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57 ABSTRACT 
The dot matrix plasma display of the present invention 
comprises a plurality of parallel cathode strips mounted 
on the upper surface of a dielectric substrate. A glass 
plate is sealingly engaged over the upper surface of the 
substrate in spaced relation thereto so as to form an 
envelope therebetween. The undersurface of the glass 
plate includes a plurality of anodestrips which extend in 
a direction parallel to one another and perpendicular to 
the cathode strips located on the substrate below. A 
dielectric film is printed over the cathode strips and 
includes a plurality of apertures therein which corre 
spond to the junctures between the anode strips and the 
cathode strips, these junctures forming a dot matrix. 
Ionizable gas is contained within the envelope and is 
adapted to glow adjacent the junctures of any simulta 
neously actuated anode and cathode strips. 
The method for driving the dot matrix plasma display 
includes actuating the cathode strips one at a time se 
quentially. Simultaneously with the actuation of each 
cathode strip, a pre-selected combination of anodes are 
also actuated so as to cause the gas to glow adjacent the 
junctures between the actuated anodes and cathode 
strips. The cathode strips are scanned at a frequency 
which to the human eye gives the appearance that they 
are constantly actuated. 

12 Claims, 2 Drawing Sheets 
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Re. 33,520 1. 

DOT MATRX PLASMA DSPLAY AND METHOD 
FOR DRIVING SAME 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 
This invention relates to a dot matrix plasma display 

and method for driving the same. 
Heretofore there have been two primary methods for 

displaying characters on a plasma display. The most 
commonly used method is the segment method, which 
includes either seven or sixteen segments, each of which 
includes a cathode and an anode, separated by an ioniz 
able gas such as neon. The actuation of the anode and 
cathode of each element causes illumination of the ion 
izable gas adjacent the element. It is thus possible to 
create various numerals and/or letters by actuating the 
desired combination of segments. 
Another method for displaying characters deals with 

the dot matrix approach as opposed to the segment 
approach. The dot matrix utilizes a series of rows and 
columns of dots which can be actuated in the desired 
combination to create the letters, numerals or other 
characters desired. One presently known method for 
actuating the dot matrix devices utilizes a glow transfer 
technique which requires many layers of small, thin 
conductor lines separated by many printings of dielec 
tric. Another technique utilizes a plurality of dots in 
each character, and each dot of one character is inter 
connected to a corresponding dot in a second character. 
This technique requires many prints of dielectric in 
layers over a plurality of small conductor lines. 
The presently known dot matrix devices are capable 

of being driven by rather simple driving circuits. How 
ever, the devices themselves are expensive to make and 
include a plurality of layers of dielectric and conductor 
lines. 

Therefore, a primary object of the present invention 
is the provision of an improved dot matrix plasma dis 
play and method for driving the same. 
A further object of the present invention is the provi 

sion of a device which minimizes the printing opera 
tions and the layers of dielectric and conductors in the 
device. 
A further object of the present invention is the provi 

sion of a device which is less expensive to manufacture 
than devices previously known. 
A further object of the present invention is the provi 

sion of a device which is simple in construction and 
which may at the same time be driven by simple and 
inexpensive circuitry. 
A further object of the present invention is the provi 

sion of a device which is economical to manufacture, 
durable in use and efficient in operation. 

SUMMARY OF THE INVENTION 

The present invention utilizes a dot matrix plasma 
display which has a rectangular array of cells or dots 
formed by horizontal cathode strips and vertical anode 
strips. The dots are formed by the junctures or crossing 
points between the horizontal cathode strips and the 
vertical anode strips. The cathode strips are covered 
with a dielectric which confines the glow area to the 
exposed portion of the cathode, which in this case is a 

O 

15 

20 

25 

35 

45 

SO 

55 

65 

2 
small circle or dot. The dots are located at the junctures 
between the cathode and anode strips. By applying 
voltage between the cathode and the anode of a dot or 
cell, it is possible to illuminate the gas which is located 
adjacent this juncture. The anode is transparent, and 
therefore the illumination is visible through the anode. 
The method for driving the dot matrix display in 

volves illuminating one row of dots at a time. That is, 
one cathode strip is actuated and simultaneously a pre 
determined selected group of anodes is also actuated. 
This causes a gas glow adjacent the junctures between 
the actuated anodes and the single actuated cathode 
strip. After the first cathode strip has been actuated, all 
the cathodes and anodes are turned off for a short inter 
val. Then a second cathode is actuated and the anodes 
of a second selected combination are also actuated so as 
to cause gas glow at the desired dots in the second row. 
This procedure is continued until all the rows of the 
cathodes have been actuated. The process is recycled at 
a frequency which is not perceptible to the human eye. 
The result is that the human eye perceives all of the 
actuated dots as though they were glowing continu 
ously. 

It is desirable to scan the cathodes one at a time rather 
than the anodes. The cathodes extend in a direction 
which represents the greatest length of the rectangular 
dot matrix. This is because the cathode is usually made 
from a good electrical conductor and therefore a mini 
mum voltage drop is encountered across the length of 
the cathode strip. In contrast, the anode strips run the 
short dimension of the dot matrix because these anode 
strips are made of a poor conductor and a greater volt 
age drop occurs over any given length of the anode 
strip. 
A relatively large number of cathode strips can be 

scanned fast enough to not be perceptible to the human 
eye. It is believed that approximately 60 cathode strips 
can be scanned fast enough that the human eye per 
ceives a continuous glow. Because there are 60 rows to 
be scanned, a small pulse width is unavoidable during 
the actuation of each individual row. Although the 
pulse width should be kept as large as possible, some 
techniques to insure quick ionization of the gas are 
highly desirable. This is accomplished by use of a keep 
alive, which is a separate anode-cathode cell that acts 
much in the nature of a pilot light to prime the ions 
within the dot matrix envelope. Thus, when each cell is 
actuated, the time for ionization of the gas adjacent that 
cell is minimized due to the priming created by the keep 
alive cell. Keep alives are generally covered with an 
opaque anode and therefore are not visible. 
BRIEF DESCRIPTION OF THE FIGURES OF 

THE DRAWINGS 

FIG. 1 is a perspective view of the dot matrix display 
device of the present invention. 

FIG. 2 is a perspective view of a simplified version of 
the dot matrix display device showing the substrate 
with the first printed circuit thereon. 

FIG. 3 is an exploded perspective view of the simpli 
fied device shown in FIG. 2. 
FIGS. 4 and 5 are sectional views taken along lines 

4-4 and 5-5 of FIG. 1. 
FIG. 6 is a schematic view of a dot matrix configura 

tion having four cathode strips and eight anode strips. 
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FIG. 7 is a schematic view of the driving circuit 
utilized with the dot matrix display of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The numeral 10 generally designates the dot matrix 
plasma display unit shown in FIG. 1. Display device 10 
includes a glass substrate 12 and a glass top plate 14. The 
dimensions of plate 14 are slightly less than the dimen 
sions of plate 12 so as to expose a perimetric strip 16 
around the outside edge or perimeter of the top surface 
of plate 12. 

Plate 12 includes opposite side edges 18, 20, a top 
edge 22 and a bottom edge 24. Mounted on perimetric 
strip 16 on the upper surface of plate 12 are a plurality 
of cathode pads 26 which are positioned adjacent side 
edges 18, 20 of substrate 12. A plurality of anode pads, 
28 are mounted adjacent the top and bottom edges 22, 
24 of substrate 12. 
FIG. 2 illustrates a simplified version of the device 

shown in FIG. 1, and therefore corresponding numerals 
will be utilized to indicate corresponding parts. In the 
usual application of the invention, however, there may 
be as many as 64 or more cathode pads and over 160 
anode pads on the particular device. 

Printed on the upper surface of substrate 12 are a 
plurality of cathode strips or bars 30, each of which is 
elongated and straight. Cathode bars 30 are parallel to 
one another and spaced from one another. Each cath 
ode bar 30 is in electrical contact with a cathode pad 26. 

Referring to FIG. 3, dielectric printed layer 32 is 
printed over cathode strips 30. Layer 32 includes a 
plurality of holes or dots 34 therein which expose por 
tions of the cathode strips 30 therebelow. Dots 34 are 
arranged in a matrix of horizontal rows C1-C6 and 
vertical columns A1-A12. Each row C1-C6 is in regis 
tered alignment over one of the cathode strips 30 and 
exposes a portion thereof through each dot 34. 
A plurality of anodestrips 36 are etched or printed on 

the undersurface of glass plate 14. These anode strips 
are transparent electrical conductors. Plate 14 is at 
tached to plate 12 by means of a sealing paste 38, ex 
tending around the perimeter of plate 14. Paste 38 her 
netically seals plate 14 in spaced relation above plate 12 
so as to create an envelope therebetween. When plate 
14 is in position, each one of anode strips 36 is in regis 
tered alignment over one of the anode dot columns 
A1-A12. Thus, each dot 34 is positioned at the junc 
tures of the parallel anodes 36 and the parallel cathode 
strips 30. This can be readily seen in FIG. 4. Electrical 
contact between each anodestrip 36 and its correspond 
ing anode pad 28 is provided by an electrically conduc 
tive epoxy 48 (FIG. 5) which is injected by means of a 
hypodermic needle. 
The method of fabrication is as follows: Glass sub 

strate 12 is made up of inch float glass, cut to an appro 
priate size depending upon the particular style of dis 
play being constructed. Glass substrate 12 is then drilled 
with a water cooled ultrasonic drill for the purpose of 
providing an evacuationafill orifice 40 therein. 
A thick film printing process is then used to provide 

the various insulating and conductive film inks on the 
substrate. First, a silver thick film composition manufac 
tured by duPont under the product designation 7713 is 
printed onto the glass substrate to define pads 26, 28. 
These pads located around the periphery of the sub 
strate serve two purposes. First, they provide a conduc 
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4. 
tive path from the exterior of the display to its interior 
and second, they provide a means by which an elec 
trical/mechanical connection can be made to the de 
vice. The printed pads are permitted to dry in the air 
and then are fired at approximately 585 C. in a kiln. 

Next, a conductor of nickel film manufactured by 
duPont under the product designation 9535 is printed 
onto the substrate to define the cathode bars or strips 30. 
The cathode bars are in parallel lines and preferably 
have dimensions of 0.010 inches to 0.020 inches in width 
and from one inch to eight inches in length. They are 
approximately 20 to 50 microns in thickness. 
The cathode bars 30 may run either horizontally or 

vertically depending upon how it is desired to drive the 
display. However, it is preferred that the cathode bars 
extend the longest dimension of the device because they 
are made of a highly conductive material, whereas the 
anodes, being made of a transparent conductor exhibit a 
much greater resistance, and consequently a greater 
voltage drop over a given linear distance. 

After the cathode bars have been permitted to dry 
and are fired in a 585 C. kiln, a dielectric layer 32 is 
printed thereon. The material for the dielectric layer is 
preferably a thick film dielectric composition manufac 
tured by duPont under the product designation 9541. It 
is printed onto the substrate to define the individual 
cathode dots 34 running along the cathode bars 30. The 
dots may be from 0.010 to 0.020 inches in diameter. 
Other dielectric compounds which can be used for the 
insulating sheet are Electro-Science 4023B and 402.8B. 
The dots may be of several arrangements: (1) a solid 

array of dots commonly referred to as an XY array. 
Such an array may have many dimensions suitable to 
the geometry and design of the display. (2) Dots. 
grouped together to form characters. Such characters 
usually consist of an array of dots, five dots by seven 
dots in height. An additional row of dots may provide 
an underbar or cursor as desired. Other suitable ar 
rangements include an array of seven dots by nine dots, 
or any other array desired by the end user. The dielec 
tric layer, in addition to defining the cathode dots, pro 
vides an insulating layer which covers those portions of 
the cathode bar not wanted to be lighted up when the 
display is being operated. 
The next step in the manufacture of the device is to 

print the sealing paste 38 about the periphery of the 
dielectric sheet for purposes of forming a hermetic seal 
for the envelope. This material forms a raised wall en 
closing the dielectric sheet, and this raised wall has a 
thickness of from 0.010 inches to 0.030 inches. The 
printed material may be preglazed in either a box oven 
or a kiln with a peak temperature of 500' C. for approxi 
mately ten minutes. After the glazing process, the sub 
strate is ready for the sealing operation. While waiting 
for the sealing operation, the substrate is stored in a dry 
nitrogen atmosphere during the preparation of the 
cover plates 14. 
The glass cover 14 is made up of one-eighth float 

glass which has a transparent tin oxide layer deposited 
on one side. The cover glass is available from Pittsburgh 
Plate Glass Company under the trade designation 
"NESA" with resistivities down to 80 ohms per square, 
with a tolerance of plus or minus 50%. Other sources of 
tin oxide coated glass include Photon Power, Inc. 
which produces glass having resistivities of 8-12 ohms 
per square. It is of importance that the tin oxide coating 
be as close as possible to 100% free of scratches for 
obtaining a completely workable display. One should be 
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very careful to avoid fingerprinting the glass inasmuch 
as fingerprints can interfere with the acid etching which 
occurs later. 
The tin oxide coated covers are then carefully printed 

with an etch resist material which is printed in a pattern 
defining the tin oxide anodes which will be formed in 
the ultimate product. Several screen printable etch re 
sist compositions are available commercially and are 
well known in the art. The etch resist printing is dried at 
100 C. for approximately ten minutes and then is ready 
for the acid etching. 
Acid etching is accomplished by immersing the coat 

ing in a warm acid bath. First, a solution of zinc metal 
powder and deionized water is printed onto the coated 
side of the plate. The glass cover is then immersed in a 
heated mixture of one part deionized water to one part 
of 50% hydrochloric acid. For best results, the tempera 
ture of this acid bath should be between 39' and 55' C. 
The glass covers should remain in the acid bath for no 
longer than 15 to 20 seconds inasmuch as longer periods 
of time result in undercutting of the etch resist which is 
not desired. After the recommended time period, the 
glass cover is removed from the acid bath and immersed 
in a rinse of plain deionized water. After being permit 
ted to dry, the glass covers will be fully and properly 
etched with only the tin oxide coating for anodes 36 
present. 
The etch resistant coating is then removed by means 

of a 6% caustic soda solution slightly warmed. After 
this the glass is immersed in an alcohol deionized water 
bath and gently wiped dry. The etched pattern will be 
a series of straight parallel transparent conductors 36. 
The glass cover next receives a print of duPont 9535 

nickel conductive composition for the purpose of form 
ing keep alive covers if they are warranted. In FIG. 3, 
a keep alive cover 42 is shown printed on the undersur 
face of plate 14 and is adapted to be connected to keep 
alive pad 44. 
The glass cover 14 is now ready to be joined to the 

glass substrate 12 for purposes of forming a hermetic 
seal. The glass cover is positioned over the substrate 
and with the array of tin oxide anodes being orthogonal 
to the cathode bars and being in careful alignment with 
the columns A1-A12 of dots in dielectric 34. 
Once the glass cover is aligned properly over the 

substrate 12, clamps are applied to hold it in place. Then 
a fill tubulation 46 is positioned over the evacuation and 
fill orifice 40. The fill tubulation is generally manufac 
tured from glass and has a thermal coefficient which 
matches with the glass substrate 12. 
The assembly is then set into an oven and heated to 

480-500' C., which causes the sealing glass 38 to be 
reheated and remelted so as to flow together and form 
a hermetic seal. The sealing glass for the fill tubulation 
also melts and forms a hermetic seal at the fill tubulation 
substrate junction. After five to 30 minutes, the her 
metic seal is completed and the unit is "slowly cooled 
down to room temperature". 
A small glass capsule containing mercury is then 

dropped down the tubulation so as to provide means to 
introduce mercury to the display later. The purpose of 
the mercury is to retard the cathode sputtering which 
occurs in the plasma when the gas discharge is initiated. 
An alternative method to the mercury capsule is the use 
of a mercury giver ring or pill which is commercially 
available. 
The display is then attached to a high vacuum pump 

for purposes of pumping out all the air. The envelope is 
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6 
then filled with a Penning mixture of 99.5% neon gas, 
0.5% argon gas, and a trace of Krypton-85 radio active 
gas, Backfill pressure should typically be 150-700 milli 
meters mercury, depending upon the display design. 
The unit is then sealed off by heating the fill tubulation 
at a point about two to three inches from the lower 
surface of the substrate 12. This softens the glass and 
allows the fill tubulation to collapse. When fully col 
lapsed, the unit may be pulled away, causing the soft 
ened portion of the tubulation to separate. The Penning 
mixture is then sealed inside the display. 
The mercury capsule is then burst by use of an infra 

red gun and the unit is placed in a 300-350 C. oven for 
purposes of moving the mercury into the display. The 
remainder of the fill tubulation is then cut off just above 
the point where it is attached to the substrate which is 
usually approximately one-half inch from the substrate. 
Completion of the unit is accomplished by injecting 

conductive epoxy between the outer edges of the anode 
strips 36 and the anode pads A1-A12. As shown in FIG. 
5, the conductive epoxy 48 forms an electrical connec 
tion between anode strips 36 and anode pads 28. This 
epoxy is injected by means of a needle such as a hypo 
dermic needle, and the nodules 48 are formed adjacent 
each of the pads 28. 
FIGS. 6 and 7 demonstrate the means and method for 

driving the dot matrix display 10 shown in FIGS. 1-5. 
FIG. 6 illustrates a schematic view of the anode strips 

A1-A8 and cathode strips C1-C4. The dots 34 are lo 
cated at the junctures of the anode and cathode strips. 
For purposes of illustration, the junctures between 
C1-A2, C2-A3, C3-A4, C2-A5, and C1-A6, are shown 
actuated. The method of the present invention contem 
plates actuating the cathode strips one at a time in se 
quential fashion while at the same time actuating differ 
ent combinations of the anode strips to create the de 
sired result. In the examples shown in FIG. 6, the initial 
step of the scanning process involves actuating cathode 
C1. At the same time, anodes A2 and A6 are actuated so 
that the junctures between cathodes C1 and anodes A2 
and A6 are actuated to create a gas glow. All the cath 
odes and anodes are then turned off for a short period, 
and then cathode C2 is actuated. Simultaneously with 
the actuation of cathode C2, anodes A3 and A5 are 
actuated. Next, cathode C3 is actuated and at the same 
time, anode A4 is actuated. Finally, cathode C4 is actu 
ated, but none of the anodes are actuated. The cycle 
then repeats itself at a frequency which cannot be per 
ceived by the human eye. Thus, to the human eye, the 
glows which occur at C1-A2, C2-A3, C3-A4, C2-A5 
and C1-A6 all appear to be glowing continuously. 

FIG. 7 shows the circuitry which can be utilized to 
practice the method described above. Initially the data 
pertaining to the character desired to be displayed is 
inserted in a randon access memory unit designated by 
the numeral 50. Unit 50 stores the information pertain 
ing to the character to be displayed. The actuation of 
the cathode is initiated by cathode driving circuits 52. 
Each driver 52 drives eight cathode strips, and the 
particular cathode strip being driven is controlled by 
the cathode selector 54. 

Initially cathode selector 54 causes cathode driving 
circuits 52 to actuate the first cathode strip. Simulta 
neously the address transmitted to the cathode selector 
is transmitted to the address selector designated by the 
numeral 56. Address selector 56 then causes preselected 
signals to be issued from the randon access memory. 
These signals contain the information as to which par 
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ticular anodes should be actuated for the first cathode. 
This information is transmitted to the anode drivers 
designated by the numeral 58. Each anode driver 58 
includes a clock input which is controlled by scan 
counter clock 60 and by the data transfer controller 62 
so that the information from the random access memory 
is stored within each of the anode drivers 58. When all 
the information pertaining to the first cathode is stored 
in the anode drivers 58, the anode drivers 58 and the 
cathode driver 52 simultaneously actuate the first cath 
ode and the particular preselected anodes which are 
desired to be actuated with the first cathode. This 
causes gas discharge glow adjacent the junctures be 
tween the actuated anodes and the first cathode. The 
scan counter and clock 60 then shuts off the cathodes 
and anodes and steps to a new address pertaining to the 
second cathode and to the conbination of anodes which 
should be actuated with respect to that cathode. The 
address is transmitted to the random access memory 50 
and the information is again inserted into anode drivers 
58. Then anode drivers 58 and cathode drivers 52 are 
again actuated so that the second cathode is actuated 
and a second combination of anodes is also actuated. 
This process continues stepping through the cycle until 
all the cathodes and the anodes corresponding thereto 
have been actuated. The process repeats itself at a fre 
quency which is not perceptible to the human eye, and 
the resulting effect is that the human eye perceives all of 
the gas discharge glows as being continuous, rather 
than intermittant. 
The particular circuitry shown in FIG. 7 is illustra 

tive of a circuit which can be used to produce the 
method of applicant's invention. Other circuitry could 
be used also without detracting from the invention. 
Listed below are an identification of the various compo 
nents shown in the schematic diagram of FIG. 7. 

Manufacturer Name and 
Component Address Part Number 

Cathode driver 52 Sprague Electric ULN 2823A 
Worcester, Mass. 

Cathode Selector RCA CD 4514 BE 
New York, N.Y. 

Address Selector 56 Texas Instrument SN 741STN 
Dallas, Texas 

Randon Access Nationai Semi-Conductor MM102 
Memory 50 Santa Clara, C.A. 
Anode Driver 58 Texas InstruTents SNSSOA 

Dallas, Texas 

What is claimed is: 
1. A direct current dot matrix digital display device 

comprising: 

a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, and said 
rows of openings each being aligned over one of 
said cathod cathode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
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space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 

a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said dielectric layer covering all portions of Said 
cathode strips and said upper surface of said sub 
strate within said envelope between said matrix of 
openings; 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers be 
tween said rows and column of openings, and 

terminal means for said anode and cathode strips. 
2. A device according to claim 1 wherein said sealing 

means holds said top plate and said substrate spaced 
apart from one another a distance from 0.010 inches to 
0.030 inches. 

3. A device according to claim 1 wherein said ioniz 
able gas within said envelope is under a pressure be 
tween 150 and 700 millineters mercury. 

4. A direct current dot matrix digital display device, 
comprising: 

a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, said rows of 
openings each being aligned over one of said cath 
ode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
the above said cathodestrips and each being spaced 
above and in registered alignment with one of said 
columns in said matrix of openings in said dielectric 
layer, 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers be 
tween said rows and columns of openings, 

terminal means for said anode and cathode strips; 
anode driving means connected to said anode strips 

for actuating said anode strips; 
cathode driving means connected to said cathode 

strips for actuating said cathode strips; 
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random access memory means for storing informa 
tion as to the selected anode strips and cathode 
strips to be actuated; 

data transfer circuitry for intermittently transmitting 
data signals from said random access memory 
means to said anode and cathode driving means, 
said anode and cathode driving means being re 
sponsive to receipt of each of said data signals to 
cause first, a simultaneous actuation of one of said 
cathode strips and a corresponding group of said 
anode strips for causing a glow at those of said 
openings in said matrix which are located at the 
intersection of said actuated cathode and anode 
strips, and second, a complete deactuation of all of 
said cathode and anode strips for causing a cessa 
tion of glow; each of said signals causing simulta 
neous actuation of a different cathode strip and a 
different group of anode strips; 

control means connected to said data transfer means 
for causing said data transfer means to transfer data 
signals one at a time from said random access mem 
ory means for actuating each of said cathodes and 
a corresponding group of anodes one at a time in a 
sequence which permits all of said cathodestrips to 
be actuated and then for repeating said sequences 
of signals at a frequency imperceptible to the 
human eye whereby the intermittent glow from 
said actuated anode and cathode strips will appear 
to be continuous. 

5. A direct current dot matrix digital display device 
comprising: 

a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 

10 
each of said anode strips and extending from each 
of said anode strips into electrical connection with 
one of said anode pads on said substrate, 

6. A direct current dot matrix digital display device 
5 comprising: 

10 

S 

20 

25 

30 

35 

in rows and columns to form a matrix, said rows of 0 
openings each being aligned over one of said 
cathode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer. 

a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas. 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers 
between said rows and column of openings, and 

terminal means for said anode and cathode strips; 
said terminal means comprising a plurality of anode 
pads and a plurality of cathode pads mounted on 
said substrate, and connection means connected to 

45 

50 

55 

65 

a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, said rows of 
openings each being aligned over one of said 
cathode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 

a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers 
between said rows and column of openings, and 

terminal means for said anode and cathode strips; 
said ionizable gas within said envelope being under a 

pressure between 150 and 700 millimeter mercury. 
7. A direct current dot matrix digital display device 

comprising: 
a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, said rows of 
openings each being aligned over one of said 
cathode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 
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a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said anode strips and said cathode strips being the 5 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers 
between said rows and column of openings, and 

terminal means for said anode and cathode strips; 10 
said envelope having mercury introduced therein for 

retarding sputtering of said cathodes. 
8. A direct current dot matrix digital display device 

comprising: 
a dielectric substrate having a flat upper surface, 5 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 20 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, said rows of 
openings each being aligned over one of said 
cathode strips, 25 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
space above, in communication with, and con- 30 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 35 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 

12 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 

a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers 
between said rows and columns of openings, and 

terminal means for said anode and cathode strips; 
said anode strips and said cathode strips each includ 

ing a connection end extending outwardly from 
within said envelope to outside said envelope; 

said substrate having first and second opposite ends 
and first and second opposite sides; 

said cathode strips being divided into first and sec 
ond cathode groups, said connection ends of said 
first cathode group being adjacent said first end of 
said substrate, and said connection ends of said 
Second cathode group being adjacent said second 
end of said substrate; 

said anode strips being divided into first and second 
anode groups, said connection ends of said first 
anode group being adjacent said first side of said 
substrate and said connection means of said second 
anode group being adjacent said second side of 
said substrate. 

10. A device according to claim 9 wherein said 
terminal means comprising a plurality of anode pads 
mounted on said first and second sides of said substrate 
outside said envelope, connection means extending 
from said top glass to said substrate and providing 
electrical connection between said each of said connec 
tion ends of said anode strips and one of said anode 

a mass of ionizable gas filling said envelope of space 40 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers pads. 
between said rows and columns of openings, and 11. A direct current dot matrix digital display device 

terminal means for said anode and cathode strips; comprising: 
keep alive means within said envelope comprising an 
opaque keep alive anode on said undersurface of 

a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

said top plate and a keep alive cathode on said the upper surface of said substrate and being ar 
uppersurface of said substrate. ranged in parallel spaced relation to one another, 

9. A direct current dot matrix digital display device a printed dielectric layer on said substrate and said 
comprising: 55 cathode strips and having a plurality of openings 

a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 60 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, said rows of 
openings each being aligned over one of said 65 
cathode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 

therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, said rows of 
openings each being aligned over one of said 
cathode strips, 

a transparent top plate having an under surface and 
Sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
Space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
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of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 

a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers 
between said rows and column of openings, and 

O 

5 

25 

30 

35 

45 

SO 

55 

14 
terminal means for said anode and cathode strips; 
said anode strips being transparent and said cathode 

strips being substantially longer than said anode 
strips. 

12. A device according to claim 11 and further 
comprising anode driving means and cathode driving 
means for actuating said anode strips and said cathode 
strips respectively, control means connected to said 
anode and cathode driving means for causing sequen 
tial actuation of said cathode strips one at a time and for 
actuating preselected groups of said anode strips each 
time one of said cathode strips is actuated. 
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ticular anodes should be actuated for the first cathode. 
This information is transmitted to the anode drivers 
designated by the numeral 58. Each anode driver 58 
includes a clock input which is controlled by scan 
counter clock 60 and by the data transfer controller 62 
so that the information from the random access memory 
is stored within each of the anode drivers 58. When all 
the information pertaining to the first cathode is stored 
in the anode drivers 58, the anode drivers 58 and the 
cathode driver 52 simultaneously actuate the first cath 
ode and the particular preselected anodes which are 
desired to be actuated with the first cathode. This 
causes gas discharge glow adjacent the junctures be 
tween the actuated anodes and the first cathode. The 
scan counter and clock 60 then shuts off the cathodes 
and anodes and steps to a new address pertaining to the 
second cathode and to the combination of anodes which 
should be actuated with respect to that cathode. The 
address is transmitted to the random access memory 50 
and the information is again inserted into anode drivers 
58. Then anode drivers 58 and cathode drivers 52 are 
again actuated so that the second cathode is actuated 
and a second combination of anodes is also actuated. 
This process continues stepping through the cycle until 
all the cathodes and the anodes corresponding thereto 
have been actuated. The process repeats itself at a fre 
quency which is not perceptible to the human eye, and 
the resulting effect is that the human eye perceives all of 
the gas discharge glows as being continuous, rather 
than intermittant. 
The particular circuitry shown in FIG. 7 is illustra 

tive of a circuit which can be used to produce the 
method of applicant's invention. Other circuitry could 
be used also without detracting from the invention. 
Listed below are an identification of the various compo 
nents shown in the schematic diagram of FIG. 7. 

Manufacturer Name and 
Component Address Part Nunbet 

Cathode driver 52 Sprague Electric ULN 2823A 
Worcester, Mass. 

Cathode Selector RCA CD 4514 BE 
New York, N.Y. 

Address Selector 56 Texas Instrument SN 7457N 
Dallas, Texas 

Randon Access National Semi-Conductor MM2O2 
Memory 50 Santa Clara, C.A. 
Anode Driver 58 Texas Instruments SNS50A 

Dallas, Texas 

What is claimed is: 
1. A direct current dot matrix digital display device comprising: 
a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, and said 
rows of openings each being aligned over one of 
said cathod cathode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
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8 
space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 

said dielectric layer covering all portions of said cathode 
strips and said upper surface of said substrate within 
said envelope benween said matrix of openings, 

a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers be 
tween said rows and column of openings, and 

terminal means for said anode and cathode strips. 
2. A device according to claim 1 wherein said sealing 

means holds said top plate and said substrate spaced 
apart from one another a distance from 0.010 inches to 
0.030 inches. 

3. A device according to claim 1 wherein said ioniz 
able gas within said envelope is under a pressure be 
tween 150 and 700 millimeters mercury. 

4. A direct current dot matrix digital display device, 
comprising: 

a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on 

the upper surface of said substrate and being ar 
ranged in parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion 
of said cathode strips, said openings being formed 
in rows and columns to form a matrix, said rows of 
openings each being aligned over one of said cath 
ode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation 
to said dielectric layer to create an envelope of 
space above, in communication with, and com 
pletely enveloping said matrix of openings; 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope 
of space and in spaced relation to said dielectric 
layer, said anode strips extending perpendicular to 
and above said cathode strips and each being 
spaced above and in registered alignment with one 
of said columns in said matrix of openings in said 
dielectric layer, 

a mass of ionizable gas filling said envelope of space 
and said matrix of openings in said dielectric layer 
whereby said anode strips are all in direct contact 
with said mass of ionizable gas, 

said anode strips and said cathode strips being the 
only electrodes positioned in alignment with said 
matrix of openings, 

said envelope being substantially free of barriers be 
tween said rows and columns of openings, 

terminal means for said anode and cathode strips: 
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anode driving means connected to said anode strips 

for actuating said anode strips; 
cathode driving means connected to said cathode 

strips for actuating said cathode strips; 
randon access memory means for storing informa 

tion as to the selected anode strips and cathode 
strips to be actuated; 

10 
said terminal means comprising a plurality of anode 
pads and a plurality of cathode pads mounted on said 
substrate, and connection means connected to each of 
said anode strips and extending from each of said 
anodestrips into electrical connection with one of said 
anode pads on said substrate. 

6. A direct current dot matrix digital display device data transfer circuitry for intermittently transmitting 
data signals from said random access memory 
means to said anode and cathode driving means, 10 

comprising: 
a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on the said anode and cathode driving means being re 

sponsive to receipt of each of said data signals to 
cause first, a simultaneous actuation of one of said 
cathode strips and a corresponding group of said 
anode strips for causing a glow at those of said 
openings in said matrix which are located at the 
intersection of said actuated cathode and anode 
strips, and second, a complete deactuation of all of 
said cathode and anode strips for causing a cessa 
tion of glow; each of said signals causing simulta 
neous actuation of a different cathode strip and a 
different group of anode strips; 

control means connected to said data transfer means 
for causing said data transfer means to transfer data 
signals one at a time from said random access mem 
ory means for actuating each of said cathodes and 
a corresponding group of anodes one at a time in a 
sequence which permits all of said cathode strips to 
be actuated and then for repeating said sequences 

15 

25 

upper surface of said substrate and being arranged in 
parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion of 
said cathodestrips, said openings being formed in rows 
and columns to form a matrix, said rows of openings 
each being aligned over one of said cathodestrips, 
transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation to 
said dielectric layer to create an envelope of space 
above, in communication with, and completely envel 
oping said matrix of openings, 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope of 
space and in spaced relation to said dielectric layer, 
said anode strips extending perpendicular to and 
above said cathode strips and each being spaced above 
and in registered alignment with one of said columns 
in said matrix of openings in said dielectric layer, 

a mass of ionizable gas filling said envelope of space and 
said matrix of openings in said dielectric layer 
whereby said anodestrips are all in direct contact with 
said mass of ionizable gas, 

said anodestrips and said cathodestrips being the only 
electrodes positioned in alignment with said matrix of 
openings, 

said envelope being substantially free of barriers between 
said rows and column of openings, and 

terminal means for said anode and cathode strips, 
said ionizable gas within said envelope being under a 

pressure between 150 and 700 millimeter mercury. 
7. A direct current dor matrix digital display device 

45 comprising: 
a dielectric substrate having a flat upper surface, 
a plurality of elongated cathodestrips mounted on the 

of signals at a frequency imperceptible to the 30 
human eye whereby the intermittent glow from 
said actuated anode and cathodestrips will appear 
to be continuous. 

5. A direct current dot matrix digital display device 
comprising 35 
a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on the 

upper surface of said substrate and being arranged in 
parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 40 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion of 
said cathodestrips, said openings being formed in rows 
and columns to form a matrix, said rows of openings 
each being aligned over one of said cathodestrips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation to 
said dielectric layer to create an envelope of space upper surface of said substrate and being arranged in 

parallel spaced relation to one another, 
above, in communication with, and completely envel- 50 a printed dielectric layer on said substrate and said 
oping said matrix of openings, cathode strips and having a plurality of openings 

a plurality of elongated anode strips mounted on the therethrough each communicating with a portion of 
undersurface of said top plate within said envelope of said cathodestrips, said openings being formed in rows 
space and in spaced relation to said dielectric layer, and columns to form a matrix, said rows of openings 
said anode strips extending perpendicular to and 55 each being aligned over one of said cathodestrips, 
above said cathodestrips and each being spaced above transparent top plate having an under surface and 
and in registered alignment with one of said columns sealed to the perimeter of said substrate by sealing 
in said matrix of openings in said dielectric layer, means and positioned above and in spaced relation to 

a mass of ionizable gas filling said envelope of space and said dielectric layer to create an envelope of space 
said matrix of openings in said dielectric layer 60 above, in communication with, and completely envel 
whereby said anodestrips are all in direct contact with oping said matrix of openings, 
said mass of ionizable gas, a plurality of elongated anode strips mounted on the 

said anode strips and said carhodestrips being the only undersurface of said top plate within said envelope of 
electrodes positioned in alignment with said matrix of space and in spaced relation to said dielectric layer, 
openings, 65 said anode strips extending perpendicular to and 

said envelope being substantially free of barriers between 
said rows and column of openings, and 

terminal means for said anode and cathode strips, 
above said cathodestrips and each being spaced above 
and in registered alignment with one of said columns 
in said matrix of openings in said dielectric layer, 
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a mass of ionizable gas filling said envelope of space and 
said matrix of openings in said dielectric layer 
whereby said anodestrips are all in direct contact with 
said mass of ionizable gas, 

12 
above, in communication with, and completely envel 
oping said matrix of openings, 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope of 

said anode strips and said cathode strips being the only 5 space and in spaced relation to said dielectric layer, 
electrodes positioned in alignment with said matrix of said anode strips extending perpendicular to and 
openings, above said cathodestrips and each being spaced above 

said envelope being substantially free of barriers between and in registered alignment with one of said columns 
said rows and column of openings, and in said matrix of openings in said dielectric layer, 

terminal means for said anode and cathode strips, 10 a mass of ionizable gas filling said envelope of space and 
said envelope having mercury introduced therein for said matrix of openings in said dielectric layer 

retarding sputtering of said cathodes. whereby said anode strips are all in direct contact with 
8. A direct current dot matrix digital display device said mass of ionizable gas, 

comprising 1S said anode strips and said cathode strips being the only 
a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on the 

upper surface of said substrate and being arranged in 
parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 2O 
therethrough each communicating with a portion of 
said cathodestrips, said openings being formed in rows 
and columns to form a matrix, said rows of openings 
each being aligned over one of said cathode strips, 

a transparent top plate having an under surface and 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation to 
said dielectric layer to create an envelope of space 

electrodes positioned in alignment with said matrix of 
openings, 

said envelope being substantially free of barriers between 
said rows and columns of openings, and 

terminal means for said anode and cathodestrips, 
said anode strips and said cathode strips each including 

a connection end extending outwardly from within 
said envelope to outside said envelope, 

said substrate having first and second opposite ends and 
first and second opposite sides, 

said cathode strips being divided into first and second 
cathode groups, said connection ends of said first 
cathode group being adjacent said first end of said 
substrate, and said connection ends of said second 
cathode group being adjacent said second end of said 
substrate, 

said anode strips being divided into first and second 
anode groups, said connection ends of said first anode 
group being adjacent said first side of said substrate 
and said connection means of said second anode group 
being adjacent said second side of said substrate. 

10. A device according to clairn 9 wherein said terminal 
means comprising a plurality of anode pads mounted on 
said first and second sides of said substrate outside said 
envelope, connection means extending from said top glass 
to said substrate and providing electrical connection be 
tween said each of said connection ends of said anodestrips 
and one of said anode pads. 

11. A direct current dot matrix digital display device 
comprising: 
a dielectric substrate having a flat upper surface, 
a plurality of elongated cathode strips mounted on the 

upper surface of said substrate and being arranged in 
parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 
therethrough each communicating with a portion of 
said cathodestrips, said openings being formed in rows 

above, in communication with, and completely envel- 30 
oping said matrix of openings, 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope of 
space and in spaced relation to said dielectric layer, 
said anode strips extending perpendicular to and is 
above said cathodestrips and each being spaced above 
and in registered alignment with one of said columns 
in said matrix of openings in said dielectric layer, 

a mass of ionizable gas filling said envelope of space and 
said matrix of openings in said dielectric layer 40 
whereby said anodestrips are all in direct contact with 
said mass of ionizable gas, 

said anodestrips and said cathodestrips being the only 
electrodes positioned in alignment with said matrix of 
openings, 45 

said envelope being substantially free of barriers between 
said rows and columns of openings, and 

terminal means for said anode and cathodestrips, 
keep alive means within said envelope comprising an 
opaque keep alive anode on said undersurface of said 50 
top plate and a keep alive cathode on said uppersur 
face of said substrate. 

9. A direct current dot matrix digital display device 
comprising and columns to form a matrix, said rows of openings 
a dielectric substrate having a flat upper surface, 55 each being aligned over one of said cathodestrips, 
a plurality of elongated cathode strips mounted on the a transparent top plate having an under surface and 

sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation to 
said dielectric layer to create an envelope of space 
above, in communication with, and completely envel 
oping said matrix of openings." 

a plurality of elongated anode strips mounted on the 
undersurface of said top plate within said envelope of 
space and in spaced relation to said dielectric layer, 
said anode strips extending perpendicular to and 
above said cathodestrips and each being spaced above 
and in registered alignment with one of said columns 
in said matrix of openings in said dielectric layer, 

upper surface of said substrate and being arranged in 
parallel spaced relation to one another, 

a printed dielectric layer on said substrate and said 
cathode strips and having a plurality of openings 60 
therethrough each communicating with a portion of 
said cathodestrips, said openings being formed in rows 
and columns to form a matrix, said rows of openings 
each being aligned over one of said cathode strips, 

a transparent top plate having an under surface and 65 
sealed to the perimeter of said substrate by sealing 
means and positioned above and in spaced relation to 
said dielectric layer to create an envelope of space 
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a mass of ionizable gas filling said envelope of space and said anode strips being transparent and said cathode 
said matrix of openings in said dielectric layer strips being substantially longer than said anode 

strips. 
whereby said anodestrips are all in direct contact with 12. A device according to claim 11 and further compris 
said mass of ionizable gas, 5 ing anode driving means and cathode driving means for 

said anode strips and said cathode strips being the only actuating said anode strips and said cathode strips respec 
electrodes positioned in alignment with said matrix of tively, control means connected to said anode and cathode 

driving means for causing sequential actuation of said openings, - 
d lope bei bstantial barriers b cathode strips one at a time and for actuating preselected 

s enve ope being substantiatly free of barriers between 10 groups of said anode strips each time one of said cathode 
said rows and column of openings, and strips is actuated. 

terminal means for said anode and cathode strips, 
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