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ABSTRACT

There is disclosed an improved sustaining voltage sup-
ply system for driving a gas discharge display panel
having row-column conductor arrays, the matrix cross
points of which are non-conductively coupled to a gas-
eous discharge medium in the panel. A pair of Baker
clamped switching transistor amplifier circuits are se-
ries connected and have the intermediate point there-
between connected to supply square wave sustainer
output voltages to the panel. Each amplifier circuit is
provided with a Baker clamp diode circuit to avoid
deep conduction or saturation operation of the switch-
ing transistors. The rise and fall times of the high
power square wave output voltages are thereby much
sharper and faster response to control signals by the
circuit is achieved.
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BAKER CLAMPED SUSTAllNER»VOLTAGE
GENERATOR FOR PULSING DISCHARGE
DISPLAY PANEL

The present invention is directed to a sustaining volt-
age generator and supply system for gaseous discharge
display panels having inherent memory sustaining volt-
age generators supply operating power to such gaseous
discharge devices (as disclosed in Baker et al. U.S. Pat.
No. 3,499,167 and/or Bitzer et al. U.S. Pat. No.
3,559,190 wherein the cross conductor arrays, e.g., the
row and column conductors, are dielectrically isolated
from the discharge medium so as to not be in conduc-
tive contact therewith and the load on the generator is
essentially capacitive in nature. 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 (e.g., the load current is pulsing in nature),
distortion in the sustaining voltage waveform can effect
the operating characteristics of the device to such an
extent-as to distort and disturb the memory function
thereof.

The present invention is directed to a high power,
square wave sustaining voltage generators for gas dis-
charge display panels having lower distortion in the
waveform of the sustainer voltage as applied to the
panel. According to the invention, a pair of Baker
clamped switching transistor amplifiers are connected
in series across a supply voltage source with the inter-
mediate point between the two transistor amplifiers
being connected to the conductor arrays of the panel
via any addressing and/or multiplexing circuit. Each
such amplifier is provided with Baker clamp diode cir-
cuits, to avoid deep conduction or saturation operation
of the transistors. Thus, the output is able to track the
input over a very wide range of pulse widths and fre-
quencies. Power dissipation in the output transistors is
minimized and a large number of discharge sites may
be driven by the generator.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and fea-
tures of the invention will become more apparent in
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light of the following specification taken in conjunctlon '

with the accompanymg 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 simplified block diagram for 1Ilustratmg
the prmcnples of the invention,

FIG. 3 is a circuit diagram illustrating details of a sus-
taining voltage generator incorporating the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the gaseous discharge display
panel 10 is generally of the type disclosed in Baker et
al. U.S. Pat. No. 3,499,167 and is constituted by a pair
of support plates 11 and 12 on which are placed row
conductor arrays 13 and column conductor array 14,

the conductor arrays- having dielectric or insulating

coatings 15 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
matrix cross points defined by the cross conductor ar-
rays are non-conductively coupled to the gaseous dis-
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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
which may be placed a neon-argon gas mixture (99.9%
neon and 0.1% argon is preferred) as is disclosed in
Nolan application Ser. No. 764,577 filed Oct. 2, 1968.
Other gaseous discharge mediums may likewise be in-
corporated in the panel but the improvement achieved
by the use of the gas mixture recited above permits the
panels to be operated in the 30- 50 kHz range without
being ddamaged by thermal shock and at the satie time
with good light output and good memory margins. The
dielectric or insulative layers 15 and 16 may be treated
with a lead oxide coating (not shown) to lower the op-
erating voltage level.

The individual conductors in row conductor matrix
13 are preferably driven by row conductor 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 in-
vention but may be constituted by diode-resistor selec-
tion matrices, multiplexed or non-multiplexed as may
be desired. However, instead of a selection matrix op-
erating on multiplex principles, individual pulsing cir-
cuits may be used for selécting individual ones of the
row and column conductors respectively. The selection
matrices 20 and 21 receive input signals from a signal
source, not shown, but which may be a computer, key-
set, 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
array 13 and the column conductor array 14 in the
panel 10.

Since voltage on the gas at each one-half of the sus-
tainer potential as applied to the panel (2) 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 sustaining generators 30 and 31 have a
common point or terminal Gs (which is not necessarily
electrical ground) so that in the arrangement shown,
the potentials generated in or produced by row conduc-
tor selection matrix 20 floats or is referenced to the po-
tential from the sustainer generator source -30. Simi-
larly, the firing and discharge condition manipulating
potentials generated in the column conductor selection
matrix 21 are in series with and have as a reference
point the instantaneous voltage from sustaining genera-
tor 31. Moreover, both sustaining generators 30 and 31
receive controlling logic input signals from a source 32
which if desired, may be a computer, or other signal
source. Thus, it may be desired at times to erase the
panel in which case one of the signals applied to one of
the sustainer generators 30 and 31 may simply be re-
moved for a certain time interval to thereby permit
bulk erasing of all information on the panel or it may

" be desirable to vary the sustaining rate by varying the
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sustaining rate from control circuit 32.

Referring now to the block diagram shown in FIG. 2,
a sustaining voltage generator in" accordance with the
present invention is essentially constituted by a pair of
Baker clamped transistor amplifier circuits 33 and 34,
respectively, which have an intermediate point 36 con-
nected to the panel row or column conductor selection
matrix for supplying sustaining potentials to the corre-
sponding row or column conductor on the panel 10.
Each transistor circuit 33 and 34 is provided with its as-
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sociated control signal coupling means 37 and 38, re-
spectively, which isolate control circuit 32 from the
high voltage circuits, and, at the same time assure posi-
tive control over the alternate switching of the transis-
tors.

Referring to FIG. 3, one sustaining generator for one
of the conductor arrays is shown in detail, it being ap-
preciated that the conductors in the array may be sec-
tioned or grouped with a sustainer generator for each
section or group of conductors on the display panel
shown in FIG. 1. The control signal input to control cir-
cuit 37 is constituted by a pair of pull up signal voltage
pulses, with timing relationship to the pair of pull up
voltage pulses as shown in the wave form diagrams.
NPN transistor Q1 has its collector connected through
a collector resistor 50 to a low voltage control source
and its emitter connected through resistor 51 to a low
voltage ground (which is not the same as group Gs). A
separate signal is applied to the base of NPN transistor
Q3 which, in a similar fashion has its collector con-
nected through a resistor 52 to the low voltage power
supply and its emitter connected through an emitter re-
sistor 54 to the low voltage ground. The collector of
transistor Q1 is connected directly to the base of PNP
transistor Q2 which has its emitter connected through
resistor 55 to the low voltage supply and its collector
connected through the primary winding of transformer
T1 to the low voltage ground. Resistor 56 is connected
in parallel with the primary winding of transformer T1
so as to provide a controlled recovery therefor.
~ In a similar manner, an output is taken from the col-
lector of transistor Q3 and applied to the base of PNP
transistor Q4 which has its emitter connected through
resistor 58 to the low voltage supply and its collector
connected through the primary winding of transformer
T2 to the low voltage ground. Resistor 59 is connected
in parallel with the primary winding of transformer T2
to provide a contro! recovery therefore. The polarity
relationship between the primary and secondary of the
transformers T1 and T2 is as indicated by the dots.

The lower end of the secondary winding of trans-
former T1 is connected to a common point 70 at the
lower end of the transformer secondary of transformer
T2 both of which are connected to the emitter elec-
trode of transistor Q5 which is the switching and load
carrying transistor. However, the upper end of the sec-
ondary winding of transformer T2 is connected through
a diode D1 to the base electrode of transistor Q5 and,
by way of a Baker clamp diode D2 to the collector elec-
trode of transistor Q5. The upper end of the secondary
winding of transformer T1 is connected through diode
D3 to the base electrode of transistor Q5. A low value
resistor 60 is connected between the base and emitter
electrode of transistor Q5 and a current loop 61 is con-
nected to provide a measuring point for current flow to
the collector of transistor Q5 along with a heat sink
(not shown). The collector of transistor QS is then con-
nected to the high voltage supply Vcc (of about 150
volts) through diode D4, which diode prevents transis-
tor QS5 from turning on in an inverted mode. The by-
pass diode D5 is for the purpose of providing a return
pass for charging currents to the panel when the gener-
ator on the opposite sides of the panel is reversed. If
these diodes D5, D4 were not present, the charging of
the panel or load could spike the transistor Q5 on if this
blocking and bypassing were not provided.
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Diodes D1 and D2 clamp transistor Q5 on and consti-
tute, in effect, a modified Baker clamp circuit. Thus,
these diode circuits render the switching transistor Q5
in a conductive state to avoid deep conduction or full
saturation operation of this transistor. The rise and fall
times of the square wave voltage generated at the out-
put is thereby much sharper and a fast response to con-
trol signals is achieved thereby. Transistors Q1 and Q2,
via transformer T1, supply the high base current pulses
to transistor Q5 which causes this transistor to saturate
for the period in which the discharge takes place. Tran-
sistor Q3 and Q4, via transformer T2, presents a drive
to base of transistor QS5, via diode D1 that goes through
the collectors if the device is saturated and tends to
turn the transistor Q5 off. Once this tends to happen,
current is drawn through diode D2 and D1 to supply
only the base drive needed to keep transistor QS5 just
out of saturation but always capable of handling the
current that might be called for by the collector
thereof. .

Diode D3 is provided so as to present a high impe-
dance to the secondary of transformer T2 and thereby
prevent the secondary of transformer T1 from shorting
the signal from transformer secondary T2. That is,
diode D3 isolates the base drive so that the pulse on the
transformer secondary T2 is effective at the base of
transistor QS.

By avoiding the deep saturation condition in transis-
tor QS by the use of the modified Baker diode clamping
circuits described above, the effect of charge storage
time in transistors QS which is detrimental to the wave
form supplied to the panel, is reduced. Moreover, the
sensitivity or responsiveness to inputs signals on the
bases of transistors Q1 and Q3 is greatly improved.

The lower half of the circuit, e.g., the pull down half,
constituted by transistors Q1’, Q2’ and Q3’, Q4’' is es-
sentially identical to the operation of the control circuit
37. In this case, since transformers T1 and T2 are not
necessary, diode D3 is not necessary. That is, transistor
Q2 in itself presents a high impedance to the output
from transistor Q4 so that the output of transistor Q4
is applied directly to the base of transistor Q5'. It will
be noted that both transistor Q2’ and transistor Q4’ uti-
lize in effect, the same collector resistor which corre-
sponds to resistor 60 in the pull up circuitry.

The circuit as described provides the flexibility of the
output signal so as to make it closely track the input,
provides a reduced power dissipation and approaches
the ideal square wave form to a much better approxi-
mation than heretofore. In addition, the circuit permits
the driving of more discharge sites from a single gener-
ator. The output square wave from this sustainer gener-
ator closely tracks the combined input voltages applied
to the bases of transistors Q1, Q3 and Q1’, Q3’ over a
very wide range of pulse widths and frequencies. The
modified Baker clamp as disclosed is such that the out-
put transistors are saturated for a portion of the period
only and are not saturated for the remaining time. This
pulling out of saturation is accomplished by the resistor
R60 draining the charge out of the base of Q5 while all
of the secondary current of T2 is flowing through D2.
Thus, the basic feature of this invention is in the use of
the modified clamp circuit so as to avoid deep satura-
tion of the output transistors of a sustainer generator
for applying square wave output voltages to a high
power capacitative load as constituted by a gaseous dis-
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charge display panel of the type disclosed in the afore-
mentioned Baker et al. patent.
It will be apparent that many modifications and adap-
tations of the invention will become apparent to those
skilled in the art and it is intended to encompass such
obvious modifications and changes in the scope of the
claims appended hereto. :
What is claimed is: :
1. In a system for supplying square wave sustaining
potentials to transversely related conductor arrays in a
capacitive load type gas discharge display panel
wherein the crossing points of said conductor arrays lo-
cates a discharge site in the panel, a high voltage direct
current voltage source having a pair of output termi-
nals, a first pair of alternatively conductive transistor
means connected in series- across said high voltage
source and having a point intermediate said pair of
transistor means connected to one of said conductor
arrays, a second pair of alternatively conductive tran-
sistor means connected in series across said high volt-
age source and a point intermediate said second pair of
transistor means being connected to the other one of
said conductor arrays, a control means for controlling
the alternative conduction and non-conduction condi-
tions of said transistor means at selected times such
that square wave sustaining potentials are connected to
said conductor arrays respectively, to supply charging
current thereto and secondly to said point of reference
potential common to said sources to discharge said
conductor arrays, said control means including a sepa-
rate control circuit for each transistor to control the
time duration of each square wave potential respec-
tively, and means connecting each said control circuit
to receive a low level logic voltage from a source
thereof, the improvement comprising:
each of said alternately conductive transistor means
. being constituted by at least one modified Baker
clamped transistor circuit including diode clamp
means between the collector and base electrodes to
provide a base current drive to the transistor to
maintain same out of deep saturation at times other
than peak currents to supply displacement currents
to said capacitive load type gas discharge panel and
discharge currents to said panel when a plurality of
sites in said panel are discharging.
2. A square wave sustainer voltage supply system for
a gas discharge display panel having row-column con-
ductor arrays, the matrix cross-points of which are non-
conductively coupled to a gas discharge medium in the
panel comprising a pair of square wave sustainer volt-
age generator means, one for the row conductor array
and one for the column conductive array, respectively,
each said sustainer generator means including
a pair of series connected, alternately conductive and
non-conductive, respectively, transistor amplifiers,

means connecting an intermediate point between
said transistor amplifiers to the conductors in an
array,

diode circuit means, one for each said transistor am-

plifier and connected between the base and collec-
tor circuits of said transistor amplifiers to provide
base current device to keep said transistor amplifi-
ers out of deep saturation, unless required for peak
or displacement and discharging currents, and
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control means connected to the input circuits of said
transistor amplifier for alternately controlling the
conduction conditions thereof.

3. The invention defined in claim 2, each said diode
circuit includes a diode means in circuit between the
collector and base of the transistor amplifiers for carry-
ing peak displacement or discharging current to said
panel.

4. The invention in claim 3 wherein said diode means
is constituted by a pair of back connected diodes hav-
ing an intermediate point therebetween with the base
of said transistor amplifier being connected to one end
of one of said diodes and to receive one of said control
signals and other end of said one diode is connected to
receive the other control signal.

5. The invention defined in claim 1 wherein the con-
trol means for one of the transistor of a pair includes
a pair of input transistors for receiving logic pulses,

a pair of transformers having primary windings con-
nected to said input transistors, respectively, and
secondary windings, and a common output for sup-
plying a control signal to said transistor amplifier,
and diode means in circuit with said secondary
windings to constittte a blocking impedance to one
of said secondary windirigs.

6. In a system for supplying square wave sustaining
potentials to transversely related conductor arrays in a
capacitive load type gas discharge panel wherein the
crossing points of said conductor arrays locates a plu-
rality of discharge sites in the panel, a high voltage di-
rect current voltage source having a pair of output ter-
minals, a first pair of alternately controllable impe-
dance means connected in series across said high volt-
age source and having a point intermediate said first
controllable impedance means connected to one of
said conductor arrays, a second pair of controllable im-
pedance means connected in series across said high
voltage source in a polarity direction opposite said first
pair of controllable impedance means and a point inter-
mediate said second pair of controllable impedance
means being connected to the other one of said con-
ductor arrays, an impedance control means for alter-
nately controlling rapid impedance lowering and rapid
impedance raising of said controllable impedance
means at selected times such that said high voltage
source is first connected to-said conductor arrays re-
spectively, to supply charging current thereto and se-
condly to said point of reference potential common to
said sources to discharge said conductor arrays, each of
said controliable impedances being constituted by at

" least one transistor amplifier circuit, said impedance
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control means including a separate control circuit for
each transistor amplifier to control the time duration of
each square wave potential, means connecting each
said control circuit to receive a low level logic voltage
from a source thereof; the improvement comprising a
diode clamp circuit between the collector and base of
each transistor amplifier to provide base current drive
to each said transistor and maintain same out of deep
saturation at times other than peak currents and supply
displacement currents to said capacitive load gas dis-
charge panel and discharge currents to said panel when

a plurality of sites in said panel are in the ON state.
* ok * k¥



