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1 PLASMA DRI VI NG TI'RCUI T BACKGROUND OF THE INVENTION 1. Field of the
Inventlon The present invention relates to a circuit for driving a plasm
cell Used in a display device or the |ike, and nore partlcuI?II to a
plasma driving circuit for sequentially dréchargln P plurality
of plasma channels provided in a plasma cell. And f particularly the
I nvention relates to a techni que of suppressing a rush current (surge)
derived froman internal capacity of a pllasma driving circuit. 2.
Description of Related Art It has been known heretofore that adplafna cel
having a plurality of plasnma channels is enmployed in a plasma display _
deV|cg (PBP) Rel ative to a pl oMY §g§ F&&GU@Tcrystal dlsplay devi ce
(PALC) -where a plasma cell is utilized for addressing a display cel
exenplary ones are disclosed in U S. Patent No. 4,896, 149

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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to Buzak (Issue date: Jan. 23, 1990) and U S. Patent No. 5,077,553 to Buzak
(I'ssue date: Dec. 31, 1991). In such display devices, each of the plasna
chanrtel s i s equi pped with an anode and a cathode as.a pair of discharge

-2- electrodes. The plasma driving circuit-Zonnected to the plasm cel
sequentially supplies a discharge voltage between the anodes and the

cat hodes of the individual plasma channels to thereby generate plasma

di scharges. In utilizing a plasma cell for a -PDP or a PALC, it is necessary
to generate stable plasma discharges in the individual plasm channels

Hoever , 11 qeRLRarTHERT 4 SPENS CERELOR, CLAGHL fRGARREAS £QERE wher o

an_unintended afd unre U|red CU%H%HH (rushlgurrené%séﬂé¥w frgplf pl asma

dri vi ng circuipla sequen Y supplies a ge 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 correspondingly

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
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eit is difficult to control the flow thereof, the rush

he plasma di scharge unstable. Generally, the service life
consisting of a structure3mith a set of plasma channels is

tion to the square or cube of discharge current, whereby
problemthat the service life is shortened :

o the addition of rush current. SUMVARY OF THE | NVENTI ON
n object of the present invention to provide an inproved
rCU|t whi_ch i s -3 - adapted to elimnate the drawbacks

esllﬁ%ﬁﬁ%ﬂhﬁeéﬁﬁwla%@‘%@%#‘f%%lmk &he prol onged

plasma cell and stabilized plasna

previously 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 each plasma channel.

According to one aspect of the present invention,

there is provided a plasma.driving éircuit which

fundamentally comprises a plurality of complementary

switches, a constant current source and a scanner so as to

sequentially discharge 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 common to each

of the complementary switches and supplies a constant

discharge current thereto. And the scanner sequentially

turns on and off the complementary switches under control

to thereby distribute the discharge current sequentially to

the

corresponding plasma channels.. As é 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



di scharge by suppressing any unrequired rush current that flows to each

pl asma channel . According to one aspect of the present invention, there is
provided a plasnma driving circuit which fundamentally conprises a plurality
of conplenentary switches, a constant curyent source and a scanner so as to
sequentially discharge and drive a plurality of plasma channels. The
plurality of conplenentary switches are provided correspondingly to

i ndi vi dual plasma channels. The constant current source is connected in
common to each of the conplenentary switches and supplies a constant

di scharge current thereto., And the scanner sequentially, turns on and off

t he conpl enent Elﬂ?/ns e HELSHRRT 1o COPRlERERERYY dP¥itEhyt Theare

di scharge current sequentially to the correspondi ng plasma channels. As a
charact eri st i cSYRREFSTIRG drealke phiefsarblynierindas eatesierneselenepnt
switch includes a suppressing neans in its output stage to suppress the

out put of a ruSPReRectedtin asnign oS the diedpaelement conrdes which is

existent in the rel evant )
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



conpl ementary switch. The suppressing neans nmay be a di ode el enent whose
capacitive conponent is sufficiently smaller -4 - than that existent in
t he conpl enmentary switch. The suppressing neans preferably includes a

resi stance el enment connected in series to the diode elenent: And its

resi stance value is preferably so optim z&d as not to limt the discharge
current substantially but to be adapted for suppressing the rush current
effectively. In the present invention, the output capacity of the plasnma
driving circuit is reduced by additionally connecting a diode elenentfto

t he out put of th Lrcuit. And e to further additional connection of an
opti m zgd r esi ES:F ﬁ%geﬁggﬁ%n@? & qFé“%lﬂi‘d‘lthgf cllﬁguﬂ;f:agﬁat]a?im(?@e@? rcuit,

it becones possible to efficiently suppress the rush current. Such

configuration FEVERFERRfve for

-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;



suppressing any unrequired current that flows fromthe plasma driving
circuit to each of the plasma channels, hence realizing a prol onged service
life of the plasma cell and stabilizing the plasnma di scharge. The above and
other features and advantages of the pregent invention will become apparent
fromthe follow ng description which wll be given wth reference to the
I1lustrative acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.

1l is acircuit diagramof a first enbodjnent -5- representing the plasma.
driving circuit of the present irnvention; Fig. 2 is a circuit diagram

showing a flow path of_.a rysh curctent resulting froman internal capacity
of the plasma driving F@i?'cthstl,s a block' diagram ot 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



Flgs 3A and 3B show waveformnms of an anode current [err], a plasma | um nous
intensity EL and a cat hode voltage VK neasured in the circuit of Fig. 2 by
an oscilloscope; Figs. 4A and 4B show waveforns of anode currents | A and

pl asma | um nous intensities EL neasured=-i’n the circuit of Fig. 2 by the
osci |l oscope under the conditions with and wi thout a | oad resistance,
respectively; Figs. 5A to 5D are waveforns of anode currents |A, plasnma

| um nous intensities EL and cat hode voltages VK neasured in the circuit of
Fig. 2 by the oscilloscope under the conditions with and without a diode

el ement, respegtiv Fi cui_t d|a a .second enbodi nent
representing tﬁg &Féé#h g@G&ﬁﬁFcﬁFi Etaﬁf atRd 5r£€ && SGhAZIR i on: Figs. 7A
to 7C show wavef or.ns anod%hcurrents I.LA, plasma, |l unm nous intensities EL

and cat hode voFt&ffeL 'obtAéﬁ Bd DI &SR b SENRTER (1D ISHRTREQh AT ¢ he

resi stance value of a resistagnce el enent;
predetermined dlscharge 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 oell 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 oorrespondingly 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-



-6- Fig. 8 is a block diagram of an exenplary plasm addressed |iquid
crystal display device vihere the plasma driving circuit of the present
invention is incorporated; Fig. 9 is a block diagram showi ng a concrete
structure of the plasma addressed |iquid cBystal display device shown in
Fig. 8 Figs. 10A and 10B show wavefornms of anode currents [err] and

cat hode vol tages VK obtai ned by the oscilloscope while changing the _
i nternal capacity of the plasma driving circuit; Fig. 11 graphically shows
the rel ationship between the internal capacity and the discharge voltage;

2 lapse of t nEohupdted SO are R tOREREREE BB BB RS YBe oo

- 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



Herei nafter sonme preferred enbodi nents of the present intention will be
described in detail with reference to the acconpanying drawings. Fig. 1 is
a circuit diagramof a first enbodi nent representing the plasnma driving
circuit of the present invention. As she®s in the diagram the plasna
driving circuit is so forned as to discharge.and drive a plurality of

pl asma channels 1 sequentially. Each of the plasma channels 1 has an anode
-7- (A) 2 and a cathode (K) 3 as a pair of discharge electrodes. And a

pl asma di scharge is generated when,a predeterm ned discharge current is

suppl i ed between the anode 2 and the cathqde,3, A plurality, of such plasma
channel s 1 arepg§§%%ﬁ$bﬂF ?FQﬁnﬁﬁiqqﬂﬁ§§§e§I§§ﬁHeEelITPB?'dgbthrﬁ%F¢II>or a

PALC. Wen a pl as cell is incorporated in a PALC for exanple, the nunber
of required pl%&3% twar sequentlal on/off control of the P-type and N-

typg 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



channels is equal to that of picture scanning lines, e.g., 480. The plasna
driving circuit of the invention includes a plurality of conplenentary
swi t ches correspondingly to the individual plasma channels 1. In.this first
enbodi nent, each conpl enentary switch consjglis of a P-type transistor 4 and
an N-type transistor 5 which forma pair. A source electrode of the P-type
transistor 4 is connected the anode 2 of the correspondi ng pl asma channel

1, and its drain electrode is connected to the cathode 3 of the
correspondi ng plasma channel ‘1. Meanwhile a drain el ectrode of the N-type

transistor 5 is _cannected {.0 the cathode 3_of the correspondi ng pl asma
channel 1, andt?té}'%%%rltﬂa 1'-'Ié'1gec g&&e FenpEhfdebyY elitke ’E%Eﬁﬁﬁﬂcqﬁmlé t he

P- type transistor 4 and the type.trapsistor 5_are connected in series to
each ot her, antP t‘FFbk‘?ritg"cﬁ é:‘i”cﬁ\LW{pFﬁéPQOPe%eEo%‘é%‘E‘-é‘éP%%- arfioavsn. ©acki nal
to the cathode_3. A constant current source 6 is connected to the common-
diode element 9 serving as a suppressing means is omitted
in this diagram so as to show a rush current flow path. Aas
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 the second and succeeding N-type

transistors 5 in an off-state flows by way of the internal



connected source electrodes of the entire N-type transistors 5 so as to
supply a constant discharge current (100 to 200 md) to each conpl enentary
switch. A gate driver 7 is connected to the gate el ectrode of each P-type
transistor 4, while a gate driver 8 is_gpnnected to the gate el ectrode of
each N-type transistor 5. The on/off actTons of the conplenentary switches
are sequentially controlled by neans of a scanner (not shown) via the gate
drivers 7 and 8, so that the discharge current supplied fromthe constant
current source 6 is sequentially distributed to the correspondi ng pl asma

channels 1. In_the Leftnost. conplenent,ary switch in the shown exanple, its
P- type transig?gl? ‘#%n‘?ﬁe‘iﬂo%ﬁ%ﬁ 1R e P @ fesgpehera it iaf in an

on-state. Cons &gentlgéghe-first'plasna channel is connected to_the
constant curren?? sHUFRE SraPISRarsa SprRsAR AfSchbrbe axe ginrluded) for
However, in the second conplenmentary switch, its P-type transistor is in an
on-state whi | ee¥X3mPIe+ he toharges psicumtlpgednipgf fhe 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



state. Consequently the relevant plasma cell 1 is disconnected fromthe
constant current source 6, so that no plasma charge is generated. At this
time,  the paired anode and cathode are short-circuited by the P-type
transistor in an on-state. Simlarly the 41#+d plasma channel 1 is also

di sconnected fromthe constant current source 6, so that no -9- plasm
di scharge is generated either. Thus, with such rightward sequential on/off
control of the P-type and N- type transistors included in the individual
conpl enent.ary switches, it becones possible to sequentially select,

di scharge and driye .t.nhe plurality .of plasmg, channe As a chargcteristic
requisite of tHEPRSH c’l#\}-'g‘ﬁt f%f'?,lngggu ’B&é‘é@??ﬁg L@oar% i &9 OIS i n ¢ Pe-
out put stage of_ each conplenentary switch, so_as to suppress the output of a
rush current r&Ut 59y IR e%&apEE?Y?v¥§ 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



conponent existent in the conplenentary switch. Mre specifically, the
suppressi ng neans consists of a diode elenent 9 inserted in the output

st age” of each conplenentary switch. The di ode elenent 9 has a capacitive
conponent (e.g., 1 pF) sufficiently smallgy_ than the capacitive conponent
existing in the conplenentary switch (i.e., the source-drain capacity (10
pF or so) of the N- type transistor 5). Thus, when the diode elenent 9
havi ng a capacitive conponent sufficiently smaller than the internal
capacity of the conplenmentary switch is inserted in the output term nal as

doocr bed wbougighis GULPHL, SORRELY Ob ARl samadiing ShrcliLas )
o orant oo e Rl (A LON PHIAY Jehddl T4 1850 ed®lS Thd Wrain
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 M“m, 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



to those in Fig. 1 are denoted by |ike reference nunerals to nake t he
configuration better understood. However, each diode elenent 9 serving as a
suppressing neans is onmtted in this diagramso as to show a rush current

fl ow path. As described above, a pluralitx of conplenmentary switches are
provi ded correspondingly to a plurality-d%-plasma channels 1. Each of the
conpl enentary swi tches consists of a P-type transistor 4 and an N-type
transistor 5 formng a pair. Gate drivers 7 and 8 are connected to the
transistors 4 and 5, respectively. A constant current source 6 is connected

in common to the indiyi lement.ary swtches.. The first plasma
channel 1 is sgu%%ﬁg%giiﬁﬁéﬁééﬁ & SRSWA Sgggﬂgﬁxgﬂ&ﬁ%geﬁﬁ%F%FﬁlﬁeeLscEarge
current (anode current) I|A flows along.a nornmal path denoted by a thic
line. Meanwhi | &* ?ﬁgh&%fﬁ$eﬁﬂyfq Bl y IPhERLF r SHRRIP orRP@in |nterng
path denoted by a.thin ling. Singe this rush current flows in the selecte
first plasma céﬁﬁﬂ%?ébVHW%g Ehet$h§q%ﬁ§§'ﬁ&ﬂlﬁéFﬁs(él6%&&144§n9ha§19ﬂ $he
i npossible to cogtrol the_rush current by the constant current circuit 6
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



differently fromthe anode current [err]. The generation of such rush
current is based on the phenonenon that the charge stored in the out put
capactty between the sources and the drains of the second and succeedi ng
N-type transistors 5 in an off-state $1®%ws by way of the internal pat h
denoted by a thin line. In a case where a total of 500 N-type transistors 5
in an off-state are included for exanple, the charge accunulated in the sum
(approx. 5 nF) of the output capacity (10 pF or so) of each N-type
transistor fornms a rush current ‘'which flows in one sel ected plasma channel,
wher eby a consi der abl eat current lgad is produced. Figs. 3A and 3B are
osci | | ogranms & H?J%//vl lemsatt 167 18 ﬁPagﬁﬁllﬂ}%%aﬁ%él‘ﬁ'erfé? dtiedtin the
pl asma driving circuit- of Flg. 2. As graphically shown in Fig. 3A an
undesi rabl e ruehe FhsehRTIe ABFEnFegubRtentiahbyidut 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



current A This oscillogramis so scaled that one graduation of the
abscissa indicates 5 [err], and one graduation of the ordinate indicates 50
mA. It is ideal that the anode current [err] is square in waveform but
actually an undesirable rush current appears at the rise tinme. Such a rush
current is not required essentially, andlft raises serious problens of
shortening the service life of the plasma cell and rendering the discharge
unstable. Fig. 3B is an oscillogram show ng waveforns of a cathode voltage
VK and a lumnous intensity EL of a plasnma di scharge, wherein the upper one

of two curves whi l.e t one_denotes VK. Ip this

osci | | ogram oﬁggéﬁad%%i} ik eﬁglgbg®ﬁ§sQeFﬁHFgﬁ?ﬁg Bs[%£r}4 ~ipnk one
-12- graduatlon of t ordlnat ndlgﬁtes 100 As obvi ous fromthe curve
of EL, there i¥'%bser 3SPﬁsﬁe ‘of any greater size is

used, the resistance value of the element 10 may 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



di scharge caused by an undesirable rush current. The |um nous intensity EL
of a plasma discharge is the one detected by the use of a photorultiplier,
and this oscillogramrepresents the detected voltage thereof. Figs. 4A and
4B are oscillograns showi ng the results of sinultaneous neasurenents of
anode currents [err] and plasma |umnous_ipptensities [err]. The waveform of
Fig. 4A represents the result. of a neasurenent obtai ned wi thout connecting
any |load resistance to the anode side in the configuration of the plasm
driving circuit shown in Fig. 2. In a case where none of |oad resistance is

conf o m 10 cach BUREr 1 THRARG G a=are RaLonEs SHanpared T urd
by addi 11 onal | SFERTHE R SIAYEEr nihEd LHE0HG: SPEELED CHP b diate.  As
ool ot ance andiRF <t (EUAH B SGIRTS AAEFEaE LS HAVETSTFbIoae s
| um nous intengiéigg%érégTﬂIE}e 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 signals are

successively applied to the data electrodes D in



substantial ly unchanged. Thus, I A and EL are not coincident nmutually to
thereby verify the existence of an independent discharge current path
(i.e.; rush current path) in the - 13- glasna driving-circuit. For the
purpose of suppressing such rush currenf diode element is inserted in
the drain side (output stage) of an N-type transistor, as shown in Fig. 1.
Al t hough the diode elenent itself also has a capacitive conponent, its
value is settable to be sufficiently smaller than that of the N-type
transi stor. Consequently the total capacitive conponent is reducible to be

| ess than 1/ 10040 idh L) c:PNaRalbaNbabiag LS, NS0 coraent i n

accordance with such re uctlon roug ar e

5A t
showi ng t he ef&é‘&f[fed)f ‘?Jal ne ?’e-&nse}rfﬁgef?r n&lé)fd]!fi‘glng cfr%qll%sen S

an anode current [err]
12 and the display drlving 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



of any diode elenent. In this graph, one graduation of the abscissa

i ndicates 5 [err], and that of the ordinate indicates 50 mA. There is seen
a great amount of rush current flowing during a period of 2 [err] or so at
the rise tinme. Meanwhile the waveformof Fig. 5B represents an anode
current [err] obtained with insertion of "2 i ode el enent. Due to connection
of a diode elenent to the output stage of a conplementary switch, the rush
current is dimnished to be less than 1/10, so that there is left nerely a
slight surge corresponding to the response (tinme constant) of the constant

current circui The vay, Fi 5C represents a plasma -14-
| um nous intené??yﬂﬁL an :gk%%t S ggyﬁltage VK obt ai ned wi t hout using any

di ode el enent. In thi raph. .Qn aduatipn qf the abscissa indicates 5
[err], and that of chAéléggdrf%é%.%kove, Ege 815p ay 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



ordinate indicates 100 V. Meanwhile the waveforns of Fig. 5D represent a

pl asma | um nous intensity EL and a cathode voltage VK obtained with

i nsertion of a diode elenent. As obvious froma conparison of the above two
graphs, the rush discharge and so forth_gge restrained by the suppression
of the rush current. In each of these oscillograns, the upper curve denotes
EL while the |l ower curve denotes VK. Fig. 6 is a circuit diagramof a
second enbodi nent representing the plasma driving circuit of the present

i nvention. The fundanental configuration thereof .is the same as that of the

above-descri be ' e di,ment_.sho in Fig. 1, and any co nent parts
in Fig. 6 cor r%s%%in%lg%%g?sgwﬁedsé:qen r‘éﬁ&."afga%m%ﬁ‘a?%ﬁaﬁf FW %Pe"f%rence
nunerals to make the_circyit hetter understood. The point different from
the first enbodiRIRa 3R] IS FatYRer EEREEARERT o 2 nepRna® Whilsyrtsct ed
in series to the diode el ement I's resistance element 10 is inserted

9. T
for elimnati b BYP% HFasi5thoLs 3y £106Re s pWRER nEhe At $rhargs sryeramt t he

af orenenti oned constant, current circuit._ In other words,
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 constént 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



the resistance elenent 10 is inserted for the purpose of rounding the rise
of an anode current. The resistance -15- value of this elenent 10 is so
optinized as not to limt the discharge current substantially but to be
adapted for suppressing the rush current effectively. In this enbodi nent,
for exanple, the resistance value of t+¥dl-elenent 10 is set in a range of
200 to 300 ohns. However, since this resistance value is dependent on the
size of the plasma cell and so forth, it is necessary that the resistance
val ue be optim zed individually. Figs. 7A through 7C are oscillograns which
express the effecis achi eved by additional _¢onnection of a resistance

el enent 10 to e%ﬁ%%ré??fﬂgl aEgs CPRALKARR EAT afRele Rlasmmtchannel

obtained with change of the resjstance value of the el ement 10, wherein one
graduat i on 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



of the ordinate indicates 50 mA, and the tine taken along the abscissa is
conpressed on scale. The resistance value of the elenent 10 is changed from.
0 to 1500 ohms in this exanple. As nanifest fromthe result of the
measurenent, the surge suppression effect is lowif the resistance value is
excessively small. However, in a case wheré2the resistance value is '
excessively large to the contrary, it becones inpossible to cause proper
flow of a required current  (constant current value: 100 md). It is seen
therefore that, in this exanple, the optinmal resistance value of the

clement 10 1 angsiel SRGEP, o 00D Iy S PLESIE el pplgyed 11
g &S o gl it ety oL e ol et 30 b rotuce

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



the plasma | um nous intensity EL obtai ned when the resistance value is
zero. Meanwhile the waveforns of Fig. 7C show the plasma |um nous intensity
EL and the cat hode voltage [err] obtai ned when the resistance value is 300
ohms. As obvious froma conparison of thg_two graphs, the rush di scharge
resulting fromany surge can be suppressed by inserting a resistance
element. In each of the above oscillogranms, one graduation of the abscissa
indicates 5 [err], and that of the ordinate indicates 100 V. Nearly the
entire rush current can be suppressed by carrying out the counterneasures

descri bed abov e | {1 rql.onged, service life of, the plasm
cell and st abi ?%g%]%’n %rﬁét%%é&d%&aengrreggglg sp's"pal\éﬁg‘f"?%? @e cht?%‘é'Pq]hat t he
di ode el ements_and the resistance ele ts.can be forned.into an_ integrated
circuit toget h%?P%C%Wﬁfégc%fﬁ)|“é}?efﬁ¥3}"?1§ﬁ%ﬁss,staﬁ5r%%t%% priddet i on
cost is not increasgﬁ SO, MuC bl ock di agram show ng _an

Fig. .8 | ,
exenpl ary appl PEEL e%?flf%llﬂ?agls‘?rﬁ’h@rnl! 3?’%%#‘6{}?% RRAIFHFNPE Fhehe

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



-

present invention. In this exanple, the plasnma driving -17- circuit is
enpl oyed to drive a plasma addressed |iquid crystal display device. The
liquid crystal display device has a flat panel structure where a liquid
crystal cell and a plasnma cell are superposed. As shown in the diagram the
liquid crystal cell conprises a plural Lpy-of data electrodes [err] Dm
arrayed in colums, while the plasma cell conprises a plurality of plasnma
channel s arrayed in rows. Each of the plasma channel s consists of an anode

A and a cathode K which forma pair. The cathodes K1, K2, K3, ..., Kn-1, Kn
are arrayed sequentlall in the vertical direction, mhlle t he anodes Al
A2, A3, ..., A IOug afvwanfageous sipsenthel VO%Ba%em%%@%d@; Afdadndng

grounded to a ref rence voltage [err].. And pixels 11 arrayed in the form of
2

a matrix are prete?t® %?ﬁﬁ@@nltshé”eéléﬁﬁﬁﬁ arger.

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 caﬁ 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.



el ectrodes D and the row plasma channels (K, A). This liquid crystal

di spl ay device - further conprises a plasma driving circuit 12, wherein

sel ection pul ses are applied to the cathodes K of the pl h
| i ne-sequential scanni ng, whereby pl asna_zcg_schar ges are mm Emﬁ ”Eﬂl
plasma channels. This plasma driving circuit 12 may be'composedt ofw ssch«a
circuit configuration as that showmn in Fig. 1 or 6. The display device
further includes a display driving circuit 13, wherein picture signals are
successively applied to the data electrodes D in - 18- sgnch[oni3n1¥%th
the |ine-sequential ~SC | that a desired picture is displayed. e

pl asma driv?ngﬂééfcﬁgtéqghaﬁ%%f ‘e display driving circuit 13 are control | ed
synchronously wth each of her by .a .control circuit 14. Fig. 9 typically
shows a concrete strucd Feasha ¢ ving circuit for sequentially driving a

plurality of plasma 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



pl asma addressed liquid crystal display device in Fig. 8 This device has a

| am nated flat panel structure where a liquid crystal cell 21 I

cell 22 are superposed integrally via a mcrosheet glass 23 aslmﬂﬂmm"mmm”“l
sheet. The liquid crystal cell 21 is codfosed by the use of an wupper tgl asss *
substrate 24 and is stuck to the mcrosheet glass 23 with a predeterm ned

gap kept therebetween. This gap is filled with a liquid crystal |ayer 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 conposed by the

use of a |ower, bstrate 26. And. l.ur.al i of striped grooves 27
are formed in ?ﬁ%géﬁ%%§ %&w%%ﬁ%?%ﬁt%li§1§l§§§d§uﬁi§W%PE°26. These grooves 27
i ntersect orthggonally with the t.a .el ectrodes D and_have paired

el ectrodes of ghodes/c%ﬁ?l TR AELVIRS) RITCHIFKICGARAIRY Ko tHkaidt B/ The
grooves 27 are ernetiéﬁgﬂ seal ed ug_mﬁth the m.crosheet glass 23 to

t her eby form pVaSH&Rh esihiatreavalygpafatedd resisernte ekenentons

anot her, and an ionizaple : .
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



-19- gas is contained therein. As described above, the di spI‘a_y\driW

circuit 13 is connected to each of the data el ectrodes D, an '
pictufe signal is applied thereto. In this exanple, the di spﬂluﬂmﬂﬂ”’,ﬂmw””m
circuit 13 is typically illustrated as. gz signal source for t hé pbrpose ofs  «
maki ng the diagram better understood, and it is grounded to a predeterm ned
reference potential [err]. Meanwhile the aforenentioned plasnma driving

circuit 12 is connected to each of the paired el ectrodes of anodes/cat hodes
Al /K1, A2/ K2, A3/K3, A4/ K4 and, with |ine-sequential scanning of the row

Feapoct i ve sol SHPBHETE IICUTRIE Af & SHABCUEF St oHet Ah et} ehitisdurce 25
's provided. Fgéégggti&é) Jéﬁgﬂgﬁ%r%xigkéﬁﬁeinpgégﬁ’oggéggﬁ égngiéggiary
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.
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P4/ N4 are prBVTHed correspondingly to the plasma channels. Each of. such
conplenentaryThmmkahasBeﬁae edconposed by conbining a P-type transistor and

an N-fype tran [ state shown in the diagram the third plasm
channel is sel remai ning pjgsma channel s are not sel ected.
In a non-sel ecte

-type transistor is closed »
transistor is open mhereby t he cat hode of each non-sel ,téw3§H§§ﬁﬂAsnﬁmme

is connected to the reference ééﬁé PR Rt i al er REPLASRBVer
in -20- a selected state, ppﬁ aﬁR Jgp. Jigury smntch I's—chang
so that its P-type transistor m@g# e transistor is
cl osed. \Wen the discharge Cu@ﬁ?ﬁﬁ%@ﬁﬁgF 8%%¢§8$ hased trI;et

conpl enmentary switch i ha NQ aln nmopnent ar | so that its P- ype
transistor is closed iéi? %ﬁ339ﬁ§ Fﬁﬁﬁgﬁg §e€B%HEHally

discharging and driving a plurality of plasma channels.

The circuit comprises a plurality of complementary switches
provided correspondingly to the plasma channels; a constant
current source connected in comﬁon to each of the
complementary switches and supplfing é predetermined
discharge current thereto; a scanner for sequentially
controlling the on/off actions of the complementary
switches and distributing the'discharge current:to the
corrésponding plasma channels; and a suppressing means
included in the output stage of each of the complementary
switches and serving to suppress the output of a rush
current which results from a capacitive compogent existent
in each of the complementafy switches. The suppressing
meaﬁs is a diode element having a capacitive component
sufficiently smaller than the capacitive component existent
in each complementary switch, and a resistance element is
connected in series to the diode element. The resistance
value of the reéistance eleﬁent is so optimized as not to
limit the discharge current substantially but to be adapted

for suppressing the rush current effectively.

FIGURE 1



L

Finally, referring to Table 1 and Figs. 10 through 12, some neasured data
of the plasma driving circuit according to the present invention will be

i ntroduced bel ow for reference. As described above, the current determ ned
by the internal capacity of the plasma driving circuit connected in series
to the plasnma cell flows in as a rush c#pﬁgnt in addition to the essenti al
constant current, hence exerting harnful"/rfifl uence on the service life of
the plasnma cell. If the plasma driving circuit has a great internal
capacity, picture distortion that results from'sone undesirabl e di scharge
due probably to deterioration of the discharge electrodes tends to occur in
an early stage. Wth regard to this point, an agi ng experinent was
conducted while varying the internal capacity (total) of the plasma driving
circuit, and the generation tinme of undesirable discharge (arc discharge or
the like) was neasured. The plasma cell used for the nmeasurement was one
incorporated in the plasma addressed |iquid crystal display
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-21- device, and the discharge condition for each plasm channel was 300

V/ 100 mA (per line), which was set in a constant current cifcuit. The
result of such nmeasurenent is shown in Table 1 below TABLE 1 Interna
capacity Undesi rabl e di scharge (Total) _ generation tine 1
nF - 90 m nutes 10 nF 10 m nutes As obvi ous
fromthe above table, the undesirable dpggbarge generation tine was 90

m nutes when the internal capacity was 1 nF. |In conparison therewith, the
generation tine was 10 m nutes when the internal capacity was 10 nF. Fig..
10A shows a voltage-current waveform obtai ned when the internal capacity is
1 nF, and simlarly Fig. 10B shows a vol tage-current wavef orm obtai ned when .
t he i nternal
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capacity is 10 nF. It is seen therefromthat, in case the internal capacity
iIs 1 nF, the constant current response is fast as 1 [err] or so. However,
in a tase where the internal capacity is 10 nF, the constant current
response is rendered so slow as 10 As, whereby the waveformis not kept at
a fixed |l evel during the discharge periog!.1 hus, it is -22- conprehended
that, under the fixed conditions relativ 8 t he di scharge voltage and the
limt current, the rush current is increased correspondingly to the |arger.
anount of the internal capacity of the plasma driving circuit, so that the
time of occurrence of the picture distortion caused by the undesirable

di scharge is expedited to a conside II at =gptgat. It is therefore

i mportant that the internal capacity of It pIaEEEZSLiVing circuit be

di m nished in order to suppress any undesirabl e di scharge.
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It is presuned that, since the current determ ned 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 linmt, generation of
undesi rabl e dirscharge such as arc discharge is prone to occur. In view of

t he above presunption, the internal capacity of the plasma driving circuit
and the condition of causing undesirable 9|§charge wer e obtai ned by
measuring the voltage and the current. & result, it has been found that
the smaller the internal capacity, the undeS|rabIe di scharge generating

vol tage becones higher and al so the uniformdischarge start voltage becones

hi gher as well. Fig. 11 graphically ho onshi p between the
internal capacity and the undesira rngﬂugéE45§\ -23-

Ia
EL
F1G. 4B
Ia T |
N
EL /
|




voltage, and also the relationship between the internal capacity and the
uni form di scharge start voltage. It is seen therefromthat, when the
internal capacity of the plasma driving circuit is small, the voltage
margin for attaining normal uniformdischarge is rendered large. In a state
of practical use, the best result is achievable by mnim zing the internal
capacity and generating plasma djschargeséﬁza vol tage slightly higher than
the uni formdi scharge start voltage. If the internal capacity of the plasm
driving circuit is large, the rush current other than the constant current
limt is increased to consequently cause ready generation of undesirable

di scharge. The internal capacity and t undesi rahbl e_di scharge generating
vol tage and currént |wefe neagured ijn rlpgard to chdngés fheneqf wijt h ja llapge
of time. Fig. 12}graphicaltlyish anges obgeryediw th | dpse of
time in the relali opship et deer| the ihtefnal capaci{y and|tHg urifdrm
di scharge start yol ag& &—3sgq+-t! el at i onsppd njthe Ui ntier na
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capacity and the undesirable discharge start voltage. Wth a certai'n | apse
of the discharge tine, the undesirable discharge generating voltage is
gradually |l owered, so that the voltage range adequate for uniformdischarge
is narroiwed. In this case also, a snmaller internal capacity -24- is nore
advant ageous since the voltage margin for attaining uniformdischarge is
rendered larger. In the present inventiqplzas nment i oned above, a

| ow capacity di ode el enent and, when necégsary, a resistance el enent al so,
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 to
consequent |y suppress any unrequired di scharge rush current, hence

di mi ni shing the total discharge current to eventually prolong the service
life of the plasma cell.
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As the uncontroll abl e discharge rush current is thus suppressed, there is
achi evabl e anot her advant ageous effect of stabilizing the plasnma di scharge.
Al t hough the present invention has been described herei nabove with
reference to sone preferred enbodi nents thereof, it is to be understood )
that the invention is not limted to suych_enbodi nents alone, and a variety
of other modifications and variations vi1h? be apparent to those skilled in
the art without departing fromthe spirit of the invention. The scope of
the inventi-on, therefore, is to be determ ned solely by the appended

cl ai ms. -25- WHAT IS CLAIMED | S: 1. A plasma driving circuit for

sequentially driving a pIuraIEﬁy of plasma channels, conprising:
- ' ]
<l i
DE
©Co
O
==
;5_; O
n> N
&
o> (D A
{ oa—
; g
1 o 4 X
a é \d >
e
q
:j 8
- G
i -©

Ia

FI1G. 7B

FIG.TA

EL



a plurality of conplenentary sw tches provided correspondingly to said

pl asma channel s; a constant current source connected in conmon to each of
said tonpl ementary sw tches and supplying a predeterm ned di scharge current
thereto; a scanner for sequentially controlling the on/off actions of said
conpl enmentary switches and distributing said discharge current to the
correspondi ng plasma channels; and a suppizssi ng neans included in the

out put stage of each of said conplenentary switches and serving to suppress
the output of a rush current which results froma capacitive conponent

exi stent in each of said conplenentary swtches. 2. The plasma driving
circuit according to claim1, wherein said suppressing neans is a diode

el enent having a capacitive conponent sufficiently smaller than the

capaci tive conponent existent in each .of said conplenentary swtches.
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3. The plasma driving circuit according to claim2, wherein said
suppressing neans is a resistance el enent connected in series. to said

di ode’ el enent. 4. The plasma driving circuit according to claim 3,
wherein the resistance value of said resistance elenent is so optim zed as
not tolimt the discharge current substantially but to be adapted for
suppressing the rush current effectivel w./1%. A pl asma addressed

di spl ay device conprising: a display panel having a stacked structure
consisting of a display cell with a plurality of data el ectrodes arrayed in
colums, a plasma cell with plasma channels arrayed in rows, and a
dielectric sheet interposed between said di splay panel and said plasna
cell; a plasma driving circuit for spguentlally driving said plasn1channels
to thereby address said display cell=

0s)
o
> /N
Uls
0
N
{ /
N <
N, —
N/
OT—+N/ <
\% N
N\ X <
0 N ~—
NV -
e §¢ rr) "/
. | WS .
O ™Iy -
NV M M '
NV OTOo0—
L N o =
Y NZ 0
N/ a.
VIR S
Z
V| &< e
§¢ | '—/ '.
\%
N/ _
N — .
N/ < N
Q/ o
s
N vi _
N—+—TN/ <
\ %
\% _/
N/
N/ ~
N — —_—
NZ . g o

¢
>
\

21 s
- 227



|l i ne-sequentially, said plasma driving circuit having a plurality of

conpl enentary swi tches provided correspondingly to said plasma channels, a
constant current source connected in common to each of said conpl enmentary
swi tches and supplying a predeterm ned di scharge current thereto, a scanner
for sequentially controlling the on/off actions of said conplenentary
switches and distributing said dischargiociérent to the correspondi ng

pl asma channel s,” and a suppressing nmeans i€l uded in the output stage of
each of said conplenentary switches and serving to -27- suppress the

out put of a hlc enthE)yE&results froma capacitive conponent existent
in each of sEgz ﬂEB witches; and a display driving circuit for
suppl yi ng picture signals tOAaLg_ﬂu&Le&Lmqgs_m_stﬂ t he.
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o

| i ne-sequential addressing. 6. The pl asnma addressed di splay device
according to claimb5, wherein said suppressing neans is a di ode el enent
havi ng a capacitive conmponent sufficiently smaller than the capacitive
conponent existent in each of said conplenentary switches. 7. The

pl asma addressed di splay device according to claim®6, wherein said _
suppressing neans is a resistance el enent connected in series to said diode
el enent. 8. The pl asna addressed iiﬁkgy devi ce according to claim?7,
wherein the resistance value of said resi nce element is so optimzed as
not tolimt the discharge current substantially but to be adapted for
suppressing the rush current effectively.
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28
PLASMA DRIVING CIRCUIT
ABSTRACT OF THE DISCLOSURE

A plasma driving circuit comprises a plurality of complementary switches
provided correspondingly to the plasma channels; a constant current source connected
to each of the complementary switches and supplying a predetermined discha‘rge
current thereto; a scanner for sequentially controlling the on/off actions of the
complementary switches and distributing the discharge current to the corresponding
plasma channels; and a suppressing means included in the output stage of each of the
complementary switches to suppress the output of a rush current resulting from a
capacitive component existent in each of the complementary_switches_. The suppressing
means is a diode element having a capacitive component smaller than the capacitive
component existent in each complementary switch, and a resistance element is
connected in series to the diode element in which the resistance value is optimized as

| not to 1i1i1it the discharge current substantially but to be adapted for suppressing the -

rush current effectively.

FIGURE 1



