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(57) ABSTRACT 
There is disclosed a gas discharge display/memory 
panel which has opposing electrode arrays with insu 
lating dielectric charge storage members, the arrays 
being oriented so as to define a plurality of discharge 
units or cells, the panel being operated by the applica 
tion of a sustaining voltage, the writing of a particular 
unit being effected by the application of a writing volt 
age to one electrode of the unit and a similar writing 
voltage to the opposing electrode of the unit, the two 
writing voltages being algebraically added across the 
unit from a near zero slope base or plateau, the ampli 
tude of the base being substantially less than the maxi 
mum amplitude achieved by the total applied sustain 
ing voltage in one period, and the magnitude of the 
writing voltage applied to either opposing electrode 
alone being insufficient to write any unit in the panel. 

10 Claims, 5 Drawing Figures 
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DRIVE WAVEFORM FOR GAS DSCHARGE 
DISPLAY/MEMORY PANEL 

BACKGROUND OF THE INVENTION 

This invention relates to multiple gas discharge dis 
play/memory panels or units which have an electrical 
memory and which are capable of producing a visual 
display or representation of data such as numerals, let 
ters, radar displays, aircraft displays, binary words, ed 
ucational displays, etc. 
Multiple gas discharge display and/or memory panels 

of one particular type with which the present invention 
is concerned are characterized by an ionizable gaseous 
medium, usually a mixture of at least two gases at an 
appropriate gas pressure, in a thin gas chamber or 
space between a pair of opposed dielectric charge stor 
age members which are backed by conductor (elec 
trode) members, the conductor members backing each 
dielectric member typically being appropriately ori 
ented so as to define a plurality of discrete discharge 
volumes, each constituting a discharge unit. 

In some prior art panels the discharge units are addi 
tionally defined by surrounding or confining physical 
structure such as by cells or apertures in perforated 
glass plates and the like so as to be physically isolated 
relative to other units. In either case, with or without 
the confining physical structure, charges (electrons, 
ions) produced upon ionization of the gas of a selected 
discharge unit, when proper alternating operating po 
tentials are applied to selected conductors thereof, are 
collected upon the surfaces of the dielectric at specifi 
cally defined locations and constitute an electrical field 
opposing the electrical field which created them so as 
to terminate the discharge for the remainder of the half 
cycle and aid in the initiation of a discharge on a suc 
ceeding opposite half cycle of applied voltage, such 
charges as are stored constituting an electrical mem 
ory. 
Thus, the dielectric layers prevent the passage of sub 

stantial conductive current from the conductor mem 
bers to the gaseous medium and also serve as collecting 
surfaces for ionized gaseous medium charges (elec 
trons, ions) during the alternate half cycles of the A.C. 
operating potentials, such charges collecting first on 
one elemental or discrete dielectric surface area and 
then on an opposing elemental or discrete dielectric 
surface area on alternate half cycles to constitute an 
electrical memory. 
An example of a panel structure containing non 

physically isolated or open discharge units is disclosed 
in U.S. Pat. No. 3,499,167 issued to Theodore C. 
Baker, et al. 
An example of a panel containing physically isolated 

units is disclosed in the article by D. L. Bitzer and H. 
G. Slottow entitled "The Plasma Display Panel - A 
Digitally Addressable Display With Inherent Memory', 
Proceeding of the Fall Joint Computer Conference, 
IEEE, San Francisco, Cal., November, 1966, pp. 
541-547. Also reference is made to U.S. Pat. No. 
3,559,190. 

In the fabrication of the panel, a continuous volume 
of ionizable gas is confined between a pair of dielectric 
surfaces backed by conductor arrays typically forming 
matrix elements. The cross conductor arrays may be 
orthogonally related (but any other configuration of 
conductor arrays may be used) to define a plurality of 
opposed pairs of charge storage areas on the surfaces 
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2 
of the dielectric bounding or confining the gas. Thus, 
for a conductor matrix having H rows and C columns 
the number of elemental discharge volumes will be the 
product H X C and the number of elemental or discrete 
areas will be twice the number of elemental discharge 
volumes. 

In addition, the panel may comprise a so-called 
monolithic structure in which the conductor arrays are 
created on a single substrate and wherein two or more 
arrays are separated from each other and from the gas 
eous medium by at least one insulating member. In 
such a device the gas discharge takes place not between 
two opposing members, but between two contiguous or 
adjacent members on the same substrate. 

It is also feasible to have a gas discharge device 
wherein some of the conductive or electrode members 
are in direct contact with the gaseous medium and the 
remaining electrode members are appropriately insu 
lated from such gas, i.e., at least one insulated elec 
trode. 

In addition to the matrix configuration, the conduc 
tor arrays may be shaped otherwise. Accordingly, while 
the preferred conductor arrangement is of the crossed 
grid type as shown herein, it is likewise apparent that 
where a maximal variety of two dimensional display 
patterns is not necessary, as where specific standard 
ized visual shapes (e.g., numerals, letters, words, etc.) 
are to be formed and image resolution is not critical, 
the conductors may be shaped accordingly. 
The gas is one which produces visible light or invisi 

ble radiation which stimulates a phosphor (if visual dis 
play is an objective) and a copious supply of charges 
(ions and electrons) during discharge. In an open cell 
Baker, et al. type panel, the gas pressure and the elec 
tric field are sufficient to laterally confine charges gen 
erated on discharge within elemental or discrete dielec 
tric areas within the perimeter of such areas, especially 
in a panel containing non-isolated units. 
As described in the Baker, et al. patent, the space be 

tween the dielectric surfaces occupied by the gas is 
such as to permit photons generated on discharge in a 
selected discrete or elemental volume of gas to pass 
freely through the gas space and strike surface areas of 
dielectric remote from the selected discrete volumes, 
such remote, photon struck dielectric surface areas 
thereby emitting electrons so as to condition other and 
more remote elemental volumes for discharges at a uni 
form applied potential. 
With respect to the memory function of a given dis 

charge panel, the allowable distance or spacing be 
tween the dielectric surfaces depends, inter alia, on the 
frequency of the alternating current supply, the dis 
tance typically being greater for lower frequencies. 
While the prior art does disclose gaseous discharge 

devices having externally positioned electrodes for ini 
tiating a gaseous discharge, sometimes called "elec 
trodeless discharge,' such prior art devices utilized fre 
quencies and spacings or discharge volumes and oper 
ating pressures such that although discharges are initi 
ated in the gaseous medium, such discharges are inef 
fective or not utilized for charge generation and storage 
at higher frequencies; although charge storage may be 
realized at lower frequencies, such charge storage has 
not been utilized in a display/memory device in the 
manner of the Bitzer-Slottow or Baker, et al. invention. 
The term “memory margin' is defined herein as 
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where V is the half amplitude of the smallest sustaining 
voltage signal which results in a discharge every half cy 
cle, but at which the cell is not bi-stable and V is the 
half amplitude of the minimum applied voltage suffi 
cient to sustain discharges once initiated. 

It will be understood that the basic electrical phe 
nomenon utilized in this invention is the generation of 
charges (ions and electrons) alternately storable at 
pairs of opposed or facing discrete points or areas on 
a pair of dielectric surfaces backed by conductors con 
nected to a source of operating potential. Such stored 
charges result in an electrical field opposing the field 
produced by the applied potential that created them 
and hence operate to terminate ionization in the ele 
mental gas volume between opposed or facing discrete 
points or areas of dielectric surface. The term “sustain 
a discharge' means producing a sequence of momen 
tary discharges, at least one discharge for each half 
cycle of applied alternating sustaining voltage, once the 
elemental gas volume has been fired, to maintain alter 
nate storing of charges at pairs of opposed discrete 
areas on the dielectric surfaces. 
Thus in practice, a periodic sustaining voltage suffi 

cient to operate the panel is applied to the opposing 
electrode arrays, the waveform of such sustaining volt 
age being rectangular, square, sinusoidal, trapezoidal, 
triangular, or of any other periodic geometric form or 
shape. As described in copending U.S. Pat. application 
Ser. No. 60,402, filed Aug. 3, 1970, having the same 
assignee as the instant application, one-half of the sus 
taining voltage may be applied to one electrode array 
and the other half may be applied at 180° phase or op 
posite polarity to the opposing electrode array, the two 
applied sustaining voltages being algebraically added 
across the unit. Likewise, all of the sustaining voltage 
may be applied to only one electrode array. 
The sustaining voltage is sufficient to operate the 

panel; that is, sufficient to maintain all of the units or 
cells in the panel in an off or on state. A unit in the off 
state is one to which there has not been applied a writ 
ing voltage whereas a unit in the on state has received 
a writing voltage. A unit in the on state is one which has 
been discharged by the application of the writing volt 
age such that wall charges are formed and stored on the 
dielectric charge storage surface(s) of the unit. 

In the operation of a multiple gas discharge displayf 
memory device which contains opposing electrode ar 
rays, the writing of a particular unit or cell is usually ef 
fected by applying a writing voltage to one electrode of 
the cell and a similar writing voltage to the opposing 
electrode of the cell, the phase of each addressing volt 
age being such that the two addressing voltages are al 
gebraically added, for example as disclosed and 
claimed in copending U.S. Pat. application Ser. No. 
699,170, filed Jan. 19, 1968, by William E. Johnson 
and Larry J. Schmersal, also assigned to the assignee of 
the instant application. 

If the writing voltages are derived from the same 
source, each is equal to the other in magnitude with 
each therefore representing one half of the total writing 
voltage for the cell. 
Furthermore, each opposing electrode of the cell typ 

ically serves as an electrode for other cells, especially 
in an x-y electrode matrix arrangement also known as 
a column-row electrode matrix. In such a matrix ar 
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4 
rangement, a writing voltage is applied to one x-axis 
(row) electrode and a similar writing voltage is applied 
to a y-axis (Column) electrode, the two writing volt 
ages being algebraically combined across the cell 
formed by the intersection of the x-axis electrode and 
the y-axis electrode. Thus the selection of a particular 
cell to be addressed is effected by the application of 
writing voltages to the proper x and y electrodes, e.g., 
as determined by the appropriate electronic circuitry 
hardware. 
When a particular x or y electrode is written, the ap 

plied writing voltage may be sufficient to "turn-on' a 
particular cell site even though a corresponding writing 
voltage is not applied to the opposing electrode of that 
particular cell site; that is, when writing voltages are ap 
plied to the opposing electrodes of a selected cell, the 
voltage applied to either electrode may be sufficient to 
write other cells (not intended to be written). Thus be 
cause of non-uniformities in the panel construction, 
manufacture, etc., one or more cells may be written by 
only one electrode. 

In other words, a fraction or part of the total writing 
voltage for a to-be-written cell will inherently be ap 
plied to other not-to-be-written cells having a locus 
along the x-electrode and other not-to-be-written cells 
having a locus along the y-electrode, such fraction of 
the total writing voltage being sufficient to "turn-on' 
one or more of the not-to-be-written cells. Where the 
fraction of the writing voltage applied to each opposing 
electrode of a particular cell is equal, such fraction is 
therefore one half and the phenomenon of turning on 
not-to-be-written cells is known as “half-select." 

In accordance with the practice of this invention, 
there is provided a process for operating a multiple gas 
eous discharge panel so as to minimize or eliminate the 
writing of not-to-be-written cells. 
More particularly, this invention comprises a process 

for operating a multiple gaseous discharge displayf 
memory panel whereby one writing voltage is applied 
to one electrode of a panel cell and another writing 
voltage is applied to the opposing electrode of the same 
cell, the two applied writing voltages being algebra 
ically added across the cell from a near zero slope base. 
or plateau, the amplitude of the base being substan 
tially less than the maximum amplitude achieved by the 
total applied sustaining voltage in one period, and the 
magnitude of the writing voltage qpplied to either op 
posing electrode alone being insufficient to write any 
unit in the panel. 

In the practice of this invention, the writing voltages 
may be of any suitable waveform, such as broadly de 
fined hereinbefore for the sustaining voltage. It is also 
contemplated that each writing voltage may be of the 
same or different waveform. Likewise, it is contem 
plated that each writing voltage may be of the same or 
different waveform as that of the sustaining voltage. 

In one preferred embodiment, each writing voltage is 
of a rectangular waveform. 

In accordance with one further embodiment of this 
invention, the x and y writing voltages are of the same 
magnitude. 

In accordance with still another embodiment, the x 
and y writing voltages are of different magnitude. 

In the prior art writing voltages have been algebri 
cally added to the top of the sustaining voltage. One 
such prior art embodiment is illustrated in FIG. 1 
wherein there is shown a sustaining voltage S of a rect 
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angular or square waveform and two writing voltages, 
W and W., of a rectangular or square waveform alge 
braically added to the top of the sustaining voltage. 

In FIGS. 2 and 3, there are illustrated two embodi 
ments of the invention at bar. 
FIG. 4 is a partially cut away plan view of a gaseous 

discharge display/memory panel as disclosed in the 
aforementioned U. S. Pat. No. 3,499,167. 
FIG. 5 is a cross sectional view (enlarged, but not to 

proportional scale since the thickness of the gas line, 
dielectric members and conductor rays have been 
charged for purposes of illustration) taken along line 
5-5 of FIG. 4. 
FIGS. 4 and 5 illustrate a gaseous discharge displayf 

memory panel to which the invention has particular 
utility. As there illustrated, a pair of dielectric films or 
coatings 10 or 11, separated by a thin layer or volume 
of a gaseous medium 12 which produces a copious sup 
ply of charges alternately collectable on the surfaces of 
the dielectric members at opposed or facing elemental 
or discrete areas X and Y defined by the conductor ma 
trix on non gas contacting sides of the dielectric mem 
bers. Each dielectric member presents large opening 
surface areas and a plurality of pairs of X and Y areas. 
The dielectric members are formed on and supported 
by non-conductive support members 16 and 17, at leat 
one of which passes light produced by the discharge 
line in the elemental gas volumes. These are preferably 
transparent glass members to which the conductor ar 
rays 13 and 14 have been applied in the manner de 
scribed in said U.S. Pat. No. 3,499,167. The support 
plates carrying the conductor array 13 and 14 and the 
dielectric coating thereon 10 and 11 are secured in 
spaced relation by spacer sealant 15. The electrodes in 
the aray are driven from an interface and addressing 
circuit 19 in accordance with the embodiments of the 
present invention. 

In FIG. 2 there is shown a sustaining voltage S" with 
the writing voltages W' and W" being algebraically 
added from a zero slope plateau separate from the sus 
taining voltage. 

In FIG. 3 there is shown a sustaining voltage S' with 
the writing voltage W' and W' being algebraically 
added from a zero slope plateau which is on the lower 
portion of the sustaining voltage. 
Other embodiments of this invention, not illustrated 

by FIGS. 2 and 3, are also contemplated. 
In all embodiments of this invention, including those 

illustrated by FIGS. 2 and 3, the writing voltages, e.g., 
W' and W", may be of the same or different magni 
tude. Likewise, W' and W" may be selected from te 
same or different waveform, although square or rectan 
gular waveform is preferred for both. 

In all embodiments of this invention, including those 
illustrated by FIGS. 1 and 2, the magnitude of either 
writing voltage alone, e.g., W' or W", is insufficient 
to write (discharge) any unit in the panel. 

In the preferred practice of this invetion, the magni 
tude of each writing voltage, e.g., W' or W", is equal 
to or less than the magnitude of the sustaining voltage, 
e.g., S. 
We claim: 
1. In a process for operating a multiple gas discharge 

display/memory panel having opposed electrode arrays 
and at least one insulating dielectric charge storage 
member, the arrays being oriented so as to define a plu 
rality of discharge cells, and wherein periodic sustain 
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6 
ing voltages and writing voltage pulses are applied to 
the electrode arrays so as to operate the panel, the writ 
ing voltage pulses being selectively applied, the im 
provement comprising, at selected times, and at each 
cell in said panel, producing a near zero slope voltage 
plateau, which is greater than zero volts, in said sustain 
ing voltage and during the step of entering information 
to said panel wherein one writing voltage pulse is ap 
plied to one electrode of a discharge cell and a similar 
writing voltage pulse is applied to the opposing elec 
trode of the cell, said writing voltage pulses being si 
multaneously applied to the opposing electrode of the 
cell, respectively, and at a time such that the two wrir 
ing voltages being algebraically added across the cell 
occurs during said zero slope plateau so as to cause a 
discharge in the selected cell, causing the amplitude of 
the voltage plateau to be substantially less than the 
maximum amplitude achieved by the total applied sus 
taining voltage in one period, and the magnitude of the 
writing voltage applied to either opposed electrode 
alone being insufficient to write any cell in the panel. 

2. The invention of claim 1 wherein the two writing 
voltages are of the same magnitude. 

3. The invention of claim 1 wherein the two writing 
voltages are of a different magnitude. 

4. The invention of claim 1 wherein at least one of 
the two writing voltages has a rectangular waveform. 

5. The invention of claim 1 wherein the two writing 
voltaesa are algebriacally added from a zero slope pla 
teau separate from the sustaining voltage. 

6. The invention of claim 1 wherein the two writing 
voltages are algebraically added from a zero slope pla 
teau which is a part of the sustaining voltage. 

7. The invention of claim 1 wherein each writing volt 
age has a magnitude equal to or less than that of the 
sustaining voltage. 

8. In a process for operating a multiple gas discharge 
display/memory panel comprising an ionzable gaseous 
medium in a gas chamber formed by a pair of opposed 
dielectric material charge storage members backed by 
electrode members, the electrode members behind 
each dielectric material member being transversely ori 
ented with respect to the electrode members behind 
the opposing dielectric material member so as to define 
a plurality of discharge cells, and wherein a periodic 
sustaining voltage is continuously applied to all of the 
cells of the panel and writing voltage are applied to se 
lected cells so as to discharge such cells, the improve 
ment which comprises, producing a near zero voltage 
slope plateau condition in said periodic sustaining volt 
age, applying one writing voltage to one electrode of a 
discharge cell and applying a similar writing voltage to 
the opposing electrode of the cell such that the two 
writing voltages are algebraically added across the cell 
during said near zero slope plateau so as to cause a dis 
charge in the cell, the amplitude of said near zero slope 
plateau being greater than zero volts and substantially 
less than the maximum amplitude achieved by the total 
applied sustaining voltage in one period, the magnitude 
of each writing voltage being equal to or less than the 
maximum amplitude achieved by the total applied sus 
taining voltage in one period, and the magnitude of ei 
ther writing voltage alone being insufficient to write 
any cell in the panel. 

9. The invention of claim 8 wherein the two writing 
voltages are of a different magnitude. 

10. The invention of claim 9 wherein at least one of 
the two writing voltages has a rectangular waveform. 
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