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SYSTEM FOR OPERATING MULTIPLE POSITION 
DISPLAY TUBES 

This is a continuation, of application Ser. No. 
139,543, filed May 3, 1971, now abandoned. 

BACKGROUND OF THE INVENTION 

The subject invention relates to a system for operat 
ing multiple position display panels having a plurality 
of interconnected cathode elements for displaying 
characters in one or more rows. More particularly, the 
invention relates to the operation of multiple position 
gas discharge devices having segmented cathode elec 
trodes and a plurality of individual anode electrodes for 
displaying characters side-by-side. 
A multiple position display device which is available 

commercially is known as the PANAPLEX numeric 
panel display. Such display panels include a plurality of 
groups of cathode elements in the form of elongated 
bars or segments. Each group of segments is configured 
in a ?gure 8 pattern or the like and the various seg 
ments can be energized in different groups, together 
with an anode, to represent different characters as se 
lected positions in the device. Electrical discharge in 
the device at the selected group of electrodes ionizes 
the gas and results in cathode glow about the cathode 
elements which displays the desired character. 
Some such display devices include an auxiliary elec 

trode which is common to all the groups of electrodes 
and is to be biased at a potential intermediate the cath 
ode and the anode potentials to prevent spurious glow 
in the, device as described in Harvey, et al., Ser. No. 
78,045, filed Oct. 5, 1970, now abandoned. Under 
some circumstances, however, spurious glow some 
times develops in an adjacent group of electrodes or 
between adjacent electrode groups when a particular 
anode is energized. Only one group of cathode seg 
ments should glow at such time. 
These problems were solved satisfactorily for many 

conditions of operation in Holz and Dieterman Ser. No. 
85,662, filed on Oct. 30, 1970, in G. E. Holz Ser. No. 
87,058, filed Nov. 5, 1970, and in E. L. Harvey Ser. No. 
126,825 and Doane, et al., Ser. No. 126,825, filed on 
Mar. 22, 1971. 
However, under some circumstances, and particu 

larly when the cathodes are driven at high levels of cur 
rent for a brighter display, spurious glow still occurs. 
Also, separate circuitry was provided in these applica 
tions for biasing and limiting the potential on the cath 
ode and auxiliary electrodes separate from the anodes. 
This tends to be costly to implement. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to improve 
spurious glow suppression in mulitple position display 
devices having interconnected cathode elements or 
segments. ‘ 

Another object of the invention is to further simplify 
and reduce the cost of systems for operating multiple 
position display devices having auxiliary electrodes for 
spurious glow suppression. 

In accordance with the invention, a system for oper 
ating multiple position display devices includes a driver 
for each anode coupled in parallel through suitable im 
pedances to a common impedance from which is taken 
a proportional biasing potential for application to the 
auxiliary glow suppression electrode. The potential ap 
plied to the auxiliary electrode follows the pulsed oper 
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2 
ation of the anodes for preventing spurious glow among 
the display electrodes. No steady-state or DC biasing 
potential, accordingly, need be applied to the auxiliary 
electrode either initially or during operation of the dis 
play control electrodes. 

Additionally, each of the electrode drivers is also op 
tionally coupled to the common impedance means for 
reducing the auxiliary electrode potential as a function 
of the number of cathode segments being energized. 
This improves the suppression of spurious glow in the 
device and permits the use of higher current levels 
without spurious glow about the electrodes than other 
wise possible, which provides a brighter display of the 
desired characters or symbols. 

DESCRIPTION OF THE DRAWINGS 

These and other advantages and features of the in 
vention are made clear in the following detailed de 
scription relating to the attached drawings wherein: 

FIG. 1 is a perspective view of a portion of 21 seg 
mented cathode display tube having individual anodes 
and an auxiliary electrode adapted to be operated by 
the system of the invention; 
FIG. 2 is an elevational view of a longitudinal section 

of the display panel or tube of FIG. 1; and 
FIG. 3 is an electrical schematic diagram of the sys 

tem of the invention, including a schematic representa 
tion of the display device being operated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The principles of the invention are particularly appli 
cable to operation of the type of display device de 
scribed and claimed in the Harvey, et al., patent appli 
cation Ser. No. 217,781, filed Jan. 14, 1972. Some of 
the features of such a device are shown in FIGS. 1 and 
2 ofa display panel or tube 10 having three representa 
tive display positions. A plurality of groups of cathode 
segments 41-47, 51—57, 61-67, are connected to cor 
responding conductors 21-27 which are insulated from 
each other on an insulating base plate 20 or within 
grooves in its surface as shown in FIG. 2. An anode 
electrode 140, 150, 160, is provided or each group of 
cathode segments. An insulating sheet or layer 30 
shields cathode conductors 21-27 from the anodes, as 
shown in FIG. 2, to prevent them from glowing. 
The anodes in FIG. 1 are each shown as a ring sur 

rounding the associated group of cathodes, but they 
may be screen electrodes situated above the associated 
cathode groups, or they may take any other desired 
shape. In addition, the device includes an auxiliary 
electrode 230 in the form of a screen disposed above 
the groups of cathodes and anodes and electrically as 
sociated with all of the electrode groups. Top and bot 
tom insulating plates 200 and 20, respectively, sealed 
together by glass or ceramic frit 15 or the like, com 
plete the panel or tube structure. 

Briefly, in operation of the display device shown in 
FIGS. 1 and 2, drive signals are applied to the cathode 
via conductor 21-27 in accordance with the input in 
formation. Simultaneously, the anodes are energized in 
turn from left to right, or in any other desired order or 
sequence via leads 34, 35, 36, in synchronism with the 
cathode drive signals to cause the cathode segments in 
the selected groups to glow. A suitable bias potential 
intermediate the cathode and anode bias potentials is 
applied to lead 235 of screen electrode 230 for pre 
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venting spurious glow about the cathode segments and 
between adjacent display positions; The biased auxili 
ary electrode prevents extraneous discharges from oc 
curring between an energized anode and the cathodes 
in adjacent groups which have operating potential ap 
plied to them. 
A preferred embodiment of the invention is illus 

trated in FIG. 3 in which display device l0'is shown 
schematically. Display segments 41, 51, . . . 91 are con 
nected to cathode conductor 21 which is driven from 
the collector of transistor 121. Likewise, cathode seg 
ments 42-92 through 47-97 are connected to the col 
lectors of cathode drivers 122-127 by conductors 
22-27, respectively. Cathode conductors 21-27 are 
also coupled to one end of common resistor 19 at cir 
cuit junction 16 by resistors 111-117, respectively. The 
other end of resistor 19 is grounded, as shown. 
The base electrode of cathode driver transistors 121 

through 127 are connected to the ouput terminals of 
data source 100, respectively, for receiving positive 
going information signals. The emitter electrodes of 
cathode drivers 121-127 are coupled to the anode of 
diode 130 by ‘current-limiting resistors ‘971-97, respec 
tive'ly.v The cathode of diode 130 is connected" to a ref 
erence potential terminal 135, as shown. 
Anode lead 34 of anode 140 is connected to the col 

lector electrode of anode driver transistor 240. Simi 
larly, anode leads 35-39 of anodes 150-190 are con 
nected to the collector electrodes of anode drivers 
250-290. Anode leads 34, 35, . . . 39 are also coupled 
to the end of resistor'19 at circuit junction 16 by resis 
tors 248, 258, . . . 298, respectively. The emitter elec 
trodes of anode drivers 240, 250, . . . 290 are biased 

from Em, reference terminal 12 through forward-biased 
diodes 13, the anodes of which are connected to the 
E88 reference terminal as shown. 
Anode drivers 240-290 are controlled by sequencing 

circuit or device 210. The base electrodes of the anode 
drivers are coupled to the output terminals of the se 
quencer 210 by the series connection of resistor 241 
and capacitor 244, resistor 251 and capacitor 254, . . 
. resistor 291 and capacitor 294, respectively. The base 
electrodes of the drivers 240-290 are biased by resis 
tors 245, 255, . . . 295 and diodes 246, 256, . . . 296, 

respectively, to EBB reference potential terminal, as 
shown. 
Coupling capacitors 244, 254, . . . 294 provide DC 

level-shifting of the control signals applied to the anode 
drivers. They permit sequencing circuit 210 to be oper 
ated at the same signal and bias .levels as data source 
100 and cathode drivers 121-127, despite the different 
DC bias levels in the anode and cathode circuits, them 
selves. This is necessary when integrated circuits or 
common transistor circuits are utilized in the signal 
sources. 

Diodes 242, 252, . . . 292 have their cathodes con 
nected to the junction of the series input resistors, and 
capacitors 241 and 244, 251 and 254, . . . 291 and 294, 
for clamping the anode control signals in the negative 
direction to the potential limit applied to their anodes 
from terminal 225. Diodes 243, 253, . . . 293 have their 
anodes coupled to the junction of the respective input 
coupling resistors and capacitors to clamp the positive 
going anode control signals at ground, as shown. 

Auxiliary electrode 230 is usually biased at a poten 
tial intermediate the anode bias potential EBB and the 
cathode bias potential E“. The bias potential for the 
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4 
auxiliary electrode is usually taken from a voltage 
source having considerable internal impedance or from 
a voltage divider or the like coupled to the anode or 
cathode bias terminal. During operation, auxiliary elec 
trode 230 then conducts a leakage current from which 
ever anode electrode 140-190 that is energized, into 
the associated voltage source or divider. This raises the 
potential on the auxiliary electrode as more cathode 
segments are energized or as the cathodes are activated 
more rapidly. In certain improved circuits the cathode 
drivers are also coupled to the voltage divider or bias 
impedance for biasing the auxiliary electrode as an in 
verse function of the number of cathode segments that 
are being energized. 

In the present invention, electrode 235 of auxiliary 
electrode 230 is coupled to circuit junction 16 between 
the anode drivers and resistor 19 by resistor 237. Any 
other suitable impedance device may be substituted for 
resistors 19 and 237, if desired. 
The bias potential that is applied to auxiliary elec 

trode 230 through resistor 237 is determined by the 
current in resistor 19. The current for resistor 19, in 
turn, is conducted by whichever anode driver 240-290 
is energized. If the anode drivers are not activated, then 
the potential at circuit junction 16 and on the auxiliary 
electrode may ?oat at some intermediate level. This is 
not deleterious, however, since under this condition no 
information is being displayed by the device. Each time 
ananode driver is actuated to display a symbol, current 
is conducted to resistor 19 and the auxiliary electrode 
is biased. This bias on the auxiliary electrode follows 
the pulsed or sequential operation of the anodes and 
becomes nearly continuous when they are operated in 
rapid succession. 
The amount of current conducted by common bias 

resistor 19 is determined by its value and the values of 
resistor 237 and of resistors 111-117, if they are used, 
which shunt each other in parallel when cathode driv 
ers 121-127 are activated. The potential between Em, 
reference terminal 12 and ground is divided across re 
sistor 248, 258, . . . 298, depending on which anode 
driver is activated, and resistor 19. The major current 
path for the common bias resistor is, therefore, through 
the conducting anode driver. Another current path 
which raises the potential on auxiliary electrode 230 is 
from the selected anode driver through its anode to the 
auxiliary electrode, resistor 237, and resistor 19. The 
magnitude of this current is determined primarily by 
the values of the resistors since the anode drivers are 
normally saturated when activated, thus operating as 
voltage switches. 

It is the potential across common bias resistor 19 
which primarily biases auxiliary electrode 230 as men 
tioned above. An auxiliary current path, however, is es 
tablished from the conducting anode driver through the 
associated resistor 248, 258, . . . 298, coupling resistor 
237 and auxiliary electrode 230 to the energized cath 
odes and the corresponding activated cathode drivers 
121-127. Another auxiliary current path is from the 
conducting anode driver through the associated resis 
tor 248, 258, . . . 298 and one or more of coupling resis 

tors 111-117 to the activated cathode driver(s) 
121-127. These auxiliary current paths shunt or bypass 
common bias resistor 19 and, therefore, tend to drop 
the potential at circuit junction 16 and on the auxiliary 
electrode230 as an inverse function of the number of 
cathode segments which are energized. 
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The theory‘ of operation of the inventio‘h is quite 
complex, but it is believed to be as follows. As panel 10 
is operated and each character position is energized, 
positive column‘ glow tends to'and often forms between 
the newly’ energized anode and cathbdeswhich had 
been energized at the prior character position and are 
now turnedvoff. This is undesirable spurious glow. The 
auxiliary electrode 230, by assuming a generally nega 
tive or cathode potential (proportional to the number 
of cathodes which glow) as each character position is 
operated, “shields" each arfode from prior cathodes 
and prevents positive column glow. 

Either of these auxiliary current paths through cou 
pling resistor 237 ' or. through pull-down resistors 
111-1 17 may be utilized satisfactorily in some condi 
tions. In high current operation of the device for a 
brighter displayi-‘tbo‘th of them may be used. If both aux 
iliary current paths are relied upon, it should be noted 
that pull-down resistors 111-117 may be alternatively 
connectedidirectly to lead 235 of auxiliary electrode 
230 rather than to the common bias resistor at circuit 
junctip‘n 16, if desired. ‘ 
Although the preferred embodiment of the invention 

h 0 been described in detail, it should be understood 
vzlrthat the present disclosure has been by way of example i 
only. Many modifications and, variations of the inven 
tion are possible in light of the above teachings. It is, 

'- ~therefore, to be understood that the invention may be 
practiced otherwise than as specifically disclosed. 
What is.claimed is: ‘ - v v i v, 

l. A character display circuit for displaying any one 
' of a plurality of characters in each of a plurality of side 
by-side character positions, comprising‘ i v . 

a plurality of anodes, one in each of said character 
positions, ' ' 

a plurality of groups of cathodes, each such group. 
being associated with one of said anodes and being 
located in one of said character positions','ea_ch of ‘ 
the cathodes having the shape of a ‘segment of one 
of the characters to be displayed, . ' ’ 

each of said anodes and its associated cathodes being 
disposed in an ionizable gas atmosphere capable of 
sustaining cathode glow discharge, ‘ 

a plurality of cathode conductors each electrically 
vconnected to one of the cathodes in each character 
position, ' ‘ . ' 

a plurality of cathode drivers, each connected to one 
of said cathode conductors, for energizing said 
cathodes selectively in response to a first set of - ‘ 
input signals, . v 

a plurality of anode selection circuits for selectively 
energizing said anodes, in synchronism with the se 
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lective energization of said cathodes, in response to 1 
a second set of input signals, for displaying selected 
characters in each of said character positionsgby‘ 
means of current flow from each anode through 
said gas atmosphere and through the selected cath 
odes which make up said selected characters,‘the' 
magnitude of current ?ow at each character posi-‘ 
tion being related to the number of cathodes ener 
gized at such position, -. 

an auxiliary electrode in the gaseous atmosphere as 
sociated with each character position and including 
a portion disposed between each anode and its 
group of cathodes and an adjacent anode and its 
group of cathodes whereby each anode is shielded 
from the adjacent groups of cathodes, 
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bias circuit means for establishing a dynamic voltage 
bias on said auxiliary electrode, 

said bias circuit means including impedance means 
connected electrically in series with all of said 
anode selection circuits for developing a bias volt 
age each time any one of said anode selection cir 
cuits is energized by an input signal and current 
flows therethrough, and circuit means electrically 
connecting said impedance means to said auxiliary 
electrode for supplying such bias voltage to said 
auxiliary electrode, and 

circuit means connecting each said cathode driver 
across at least a portion of said impedance means, 
so as to modify the effective impedance connected 
to said auxiliary electrode as each such cathode 
driver energizes one of said cathodes. 

2. A character display circuit as in claim 1 wherein 
the plurality of anodesand the plurality of groups of 
cathodes are all located within a common gas-tight en 
velope, ' 

and wherein the auxiliary electrode is a single elec 
trode associated with each of the character posi 
tions and in operative relation to the cathodes and 
anodes in each such character position. 

3. A character display circuit as in claim 2 wherein 
the auxiliary electrode contains a portion extending be 
tween the anode and cathodes of each character posi 
tion and those ‘of the next adjacent character position, 
to electrically isolate the electrodes of the respective 
character positions from each other. 

4. A characer display circuit as in claim' 1 further in 
cluding second bias circuit means for dynamically bias 
ing said cathodes with biasyoltage pulses when said 
cathodes are not glowing, ' > v i - a, ' 

i said second bias circuit means includinga plurality of 
biasing resistors, one for. each of said cathode con 
ductors, each connected between said impedance 
means and a different one of said cathode. conduc 

' tors.. , . 

5.- A character display circuit asv vin claim 4 wherein 
the cathode drivers are transistors, each connected to 
one of said cathode condutors, andv ' I 

wherein each such transistor and-the biasing resistor 
which is connected to the same cathode conductor 
are connected in series, and each of these resistor 
transistor series circuits is connected acrossat least 
a portion of said impedance means. ' 

6. A character display circuit'for displaying any one 
~ ofa plurality of characters in each of a plurality of side 
byp-side character positions, comprising 
an envelope formed of a front plate with a viewing 
window and a rear plate, said plates being sealed 

I together along a predetermined perimeter sur 
rounding the side-by-side character positions to es 
tablish a gas tight, enclosure, - ‘ 

an ionizable gas within said enclosure at a pressure 
capable of sustaining a cathode glow discharge, 

a plurality of anodes one in each of said character po 
sitions within said envelope, Y 

a plurality of groups of cathodes, each such group 
being associated with one of said- anodes and being 
located in one of said characer positions, each of 
the cathodes having the shape of a segment of one 
‘of the characters to be displayed, " 

a plurality of elongated conductors extending within 
said envelope, each electrically connected to one 
of the cathodes in each‘ character position, and 
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each connected electrically to a terminal outside 
said envelope for connection to an external circuit, 

insulating material separating each of said conduc 
tors from all of the cathodes except the'cathode in 
each character position to which such conductor is 
connected, ' ' 

anode selection means for energizing said anodes se 
quentially and cathode selection means for simulta 
neously selectively energizing different combina 
tions of said cathode conductors sequentially, in 
synchronism with the sequential energization of the 
anodes, to form a side-by-side character display 
over all of said character positions, there being a 
current ?ow path from each anode through said 
ionizable gas in said envelope to its group of cath 
odes, with the magnitude of current flow at each 
character position as the anodes and cathodes are 
energized being generally proportional to the num 
ber of cathodes which are energized, 

an auxiliary electrode associated with each of said 
character positions and including a portion dis 
posed between each anode and its group of cath 
odes and an adjacent anode and its group of cath 
odes whereby each anode is shielded from the adja 
cent group(s) of cathodes, 

bias circuit means for establishing dynamic voltage 
bias on said auxiliary electrode, said circuit means 
including at least one impedance device connected 
to said auxiliary electrode and connected electri 
cally in series with each such anode selection 
means for supplying to said auxiliary electrode a 
series of bias voltage as said anodes are sequen 
tially energized, one such voltage being generated 
during the energization of each anode, each such 
bias voltage being inversely proportional to the 
number of cathodes which glow at each character 
position, and ' 

circuit means connecting said cathode drivers across 
at least a portion of said impedance device so as to 
modify the effective impedance connected to said 
auxiliary electrode as each cathode driver is ener 
gized. 

7. A character display circuit as in claim 6 
wherein the bias circuit means serves to bias the aux 

iliary electrode to a predetermined electrical po 
tential for isolating the anode and cathodes of each 
character position from those of all the other char 
acter positions, and ‘ 

wherein as each cathode driver is energized, it re 
duces the effective impedance connected to the 
auxiliary electrode. 

8. A voltage compensated dynamic bias circuit for an 
auxiliary electrode in the gaseous atmosphere of a 
character indicator tube for displaying side-by-side 
characters, the tube having a plurality of anodes, one 
in each character position, and a plurality of groups of 
cathodes each located in one of the characters posi 
tions, the cathodes in each group each being in the 
shape of a segment of a character to be displayed, in 
eluding 

first circuit means including a pluralityof cathode 
conductors each making electrical connection to 
one of the cathodes in each character position, 

a plurality of cathode drivers, each connected to one 
of said cathode conductors, for energizing different 
combinations of said cathodes in response to differ 
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8 
ent combinations of electrical signals received by 
said cathode drivers, 

anode selection circuit means for sequentially ener 
gizing said anodes, in sychronism with the selective 
energization of said cathodes, for displaying se 
lected characters in each of said character posi 
tions, 

bias circuit means for establishing a dynamic voltage 
bias on the auxiliary electrode, said circuit means 
including impedance means connected electrically 
to each of said anode selection circuits for develop 
ing across said impedance means a series of bias 
voltage signals as the anodes are sequentially ener 
gized, one such signal being generated during the 
energization of each anode, and circuit means clec 
trically connecting said impedance means to said 
auxiliary electrode to supply such series of bias 
voltage signals to said auxiliary electrode, and 

circuit means connecting said cathode driver across 
at least a portion of said impedance means so as to 
modify the effective impedance connected to said 
auxiliary electrode as each cathode driver is ener 
gized. 

9. Multiple-position display device and system for op 
erating the device, said device comprising a gas-gilled 
envelope including a plurality of groups of cathode 
electrodes and an anode electrode associated with each 
said group, each such group of cathode electrodes and 
its anode electrode comprising a character position in 
said display device, corresponding cathodes of the dif 
ferent groups being interconnected by a single common 
conductor, there thus being a single common cathode 
conductor for each cathode electrode in each of said 
groups, and an auxiliary electrode in operative relation 
with all of said groups of cathode electrodes and their 
anode electrodes and including a portion disposed be 
tween each anode and the adjacent groups of cathodes 
to act as a shield therebetween, said system comprising 

a separate anode driver circuit connected to each 
said anode electrode in said display device, 

a sequencing circuit coupled to all of said anode driv 
ers for turning each one on separately and in turn 
whereby each anode can be connected in circuit 
with a selected group of cathode electrodes, 

a separate cathode driver circuit connected to each 
of said common cathode conductors, each such 
driver circuit thus being connected to the same 
corresponding cathode in each of said groups of 
cathodes, 

a source of data signals coupled to said cathode 
driver circuits for energizing a selected group of 
cathodes as each anode is connected in circuit, and 

a common impedance connected in circuit with all of 
said anode drivers and with all of said cathode driv 
ers and with said auxiliary electrode whereby at 
each said character position in said display deivice 
when a character is displayed by a selected number 
of cathode electrodes, a bias voltage is developed 
across said impedance and is applied to said auxili 
ary electrode, said bias voltage being related to the 
number of cathode electrodes energized and exhib 
iting cathode glow and conducting current at each 
character position. 

10. Multiple-position display device and system for 
operating the deivce, said device comprising a gas 
filled envelope including a plurality of groups of cath 
ode electrodes and an anode electrode associated with 
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each said group, each such group of cathode electrodes 
and its anode electrode comprising a character position 
in said display device, corresponding cathodes of the 
different groups being interconnected by a single com 
mon conductor, there thus being a single common 
cathode conductor for each cathode electrode in each 
of said groups, and an auxiliary electrode in operative 
relation with all of said groups of cathode electrodes 
and their anode electrodes and including a portion dis 
posed between each anode and the adjacent groups of 
cathodes and serving as a shield therebetween, said sys 
tem comprising 

a separate anode driver circuit connected to each 
said anode electrode in said display device, 

a sequencing circuit coupled to all of said anode driv 
ers for turning each one on separately and in turn 
whereby each anode can be connected in circuit 
with a selected group of cathode electrodes, 
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10 
a separate cathode driver circuit connected to each 
of said common cathode conductors, each such 
driver circuit thus being connected to the same 
corresponding cathode in each of said groups of 
cathodes, 

a source of data signals coupled to said cathode 
driver circuits for energizing a selected group of 
cathodes as each cathode is connected in circuit; 

a first current ?ow path from each of said anode driv 
ers through separate resistive paths to all of said 
cathode drivers, 

a second current ?ow path from each of said anode 
drivers through a resistive path to said auxiliary 
electrode, and 

a third current flow path from each of said anode 
drivers to its anode and through said display device 
to its group of cathode electrodes. 

>l< >l< * >l< * 


