ratio of the multiplying electrodes 12, apparently 
due to deposition of barium atoms from the bari 
um activated thermionic cathode upon the multl 
plying electrodes 12. In accordance with the in? 
Vention,the primary electron stream from 8 barl? 
um activated or similar primary cathode liable to 
emit atoms when inuse and multiplied by second? 
ary electron emission at a multiplier electrode is 
caused preferably by a magnetic field to follow 
electron paths which are curved instead of rec? 
tilinear and the multipller electrode is so posl 
tioned that it recelves electrons following the 
Curved paths but is out of the paths of particles 
Or barium atoms ejected from the cathode, for 
the paths of such particles will be substantially 
rectilinear and unaffected by the magnetic field. 

Figures 5 and 6 of the accompanying drawings 
illustrate an embodiment of the invention as ap 
plied to a tube in which the primary electron 
streams follow curved paths. In the tube shown 
in these Figures the envelope I has the usual 
dome top 2, and encloses an electrode assembly 
Comprising a rectilinear thermlonic barium acti? 
Vated cathode 3?surrounded by a flattened ellip 
tical control grid 4 having large support rods 5, 
.the control grld being closely surrounded by a 
Similar Screen grid 6 with Support rods I. Out? 
Wardly of the opposite ends of the screen grid 6 
are two Symmetrically positioned anode groups 
Consisting of the lensgrids 8,9, associated anode 
grids 10 and II, and the emitter ormultiplying 
electrodes 12, arranged as shown, the surfaces of 
the emitters being preferably of the complex 
Caesiated type Each anode group, consisting of 
a lens grid Output anode, and an emitter, all 
parallel to one another, is set edge on to the 
Cathode and is behind a grid rod 5 which shields 
the anode group from particles emanating from 
the Cathode and following straight paths away 
from the Cathode The discharge from the cath 
ode is formed by the grid rods 5 into two beams 
which leave the cathode in opposite directions 
perpendicular to the plane of the grid rods and 
the anode groups. These beams are straight as 
they leave the Cathode and must be bent so asto 
follow a curved or semi-circular path if they are 
to reach the anode groups In order to bend the 
beams and thus direct the discharge to the anode 
groups two curved sheet metal accelerating elec 
trodes 15 and i6 are positioned parallel to the 
1ength Of the Cathode with their Concave Surface 
toward the Cathode and the anode groups. When 
these accelerating electrodes are maintained at 
a potential positive with reference to the cathode 
as, for example, when they are connected to the 
Screen grid, they will?in Conjunction with a mag? 
netic field extending through the tube parallel 
to the length of the cathode, Cause the discharge 
to follow paths which Curve around the Cathode, 
as indicatedinthe drawings sothat the discharge 
reaches the anode groups and passes through the 
lens grld and anode grid of each group in the 
same way as indicatedin Figure 3. 
An internalscreen II may be provided to assist 
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in electrostatically screening the control grid 
Circuit and preferablythis screen isa sheet metal 
Cylinder close tothe wall ofthe dome ofthe bulb 
and Connected to the screen grid The screenis 
in effect Continued outside the envelope by be 
ing brought close to the envelope wall opposite 
an externalshield 18 ofmetal orsome othergood 
conduction material This external shield may 
Conveniently be formed with cheeks as shown, 
and uSed as the bobbin for a coil 19 which inuse 
is energized from some suitable D.C. source to 
produce a magnetic field which extends through 
the tube lengthwise of the cathode With this 
Construction, barium atoms evaporated from the 
Cathode 3 do not strike the sensitized emitters 
12 as appears from Figure5?in which the curved 
broken lines with arrow heads represent primary 
electron paths the short full lines with arrow 
heads extending from the emitters 12 represent 
SeCOndary electron paths, and the straight chain 
lines with arrow heads represent cathode par? 
ticle or barium atom paths. The particles or 
barium atoms move in straight lines from the 
Cathode and fall upon the electrodes I5 which 
extend across the paths of these particles. The 
electrodes I5 and 16 are maintained at any suit 
able positive potential and may conveniently be 
at SCreen grid potential, as illustrated in the 
drawings. 
I claim: 
1?An electron discharge device comprising a 

thermionic Cathode, a secondary electron emitter 
having a high coefficient of secondary electron 
emission, means for producing a modulated pri? 
mary electron stream from Said Cathode to said 
emitter a grid-like output anode between said 
Cathode and Said enaitter and extending across 
the path of Said electron stream to said emitter, 
and an electron lens grid Similar to said output 
anode mounted between Said output anode and 
Said Cathode with its conductors and apertures 
aligned along the path of said electron stream 
with the corresponding Conductors and aper 
tures of Said output anode to cooperate with said 
Output anode as part of an electron lens System 
for directing the electron stream from said cath 
ode through the apertures of Said grid-like elec 
trodes to said emitter. 
2 An electron discharge device as defined in 

clain 1 in which the means for producing a mod 
ulated primary electron stream comprises a con? 
trol grid surrounding the cathode a screen grid 
Surrounding the Control grld, and a pair of elon 
gated shield electrodes positioned parallelto and 
on Opposite Sides of the Cathode and near the 
Screen grid. - 

3 
3?An electron discharge device as defined in 

claim 1 and comprising an elliptical control grid 
and an elliptical SCreen grid concentric with said 
Cathode and a pair ofelongatedshieldelectrodes 
of trough-like form mounted parallelto and on 
Opposite Sides of Said cathode to overlapand par 
tially enclose the opposite ends of the screengrid. 
4?An electron discharge device comprising a 

rectilinear oxide coated thermionic cathode, 
means for concentrating the electron discharge 
from said cathode into aradial beam a secondary 
electron emitter having high secondary electron 
emissivity mounted out of radial alignment with 
the portion of the beam at said cathode a grid 
like output anode mounted in front of said 
emitter means for producing a magnetic field 
parallel to the length of said cathode for curving 
Said beam about said cathode and directing said 
beam through said anode tosaid secondary elec 
tron emitter and a lens grid electrode similar to 
said grid-like output anode mounted in front of 
Said output anode with its Conductors and aper 
tures aligned along the path of sald beam with 
the corresponding conductors and apertures of 
Said grid-like output anode. 
5?An electron discharge device comprising an 

eVacuated glass bulb enclosing a rectilinear ox 
ide Coated cathode a control grid and a tubular 
SCreen grid Surroundingsaid Cathode one of said 
grids having a Support rod parallel to the length 
of Said Cathode a fiat Secondary electron emit 
ter of high Secondary electron emissivitymounted 
With its edge toWard and parallel to the longitu 
dinal axis of said Cathode and behind said grid 
rod a Curved Sheet inetal accelerating electrode 
With its ConCaVe surface parallel to and facing 
Said Cathode and saidemitter and extending from 
near sald cathode to the vicinity of Said emitter 
to direct the electron discharge to Said emitter 
along a path curved around Said Cathode, and 
means for producing a magnetic field which eX 
tends through the discharge Space of Said device 
in a direction substantially parallel to the length 
of Said Cathode. 

6. An electron discharge device as defined in 
claim 5 in which the screen grid Carries a sheet 
metal cylinder with its Wall close to the Wall of 
the bulb, an external metallic shield surrounds 
the bulb and has at one end a hole with its edges 
adjacent and aligned with Said metal cylinder, 
and a coil is wound on said Shield to generate a 
magnetic fieldsubstantially parallel to the length 
of Said Cathode. 

GEORGE BALDWIN BANKS. 
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