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57 ABSTRACT 
An evacuated glass envelope contains a plurality of 
selectively energizable phosphor-coated elements 
(anodes) for presenting a symbol display. One or more 
thermionic cathodes are situated between the display 
elements and the display surface of the envelope to 
provide a direct electron beam to the phosphor-coated 
surfaces. The dull red glow of the thermionic cathodes 
is masked by the symbol display itself and, optionally, 
by a filter covering the display surface of the en 
velope. 
Variations in intensity at the end portions of the dis 
play elements are prevented by eliminating insulating 
members which would accumulate a charge tending to 
repel the electron beam. Optionally, the end portions 
of the display elements may be extended and curved 
to overlap one another and thus provide a symbol dis 
play formed by an unbroken luminous field. 

12 Claims, 5 Drawing Figures 
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FLUORESCENTSYMBOLDISPLAYTUBE HAVING 
PLURAL CATHODES AND/ORWACUUMANOEDE 

NSULATION 
The present application is a continuation-in-part of 

application Ser. No. 751,168 filed on Aug. 8, 1968 by 
Rein Raago, and now abandoned. 
The present invention relates to an improved and 

greatly simplified symbol display device. Specifically, 
the invention employs a number of phosphor-coated, 
selectively energizable anodes mounted in an evacu 
ated glass envelope with one or more thermionic 
cathodes positioned between the anodes and the dis 
play surface of the envelope. 
The prior art includes, inter alia, neon lamps and 

evacuated lamps with phosphorescent anodes being 
bombarded by an electron stream which must be bent 
in order to provide an adequate display. In the latter 
type of device, the source of the electron stream is situ 
ated behind the display elements, i.e., out of the line of 
sight of the viewer. This arrangement necessitated a 
severe deflection of the electron stream to turn the 
electrons in the opposite direction with an accompany 
ing loss in the kinetic energy in the individual electrons 
in the stream. Thus, this class of devices does not make 
the most economical use of the supplied power. The 
present device, however, requires no such sudden 
changes in direction of the electron stream and thus im 
parts to each electron in the stream a higher kinetic 
energy for any given power input to the tube. Sufficient 
kinetic energy to render an anode display element lu 
minescent may be imparted to the electrons in the 
stream over a distance which is relatively short as com 
pared to the prior art devices, since deflection of the 
electrons is minimized. In addition, the masks, control 
grids, accelerating grids, anode insulators, etc., all of 
which are to be found in the prior art devices and all of 
which contribute to the degradation of the symbol dis 
play, have been eliminated. The devices embodying the 
present invention utilize two or more cathodes posi 
tioned in relation to one another so that the electron 
stream emanating from each cathode causes lateral 
deflection of the electron stream(s) emanating from 
the other cathode(s). Consequently, there is no need 
for a space charge grid to effect beam-spreading, which 
is necessary to produce a symbol display of uniform in 
tensity. Thus, applicant has devised a simpler, more 
rugged, more efficient and more economical display 
device than any to be found in the prior art. 
Though it would naturally be assumed that the glow 

of the thermionic cathode in the line of sight of the 
viewer would have a deleterious effect on the symbol 
display, this has been found not to be so. Rather, the 
dull red glow of the cathodes has been found to be 
either completely masked by the luminescence of the 
display elements, or if not so masked, the glow can be 
eliminated by the use of a blue-green filter on the dis 
play surface of the envelope. In either case, there is no 
interference from the glow of the cathode with the sym 
bol displays formed by the tube, and this is a very im 
portant feature of the construction and operation of a 
display tube embodying the present invention. 
Another advantage of the disclosed embodiment of 

the invention lies in the positioning of the anode display 
elements in close proximity to the interior surface of 
the base portion of the envelope, this disposition being 
made possible by placement of the cathode(s) between 
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2 
the display surface and the anode display elements. 
Each of the anode display elements is mounted on a 
single connector extending through the base portion, 
thus providing a cantilever-type mount for each ele 
ment. By keeping the length of the cantilevers as small 
as possible, great rigidity in mounting the anode display 
elements is attainable since flexing of the cantilevers is 
minimized. This high degree of rigidity affords the 
further advantage of obviating the need for insulating 
elements to be rigidly connected between the end por 
tions of the anode display elements. In the present in 
vention, the only insulator is the vacuum within the 
tube separating the aforementioned end portions of the 
display elements. Since the mass of the cathode(s) is 
relatively low compared to the mass of even a single 
anode display element, the cathode(s) are more 
suitably mounted between longer connectors. There is, 
of course, the incidental saving in materials through the 
use of seven relatively short connectors and two rela 
tively long connectors, rather than seven relatively long 
connectors and two relatively short connectors as in a 
tube in which the cathode(s) are mounted behind the 
anode display elements. Finally, the extremely short 
cantilevered mounting of the anode display elements 
imparts a high degree of ruggedness to the device. 
A highly advantageous and unexpected result has 

been found to flow from the elimination of insulating 
members from the spaces between adjacent end por 
tions of the display elements. Specifically, in display 
tubes which employ insulators to interconnect the end 
portions of the anode display elements, it has been ob 
served that the intensity of luminescence of these end 
portions was uneven and of a generally lower level than 
the remainder of the elements. This phenomenon is 
particularly severe in low-voltage devices such as those 
disclosed in the present application. Removal of the in 
sulators eliminated this undesirable effect. The best 
analysis of this phenomenon is that the insulators accu 
mulated and held a charge as a result of bombardment 
by the electron stream. As a result of this accumulated 
charge, those electrons in the electron stream which 
would normally strike the end portions of the anode 
display elements were either repelled from these end 
portions and thus did not strike the phosphor coating at 
all, or if they were not sufficiently repelled to miss 
completely, they struck the phosphor coating with 
decreased kinetic energy. Thus, as observed, the end 
portions of the anode display elements had a lower in 
tensity of luminescence than the main or central por 
tion of the anode display elements. This deleterious ef 
fect is sometimes referred to as "dog-boning', and is 
completely obviated by the elimination of insulating 
elements between the end portions of the anode display 
elements. 
The present invention optionally incorporates the 

novel feature of overlapping luminescent display ele 
ments, which results in the formation of the symbol dis 
play by an unbroken luminous field. The prior art 
devices characteristically formed a discontinuous nu 
merical or alphabetical display by various combina 
tions of discrete stick elements which were separated 
by non-luminescent insulators between the ends of 
these stick elements. By overlapping the elements of 
the display, the applicant provides a continuously 
formed symbol display which is more rapidly recog 
nizable than the prior art displays. 
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A more complete understanding of the present in 
vention may be obtained by referring to the accom 
panying drawings, of which: 

FIG. is a front view of a display tube constructed in 
accordance with the present invention and employing a 5 
single cathode; 

FIG. 2 is a front view of a display tube constructed in 
accordance with the present invention and employing 
two cathodes, 

FIG. 3 is a front view of a display tube constructed in 10 
accordance with the present invention and employing 
three cathodes; 

FIG. 4 is a side view of the display tube of FIG. 1 with 
the envelope broken away; and 

FIG. 5 is an isometric view of the end portions of 15 
three display elements forming an overlapping junc 
tion. 

Referring now specifically to FIG. 1, the display tube 
10 may be seen to comprise glass envelope 12 with a 
cathode 14A substantially vertically and centrally 20 
mounted therein in the line of sight of the viewer. Be 
hind the cathode 14 are seven phosphor-coated ele 
ments (anodes) forming the display, comprising ele 
ments 16A, 6B, 16C, 16D, 16E, 16F, and 16G. 

Referring now specifically to FIG. 2, this embodi- 25 
ment is substantially identical to that shown in FIG. 1 
with the exception that there are two cathodes 14A and 
14B substantially vertical and parallel to one another 
and situated as to provide an even distribution of high 
velocity electrons to each of the seven display elements 30 
16A, 16B, 16C, 16D, 16E, 16F and 16G. 

Referring now specifically to the embodiment shown 
in FIG. 3, this embodiment is substantially identical to 
FIG. 1 with the exception that there are three cathodes 
14A, 14B and 14C mounted substantially vertically and 3 
parallel to one another so as to provide an even dis 
tribution of high velocity electrons to each of the seven 
display elements 16A, 16B, 16C, 16D, 16E, 16F and 
16G. 

Referring now specifically to the embodiment shown 
in FIG. 4, the transparent glass envelope 12 may be 
seen to have a thickened rear or base portion 18. The 
envelope 12 is of a substantially cylindrical configura 
tion, with a diameter greater than the length along its 
axis. The number of electrical connectors 20A, 20B, 
20C, 20D (behind 20E), 20E, 20F (behind 20G), and 
20G are attached to display elements 16A, 6B, 16C, 
A6D, 16E, 16F and 16G, respectively, and extend 
through the thickened base portion 18 for connection 
to a control circuit. The connectors 22 and 24 are at 
tached to the terminals of cathode 14A and extend 
through the thickened base portion 18 for connection 
to the source of electrical power. In this view, it may be 
seen that the end portions of the various anode display 
elements (except 16B) have a reflex curvature so as to 
be spaced from one another at their junction when 
mounted in the envelope 12 by their associated con 
nectOrS. 

Referring now specifically to FIG. 5, the overlapping to 
ends of display elements 16D, 16B, and 6F are shown 
in the front isometric view. It may be seen that the end 
portions of display elements 16D and 6F are curved 
away from one another so as to provide sufficient space 
for the intrusion of the end portion of display element is 
6B therebetween. The various elements are insulated 
from one another exclusively by the vacuum within en 
velope 12. 
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4. 
in summary, applicant has devised a symbol display 

tube having a very simple physical structure which af. 
fords great economies in cost of materials and fabrica 
tion. This device makes highly efficient use of the ap 
plied power by minimizing the deflection of the elec 
tron stream(s). This device is highly compact as a result 
of the placement of the electron source(s). Elimination 
of anode insulators prevents "dog-boning'. Finally, the 
display may be formed by a continuous luminous field, 
rather than by discrete stick elements, to be made more 
easily readable. 
The advantages of the present invention will be ap 

parent to those skilled in the art, as well as changes 
which could be made in the foregoing embodiments 
without departing from the spirit and scope of the in 
vention. For example, instead of utilizing an envelope 
the base portion of which is substantially parallel to the 
planes of the display elements and the display surface, 
i.e., a vertical base, an envelope in which the base por 
tion is substantially perpendicular to the display ele 
ments and display surface, i.e., a horizontal base, could 
readily be employed. Also, instead of utilizing two or 
more discrete parallel cathodes, a single, continuous 
cathode element having two or more portions thereof 
similarly arrayed could be advantageously utilized. 
Also, instead of arranging either the discrete cathodes 
or sections of a continuous cathode in parallel, a V 
shaped (two cathodes or cathode segments) or N 
shaped (three cathodes or cathode segments) array 
could be advantageously employed. With such arrays, 
the mutual repelling forces would be greater in the re 
gion where the cathodes or cathode segments are in 
close proximity and weaker in the region where they 
are farther apart, thus effecting spreading of the elec 
tron streams to the degree required by the spacing at 
any particular level of the display. It will be readily ap 
parent that, in the aforementioned embodiment em 
ploying a single, continuous cathode wire, a break in 
that cathode wire will effectively disable the source of 
the electron stream(s). In many applications, it is far 
more hazardous to have an erroneous readout, which 
might occur if one of several discrete cathodes failed, 
than it would be to have no readout at all. In the latter 
situation, an observer will at least know that the display 
tube is not functioning, whereas with an erroneous 
readout, an observer would have no reason to believe 
that there is a display tube malfunction. 

Therefore, it should be understood that the present 
invention is not to be limited to the foregoing descrip 
tion of the specific embodiments thereof, but is to be 
determined by the spirit and scope of the accompany 
ing claims. 
What is claimed is: 
1. A display tube comprising: 
1. an evacuated transparent envelope having a dis 
play surface and a base portion; 

2. a plurality of anode display elements each of 
which is at least partially coated with a phosphor, 
all disposed within said transparent envelope so as 
to form any of a desired group of symbols by selec 
tively energizing said anode display elements; 

3. at least two cathodes disposed between said dis 
play surface and said plurality of anode display ele 
ments and positioned in relation to one another so 
as to cause mutual lateral deflection of the elec 
tron streams emanating from said cathodes; and 
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4. a plurality of means operative to support said 
anode display elements and said at least two 
cathodes, and to electrically connect said anode 
display elements and said at least two cathodes to 
external circuitry. 

2. A display tube according to claim 1 wherein said 
at least two cathodes are substantially vertically 
disposed with respect to said plurality of anode display 
elements. 

3. A display tube according to claim 1 wherein said 
cathodes are substantially parallel to one another. 

4. A display tube according to claim 1 wherein filter 
means operative to mask the glow of said at least two 
cathodes is disposed on said display surface of said 
transparent envelope. 

5. A display tube according to claim 1 wherein said 
plurality of anode display elements overlap at each 
junction of two or more of said anode display elements 
so as to form any desired display with a continuous lu 
minous field. 

6. A display tube according to claim 5 wherein, at 
each junction of two or more of said anode display ele 
ments, at least one of said anode display elements has a 
reflex curvature in the end portion at the junction. 

7. A display tube comprising: 
1. an evacuated transparent envelope having a dis 
play surface and a base portion; 

2. a plurality of anode display elements each of 
which is at least partially coated with a phosphor, 
the adjacent end portions of which are insulated 
from one another exclusively by the vacuum 
within said transparent envelope, said anode dis 
play elements being disposed within said trans 
parent envelope to form any one of a predeter 
mined group of symbols by selective energization 
of said anode display elements; 

3. at least one cathode disposed between said display 
surface and said plurality of anode display ele 
ments; and 
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4. a plurality of means operative to support said 

anode display elements and said at least one 
cathode, and to electrically connect said anode 
display elements and said at least one cathode to 
external circuitry. 

8. A display tube according to claim 7 wherein said 
plurality of anode display elements overlap at each 
junction of two or more of said anode display elements 
so as to form any desired display with a continuous lu 
minous field. 

9. A display tube according to claim 8 wherein, at 
each junction of two or more of said anode display ele 
ments, at least one of said anode display elements has a 
reflex curvature in the end portion at the junction. 

10. A gridless display tube comprising: 
1. an evacuated transparent envelope having a dis 
play surface and a base portion; 

2. a plurality of anode display elements each of 
which is at least partially coated with a phosphor, 
all disposed within said transparent envelope so as 
to form any of a desired group of symbols by selec 
tively energizing said anode display elements; 

3. at least two cathodes disposed between said dis 
play surface and said plurality of anode display ele 
ments and positioned in relation to one another so 
as to cause mutual lateral deflection of the elec 
tronstreams egnanating from said cathodes; and . 4. a fifty of lig to support said 
anode display elements and said at least two 
cathodes, and to electrically connect said anode 
display elements and said at least two cathodes to 
external circuitry. 

11. A display tube according to claim 10 wherein 
said at least two cathodes are substantially vertically 
disposed with respect to said plurality of anode display 
elements. 

12. A display tube according to claim 10 wherein 
said cathodes are substantially parallel to one another. 
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