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(71) We, FUJITSU LIMITED, a Japan-
ese Corporation, of 1015, Kamikodanaka,
Nakahara-ku, Kawasaki, Japan, do hereby
declare the invention, for which we pray that
a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the following
statement:-

The present invention relates to driving
circuitry for electronic devices of the scan-
ning kind, for example for self-shift gas dis-
charge panels.

AC driven gas discharge panels providing
a discharge spot shifting or scanning function
have been proposed and are known, for
example, as “‘self-shift plasma display
panels”. Such a self-shift plasma display
panel is described in detail in U.S. Patent
Specification No. 3,944,875, by Owakietal.,
entitled “Gas Discharge Device having a
Function of Shifting Discharge Spots”, and
an improved panel in which the necessity for
insulated crossover areas, previously pro-
vided where shift electrodes of the panel
crossed supply buses, is removed is described
in West German Offenlegungsschrifts Nos.
2,729,659 and 2,731,008. A basic configura-
tion for a previously proposed self-shift
plasma display panel includes a plurality of
shift electrodes arranged in a regular fashion
adjacent to a gas discharge space of the
panel. These shift electrodes are connected
so that the discharge cells of the panel,
formed where shift electrodes cross elec-
trodes which oppose them across the gas dis-
charge space, are divided in discharge cell
groups of at least three different phases. The
shift electrodes are led out to supply termi-
nals via supply buses which are equal in
number to the number of groups of discharge
cells provided. Thus, by applying pulse vol-
tages to the supply buses in a specified sequ-
ence, and so to the discharge cells of the
different groups in sequence, a discharge
spot generated in accordance with input date

can be shifted sequentially from one dis-
charge cell to an adjacent discharge cell, and
so on, across the panel. However, in order to
realize a self-shift driving system, at least two
kinds of voltage pulses, one of which is com-
paratively wide, for use in receiving a dis-
charge spot at a discharge cell, and the other
of which is a comparatively narrow pulse for
erasing wall charge remaining at a discharge
cell from which a discharge spot has been
shifted, are generally necessary, and it has
generally been required to combine these
pulses and to sequentially supply them to
each supply bus. The following method has
been proposed for general use as a means for
distributing the abovementioned voltage
pulses in a desired manner:- gate signals are
provided in respect of each supply bus, and
for each bus the gate signals control the
application of pulse voltages (of at least the
two above-mentioned kinds) to the bus. The
gate signals for the different buses are of
different phases and thus multi-phase driving
pulse waveforms can be obtained by means
of the gate signals. However, with such a gate
control system, where the number of differ-
ent bus phases increases or where the
number of pulses to be applied to each bus
for each unit cycle of shift operation
increases, the differences in phase between
the signals applied to the respective buses
may not be uniform and the pulse waveforms
to be supplied sequentially to each bus phase
can become asymmetrical, and therefore the
provision of a circuit configuration for driv-
ing and timing control can become very dif-
ficult. In addition, such difficulties in control
can become more pronounced in a case of
driving a self-shift type gas discharge panel
having a meander-type electrode configura-
tion as proposed in the above-mentioned
West German Offenlegungsschrift No.
2731008 as will be described in more detail
hereinbelow.

According to the present invention there is
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provided driving circuitry, for a pulse-driven
electronic device of the scanning type having
a plurality of driving electrode inputs, com-
prising pulse-train generating circuitry hav-
ing a plurality of outputs, for connection

respectively to such inputs, and operable to
. sed by a counter output and the drive signal

deliver at the said outputs, within a pre-
determined unit supply period, respective
pulse trains of predetermined respective
waveforms at least one of which differs from
the others, such delivery being repeated with
cyclic change-over of each pulse train from
one to another of the said outputs between
one such unit supply period and the next so
that in the course of a working cycle of the
driving circuitry, made up of a plurality of
such unit supply periods, all of the said
respective pulse trains are delivered in sequ-
ence at each output, the sequential order of
such delivery being different at each output
from that at every other output of the plural-
ity.

Drive circuitry embodying the present
invention can be constructed which can be
controlled easily and have a comparatively
simple configuration for use with pulse dri-
ven multi-phase scanning electronic devices,
for example self-shift plasma display (gas
discharge) panels.

The use of drive circuitry embodying this
invention can provide for the driving of a
self-shift type gas discharge panel having an
arrangement including a plurality of dis-
charge cells to be driven by multi-phase pulse
voltages.

By the use of drive circuitry embodying the
present invention for driving such a panel
stable and accurate shift and an improved
operating margin can be provided.

Drive circuitry embodying the present .
.assistance in understanding certain features
. of operation of gas discharge cells,

invention can be constructed which is suit-
able for the drive of a self-shift type gas dis-
charge panel having a meander electrode
arrangement.

Drive circuits embodying the present
invention used for driving self-shift panels
are such that a plurality of basic pulse trains
previously prepared are supplied to each
phase group of discharge cells, via the
appropriate supply bus. Each basic pulse
train is supplied for a unit period, to the
phase group concerned, and the basic pulse
trains of the plurality are supplied in sequ-
ence, one after another in cyclical rotation.
The different phase groups receive the basic
pulse trains in different cyclic sequences in a
working cycle. This can provide a very effec-
tive drive for the panel.

Drive circuitry embodying this invention
can however be adapted for driving a variety
of pulse driven scan type electronic display
panels having a plurality of driving electrode
inputs providing arrangements of pluralities
of light emitting elements and to other pulse
driven scanning electronic devices of the

multi-phase multi-electrode input type
involving shifting of charged particles.

In preferred driving circuits embodying
this invention each basic pulse train is con-
trolled in its timing on the basis of outputs of
aread only memory (ROM) which is addres-

waveform can be selected for a self-shift
panel in order to attempt to maximise the
operating margin available.

For a better understanding of the present

_invention, and to show how the same may be

carried into effect, reference will now be

. made, by way of example, to the accompany-

ing drawings, in which:-
Figure 1(A) is a schematic partial plan

view of a meander electrode type self-shift -

plasma display panel with which an embodi-
ment of the present invention could be emp-
loyed,

Figure 1(B) is a sectional view along the
line BB’ of Figure 1(A),

Figure 2 is a waveform diagram,

Figure 3(Ag is a waveform diagram,

Figure 3(B) is a diagram explanatory of
features of an embodiment of the present
invention,

Figure 4 is a block circuit diagram,

Figure 5 is a block circuit diagram,

Figure 6 is a diagram explanatory of fea-
tures of an embodiment of the present inven-
tion,

Figure 7 is a block circuit diagram,

Figure 8 is a diagram explanatory of fea-
tures of an embodiment of the present inven-
tion,

Figure 9 is a waveform diagram,

Figure 10 is a waveform diagram,

Figure 11 is a graph, -

Figures 12(A) and 12(B) are diagrams for

Figure 13 is a block circuit diagram, and

Figure 14 is a waveform diagram.

Figures 1(A) and 1(B) show plan and sec-
tional views, respectively, of major portions
of a self-shift type gas discharge panel as
described in West German Offen-
legungsschrift No. 2731008 mentioned
above, and particularly illustrate the elec-
trode configuration of the panel. In the panel
shown in these Figures two shift channels SC
1 and SC 2 are shown by way of example. In
the illustrated gas discharge panel, on one
substrate 1, in each shift channel, a first elec-
trode group x11, x12 ... and a second elec-
trode group x21, x22 ..., the electrodes of
which groups are alternate with one another
along the shift channel, and which groups are
connected to respective bus conductors x1
and x2, and a write electrode W, are pro-
vided. On the other substrate 2, in each shift
channel, a third electrode group y11,y12 ...
and a fourth electrode group y21,y22 ... are
provided. Each electrode of the third and
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fourth groups is arranged so as to face two
adjacent electrodes one from each of the said
first and second electrode groups. The elec-
trodes of the third and fourth electrode
groups alternate with one another along the
shift channel and the groups are connected to
respective bus conductors Y1 and Y2. The
electrode surfaces are coated with dielectric
layers 3 and 4, consisting of low melting point
glass for example, and space 5 between the
opposing surfaces of the coatings is filled
with a mixed gas, neon (Ne) and a small
amount of xenon (Xe) at a Pd value of about
4 to 5 Torr-cm for example.

Thus, in the sealed gas space 5, four kinds
of discharge cells (discharge sites) ai, bi, ci
anddi (i = 1,2 ...), corresponding to respec-
tive different possible combinations of facing
electrodes providing those cells, are pro-
vided. That is to say, the four kinds of dis-
charge cells are respectively cells for which
an electrode of the first group faces one of
the third, an electrode of the first group faces
one of the fourth, an electrode of the second
group faces one of the fourth, and an elec-
trode of the second group faces an electrode
of the third group. Cells of the four different
kinds occur 1n a regularly defined sequence
in each shift channel and a discharge spot
generated at a write discharge cell w in
accordance with input data supplied to a
write electrode W; or W,) can be sequen-
tially shifted from one cell to an adjacent
discharge cell along a shift channel by apply-
ing pulse voltages to the bus conductors X1,
X2 and Y1, Y2 in accordance with a sequen-
tial switching operation. Here, as is clear
from Figure 1(A), the four electrode groups
defining-the discharge cells have a meander
type electrode arrangement. A gas discharge
panel of this type will hereunder be called an
“M type self-shift panel”. The abovemen-
tioned M type self-shift panel has excellent
features insofar as only two bus conductors
are provided for each substrate and that a
discharge spot can be shifted or scanned by
the driving with pulse voltages of 2 phase x 2
phase. This panel also has an advantage in
that insulated crossover areas for bus con-
nection are not required on the substrates.
On the other hand, each cell of a pair of
adjacent discharge cells in a shift channel
uses in common one electrode on one of the
substrates (opposite ends of the common
electrode arranged face-to-face with respec-
tive different electrodes on the other subs-
trate provide the cells of the pair). Therefore,
it is necessary in the selection of pulse
waveforms for each driving phase, and the
timing of switching, to take into account
influences of one cell on an adjacent dis-
charge cell at the time of electrode driving.

Figure 2 is a waveform diagram. which
shows driving pulse waveforms employed for
driving such an M type self-shift panel by

means of an embodiment of the present
invention. In Figure 2, VW is a write voltage
waveform applied to a write electrode W;
VY1, VX1, VY2 and VX2 are pulse voltage
waveforms for the respective supply bus
phases, which are applied respectively to the
abovementioned bus conductors Y1, X1, Y2
and X2; VA, VB, VC and VD are pulse
voltage waveforms applied to discharge cells
of the respective kinds as mentioned above,
formed between facing electrodes of the four
groups, via the bus conductors as indicated,
with pulses supplied to the X side of the panel
taken as being of positive polarity, and pulses
supplied to the Y side as negative. It should
be noted particularly in Figure 2 that the
pulse voltage waveforms supplied to each
group of electrodes each comprise a number
of recurring pulse trains O, @, @ and ®
which are supplied sequentially in rotation in
respective unit supply periods TO, T1, T2

and T3. In each pulse voltage waveform sup-

plied to an electrode group the recurring
pulse trains occur with a phasing different to
that of the pulse voltage waveforms supplied
to the other electrode groups, but in each
pulse voltage waveform switching between
different recurring pulse trains occurs at the
same time, in rotation.

Three kinds of voltage pulses SP, EP and
OP necessary for self-shift operation are
provided in basic pulse trains @ to @ which
are supplied to each of the four phase groups
as shown in Figure 3(A) and these pulse
trains in each pulse voltage waveform sup-
plied to a group of electrodes, as shown in
Figure 2, are rotated (supplied in a cyclically
repetitive sequence) from one unit supply
period to the next in a pre-determined man-
ner as shown in Figure 3(B) and sequentially
applied to each bus Y1, X1, Y2, X2. Here,
the first kind of pulse SP is included in a basic
pulse train as a shift pulse and has compara-
tively wide time width of 5 to 10 usec; such
pulses also act as sustain pulses for sustaining
discharge spots during display. The second
kind of pulse EP functions as an erase pulse.
It has a narrow time width, of about 1 usec or
less for example, and erases wall charge
remaining on the dielectric layer of a dis-
charge cell after transfer of discharge spot
from that cell. The third kind of pulse OP is
called a control or overlap pulse. As shown, it
has a comparatively narrow time width, of
about 2 usec, but may take the same form as
the abovementioned shift pulse in some
cases. This overlap pulse is applied to a dis-
charge cell from which a discharge spot is
about to be transferred in accordance with
the timing of the shift operation in a tempor-
ally overlapping relationship with a shift
pulse SP applied to the discharge cell to
which the discharge spot is about to be trans-
ferred. In addition, this overlap pulse can be
useful for improving shift operation margin
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as proposed in our pending Patent Applica-

tion No. 13000/77 (Serial No. 1570817)..
Thus, shift operation will be explained with

reference to Figure 2 and Figure 1(B). By
feeding in a write pulse WP in the unit supply
period TO, a discharge spot is generated at
the write discharge cell w defined where
areas of the write electrode W and electrode
y11 of the phase group of bus Y1 face one
another. Then, when an overlap pulse OP is
supplied to the write electrode W at a timing
wherein a shift pulse SP is applied to the
electrode x11 connected to the bus X1 in the
succeeding unit supply period T1, the ini-
tially written discharge spot at the write dis-
charge cell is shifted to the adjacent dis-
charge cell a1 defined by the electrodes y11
and x11. In the unit supply period T2, the
next stage of a shift cycle, an overlap pulse
OP is applied to the electrode y11 via the bus
Y1 and a shift pulse SP is applied to the
electrode y21 via the bus Y2. Thus, the dis-
charge spot is shifted to the discharge cell b1.
As explained above, basic pulse trains are
supplied to the electrodes of each phase
group, connected to respective buses,
sequentially in rotation in successive unit
supply periods TO, T1, T2, T3, TO ... for the
purpose of discharge spot shift operation,
and simultaneously data writing is performed
in every complete cycle (TO-T3) of this rota-
tion, whereby every fourth discharge cell in a
channel may carry data in the form of a dis-
charge spot. During a shifting cycle, erase
pulses EP are automatically applied to dis-
charge cells from which a discharge spot has
been transferred in accordance with the
abovementioned phase rotation of basic
pulse trains and there is no substantial risk of
erroneous discharges being caused due to
previously carried data even when a shift
pulse is applied again to that discharge cell in
the next unit period via a bus conductor that
supplies the cell in common with others.

Figure 4 is a block circuit diagram showing
drive circuitry embodying the present inven-
tion for putting into effect driving of an M
type self-shift panel as described above. This
drive circuitry can be said to comprise, in
broad terms, a counter circuit unit 10, a basic
pulse train generating circuit unit 20, a rota-
tion circuit unit 30 and a control circuit unit
40.

The counter circuit unit 10 comprises a
clock pulse generating circuit 11 and two
4-bit binary counters 12 and 13. The bit out-
puts ¢1,2 and 73 of the upper three bits (the
three least significant bits) of the first 4-bit
counter 12 are input to an 8-line decoder 21
of the basic pulse train generating circuit unit
20 in the succeeding stage by said counter
circuit unit. From the output of said 8-line
decoder 21, signals corresponding to the 1st

9th) and the 2nd (10th), and to the 5th
13th) and the 6th (14th) counting outputs of

the 4-bit counter (i.e. signals corresponding
to 1st and 9th, 2nd and 10th, 5th and 13th,
and 6th and 14th clock pulses from generat-
ing circuit 11) can be extracted through the
pair of OR gates 22 in dependence upon the
counting outputs of the said upper three bits,
from among the 1st to 16th counting outputs
of 4-bit counter 12 (e.g. from among 1st to
16th clock pulses). On the other one hand,
the signals corresponding to the 1st (9th) and
2nd (10th) counting outputs serve for the
provision of pulses in a pulse train corres-
ponding to the shift pulses SP of pulse train
@ of a unit period length, as shown in Figure
3(A), the pulses corresponding to those
counting outputs appearing on the conductor
line @ in the form of logical sum. On the
other hand, these signals also serve for the
provision of a pulse train corresponding to
pulse train ® of unit period length as shown
in Figure 3(A); via a one shot multi-vibrator
23 and conductor line 3 these signals cause
the output of narrow erase pulses EP.

The signals corresponding to said 5th
(13th) and 6th (14th) counting outputs pro-
vided by an OR gate 22 are also used to
provide two pulse trains. On one hand, the
signals are used to provide pulses corres-
ponding to the shift pulses SP in a unit period
of pulse train @ of Figure 3(A) that are out-
put to the conductor line @ in such a manner
that those shift pulses are provided at a phase
shift of 180° from the shift pulses of pulse
train (D, while, on the other hand, such sign-
als are input to each of two one shot multi-
vibrators 24 and 25 for the purpose of
generating pulses corresponding to the over-
lap pulse OP and the erase pulse EP in the
pulse train 3 shown in Figure 3(A). The one
shot multi-vibrator 24 outputs, via OR gate
29, to the conductor line @), an overlap pulse
having a predetermined time width which
rises in correspondence with said Sth count
signal, via AND gate 27, which gate is in an
ON condition until -an 8-count output is
obtained by inversion of the 4th bit output t4
of the 4-bit counter 12 by means of the inver-
ter 26. The AND gate 27 is thus ON for the
passage of a pulse from the one shot multi-
vibrator 25 during the first half of the unit
period length of pulse train 3. The other one
shot multi-vibrator 25 outputs, via OR gate
29, to the conductor line (@), a narrow erase
pulse EP which rises in correspondence with
the 13th count signal, in the second half of
the unit period length of pulse train @, via
AND gate 28 which is opened after the
8-count output is obtained from the 4th bit
output t4 of the 4-bit counter 12.

The four conductor lines @ to @ are
respectively connected as indicated in Figure
4 to the respective inputs of respective AND
gates of each of four groups of AND gates
311 to 314, 321 to 324, 331 to 334 and 341
to 344. Each group thus has four AND gates,
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and the groups are provided in the rotation
circuit unit 30. The outputs of the AND gates
of each group are delivered via a respective
OR gate (of OR gates 31 to 34) to a respec-
tive shift driver (not shown) of a respective
bus conductor of bus conductors Y1, X1, Y2,
X2 of the abovementioned M type self-shift
panel. Further inputs of the respective AND
gates of each AND gate group are connected
in the manner shown in the Figure to respec-
tive ones of four outputs of a 4-line decoder
35 and the pulse trains from the conductor
lines @) to (@ are switched and supplied in a
cyclical sequence to the shift drivers con-
nected to bus conductors Y1, X1, Y2 and X2
in dependence upon the changes of the out-
puts from said decoder 35.

The control circuit unit 40 comprises flip-
flops 41 and 42 in a 2-stage shift register
configuration which operate in dependence
upon the 2nd bit output ¢22 of said 2nd 4-bit
counter 13 included in the counter circuit
unit 10 and inputs the output of each stage to
the aforementioned 4-line decoder 35 as
cycle switching signals A and B. Accordingly,
since a signal which rises at the count of 16
basic clock pulses and falls at the count of 32
clock pulses is derived from the 2nd bit out-
put £22 of the 2nd 4-bit counter 13 (which
counter counts the 4th bit output ¢4 of the 1st
counter 12) a switching signal is supplied to
the decoder 35 in every 16 basic clock pulses,
and therefore the signals supplied from
decoder 35 are switched in the sequence 1’,
2',3" and 4’ in each unit shift cycle. Thereby,
the basic pulse trains for the bus conductors
Y1, X1, Y2, X2 can be applied in a cyclically
rotating manner as explained above.

The control unit 40 also includes a binary
3-bit counter 43 which counts the outputs of
flip-flop 42 of the 2nd stage of the 2-stage
shift register. This 3-bit counter is not
directly related to the subject of the present
invention, butit is shown in order to illustrate
control in a case where characters conform-
ing to a pattern of 5 X 7 dots are to be written
and shifted. As described above, in an M type
self-shift panel each 4th discharge cell along
a shift channel carries data in the form of a
discharge spot and therefore a cycle of shift
operations is completed in four unit time
periods as illustrated in Figures 2 and 3.
Thus, one character pattern can be written in
five shift operation cycles for each of seven
shift channels. When a spacing of 2 lines is
provided between adjacent characters an 8th
cycle of shift operations can be considered as
the timing of commencement of writing of a
next character. For this purpose, entry of a
new character is controlled by means of the
output of said 3-bit counter 43.

When the 3-bit counter 43 counts up to 8
and its outputs all become ““1” the applica-
tion of counting inputs to the counter from
the flip-flop 42, is blocked at the AND gate

46 by the output of NAND gate 44. The
counter 43 is then reset by means of an out-
put from a one shot multi-vibrator 47 con-
trolled by an output of a flip-flop 45 which
receives the 4th output 124 of the 2nd 4-bit
counter 13 and a strobe signal STB (via
inverters) and simultaneously a signal which
enables writing of a next character is sent to a
write control circuit (not shown) via the line
MR and inverter 48.

The driving circuit of Figure 4 described
above is useful for explaining features of the
present invention, but the circuit configura-
tion in Figure 4 is a little complicated. There-
fore, another embodiment of the present
invention will be described below in which
circuit configuration is simplified by the emp-
loyment of a ROM (read only memory) in a
basic pulse train generating circuit unit.

Figure § is a block diagram of this embod-
iment of the present invention, and in Figure
5 the same reference numerals as in Figure 4
are used for items of similar functions. In
Figure 5, ROM 202 constituting part of the
basic pulse train generating circuit unit 20 is
of a 4 X 16 bit configuration as shown in
Figure 6, for example. The 4-bit outputs¢1 to
t4 of the counter circuit unit 10 are input to
an address decoder 201 and timing signals
are read out sequentially in a 4-bit parallel
form from the ROM 202. Pulse trains D to 3
of unit period length as shown in Figure 3(A)
can be obtained by means of the contents of
addresses 0 to 15 of the ROM, as illustrated
in Figure 6. Pulse trains @ to @ are distri-
buted to shift drivers (not shown) connected
to the buses Y1, X1, Y2, X2 in'a cyclically
rotating sequence in accordance with signals
from the control circuit unit 40 supplied to
the rotation circuit 30.

The phase relationships between the pulse
trains (D to @ in a unit period (and pulse
widths) can be set more precisely by increas-
ing the number of bits of the ROM202. In
such a case, the number of bits of the counter
of the counter circuit unit 10 is of course
increased. The read only memory ROM 202
may be constructed as a PROM (programm-
able read only memory) which can provide
an advantage in that modification of the pat-
terns of pulses in the pulse trains can be more
readily effected by changing or replacing the
content of ROM 202. Moreover, by using a
ROM constructed as an integrated circuit,
the basic pulse train generating circuit unit
20 can readily be miniaturized to a significant
degree.

Furthermore, in accordance with another
embodiment of this invention, said basic
pulse train generating circuit unit 20 and the
rotation circuit unit 30 can be provided
jointly by means of a single ROM. Figure 7
illustrates this embodiment. In Figure 7, the
counter circuit unit 10 comprises a clock
generator 101 and an 8-bit counter 102, and
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the control circuit unit 40 comprises a flip-
flop 401, AND gates 402, 403, an inverter
404 and inverters for delivering a strobe
signal STB to the flip-flop 401. Circuit unit
50 comprises an address decoder 51 and a
ROM 52. ROM 52 has a 4 x 256 bit config-
uration, for example, and its memory con-
tents are as shown in Figure 8 for example.
The content of addresses 0 to 63 relates to
the unit period TO, for example as shown in
Figure 2 (though it will be appreciated that
the detailed contents of the ROM do not
relate to pulse trains as in Figure 2, but to
Figure 9, as explained hereinafter), and the
four rows of the addresses relate to respec-
tive basic pulse trains @ to @ as indicated.
The address content sequences correspond-
ing to basic pulse trains (D to (@ are inter-
changed between the rows as shown in the
Figure in the succeeding unit periods T1 to
T3 as indicated.

When the strobe signal STB is “O”, a shift -

mode of operation is effected. The flip-flop
401 is in the set condition and all outputs of
the 8-bit counter 102 are applied to the
address decoder 51. Therefore, the content
of the addresses from 0 to 255 of ROM 52
shown in Figure 8 are sequentially read out in
a cyclically repeated manner and applied to
the buses Y1, X1, Y2, X2 in a rotating cycli-
cal manner (via shift driver unit 60).

On the other hand, when the strobe signal
STB becomes “1” a display mode of opera-
tion is effected. Since in this case the flip-flop
401 is reset when the highest bit output of
8-bit counter becomes “1”’, the AND gates
402, 403 are closed and only 6 output bits of
the 8-bit counter are applied to the address
decoder 51. Therefore, the contents of the
ROM relating to unit period TO are
repeatedly read out and a static display mode
is given. In the configuration of Figure 7, the
signals IY1, IX1, I'Y2 and IX2 read out from
the ROM 52 of circuit unit 50 are appliedto a
shift driver unit 60 including drivers 61 to 64
corresponding to the respective buses X1 to
Y2 as basic timing signals. As is shown for
driver 61, each driver includes an up-
transistor (pnp) 611 and a down-transistor
(npn) 612 being connected between a power
source voltage of + Vs and ground potential
and each transistor is driven selectively by
the common inverted timing signal IY1.

Driving pulse voltages for the panel PDP
are supplied to respective buses from con-
necting terminals.

Figure 9 shows driving pulse voltage
waveforms generated in shift mode opera-
tion when the content of ROM 52 of Figure 7
is as shown in Figure 8, with reference to the
driving of an M type self-shift panel as
described with reference to Figure 1. In Fig-
ure 9, VY1, VX1, VY2 and VX2 are pulse
waveforms respectively applied to the buses
Y1, X1, Y2, X2 asin the case of Figure 2, and

VWi indicates write voltage pulses to be
applied to a write electrode Wi. Waveforms
VA, VB, VCand VD represent pulse voltage
waveforms applied to the discharge cells of
the four kinds ai, bi, ci and di, as explained
with reference to Figure 1, being voltage
waveforms formed by combinations of the
pulse voltages applied to the buses. Vwi rep-
resents a composite write voltage waveform
applied to the write discharge cell Wi.

As can be seen from Figure 9, to each of
the bus conductors Y1, X1, Y2 four basic
trains of pulses D, @, @ and @ are applied,
each in a unit period of time T, in a regular
cyclical sequence, in such a manner that each
of the four basic trains is applied to each bus
in one cycle of shift operations through unit
periods TO to T3. In this case, all of the
pulses of the four basic trains of pulses have a
positive polarity and have the same pulse
width, which differs from the situation in
Figure 2, and have their voltage value
selected to be a shift voltage level Vsh. How-
ever, in each unit period of time T the four
basic pulse trains being supplied to respec-
tive bus conductors have the following
mutual phase relationships according to the
present embodiment. The pulse trains @ and
@ are in phase with each other and are 180°
out-of-phase with the pulse train (D, while
pulse train ® has a phase difference with
respect to pulse trains @ and (@ equal to the
duration 7. of an erase pulse between its
rising and falling times. Thus, to a discharge
cell to which the pulse train (D is applied
through one of the crossing electrodes bet-
ween which it is formed, and to which a pulse
train @ or @ is applied from the other elec-
trode of the crossing electrodes, alternately
directed shift voltage pulses Ps are applied,
and to a discharge cell to which the pulse
train ® is applied from one crossing elec-
trode and to which a pulse train @ or @ is
applied from the other crossing electrode,
pairs of short duration oppositely directed
erase pulses Pe are applied, corresponding to
the phase difference between those pulse
trains @ and @ or @ and @.

Reference should be made to the unit
period TO in Figure 9, for example, in which,
when a write voltage pulse Pw is applied to
the write electrode Wi, developing a write
voltage waveform such a Vwi at the write
discharge cell, an initial discharge spot is
generated at the appropriate discharge cell.
At this moment a shift voltage pulse
waveform such as VA is supplied via bus
conductors Y1 and X1 to the cell group ai to
which the first discharge cell (the cell nearest
a write cell) of each shift channel belongs.
The priming effect of the above-mentioned
write discharge spot causes a discharge spot
to be developed simultaneously at the first
discharge cell al adjacent to the write dis-
charge cell wi. During this period, a shift
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voltage pulse waveform such as VD is also
being supplied through bus conductors Y1
and X2 to discharge cells of the group di so
that there arises a mode in which a discharge
cell of the groupdi and an adjacent discharge
cell of the group ai can share a discharge spot
which represents the information previously
written. During the period TO, to the dis-
charge cells bi and ci of the remaining groups
are applied pairs of erase pulses Pe of narrow
width, as a result of the phase difference
between the pulse train ® applied through
bus conductor Y2 and pulse trains @ and @
applied through bus conductors X1 and X2.
During the succeeding unit period T1, the
change of the order in accordance with which
the pulse trains are delivered to the bus con-
ductors Y1, X1, Y2 and X2, from @, @, ®
and ( for the respective conductors Y1, X1,
Y2, X2 during the period TO, to @, @, @
and ® causes a shift pulse voltage waveform
such as shown at VB to be applied across
discharge cells of the group bi so that a dis-
charge spot at a discharge cell of the group ai
is shifted to an adjacent discharge cell of the
group bi and is thus shared by the adjacent
discharge cells. In the meantime, to the dis-
charge cells of the group di that have held
discharge spots during the period TO there
are applied erase pulses of narrow width
obtained as a result of the phase difference
between the basic pulse trains @ and @ in the
pulse waveforms VX2 and VY1, as shown in
the waveform VD as applied during the
period T1, thus erasing wall charge remain-
ing on the dielectric layer of the panel at
those cells. During this period, erase pulses
of narrow width are effectively applied to the
discharge cells of group ¢i also. During a
further period T2, the order in which the
basic pulse trains are applied to the respec-
tive buses Y1, X1, Y2 and X2 changes to the
order ®, @, @ and @ so that shift voltage
pulses are applied across the discharge cells
of the groups ci and bi. Thus, discharge spots
are shifted by one further phase and are
shared by adjacent cells of the groups bi and
ci. After shift of discharge spots, narrow
width erase pulses are then applied to the
discharge cells of the group ai and the dis-
charge cells of the group di to which the
discharge spots are next to be shifted. During
the next unit period T3, the basic pulse trains
take the order @, 3%, @and 1 and asimilar
shift operation takes place.

In accordance with the embodiment of the
present invention shown in Figure 7, four
basic pulse trains comprising pulses of the
same pulse width and voltage level are
sequentially distributed on the basis of the
output of ROMS52 to the bus conductors Y1,
X1,Y2and X2 in a cycle of application which
consists of four unit periods TO to T3, and in
the course of shift operation narrow width
erase pulses obtained as a result of a phase

difference between basic pulse trains are
effectively applied to discharge cells from
which discharge spots have been shifted. In
this case, as described in the shifting of a
discharge spot, the discharge spot is shared
by two adjacent discharge cells.

Thus, in this embodiment, the necessity for
directly supplying narrow width erase pulses
and overlap pulses is eliminated and conse-
quently relatively low cost and simple circuit
configurations can be employed for shift
drivers without the need for overly great care
in selection of switching speeds of the switch-
ing transistors of the drivers.

The driving pulse waveforms shown in
Figure 9 are different from those shown in
Figure 2 as described previously, in that two
adjacent cells are always activated together
in the course of shifting instead of using a
narrow width overlap pulse, and in that nar-
row width erase pulses are applied as a result
of phase difference between larger width
pulse voltages supplied to the respective
electrodes arranged face-to-face at a dis-
charge cell.

Here, when an evaluation was made for
the above-described driving methods applied
to an M type self-shift panel, in experiments
performed by the inventors, the “double
cell” shifting system of Figure 9 was found to
be superior to the “single cell” shifting sys-
tem of Figure 2 insofar as a wider operating
margin could be obtained and the configura-
tion and control of driving circuitry were
simplified. However, consideration should
always be given, when selecting driving
signal waveforms, to the panel characteristics
and it is desirable to provide that modifica-
tion of signal waveform' supplied by drive
circuitry is possible in order to obtain the
maximum operating margin for the panel,
and where such modification of waveform is
required, the rotation driving system offered
by embodiments of this invention can very
effectively facilitate it. Figure 10 shows an
example of modified driving pulse
waveforms, wherein the reference symbols
used and basic shift operation correspond to
those of Figure 9. However, in comparison
with Figure 9, it should be noted that in Fig-
ure 10 in each unit period T one pair of erase
pulses Pe which are applied to a discharge
cell in Figure 9, after the shifting of a dis-
charge spot, is cancelled by a same phase
pulse CP.

In general, the stability of operation of a
self-shift plasma display panel is expressed in
terms of the range of variation of shift vol-
tage which the panel can accommodate and
yet give reliable shift operation. This range is
known as the shift margin and this shift mar-
gin depends not only on the panel structure
but also upon the driving signal waveform
employed. For example, according to exper-
iments carried out by the inventors, it has
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been shown that if a driving signal waveform
such asillustrated in Figure 9 is used, the shift
margin is a maximum when the pulse width
of the erase pulses applied effectively to a
discharge cell after shifting of a discharge
therefrom is 0.5 usec. For lesser erase pulse
widths the upper limit shift voltage determin-
ing the shift margin decreases so as to reduce
the shift margin, and for greater erase pulse
widths the lower limit shift voltage determin-
ing the shift margin increases so as to reduce
the shift margin. The graph of Figure 11 illus-
trates the dependence of shift margin upon
erase pulse width. In this graph, the erase
pulse width 7e is shown on the horizontal
axis, while the shift voltage Vs is shown on
the vertical axis. The upper and lower limit
values of shift voltage corresponding to dif-
ferent erase pulse widths are indicated by the
solid line curves Vus and Vs, respectively for
the use of driving signal waveforms of Figure
9.

It has been found that the dependence of
shift margin upon erase pulse width is signif-
icantly decreased where driving waveforms
providing an erase pulse cancellation period,
as in Figure 10, are used. In Figure 11, the
improvement of shift margin which can be
provided by such driving waveforms is illus-
trated by the upper limit voltage curves Vus,
and the lower limit voltage curve Vs, indi-
cated by the broken curves. In particular the
flatness of the lower limit shift voltage curve
contributes to stability of operation.

The reason for the improvement of shift
margin when driving signal waveforms as
shown in Figure 10 are used to drive an M
type self-shift plasma display panel, will be
explained. Figures 12(A§) and 12(B) illus-
trate internal discharge phenomenon that
take place between two adjacent discharge
cells, and the pulse voltage supply relation-
ship for those cells in relation to the
waveforms of Figures 9 and 10 respectively.
Figure 12(A) relates to shift operation as in
Figure 9, when shifting a discharge spot pres-
ently existing at a pair of discharge cells D
and A, which share electrode y1 in common,
to a next pair of discharge cells B and A (at
the beginning of period T1 in Figure 9). As
shown in Figure 12(A), shift pulse voltage
Vs is applied simultaneously to the elec-
trodes y1 and y2, in order to generate a dis-
charge spot at adjacent discharge cell B by
plasma coupling with a discharge at dis-
charge cell A. At this time, since the shift
pulse voltage Vs which is applied to elec-
trode X2 has a phase difference relative to
the voltage supplied to electrode y1, between
which electrodes the discharge cell D, from
which discharge is to be erased, is defined if
the phase difference (£2-¢1) and (¢4-t3) cor-
responding to the erase pulse width becomes
relatively long, a part of the space charge
generated at the discharge cell A can be

attracted to the discharge cell D wherein wall
charge is retained under the initial field con-
ditions and the supply of initial charge to the

.discharge cell B to which the discharge spot

should be shifted can be reduced. Therefore,
as explained with reference to Figure 11 pre-
viously, when the erase pulse is applied to a
cell immediately after shifting of a discharge
spot therefrom, the lower limit shift voltage
defining shift margin Vis, that is the
minimum voltage required for causing dis-
charge at discharge cell to which the dis-
charge spot is to be shifted, by means of
plasma coupling, increases as the width of
erase pulse employed increases.

However, when employing waveforms as
shown in Figure 10, wherein an erase pulse
cancellation period is provided, as is clear
from the representation given in Figure
12(B), at a timing when the discharge cell A,
which becomes the charge supply source, and
the discharge cell B, to which a discharge
spot is to be shifted, are activated simultane-
ously by the shift pulse voltages Vs applied
to the electrodes y1, y2, there is supplied
simultaneously to the electrode x2, which
faces electrode y 1 to define the discharge cell
D, after shifting of the discharge spot, a shift
pulse voltage Vs (CP) of the same polarity
and the same phase as the abovementioned
shift pulse Vs supplied to the above common
electrode y1, which cancels the effect of the
shift pulse applied to electrode y1, at cell D.
Therefore, the relevant discharge cell D is
placed in a neutral condition in which, essen-
tially, it is not subject to any external field,
and as a result the space charge generated by
the discharge at the discharge cell A effec-
tively contributes to discharge at the dis-
charge cell B to which the discharge spot
should be shifted, in other words, the priming
effect is increased. In Figure 11, the upper
and lower limit data lines for shift margin
shown by the broken lines Vus, and Vis, rep-
resent data confirmed by the experiment

.with an embodiment of the present invention
.as explained previously and illustrate the
. effects of such phenomenon and indicate that
.a wide shift margin can be obtained
.uniformly in spite of variation of erase pulse
.width. The driving waveforms illustrated in
, Figure 10 can be attained relatively easily by
.modifying in part the memory content of

ROM 202 or ROM 52 in Figure 5 or Figure 7
and moreover they can also be realized with a

_circuit configuration as shown in Figure 13.

The self-shift display panel driving cir-
cuitry shown in Figure 13 consists broadly of
a basic timing signal generator circuit unit
100, a control signal generator circuit unit
200, a rotation circuit unit 300, a shift driver
unit 400, a write signal generator circuit unit
500 and a write driver unit 600, each item
being enclosed in broken lines in Figure 13.
The basic timing signal generator circuit unit
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200 controls the timing with which the
above-described four basic pulse trains @,
@, ® and @ shown in Figure 10 are gener-
ated, and consists essentially of a binary 6-bit
counter 120 which counts clock pulses from a
clock pulse generator 110. Inverted 1st and
2nd bit outputs from the 6-bit counter pro-
vided by 1st and 2nd inverters 130 and 140
are applied to AND-gate 150 which provides
a 1st timing signal corresponding to the basic
pulse train (D) on a line (D at every count of
four clock pulses. The inverted 1st bit output
and the (univerted) 2nd bit output from 6-bit
counter 120 are applied to AND-gate 160
which provides a 2nd and 4th timing signal
corresponding to basic pulse trains @ and @
respectively on lines @ and (@. Four signals,
the 2nd and 4th timing signal itself, a delayed
signal obtained by feeding the 2nd and 4th
timing signal to the delay circuit 170, and 3rd
and 4th bit outputs of said 6-bit counter 120,
are combined in a logic operation by means
of a phase switching circuit 180 (boxed in by
broken lines in Figure 1(B)) and thereby a
3rd timing signal corresponding to the
above-mentioned basic pulse train @) can be
obtained on the line @. In other words, when
a 1st timing signal pulse is output onto the
lines @ and (@, each unit period T being a
period in which 16 clock pulses are gener-
ated, a timing signal pulse &orresponding to
CP in Fig. 10 mentioned above) which is in
phase with the timing signal on line @ is
output to the line @ via AND gate 182 and
OR gate 183, subject to there being an out-
put “1” from NOR gate 181 which receives
the 3rd bit and 4th bit outputs from the
counter 120. However, at the pulse genera-
tion timing of 3rd or succeeding timing signal
pulses, since at least one of the 3rd and 4th
bit outputs of the counter 120 is of high level,
the application to line @ of a signal of the
same phase as the output on the line @ is
blocked by the AND gate 182 and during this
blocking period, a signal pulse (correspond-
ing to EP in Fig. 10) which is delayed at the
delay circuit 17 by a delay time correspond-
ing to the erase pulse width is output to the
line ® via AND gate 185 which opens in
dependence upon the output of inverter 184
which receives the output of NOR gate 181.
The control signal generating circuit unit 200
allows the 5th and 6th bit outputs of the said
6-bit counter 120 to pass through AND gates
210 and 220 and supplies those outputs to
4-line decoder 350 of the rotation circuit unit
300 as rotation cycle switching signals A and
B. The AND gates 210 and 220 are control-
led by the output of 3-bit counter 230 via
NAND gate 240. The 3-bit counter 230
counts the 6th bit output of said 6-bit counter
120 and outputs rotation cycle switching
signals A, B until it counts the 6th bit output
of counter 120 eight times. That is to say,
when writing in a panel is effected in terms of

letters formed by 5 X 7 dot patterns, since
discharge cells belong to each of four kinds,
as explained above, and the discharge cells of
the four kinds are arranged in a regular
periodic manner in an M type self-shift
plasma display panel having the meander
electrode structure as shown in Figure 1, one
cycle of shift operation is effected in four unit
time periods, and therefore a pattern corres-
ponding to one alphanumeric character can
be written by five cycles of shift operation in
each of seven shift channels. Here, if an
intercharacter spacing as wide as 2 lines is
provided, an 8th cycle period provides the
timing at which writing of a new letter is
commenced, and entry of this new letter is
controlled by the output of said 3-bit counter
230. When the 3-bit counter 230 counts up to
16, in other words, when eight complete shift
cycles are completed, each consisting of four
unit periods, each unit period being equal to
the time in which 16 clock pulses are gener-
ated, and the outputs of the 3-bit counter
become all “1”’, the AND gates 210, 220 are
closed by the output of NAND gate 240
thereby to terminate supply of the 5th and
6th bit outputs of the said 6-bit counter as the
switching signals A and B. At the same time,
a next letter write operation command MR is
sent out, via an inverter as illustrated.

The rotation circuit unit 300 comprises, as
in the case of that in Figure 4, four groups of
AND gates 311 to 314, 321 to 324, and 341
to 344, respectively, and four OR gates 310,
320, 330 and 340 connected to respective
AND gate groups. To inputs of respective
AND gates of each group the lines @, @, (3,
@, which respectively deliver the abovemen-
tioned basic timing signals, are connected, in
the manner illustrated in the Figure, and to
other inputs of the respective AND gates of
each group respective outputs of 4-line
decoder 350, which decodes said rotation
switching signals A, B, are connected in the
manner shown in the Figure. In addition, the
outputs (IY1, IX1, IY2, IX2) of the OR
gates which receive the outputs of the AND
gates of the respective groups are connected
to the shift driver unit 400.

Since the output of 4-line decoder 350 is
switched for every count of 16 clock pulses
corresponding to one unit period, as
described previously, the distribution sequ-
ence of the basic timing signals is also
switched in a cyclically repeating sequence.
Thus, four drivers 410, 420, 430 and 440 of

" the shift driver unit 400, which are driven

upon reception of basic timing signals deli-
vered from respective OR gates 310 to 340,
supply shift voltage pulse trains, as shown in
Figure 10, of which the distribution sequence
is changed each unit period, to respective bus
conductors Y1, X1, Y2, X2 of the self-shift
type gas discharge panel PDP. Each driver,
as shown for driver 410, includes a pair of
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transistors, a pnp up-transistor 411 and an
npn down-transistor 421, connected bet-
ween a + Vs power supply and ground,
which are driven alternately by basic timing
signals supplied thereto, shift voltage pulses
being delivered from a neutral common con-
nection point of the up-and down-transistors.
In the configuration of Figure 13, the write
signal generating circuit unit 500 is control-
led in dependence upon externally supplied
letter code data signals and includes a charac-
ter generator 580, which outputs a selected
character pattern signal of 5 X 7 dots in a
sequence of units relating to 7 dots, one unit
of 7 dots in every 4 unit shift period, and the
AND gates 510 to 570 which match the out-
put of each 7 dot unit to the timing of the
basic pulse train . Character pattern signals
from the abovementioned AND gates 510 to
570 are applied in parallel to write drivers
610 to 670 included in write driver unit 600,
and write pulses of a write voltage level +Vw
are applied in the manner shown in Figure 10
to the write electrodes W1 to W7 which cor-
respond to respective shift channels of panel
PDP. Thus, data corresponding to a charac-
ter pattern is written sequentially into 7 shift
channels for one character line, and dis-
charge spots generated thereby are sequen-
tially shifted in the manner employing in
common two adjacent discharge cells, as
described above, by cyclic shift operations.
In the above embodiment, shift operations
which mainly utilize plasma coupling due to
the space charge between adjacent discharge

cells are described. The mechanism of such .
plasma coupling, known as the priming dis-
charge effect, involves the phenomenon
whereby firing voltage of an “off” cell adja- .

cent to a firing cell (an “on” cell) is reduced

below a normal value therefor as a result of

the supply of space charge, in the form of
electrons, ions and meta-stable atoms, from
the firing cell to the “off” cell. However, in
an AC driven self-shift plasma display, effec-
tive stabilization of shift operation can be
provided if use is made in shift operations not
only of the abovementioned plasma coupling
but also of wall charges generated by dis-
charges. Itis to be considered that since adja-
cent discharge cells are arranged in a form
such that opposite respective ends of a com-
mon electrode are employed thereby, in an
M type self-shift panel having a meander
electrode configuration as shown in Figure 1,
wall charge generated on a dielectric layer
should be easily employable for shift opera-
tion. In order to employ wall charge in such
circumstances, shift pulses should be applied
to a discharge cell which is to receive a dis-
charge spot of such a polarity that the wall
charge generated on the dielectric layer at
that side of the cell at which the common
electrode that it shares with the adjacent cell
from which the spot is to be delivered is

formed can assist the shift operation, when
shifting a discharge spot between two adja-
cent discharge cells defined with one elec-
trode in common. When wall charge is emp-
loyed for assisting shift operation, the use of
positively charged ions has been found to be
generally desirable.

Figure 14 illustrates an example of driving
signal waveforms for putting into effect such
shift operations in an M type self-shift panel,
and in Figure 14 similar items are denoted by
the same reference symbols as are used in
Figure 2, Figure 9 and Figure 10. As can be
understood from Figure 14, each electrode
normally has a constant positive shift voltage
potential Vs applied thereto from the corres-
ponding bus conductor, but the electrodes
are sequentially clamped to ground potential
so that they can attract positive ions from the
corresponding common electrodes at each
shift timing instant #1, ¢2, ¢3, and thereafter
they are driven for a specified stabilizing
period of several pulse application cycles
(four cycles shown).

In other words, referring to Figure 1(B)
and Figure 14, during a write period TO in
which a train of pulses VY1 which are
switched between voltage levels O and Vs is
supplied to electrode y11, write pulses pw
are applied to write electrode W, causing a
voltage such as VW shown in Figure 14 to be
applied across write discharge cell w, said
voltage VW generating a discharge which is
accompanied by a wall voltage Vwe, as a
result of the generated wall charge, as shown
by broken lines in Figure 14. During the
above period, a pulse voltage train VA, gen-
erated by the combination of voltages
applied through bus conductor X1 and bus
conductor Y1 is applied across the adjacent
discharge cell al which employs electrode
y11, also used by the discharge cell w, and
when the electrode x11 is at a voltage 0 and
the electrode y11 is at a voltage Vs, wall
charge of positive polarity, positive ions, adj-
acent the common electrode y11 and pro-
duced as a result of the above write dis-
charge, is then shifted to the electrode x11 so
that discharge shifting is aided by the wall
voltage Vwce developed by the write dis-
charge in order to provide a shifted discharge
at the discharge cell ai. One electrode, x11,
of the electrodes defining this discharge cell
ai there-between is used in common by a next
discharge cell bi adjacent to said discharge
cell ai. Consequently, when a voltage is
applied across the next adjacent discharge
cell bi at the timing 1 in such a manner that a
voltage Vs is applied to the common elec-
trode x11 and a voltage 0 is applied to the
common electrode y21, for example as
shown at VB in Figure 14, after the common
electrode x11 at the discharge cell ai has been
given a voltage 0 and the opposite electrode
y11 has been given a voltage Vs so that a
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discharge can take place at cell ai, then the
positive wall charge generated on the side of
the common electrode x11 is attracted to the
electrode y21, thus helping discharge shift to
take place. When a pulse voltage Vs of a
polarity which makes the electrode x21 nega-
tive (0), such as shown at VC, is applied
between the electrodesy21 andx21, defining
the next adjacent discharge cell ci therebet-
ween, at the timing ¢2, after alternate pulses
have been applied furing a period T1 to cell
bi for stabilizing wall charge produced by
discharge shifted thereto, the positive wall
charge developed at the common electrode
y21 by the pulse voltages applied across the
discharge cell bi is then shifted to the elec-
trode x21 and discharge shift takes place to
cell ¢i, in a manner similar to that described
above.

As described above, the shift operation
illustrated in Figure 14 is achieved by apply-
ing pulse voltages for use in shifting, of such
polarity that wall charge produced on the
electrode which is used in common by the
discharge cell which is to receive a discharge
spot and the cell from which the spot is to be
shifted is attracted, to assist shifting, to the
electrode arranged on the opposite side to
the common electrode of the cell which is to
receive the spot. Therefore, the shift pulse
voltage effective at a cell at shift timing must
have a polarity opposite to that of the pulse
voltage previously applied to the discharge
cell (charge source cell) from which a dis-
charge spot is being shifted and which has
one electrode in common with the cell which
is to receive the spot. The wall charge to be
used for the shift operation may be positively
charged ions, or electrons, but when consid-
eration is given to erasing effects at discharge
cells from which the discharge spot has been
shifted, it is found to be preferable that ions
should be used as described in the above
embodiment. In other words, the wall charge

remaining at the opposite electrode (the .
electrode not used in common by the cell to .
which the discharge spot is shifted) of a dis- .

charge cell from which the discharge spot is
shifted must be erased before a pulse voltage
belonging to a succeeding shift period is
applied through the bus conductors, and in
this case, if positive ions at the common elec-
trode are used for assisting shift operation
the wall charge remaining at the opposite
electrode comprises electrons which are of a
lesser mass than the ions, which can readily
be neutralized and erased by means of the
shift discharge of the adjacent discharge cell
without any particular erase operation.
However, in order to obtain an erase effect of
greater accuracy, it is preferable to apply an
erase pulse of relatively short duration to a
discharge cell from which a discharge spot
has been shifted, and when such an erase
pulse is employed, positive or negative wall

charge can be used for the shift operation. If
electrons, forming negative wall charge, are

. used for shifting, it is necessary of course to

supply shift voltage pulses Vs sequentially to
the bus conductor with each electrode nor-
mally fixed to ground potential, the opposite
of the waveforms shown in Figure 14.

When performing discharge spot shift
operations employing wall charge shifting as
described above, it will be noted from the
waveforms of Figure 14 that several cycles of
alternate shift pulses are continuously
applied to a discharge cell which has received
adischarge spot before a next shift. This train
of shift pulses is used for the purpose of
stabilizing the wall charge produced by dis-
charge shift, and is significant in relation to
improving shift operation margin.

In an experiment made by the inventors,
where the pulse width was selected to be 12
usec and frequency to be 40 kHz, if a dis-
charge spot received at one discharge cell by
making 0 a shift pulse is driven by a next
following pulse to be shifted again to an adja-
cent discharge cell, the shift pulse voltage has
a margin of only 2V between the upper and
lower permissible limits thereof, whereas
interposition of a train of alternate pulses
comprising four cycles of shift pulses enables
the voltage margin to be enlarged, particu-
larly at its lower limit, to about 10V. This
indicates that a single pulse of a discharge
spot which takes place at shift timing does
not produce sufficient wall charge at the
appropriate discharge cell to give reliable
further shifting, but repeated pulses of a dis-
charge spot several times can produce suffi-
cient wall charge to permit a next diagonally
opposite electrode to discharge.

Several major embodiments of the present
invention have been described above, but
various modifications or alternatives will be
apparent to the appropriately skilled person.
For example, various described embodi-
ments may be combined together or with
previously proposed systems. Moreover, the
present invention can be adapted not only to
a panel having a 2 X 2- phase-driven mean-
der electrode structure as explained with
reference to Figure 1 but also to panels hav-
ing a matrix electrode structure as described
in U.S. Patent No. 3,944,875, panels having

_a parallel electrode structure as described in
.U.S. Patent No. 3,775,746, and to other

panels described in West German Offen-
legungsschrifts Nos. 2729659 and 2731008,
and can be adapted also to other scanning
type electronic devices.

Thus, an embodiment of the present
invention can provide drive circuitry for driv-
ing a self-shift type gas discharge panel,
which circuitry provides a plurality of basic
pulse trains that are required for discharge
spot shift operations and, for each phase of
the multi-phase discharge cell array of the
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panel can supply such basic pulse trains in a
cyclically repeated sequence in which each
pulse train is applied for a unit period of time.
Timing control for switching between differ-
ent pulse trains for each phase can be
effected relatively easily and in addition
stable and accurate shift operations can be
realized by selection of the combinations of
basic pulse train employed.

WHAT WE CLAIM IS:-

1. Driving circuitry, for a pulse-driven
electronic device of the scanning type having
a plurality of driving electrode inputs, com-

prising pulse-train generating circuitry hav-
ing a plurality of outputs, for connection .

respectively to such inputs, and operable to

deliver at the said outputs, within a pre-
. are passed on is caused each time those more

determined unit supply period, respective
pulse trains of predetermined respective
waveforms at least one of which differs from

the others, such delivery being repeated with
. period have been counted at the multi-bit
_counter means.

cyclic change-over of each pulse train from
one to another of the said outputs between

one such unit supply period and the next so
. wherein the pulse-train generating circuitry
, comprises memory means for storing a plur-
. ality of predetermined sequences of data
. bits, a clock pulse generator in dependence

that in the course of a working cycle of the
driving circuitry, made up of a plurality of
such unit supply periods, all of the said
respective pulse trains are delivered in sequ-

ence at each output, the sequential order of
_ mined sequences are supplied in parallel bit
_ by bit, such that the complete sequences are
. supplied once in each working cycle of the
. dniving circuitry, to pulse generators con-

such delivery being different at each output
from that at every other output of the plural-
ity.

2. Driving circuitry as claimed in claim 1,

wherein the pulse-train generating circuitry

comprises a clock pulse generator and bit-

sequence supply means which are operable,
in dependence upon clock pulses delivered .

from the clock pulse generator, to supply a
plurality of predetermined sequences of data
bits in parallel bit by bit, in a cyclically repeat-
ing manner such that the sequences are each
supplied once in each unit supply period, to
change-over control means which are oper-
able in each unit supply period to pass on the
szquences to respective pulse generators that
are operable in response to deliver to respec-
tive said outputs respective such pulse trains
the waveforms of which are determined by
the bit values of the sequences of bits
received at the pulse generators, and to cycli-
cally change over, from one unit supply
period to the next, the pulse generators to
which the respective sequences are passed
on, thereby to provide such cyclic change-
over of each pulse train from one to another
of the said outputs.

3. Driving circuitry as claimed in claim 2,
wherein the said bit-sequence supply means
comprise 2 memory for storing the said plur-
ality of predetermined sequences of data
bits.

4, Driving circuitry as claimed in claim 2,
wherein the said bit-sequence supply means
comprise multi-bit counter means arranged
to count the said clock pulses and to provide

from a plurality of outputs thereof, at any
given time, in a bit-parallel form, a binary
number indication of the count value tur-
rently achieved, and logic circuitry operable
by predetermined logic processing of succes-
sive bit-parallel count value indications pro-
vided from outputs of the multi-bit counter
means in each unit supply period to supply
the said predetermined bit sequences.

5. Driving circuitry as claimed in claim 4,
wherein the said change-over control means
comprise a decoder, connected to receive
more significant bits of such bit-parallel form
binary number indications from the multi-bit
counter means, in dependence upon an out-
put signal of which change over of the pulse
generators to which the respective sequences

significant bits indicate that, since a last

. change over, a number of clock pulses rep-

resentative of the elapse of a unit supply

6. Driving circuitry as claimed in claim 1,

upon clock pulses from which the predeter-

nected respectively to receive the predeter-
mined sequences of bits and operable in
response to deliver to respective said out-
puts, in the course of each working cycle, all
of the said respective pulse trains, in the dif-
ferent sequential orders.

7. Driving circuitry as claimed in any
preceding claim, for a gas discharge device of
the scanning kind having first and second
substrates, respective surfaces of which con-
front one another across a discharge gas
space of the device, first and second arrays of
electrode members provided on the first and
second substrates respectively, on the said
respective surfaces, electrode members of
the first array being arranged so as to cross or
overlap electrode members of the second

_array to define respective discharge cells of
_the device where respective electrode mem-

bers cross or overlap, and a plurality of sup-

i ply buses connected to the electrode mem-
"bers of the arrays, there being a shift path in
. the device providing a sequence of discharge

cells through which a discharge spot can be
shifted, from one cell to a next adjacent cell,
in response to the application of pulse vol-
tages to the supply buses of the said plurality,
each discharge cell of the sequence being
defined by electrode members connected to
respective buses of a pair of the supply buses
and along the shift path from one cell to the
next the pair combinations of supply buses to
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which the cell-defining electrode members
are connected being repeated in a cyclical
manner, the supply buses of the said plurality
being connected to respective driving elec-
trode inputs of the device.

8. Driving circuitry as claimed in claim 7,
for a gas discharge device of the said scanning
kind in which electrode members of first and
second electrode member groups, of the first
array of electrode members, are arranged so
that individual electrode members of the first
group alternate, along the shift path, with
individual electrode members of the second
group, and in which electrode members of
the third and fourth electrode member
groups, of the second array of electrode
members, are arranged so that individual
electrode members of the third group alter-
nate, along the shift path, with individual
electrode members of the fourth group, elec-
trode members of each said group on the first
or second substrate each overlapping two
adjacent consecutive electrode members one
from each of the two said groups on the sec-
ond or first substrate, respectively, and the
electrode members of each said group being
connected in common to a respective supply
bus of the said plurality.

9. Driving circuitry as claimed in claim 8,
wherein there are four such pulse trains in all,
each being delivered once to each of four
such outputs of the pulse-train generating
circuitry that are connected respectively to
the supply buses of the said electrode
member groups in each such working cycle,
whereby a discharge spot can be shifted from
one cell to a next adjacent cell along the shift
path of the gas discharge device, the dis-
charge spot being shifted in each working
cycle through a series of cells defined one
each by electrodes connected to the four dif-
ferent pair combinations of the supply buses
of the said electrode member groups.

10. Driving circuitry as claimed in claim
9, wherein the four pulse trains and the
sequential orders of delivery of those pulse
trains to the supply buses of the said elec-
trode member groups in each working cycle
are such that first and second pulse trains
comprising respective phased apart series of
pulses are applied to respective supply buses
connected to electrode member groups pro-
vided on different ones of the first and sec-
ond substrates in each unit supply period, the
first and second pulse trains being such that
when they are applied via the supply buses to
the electrodes defining a cell to which a dis-
charge spot is shifted they cause repeated
discharging at that cell, and the first pulse
train and a third pulse train, comprising a
series of pulses, are applied to respective
supply buses connected to electrode member
groups provided on different ones of the first
and second substrates in each unit supply
period, pulses of the pulse series of the first

and third pulse trains being phased apart
such that when they are applied via the sup-
ply buses to a discharge cell erase pulses, of a
width corresponding to the difference in
phasing between those pulse trains, are effec-

- tively applied at the cell, the pulses of the

pulse series of each of the first, second and
third pulse trains all being of the same pulse
width.

11. Driving circuitry as claimed in claim
10, wherein a fourth pulse train, comprising a
series of pulses, is applied to a supply bus
connected to the other electrode member
group provided on that substrate one elec-
trode member group on which is currently
having the first pulse train applied thereto, in
each unit supply period, the first and fourth
pulse trains comprising like, in-phase, series
of pulses.

12. Driving circuitry as claimed in claim
10 or 11, wherein a first pulse of the pulse
series of the third pulse train is of like phase
to the first pulse of the pulse series of the first
pulse train.

13. Driving circuitry, for a pulse driven
electronic device of the scanning type having
a plurality of driving electrode inputs, sub-
stantially as hereinbefore described.

14. Driving circuitry, for a gas discharge
device of the kind set forth in claim 8, sub-
stantially as hereinbefore described with
reference to Figures 1(A), 1(B), 2, 3(A),
3(B) and 4, or Figures 1(A), 1(B), 2, 3(A),
3(B), 5 and 6 or Figures 1(A), 1(B), 7, 8 and
9, or Figures 1(A), 1(B), 7 and 10, or Figures
1(A), 1(B), 10 and 13, or Figures 1(A), 1(B)
and 14, of the accompanying drawings.

15. A method of driving a self-shift gas
discharge device of the kind having first and
second substrates, respective surfaces of
which confront one another across a dis-
charge gas space of the device, first and sec-
ond arrays of electrode members provided
on the first and second substrates respec-
tively, on the said respective surfaces, elec-
trode members of the first array being
arranged so as to cross or overlap electrode
members of the second array to define
respective discharge cells of the device where
respective electrode members cross or over-
lap, and a plurality of supply buses connected
to the electrode members of the arrays, there
being a shift path in the device providing a
sequence of discharge cells through which a
discharge spot can be shifted, from one cell to
a next adjacent cell, in response to the appli-
cation of pulse voltages to the supply buses of
the said plurality, each discharge cell of the
sequence being defined by electrode mem-
bers connected to respective buses of a pair
of the supply buses and along the shift path
from one cell to the next the pair combina-
tions of supply buses to which the cell-
defining electrode members are connected
being repeated in a cyclical manner, the sup-
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ply buses of the said plurality being con-

. the second array are negative and positive

nected to respective driving electrode inputs | respectively and when the said second pulse

of the device, wherein first and second adja-
cent successive dishcarge cells along the shift
path are defined respectively where an elec-
trode member of the first array overlaps first
and second electrode members of the second
array; in which method, in order to shift a
discharge spot from the first discharge cell to
the second discharge cell, shift voltage pulses
of like polarity are applied to the said elec-
trode member of the first array and the said
second electrode member of the second
array alternately, thereby to activate the sec-
ond discharge cell to receive the discharge
spot, and shift voltage pulses of the said like
polarity are applied to the said first electrode
member of the second array with a phase
difference from the shift voltage pulses
applied to the said electrode member of the
first array such that successive narrow erase
pulses are effectively applied at the said first
discharge cell.

16. A method as claimed in claim 15,
wherein there is applied to the said first elec-
trode member of the second array, prior to
the application of the said shift voltage pulses
of the said like polarity, with the said phase
difference, to the said first electrode
member, a shift voltage pulse of like polarity
and phasing to one of the said shift voltage
pulses applied to the said electrode member
of the first array.

17. A method of driving a self-shift gas

.discharge device which device is of the kind

set forth in claim 15, substantially as-
hereinbefore described with reference to-

Figure 9 or Figure 10 of the accompanying
drawings.

18. A method of driving a self-shift gas
discharge device which device is of the kind
set forth in claim 15, in which method, in
order to shift a discharge spot from the first
discharge cell to the second discharge cell, a
first pulse voltage of a predetermined polar-
ity is applied between the said electrode
member of the first array and the said first
electrode member of the second array,
thereby to generate wall charges on a dielec-
tric layer provided over the said electrode
member of the first array, and thereafter a
second pulse voltage of polarity opposite to
the said predetermined polarity is applied
between the said electrode member of the
first array on the said second electrode
member, whereby the wall charges gener-
ated by the said first pulse voltage are
attracted to the location of the said second
discharge cell to assist the shifting of the dis-
charge spot thereto.

19. A method as claimed in claim 18,
wherein the said predetermined polarity is
such that when the first pulse voltage is
applied the said electrode member of the first
array and the said first electrode member of

; voltage is applied the said electrode member
t of the first array and the said second elec-
. trode member of the second array are posi-
- tive and negative respectively.

20. A method of driving a self shift gas
discharge device, which device is of the kind
set forth in claim 18,substantially as
hereinbefore described with reference to
Figure 14 of the accompanying drawings.

21. Driving circuitry as claimed in claim
7, for driving a scanning gas discharge device
in accordance with a method as set forth in
claim 15, 16, 17, 18, 19 or 20.
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