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PLASMA DRIVING CIRCUIT

BACKGROUND OF THE INVENTION
1. Field of.the Invention

The presént invention relates to a circuit for
dfiving a plasﬁalcell used in a display device or the like,

and more particularly to a plasma driving circuit for

sequentially discharging and driving a plurality of plasma

channels provided in a plasma cell. And further
particularly the invention relates to a technique of
suppressing a rush current (surge) derived from an internal

capacity of a plasma driving circuit.

2. Description of Related Art

It has been known heretofore that a plasma cell
having a plurality of plasma channels is employed in a
plasma display device (PDP). Relative to a plasma
addressed liquid crystal display device (PALC) where a
plasma cell is utilized for addressing a display cell,
exemplary ones are disclosed in U.S. Patent No. 4,896,149
to Buzak (Issue date: Jan. 23, 1990) and U.S. Patent No.
5,077,553 to Buéak (Issue date: Dec. 31, 1991). 1In such-
display deﬁices, each of the plasma channels is equipped

with an anode and a cathode as.a pair of discharge
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electrodes. The plasma driving circuit connected to the
plasma cell sequentially supplies a discharge voltage
between the anodes and the cathodes of the individual
plasma channels to thereby generate plasma discharges. In
utilizing a plasma cell for a PDP or a PALC, it is
necessary to generate stable plasma discharges in the
individual plasma channels without any secular change that
may be caused with a lapse of time.

However, in generation of a plasma discharge; there
may occur a case where an unintended and unrequired current
(rush current) fiows from a plasma driving circuit. Such a
rush current results from the internai capacity of the
plasma driving circuit and, since it is difficult to
control the flow thereof, the rush cufrent renders the
plasma discharge uhstable. Generally, the service life of
a plasma cell consisting of a structure with a set of
plasma channels is.in inverse proportion to the square or
cube of discharge current, whereby there is raised a
problem that the service life is shortened correspéndingly

to the addition of rush current.

SUMMARY OF THE INVENTION
It is therefore an object of the present invention

to provide an improved plasma driving circuit which is



adapted to eliminéte the drawbacks observed in the
previous;y proposed technique and to realize a prolonged
service life of a plasma cell and stabilized plasma
discharge by suppressing any unrequired rush current that
flows to eanh plasma channel. |
Accdrding to one aspect of the present invention,
there is provided a plasma.driving éircuit which
fundamentally comprises a plurality of complementary
swifches, a constant current source and a scanner so as to
sequentially discnarge.and drive a plurality of plasma
channels. The plurality of complementary switches are
provided correspondingly to individual plasma channels.
The constant current source is connected in commnn to each
of the complementary switches and supplies a constant
discharge current thereto. And the scanner sequentiaily
turns on and off the complementary switches under control
to thereby distribute the discharge current sequentialiy to
the corresponding plasma channels.- As a characteristic
requisite of the present invention, each complementary
switch includes a suppressing means in its output stage to
suppress the output of a rush current resulting from a
‘capacitive component which is existent in the relevant
complementary switch. The suppressing means may be a diode

element whose capacitive component is sufficiently smaller



than that existent in thelcomplementary switch. The
suppressing means preferably includes a resistance element
connected in series to the diode element. And its
resistance value is preferably so optimized as not to limit
the discharge current substantially but to be adapted for
suppressing the rush current effectively.

In the present invention, the output capacity of
the plasma driving.circuit is reduced by additionaliy
connecting a diode element to the output of the circuit.
And due to further additional connection of an optimized
resistance element to the output of the plasma driving
circuit, it becomes possible to efficiently suppress the
rush current. Such configuration is effective for
suppressiﬁg any unrequired current that flows from the
plasma driving circuit to each of the plasma channels,
hence realizing a prolonged service 1ife of the plasma cell
-and stabilizing the'plasma discharge.

The above and other features and advantages of the
present invention will become apparent from the following
description which will be given with reference to the

illustrative accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram of a first embodiment



representing the plasma driving circuit of the present
inVention; |

-Fig. 2 is a circuit diagram showing a flow path of
a rﬁsh current resulting from an internal capécity of the
plasma driving circuit;

Figs. 3A and 35 show waveforms of an anode current
Ia, a plasma luminous intensity E;, and a cathode voltage Vg
measured in the circuit of Fig. 2 by an oscilloscope;

ﬁigs. 4A and 4B show waveforms of anode currents I,
and plasma luminous intensities Ej measured in the circuit
of Fig. 2 by the oscilloscope under the conditions with and
without a load resistanée, respectively;

Figs. 5A to 5D are waveforms of anode currents I,,

' plasma luminous intensities E;, and cathode voltages Vk
measured in the circuit of Fig. 2 by the oscilloscope under
the conditions with and without a diode element,
respectively;

Fig. 6 is a circuit diagram of a second embodiment
representing the plasma driving circuit of the present
invention;

Figs. 7A to 7C show waveforms of anode currents T,,
plasma luminous intensities E; and cathode voltages Vg
obtained by the oscilloscope while changing the resistance

value of a resistance element;



Fig. 8 is a block diagram of an.exemplary plasma
addressed liquid crystal display device where the plasma
driviﬁg circuit of the present.invention is incorporated;

Fig. 9 is a block diagram showing a concrete
structure of the plasma addressed liquid crystal display
device shown in Fig. 8;

Figs. 10A and 10B show waveforms of anode currents
I, and cathode voltages Vg obtained by the osciiloscope
while changiﬁg the internal capaéity of the plasma driving
circuiﬁ;

Fig. 11 gréphically_shows the relationship between
the internal capacity and thé discharge voltage; and

Fig. 12 graphically shows changes caused in the

discharge voltage with a lapse of time.

DESCRIPTION QF THE PREFERRED EMBODIMENTS

Hereinafter some preferred embodiments of the
present intention will be described in detail with
reference to the accompanying drawings. Fig. 1 is a
circuit diagram of a first embodiment representing the
plasma driving circuit of ﬁhe présent invention. As shown
in the diagram, the plasma driving circuit is so formed‘as
to discharge apd drive a plurality of plasma channels 1

sequentially. Each of the plasma channels 1 has an anode



(A) 2 and a cathode (K) 3'as a pair of discharge
electrodes. And a plasma discharge is generatéd wheﬁ a
predetermined discharge current is supplied between the
anode 2 and the cathode 3. A plurality of such plasma
channels 1 are assembled to constitute a plasma cell for
use in a PDP or a PALC. When a plasma éell is incorporated
in a PALC for example, the number of reduired plasma
channels is equal to that of §icture scanning lines, e.g.,
480. The plasma driving circuit of. the invention includes
" a plurality of complementary switches éorrespondingly to
the individual plasma channels 1. 1In this first |
embodiment, each complehentafy switch consists of a P-type
transistor 4 and an N-type transistor 5 which form a pair.
A source electrode of the P-type transistor 4 is connected
the anode 2 of the corresponding plasma channel 1, and its
drain electrode is.connected to the cathode 3 of the
corresponding plasma channel 1. Meanwhile a drain
electrode of the N-type transistor 5 is connected to the
cathode 3 of the corresponding plasma channel 1, and its
~source electrode is connected in common. Therefore the P-
type transistor 4 and the N-type transistor 5 are connected
in series to each other, and the middle joint thereof is
connected as an output tefminal to the cathode 3. A

constant current source 6 is connected to the common-



connected source electrodes of the entire N-type

- transistors 5 so as to supply a constaﬁt discharge current
(100 to 200 mA) to each complementary switch. A gate
driver 7 is connected to the gate electrode of each P-type
transistor 4, while a gate driver 8 is connected to the
gate electrode of each N-type transistor 5. The on/off
actions of the complementary switches are sequentially
controlled by means of a scanner (ﬁot shown) wvia the gate
drivers 7 and 8, so that the discharge current supplied
from the constant éurrent source 6 is sequentially’
distributed to the corresponding plasma channels 1. In the
leftmost complementary switch in the shown example, its P-
type trénsistor is in an off-state while its N-type
transistor is in an on-state. Consequehtly the first
plasma channel is connected to the constant current source
6, so that a.plasma discharge is generated. However, in |
the second .complementary switch, its P-type transistor is
in an on-state while its N-type transistor is in an off-
state. Consequently the relevant plasma celi 1 is
disconnected from.the-conétant current source 6,. so that né
plasma charge is generated. At this time, the paired anode
and cathode are short-circuited by the P-type transistor in
an on-state. Similariy the third plasma channel 1 is also

disconnected from the constant current source 6, so that no
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plasma discharge is generated either. Thus, with such
rightward sequential on/off control of the P-type and N-
type transistors included in the individual cdmplementary
switches, it becomes possible to sequentially select,
discharge and drive the plurality of plasma channels.

As a characteristic requisite of the present
invention, a'suppressing means is included in the output
stage of eéch complementary switch so as to suppress the
output of a rush current resulting from the capacitive
component existent in the complementary switch. More
specifically, the suppregsing means consists of a diode
element 9 inserted in the output stage of each
complementary switch. The diode element 9 has a capacitive
component (e.g., 1 pF) sufficiently smaller than the
capacitive component existing in the complementary switch
(i.e., the source-drain capacity (10 pF or so) of the N-
type transistor 5). Thus, when the diode element 9 having
a capacitive component sufficiently smaller than the
internal capacity of the complementary switch is inserted
in the output terminal as described above, the output
. capacity of the plasma_driving circuit is equivalently
lowered to achieve suppression of the rush currenti

Fig. 2 is a circuit diagram showing a flow path of

a rush current, wherein any component parts corresponding
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to those in Fig. 1 are denoted by like reference numerals
to make the configuration better uhderstood. However( each
diode element 9 serviﬂg as a suppressing means is omitted
in this diagram so as to show a rush current flow path. As
described above, a plurality of complementary switches are
provided correspondingly to a plurality of plasma channels
1. Each of the complementary switches consists of a P-type
_ transistor 4 and an N—type.transistor 5 forming a pair.
Gate drivers 7 and 8 are connected to the transistors 4 and
5, reépectivelyu A constént current source 6 .is connected .
in common to the individual complementary switches. The
first plasma channel 1 is éelected in the state shown as an
example, whérein a discharge current (anode current) I
flows along a normal path denoted by a thick line.
Meanwhile a rush current flows separately therefrom alon§
an internal path denoted by a thin line.  Since this rush
current flows in the selected first plasma channel by way-
of the internal path (closed loop), it is impossible to
control the rush current by the constant current circuit 6
differently from the.anode current In. The generation of
such rush current is based on the phenomenon that the
charge stored in the output capacity between the sources
and the drains of ﬁhe second and succeeding N-type

transistors 5 in an off-state flows by way of the internal
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path denoted by a thin line. In a case where a.total of
500 N—typé tfansisfors 5 in an off-state are included for
example, the charge accumulated iﬁ the sum (approx. 5 nF)
of the output capacity (10 pF or so) of each N-type
transistor forms a rush current which flows in one selected
plasma channel, whereby a considerably great current load
is produced. |

Figs. 3A and 3B are oscillégrams each showing an
aspect of a plasma discharge generated in the plasma
driving circuit of Fig. 2. As graphically shown in Fig.
3A, an undesirable rush current is observed in the anode
' current iA. This oscillogram is so scaied that one
graduation of the abscissa indicates 5 s, and one
graduation of the ordinate indicates 50 mA. It is ideal
that the anode current I, is square in waveform, but
actually an undesirable rush current appears at the rise
time. Such a rush current isinot fequired essentially, and
it raises serious problems of shortening the service life
of the plasma cell and rendering the discharge unstable.
Fig. 3B is an oscillogram showing waveforms of a cathode
voltage Vx and a luminous intensity E;, of ‘a plasma
discharge, wherein the upper one of two curves denotes Ep
while the lower one denotes Vkx. In this oscillogram, one

graduation of the abscissa indicates 5 um, and one
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graduation of the ordinate indicates 100 V. As obvious
from the curve of Ep, there is observed an undesirable rush
discharge caused by an undesirable rush current. The
luminous intensity E;, of a plasma discharge is the one
detected by the use of a photomultiplier, and this
oscillogram represents the detected voltage thereof.

Figsf 4A and 4B are oscillograms showing the
results of simultaneous measurements of anbde,currents‘IA
and plasma luminous intensities E;. The waveform of Fig.
4A represents the result of a measurement obtained without
connecting any load resistance to the anode side in the
configuration of the plasma driving circuit shown in Fig.
2. In a case where none of load resistance is inserted,
the anode current I, and the plasma luminous intensity Ep
conform to each other in waveform and are reasonable.
Meanwhile the waveform of Fig. 4B represents the result of
another measurement obtained by additionally connecting a
predetermined resistance to the anode side. As shown, the
anode cﬁrrent I ié suppressed by insertion of the load
resistance and its waveform is rounded, whereas the
waveform of the plasma luminous intensity E; remains
substantially uhchanged. Thus, I, and E; are not coincident
mutually to thereby verify the existence of an_independent

discharge current path (i.e., rush current path) in the
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plasma driving circuit. For the purpose of suppressing
such rush current, a diode element is inserted in the drain
side (output stage) of an N-type transistor, as shown in
Fig. 1. Aalthough the diode element itself also has a
capaciti&e component, its wvalue is'settable to be
sufficiently smaller than that of the N-type transistor.
Consequently the total capacitive component is feducible to
be less than 1/10 (10 pF to 1 pF), hence diminishing the
rush current in accordance with such reduction.

Figs. 5A through 5D are oscillograms showing the
effects of a diode element. The waveform of Fig. 5A
represents an anode current I, obtained without insertion
of any diode element. In this graph, oneée graduation of the
abscissa indicates S Km, and that of the ordinate
indicates 50 mA. There is seen a great amount of rush
current flowing during a period of 2 Us or so at the rise
time. Meanwhile the waveform éf Fig. 5B represents an
anode current I, obtained with insertion of a diode
element. Due to connection.of a diode element to the
output stage of a complementary switch, the rush current is
diminished to be less than 1/10, so that there is left
merely a siight surge corresponding to thé-response (time
_constant) of the constant current circuit.

The waveform of Fig. 5C represents a plasma
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luminous intensity E;, and a cathode voltage Vg obtained
without using any diode element. 1In this graph, one
graduation of the abscissa indicates 5 us, and that of the
ordinate indicates 100 V. Meanwhile the waveforms of Fig.
5D represent a plasma luminous intensity E;, and a cathode’
voltage Vg obtained with insertion of a diode element. As
obvious from a comparison of the above two graphs, the rush
discharge and so forth aré restrained by the suppreésion of -
the rush current. 1In each of these oscillograms, the upper
curve denotes Ep while the lower curve denotes Vk.

Fig. 6 is a ;ircuit diagram of a second embodiment
representing the plasma driving circuit of the'present
invention. The fundamental configuration thereof is the
same as that of the above-described first embodiment éhown
in Fig. 1, and any component parts in Fig. 6 corresponding
to those in Fig. 1 are denoted by like reference numerals
to make the circuit better understood. The point different
from the first embodiment resides in that a resistance
element 10 ié connected in seriés to the diode element 9.
This resistance element 10 is inserted for elimination of
the slight surge corresponding to the response of the
aforementioned'constant current circuit. 1In other-words,
the resistance element 10 is inserted for the purpose of

rounding the rise of an anode current. The resistance
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.Value of this-elément 10 is so optimized as not to limit
the discﬁarge current.substantially but to be adapted for
suppressing the rush current effectively. In this
embodiment, for example, the resistance value of the
element 10 is set in a range of 200 to 300 ohms. However,
since this résistance value is dependent on the size of the
plasma cell and so forth, it is necessary that the
resistance value be optimized individually.

Figs. 7A through 7C are osciliograms'which express
the effects achieved by additional connectioh of a
resistance element 10 to a suppressing means. Fig. 7A
shows an anode current I, obtained with change of the
resistance value of the element 10, wherein one graduation
of the ordinéte indicates 50 mA, and the time taken along
the abscissa is compressed on scale. The resistance value
of the element 10 is changed from 0 to 1506 ohms in this
example. As manifest from the result of the measurement,
the surge suppression effect is low if the resistance value
is excessively small. However, in a case where the
resistance value is excessively large to the contrary, it
becomes impossible to cause proper flow of a required
current (constant current value: 100 mA). It is seen
therefore that, in this example, the optimal resistance

value of the element 10 ranges from 200 to 300 ohms. The
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plasma cell employed in this measurement is of 14-inch
size. Assuming that a plasma cell of any greater size is
used, the resistance value of the element 10 ﬁay be reduced
correspondingly thereto. The oscillogram of Fig. 7B shows
the plasma luminous intensity_EL obtained when the
fesisﬁance value is zero. MEaﬁwhile'the waveforms of Fig.
7C show the plasma luminous intensity E;, and the cathode
voltage Vg obtained when the resistance value is 300 ohms.
As obvious from a comparison of the'two graphs, the rush
discharge resulting from any surge can be suppressed by
inserting a resistance element. In each of the above
oscillograms, one graduation of the.abscissa indicates

S us, and that of the ordinate indicates 100 V.

Nearly the entirg rush current can be suppressed by
carrying out the countermeasures described above, hence
'realizing a prolonged service life of the plasma cell and
stabilization of the discharge. It is a matter of course
that the diode.elements and the resistance elements can be
formed into an integrated circuit together with the
complementary switches, whereby the production cost is not
increased so much. |

Fig. 8 is a block diagram showing an exemplary
application of the plasma driving circuit according to thé

present invention. In this example, the plasma driving
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circuit is empléyed to drive a plasma addressed liquid
‘crystal display device. The liquid crystal display device
has a flat panel structure whefe a liquid crystal cell and
- a plasma cell are superposed. As shown in the diagram, the
liquid crystal cell comprises a plurality of data
electrodes D1, D2, ..;, Dm arrayed in columns, while the
plasma cell comprises a plurality of plasma channels
arrayed in rows. Each of the plasma channels consists of
an anode A and.a cathode K which form a pair. The cathodes
Kl, K2, K3, ..., Kn-1, Kn are arrayed sequentially in the
vertical airection, while the anodes Al, A2, A3, ..., An-1,
An are arrayed alternately to the cathodes and are grounded
to a reference voltage Vo. And pixels 11 arrayed in the
form of a maﬁrix are prescribed between the column data
electrodes D and the row plasma channels (K, A). This
liquid crystal display device further comprises a plasma
driving circuit 12, wherein selection pulses are applied to
the cathodes K of the plasma channels with line-sequential
scanning, whereby plasma discharges are generated in the
plasma channels. This plasma driving circuit 12 may be
composed of such a circuit configuration as that shown in
Fig. 1 or 6. The display device further includes a displéy
driving circuit 13, wherein picture signéls are

successively applied to the data electrodes D in
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synchronism with-the line-sequential scanning so that a
desired picture is displayed. The plasma driving circuit
12 and the display driving circuit 13 are controlled
synchronously with each other by a control circuit 14.

Fig; 9 typiéally shows a concrete structure of the
plasma addressed 1iquid‘crystal display device in Fig. 8.
This device has a laminated flat panel structure where a
liquid crystal cell 21 and a plasma.cell 22 are superposéd
integrally via a microsheet glass 23 as a dielectric sheet.
The liquid crystal cell 21 is composed by the use of an
upper glass substrate 24 and is stuck to the microsheet
glass 23 with a predetermined gap kept therebetween. This
gap is filled with a liquid crystal layer 25. And a
plurality of striped data electrodes D are provided on the
inner surface of the glass substrate 24.

The plasma cell 22 is composed by the use of a
lower glass substrate 26. And a plurality of striped
gtooves 27 are formed in the inner surface of the glass
substrate 26. These grooves 27 intersect orthdgonally with
the data electrodes D and have paired electrodes of
anodes/cathodes Al/K1l, A2/K2, A3/K3 and A4/K4 therein. The
gréoves 27 are hermetically sealed up with the microsheet
glass 23 to thereby form plasma channels whiéh are

separatedlindividually from one another, and an ionizable
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gas is containgd therein.

As described above, the display driving circuit 13
is connected to each of the data electrodes D, and a
_desired picture signal is applied thereto. In this
example, the display driving citcuit 13 is typically
illustrated as a signal source for the purpose of making
the diagram better underétood, and it is grounded to a |
predetermined réference potential Vy. Meanwhile the
aforementionéd plasma driving circuit 12 is connected to
each of the paired electrodes of gnodes/cathodes Al/K1,
A2/K2, A3/K3, A4/K4 and; with line-sequential scanning of
the row plasma channels, a predetermined discharge current
is applied during the respective selected periods. For
this purpose, a constant current source 28 is provided.
Further, complementary switches P1/N1, P2/N2, P3/N3 and
P4/N4 are provided correspondingly to the plasma channels.
Each of such camplementary switches éan be composed by
combining a P-type transistor and an N-type trahsistof. In
the state shown in the diagram,.the third plasma channel is
selected while the remaining plasma channels are not
selected. 1In a non—selecﬁed state, a P-type trahsistor is
closed while an N-type transistor is open, whereby the
cathode of each non-selected plasma channel is connected to

the reference potential (anode potential) V,. .However, in
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a selected state, the relevant complementary switch is
changed so that its P-type transistor is opened while its
N;type traﬁsistor is closed. When the discharge current
once applied is released, the complementary switch is
changed again momentarily so that its P-type transistor is
closed while.its N—type-transistor is opened.

Finally, referring to Table 1 and Figs. 10 through
12; some measured data of the plasma driving circuit
according to the present invention will be introduced below
for reference. As described above, the current determined
by the internal capacity of the plasma dfiving circuit
conmnected in series to the plasma cell flows in as a rush
current in additlon to the essential constant current,
hence exerting harmful influence on the service 1ife éf the
plaéma cell. If the plasma driving circuit has a great
internal éapacity, picture distortion that results from
some undesirable discharge due probably to deterioration of
theldiséharge electrodes tends to occur in an.early stage.
With regard to this point, an aging éxperiment was
conducted while varying the internal capacity (total) of
the plasma driving circuit, and_the generation time of
undesifable discharge (arc diécharge or the like) was
measured. The plasma cell used for the measurement was one

incorporated in the plasma addressed liquid crystal display
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device, and the discharge condition for each plasma channel
was 300 v/100 mA'(per line), which was set in a constant
current circuit. The result of such measurement is shown

in Table 1 below.

TABLE 1
Internal capacity Undesirable discharge
(Total) | generation time
1 nF ‘ _ 96 minutes
10 nF 10 minutes

As obvious from the above table, the undesirable
discharge generation time was 90 minutes when the internal
capacity was 1 nF. In comparison therewith, the generation
time was 10 minutes when the internél capacity was 10 nF.

Fig. 10A shows a voltage—current waveform obtained
when the internal capacity is 1 nF, and similarly Fig. 10B
shows a voltage—current waveform obtained when the internal
capacity is 10 nF. It is seen therefrom that, in case the
internal capacity is 1 nF, the constant current response is
fast as 1 ks or so. However, in a case where the internal -
capacity is 10 nF, the constant current response is
rendered so slow as 10 uUus, Whe;eby the waveforﬁ is not kept

at a fixed level during the discharge period. Thus, it is
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comprehended that, under the fixed conditions relative.to.
the discharge voltage énd the limit current, the rush
current is increased correspondingly to the larger amount
of the internal capacity of the plasma driving circuit, so
that the time of occurrence of the picture distortion
caused by the undesirable dischargé is expédited to a
cénsiderably great extent. It is therefore important that
the internal capacity of the plasma driving circuit be
diminished iﬁ order to suppress any undgsirable discharge.

It is presumed that, since the current determined
by the internal capacity of the plasma driving circuit
connected in series to the plasma flows in as a rush
current in addition to the constant current limit,
generation of undesirable discharge such as arc diséharge
is prone to occur. In view of the above presumption, the
internal capacity of the plasma driving circuit and the'
condition of causing undesirable discharge were. obtained by
measuring the voltage and the current. As a result, it has
been found that the smaller the internal éapacity, the
undesirable discharge generating.voltage becomes higher and
also the uniform discharge start VOItage becomes higher as
well.

Fig. 11 graphically shows the relationship between

the internal capacity and the undesirable discharge start
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voltage, and also the relatioﬁship between the internal
capacity and the uniform discharge start voitage. It is
seen therefrom that, when the internal capacity of the
plasma driving circuit is small, the voltage margin for
attaining normal uniform discharge is rendered large. 1In a
state of practical use, the best result is échievable by
minimizing the internal capacity and generating plasma -
discharge at a voltage slightly higher than the uniform
discharge start voltage.

If the internal capacity of the plasma driviné
circuit is large, the rush current other than the constant
current limit is increased to consequently'cause ready
generation of undesirable discharge. The internal capacity
and the_undesirable discharge generating voltage and
current were measured in regard to changes thereof with a
lapse of time. Fig. 12 graéhically shows the changes
observed with a lapse of time in the relationship between
the internal capacity and the uniform discharge start
voitage and also in the relationship bgtween the internal
capacity and the undesirable discharge start voltage. With
a certain lapse of the discharge time,lthe'unaesirable
dischargé generating voltage is gradually lowered, so that
the voltage range adequate for uniform_discharge is

narrowed. In this case also,. a smaller internal capacity
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is more advantageous since the voltage margin for attaining
uniform discharge is rendered larger.

In the present invention, as mentioned above, a
low-capacity diode element and, when necessary, ai
resistance element also, are inserted in series to each
output of the plasma driving circuit. Due to this
configuration, the internal capacity of the circuit can be
reduced ﬁo consequently suppress ény.unrequired discharge
rush current, heﬁce diminishing the total discharge current
to eventually prolohg the service life of the plasma cell.
As the uncontrollable discharge rush current is thus
suppressed, there is achievable andther ad&antageous effect
of stabilizing the plasma discharge.

Although the present invention has been described
hereinabove with reference to some preferred embodiments
thereof, it is to be-understood that the invention is not
1imitea to such embodiments aloné, and a variety of other
-modifications and variations will be apparent to those
skilled in the art without departing from the épirit of the
invention.

The scope of the invention, thereforé, is to be

determined solely by the appended claims.
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WHAT IS CLAIMED IS:
1. A plasma driving circuit for sequentially driving a
plurality of plasmé channels, comprising:

a plurality of compiementary switches provided -
correspondingly to said plasma channels;

a cohstant current soﬁrce connected in common to
each of said complementary switches and supplying a
prédetermined discharge current thereto;

a scanner for sequentially controlling the on/off
actions of said complementary switches and distributing
said discharge current to the cqrrésponding plasma
channels; and

a suppressing means included in the output stage of
each of said complementary switches and serving to suppress
the output of a rush current which results from a
capacitive coﬁponent existent in each of said complementary
switches. |
2. 'The plasma driving circuit according to claim 1,
wherein said suppressing means is a diode element having a
capacitive cqmponent sufficiently smaller than the
capacitive component existent in each of said complementary
switches.

3. The plasma driving circuit according tp claim 2,

wherein said suppressing means is a resistance element
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connected in series to said diode element.

4. The plasma driving circuit according to claim 3,
wherein the resistance value of said resistance element is
so optimized as not to limit the discharge current
substantially but to be adapted -for suppressing the rush
current effectively. |

5. A plasma addressed display device comprising:

a display panel having a stacked structure
consisting of a display cell with a plurality of data
electrodes arrayed in columns, a plasma cell with plasma
channels arrayed in rows, and a dielectric sheet interposed
between said display panel and said plasma'cell;

a plasma driving circuit for sequentially driving
said plasm channels to thereby address said display cell
line-sequentially, said plasma driving circuit having a
plurality of complementary switches provided
correspondingly to said plasma channels, a constant current
source connected in common to each of said complementary
swi;ches and supplying a predetermined discharge current
-thereto,_a scanner for sequentially coﬁtrolling the on/off
actions of said complementary switches and distributing
said discharge current to the corresponding plasma
chanpels, and a suppreésing means included in the output

stage of each of said complementary switches_and serving to
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suppress the output of a rush current which results from a
capacitive component existent in each of said complementary
switches; and

a display driving circuit for supplying picture
signals to said data electrodes in synchronism with the
line-sequential addressing.'
6. The plasma addressed display device according to
claim 5, wherein said suppressing means is a diode elemént
having a capacitive component sufficiently smaller than tﬁe
capaqitive component existent in each of said complementary
switches.
7. The plasma.addresSed display device according to
claim 6, wherein said suppressing means is a resistance
element connected in series to said diode element.
8. The plasma addressed display device acéording to
claim 7, wherein the resistance value of said resistance
element is so optimized as not to limit the discharge
current substantially but to be adapted for suppressing the

rush current effectively.



