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(71) We, FUJITSU LIMITED, a
Japanese Corporation, of No. 1015, Kami-
kodanaka, 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:-

This invention relates to gas discharge
devices.

There has been previously proposed, as
one kind of gas discharge display device, an
AC driven plasma display panel having a
matrix type electrode arrangement. Such a
matrix type plasma display panel can have a
disadvantage in that complicated drive cir-
cuitry is required for the panel in order that
electrodes arranged in horizontal and vertic-
al directions in the panel can be addressed
individually. Also, as the size of plasma
display panel increases the cost of the drive
circuitry increases markedly. Thus, with a
view to the simplification of driving circuit-
ry, there has recently been proposed a “self
shift” gas discharge panel in which a dis-
charge spot shifting function is provided.

One form of self shift gas discharge device
is- disclosed in detail, for example, in U.S.
Patent No. 3,944,875 entitled “Gas Dis-
charge Device Having a Function of Shifting
Discharge Spots” by Owaki et al. This gas
discharge device disclosed in this U.S. pa-
tent includes common electrodes disposed
on one of a pair of substrates of the device
to extend in a horizontal (Y) direction and
covered with a dielectric layer, and a plural-
ity of shift electrodes disposed on the other
substrate to extend in a vertical (X) direc-
tion and similarly covered with a dielectric
layer. The shift electrodes are sequentially
connected with three or more shift buses
periodically (i.e. are connected one after
another in cyclically repeated manner to
respective shift buses of which there are
three or more) and thereby along each

common electrode a shift channel is set up
having a periodic arrangement of the dis-
charge points formed between the common
electrode and the shift electrodes which
cross the common electrode. At one end of
the shift channel, a write electrode is pro-
vided for feeding in information to be
displayed. A discharge spot, which is gener-

-ated by applying a write pulse to a write

electrode, can be shifted from one discharge
point to an adjacent discharge point along
the shift channel by sequentially switching
shift driving voltages applied to the shift
buses, by making use of the priming effect
due to plasma coupling. ‘

In such an intersecting, or crossing, elec-
trode type self shift gas discharge panel, a
plurality of shift electrodes must be con-
nected with at least three buses on one of
the two substrates. In the provision of

connections of the buses with the shift’

electrodes, it is necessary that at least one
bus and the shift electrodes connected to the
other buses cross one another on the subs-
trate, and they must be insulated from each
at the crossing points thereof. Formation of
insulation can be achieved by the use of
cross-over techniques but the formation of
cross-over areas nevertheless involves trou-
blesome operations, the production yield of
non-defective panels may be low and en-

hancement of reliability of the panel is

hindered. Further, if it is desired to reduce
the pitch of the shift electrodes in order to
provide a display with high resolution, the
pitch of the cross-over parts is also required
to be decreased. This makes the fabrication
of the panel more difficult, and can seriously
hinder the realization of a high-resolution
display panel.

Further, U.S. Patent No. 3,775,764 enti-
tled “Multi-Line Plasma Shift Register Dis-
play” (J.P. Gaur) discloses a panel structure
in which respective pluralities of parallel
shift electrodes are disposed in zigzags on
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the insides of respective substrates of a pair
of substrates of the panel, and in which the
shift electrodes on each substrate are di-
vided into two groups. This parallel elec-
trode type self shift gas discharge panel can
avoid the abovesaid defect attendant upon
the necessity for the formation of cross-over
areas, but a new problem relating to the
separation of discharge spots in the direc-
tion of the shift electrodes arises, which can
make it difficult to realize a structure
c?pable of providing a high resolution dis-
play.

Moreover, U.S. Patent No. 3,704,389,
entitled “Method and Apparatus for Mem-
ory and Display*“ (W.B. McCleland) sets
forth a panel structure which employs shift
electrodes of special patterns such that a
discharge spot can be shifted from a dis-
charge point by making use of the phenome-
non whereby wall charges spread to the wall
surfaces of adjoining discharge points. The
shift electrodes of the special patterns pro-
vide a meandering or sinuous shift channel.
However, this structure can be impractical
in that no consideration is taken of plasma
coupling between adjacent discharge points,
and it can be difficult to obtain an operation
margin which makes the structure viable in
practice.

Now, panel structures which do not in-
volve the provision of cross-over areas and
which can provide for excellent separation
of discharge spots have lately been prop-
osed. In one such proposal a type of self
shift gas discharge panel having a shift
channel in which a discharge spot follows a
meander-form shift path has been proposed.
In such a panel row electrodes are con-
nected to buses of two different phases on
one of a pair of substrates of the panel and
column electrodes are connected to buses of
two different phases on the other substrate
of the pair. The row and column electrodes
are disposed opposite each other with a
discharge gas space defined therebetween so
that the electrodes on the two substrates
extend across each other at right angles. A
discharge spot is shifted along a shift chan-
nel along a meander form route. In another
such proposal a type of self shift gas
discharge panel having a shift channel in
which a discharge spot follows a linear route
has been proposed, the shift channel being
formed with sinuous electrodes for example.
These self shift gas discharge panel struc-
tures are described in detail in West Ger-
man Offenlegungsschrifts Nos. 2,729,659
and 2,731,008 respectively.

The two latter mentioned panel structures

will now be described briefly with reference
to Figures 1, 2 and 3 of the accompanying
drawings.

Figure 1 is a schematic diagram explana-
tory of the configuration of a self shift gas

discharge panel of the type providing a
meander-form shift path,

Figure 2 is a waveform diagram, and

Figure 3 is a schematic diagram explana-
tory of the configuration of a self shift gas
discharge panel of the type providing a
linear shift path in a shift channel formed
with sinuous electrodes.

In the self shift gas discharge panel of
Figure 1, a meander channel type, column
electrodes xai and xbi (i = 1, 2, 3, ...) are
respectively connected to column electrode
buses Xa and Xb on one of a pair of
substrates of the panel, and row electrodes
yaj and ybj (j = 1, 2, 3, ...) are respectively
connected to row electrode buses Ya and
Yb on the other substrate of the panel. The
row and column electrodes are covered by
respective dielectric layers and are disposed
opposite one another with a discharge gas
space defined therebetween so that the
column and row electrodes extend across
each other at right angles. Further, write
electrodes wj (j = 1, 2, 3, ...) are disposed
opposite one end of each row electrode yaj.
A discharge spot is shifted along a meander-
form shift path in each shift channel, for
example, in the order of discharge points
a-b-c-d-... .For the formation of the shift
channel, barriers BR are provided between
the column electrodes xbi and xa(i + 1)
disposed opposite the row electrodes yaj
and between the column electrodes xai and
Xl];l disposed opposite the row electrodes
ybj.
Figure 2 illustrates an example of drive
waveforms which can be applied for shifting
a discharge spot in the gas discharge panel
of Figure 1. The buses Xa, Xb, Ya and Yb
of Figure 1 are supplied with pulse voltage
waveforms Vxa, Vxb, Vya, and Vyb, re-
spectively. The pulse interval t1 of the pulse
voltage waveform Vxa, the pulse width t2 of
a shift pulse Vsh and the pulse width t3 of an
erase pulse Ve are selected to be, for
instance, 15uS, 5 to 10 uS and 1 to 2 uS,
respectively. Waveforms Vaa, Vab, Vbb
and Vba show voltages which are applied, as
a result of the application of pulse voltage
waveforms Vxa, Vxb, Vya and Vyb, to
discharge points formed at respective elec-
trode intersections of the panel.

For example, when a write pulse is
applied to the write electrode wl to produce
a discharge spot at the write discharge point
a and shift pulses Vsh are applied to each of
the buses Xa and Ya, the voltage waveform
indicated by the first portion of waveform
Vaa is fed to the discharge point b, so that
the discharge spot shifts to the discharge
point b. Next, upon application of shift
pulses Vsh to the buses Xa and Xb, the
voltage Vab is fed to the discharge point ¢ to
generate a discharge spot at the discharge
point ¢, due to plasma coupling, and then
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the erase pulse Ve is applied to the dis-
charge point b to erase the discharge spot
thereat, thus shifting the discharge spot
from the discharge point b to the point c as
indicated in Figure 2. Thereafter, the dis-
charge spot is similarly shifted to the dis-
charge points d, e, f, ... one after another.

In the discharge panel of Figure 3, a
meander electrode type, two buses XA and
XB, electrode connecting conductors xAi
and xBi (i=1, 2, 3, ...), alternately con-
nected to the buses XA and XB, and write
electrodes W1, W2 ... are formed on one of
a pair of substrates of the panel, and two
buses YA and YB, and electrode connecting
conductors yAj and yBj (j = 1, 2, 3, ...),
alternately connected to the buses YA and
YB, are formed on the other substrate of
the pair. The electrode connecting conduc-
tors on the two substrates are disposed
opposite each other with a discharge gas
space defined therebetween. The electrode
connecting conductors connect electrode
portions xa, xb and ya, yb, formed on the
opposed substrates, respectively, and
opposed parts of adjacent electrode por-
tions form unit discharge regions, i.e. dis-
charge points. Dielectric layer material is
formed at least on each electrode portion.

For shifting a discharge spot, waveforms
as shown in Figure 2 can be used and when
they are discharge spots can be shifted along
row direction shift channels, that is, in shift
channels which extend in the direction in
which electrode portions xa and xb are
arranged.

The above described meander channel
type and meander electrode type self shift
gas discharge panels eliminate the necessity
for the formation of cross-over areas, as
referred to above, but have the structures
which provide for shifting of a discharge
spot only in one direction.

According to the present invention there
is provided a self shift gas discharge device,
of the kind having first and second arrays of
electrode members, with layers of dielectric
material thereover, on respective surfaces of
first and second substrates of the device,
which surfaces confront one another across
a discharge gas space defined therebetween,
so that respective discharge points of the
device are defined where respective elec-
trode members of the first and second arrays
face one another across the said discharge
gas space, wherein first and second plurali-
ties of supply buses are provided respective-
ly on the said surfaces, buses of the first and
second pluralities respectively and the elec-
trode members of the first and second arrays
respectively being connected, on the said
respective surfaces, in repetitive regularly-
ordered manner, a regularly ordered con-
nection pattern which is repeated on such a
surface including no cross-over areas, and

wherein a first plurality of shift channels are
provided in the device each extending in a
first general direction and each being such
that a discharge spot can be caused, by the
application of driving signals to the supply
buses, to follow a shift path, along the shift
channel, constituted by a series of the
discharge points of the device, and a second
plurality of shift channels are provided in
the device each extending in a second
general direction, transverse to the said first
general direction and each being such that a
discharge spot can be caused, by the appli-
cation of driving signals to the supply buses,
to follow a shift path, along the shift
channel, constituted by a series of the
discharge points of the device, and wherein

the shift channels of the first plurality:

thereof intersect the shift channels of the
second plurality thereof (i.e. the shift path
along a shift channel of the first plurality
thereof has a discharge point in common

with a shift path along a shift channel of the

second plurality thereof) so that a discharge
spot in the device at the intersection of two
shift channels can be caused, by the applica-
tion of appropriate driving signals to the
supply buses, subsequently to shift along
either of the two shift channels.

Embodiments of the present invention
can be provided in which easy shifting of a
discharge spot is facilitated.

Embodiments of the present invention
provide self shift type discharge panels of a
construction which eliminates the necessity
for intersections of electrodes with buses on
a substrate thereby to remove the necessity
of the formation of cross-over areas and
hence permit simplification of the manufac-
ture of the panel structure.

Embodiments of the present invention
provide self shift type gas discharge panels
of construction which enables the shifting of
a discharge spot in two directions.

A self shift type gas discharge panel
embodying the present invention can be
constructed so as to ensure correct shifting
of a discharge spot when a row or column
shifting of the discharge spot is switched
over to column or row shifting.

Further, a gas discharge panel embodying
the present invention can perform a stable
discharge spot shift operation and a station-
ary display operation. :

Thus, in embodiments of the present
invention, a plurality of buses and a plural-
ity of electrodes respectively connected
thereto are formed on one of a pair of
substrates of the device, and a plurality of
buses and a plurality of electrodes respec-
tively connected thereto are similarly
formed on the other substrate of the device.
A zig-zag or meander-form shift channel
may be formed by means of barriers in the
device, in at least one or row and column
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directions in the device, and a discharge
spot can then shift in the row or column
direction in accordance with the combina-
tion of shift pulses which are fed to the
buses. Further, electrodes may be con-
nected in zigzags to set up linear shift
channels in the row and column directions
and the discharge spot can then be shifted in
the row or column direction in accordance
with the combination of shift pulses which
are applied to the buses.

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 remainder
of the accompanying drawings, in which:

Figure 4 is a schematic diagram showing
the configuration, and particularly the elec-
trode arrangement, of an embodiment of
this invention;

Figure 5 is a waveform diagram, showing
an example of drive waveforms for use in
shifting a discharge spot;

Figure 6 is a waveform diagram, showing
an example of further drive waveforms for
use in shifting a discharge spot;

Figure 7 is a schematic diagram showing
the configuration, and particularly the elec-
trode arrangement, of another embodiment
of this invention;

Figure 8 is a waveform diagram showing,
in the form of envelopes, drive waveforms
for use in shifting operations;

Figure 9 is a schematic diagram showing
the configuration, and particularly the elec-
trode arrangement, of another embodiment
of this invention;

Figure 10 is a waveform diagram showing
an example of drive waveforms for use in
shifting operation;

Figure 11 is a waveform diagram showing
an example of drive waveforms for use in
shifting operation;

Figures 12 and 13 are schematic diagrams
showing the configurations, and particularly
the electrode arrangements, of respective
further embodiments of this invention;

Figure 14 is a schematic diagram, illustrat-
ing the electrode arrangement of Figure 9 in
a simplified form for use in explanation of
shifting operations;

Figure 15 is a schematic diagram showing
the configuration, and in particular the
electrode arrangement, of yet another
embodiment of this invention;

Figure 16 is a.schematic diagram illustrat-
ing the electrode arrangement of Figure 15
in a simplified form;

Figure 17 is a waveform diagram showing
an example of drive waveforms for use in
shifting operations;

Figure 18 is a waveform diagram showing
an example of drive waveforms for use in
shifting operations;

Figure 19 is a schematic diagram showing

the configuration, and particularly the elec-
trode arrangement, of still another embodi-
ment of this invention.

Figure 20 is a schematic diagram showing
the electrode arrangement of Figure 19 in a
simplified form,;

Figure 21 is a block diagram showing an
example of a drive circuit;

Figure 22 is a schematic diagram showing
another embodiment of this invention;

Figure 23 is a cross-sectional view of
principal parts of the embodiment of Figure

Figure 24 is another cross-sectional view
of the principal parts of the embodiment of
Figure 15;

Figure 25 is a simplified schematic dia-
gram showing the configuration and the
electrode arrangement of yet a further
embodiment of this invention;

Figures 26 and 27 are respective wave-
form diagrams showing drive waveforms for
use with the embodiment of Figure 25; and

Figure 28 is a block diagram illustrating an
example of a drive circuit for generating
drive waveforms as depicted in Figures 26
and 27.

Figure 4 shows schematically the con-
figuration and the electrode arrangement of
an embodiment of this invention, which is of
the meander channel type. On one of a pair
of substrates of the panel, buses X1 to X3
and electrodes x1lito x3i =1, 2, 3, ...) are
formed, as indicated by solid lines in the
Figure, and, on the other substrate of the
pair, buses Y1 to Y3 and electrodes ylj to
y3j (G =1, 2,3, ... are formed, as indicated
by broken lines in the Figure. The elec-
trodes formed on the two substrates are
respectively covered with dielectric layers,
and are disposed opposite each other with a
discharge gas space defined therebetween.
Though not shown, write electrodes are
provided on one of the two substrates.

The electrodes x1i and x3i are connected
to the buses X1 and X3 to opposite sides of
the panel, respectively, and the electrodes
x2i are connected to extend in a zigzag
manner between the electrodes x1i and x3i
as shown, and are connected to the bus X2.
The electrodes y1j and y3j are connected to
the buses Y1 and Y3 to opposite sides of the
panel, respectively, and the electrodes y2j
are connected to extend in a zigzag manner
between the electrodes ylj and y3j as
shown, and are connected to the bus Y2.
Further, barriers BR are provided in the
form of islands so that shift channels may be
set up in both row and column directions.
That is, shift channels are formed in which
discharge spots can be shifted along respec-
tive shift paths which extend in a zigzag or
meander-form manner, in row and in col-
umn direction. Those parts of the barriers
BR which are indicated by AZ may be
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omitted.

As described above, three-phase buses
X1 to X3 and Y1 to Y3 are provided but no
cross-over areas need be formed on either
substrate.

Figure 5 illustrates an example of a series
of drive wave-forms for use in providing for
shift operation in a row direction in the
panel of Figure 4. Reference characters Vx1
to Vx3 indicate pulse voltage waveforms
applied to the buses X1 to X3, respectively;
Vyl to Vy3 indicate pulse voltage wave-
forms applied to the buses Y1 to Y3,
respectively, Vsh indicates shift pulses; and
Ve indicates erase pulses.

In Figure 4, assuming that a discharge
spot, generated by applying a write pulse to
a write electrode (not shown), has shifted to
a discharge point a at the timing of applica-
tion of shift pulses to the buses X1 and Y1,
then the discharge spot next shifts to a
discharge point b with the application of
shift pulses Vsh to the buses X2 and Y1.
Then, upon application of the shift pulses
Vsh to the buses X3 and Y1, the discharge
spot shifts to a discharge point ¢. The
sequence of discharge points through which
the discharge spot shifts, together with the
sequence of combinations of buses supplied
with the shift pulses is as follows: a(X1, Y1),
b(X2, Y1), ¢(X3, Y1), d(X3, Y2), e(X2,
Y2), £(X1, Y2), g(X1, Y1), h(X2, Y1),
i(X3, Y1) and j(X3, Y2). The arrows in
Figure 5 indicate the timings and directions
of shifting of the discharge spot through the
discharge points. In this case, the pulse
width of the erase pulse Ve of the timing
indicated by the arrow can be selected to
range 1 to 5 pS. This pulse is referred to as
an overlap pulse.

- In such row direction shifting, use is made

of the three buses X1 to X3 (of three
phases) and the two buses Y1 and Y2 (of
two phases) and, in a period of application
of shift pulses to the bus Y1, shift pulses are
fed to the three buses X1, X2, X3, in the
order X1-X2-X3 and, in a period of applica-
tion of shift pulses to the bus Y2, shift pulses
are fed to the three buses X1, X2, X3 in the
order X3-X2-X1. Such orders of application
of the shift pulses Vsh can be easily set by
the employment of a logical circuit. Further,
since an erase pulse Ve is fed to a discharge
point from which a discharge spot has just
been shifted, wall charge at that discharge
point will immediately disappear.

Figure 6 illustrates an example of a series
of drive waveforms for use in providing shift
operation in a column direction in the panel
of Figure 4; and the same reference charac-
ters as those used in Figure 5 indicate similar
items. When a discharge spot has been
shifted to the discharge point f by the
application of shift pulses Vsh to the buses
X1 and Y2, if shift pulses Vsh are fed to the

buses X1 and Y1, the discharge spot shifts to
the discharge point g in the same manner as
in the case of the abovesaid row shift
operation. But, if shift pulses Vsh are
applied to the buses X1 and Y3, the
discharge spot shifts to a discharge point g'.
Then, upon application of shift pulses Vsh
to the buses X2 and Y3, the discharge spot
shifts to a discharge point A’; '

The sequence of discharge points through
which the discharge spot shifts, together
with the sequence of combinations of buses
supplied with shift pulses in column shift
operation, is as follows: f(X1, Y2), g'(X1,
Y3) h'(X2, Y3), i'(X2, Y2), j'(X2, Y1),
k'(X1, Y1) and ¢'(X1, Y2). Thus, as in row
shift operations, in column shift operation a
discharge spot shifts along a zigzag or
meander form shift path, and at the moment
when the discharge spot has reached the
discharge point j’, column shift operation
can be changed over to row shift operation.
Thus column shift is performed by means of
the two buses X1 and X2 (of two phases)
and the three buses Y1 to Y3 (of three
phases). A discharge spot can be shifted in
an oblique direction (i.e. a direction oblique
to the row and column directions) in the
following manner. That is, when the dis-
charge spot has shifted to the aforesaid
discharge point j’, column shift operation is
switched to row shift operation to shift the
discharge spot to discharge point k” and
then to ¢” and when the discharge spot has
reached the discharge point at the intersec-
tion of the electrodes x13 and y23, row shift
operation is changed over to column shift
operation and, thereafter, by performing
the row and column shift operations alter-
nately with each other in the abovesaid
manner, the discharge spot can be shifted in
an oblique direction. '

By continuously applying pulses of a
sustain voltage level to any one of the buses
X1 to X3 and any one of the buses Y1 to Y3,
a stationary display can be provided, with
picture elements having a one-to-one corre-
spondence with discharge points. Also, if
pulses of sustain voltage level are con-
tinuously fed to a selected one of the buses
of one of the two substrates and to two
selected buses of the other substrate, a
stationary display can be provided, with one
picture element corresponding to two dis-
charge points. In this case, it is also possible
to supply the pulses to the two buses
alternately, a predetermined number of
pulses being supplied to one bus, then the
same number of pulses being supplied to the
other bus. Since the abovesaid sustain vol-
tage level is similar to the shift pulse level, a
stationary display can be provided by con-
tinuous application of shift pulses.

The above embodiment has been de-
scribed in connection with a case in which a
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combination of two sets of three-phase
buses is employed but it is also possible, of
course, to adopt structures having many
buses such as, for example, a set of three-
phase buses and a set of four-phase buses or
two sets of four-phase buses. In such a case,
a plurality of electrodes, which are formed
to extend between electrodes which are
alternately connected to the buses on oppo-
site sides of the panel, are interconnected in
a manner to extend in zigzag or in meander
form so that they may not cross one
another.

Figure 7 shows the configuration and
electrode arrangement of the present inven-
tion, which embodiment employs two sets of
two-phase buses. Row electrodes yaj and
ybj are straight as is the case with the
previous proposal of Figure 1 but column
electrodes xai and xbi are each formed
having portions which are displaced with
respect to the rest of the electrode, the
displaced portions of an electrode being
displaced in the direction of the row elec-
trodes so as to be aligned with undisplaced
portions of another column electrode. The
displaced portions are displaced by an odd
number of electrodes (i.e. in the illustrated
example the displaced portions of an elec-
trode are displaced by one electrode so that
they are aligned with undisplaced portions
of an immediate neighbour electrode.
Further, write electrodes wf (¢ =1,2,3,..)
are provided opposite odd-numbered ones
of the electrodes connected to the bus Ya.
Barriers BR are formed so as to have a
pattern similar to that of the previous
proposal of Figure 1 in the row direction
but, in comparison with the barriers of
Figure 1, selected portions of the barriers
are removed in Figure 7 to provide straight
column shift channels and, further, the
barriers are formed so that the even-
numbered ones of the electrodes yaj and ybj
connected to the buses Ya and Yb cross
over the barriers in areas where no column
shift channels are formed.

In row shift operation in the embodiment

“of Figure 7, a discharge spot is shifted over a

zigzag or meander-form path to discharge
points a, b, ¢, d, e, f, ... by drive waveforms
as shown in Figure 2. Assuming, for inst-
ance, that a discharge spot is produced at
the discharge point e by the application of
the shift pulses Vsh to the buses Xb and Ya,
the discharge spot will be shifted to a
discharge point ¢’ by the application of shift
pulses Vsh next to the buses Xa and Yb.
Then, if the shift pulses Vsh are fed to the
buses Xa and Ya, the discharge spot shifts to
a discharge point b'. That is, the discharge
spot is shifted in a column direction.

In such column operation, a shift of the
discharge spot, for example, from the dis-
charge point e to ¢’ or from b’ to d’, can be

readily achieved by extending one portion
of each of the electrodes xal and xbl since
there does not exist any electrode acting in
common to the row and column directions.
In Figure 7 it will be seen that those portions
of electrodes xal, xbl overlying a column
shift channel extend in column directions
slightly beyond the start of the oblique
portions of those electrodes. After the
discharge spot has been shifted by the
column shift to the discharge point d’, if the
column shift operation is switched back to
the row shift operation, the discharge spot
written by the write electrode w1 is shifted
to the line of the write electrode w2 and if
the column shift operation is continued, the
discharge spot can be further shifted to a
desired write electrode line. That is to say,

for example, after characters on one write

electrode line have been written, all charac-
ter lines can also be shifted in the column
direction. :

Figure 8 illustrates, in the form of en-
velopes, the application of the shift pulses
for the abovesaid row and column shift
operations, reference characters b, ¢, d, ...
indicating the timings at which a discharge
spot is shifted to the discharge points simi-
larly referenced in Figure 7. Thus, shift
pulses are applied to the buses in the order
(Xa, Ya)-(Xa, Yb)-(Xb, Yb)-(Xb, Ya) in
row shift operation and in the order (Xb,
Ya)-(Xa, Yb)-(Xa, Ya)-(Xb-Yb)-(Xb, Ya)
in column shift operation. :

For a stationary display, pulse voltages
are supplied to selected ones of the buses
depending upon whether one picture ele-
ment is to correspond to one or more
discharge points. In the case of displaying
one picture element with one corresponding
discharge point, pulse voltages are con-
tinuously fed to either one of the buses Xa
and Xb and either one of the buses Ya and
Yb. In the case of displaying one picture
element with a corresponding plurality of
discharge points, for instance, two discharge
points, pulse voltages are successively ap-
plied to the buses Xa and Xb and the buses
Ya and Yb, or the pulse voltages are
supplied to the two buses Xa and Xb (Ya
and Yb) alternately for every predeter-
mined number of pulses. This pulse voltage
may be the same as the shift pulse voltage.

The same is true in a case of displaying
one picture element with four discharge
points, and voltages are applied to selected
ones of the buses so that discharge spots
may be produced at the discharge points, for
instance, b, ¢, d, and e in Figure 7.

With the construction of the present
embodiment, the discharge points ¢’ and b’
discharge to form a path for the vertical
shift, but do not positively serve as dis-
charge points for display. Accordingly, the
distance between discharge points for use in
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display tends to increase.

For preventing degradation of display
quality resulting from the increased distance
between the discharge points, it may be
desirable to display one picture element
with a plurality of discharge points, as
described above. In the present embodi-
ment, it may be appropriate to display one
picture element by means of four discharge
points.

Figure 9 shows the configuration and
electrode arrangement of another panel
embodying this invention, which is of the
above mentioned meander electrode type.
On one substrate of the panel, there are
disposed electrodes x1 ¢i; x2¢i; and x3¢i
and x2aj to x2nj connected respectively to
buses X1; X2; and X3, and write electrodes
wl (¢, 1, =1,2,3,...), as indicated by full
lines in the Figure. On the other substrate of
the panel, there are disposed electrodes
y1¢k; y2¢€k and y2am to y2am to y2nm; and
y3am to y3nm; (k, m = 1, 2, 3, ..)
connected respectively to buses Y1; Y2; and
Y3, as indicated by broken lines in the
Figure. The abovesaid electrodes on the two
substrates are respectively covered with
dielectric layers, and disposed opposite each
other with a discharge gas space defined
therebetween.

The order of arrangement of the elec-
trodes in a row direction is x1€1, x2¢1,
x3¢1, x2¢€2, x1¢2, x2¢3, x3¢€2, ... on one
substrate, and y1¢1, y2¢€1, yl€2, y2¢2, ...
on the other substrate. The order of
arrangement of the electrodes in the column
direction is, for example, x111, x2al, x121,
x2a2, ... on one substrate, and y111, y2al,
y3al, y2a2, y121, y2a3, y3a2, y2a4, ... on
the other substrate. The buses X1 and X3
are respectively connected to the electrodes
x1¢i and x3¢i through conductors arranged
in column directions but the bus X2 is
connected the electrode x2¢i in a zigzag or
meander-form pattern of connecting con-
ductors, which also connect electrodes x2aj
to x2nj. Accordingly, although three buses
X1 to X3 are provided, no cross-over areas
are formed. Further, the buses Y1 to Y3 and
the electrodes yl€k; y2¢k and y2am to
y2nm; and y3am to y3nm are interconnected
in a manner similar to the manner of
connection of the buses X1 to X3 to the
electrodes x1¢i to x3¢i and x2aj to x2nj,
though the connection pattern is in effect
rotated through 90°, providing a structure
with no cross-over areas once more. Two
shift channels extending in one general
direction (the row direction) are shown in
Figure 9, and four shift channels extending
in a perpendicular direction (the column
directionf are shown.

Figure 10 shows drive waveforms for use
in providing row shift operation in the panel
of Figure 9. Reference characters Vxl1 to

Vx3 and Vyl to Vy3 indicate pulse voltage
waveforms which are supplied to the buses
X1 to X3 and Y1 to Y3, respectively;. Vsh
indicates shift pulses; and Ve indicates erase
pulses. In this embodiment of the present
invention, it is possible to employ such drive
waveforms such that an overlap pulse is
applied at the timing for shifting a discharge
spot, though this is not shown.

For example, in the case of a write pulse
being applied to write electrode wl (at one
end of the first row direction shift channel),
when shift pulses Vsh are being fed to the
buses X1 and Y1, a discharge spot is
produced between the electrodes x111 and
y111 by the application of the shift pulses to
the buses X1 and Y1, and then the discharge
spot can be sequentially shifted to discharge
points between the electrodes x211 and
y111, x3111 and y111, x311 and y211, and
x212 and y211 by applying shift pulses Vsh
in sequence to the following combinations
of buses:- X2 and Y1, X3 and Y1, X3 and
Y2, and X2 and Y2. That is, the shift pulses
Vsh are supplied to the buses in the order
(X1, Y1)-(X2, Y1)-(X3, Y1)-(X3, Y2)-(X2,
Y2)-(X1, Y2)-(X1, Y1)- ..., by which means
the discharge spot is shifted in a row
direction. Since an erase pulse Ve is applied
to each discharge point from which a dis-
charge spot has just been shifted, wall
charge at that discharge point is erased.

Figure 11 shows drive waveforms for use
in providing column shift operation in the
panel of Figure 9. Reference characters Vx1
to Vx3 and Vyl to Vy3 indicate pulse
voltage waveforms which are fed to the
buses X1 to X3 and Y1 to Y3, respectively.
In this case, after a discharge spot has; for
example, been shifted to a discharge point
between electrodes x1¢i and y1¢k, that is,
after shift pulses Vsh have been applied to
the buses X1 and Y1, shift pulses Vsh are
applied to the buses X1 and Y2. For
instance, applying the shift pulses Vsh to the
buses X1 and Y2 after the discharge spot has
shifted to the discharge point between the
electrodes x112 and y112, causes the dis-
charge spot to shift to the discharge point
between the electrodes x112 and y2bl.
Then, if shift pulses Vsh are fed to the buses
X1 and Y3, the discharge spot shifts to the
discharge point between the electrodes x112
and y3bl.

In such column shift operation, the shift
pulses Vsh are applied to the buses in the
order (X1. Y1)-(X1, Y2)-(X1, Y3)-(X2,
Y3)-(X2, Y2)-(X2, Y1)-(X1, Y1)- ... .

As can be seen from Figures 10 and 11, in
the present embodiment of the invention,
during row shift operation, shift pulses Vsh
are applied to the buses X1 to X3, Y1 and
Y2 in a predetermined order, but the bus Y3
is left idle (only erase pulses Zre applied

thereto). Further, during column shift
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operation, shift pulses Vsh are supplied to
the buses X1, X2 and Y1 to Y3, but the bus
X3 is left idle (only erasepulsesare applied
thereto).

In the case of a stationary display, sustain
voltage pulses are applied to the buses X1
and X2, for example, alternately with a
predetermined period, and to the bus Y1
continuously, by which means discharge
spots are produced alternately between the
electrodes x1¢i and y1€k and between x2¢i
and y1¢k, providing a display of content
written by means of write electrode w¢. The
sustain voltage pulses may be the same as
the shift pulses Vsh, so that a pulse gener-
ator circuit can be used in common to the
shift operation and the stationary display
operation.

The drive waveforms such as are de-
scribed above may be obtainable by chang-
ing the logical structure of a drive circuit for
self shift type gas discharge panels of types
already proposed, and it is also possible, of
course, to employ waveforms other than
those shown in Figures 10 and 11. The drive
waveforms depicted in Figures 5 and 6 and
those in Figures 10 and 11 are substantially
identical with each other except that the
shift pulses Vsh are supplied in an overlap-
ping reaction in the case of the latter.

In Figure 9, for convenience of illustra-
tion, the electrodes on the two substrates
are shown to be of different sizes but the
electrodes on the two substrates can be
formed to be of the same size. Further,
connecting conductors, through which the
electrodes forming discharge points are con-
nected to the buses, cross each other, but
the discharge characteristics at the crossing
locations of the connecting conductors differ
from those at discharge points formed by
opposing electrode areas. Where, in a gas
discharge panel, mutually opposing areas of
electrical conductors are small operating
voltages required to cause discharge thereat
tend to become high, and consequently in
the embodiment of Figure 9 discharge spots
are produced only at the electrode opposing
areas, i.e. at discharge points, and no
discharge spots are produced at the areas
where crossing connecting conductors
oppose one another. Operation margin in
the panel of Figure 9 can be further in-
creased by employing a construction which
makes generation of discharge spots at the
opposing areas of crossing connecting con-
ductors even more difficult, for example, by
covering each opposing area of connecting
conductor with a thicker dielectric layer
than that covering other parts. Also, the
number of buses used can increased.

Figure 12 illustrates the configuration and
electrode arrangement of another embodi-
ment of this invention, in which row shift
operation in the row direction shift channels

(along the lines of electrodes w, a, b, ¢, d
etc) is an ordinary shift operation but
column shift operation in the column direc-
tion shift channels (along the lines of elec-
trodes a’, d' b’ etc.) is a combination of
hopping shift with the ordinary shift opera-
tion (explained in more detail below). Re-
ference characters X1 and X2 indicate buses
on one substrate of the panel of Figure 12;
Y1 and Y2 designate buses on the other
substrate of the panel; w identifies write
electrodes; and a, b, ¢, d, e, f, g, ... €, f,
and g’ denote discharge points formed
where electrode portions on the respective
substrates oppose one another, that is to
say, unit discharge regions.

The ordinary shift operation mentioned
above is one in which adjacent discharge
points in a direction of shifting of a dis-
charge spot are formed by means of a
common electrode extending in the direc-
tion of shift of the discharge spot and
respective discrete electrodes disposed
opposite the common electrode, and in such
shift operation a discharge spot is shifted by
applying shift pulses to the discrete elec-
trodes one after another. The shifting of the
discharge spots in each of the above de-
scribed embodiments is generally achieved
by an ordinary shift operation. The hopping
shift herein mentioned relates to a case in
which adjacent discharge points in the direc-
tion of shift of a discharge spot are respec-
tively formed at the intersections or crossing
points of opposed discrete electrodes, and in
which a discharge spot is shifted by applying
shift pulses to successive pairs of opposed
discrete electrodes one after another. In
such hopping shift, since no common elec-
trode is provided between adjacent dis-
charge points in the direction of shift of a
discharge spot, plasma coupling may ‘be
loose in some cases. However, coupling can
be made tighter by extending an end portion
of each electrode in the direction of shift of
a discharge spot.

The correspondence of the sequence of
discharge points through which a discharge
spot can be shifted to the sequence of
combinations of buses supplied with shift
pulses in row shift operation is as follows:
a(X1, Y1), b(X1, Y2), c(X2, Y2), d(X2,
Y1), e(X1, Y1), f(X1, Y2), g(X2, Y2), ... .
Thus, in row shift operation, shift pulses are
respectively applied in the order such that
they are fed to the four discharge points a to
d.

In column shift operation, after a dis-
charge spot has been shifted to the discharge
point ¢ (g) for example, shift pulses are fed
to the buses in the order a’(X1, Y1) -d'(X2,
Y1)-b'(X1, Y2)-¢(X2, Y2)- ... . The shifts of
a discharge spot from discharge point ¢ to a’
and from d' and b’ are hopping shifts and
the shifts from a’ to d’ and b’ to ¢ are the
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ordinary shift.

In column shift operation, assuming that
when it was desired to shift a discharge spot
from, for example, discharge point ¢ to a’,
the discharge spot is inadvertently shifted
for some reason to discharge point a to e,
which are supplied with shift pulses in the
same manner as is the discharge point a’,
since shift pulses are next applied to the
discharge points d' and d', the discharge
spot would normally shift from the dis-
charge point a’ to d’ in the column direction
but where such inadvertent shift has taken
place to discharge point e the discharge spot
1s shifted reversely from the discharge point
e to d in the row direction. Further, where a
discharge spot has been inadvertently
shifted to the discharge point a this spot now
disappears. Then, since the next shift pulses
are supplied to the discharge points b’ and
b, a discharge spot would normally shift
from the discharge point d’ to b’ in the
column direction but, in the row direction,
since the discharge point ¢ is interposed
between point d and b, an inadvertently
shifted discharge spot is difficult to shift,
and should disappear. Thus, even if a
discharge spot is shifted inadvertently in an
incorrect direction, the resulting faulty dis-
charge spot will disappear in the course of
subsequent shift operations, so that the shift
operation margin of the panel can be in-
creased.

Figure 13 shows another embodiment of
this mvention in which the row and column
shifts in row and column shift channels are
achieved by means of a combination of
hopping shift and ordinary shift. The elec-
trodes connected to buses X1 and X2 on the
one of the two substrates of the panel of
Figure 13 are each short in the row direction
but long in the column direction and the
hatched electrodes connected to buses Y1
and Y2 on the other substrate of the panel
are long in the row direction but short in the
column direction. Reference character w
indicates write electrodes.

In row shift operation, a discharge spot
can be shifted through the sequence of
discharge points a, b, ¢ and d, and in
relation thereto the sequence of combina-
tions of buses supplied with shift pulses is
a(X1, Y2), b(X2, Y1), ¢(X1 Y1) and d(X2,
Y2). In column shift operation, the sequ-
ence is b(X2, Y1), d'(X2, Y2), ¢'(X1, Y1)
and a’(X1, Y2) for example. The shifts of a
discharge spot from the discharge point a to
b, ctodand d’ to ¢, a’ to b are hopping
shifts.

In the above embodiments of the present
invention shown in Figures 12 and 13, two
buses are provided on each of the two
substrates of the panel and a two-
dimensional shift (shift in both column end
row directions) is made possible without

forming any cross-over areas, between
buses and electrodes for example. This
invention is also applicable, however, to
cases where three or more buses are pro-
vided on one or both of the two substrates of
a panel and the order of application of the
shift pulses can in each case be relatively
easily set by means of a logical circuit.

Further, though the electrode configuration

of embodiments of the present invention
described above have been shown so that
the electrodes on each substrate may be
distinguished from those on the other subs-
trate, it is possible, of course, to employ
various electrode configurations other than
the illustrated ones.

Figure 14 illustrates, in a simplified form,
the electrode arrangement of Figure 9,
discharge points formed in a row direction
being identified by A to F and those formed
in a column direction by b to f. In this
simplified form the electrode arrangement
has the appearance of the meander channel
type. The shift path in a shift channel has
the appearance of extending in a zigzag or
meander-form pattern as indicated by the
arrows in Figure 14. Turning points from
row to the column shift and vice versa are
located at discharge points A.

The discharge points A are respectively
formed between the electrodes connected to
the buses X1 and Y1 (see Figure 9). The
discharge points B and b adjacent A -are
each formed between respective electrodes
connected to the buses X2 and Y1, and the
discharge points F and f are each formed
between respective electrodés connected to
the buses X1 and Y2 (see Figure 9).
Accordingly, when shifted from a discharge
point A, a discharge spot is shifted to the
discharge points B and b or F and f at the
same time. In this case, since the two
discharge points B and b or F and f are close
to each other, the discharge spots at these
discharge points greatly repel each other
and either one of them may be erased due to
a slight difference between the characteris-
tics of the respective discharge points in
some cases. In such cases, if a discharge spot
at the discharge point in the shift direction is
erased, one portion of the written content is
lost.

Figure 15 shows an electrode arrange-
ment used in another embodiment of this
invention which is designed to ensure accu-
rate shifting of a discharge spot from a
turning discharge point at which row shift
operation can be changed to column shift
operation as described above. (i.e. at which
a row shift channel intersects a column shift
channel). The electrodes connected to the
buses X1 to X3 and connecting conductors
therefor are indicated by broken lines in the
Figure, and the electrodes connected to the
buses Y1 to Y3 and connecting conductors

70

75

80

- 85

90

95

100

105

110

115

120

125

130



10

1 590 304

10

10

15

20

25

30

35

40

45

50

55

60

65

therefor are indicated by full lines in the
Figure. In the present embodiment, the
discharge points A, which are the abovesaid
turning points, are formed respectively be-
tween electrodes connected to the buses X2
and Y2, i.e. those buses for which connect-
ing conductors of zigzag or meander form
are provided. The discharge points B, b, F
and f respectively adjoining A are formed
between the electrodes connected to diffe-
rent combinations of buses. The combina-
tions of buses for the respective discharge
points is as follows: B(X3, Y2), b(X2, Y1),
F(X1, Y2) and f(X2, Y3).

Accordingly, when shifting a discharge
spot in a row direction shift channel through
the discharge points E, F, A, B, C and D
one after another, if it is assumed that a
discharge spot is produced at the discharge
point F by the application of shift pulses to
the buses X1 and Y2, the discharge spot is
shifted to the discharge point A by the
application of shift pulses next to the buses
X2 and Y2, and then shifted only to the
discharge point B by the subsequent appli-
cation of shift pulses to the buses X3 and
Y2. In other words, there is no possibility of
the discharge spot simultaneously shifting to
two different discharge points, as described
previously in connection with Figure 14.

In a case of shifting a discharge spot in the
column direction through the discharge
points e, f, A b, c and d one after another, if
it is assumed that the discharge spot is
produced at the discharge point f by the
application of shift pulses to the buses X2
and Y3, the discharge spot is shifted to the
discharge point A by the next application of
shift pulses to the buses X2 and Y2, and
then shifted only to the discharge point b by
the subsequent application of shift pulses to
the buses X2 and Y1.

Figure 16 is a schematic diagram, similar
to Figure 14, illustrating in a simplified form
the electrode arrangement depicted in Fi-
gure 15. The discharge points A, at which
discharge spot shifting operation can be
switched from row shift operation to column
shift operation and vice versa, are formed at
the intersections of the meandering elec-
trodes, i.e. the buses X2 and Y2.

Figure 17 is a waveform diagram showing
an example of drive waveforms for use with
the panel of Figure 15. In the case of row
shift operation the buses X1 to X3 and Y1 to
Y3 are respectively supplied with pulse
voltages waveforms Vx1 to Vx3 and Vyl to
Vy3, each composed of shift pulses SP,
overlap pulses VP and erase pulses EP. At
this time, the Y3 is supplied with erase
pulses EP only. Reference character Vw
indicates a voltage waveform which is ap-
plied to a write electrode. At a timing when
a discharge spot is shifted to the discharge
point F, a write pulse WP is applied and

then an overlap pulse VP is applied to shift
the discharge spot to the discharge point A
and, thereafter, an erase pulse EP is ap-
plied.

Reference characters VA to VF and VW
show pulse voltage waveforms which are fed
to the discharge points A to F and a write
discharge point, respectively. The arrows
indicate the shift timings of a discharge spot.
Reference characters A to F at the top of
Figure 17 indicate the periods in which the
discharge spot is present at the discharge
points A to F, respectively.

In Figure 18, Vx1' to Vx3' and Vyl' to

Vy3’ show pulse voltage waveforms which .

are fed to the buses X1 to X3 and Y1 to Y3,
respectively, in a case of column shift
operation. The bus X3 is supplied with erase
pulses EP only. A and b to f indicate the
periods in which the discharge spot is
present at the discharge points A and b to f,
respectively. The pulse voltages which are
fed to the discharge points A and b to f in
the above case have waveforms similar to
those VA to VF depicted in Figure 17.

In the above embodiment, information is
written at a timing at which the discharge
spot is shifted to the discharge point F, but it
is also possible to write information at a
timing of shifting a discharge spot to some
other discharge point. For instance, in the
case of writing information at the timing of
shifting the discharge spot to the discharge
point C, the arrangement is made such that
the discharge point D may be adjacent a
write discharge point W and the above-said
turning point is selected to be the discharge
point A formed at the intersection of the
buses X2 and Y2 of the zigzag configura-
tions, as is the case with the above embodi-
ment.

Figure 19 is a diagram explanatory of an
arrangement adopted in another embodi-
ment of this invention, in which four-phase
buses X1 to X4 and Y1 to Y4 are provided
on each of the two substrates of the panel,
respectively. Also, in this embodiment, the
intersection of an array of the discharge
points A to H in the row direction with an
array of the discharge points A and b to £ in
the column direction, that is, a turning point
as mentioned above, is the discharge point
A formed between electrodes connected to
zigzag or meander-form buses X2 and Y2,
respectively. Although four discharge points
B, b, H and % adjoin a turning point, in a
shifting operation a discharge spot is shifted
only to the discharge point adjacent A in the
selected shift direction.

Figure 20 is a schematic diagram, similar
to Figure 14, illustrating, in a simplified
form, the electrode arrangement depicted in
Figure 19. Adjacent a write discharge point
W, a discharge point A is disposed which
lies at the intersection of electrodes con-
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nected to buses X2 and Y3 respectively,
and, by selectively applying shift pulses to
buses X1 to X4 and Y1 to Y4, a row or
column shift operation can be achieved and
the turning point in this case is the discharge
point A.

Figure 21 is a block diagram showing a
drive circuit for generating pulse voltage
waveforms as depicted in Figures 17 and 18.
Clock pulses emanating from a clock gener-
ator 11 are counted by counters 12 and 13
and the count contents bl to bn of the
counter 12 are decoded by a decoder 14,
thereafter being applied as address signals
A0 to An to a timing generate circuit 16.
The count contents bn+1 and bn+2 of the
counter 13 are decoded by a decoder 15 and
then applied to the timing generate circuit
16. The timing generate circuit 16 is pro-
vided with six read-only memories ROM1
to ROMS6 having stored therein drive timings
for carrying out six steps of a row shift
operation and six read-only memories
ROM?7 to ROMI12 having stored therein
drive timings for carrying out six steps of a
column shift operation. Reference charac-
ters (A) to (F) and (A) to (f) in the
read-only memories ROM1 to ROM6 and
ROM7 to ROM12 indicate that they have
stored therein the timings of pulse voltages
to be generated in the periods A to F and A
to f in Figures 17 and 18.

When a shift instruction or shift command
is “1”, it is a column shift instruction and

when it is “0”, the output from an inverter -

20 becomes “1” to provide a row shift
instruction. A shift driver 19 operates in
response to timing signals Ix1 to Ix3 and Iyl
to Iy3 read out of the read-only memories
ROMI1 to ROM6 and ROM7 to ROM12,
supplying the buses X1 to X3 and Y1 to Y3
with the pulse voltages Vx1 to Vx3, Vyl to
Vy3 and Vx1' to Vx3', Vy1’ to Vy3’ shown
in Figures 17 and 18.

A character generator 17 supplies a write
driver 18 with signals IW1 to IW7 corres-
ponding to character address signals, re-
spectively. The signals IW1 to IW7 are
output at timings defined by the clock pulses
and a timing signal Iwu derived from read-
only memory ROM6 or ROM12. A write
driver 18 provides write pulses WP indicated
at Vw in Figure 17 to write electrodes W1 to
}N7 at a timing defined by a timing signal
wd.

In the foregoing embodiments, in the case
of row shifting of a discharge spot forming
one picture element, the discharge spot is
shifted through the discharge points A, B,
C, D, ... one after another. This is per-
formed by selecting the buses X1 to X3 in
the order X1-X2-X3-X2-X1-X2- ... and the
buses Y1 to Y3 in the order Y1-Y2-Y1-Y2-
... . Such a discharge spot drive method will
hereinafter be referred to as the single cell

scanning method.
On the other hand, there is also a method

of shifting a discharge spot for use when .

generating discharge spots, each forming
one picture element, at adjoining discharge
points. That is to say, by repeatedly sup-
plying shift pulses to a sequence of combina-
tions of buses such as (X1, X2, X3, Y1),
(X3, Y1, X2), (X1, X2, X3, Y2) and (X1,
Y1, Y2), a discharge spot is shifted through
the discharge points in a repeating cyclic
order (A, B, C)-(C, D)-(D, E, F)-(F, A).
This method will hereinafter be referred to
as the common electrode scanning method
because, during a shift operation, discharge
spots at mutually adjacent discharge points
formed along a common electrode are pre-
sent at one time.

Such a common electrode scanning

method is also applicable to column shift
operation and, in embodiments of this
invention, both of the abovesaid methods
can be employed.

When row shift operation is achieved by a
single cell scanning method on a write line
(see write line L1 in Figure 22), only one of
the buses Y1 and Y2 is selected in a display
line (see display lines L2 to Ln in Figure 22).

When a display line bus Y1 is selected, the

buses X1 to X3 are selected in the order
X1-X2-X3-X2-X1-X2- as mentioned
above, so that a display discharge spot is
shifted between discharge points in a repeat-
ing cylic order A-B-C-B-A-B ... . That is,
since the content already written in the
display line is held and displayed while
being swayed back and forth through points
A, B and C, this method will hereinafter be
referred to as the sway method.

Also, with the common electrode scan-

ning method, when a shift operation takes -

place in a write line, only one of the Y buses
is selected in a display line in the same
manner as described above. Since the buses
X1 to X3 are selected in a repeating cyclic

70

75

80

85

90

95

100

105

110

order (X1, X2, X3)-(X3)-(X1,X2,X3)-(X1)-
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display discharge spots are produced at
discharge points in the order (A, B, C)-(C)-
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written content while holding the content of

a display line by the sway method in a write

line~during shift operation in the write line
by either the single cell scanning method or
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Figure 22 schematically shows a two-
dimensional shift gas discharge panel having
write and display lines. Reference character
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L1 indicates a write line, L2 to Ln designate
display lines; W1 to W7 identify write
electrodes for use in providing for character
display, for example, by means of 5 X 7 dots
for each character; X1 to X3 denote buses

common to the write line and the display-

lines; AY1 to AY3 represent buses of the
write line; and BY1 to BY3 show buses of
the display lines. The lines L1 to Ln have
the electrode arrangement shown, for inst-
ance, in Figure 9.

The buses X1 to X3 are sequentially
selected in accordance with a single cell
scanning method or a common electrode
scanning method, and supplied with shift
pulses Vsh. During write operation, the
write electrodes W1 to W7 are selectively
supplied with write pulses in accordance
with information to be written, and the
resulting discharge spots are sequentially
shifted into the write line L1 by the applica-
tion of the shift pulses Vsh to the buses AY1
and AY2 selected from the buses AY1 to
AY?3 described above. Also, at this time, for
instance, the bus BY1 is selected from the
buses BY1 to BY3 as described previously,
and supplied with shift pulses Vsh, so that a
discharge spot is provided in a display line
by the sway method.

Upon application of a write operation,
the contents in the write line L1 are shifted
to the display line L2. By means of column
shift operation as mentioned above, that is,
by a selective combination of the buses AY1
to AY3 and BY1 to BY3 with, for example,
the buses X1 and X2, the written contents
are sequentially shifted. If the buses BY1 to
BY3 of the display lines L2 to Ln are led out
independently line by line, the content to be
displayed can be retained in a desired line
by means of the sway method even during
column shift operation. Also, in the display
lines, column shift can be effected.

Figures 23 and 24 illustrate the cross-
sections of principal parts of the self shift
type gas discharge panel of Figure 15 taken
along a row direction and along a column
direction, respectively. In Figures 23 and 24,
reference numerals 1 and 2 indicate subs-
trates, for example of glass; 3 and 4 desig-
nate dielectric layers, for example of a
low-melting-point glass; and S identifies a
space having sealed therein a discharge gas
such as neon, for example. It is customary to
cover each of the dielectric layers 3 and 4
with an ion shock-proof protective film for
example of MgO.

In a case of shifting a discharge spot in a
row direction in the order of discharge
points E-F-A-B-C-D, if a discharge spot is
produced at the discharge point F by the
application of shift pulses to the buses X1
and Y2, the discharge spot is shifted to the
discharge point A by the application of shift
pulses to the buses X2 and Y2, and then

shifted only to the discharge point B by the
subsequent application of shift pulses to the
buses X3 and Y2.

In a case of shifting a discharge spot in the »

column direction in the order of discharge
points e-f-A-b-c-d, if a discharge spot is
generated at the discharge point f by the
application of shift pulses to the buses X2
and Y3, the discharge spot is shifted to the
discharge point A by the application of shift
pulses to the buses X2 and Y2, and then
shifted only to the discharge point B by the
subsequent application of shift pulses to the
buses X2 and YI1. : .

Figures 25 shows, in a simplified form, an
electrode arrangement for the embodiment
of Figure 15 in a case where separate write
and display lines are provided (compare
Figure 16). A discharge spot written by a
write electrode Wi is shifted by applying
pulses to selected combinations of the buses
X1 to X3 with AY1 and AY2 to discharge
points W, A, B, C, ... one after another.
Since the discharge point A is a turning
point, the discharge spot can then be shifted
by applying pulses to selected combinations
of the buses X1 and X2 with AY1 to AY3
and BY1 to BY3, in the column direction, to
discharge points A, b, c, d, ... one after
another.

Figures 26 and 27 show an example of
series of drive waveforms, for a panel
having the electrode arrangement of Figure
25, in accordance with the common elec-
trode scanning method. Vx1 to Vx3, Vyal
to Vya3 and Vybl to Vyb3, Vw; and VA to
VF and VW show pulse voltage waveforms
applied to buses and to the discharge points

of the write line, respectively; Vb to Vf to -

show pulse voltage waveforms fed to the
discharge points b to f, respectively and VA’
to VF' show pulse voltage waveforms ap-
plied to the discharge points A to F of the
display lines, respectively.

When a discharge spot is produced at the
write discharge point W by supplying a
selected one of the write electrodes with
write pulses of the waveform Vw in a period
FAB, since pulse voltages of the waveforms
indicated by VF, VA and VB are fed to the
discharge points F, A and B at that time,
discharge spots are produced at the dis-
charge points A and B adjacent the write
discharge point W(and at the discharge
points ¥, A and B adjacent a position to
which a discharge spot has previously been
shifted). In the next period BC, the dis-
charge spot shifts to the discharge points B
and C. Further, in the subsequent period
CDE, the discharge spot shifts to the dis-
charge points C, D and E. Thereafter, the
discharge spot is similarly shifted in the row
direction.

In the abovesaid row shift, the pulse
voltages indicated by VA’ to VF’ in Figure
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27 are fed to discharge points A to F of a
display line and a pulse voltage which is
in-phase with those applied to the buses X2
and BY1 is applied to the discharge point D,
with the result that no potential difference is
produced, putting the discharge point D in a
state equivalant to one in which no pulse
voltage is applied thereto. Accordingly, the

discharge spot is swayed between the dis-.

charge points E and C in the order (F, A,
B,)>(B, C)-»(F, A, B,)>(E,
F)—(F,A,B,) .... . Thus, during row shift in
the write line, a content to be displayed can
be retained in a display line by the sway
method.

In a period of column shift, pulse voltages
of the same waveforms are supplied to the
discharge points A to F of the write and
display lines and, in this case, since the pulse
voltages are sequentially applied to the
discharge points as indicated by Vb to Vi, a
discharge spot is shifted in the order of the
discharge points (f, A, b)—(b, c,)—>(c, d,
e,)—»}(“e, f,)-(f, A, b).

In Figures 26 and 27, no reference is made
to the application of an erase pulse and
in-phase pulse voltages are fed to other
buses than the selected X and Y buses and
no voltages are applied to the discharge
points corresponding to them. In this case,
however, if the pulse voltages are phased
apart, pulse voltages of small width can be
applied as erase pulses to the abovesaid
discharge points.

For performing the abovesaid shift opera-
tions, it is preferred to employ a drive circuit
which is composed of read-only memories
having stored therein the order of distribu-
tion of drive pulses for performing respec-
tive steps of row shift operation and of
column shift operation, respectively. For
example, in the case of driving a panel of an
electrode structure such as that of Figures 22
and 25 in accordance with a common elec-
trode scanning method described with re-
gard to Figures 26 and 27, it is possible to
employ such a construction as is illustrated
in Figure 28. In Figure 28, read-only
memories ROM1 to ROM4 included in a
fundamental timing generate circuit 26 have
respectively stored therein pulse generation
timings corresponding to respective elec-
trodes for four unit steps (B, C), (C, D, E),
(E, F) and (F, A, B) of row shift operation.
The read-only memories ROM1 to ROM4
are sequentially read out with address sig-
nals A0 to An and P1 to P4 derived from
decoders 24 and 25 based on outputs bl to
bn, bn+1 and bn+2 from counters 22 and 23
which count clock pulses emanating from a
clock generator 21 when a shift instruction
signal is “1” thereby to instruct row shift
operation, supplying drive timing signals Ix1
to IbY3 to a shift driver connected to the

respective electrodes of the panel. Write

timing signals Iwu and Iwd are read out of
the read-only memory ROM4 correspond-
ing to the phase of (F, A, B) at the same
time as the memory ROM4 is addressed,
and write information from a character
generator 27, selected on the basis of a
character address signal applied thereto, is
fed to a write driver 28 connected to write

70

electrodes W1 to W7 at predetermined

timings. When the shift instruction signal
becomes “0”, thereby to instruct -column
shift operation, the output from an inverter
30 becomes “1” and read-only memories
ROMS to ROMS which have stored therein
pulse generation timings corresponding to
the respective electrodes for four unit steps
(f,A,b), (b,c), (c,d,e) and (e, f) of column

shift operation, are addressed with the -

outputs from the decoders 24 and 25 to read
out timing signals for column shift, thereby
performing such a column shift operation as
is described previously in respect of Figures
26 and 27. In this case, it is possible to
employ read-only memories, each having 11
X 24 addresses and drive pulse trains for the
respective unit steps can be obtained by a
sequentially reading out in parallel the
contents of sequences of addresses of the
memories, each sequence composed of
eleven lines.

As has been described in the foregoing,
according to the present invention, buses
and electrodes need not cross over each
other on either substrate of a panel, so that
no cross-over areas are needed. This facili-
tates reduction of electrode pitch, and hence
provides a self shift type gas discharge panel
capable of a high-resolution display. Furth-
er, since shift channels are formed both in
row and column directions, it is possible to

indicative of written information while se-
quentially writing-in information from one
end of the panel and to shift the resultant
discharge spots in a column direction upon
completion of writing the information for
one line. Thus, by repeating such row and
column shifts, information relating to a
plurality of lines can be written and dis-
played.

Where the shift channels are formed with
barriers in the row and column directions,
the electrode structure is simplified and,
although the shift paths in the shift channels
are then of a zigzag or meander-form
manufacture of electrodes is easy and the
electrode pitch can be reduced. Where no
barriers are employed, the shift paths in the
shift channels in both the row and column
directions can be made linear.

Further, a discharge point which is a
turning point at the intersection of the row
and column shift channels can be formed
with electrodes connected to buses through
connecting conductors of zigzag or mean-
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der-form configurations, by which an
erroneous shift of a discharge spot can be
prevented, providing for increased opera-
tion margin.

WHAT WE CLAIM IS:-

1. A self shift gas discharge device, of
the kind having first and second arrays of
electrode members, with layers of dielectric
material thereover, on respective surfaces of
first and second substrates of the device,

which surfaces confront one another across

a discharge gas spaced defined therebe-
tween, so that respective discharge points of
the device are defined where respective
electrode members of the first and second
arrays face one another across the said
discharge gas space, wherein first and
second pluralities of supply buses are pro-
vided respectively on the said surfaces, the
buses of the first and second pluralities
respectively and the electrode members of
the first and second arrays respectively
being connected, on the said respective
surfaces, in repetitive regularly-ordered
manner, a regularly ordered connection
pattern which is repeated on such a surface
including no cross-over areas, and wherein a
first plurality of shift channels are provided
in the device each extending in a first
general direction and each being such that a
discharge spot can be caused, by the appli-
cation of driving signals to the supply buses,
to follow a shift path, along the shift
channel, constituted by a series of the
discharge points of the device, and a second
plurality of shift channels are provided in
the device each extending in a second
general direction, transverse to the said first
general direction, and each being such that a
discharge spot can be caused, by the appli-
cation of driving signals to the supply buses,
to follow a shift path, along the shift
channel, constituted by a series of the
discharge points of the device, and wherein
the shift channels of the first plurality
thereof intersect the shift channels of the
second plurality thereof (i.e. the shift path
along a shift channel of the first plurality
thereof has a discharge point in common
with a shift path along a shift channel of the
second plurality thereof) so that a discharge
spot in the device at the intersection of two
shift channels can be caused, by the applica-
tion of appropriate driving signals to the
supply buses, subsequently to shift along
either of the two shift channels.

2. A device as claimed in claim 1,
wherein each shift channel of the first
plurality thereof intersects a shift channel of
the second plurality thereof each nth dis-
charge point along the shift path of the shift
channel of the first plurality, where n is
equal to the sum of first and second plurali-
ties of supply buses.

3. A device as claimed in claim 1 or 2,

wherein each electrode member of the first
array crosses all of the electrode members of
the second array and each electrode mem-
ber of the second array crosses all of the
electrode members of the first array, there
being two supply buses provided on each of
the said respective surfaces and the elec-
trodes of each of the said arrays being
connected alternately, one after another, to
the supply buses on the substrate surface
concerned, each electrode member of the
second array having first and second elec-
trode portions that cross respective pairs of
adjacent electrode members of the first
array, each such pair comprising one elec-
trode member connected to each of the two
supply buses on the surface of the first
substrate, the second electrode portions of
each electrode member of the second array
being displaced, in the direction of extent of
the electrode members of the first array, so
that they are aligned with the first electrode
portions of another electrode member of the
second array that is either next adjacent to
the electrode member concerned or is
spaced apart therefrom by an even number
of further electrode members of the second
array, and there being barrier means pro-
vided in the device, such that along each
pair of electrode members of the first array
crossed by first electrode portions of the
electrode members of the second array a
shift channel is formed along which a
discharge spot is constrained to follow a
meander-form shift path, when the shift
channel is in use, and such that discharge
points formed where the electrode members
of each pair of electrode members of the
first array are crossed by second electrode
portions of electrode members of the second

array constitute discharge points along shift

paths of shift channels transverse to the shift
channels formed along electrode members
of the first array.

4. A device as claimed in claim 1 or 2,
wherein two supply buses are provided on
each of the said respective surfaces, wherein
the electrode members of the first array
comprise first and second pluralities of
groups of electrode members, the electrode
members of the groups of the first plurality
being arranged one after another along
respective transversely spaced lines running
in one direction across the surface of the
first susbstrate, and the electrode members
of the groups of the second plurality being
arranged one after another along respective
transversely spaced lines running in another
direction, transverse to the one direction,
across the surface of the first substrate, and
wherein the electrode members of each of
the groups of the first and second pluralities
thereof comprise electrode members of first
and second sets, that are connected respec-
tively to first and second supply buses on the

70

75

80

85

90

95

100

105

110

115

120

125

130



15

15

10

15

20

25

30

35

40

45

50

55

60

65

1 590 304

substrate surface concerned, the electrode
members of the first set alternating with
those of the second set in each said group of
electrode members, and the electrode mem-
bers of the groups of the first and second
pluralities being arranged so as to face
electrode members of the second array in
such a manner that mutually transverse shift
channels are provided in the device along
the lines of the electrode members of the
groups of the first and second pluralities
respectively.

5. A device as claimed in claim 1,
wherein three or more supply buses are
formed on each of the said respective
surfaces of the first and second substrates,
and wherein each electrode member of the
first array crosses all of the electrode mem-
bers of the second array and each electrode
member of the second array crosses all of
the electrode members of the first array, the
electrode members of each of the said arrays
comprising a first set of electrode members
connected in common to a first supply bus
on the surface of the substrate concerned, to
one side of the electrode members of the
other of the said arrays, a second set of
electrode members connected in common to
a second supply bus on the surface of the
substrate concerned, to the other side of the
electrode members of the said other array,
and at least one further set of electrode
members, the electrode members of the or
each further set being connected in common
to respective supply buses on the surface of
the substrate concerned and electrode mem-
bers of the or each further set each having
one end connected, at a position to one side
of the electrode members of the said other
array, to the adjacent end of the next
adjacent electrode member of that set, to
one side of the electrode member con-
cerned, and the electrode member con-
cerned having its other end connected, at a
position to the other side of the electrode
members of the said other array, to the
adjacent end of the next adjacent electrode
member of that set, to the other side of the
electrode member concerned, and so on, so
that the electrode members of the or each
further set form successive parts of respec-
tive continuous folded-electrode configura-
tions extending between, and around re-
spective free ends of, electrode members of
the members of the first and second sets,
and there being barrier means provided in
the device for forming the mutually trans-
versely directed shift channels.

6. A device as claimed in claim 1 or 2,
wherein three or more supply buses are
formed on each of the said respective
surfaces of the first and second substrates,
and wherein the electrode members of each
said array comprise first and second plurali-
ties of groups of electrode members, the

electrode members of the groups of the first
plurality of each said array being arranged

one after another along respective lines.

running in one direction across the substrate
surface on which the electrode members of
the array concerned are formed, and the
electrode members of the groups of the
second plurality of each said array being
arranged one after another along respective
lines running in another direction, trans-
verse to the one direction, across the subs-
trate surface on which the electrode mem-
bers of the array concerned are formed, the
one direction across the substrate surface on
which the electrode members of the first
array are formed being transverse to the one
direction across the substrate surface on
which the electrode members of the second
array are formed, the electrode members of
the first plurality of groups on each subs-
trate surface including first and second sets
of electrode members connected respective-
ly to first and second supply buses on the
substrate surface concerned by way of con-
necting conductors extending transversely
of the one direction on that substrate, the
electrode members of the first set alternat-
ing with those of the second set in the one
direction in each group of the first plurality
of groups on the substrate concerned, and
electrode members of the first and second
sets in the respective groups of the. first
plurality occupying similar positions along
the lines of the respective groups on the
substrate concerned being connected
together by such connecting conductors,
each group of the first plurality on each
substrate including one or more further sets
of electrodes, aligned with the electrodes of
the first and second sets of the groups
concerned, connected to respective further
supply terminals on the substrate surface
concerned, the electrode members of the or
each further set in each group of the first
plurality on each substrate surface being
connected in series with one another, and
the electrode members of the or each
further set in all of the groups of the first
plurality on the substrate being connected in
series with one another and with electrode
members of all of the groups of the second
plurality on the substrate, by means of
connecting conductors on the substrate, in
such a manner that the connection pattern
of electrode members of the first and second
pluralities of groups is of zig-zag or meander
form, the electrode members of the first
array each at least partly facing at least one
electrode member of the second array so
that electrode members of the groups of the
first and second plurality on one substrate
surface face electrode members of the
groups of the second and first pluralities, on

the other substrate surface, respectively, -

whereby mutually transverse shift channels
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are provided in the device between respec-
tive electrodes members, on respective
opposed substrate surfaces, of the first and
second pluralities of groups, and between
respective electrode members of the second
and first pluralities of groups. '

7. A device as claimed in claim 6,
wherein mutually transverse shift channels
intersect (i.e. the shift paths of the respec-
tive shift channels have a discharge point in
common) where electrode members of the
or of one of the said further sets on one
substrate surface face electrode members of
the or of one of the said further sets on the
other substrate surface.

A device as claimed in claim 1 or 4,
wherein the shift mechanism by which a

discharge spot can be caused to follow a

shift path in a shift channel in the device is a
combination of ordinary shift mechanism as
hereinbefore defined and hopping shift
mechanism as hereinbefore defined.

9. A device as claimed in claim 8, read
as appended to claim 4, wherein the shift
mechanism along shift channels provided
along the lines of the groups of one of the
first and second pluralities thereof is the
ordinary shift mechanism as hereinbefore
defined, and the shift mechanism along the
lines of the groups of the other of the first
and second pluralities thereof is a combina-
tion of the ordinary shift mechanism and the
hopping shift mechanism.

A device as claimed in claim 6,
wherein a third array of electrode members,
with dielectric material thereover, is formed
on the surface of the first substrate on which
the electrode members of the first array are
formed, so that respective discharge points
of the device are formed where respective
electrode members of the third and second
arrays face one another across the said
discharge gas space, there being an addi-
tional plurality of supply buses provided on
the said surface of the first substrate, and
the electrode members of the third array
being connected to the supply buses of the
additional plurality so that a discharge spot
can be caused, by application of driving
signals to supply buses of the device to move
in either of two mutually transverse general
directions across the device.

11. A device as claimed in claim 10,
wherein a region of the device where elec-
trodes of the first and second arrays face one
another is a write-in region, and a region of
the device where electrodes of the third and
second arrays face one another is a display
region, and wherein, when the device is in
use, a discharge spot can be caused to follow
a shift channel extending in a first general
direction in the write-in region, until it
reaches a desired position, and it can then
be caused to follow a shift channel extend-
ing in a second general direction, transverse

to the first general direction, and to move to
a desired display position in the display
region, whereafter it can be caused to move
back and forth, in a swaying mode, in the
first general direction, to provide a display.

12. A device as claimed in claim 11,
wherein, in such a display, one discharge
spot corresponds to one picture element.

13. A device as claimed in claim 11,
wherein, in such a display, a plurality of
discharge spots are employed in correspond-
ence to each picture element.

14. A device as claimed in any preced-
ing claim, in combination with driving cir-
cuitry, connected to the supply buses of the
device and operable to apply driving signals
thereto. »

15. A self shift gas discharge device
substantially as hereinbefore described with
reference to Figure 4, Figures 4, 5 and 6,
Figure 7 or Figures 7, 8 and 9 of the
accompanying drawings.

16. A self shift gas discharge device
substantially as hereinbefore described with

" reference to Figure 9, or Figures 9, 10, 11

and 14 of the accompanying drawings.

17. A self shift gas discharge device
substantially as hereinbefore described with
reference to Figure 12 or Figure 13 of the
accompanying drawings.

18. A self shift gas discharge device
substantially as hereinbefore described with
reference to Figure 15, Figures 15, 23 and
24, Figures 15 to 18, Figures 15 to'18 and 21,
or Figures 15 to 18 and 23 and 24, or Figures
15 to 18, 21, 23 and 24 of the accompanying
drawings. '

19. A self shift gas discharge device
substantially as hereinbefore described with
reference to Figure 19 or Figures 19 and 20
of the accompanying drawings.

20. A self shift gas discharge device
substantially as hereinbefore described with
reference to Figure 22, Figures 22 and 25,
Figures 22, 25, 26 and 27 or Figures 22, and
25 to 28 of the accompanying drawings.

HASELTINE, LAKE & CO.
Chartered Patent Agents,
Hazlitt House,

28, Southampton Buildings,
Chancery Lane,
London, WC2A 1AT.
-also-

Temple Gate House,
Temple Gate,
Bristol BS1 6PT.
-and-

9, Park Square,
Leeds LS1 2LH,
Yorks.

Agents for the Applicants.

Printed for Her Majesty’s Stationery Office,
by Croydon Printing Company Limited, Croydon, Surrey, 1981.
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained,

70

75

80

85

90

95

100

105

110

115

120

125



FIG. |

1590304 COMPLETE SPECIFICATION

This drawing is a reproduction of
26 SHEETS the Original on a reduced scale

Sheet 1
g So R
T "] 2 o 2 m ?
BT By o 5N
NN | N | N o
N \ N\ 3
AN AN 3
EIN B\ N
AN AN 1 o~
N 2
\ N
aN | O N <
ENAS A
1\ AN B Y
N &— \\"
NI < <
RE—oN N S
N s N | N
D @ 1
[<3] [44]
go— —

w3o———1



FIG. 2

Vsh

Vxa

wdl—N N _n na%® M N N nnn 0
h n_ n

1590304 COMPLETE SPECIFICATION
26 SHEETS

This drawing Is a reproduction of
the Original on a reduced scale

Sheet 2



1590304

26 SHEET

COMPLETE SPECIFICATION

S This drawing is a reproduction of
the Original on a reduced scale

Sheet 3

FIG. 3
XB
o
YA
N ( yAl xBI xB2
wi ya yb xb V!
o
Xa ya xa C[“
( yBI
,(yAz
w2
ol
; L
(yg2 |
xAl xA2
.J 3 o
XA Y8




Sheet 4

COMPLETE SPECIFICATION

the Original on a reduced scale

This drawing is a reproduction of

1580304
26 SHEETS

| x| vex|eex |g2x| 2ix|zex] 1eX) iex| iy
I >, N\
L AP0V 4 oo N iy
) %
AT esed | <
(AAG A KA
NQ\.\N v. \ N<I\
"‘ lmf \\_ /\.._
“ bt N2 NI N 7
i P PP \\ 48
] . b
| X T T A T2 T
P P20 N A T
\\ \/\,v.mv::\J fanY \\ mv\VJuw(ﬁl
VALAA T 0T KA
o4 1/ e s SO N2 \Km\
_./\ bfﬂ °f\ vf\ \\
Db -4
4

NNS

\;: N

N\

N
IS

<

N

N

N

g




FIG. 5

Ve

Vsh

S e

|

vxl

1530304 COMPLETE SPECIFICATION

This drawing is a reproduction of
26 SHEETS 4, Original on a reduced scale

Sheet 5

s
S
;_ —
- -]
g
§_ -]
F $ 3



FIG ©

Ve
1

d

Vsh
vl LN N N R li Nl

Ve
w2 Ll L 1 1

sh

Vx 3

Vsh

1590304
26 SHEETS

Vyl
Vy 2

COMPLETE SPECIFICATION

This drawing is a reproduction of
the Original on a reduced scale

Sheet 6

Ve '
/IIIIIII

Vsh

Vy 3



1590304

COMPLETE SPECIFICATION

This drawing is a reproduction of
26 SHEETS the Original on a reduced scale
Sheet 7
FIG. 7
Yb L~ xal - xa2 L -xa3 [ xad Xa Ya
/ Y4 < AL V4
///mc N4 \/ / ybl
// ’ L/ d\J L/ h\.J 4 V{BR
ar~ bilte 1A A _yal
wl o— \%\ NN NAN Y
LN A o A
¢ ,
7 /7 AP VA A /,// ya2
S ciis
4 d.CSZ J< /ﬁ d Béb3
| Zr‘\e. f‘\mj d ya3
w20 1 N \24 N
LS LN P A (/N ypb4
AL N
/ ///, % g /// yo4
74 /7
[ A G s
At Ta et e
BR xb! vxb2 xb3
Xb
FIG. 8
COLUMN SHIFT ROW SHIFT
c d e bficlp dheld ¢ b d e’

Vxa _!—I l’———‘l I'_—l J__
Vb ] I L 1
A S
wb —d T e




COMPLETE SPECIFICATION

This drawing is a reproduction of

1590304
26 SHEETS

the Original on a reduced scale
Sheet 8

ex .\\},
—— _— O — Z EA
=T : =T ' | T — I
| _I. ! ml T er 2.
" < - |+ ———t ~« ST, | 8 W __
i 1 IS G R I L Jb L Hl.VUNh
i m i Nuwxﬁ.wiv 2ogA “
t | X -
e e P e R M Rt e
I L] Ho_p Ll “ i
A i 22X %IJ 2x A g0eh |
et o I | ot St e s e 1 N |t e s st e Y gl =i il et vty | M A @ ml
| L L) Al B () S S D Wy iy — |
_ Il s ar oo T P _ ||
" L L S __..:lrh_ul_ , — (S U [y S O ad _“
r— T | — [ M
b1 B A=A A
_ = = {7 Reex i2ex | 12ex B |___
R I o e R B 1 10 | ! i i R |y iy I RISy
L jﬁ ! agx 311 T wex{ -1 Hogk |
by — S S R S B0 | G H PR S 4= -
_“ 1 i BQ,-_IJK” I !
HE. _ -t | ek
| r 1 -h =1+~ ’
[, -t —— e — b — — —_— — —— - — e ——
1 1T ek 4 gigh Tk -t [k T wk Y-
171 o AT i o i o A e AR O A I
. S B N e et - L—4— S T SV O K S A,
L xT gizx!T | a2ix3 Bigx x’ KT ixd
O DU B g’ prer] aiex’ eexl] | @ fix] niex” ¥ fuxI[
2x
1X

6 9ld



FIG IO

Ve
f I I Y Y |

Vsh

Vx i

Ve

Vsh

Vx2

Vsh

Vx3

1530304
26 SHEETS

LN
Qo

£ >

>

COMPLETE SPECIFICATION

This drawing is a reproduction of
the Original on a reduced scale

Sheet 9




FIG. I

Ve

Vsh

SR

Vxl

C Ve _Vsh
vx2_L I 1 | 1/1

Vx3

1590304 COMPLETE SPECIFICATION

This drawing Is a reproduction of
2 SHEETS the Original on a reduced scale

Sheet 10

|
l

. S
o
>"'L g-'\
.5 -—
>

Vyl
Vy2
Vy3



12

FIG.

1590304 COMPLETE SPECIFICATION

This drawing Is a reproduction of
26 SHEETS the Original on a reduced scale

Sheet 11
= ]

J N

N \Es Ny
N : l
- |
D \ R
Y N N RTN R § |
h=lIN O

c
(o7,

3a

&

b

L\m

c

Y/ .
{Z

7

w
—?Z 77
w




FIG. I3

Yl

1590304 COMPLETE SPECIFICATION

This drawing is a reproduction of
% SHEETS» the Original on a reduced scale

. Sheet 12

XS
>
. s
N — N\
NS NI
NN NN N NN
> S S
NI N
N A
N N
N <[\
h N
N B NE
Ny N
AR - oA
% SUE S N I S
INEENICINEENIBINEENIS N
S = SamS RS
v
N Yo
N
/§ | N
NG 1N
‘\fz\l Qr;\l

Xl




Sheet 13

COMPLETE SPECIFICATION
This drawing is a reproduction of
the Original on a reduced scale

1530304
26 SHEETS

X9 9¢ex
\JO
G
oy ]
[CE no.tmm& i
i
AN A
=L |
A& J33H
Y QT V
413101 | 441310
AV 7N A 74 T YW I\
\Vqﬁvﬁ *\J AW \J* —\Vo
mf or\m f\< A"
|
‘J
| |
=
o |
A 1
|



Sheet 14

COMPLETE SPECIFICATION
This drowing is a reproduction of
the Original on-a reduced scale

1590304
26 SHEETS

2X Ollll.nv.tlllllﬂj_ P S e . P b - \\\_
- j\\ “u.rn \\ m \__n.h.:“ _\\Illwv
e AN a1+ _L.J r< il “ AT rEY (= ;] 0 fl =
M vy 810y [l 3[4 vy (8] 13 (4 3] 13 (v 8]
] T T 1
L_L - “ “r L |II|“ “ “r PSS B 1"
el ) ] ]
l IS 1
s I el i el
| S | | N L | “ | S HIK
! i |
[
/ | o;_ \; _ | r .L_.WL \\_ .
5 N g o
\\--{ Y \\l.L 37 .
4\ e H )
wo————{Iml v {8] [o) o] @114 jv! (@] |9} {a] 3] [d} |vi [@]_
H H 1T
| ! 1
| q7 “ " ! q 1
bed — g | 1 -9 I | | e o
|| —rm . T S |
| all B ol
1
| o |
e I O 'yl L [ |
- e
L i J o !
4T | Ay 4 | !
.\\y/\ ; m\ m | |
|
FI:IIIIII_ “ : - " | S




Xt

16

FIG.

1590304 COMPLETE SPECIFICATION

This drawing is a reproduction of
26 SHEETS the Original on a reduced scale

Sheet 15

wi
Wiz

JE ADAC
X3 & &X2

Va s WAL (/c
,\
B8

Ny

f'\b
\JA
f\.) hY

bl'
h JA\AJ
Pt

e ¥
\Jl\




1590304 COMPLETE SPECIFICATION

This drawing Is a reproduction of
26 SHEETS 4he Original on a reduced scale

Sheet 16
FIG 17
. A ,B € _ . D_ E  F__A_B__C_
s NI S RGN I A S R 1
VP
SP P
vl L 111 llfu'ln_rlli/lnl
EP
Vx2 TN A
SP P
wa Lt T v oo
wil L1t nnmnnn it 1t 11t nn
weluue n by L1l onnmnnno .
w3l L 0 11t 1

BTT.T WINE, EENTRRY | T
© L A L L
W FNRTRI T LW NI

vw-WIIlIIWULLJ—LF_T_F




1590304  COMPLETE SPECIFICATION
%6 SHEETS This drawing Is a reproduction of

the Original on a reduced scale

Sheet 17
FIG 18
_dLeLfJA_:_b =_C#_1

V-J_J_;L_l_sﬁ\r\_m_n_n_ﬂ_ﬁl""lr’eﬁ L1 nn
x|
EP




COMPLETE SPECIFICATION
Sheet 18

This drawing Is a reproduction of
the Original on a reduced scale

1530304
26 SHEETS

rx
[ b Sleteyegp e o TTTTITITTT
EX g = N R <1
Yo+ L ¥ _ _ T
o ToT IT 07 % T T 2aqA
=91 nll..ull“l _ T~
[ S B 1 1 16! {----1 ex
y il I N R U o S I
M~ — [y R Y DU I S S S R JUN S s ween SN gy ey O S I T T - b—-
H | A rkn ria o Tyl Fll T
—LM! 1vi (8]0 |0} {3 [} 19] |H Vi8] 19|01 3] (4] 19] [H ViIi8 (9}
“ T I P “ | A !
| | 2119y ! !
L e [ !
L= " AL, L L N
1L ED I I Y i
Lot~ | | i Lot [ 1o _|||_I|IJ
I |
| | [ b———o-ra | [ I e |
! L (P} ! L P .
t _ T T ¥
i I - [l o = _
' e 3 Y —{—
B o i A N R i
; . T e o+
i
“ b 1 o 1 b
i | i (6] ! “ [ | Y -
| | S St ey b [ et o LB g
b=l T T T el
] A P Tl
- L L :
c~ftao | =1 rat-tal r&~ o At il A ..1“ r=51 rda red ) t YIS
wei ™ V! (8] D]a) (3] (3 B [H (v} 8] (9] |a] (3] (] (9 [H} v (& B[
! ! 7 1 o T
| I /] [ i 4 i
l H \— ] ] 4
— hadvd + “ ~\ J= D JF...IIIJ “ M m
™1/ 3 ™ |
N = R AV R
b T | | e [
& EA I 1 i i i T ||
YA L 1 D S
T T I [ T
)




FIG. 20

1590304 COMPLETE SPECIFICATION
This drawing Is a reproduction of

26 SHEETS the Original on a reduced scale
Sheet 19
i
5 o T
% t QQ%
7 > i 71
] gm
IS
o
Jo
O <o
| i Q||
To = 3 T
R 11| | L I
So- R




COMPLETE SPECIFICATION

This drawing is a reproduction -of
the Original on a reduced scale

1590304
26 SHEETS

Sheet 20

WNOIS
$$340aV 5
1 _ @ Y3LOVHVHO I \ gl
\ [ 11
o] LM HOLVAN 22 ¥3LNNOD 43INNOD
I HOLVHINIO m s jw] zwa
, ¥ILOVHVHO
¥300230
i JER. \\; v_\mm o
y3AlNG 8 A nm[ o~ - oYl
ALIuMm /] - - : ONVINWOD
pMI N @ | [ [ |[@ | [ w ][ MOY
HIAMG_ L JIHS ziwod | | 1iwou | Joiwou| |ewoy | |8 wod | |2wod
N
NV o o S——
@smxl”UJ -
ax>xw4r|;uuuuuuuu7@é -
| e _
(XANX X INVANGO
Mw. < 14IHS
!j.l_ (4 @ L} @ (9 @ || wm NWN10J
ysp o wou| |swou| |vwou| | ewod| |zwoy | | I Wod INUNOD
aivaange [ , e
ONIWIL’ 4300230
g’
12 9ld




1500304  COMPLETE SPECIFICATION

This drawing is a reproduction of
26 SHEETS the Original on a. reduced scale

Sheet 21

FIG. 22
X!
f
o L [ BYI
B A-coooooo oo —°
8Y3 [ P B *.L - |
: Ln-i | i -]
E Ln...2 i L
B T
P i
; :‘: 1:,1} -—__[
] il
i L? illi - Wi
oy Lt i W7
Sl tastaes e

X3 X2 Avi



1590304 COMPLETE SPECIFICATION
26 SHEETS This drawing is a reproduction of

the Original on a reduced scale

Shest 22

FIG. 23

Yi Y2 Yl
/// // //
s / ~ 2
e /s 1/ /
777777, V7277 A 72 4
N AN z\ €Y

FE DG CA®BAFETDC B-5
V772 /1\?771\, AN 7ZZNTANZ2 773N ™ 3
/ /

/ / // / J— 1

V1A A A A4 10

Xl X2 X3 Xe X X2 X3

FIG. 24

Y3 Y2 Yl Y2 Y3 Y2 Yl

4 // // 2
s
// // //

<

4 ¢ V4
.J\IA\N// /M\QA\Y % //3\(24\% \///l\/4

e d ¢ b A f e d ¢ bT1T-5
A WA N AN ¥
TN T AN 77777 —3
// // // |
| a 7 —"—
4 4
2 ya L

XI X2 X1



COMPLETE SPECIFICATION
This drawing is a_reproduction of
Sheet 23

the Original on a reduced scale

1590304
26 SHEETS

2x? 7ex
| CAV
] O
oa;>> o
IAY
}
€ AVo— fan
M A8 Vi8] A \J<r\_\1
G 1§ |.'f\*/.\ ﬂ.\. l.l!f\ f\‘lf\.f\
T VIl s ST S d 45
o oraray | J omu e
oZA8 4EY
<g®
o
2A8
. O
A8

IX° ©2X



1590304 COMPLETE SPECIFICATION

This drawing is a reproduction of

26 SHEETS the Original on a reduced scale
Sheet 24
FIG. 26
COLUMN SHIFT ROW SHIFT
FAB| BC |CDE| EF |FAB|fAb| bc |cde | ef |fAb! .
Vx| Ly LIy ninninn
vx2 lninnnnbnninonn g J'LJ'L_H_I'UI'I_H_
vx3 | non/nn nnnnnn
wal mmmmmm_n_nmm
Vya2 L] Lnnnn| NN nony
Vya3 L1 J\_n‘_n_n JLJ‘L’I'IJL__J'LJ'L
vw HUL | : " -
Vybl |1 lnnlnninnnn lnalnnlnn
Vyb2 UL_n_WLn__eran__n_n_n_n_xm_an_n_n
Vyb3 mmmmmmmwﬂ_m
va | TRVERTAY ATkt
[
ve M, |
ve A
1 .
0 ATy
ve A P
v LA LA
vw Mw—\nrr‘u—\w: m{‘u—u}-um-u—uw




1590304 ~ COMPLETE SPECIFICATION
96 SHEETS 'his drawing is a reproduction of

the Original on a reduced scale

Vb

Ve

vd
Ve

Vf

FIG. 27

COLUMN SHIFT

ROW SHIFT

FAB

BC |COE | EF |FAB

fAb

bc

cde

ef |fAb

i

|

|
|
My

Sheet 25



COMPLETE SPECIFICATION

1590304
26 SHEETS This drawing is a reproduction of

the Original on a reduced scale

Sheet 26

 §3AING 3LIHM

- IYNOIS
_ R $s34aaqV
Y3LOVHYHO
22 | €2
LM ~ HO1VHIANIO
e 127 M20712 43INNOJ ] ¥31NNOD
i == y¥oivy3aN3O N\
. ) | T §310VHVHD i 1+ug Trmén
82’ A 1ML T
yz~| 4300030
HIAIYA LAHS M oy Uy
cago— T HgAAL P LiNOYID 31VHINTD ONIWIL 44~
Ao 2Adl ; : ]
savo—L 1} , gwoy [ | 2wou 9 WoY S WoY
avo—H ||| ==
PO — oe
1A%
-
vt [
LR s e o
tl@vay | ] a3 j@Eaen ] o8 _
? ¥ WOd £ WOy Z Woy | WOM
1Xo- : Ln,_qzzoo
T bd £d 2d id 14IHS
" 9z ) ¥300230
. T mN\
SA 62’

8¢ 9lId



