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This invention relates to electronic tubes of extremely 
small size, and more particularly to a design for such 
tubes that lends itself well to multiple tube elements as 
a single manufactured piece. 
The present state of the electronic arts requires minia 

turization 'of all its components. A further requirement 
is that the several components be so designed that multiple 
elements can be manufactured. An example of this type 
of design is the trend to printed circuits and modular 
construction. It is the prime object of this invention to 
so change the basic design of electron tubes that these 
conditions will be met. Electron tubes,’ as currently being 
produced, consist of small metallic parts (usually welded 
together) encapsulated in a hermetically sealed container. 
The minimum sizes in which they can be made is dictated 
by the sub-assembly of the metallic parts and the physical 
handling thereof. The inability to “multiplex” these units 
is inherent in their individual encapsulation. The present 
invention avoids both these parameters by the nature of 
its design which can best be understood by referring to 
the accompanying drawings wherein: 

Figure 1 shows an exploded view, in perspective, of a 
single diode built on the principles of the present in 
vention. 

Figure 2 is an exploded view, in perspective, of a triode 
of the same design. 

Figure 3 is an exploded view, in perspective, of a grid 
controlled indicator tube of like design. 

Figure 4 is a cut-away view of a multiple element array 
of indicator tubes with dual grids for control. 

Figure 4a is a circuit diagram applied to elements of 
the structural arrangement of Figure 4. 

Figure 5 is a cross-sectional view of the unit shown in 
Figure 2, assembled. ’ 

Figure 6 is an application of the triode of Figures 2 and 
S to a common type of resistor-coupled ampli?er circuit, 
with the supports for the several elements of such triode 
omitted to simplify the showing; 

Figure 7 shows a circuit, similar to that of Figure 6, 
employing a conventional triode. - 

Referring now to the diode shown in Figure l, 11 
is a supporting member of some stable insulating material 
such as glass; 12 is an electron emissive coat on the 
fore face of 11. This may be a semi-transparent photo 
emissive coat adapted to receive exciting light through 
support 11 from the opposite side thereof; it may be a 
thermo-emissive coat adapted to receive infra-red radia 
tion through the supporting member; or it may be thermo 
emissive, heated by aiesistance coat (not shown), on the 
same face of the support. A conducting foil, 13, is at?xed 
to the electron emissive coat and acts as the cathode con 
nection of the diode. A spacer plate 14 separates the 
cathode 12 from an anode supporting plate 16 the desired 
distance. A hole 15 in plate 14 allows electrons from 
cathode 12, to pass to an anode 17, which is sealed in 

' plate 16. 

In Figure 2, a plate 28 has been arranged between 
plates 21 and 24, which are similar to plates 11 and 14. 
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Plate 28 has a hole 29 in register with a hole 25 in plate 
24, and bears foil 20 which surrounds hole 29 and extends 
beyond an edge of plate 28. Foil 20, when held at a 
negative potential, acts as a gate, or grid, to regulate the 
number of electrons passing from the cathode 22, to an 
anode 27 supported by a plate 26, similar to plate 16. 
Hence a triode is obtained. The addition of a second 
member similar to that formed by elements 20, 28 and 
29 could yield tetrode action, etc., as will be understood 
by those familiar with the construction and operation of 
electron valves or tubes. 

In Figure 3, a plate 36, which bears a ?uorescent 
powder coating 32 on the side next to a plate 34, replaces 
the plate 26 of Figure 2. This coating is of the con 
ducting type and connection'to it‘ is made through a foil 
33. Elements 31, 34 and 38 are like the elements 21, 
24 and 28 of Figure 2. 

In Figure 4 (Sheet 2), the plate 411 bearing'?uorescent 
coating 412, connected to foil 413, is functionally similar 
to the like elements in Figures 1-3. Plate 41, having 
holes such as 45, is substantially as described in Figure 1. 

' Plate 48, having holes 49 surrounded by grid electrodes 

25 

30 

410, is as described in Figure 2 except that thereare a 
plurality of such holes with their surrounding grids inter 
connected vertically. Plate 414, is identical to plate 48 
except that it has been turned 90°' in a vertical plane as 
necessary to bring its interconnected grids 416 thereof 
in horizontal, planes. It is understood that the several 
holes in plates 48, 414 and 41 are in registry as was de 
scribed in Figure 2. , 

In Figure 4a plates 414 and 48 of Figure 4 are diaé 
' grammatically shown with push button switches B1-B14 
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associated with their respective grids, normally placing a 
negative bias thereon. 

In Figure .5 (Sheet 1) the unit shown exploded in 
Figure 2 is illustrated assembled, and has its correspond 
ing elements designated likewise. This is, then, indicative 
of the other embodiments of the present invention in as 
sembled form whether they be of the single or “multi 
plex” type. A material such for example as solder glass 
50 has been added to seal the lines of juncture of the 
several plates together after evacuation. The respec 
tive plates may, however, be directly sealed to. one an 
other providing the dielectric material used has a low 
enough softening temperature to enable the sealing of 
their adjoining-surfaces to one another without harm to 
the coatings thereon. Under such circumstances, where 
some types of coatings are used, to assure obtainance of 
hermetic seals between the coated and uncoated plates it 
is necessary that the outer margins of the coating termi 
nate a short distance from the plate edge so that glass-to 
glass contact is obtained. A further alternative is to 
employ a form of encapsulation of the several forms cur 
rently in use in vacuum tube practice. From the showing 
in Figure 5 it will be noted that the inner end of the 
anode 27 terminates short of the entrance to a pocket 51 
in plate 26. Obviously, if desired, a plate similar “to 26, 
having the added thickness of spacer plate 24, can be 
employed in lieu of plates 24 and 26, thus reducing the 
number of joints in the seal. The operation of a single 
cell tube can best be explained by references to Figures 5 
and 6. 

Light striking through plate 21, Figure 5, causes elec 
trons to be emitted by photo-emissive cathode 22. These 
electrons will proceed at random velocities and directions 
away from cathode 22 in the evacuated space left .by 
holes 29 in. plate 28, and 25 in plate 24 and/or pocket v51. 
If the anode 27 is held at a positive potential, with re 
spect to the cathode 22, the emitted electrons will be 
drawn to the anode, 27 and a current will be established. 
A controlled potential applied to grid foil'20 will con 
trol the ?ow of electrons from the cathode 22 to the 



2,876,874 
3 

anode27. The action of a circular grid member is well 
understood by those acquainted with cathode ray tube 
electron guns. "7 
‘For a comparison of a cowventional circuit employing 

a tliéde tube embodying the invention with a tube of 
conventional form, reference is had to Figures 6 and 7. 

In Figure 6 a light source L, powered by a battery 6A 
exciters the photo cathode 22. In Figure 7 a heater H, 
powered by a battery 7A, excites the therrno-emissive 
cathode K. In Figure 6 a battery 63, through a load re 
sistor, 6R2, maintains the anode 27 at a positive potential 
with respect to the cathode. In Figure 7 a battery 73, 
through a load resistor 7R2, e?ects the anode P in a sim 
ilar fashion. In Figure 6, a battery 6C, through a re 
siSiOIF 6R1, maintains the grid 20 at some optimum 
negative bias with respect to the cathode. In Figure 7 
a battery 7C, through a resistor 7R1, effects the grid G 
in a similar fashion. Now, if an A. C. voltage signal 
be impressed across the input points, GIN or 7IN, and 
read across the output points, 6OUT or 7OUT, it will 
have been ampli?ed by the gain of the system. 

In the case of the triode circuit in Figure 7 the gain of 
the system is, in part, a function of the potentials ap 
plied, the component values used, the geometry of the 
triode and the emissive ability of the cathode in the 
triode. The same parameters hold for the triode used 
in Figure 6. I 
The geometry of the new design tube may be altered 

by changing vthe size of the holes, by expanding the inner 
endof the anode wire to a disc equal to the hole size, 
and by regulating the thickness of the grid supporting 
and spacer plates. 

If a relatively high current unit is desired, necessitat 
ing the use of larger plates, the grid supporting plate 
having a single hole may be replaced with one having a 
group of small holes with but a single foil surrounding 
and interconnecting them, so that the portion of the 
plate bridging adjacent holes in the grid will serve as a 
mechanical support for the large area of the adjacent 
cathode plate during evacuation and sealing of the unit. 

In the embodiment of a “multiplex” of units as shown 
in Figure 4, the holes in plates 41, 48 and 414 are in line 
to'allow electrons emitted by the cathode 412 to pass 
through to the ?uorescent anode 42 on the inner side 
of plate 46. The strip grid connections or foils 410 and 
416 are continued past their supporting plates 48 and 414 
in a fashion similar to the single unit grid 28 in Figure 2. 
This multi-element unit can be used for the selective dis 
play of several indicator spot signals. Similarly such 
a unit employing individual anodes, such as 27, may 
.be employed in selective control circuits as hereinafter 
described. 
By Way of example, with respect to selective indicator 

signals,‘ reference is had to Figure 4a wherein plate 414 
has a bank of forty-nine holes divided into seven rows of 
seven holes each, with its grids 416 horizontally con 
nected. Each row of grids 416 is normally held suffi 
ciently negative with respect to the cathode 412 (Figure 
4) to prohibit the passing of electrons from the electron 
emissive coating 412 on plate 41, by negative potential 
supplied to it through, the back contacts of a push button, 
such as B1, of the group B1—B7. Similarly plate 48 has 
its grids 410 vertically connected in seven rows nega’ 
tively biased through break contacts of push buttons 
B8-B14. As will be evident any one or more .of the 
push buttons of the respective push button groups may 
be operated to selectively remove the negative bias from 
any row or rows of holes in either of the multi-element 
grid vplates 48 and 414 to permit electrons to pass through 
the particular holes in register with one another and 
from which the grid bias has been removed. By way of 
example, if buttons B1 and B8 are depressed electrons 
will be permitted to pass through holes X and Y, and 
when they strike the anode or ?uorescent coating 42, 
the spot or spots on the anode opposite such holes will 

10 

15 

20 

25 

35 

50 

55 

60 

70 

75 

4 
?uoresce and thus give an indication of the vertical and 
horizontal row or rows of grids that‘are not biased down. 
Obviously the showing of the grid control circuits as 
passing through push buttons is for simple illustrative 
purposes only. As is well known, there are numerous 
ways in which the grid bias can be removed in any 
desired combination to selectively give a number of dif 
ferent indications limited only by the number of sep 
arate electronic tube units embodied in the assembly. 

Alternatively, the multiplexinglmayemploy individual 
anodes, such as 27, and follow a pattern in conformance 
with a desired speci?c circuit control need. For ex 
ample the unit may contain a single row of cells ar 
ranged to register with the holes in a teletype-writer tape 
so that light passing through the tape holes selectively 
activates the cells as it passes thereover to selectively 
energize printer control relays of the system. 
A further alternative arrangement may embody both 

the individual anodes such as 27 and a ?uorescent coat 
ing such as 42, to give a visual signal of the circuit con 
trol being exercised. ' 

In addition, as will be evident, if desired the several 
plates of dielectric material of the-assembly may be uti 
lized as the supports for simple printed circuits in which 
such cells may be included. 
What is claimed is: 
1. An electronic tube comprising a stack of plates of 

insulating material one outer plate of such stack having 
on its inner surface a cathode comprising a coating of an 
electron emissive material, said coating having a lead 
conductor - connected thereto and extending laterally 
therefrom, the oppositely disposed end plate having an 
anode exposed on the opposite broad surface thereof, 
and an intermediate plate of said stack spacing the anode 
and cathode a predetermined distance from one another, 
said intermediate plate having a passage therethrough 
providing a path for the flow of electrons between the 
cathode and the anode. 

2. An electronic tube such as de?ned by claim 1, where 
in the stack includes an electron gate comprising a plate 
of electric insulaitng material arranged between the ca 
thode and the intermediate plate and having a passage 
therethrough in register with the intermediate plate pas 
sage, said electron gate plate having on the side thereof 
facing said intermediate plate a conductor bordering its 
passage and extending beyond the edge of such plate to 
make it available for the receipt of a negative potential 
to regulate the number of electrons that are permitted 
to pass between the “cathode and the anode. 

3. An electronic ‘tube-comprising a stack of plates of 
electrical insulating material one end plateof such stack 
having on its inner surface a cathode comprising a coating 
of an electron emissive material, the oppositely disposed 
end plate having on its inner surface an anode comprising 
a coating of a ?uorescent material, said coatings having 
lead conductors connected thereto and laterally extending 
therefrom, a spacer plate arranged between said end plates 
having an aperture therethrough for the passage of elec~ 
trons between said anode and cathode. 

4. An electronic tube such as de?ned by claim 3 wherein 
the stack includes. a plate interposed between the ?rst de 
?ned end plate and said spacer plate having a layer of con 
ductive material thereon surrounding a passage there 
through in register with the spacer plate passage on the 
side adjacent the spacer plate, said conductive material 
extending from the edge of such plate to make it available 
for the receipt of a negative potential to regulate the 
number of electrons that are permitted to pass between 
the coated surfaces of the end plates of the stack. 

5. An electronic device including plates of an electrical 
insulating material forming ;the opposite end plates of a 
stack thereof, one of said end plates having a cathode 
comprising a semi-transparent photo-emissive coating on 
its inner surface, the other ,end plate having an ‘anode on 
its inner surface comprising a ?uorescent coating, a spacer 
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~ plate included in said stack, two electron gate supporting 
plates arranged adjacent one another between said spacer 
plate and one of the end plates, said spacer plate and 
said electron supporting gate plates having a plurality of 
apertures in register with one another and providing a 
number of separate electron paths between said end plates, 
and means for selectively controlling the ?ow of electrons 
through such passages to excite corresponding surface 
areas of the anode. 

6. In an electronic tube, a stack of flat plates of an 
electrical insulating material hermetically sealed together, 
a cathode arranged on the inner surface of one end plate 
of such stack, an anode supported by the opposite end 
plate of the stack, and a spacer plate between said end 
plates having an aperture providing an electron path 
between said end plates. 

7. An array of electron tubes wherein the like electrodes 
of all the tubes are carried on a single plate of insulating 
material. 

8. In an electronic tube, a plate of an electrical insulat 
ing material having on one broad surface a cathode coat 
ing, a second plate having a pocket in a broad surface 
thereof opposite said cathode coating, and an anode pass 
ing through the latter plate having an end terminating 
Within said pocket short of its entrance. 

9. An electronic device including plates of an electrical 
insulating material forming the opposite end plates of a 
stack thereof, one of said end plates having a cathode 
comprising a semi-transparent photo-emissive coating on 
its inner surface, a plurality of anodes supported by said 
other end plate, a spacer plate included in said stack, two 
electron gate supporting plates arranged adjacent one an 
other between said spacer plate and one of the end plates, 
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6 
said spacer plate and said electron supporting gate plates 
each having a plurality of apertures in register with one 
another and in register with said anodes providing a num 
ber of separate electron paths between said ?rst end plate 
and said anodes, and means for ‘selectively .controlling 
the ?ow of electrons through such passages to selectively 
excite di?erent ones of said anodes. 

10. An electronic device such as de?ned by claim 9, 
wherein said other end plate is also provided with a ?uores 
cent coating which ?uoresces in the region surrounding 
the excited anode or anodes to visually indicate the selec 
tion made. 

11. An electronic tube such as de?ned by claim 1 
wherein the respective plates of the stack have oppositely 
disposed ?at parallel surfaces in engagement with one 
another and have border outlines in the same vertical 
planes, and a layer of material bridging the respective 
layers of the stack and sealing the regions thereof sur 
rounded by such material and between the inner surfaces 
of the end plates thereof to atmosphere. 
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