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[57] ABSTRACT 
Apparatus is disclosed reducing the power dissipated 
internally and externally during the scanning of dis 
play devices having a plurality of gas-?lled cells and 
including gas communication channels extending be 
tween adjacent columns of cells. In the illustrated dis 
play device, internal scanning of the display cells is ac 
complished by causing a preferential transfer of gase 
ous discharges from column to column in the device. 
The operating apparatus includes a sequential three 
phase cathode driving circuit having a pre-biasing cir 
cuit which dissipates less power in its operation and is 
not interfered with during resetting of the’ panel. A 
pulse-operated control circuit is provided for control 
ling the current in scan anodes in'the device in syn 
chronism-with the cathode control signals. The cur 
rent and power applied to the cells each cycle is re 
duced after initial activation of the cells to a lower 
sustaining level. 

4 Claims, 6 Drawing Figures 
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APPARATUS REDUCING THE POWER REQUIRED 
FOR SCANNED DISPLAY DEVICES 

BACKGROUND OF THE INVENTION 

This invention relates to low power scan control ap 
paratus for operating multiple element display devices. 
More particularly, the invention relates to pulse 

‘ operated current source means for the scan anodes and 

low power pre‘bias circuitry for the cathodes of gas dis 
charge display panels. 
Display panels having a plurality of gas-?lled cells 

within the body of the panel have been available com~ 
merically for some time. One such device is known as 
the SELF-SCAN panel display, described in Ogle and 
Holz, Ser. No. 850,984, ?led Aug. 18, 1969. 

In the SELF-SCAN panel display there is a layer of 
scan cells having associated scan anodes and cathodes, 
and a layer of display cells having an array of display 
anodes which cooperate with the same cathodes. Gas 
communication channels extend between selected ones 
of the scanning cells to provide‘ a selected flow of ex‘ 
cited gas particles from activated cells to adjacent cells 
for preferential transfer of glow discharge between 
them. This glow transfer permits internal scanning of 
the columns of scan cells in the panel which greatly re 
duces the amount of'drive and selection'circuitry nec 
essary for operating the device. Both the cost of the dis 
play and the amount of power required for the display 
is thus reduced by this reduction in external drive and 
selection circuitry. 
These gas discharge devices, however, still require a 

considerable amount of power for operation, particu 
larly when they are enlarged to increase the number of 
rows and columns of cells. It would be desirable to re» 
duce the power dissipated in such display panels and in 
the attendant circuitry in order to make battery opera 
tion more feasible in portable equipment where a lim 
ited amount of energy is usually available. 
A suitable drive apparatus for such a panel display 

has previously been illustrated and described in Eisen 
berg et al., Ser. No. 21,756, filed Mar. 23, I970. 
The cathodes of the device were driven in groups by 

a driver of three or more phases and each group was in 
dependently pre-biased. Each of the rear scan anodes 
was coupled by a series load resistor to a common ref— 
erence potential terminal which, together with the 
cathode drivers, determined the amount of current and 
power applied to the cells during scanning. 
Under some circumstances, the amount of power dis 

sipated in the pre-bias circuitry and in the display de 
vice itself is undesirable. The power dissipated within 
the body of the display device, however, is usually de 
termined by the amount of voltage applied for initially 
establishing the gas discharge in the cells. Also, pre 
biasing of the cathodes at a point between the cathode 
and the anode ON potentials is desirable, even though 
it consumes a considerable amount of power outside 

the actual display device.-2 

SUMMARY OF THE INVENTION 

Accordingly, an object of the subject invention is to 
reduce the amount of power required for operating 
scanned display devices having a plurality of light 
producing cells. ‘ . 

Another object of the invention is to reduce the 
amount of power dissipated both internally and exter 
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2 
nally during the scanning of display devices having a 
plurality of gas~?lled cells. 

In accordance with the invention, there is provided 
scan control apparatus for multiple: element display de 
vices, which includes a low power pre-biasing circuit 
common to the cathodes of the device and coupled for 
,pre-biasing a reset cathode in the device. but function 
ally independent of it. The cathodes of the display are 
pre-biased independent of the reset cathode bias con 
nection and is not disturbed during resetting of the de 
vice. Also included is a pulse-operated circuit for con 
trolling the current in the scan anodes in the device 
during scanning. The pulsed control circuitfor the scan 
anodes is synchronized with the cathode control cir 
cuitry and reduces both the current and the power ap 
plied to the cells after initial activation of them. This 
lowers the operating temperature of the display device 
and also increases the contrast ratio between the fully 
energized display cells and the rear scanning cells when 
energized at the low power level. . 

DESCRIPTION OF THE DRAWINGS 
Other features and advantages of the invention are 

made clear inthe following detailed description and in 
the accompanying drawings wherein: 
FIG. 1 is a perspective view ofa multiple-element dis 

play panel with which the invention may be utilized; 
FIG. 2 is an exploded view and FIG. 3 is a sectional 

view of such a display panel; 
FIG. 4 is a schematic representation of a display‘ 

panel with its attendant control electrodes and matrix 
array of display cells; ' ‘ 

FIG. 5 is an electrical schematic circuit diagram of an 
exemplary low power apparatus. for operating a 
scanned display panel according to the invention; and 

FIG. 6 is a timing diagram which illustrates operating 
signal waveforms at selected points in the apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The illustrated apparatus is provided‘ for operating 
display cells in a display device ‘having an array of simi 
lar light~producing cells which are successively scanned 
in groups. It is particularly useful for operating display 
panels such as those described in the patent application 
Ser. No. 850,984.0f Ogle and Holz and in the patent ap 
plication Ser. No. 855,448 of J. A. Ogle, both ?led 
Aug. 18, I969. The display device is shown and de 
scribed herein as panel 10. The panel may have, sub 
stantially any desired size and shape, and'it may include 
substantially any number of gas~?lled display cells of 
the like. It also contains any suitable ionizable gas such 
as neon, argon, xenon, etc., singly or in combination, 
and usually a vapor of a metal such‘as mercury to re 
duce cathode sputtering. ' 

Display panels having different numbers of cells ap 
pear in the various ?gures‘ for illustrating the display 
device and the invention. The panel shown in FIG. 1 
has six cathode columns. 111-1 to 113-2 of five cells 
each and the structure of FIGS. 2 and 3 has ?ve cath 
ode columns 50 of four cells each. A greater number 
of cells are included in the schematic representation of 
the panel and the external connections‘for scanning‘ its 
cells in FIGS. 4 and 5. The‘ display cells 90 may be of 
any desired shape such as round (FIGS. 2, 3 and 5) or 
rectangular (FIG. 4). ' 
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Referring to FIGS. 1 and 4 a display panel 10, opera 
ble in accordance with the invention, includes an insu 
lating housing of glass, ceramic, or the like having a 
plurality of display control electrodes 11, 12, . . . 15 
formed in an upper layer thereof and scan electrodes 
21, 22, . . . 25 formed near the base. They are prefera 
bly wires used as display control anodes and scan sup 
porting anodes, respectively, in the operation of the de 
vice. 

' The cathode electrodes 111-1, 112-1, 113-1, . . . 

113-2 are preferably ?at strips, each having a series of 
holes or apertures vfor a column of display cells. The 
cathodes are parallel to each other and are oriented at 
an angle, preferably 90°, to the scan anodes 21-25. 
Each crossing of them de?nes a scan cell. A cathode 
aperture is located at each crossing for priming an asso 
ciated display cell 90. ‘Each cathode 111-1, . . . 113-2 
lies along a column of cells, and each anodelies along 
a row of cells. Therefore, each column of cathode aper 
tures is associated with a column of cells and each row 
of cathode apertures, de?ned by adjacent cathodes, lies 
along a row of cells. Each scan cell includes a portion 
of one of the scan control anodes 21-25, the associated 
portion ofa cathode 111-1, . . . 113-2 above it, and the 
volume of gas between these electrode portions. The 
scanning cells are identified by the anode and cathode 
which cross them. 
The system of the invention is especially suited for 

use with a display panel 10 of the type‘known as a 
SELF-SCAN panel and shown in FIGS. 2 and 3. This 
type of panel includes a bottom plate 20 of insulating 
material, such as glass or ceramic, having a plurality of 
parallel slots 30 formed in the top surface thereof. 
Electrodes 40, which are used as scanning anodes in 
one mode of operation of‘ the panel, are seated in each 
of the slots 30, and electrodes 50, used as cathodes for 
scanning and display, are seated on or in the top sur 
face of plate 20.'Each cathode electrode 50 crosses 
each anode electrode 40, and each crossing defines a 
scan cell 60. The cathodes include rows of tiny aper 
tures '85, each of which is located at a scan cell. The 
scanning cells 60 are arrayed in rows and columns, and 
each cathode 50 is oriented along a vertical column of 
scanning cells in the panel as illustrated. 
The panel 10 includes an insulating plate 95 disposed 

‘over the cathodes 50 and having apertures or display 
cells 90 arrayed in rows and columns, with each cell 90 
being positioned over and in operative relation with a 
cathode aperture 85 and a scan cell 60. Display anode 
wires 100 are disposed on or in the top surface of the 
insulating plate 95, vand each is aligned with a row of 
display cells 90. A glass cover plate 105 completes the 
panel. The panel is filled with a suitable ionizable gas 
such as neon, argon, xenon or the like, or mixtures of 
such gases and a vapor of mercury is usually included 
to minimize cathode sputtering. 
The operation of a SELF-SCAN panel and the struc 

tural features thereof are described and claimed in co 
pending application Ser. No. 850,984, filed Aug. 18, 
1969. Briefly, the operation comprises applying operat 
ing potential to all of the scanning anodes 40 and apply 
ing operating potential sequentially and in turn to each 
of the scanning cathode electrodes 50, beginning, for 
example, at the left and proceeding to the right as seen 
in FIGS. 2 and 3. As each scanning cathode is ener 
gi'zed, the associated column of scanning cells 60 is 
?red, and the operation is carried out sequentially 
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4 
throughout the panel. Simultaneously with the energi 
zation of each cathode 50, information signals are ap 
plied to selected display anodes 100. ‘The display cells 
90, associated with the energized anodes 100 and the 
energized scanning cells 60, are thus ?red. The infor- ~ 
mation signals on anodes 100 may change in accor 
dance with the message to be entered or displayed, with 
each scanning cathode that is energized. As the panel 
is continuously scanned and information signals are en 
tered, a stationary, but changeable, message made up 
of energized display cells can be viewed or sensed 
through the face plate. ' 

In one form of the device the panel 10 includes a 
reset cathode 100, a keep-alive anode 18 and cathode 
101, and a covering view plate of glass or the like as in 
FIGS. 4 and 5. In the completed panel 10, the plates 
and the various electrodes are hermetically sealed 
along their adjacent edges by a glass frit such as Pyro 
ceram, or other suitable material. Reset cathode 110 
may have a separate group of gas cells associated with 
it, if desired. The gas used in panel 10 is- introduced in 
any suitable manner, for example, by means of a tubu 
lation (not shown), secured to the bottom plate. 
The cells usually are actuated beginning with the first 

column of scan cells and proceeding from column to 
column to the last column of cells in the device. A sig 
nal is generated to ?re the cells associated with reset 
cathode 110 having terminal 102 to initiate the scan 
ning cycle. The cathodes of the panel are connected in 
three groups, which may be described as phases, to ter 
minals 111, 112 and 113, as shown in FIG. 4. The dis 
play cathode -111-1 associated with the ?rst column of 
cells at the left-hand edge of the panel is designated a 
phase 1 cathode and every fourth cathode is connected 
in this group. The other cathodes are connected in the 
other groups as shown, including the last cathodes 
lll-n, 112-n and l13-n. A- matrix array of display 
cells 90 is illustrated, associated with the cathodes 111, 
112, 113. Any number of cells may be included in the 
array, of course, including cells in association with 
reset cathode 102, if desired. The keep-alive anode 18 
and the keep-alive cathode '101, if included, are usually 
energized independent of the other electrodes. 

Referring now to FIG. Sin detail, a display system ac 
cording to the invention includes a display panel 10 
having a plurality of display cells 90.‘DispIay anodes 
11-15 and scan anodes 21-25 in the panel are asso- 
ciated with the corresponding rows of display cells and 
scan cells, respectively. Cathodes 111-1, 112-1 and 
113-1 are associated with the first three display col 
umns at one end of the panel. The panel also includes 
a reset cathode 110 and cathodes 111-2 . . . Ill-n, 

112-2 . . . 112-n, 113-2 . . . 113-n, coupled'in groups 

with cathodes 111-1, 112-1 and 113-1, respectively. 
The cathodes of the panel are driven by cathode driv 

ers 120 - 123 in successive order. Reset cathode 110 
is driven by reset driver 120 through an RC energy stor 
age network including capacitor 104 and resistors 106 
and 108, as described in the Eisenberg, et a1 applica 
tion, Ser. No. 21,756.'Phase 1 (01) cathodes 111-1, 
111-2, etc. are driven by phase 1 driver transistor 121. ' 
Likewise, phase 2 (02) cathodes 112-1, 112-2, etc. are 
driven by cathode driver 122 and phase 3 (03) cath 
odes 113-1, 113-2, etc. are driven by phase 3 cathode 
driver 123. 
Reset driver 120 is controlled by a logic or timing 

gate 190 through a RC coupling network including re 
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sistor 170 and capacitor 180. Likewise, cathode drivers 
121-123 are controlled from logic gates 191-193 
through RC‘coupling networks including resistor 171 
and capacitor 181, resistor 172 and‘capacitor 182, and 
resistor 173 and capacitor 183, respectively. Diodes 
160-163 are connected across the base-emitter junc 
tions of cathode drivers 120-123 to limit reverse bias 
ingof them. Diodes 196-199 clamp the voltage on the 
outputs of logic gates 190-193 near ground in the nega 
tive direction. - 

The sequential driving of the cathodes are referenced 
to a clock signal applied to point A in the circuit as il 
lustrated by waveform 210- in FIG. 6. Reset gate 190 is 
enabled concurrent with the ?rst pulse of clock wave 
form 210 for turning on reset driver 120, as indicated 
by the reset drive waveform 220. The reset drive ex 
tends until the beginning of the next clock pulse as 
shown and discharges energy from capacitor 104 into 
the reset cathode. Logic gate 191 is enabled at the be 
ginning of the second clock pulse for turning ON cath 
ode driver 121, which is driven until the beginning of 
the third clock pulse as shown in waveform 230. Like 
wise, phase 2 cathode driver 122 and phase 3 cathode 
driver 123 are enabled by logic gates 192 and 193, re 
spectively, concurrent with the leading edges of the 
third and fourth clock pulse signals as shown by drive 
waveforms 240 and 250 of FIG. 6. 

In the operation of display panel 10, each of the scan 
cells at the junctions of the cathodes and of the scan 
supporting anodes 21-25 must be pre-biased at an OFF 
level. This is ordinarily accomplished by connecting the 
scan anodes 21-25 through-suitable resistors to one 
bias level and by coupling each of the cathodes of the 
panel through suitable resistor and diode networks to 
a pre-bias voltage level which will maintain them in the 
OFF state. The customary networks for applying volt 
age to the cathodes of these devices from a voltage ref 
erence device such as a Zener diode 135 have often 
wasted a considerable amount of current. As much as 
a half watt or more of power can be dissipated in such 
circuits. ' 

According to one aspect of the present invention, the 
use of a. separate current-source network or circuit for 
Zener diode 135 is eliminated and sustaining current 
for it is provided through the resistors of the individual 
cathode pre-bias networks. The reset cathode 110 is 
pre-biased through resistors 106 and 108 connected 
between ground and Zener diode 135 in addition to 
storing energy in capacitor 104 preparatory to the driv 
ing of it. In this apparatus the phase l‘cathodes 111-1, 
111-2, etc., are pre-biased through the series connec 
tion of resistor 131 and diode 141 also connected be 
tween ground and the Zener diode. This phase 1 pre 
bias network is effectively in parallel to the pre-bias 
network of the reset cathode including resistors 106 
and 108 and diode 140. 

It is necessary to provide separate pre-biasing paths 
to the reset cathode and to one of the groups of display 
cathodes in order to maintain pre-bias on the unener 
gized cathodes while any one of them is activated. Par— 
allel pre-biasing is provided for the reset cathode and 
the phase 1 cathodes in this system since the ?rst phase 
1 cathode 111-1 is capacitively coupled within the de 
vice itself to the reset cathode 110 to a signi?cant de 
gree. The phase 1 cathodes would be pulled negatively 
with the reset'cathode if they were not pre-biased inde 

25 

6 
pendently by-a parallel bias network as in this appara 
tus. 

The phase 2 cathodes 112-1, 112-2, etc. and the 
phase 3 cathodes 113-1, 1 13-2, etc. on the other hand, 
can be pre-biased through resistor 132 and diode 142 
and resistor 133 and diode 143, respectively, directly 
to Zener diode 135, as shown. It has been found that 
sufficient sustaining current for the Zener diode is con 
ducted either by phase 1 pre-bias resistor 131 or by 
pre-bias resistors 106 and 108 of the reset cathode cir 
cuit to adequately bias the remaining cathodes. Pre 
bias for the remaining cathodes is. thus continuously 
available since the pre~bias circuits of either the reset 
circuit or of the phase 1_cathode circuit is operating at 
all times. The power loss in the pre~bias Zener diode 
135 is, therefore, limited by the current conducted’by 
these two cathode pre-bias resistor networks. The 
power wasted in cathode pre-biasing is thus considera~' 
bly less than that experienced when all the cathodes are 
pre-biased separately and when a separate current 
bleeding resistor is provided for the pre-biasing Zener 
diode. ' 

According to another feature of the invention, a 
pulse-operated current source is provided for the scan 
supporting anodes 21-25, rather than their being resis 
tor~coupled directly toa ?xed bias level. A control 
transistor 91 is coupled across a reverse-biased Zener 
diode 98 and in series with resistors 31-35 which are 
connected. at their other ends to the scan anodes. The 
clock signals applied to input A of inverter 88 appear 
inverter at circuit junction B as shown by waveforms 

‘ 210 and 260 of FIG. 4. This inverted clock waveform 
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is applied concurrently to control transistor 80 for 
blanking display anode drivers 41-45 in each cycle, 
and to control transistor 91 for scan anodes 21-25,. 
through resistor 94. Control transistor 91 is normally 
held off by a positive voltage level from inverter 88 and 
is turned ON by base bias resistor 96 during each in 
verted clock signal. A diode 92 is provided to limit neg 
ative voltage excursions upon the output terminal of 
inverter‘ 88. 4 

The total bias voltage available across the selected 
scan cells of the device during'the clock pulses is, 
therefore, the difference in potential between an ap 
proximate ground potential at point D and the potential 
on Zener diode 135,-on the order of 170 volts, nomi 
nally. After a column of scan cells‘in the device has 
been ionized, however, scan resistors 31-35 drop the 
initial voltage on the scan anodes to approximately ~80 
volts, as appears in waveform 290 of FIG. 4. At the end 
of each clock pulse signal, control transistor 91 turns 
OFF ‘and the bias for scan anodes 21-25 is provided 
through Zener diode 98, a 50 volt unit in the preferred 
embodiment. The waveform at circuit junction D, 
therefore, varies between approximately ground and 
—50 volts as shown by waveform 280 in FIG. 4. The re 
sult is that the voltage waveform at‘point E on the scan 
anodes themselves varies between approximately —80 
volts and ~90 volts, as shown by waveform 290. 
The total voltage applied to the scan cells of the de 

vice after initial ionization may be less than the break 
down voltage, and of the order of approximately 80 
volts, if desired. The pulsed current drive to the scan 
supporting anodes by control transistor 90, therefore, 
1 reduces the current in the energized scan cells of the 
device after glow transfer between columns and glow 
priming of the display cells are completed. An initial 
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high current level is' provided to a selected column or 
group of scan cells during each clock pulse through 
transistor 91. During the rest of the column ON time, 
the current to the energized scan cells is reduced to a 
lower level through Zener diode 98. 
This reduces the power dissipation in the'device con 

siderably since it has been found to be possible to re 
duce the scan current levels in the latter portion of 
each clock period by a factor of 2 or more. This re 
duces the amount of power necessary to drive the rear 
anodes of the display device or panel. Since the length 
of time at the high current level is independent of the 
column ON time, the amount of power reduction is 
greater for shorter panels (those having fewer col 
umns), 
The display anode drivers 41-45 are held off by con 

trol transistor 80 by negative voltage pulses at circuit 
junction C during the clock pulses, indicated by wave 
form 270 of FIG. 4. Control transistor 91 for the scan 
anodes, on the other hand, is turned on during each 
clock pulse. This results in the high current level in the 
scan anodes being maintained during each clock pulse 
signal, while the display anode drivers 41—45 are 
“blanked" or disabled. 
The display anodes themselves are driven by current 

drivers 4l-45 under the control of transistor 80. The 
current level in the display anodes 11-15 and,'consc 
quently, the brightness of the display cells is controlled 
by different bias levels provided on the arm of potenti 
ometer 86. The individual current levels for the display 
anodes is determined by current-limiting resistor 
61-65, respectively, and the display drivers 41-45 are 
protected from destructive current levels resulting 
from possible arcing in the display device, by resistors 
51-55, respectively. Display anode drivers 41-45 are 
normally held off by base resistors 71-75 and are de 
layed from turning on during each clock pulse by the 
controltransistor 80. The input signals for the data to 
be displayed are applied to the base electrodes of tran 
sistors 4l_45. - 

Although the preferred embodiments of the inven 
tion have been described in detail, it should be under 
stood that the present disclosure has been made by way 
of example only. Many modi?cations and variations of 
the invention are possible in light of the above teach 
ings. It is, therefore, to be understood that, within the 
scope of the appended claims, the invention may be 
practiced otherwise than as speci?cally disclosed. 
What is claimed is: - ' 

1. A display system including 
a gas-?lled display panel comprising 
an array of ?rst scanning cells disposed in rows and 
columns, including 
a ?rst column, a last column, and intermediate col 
umns, 

a scan anode electrode aligned with each row of 
scanning cells, 

a scanning cathode electrode aligned with each col 
umn of scanning cells, 

a column of reset cells disposed adjacent to and 
ahead .of said ?rst column of scanning cells, and in 
operative relation with said scan anode electrodes, 

a reset cathode electrode aligned with said column of 
reset cells, 

an array of display cells disposed in rows and col 
umns and each aligned with one of said scanning 
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8 
cells and adapted to receive glow transfer there 
from, each of said cathode electrodes also being 
aligned with a column of display cells, 

a display anode aligned with each row of said display 
cells and ‘operating with said scanning cathode 
electrodes as the electrodes for said display cells, 

a source of information signals coupled to each of 
said display anodes and adapted to apply informa 
-tion signals thereto, 

said scanning cathode electrodes being connected in 
a plurality of groups so that there is a ?rst group, 
a second group, . . . and an nth group, the scanning 

cathodes being arrayed so that two adjacent cath 
odes of one group are separated by one cathode of 
each of the other groups, a cathode of said first 
group being positioned immediately adjacent to 
said reset cathode, - 

a separate cathode driver coupled to each of sai 
groups of cathode electrodes for applying operat 
ing potential to eachgroup of cathode electrodes 
separately, 

drive means coupled to said cathode drivers and 
adapted to turn on each cathode driver separately 
and in turn whereby the cathode electrodes are en 
ergized separately-and in turn whereby each col 
umn of scanning cells is energized separately and 
in turn, , 

a reset cathode driver connected to said reset cath 
ode electrode, 

drive means coupled to said reset cathode driver for 
operating said reset cathode driver, and 

a voltage pre-bias circuit coupled to all of said cath 
odes including circuit means for biasing said reset 
cathode at a ?rst level, biasing said ?rst scanning 
cathodes at a second level, and biasing all of the 
other scanning cathodes at a third level, 

wherein said pre-bias circuit for said cathode elec 
trodes and said reset cathode electrode includes a 
connection from a potential source through a 
Zener diode to a bus, said bus being connected 
through a diode, a parallel ?rst resistor-capacitor 
combination, and a second resistor to ground, said 
parallel resistor-capacitor combination being con 
nected to said reset cathode to provide pre-bias po 
.tential thereto, a connection from said bus through 
a diode and a third resistor to ground, with a con 
nection to said ?rst group of cathodes from the 
junction point of said diode and said third resistor 
to provide pre-bias potential for said ?rst group of 
cathodes, said third resistor being in parallel with 
said second resistor, and other connections from all 
of the other groups of cathodes through a parallel 
combination of resistor and diode to said bus to 
provide pre-bias potential therefor. 

2. The system de?ned in claim 1 and including a 
source of voltage pulses coupled to all of said scan 
anode electrodes. 

3. The system de?ned in claim 2 wherein said source 
of voltage pulses includes a source of generally rectan 
gular clock pulses coupled through an inverter to a 
semiconductor switching device, the output of which is 
coupled to said scan anodes, the output of said semi 
conductor switching devices comprising voltage pulses 
corresponding in time to said clock pulses. 
, 4. The system de?ned in claim 3 wherein said semi 
conductor switching device is a transistor having its 
collector-emitter circuit coupled across a reverse 
biased Zener diode, having its collector connected to 
said scan anodes, and having its base connected to said 
inverter. 

* * * * * 


