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[21] Appl‘ NO" 190’614 There is disclosed an improved sustaining voltage sup 

ply system, particularly for driving a capacitive load, 
as for example a gas discharge display panel having 
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330/11, 207 P; 328/183 ment, a pair of series connected, constant current 
7" transistor circuits, clamped by parallel diodes, have 

the intermediate points thereof connected to supply 
. the sustainer voltages to the panel. There constant 

[56] Reterences cued current sources are connected across the direct cur 
UNITED STATES PATENTS rent voltage source so that the displacement currents 

3,513,327 5/1970 Johnson .................... .. 315/169 R X to the panel are supplied with very low notching on 
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SUSTAINER VOLTAGE GENERATOR 

The present invention is directed to a sustaining volt 
age supply system which is particularly and uniquely 
designed for driving gaseous discharge display panels of 
the type disclosed in Baker et al. US. Pat. No. 
3,499,167. Sustaining voltage generators constituting 
such systems supply operating power to gaseous dis 
charge devices wherein the cross conductor arrays e. g. 
the row and column conductors, are dielectrically iso 
lated from the discharge medium so as to not be in con 
ductive contact therewith and the load on the genera 
tor is essentially capacitive in nature. Thus, some as 
pects of instant design are dictated by power and volt 
age frequency requirements of the panel, the frequency 
being in the range of about 50 kHz. Because of the non 
linearity of the impedance presented by the panel to 
the generator, and the pulsing nature of the discharges 
in the panel so that the load currents are pulsing in na 
ture, distortion in the sustaining voltage waveform can 
adversly effect the operating characteristics. Accord 
ingly, the present invention is directed to a sustaining 
vvoltage generator for gas discharge display panels hav 
ing lower notching in the waveform of the sustainer 
voltage as applied to the panel on current demand and 
better tracking input control pulses. Moreover, the de 
vice, in accordance with the present invention, has the 
advantage of shifting the load switching burden from 
relatively slow power transistors to passive diode de 
vices. According to the invention, a pair of switchable 
constant current devices are connected in series across 
a supply voltage source with the intermediate point be 
tween the two constant current devices being con 
nected to the conductor arrays of the panel. A switch 
and clamp diode is connected in parallel with each con 
stant current device and‘ has a bias voltage associated 
therewith which is equal to a selected switch and clamp 
level voltage. As used herein, notching or notch distor 
tion means the distortion in the sustainer voltage wave 
form caused by the ?ring of a large number of discreet 
sites in the display panel served by a common sustain 
ing generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and fea 
tures of the invention will become more apparent in 
light of the following speci?cation taken in conjunction 
with the accompanying drawings wherein: 
FIG. 1 is a diagrammatic illustration of the gaseous 

discharge display panel to which the invention has been 
applied, 
FIG. 2 is a simpli?ed circuit diagram illustrating the 

principles of the invention, ‘ 
FIGS. 3A, 3B, 3C, 3D and 3E are waveform diagrams 

of typical sustaining‘ voltage and current waveforms 
and 
FIG. .4 is a complete circuit diagram illustrating the 

invention in its preferred form. 
Referring to FIG. 1, the gaseous discharge display 

panel 10 is generally of the type disclosed in Baker et 
all. US. Pat. No. 3,499,167 and is constituted by a pair 
of support plates 11 and 12 on which are placed row 
conductor array 13 and column conductor array 14, 
the conductor arrays having dielectric or insulating 
coatings l5 and 16 applied thereto so that there is no 
conductive current passing from the conductors via the 
dielectric coating to the gaseous medium, that is, the 
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2 
matrix cross points de?ned by the cross conductor ar~ 
rays are non-conductively coupled to the gaseous dis 
charge medium in the panel. The: respective plates are 
joined in spaced apart relation by a spacer sealant 
means 17 to form a thin gaseous discharge chamber 
into which may be placed a neonargon gas mixture as 
is disclosed in Nolan application Ser. No. 764,577 filed 
Oct. 2, 1968. Other gaseous discharge mediums may 
likewise be incorporated in the panel but the improve 
ment achieved by the use of the gas mixture recited 
above permits the panels to be operated in the 30-50 
kHz range without being damaged by thermal shock 
and at the same time with good light output and good 
memory margins. The individual conductors in row 
conductor array 13' are preferably driven by row con- , 
ductor selection matrix 20 and the column conductors 
are preferably driven by column conductor selection 
matrix 21, such selection matrices not forming a part 
of the present invention but may be constituted by di 
ode-resistor selection matrices, multiplexed or non 
multiplex as may be desired. However, instead of a se 
lection matrix operating on multiplex principles, indi 
vidual pulsing circuits may be used for selecting indi 
vidual ones of the row and column conductors, respec 
tively. The selection matrices 20 and 21 receive input ‘ 
signals from a signal source, not shown, but which may 
be a computer, keyset, tape reader or other data 
source. 

A pair of sustaining generator voltage sources 30 and 
31 are provided for supplying opposite phase or oppo 
site polarity sustaining potentials to the row conductor I 
array 13 and the column conductor array 14 in the 
panel 10, the voltages having the waveforms shown in 
FIG. 4 on the line leading to the gas discharge panel 10. 

Essentially, one-half of the sustainer potential as ap 
plied to the panel is applied to row conductors and the 
other one—half of the sustainer potential is applied to 
the column conductors it being noted that the sustain 
ing generators 30 and 31 have a common point or ter 
minal (which is not necessarily electrical ground) so 
that in the arrangement shown, the discharge condition 
manipulating potentials generated in or produced by 
row conductor selection matrix 20 ?oats or is refer 
enced to the potential from the sustainer generator 
source 30 and similarly the discharge condition manip 
ulating potentials generated in the column conductor 
selection matrix are in series with and have as a refer 
ence point the instantaneous voltage from sustaining 
generator 31. Moreover, both sustaining generators 30 
and 31 receive controlling or logic input signals from 
a source 32 which if desired, may be a free running 
multivibrator or other controllable signal source from 
the computer. Thus, it may be desirable at times to 
erase the pane in which case one of the signals applied 
to one of the sustainer generators 30 and 31 may simply 
be removed for a certain time interval to thereby per 
mit bulk erasing of all information on the panel or it 
may be desirable to vary the sustaining rate by varying 
the sustaining rate from control circuit 32. 

Referring now to FIG. 2, a sustaining voltage genera 
tor in accordance with the present invention is essen 
tially constituted by a pair of constant current devices 
41 and 42 which have an intermediate point 43 there 
between which is connected via one of the matricing 
circuits shown in FIG. 1 to the respective row or col~ 
umn conductors on the panel. A capacitance Cp is dia 
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grammatically illustrated as being connected to the in— 
termediate point 43 as the equivalent panel capaci 
tance. It will be appreciated that this capacitance is the 
panel capacitance per se and is not necesarily present 
as a separate component. 

Paralleling each constant current source 41 and 42 
are switch and clamp diodes 44 and 45, respectively, 
each of which has its own, properly poled, bias voltage 
which is equal to the switch and clamp level voltage VT. 
It will be noted that diode 44 has its anode connected 
to the intermediate point 43 and its cathode connected 
to the negative terminal of the switch and clamp volt 
age VT with the positive terminal of the bias supply V1 
is connected to the operating voltage Vcc. As indi 
cated, the operating voltage Vcc is very much greater 
than the switch and clamp voltage VT. 
With respect to the sustainer voltage waveform as 

shown in FIG. 4, it will be noted that the waveform of 
the voltage appearing betwen the row and column con 
ductors at any discrete selected sites, rises or is “pulled 
up” from about 0 to about the Vcc level, stays at the 
Vcc voltage level for a selected time interval, is then 
returned or “pulled down” to the O or reference volt‘ 
age level where it stays for a selected time interval and 
is then driven to a negative (as seen by the gas in the 
panel at the sites) Vcc volt level, stays there for the 
same time interval as at the positive level and, then is 
returned to the O or reference voltage level where it re 
mains for a selected time interval and then repeats it 
self. Such a voltage waveform is in effect, the differ 
ences between the two voltage waveforms applied to 
the x(row 13) and y(column l4) conductors shown in 
the drawings. The time intervals shown are exemplary. 
However, the timing of the pull up and pull down inter 
vals is set by the computer or other source and may be 
adjusted as desired. For example, the “pulled up” inter 
val may be made longer or shorter than the “pulled 
down” interval and it may be desirable in some cases 
to make the voltages applied to the respective row and 
column conductors have different time intervals (as for 
example to remove one half the sustainer voltage for 
erase of one entire panel). At any rate, the time inter 
vals are easily adjusted by the timing of the occurrences 
of the control pulses for switching the alternate on and 
off states of the constant current devices to be de 
scribed later herein. - 

Indicated at the point x on the “pulled up” pulse, the 
?ring of a large number of discreet sites along a number 
of selected conductors, and as driven by one sustaining 
voltage source 10 causes a relatively heavy current and 
can cause notch distortion. In accordance with a major 
feature of this invention, the current levels is set to be 
constant by the use of constant current devices 41 and 
42 and hence, the notch distortion due to heavy current 
flow is avoided. Moreover, the load switching burden 
e.g. I current switching, is shifted from the relatively 
slow power transistors to the passive diode devices. The 
idealized waveform diagrams of FIG. 3 illustrate the 
operation. It will be noted that the current waveforms 
of FIG. 3D and FIG. 3E show the displacement and 
loop currents which charge the panel capacitance. 
Referring now to FIG. 4, the invention is shown as 

applied with typical operating parameters. In this case, 
the Vcc voltage level is at about 140 volts, and the VT 
voltage level is about 8 volts. It will be appreciated that 
the sustain generator for the opposite panel conductor 
arrays would be the same as shownin FIG. 4. It will‘be 
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4 
noted that the collector-emitter circuits of transistor 
O1 in constant current device 41 and the collector 
emitter circuit of transistor Q2 are series connected 
and that the collector resistors R1 and R2 are of very 
low value (about 4 ohms). The collector-base circuit of 
transistor 01 is connected in circuit with the collector 
emitter circuit of transistor 03 and a similar connec 
tion is made in connection with the collector-emitter 
circuit of transistor Q4 and transistor Q2. A small resis 
tor R3 (about 10 ohms) is connected between the base 
of transistor Q1 and the emitter thereof and a similar 
resistor R4 is connected between the base of transistor 
Q2 and the emitter of transistor Q2. The base of tran 
sistor Q3 receives a turn on current through R6 when 
O5 is switched on, and a turn off bias through R5 when 
Q5 is switched off. Transistor Q5 has its emitter con 
nected to a point of common potential or ground and 
the base thereof receives a low voltage logic operating 
or control pulse from the computer 32 or other source 
shown in FIG. l. 
The resistor R6 shown in FIG. 4 is used as the base 

drive resistor and is controlled by operating transistor 
Q5. Transistor Q6, it will be noted, has a resistor R7 
connected to a source of potential of about 8 volts with 
the emitter of transistor Q6 being connected to the 
common bus for or ground source for the Vcc supply. 
A similar control or logic pulse voltage is applied to the 
base of transistor Q6 and having the timing characteris 
tics described earlier. Transistors Q5 and Q6 control 
the conductive conditions of constant current devices 
41 and 42 respectively. These constant current devices 
are turned on and off in the manner described above so 
as to “pull up” and “pull down" the potential at inter 
mediate-point 43 and hence the sustainer voltage for 
one of row or column conductors shown for the panel. 
It will be noted that these are displaced slightly in time 
so as to produce the voltage waveform shown as being 
applied to the gas in the panel as opposed to the voltage 
waveform which is applied to the column and row con 
ductors. Thus, the times of occurrences of the charging 
of a panel and the discharging of same, both on the neg 
ative and positive excursions of the row and column 
voltage sustainer waveforms is controlled by the input 
from the control circuit 32. It will be appreciated that 
there may be a number of circuits similar to that de 
scribed for supplying groups or sectors of the panel 
with sustainer voltages from separate sources. 

It will be apparent that many other embodiments, 
modi?cations and changes are possible and it is in 
tended to encompass such obvious modi?cations and 
changes in the scope of the claims appended hereto. 
What is claimed is: 
1. A sustainer voltage supply system for a capacitive 

load, gas discharge display panel having row-column 
conductor arrays, the matrix cross-points of which are 
non-conductively coupled to a gas discharge medium in 
the panel said sustainer voltage supply system compris 
ing a pair of sustainer voltage generator means, one for 
the row conductor array and one for the column con 
ductor array, the improvement wherein each said sus 
tainer generator means is constituted by, 
a pair of series connected, separately switchable al 

ternately on-off constant current sources, means 
connecting an intermediate point between said 
constant current sources to the conductors in an 
array, 
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diode means, one said diode means for each said con 
stant current source and connected in shunt wit 
its respective on-off current source, and ' 

controll means connected to said constant current 
sources for controlling said alternate on-off switch 
ing operation thereof. 

2. The invention defined in claim 1, each said con 
stant current device including a pair of compound con 
nected transistors. 

3. The invention in claim 1 including a voltage means 
connected to said diode means for establishing a switch 
and clamp level voltage therefor. 

4. The invention in claim 3 wherein the voltage of 
said voltage means is very much less than the voltage 
level of sustainer voltage applied to said conductor ar 
rays. 

5. A square wave voltage power supply for a rela 
' tively high power capacitive load, said square wave 
voltage being substantially free of distortion due to sup 
plying heavy currents to said capacitive load, compris 
ing a pair of square wave sources 
each of said pair of sources including; 
a pair of switchable constant current devices, 
means connecting said constant current devices in 
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6 
series circuit across said source of direct current 
voltage, 

clamp diode means, one for each constant current 
device and connected in shunt therewith and 

means for controlling said constant current devices, 
such that they are alternately on and off and to 
apply said high voltage from said source to said in 
termediate point and said load and supply a dis 
placement current thereto and therefore, respec 
tively. 

6. A power supply for a high power capacitive load 
comprising 

a direct current voltage source, 
a pair of switchable constant current devices con 
nected in series across said voltage source with an 
intermediate point therebetween connected to said 
capacitive load, 

a clamp diode circuit connected to shunt with each 
said constant current devices, respectively, and 

control circuit means connected to each said con- , 

stant current devices for alternative controlling the 
on and off conditions of said constant current de 


