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1. 
This invention relates to grid-controlled elec 

tron tubes and more particularly it relates to the 
tubes of the multi-grid category. 
Aprincipal object of the invention is to provide 

a grid-controlled electron tube having a novel 

18 Claims. (C1. 250-2.5) 

grid construction and arrangement for improving 
certain operating characteristics of the tube. 
Another object is to provide a grid-controlled 

electron tube with improved plate current cutoff 
characteristics. 
Another object is to provide a multi-grid ar 

rangement having uniformity of potential along 
the effective control area of one of the control 
grids. 
A feature of the invention relates to a multi 

grid electron tube having a series of grids which 
are serially traversed by the emitted electrons, at 
least one of the grids having a special configura 
tion and orientation with respect to the cathode 20 
So as to reduce the disturbing effects of electronic 
back-coupling between the grids. 

In the great majority of grid-controlled elec 
tron tubes, because of the asymmetry of the vari 
ous electrodes, the plate current cutoff is far from 
uniform and causes an objectionable trailing 
plate current-grid voltage characteristic. This 
is particularly true of those tubes with oval or 
elliptical grids, or flat grids with round plates, or 
flat grids with a round cathode, and the like. 
Another feature relates to an electron tube 

having a novel grid construction such that the 
electrons from a suitably located cathode ap 
proach the grid wires at a substantially uniform 
angle. As a result, it is possible to design a tube 
so that it possesses substantially uniform plate 
current cutoff characteristic along the effective 
length of the grid wires. 
A further feature relates to an electron tube 

having a cathode, an anode, and an auxiliary col 
lector electrode, as well as a grid located between 
the cathode and anode and having its effective 
control area, in the configuration of an arc of a 
logarithmic spiral whereby a substantial number 
of electrons which are reflected or repelled from 
the grid wires follow trajectories directed towards 
said auxiliary collector. 
A further feature relates to the novel organiza 

tion, arrangement and relative location of parts 
which cooperate to provide an improved frequen 
cy converter tube of the multi-grid type. 
Other features and advantages not specifically 

enumerated will be apparent after a consideration 
of the following detailed descriptions and the 
appended claims. . . . . . . . 
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2 
In the drawing which represents certain typical 

embodiments, 
Fig. 1 is a diagrammatic plan view of a tube 

embodying the electrode arrangement according 
to the invention. 

Figs. 2, 3, 4 and 5 are respective modifications 
of Fig. 1. - 

Fig. 6 is a composite schematic-wiring diagran 
showing one manner of using tubes of Figs. 1 to 5. 

Fig. 7 is a composite schematic wiring diagram 
of a further modification of the invention. 

Fig. 8 is a diagrammatic plan view of a still 
further modification. 

Fig. 9 is a plan view of a modification of the 
grid structure according to the invention. 

Fig. 10 is a front elevation of Fig. 9. ... . . . 
Fig. 11 represents a still further modification 

of the grid structure according to the invention. 
Fig. 12 is a front elevation of Fig. 11. 
While the inventive concept is capable of emi 

bodiment in a wide variety of tubes, it is particu 
larly useful in so-called frequency converter or 
mixer tubes such as those of the electronically 
coupled oscillator type. It will be understood 
however, that the invention can be embodied in 
any tube construction where the problem of re 
flected or repelled electrons is present, which 
electrons if not suitably directed, will interfere 
with the desired operational characteristics of 
the tube. The invention is also useful in any 
tube where a substantially uniform plate current 
cutoff characteristic for a signal excited control 
grid is required. It will be understood therefore, 
in illustrating the invention in a frequency con 
verter or mixer tube that this is done merely for 
purposes of explanation and not by way of limita 
tion. . . . 

Referring to Fig. 1, there is shown in diagram 
matic plan view a tube embodying certain fea 
tures of the invention, and wherein the numeral 
represents any suitable evacuated enclosing bulb 

or envelope within which the various electrodes 
are suitably mounted and held in proper spaced 
relation by any of the expedients well-known 
in the electron tube art. For simplicity of ex 
planation, each of the grid electrodes is shown 
schematically in the drawing by a dotted line 
which, however, is intended to represent any 
well-known foraminous grid structure comprising 
for example, one or more parallel side rods or 
uprights for each grid, and between which ex 
tend the so-called spaced laterals or grid wires. 
The grids may be formed by helically winding the 
fine wire laterals around a pair of side rods to 
which the helical turns are suitably fastened, 
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although other methods of forming the grids may 
be employed. - 
The electrode arrangement includes an elec 

tron-emitting cathode 2, which may be of any 
well-known type preferably, although not nec 
essarily, a linear cathode as represented by the 
usual indirectly heated cathode. This type of 
cathode comprises a tubular metal sleeve ex 
teriorly coated with eiectron-emissive material 
and provided internally with an insulated heater. 
It will be understood however, that cathode 2 
may be in the form of a substantially straight 
coated flament. - - - successively surrounding the cathode 2 are 
grids 3, 4, 5, 6 and 7, and an anode or:plate:8. 
The respective grids 3 to have corresponding 
pairs of side rods 9-0, I-2, 3-4, 5-6, 
f-f 8; the anode or plate. 8 is provided with suit 
able supports (not shown). 
may be mounted on a common header or stem 
which is sealed Vacuun-tight into the envelepe 

All the electrodes 

5. 

:-sitable positive potential. 

4. 
ferent from 90 degrees. Consequently, the ma 
jority of these electrons will be reflected from 
grid 5 over different trajectories from their ap 
proach trajectories. Therefore, by suitable 
spacing of grids 4 and 5, these reflected or re 
pelled electrons can be directed towards a region 
which is outside the boundary of grid 4. Two 
typical reflected electron trajectories are shown 
in Fig. 1. In order to prevent these electrons 
:eventually reaching the control grid 3, a baffle 
plate, collector. plate or shield 9 can be mounted 
adjacent one end of grid 4 and connected to a 

If desired, the baffle 
$9 ean be attached to the side rod of grid 4. 
In order: that the grid 5 may surround the 

cathode 2 and be. Symmetrical over its effective 
area, the grid laterals may be wound to a some 

20 

f, it being understood that suitable lead-in wires 
£oanect to the respective 
kaOWE): aanner. - 
When the tube of - . . . . . 

queney converter or mixer tube, the electrodes 

electrodes in the well 

2, 3 and 4 are connected as shown for example 
in Fig.6 to function as a local feed-back os 
cillator, whereih.grid 3 acts as the oscillator con 
trel grid and the anode-grid 4 acts as the os 
cillator-plate electrode. The grid. 5 acts as the 
seeond control or medulating grid, while a grid 
6 acts as a shield grid, and grid i acts as a sup 
pressor grid. In the well-known manner, the 
electrons from the actual cathode 2 which 
emerge through the openings of grid 4 fall in a 
retarding field, and may form a potential mini 
alim-er even sometimes a virtual cathode-be 
tween grids 4 and 5. On the one hand some of 
these electrons will travel between the grid lat 
erals of grid 5 and thenee between the grid later 
als of grids. 6 and to the plate 8, the number 
of electrons reaching plate 8, beings controlled 
by the signal potentials applied to grid: 5. On 
the other hands and provided grid. 5 is net ef 
feetively negative, some of the electrons which 
energe through grid 4 will strike the laterals 

Fig. 1 is to be used as a fre 25 

what cardioidal shape wherein the effective con 
trol portions 2 and 2 are each in the configura 
tion substantially of a logarithmic spiral arc. 
In order that the side rods 3, 4, may be sym 
metrical en each side of the cathode, the left 
hand portion 22 of the grid laterals can be formed 
to any suitable shape to meet, and to be fastened 
to, the side rod 3. Likewise, the right-hand 
Sections 23 can be formed so as to be attachable 
to the side rod 4. . . Fig. 2 shows an arrangement similar to that 
of Fig. 1 but with a slightly different configura 

30. tion of grid 5. The parts of Fig. 2 which are 
functionally the same as those of Fig. 1 bear the 

... faire designation numerals. In Fig. 2 the effec 

35 

45 

of grid S. Conyersely when the potential ef grid 
5. Swings towards the negative direction, it also 

es: a certain number of approaching: elec 
is to ehange their trajectories. With the tis 

... siderable number of these electrons which ap 
*::preach the grid laterals of grid 5 will be reflected 

er repelled back oyer practically, the same tra 
jeeteries as their trajectories of approach. -Con 
sequently, a percentage of these electrons may 
retra through the openings of grid 4 and reach 
the control: grid 3. This results in thdesirable 
electionic back-coupling between the control 
grids, 3 and 5. Fhis phenomenon is accentuated 
if the frequency of the signals applied to grid. 5 
are: S0, high that their periodicity is comparative 
ky-low in relation to the transit time of the elec 
trans returning from grid 5. In order to reduce 
to a snaall pereentage the number of these re 
flected or repelled electrons from arriving at grid 

50. 

eval or eiteular construction of grid 5, a con 

tive control portions 20 and 2 of grid 5 are each 
respectively in the configuration of arcs of log 
arithmic spirals, whereas the portion 24 may be 
slabstantially a circular arc. 
The constructions shown in Figs. 1 and 2 pro 

vide an arrangement wherein all the grid side 
rads can be mounted in the same plane but the 
win diags of grid 5 are unsynnetrical with rela 
tion to the surrounding circular electrodes 6, 7 
and 8. - Fig 3 shows a construction wherein the 
grid windings of grid 5 are symmetrical both 
With respect to cathode 2 and to the remaining 
electrodes. In this embodiment, the grid sec 
tiens 28 and 2- are curved to the shape of arcs 
of logarithmic spirals, while the sections 25 and 
2S are of different shape. The sections 25 and 
26 may also be of logarithmic spiral arc configu 
ration having a curvature so that the points 27, 
28, are symmetrical with respect to cathode 2. 
In general, the grid 5 (Fig. 3) is somewhat in 

55 
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3, the grid 5 according to the invention is curved 
S0 that its effective-control area that is traversed 
by the electron streams from cathode 2, is in the 
configuration of an arc of a logarithmic spiral. 
With such a configuration of grid. 5, the eleet Fons 

the configuration of an irregular oval but with 
the effective control portions 20, 2 f, having the 
curvature substantially of a logarithmic spiral 
are. In this embodiment the grid side rods 3 
and 4 are located in a plane which is roughly 
45 degrees with respect to the plane of the re 
maining grid side rods. -- - 

In addition to reducing the number of electrons 
which tead to be reflected from grid 5 to grid 3, 
the logarithmic spiral arc grid has the important 
added advantage of providing a more uniform 
plate-current cutoff characteristic for the control 
grid 5. In anaay... cases it is highly desirable to 
make sure that the effective potential around the 
periphery of grid 5 be substantially uniform at 
least at one value of the grid 5 potential such as, 
for example, the plate current cutoff potential. 
One manner of achieving this result is shown in 
Fig. 4 wherein the parts which are similar to 

liwhich are radially emitted from cathode 2 all approach the laterals of grid 5 at a substantially 
uniform angle which however is materially dif 

those of Fig. 1 bear the same designation nu 
meral. In this embodiment, the grid G is of sub 
stantially the same configuration as grid. 5, so 
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that it is substantially equidistant from grid 5, at 
least along the corresponding effective: control 
areas 2C and 2. If the elements 2, 3 and 4-are of 
sufficiently. Small peripheral size as compared 
with grid 5, the equi-distancing of grids 5 and 6 
results in a close approximation of uniform effec 
tive potential on the cathode side of grid 5. In 
order to increase further this uniformity, one or 
more of the remaining electrodes 6, 7, 8, can be 
equally spaced from 5. In any event; by well 
known theory, and by appropriate shaping and 
spacing of grid 6 with respect to grid 5, the effec 
tive potential of grid G can be made to insure a 
substantially uniform equivalent potential along 
the periphery of grid 5. Thus, as shown in Fig. 
5, the grid 6 is unequally spaced from grid 5 and 
this spacing is designed so that the potentials of 
grid 6 and grid 5 result in the desired uniform 
equivalent potential along grid 5. In general, 
the grid 6 will approximate a logarithmic spiral 
arc in the effective regions: 20, 2, although the 
Origins of the spiral arc curvature of sections 2, 
2, of grid 6, may be displaced laterally with re 
spect to the origins of the spiral arc curvatures of 
the corresponding sections of grid 5. 
- This uniform equivalent potential character 
istic of the logarithmic arc Spiral grid is not linit 
ed to a frequency, converter or nixer tube. For 
example, there is shown schematically in Fig. 7, 
a tube of the pentode type wherein the cathode 
29, shield grid 30, suppressor grid 3 and anode 
32 may be of conventional design. However, the 
control grid 33 has its effective control area in 
the form of one or more arcs of a logarithmic 
spiral. Fig. 7...is of course structurally schematic 
and the electrodes 30, 3, 32 and 33, may sur 
round the cathode 29 as shown in any of the 
embodiments of FigS. 1 to 5. 
- While the greatest advantages are achieved 
when the control grid of Figs. 1 to 7 is in the 
actual form of a logarithmic spiral arc the curva 
ture of which is defined by the equation 
r=Ae 6 tangs where “r' is the distance from the 
center of the spiral, coincident with the center of 
the cathode, and his the angle of incidence of the 
approaching electrons on the grid laterals, that 
is, the angle between their trajectories and the 
normal to the latera. Wires. It Will be under 
stood, of course, that this curvature need not be 
precisely in accordance with the above formula 
providing that the angle of incidence is substan 
tially uniform for the greaterpart of the radially 
emitted electrons. It is within the purview of the 
present invention therefore to provide a grid 
which has a substantially cardioidal configura 
tion or any similar configuration, so that the 
radial electron trajectories from the cathode in 
tercept or approach the grid laterals at a sub 
stantially uniform angle. 

Fig. 8 represents a further modification where 
in the invention is embodied in a triode. The evacuated enclosing envelope 34 encloses an out 
put anode 35, a control grid 36 having a configur. 
ration in plan view in the form of a logarithmic 
spiral of two 360° turns, and with an elongated 
emitting cathode 3 Wound in cross-Section and 
at the center or origin of the logarithmic spiral. 
The grid turns can be supported on side rods 38, 
39, 40 and 4. 
The invention is not limited to a grid structure 

wherein the grid is formed of a fine wire helically 
Wound around one or more grid side rods. Thus 
as shown in Fig. 9, the grid 42 which may be used 
in place of the grid 5 of Figs. 1 to 5, may consist 
of a series of vertically parallel grid wires 43 
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6 
which are strung or supported between two end 
rings 44, 45, forming in effect a squirrel cage grid, 
An additional advantage of this type of grid is 
that the grid wires 43 can be arranged With 
different spacings, and these different Spacings 
may be designed to provide the desired equivalent 
potential around the grid. This construction will 
therefore minimize the required adjustment in 
spacing between the grid 5 and the next succeed 
ing-grid. 6. As shown in Fig. 9, the wires 33 which 
are furthest removed from the cathode 2 are 
closer Spaced than are the Wires which are closer 
-to the cathode. In other words, the Space be 
tween the wires 43 decreases as the grid periphery 
recedes fron the cathode 2. It will be clear that 
instead of using wires of different spacing to 
achieve the equivalent uniform potential along 
the grid, the wires may be of different thick 
inesses with their thicknesses respectively in 
creasing as their location recedes from the 
cathode 2. 
This same principle may be applied to the 

helically wound form of grid such as the grid 5 
of Figs. 1 to 5 by making the grid laterals of 
gradually, increasing thickness as they recede 
away from the cathode. For example, the grid 
laterals may be flattened out as indicated 
diagrammatically in Fig. 2 to provide a gradu 
ally decreasing interWire Space With the minimum 
interwire spacing corresponding to the maximum 
remoteneSS Of the grid laterals from the cathode 
2. This manner of correcting or achieving the 
unifornity of potential along the grid can be 
applied not only to the grid 5 but also to the 
grid 6 (Figs. 1 to 5). 
Warious changes and modifications may be 

made in the disclosed embodiments without de 
parting from the spirit and scope of the inven 
tion. Thus, While a frequency converter tube is 
shown of the kind wherein the modulator Section 
is a tetrode, i. e., with three grids between the 
oscillator section and the output anode, a greater 
or less number of grids may be employed between 
the oscillator section and output anode, such for 
example as are employed in “octode" or “hexode” 
frequency converter tubes. 
What is claimed is: 
1. An electron-discharge device, comprising an 

electron-emitting cathode, an anode, and a grid 
located in the path of electron emission from said 
Cathode, said grid having a substantial part of its 
control periphery in the configuration of a log 
arithmic curve. 

2. An electron-discharge device, comprising an 
electron-emitting cathode, an anode, and a grid 
located between the cathode and anode, said grid 
having its effective control periphery curved sub 
stantially in the shape of a logarithmic Spiral 
CWe, - 

3. An electron discharge device, COrprising, an 
electron source, an anode, a control grid between 
said source and anode, said grid having the major 
part of its control periphery curved and With one 
end of the curve closer to said source than the 
opposite end, the curvature of said part of the 
grid making a substantially uniform angle with 
radial electron trajectories from said source which 
angle is different from 90 degrees. 

4. An electron-discharge device, comprising an 
electron source, an anode, a pair of grids between 
said source and anode, the grid nearer the anode 
having its effective control periphery in the coin 
figuration of a logarithmic spiral curve Whereby 
the greater part of the electrons reflected there 
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from are returned to a region outside the bound 
ary of the grid which is nearer the cathode. 

5. An electron-discharge device, comprising an 
electron-emitting cathode, an anode, a control 
grid between said cathode and anode, said control 
grid having its effective control periphery formed 
to a curvature which makes a substantially uni 
form angle with radial electron trajectories from 
said source which angle is different from 90, and 
another grid in spaced relation to said control 
grid for rendering the effective potential substan 
tially uniform along said control grid periphery. 

6. An electron-discharge device, comprising an 
electron-emitting cathode, an anode, a control 
grid between said cathode and anode, said control 
grid having its effective control periphery formed 
to a curvature which makes a substantially con 
stant angle with radial electron trajectories from 
said source which angle is different from 90, and 
another grid having its effective periphery in sub 
stantially equally spaced relation to said control 
grid on the anode side thereof. - - - - 

7. An electron-discharge device, comprising an 
electron-emitting cathode, an anode, a control 
grid between said cathode and anode, said control. 2 
grid having its effective control periphery formed 
to a curvature which makes a Substantially uni 
form angle with radial electron trajectories from 
said source which angle is different from 90, and 
another grid having a configuration similar to : 
said control grid and mounted in spaced relation 
thereto for rendering the effective potential uni 
form along said control periphery. . 

8. A grid electrode for electron-discharge tubes 
comprising a foraminous member having Sub 

10 

tive peripheral contour of said modulator grid 
is in the configuration of a logarithmic spiral 
curve. . - 

14. A frequency converter tube according to 
claim 12 in which said cathode is surrounded by 
the control grid of the oscillator section and by 
the modulator grid and output anode, said mod 
ulator-grid having a substantially cardioidal 
periphery. ... 

15. A frequency converter tube according to 
claim 12 in which said modulator grid surrounds 
said oscillator section and is in the form of an 
irregular ellipse with the effective control por 
tions in the shape of a logarithmic spiral curve. 

16. A frequency converter tube according to 
claim 12 in which said modulator grid surrounds 
the cathode and has its effective control pe 
riphery in the form of logarithmic spiral curves, 
and an additional similar grid surrounds said 
modulator grid to render substantially uniform 
the equivalent potential along said effective pe 
ripheral contour of the modulator grid. 

17. A multi-grid electron tube, comprising an 
elongated cathode, a grid surrounding said cath 
ode, an anode surrounding said cathode, said 
cathode being concentrically mounted with re 
spect to said grid and anode, and another grid 
surrounding the first grid and comprising sub 
stantially two half sections each having its major 

:35 
stantially its entire periphery which is effective. 
on the electrons which pass therethrough in the 
configuration of a logarithmic spiral curve. 

9. A grid electrode for electron-discharge tubes 
comprising a foraminous meinber: having a pe 
ripheral contour which is substantially cardioidal. 

10. A grid electrode according to claim 9 in 
which a substantial part of the cardioidal pe 
riphery is in the configuration of a logarithmic 
spiral curve. 

11. A grid electrode for electron-discharge 
tubes comprising a foraminous member having 
a peripheral contour in the shape of an irregular 
ellipse with the effective sections through which 
the electrons pass in the shape of logarithmic 

portion in the configuration of a logarithmic 
spiral curve. - . . . . . . . . . . . . . . . . . f. : 

18. A frequency converter tube, comprising an 
oscillator section comprising a substantially linear 
cathode, a control grid, and an anode-grid; a . 
modulator section comprising a second control 
grid and an anode which is common to both said 
sections, the grids of said oscillator section having 
side rods located in a common plane, said modu 
lator grid being in the form of an irregular ellipse 

45 
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spiral curves. --" " 
12. A frequency converter tube, comprising an 

oscillator section including- an electron-emitting 
cathode, a control grid, and an anode-grid; a 
modulator section including a grid, and an output 
anode common to both said sections; said sections 
being mounted so that the electrons from said 
emitting cathode serially traverse both said sec 
tions to said anode; said grid of said modulator 
section having a substantial part of its effective 
peripheral contour of a curvature which inter 
cepts radially directed electrons at a substantially 
uniform angle which angle is different from 90°. 

13. A frequency converter tube according to 
claim 12 in which a substantial part of the effec 

60 

Number 

. Number 

having the effective control peripheries thereof 
in the shape of logarithmic spiral curves, said 
modulator grid having a pair of side rods which 
are located on the major axis of said irregular 
ellipse and with the plane of said modulator grid 
side rods at an angle less than 90 degrees with 
respect to the plane of the oscillator grid side 
rods. t . . . . . . . . . 
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