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(57) ABSTRACT

An apparatus and method for driving a display panel, e.g.,
AC PDP, having a first substrate, at least one display line
including first electrodes and second electrodes disposed 1n
parallel with each other on the first substrate, a second
substrate facing the first substrate, and third electrodes
disposed on the second substrate and extending orthogonally
to the first and second electrodes, 1n which write operation
of the display data by a light emission i1s executed by
carrying out a selective write discharge utilizing a memory
function, are adapted to execute a write discharge for all
cells and to execute an erase discharge for all cells before the
selective write discharge, to thereby accumulate wall
charges over the third electrodes in advance.

55 Claims, 61 Drawing Sheets

e i .

" (58
CRECROEZ ll H | H H
GND - y

64 B4

Y ELECTRODE 31 GND I ‘ ” I I

I—J: I-L 63U—,63 ]-L—

Y ELECTRODE 32 GND | | " H u U U 63 i iea
Y ELECTRODE 33 | | " | ‘ | | | | H U
GND - 613 63 63

Y ELECTRODE 31000 VS “ I'—“’——— '| _’__—| m _.I_| [
GND - 611000 63

,|

TDTAL WRITE AND
ERASE PERIOD

ADDRESSING PERIOD

SUSTAIN DISCHARGE PERIOD



U.S. Patent Nov. 13, 2001 Sheet 1 of 61 US RE37,444 E

Flg T erior AT

41 b ---4k--- &pm- AV

===l
B====|
i

i IEEF—IE§1

.
I | I

R ====)
e

D



US RE37,444 E

Sheet 2 of 61

Nov. 13, 2001

U.S. Patent

(13 4 6

Ol

A LA
LL
(4O4VHOS1Q dA1L04TdS)

S < 39aviS1a NIVISS
A08VHOS 10 ONISSANAAY

I A A

17 ¢l El 8

L4V Hoibd 7 B | ]



U.S. Patent Nov. 13, 2001 Sheet 3 of 61 US RE37,444 E

~T
—

A DRIVER CIRCUIT

N

A A
J-L.L-l- @
"

PDP OF FIG. 1

| J. 3 PRIOR ART

CONTROL
CIRCUIT



US RE37,444 E

" €l £l |
| .m. aNo
) _ <
A
" (012) "
| N4 L LC |
| H (OND
ﬂ " | w>
= " (00Z) |
- " 0z 0Z 0Z i
m " T ANS
S | | sh
{
" "A— |
= | 6l
S | |
e} | |
2 “ 27 “
Z, | |
Fe— =

e E

L9 WM @_H_ .

U.S. Patent

INIT (4137145N)
40 300419413 X

INIT Q3004974S
40 00410413 X

¢ 400419473 X

Np~ I

ANSO 3004171 ONISS3Yaay



U.S. Patent Nov. 13, 2001 Sheet 5 of 61 US RE37,444 E

Flg Y PRI ART

ONE DRIVE CYCLE
TIME

DISPLAY LINE

e
S BOOEEEEEEE
el [w SIS e s[5 5 5 55
s [s WIS [s[s[s[s 5[5 5
e[ [s[w[s [ S[s]s
o[l s e e s 5 5 5 s
wsls[s s s s [W]s 5 5[5 ]s
n~[s[s[s[s[s [ [w]s]s]s[s
mee[e[s s [e [« =] [w[5]5]5
=[x [e s [= [+ = = [= [w]5]5
e [s[s e[ = Lo s [s [s [W ]S
e[z [s[s e [ L= [s [o s[5 [V




US RE37,444 E

Sheet 6 of 61

Nov. 13, 2001

U.S. Patent

bm_

10J 444 d04VHOS 10 N A01d4d JL14M TVLOL
. SIONIISS | Q01ad ONISSaulay 4

8¢ B8 8C. 82 %097

B B 1 Lo

SA 000i1¢ JQ0¥LITTT A
|

82 BZ BT 82 92 NG _

aj. 7 E_,jllll E €6 d40dL)Td A
: j j ~ N

i _ _ L. o 28 04109 A

82—, 6C _

L _ _ _ | ozo 18 3004L08TE A

_ _ j j _r_ — Dzo
¢ 400YL33Td X

Np~1p
— O> _ mmcm_,_bm._m ONISS34QdY

L& L UL

LWV Yo Q) B |



US RE37,444 E

Sheet 7 of 61

7 4S5

Nov. 13, 2001

U.S. Patent

£dS

dWVYd 3NO

L4V Wolkd / @_u

¢4S e S

TAVIdSIQ



U.S. Patent Nov. 13, 2001 Sheet 8 of 61 US RE37,444 E

- | g. 8 pRion ART

ONE DRIVE CYCLE
—

!

i 32

|

] l

ADDRESSING ELECTRO’DB&_L________‘I
4 {~4M GND- '

| |

I |

| l

i

[

|

I

I

I

|

X ELECTRODE 2 ONO-

-Vg +
‘ 33 33 33

X ELECTRODE oF GND
SELECTED LINE _yc

omigeiah el SRR N wRLE SR SE—

X ELECTRODE OF GND
UNSELECTED LINE |

-Vs +
: 35 35 35

i
|
30 31 34 3¢ 34 E
l
|




(J94VHIS 1A ONISS3YAAY)
muzéum_n AL A1L0TTES ®

ST TV 404 STHJ TV 04
JyvHIS1q dSvid © AO4VHISIA NIVISNS @

US RE37,444 E

Sheet 9 of 61

MLVT J1ULOTTIA 30 |
[ K4 mzsac&/_r_wu _II.ILu “
|
|
A0VdS mgsamsl CCEmWHSIT “
|
|
)

Nov. 13, 2001

_ z.w

|
d3AV] D110 ~
40 ¢l YOHdSOHd |

L4¥ o4 5 O [

U.S. Patent

ST TV 404
muz<=om_= 31130 @




US RE37,444 E

Sheet 10 of 61

Nov. 13, 2001

U.S. Patent

d5'iMd 4114

W

X
asd > @m>

JOIVHOS IQ NIVLSNS

351d A 4571Nd TNV A

JI4VHIS 1A NIVISNS

L4Y Yoidd ()| 19 |

» [ ]
———— III-IIIIIIII.II-IIII_L A T S ——

-~ (SSAYAQY ASVEA) ST18) TIV 404
JOAVHIS I dSVHd dA1Ldd1dS & JOYVHISIA NIVISNS @

AonlnlE SNENTEE T PR T el ahamkaay

STIA) TV ¥0d
dO4VHISIQ d114M (D



US RE37,444 E

4SMNd  J98VHISIA NIVLSAS —I|_ E @lllm AO 300410878 A
® © A
4SMNd dNYHISIA NIVLSIS AO 30041931 X
Or—'sA
N\
AQ A003LTd ONISSdday
- .

r—-— 1

Sheet 11 of 61

_ _
| |
ﬂ "
| |
| |
| |
| |
_ "
|

| |

=
S
"
X AAA
7 I R
m> JA0YLIATd IN1SSAYaay AQ - 40041031 Q‘_mmmmnﬁ >o 404193 T cz_mwmm==<

Sl S gl TSR Y A e A ambienl  AaE—— IIII'IIII-II.I.II_IIIII.I,I.IIIII Anmmmm SEEREE deeesisl. elpesssh  Sckeivell SeEsieell | SakalplS  EFEEEEE- Wenmeny Pk

z:_o;,_:.@_u_

U.S. Patent



U.S. Patent Nov. 13, 2001 Sheet 12 of 61 US RE37,444 E

Fig.12 PRIOR ART

(@ ERASE DISCHARGE (@ SELECTIVE WRITE
FOR ALL CELLS DISCHARGE

r——'————“—-“_

ADDRESSING ELECTRODE:QV

——

|
|
|
|
|
|
I
I
|
|
|
l
-

ADDRESSING ELECTRODE:Va

|

i
=
1
|

- - - - /777

r_
|
|
|
|
|
|
|
|
|
I
|
l
L

v
ADDRESSING s >« E—

ELECTRODE SUSTAIN DISCHARGE
PULSE

SUSTAIN DISCHARGE PULSE



U.S. Patent Nov. 13, 2001 Sheet 13 of 61 US RE37,444 E

Fi1g.13

(ADDRESSING ELECTRODE)

A1 A2
(Y ELECTRODE) (X ELECTRODE)

DISCHARGE CELL




U.S. Patent Nov. 13, 2001 Sheet 14 of 61 US RE37,444 E

DORESSING ELEcRoDE T T

- Nq
COCSS, I

Fig.14(b)

D1SCHARGE

I

@G-)C-) @@@@@ S &
V=1 [GND] | O] 3]

r_-"___-—_—__-_ Al Y paing TEES A EEe el Sl Sy A Rl




U.S. Patent Nov. 13, 2001 Sheet 15 of 61 US RE37,444 E

. ADDRESSING ELECTRODE | |

.. T 90060 PO |
Fig.15(a) | | i
- 000 @@@@@I 00 0@ |
i | oy
! X Yi . 2 |
T A A
- SO0
Fig.15(b)

SIS, @@6@ @@@@
- | B DEF

ouil E—
I —————————————_~ e e R A i W Sy e R A A - -

|

:

DISCHARGE ;
l i

3338 i
!

|

!

:

r“ﬂ-—-——-ﬂ—_-u_— ey el SN R Rl LA Saam s el el el sl -y



U.S. Patent Nov. 13, 2001 Sheet 16 of 61 US RE37,444 E

. ADRESSING ELECTROE | ]

Fig.1e(a) °0e OOe

PRRDSD @G)@@GJI SCISSSICCICICIO

IE__V:T_:I
X Y2

. ADDRESSING ELECTRODE |
OO0 OO®

L""'""-'-'———I-— — S - weinl smgy Wl Rl e s W Wpenh il sl el S Sl m— —

r-.—-uq N el ol gl ween O B wmrl ey ey WY B v el el el -

Fig.16(b)

DISCHARGE

@n |
COOOCCROOCIOIC, @ @
[GND ] ' (GND_

X Y

--—-"ﬂ'-—---—-—---—-—-——-—-—-—-_——ﬁ-—ﬂ——-—-_-J

——— amplls sk spfees geelly dessi "mnbe TFEEE  GEEES T TN TN AN P RN AN A sl kel anells Aeae PR nESE et PR e e
il wmlin ey EREE meey T P N AP ey S eyl A R Sl s _—-—n—._-—“-‘

r



U.S. Patent Nov. 13, 2001 Sheet 17 of 61 US RE37,444 E

%
= 917(0) ' CICICICIC, SIOIO;

|
!
|
|
I
]
l
|
" I
!
1
I
[
I
|
|
|
I
|
|
[
|
(
l
I

CRCICICISOLCCR, @@@@@ DOPDD !

COCSS

Fig.17(b) f DISCHARGE @_‘l

DORDD OO0 | POID ISDDD
IM I:?_E.:I II'zE_D'J -

----------------------------------------



US RE37,444 E

Sheet 18 of 61

Nov. 13, 2001

U.S. Patent

| CY £y _
| TAN9 ani qanoamas
| SA 40 300412913 A
| |
A 2% 6€  B€ “
| +aNg NI 3193135
| | 40 004103713 A
| . | >
1147 L ¥ LY _ L€ |
“ +ozo 2 300419979 X
. _ SA
| MN— "
_ - 9%t
L NS Wp~1p
| —DA | 440810319 ON1SSayaay

DL
JT0AD dA1dd dNO

8L D14



£a
5
= “ 7 &7 |
2 _ TUND BN qawamaswn
2 | | SA 40 400413473 A

_ _

m A, A 6E oy m

“ . _ T UNO ANIT 03109135
_ | | o A 40 300413374 A
= | _ |
< 1Yy Y7 v Le
m | L ONO 2 300819373 X
= | |

>>> . m>

Np~I b
ONO 3008103713 N1SSTHaaY

O
M

0%

_
|
|
_
|
|
|
)
_
|
~

Nov. 13, 2001

410AY GA14A INO

6L D14

U.S. Patent



£a

3

~ _ £y £y _

X " TONO g1 qauomas
_ | g 40 300410474 A

% A

- \ "
| A/ A 6€ 9y i
“ , - OND a1 qaoaas
_ s 40 3004103 A

— _

= | |

S 1Y, 7 LY G  LE ]

m " H ONS

: _ | sp 3 30041034 X

AN9O Np~1p

4004104Td INISSAYaay

Nov. 13, 2001

-~

470A0 dA140 ANO |

SYAIE

U.S. Patent



US RE37,444 E

Sheet 21 of 61

Nov. 13, 2001

U.S. Patent

L)
LO

e

LG LG |
L aNo
_ NI QIL09 TSN
- S\ 40 24081031 A
9G 9G €S 0S “
T OND N a1 aalaTas
. 40 00410318 A
L SA
95 95 1S 6Y “
T ONO . 3NIT G3LOTES
| < 40 300419419 A
A
GG GG Y .m.
CUNO o ouoa ¥
| m>
>>> S _
L7 |
aNo np~1y
| AQ0YLITTA INISSIHTAY
76 IS ;
7040 JAI¥A ANO
YA IE




U.S. Patent Nov. 13, 2001 Sheet 22 of 61 US RE37,444 E

F1Q.22

ONE DRIVE CYCLE TIME
ONE DRIVE CYCLE r_ﬁl _*
S MEEEEEEEEEE
a{s s [s[s[s[s[s]s]s s
nelsls|wis|s|s|s|s|s|s|s
nelsls|s wis|s|s|s[s|s|s
ss|s|s|sws|s|s|s|s|s
el s[5 [= [ [w[s ][5 s ]s
nelslwls|s|slsiwls|s|s|s
ns[s P le [ [ [ [s[5 ]
nels|s|siwisls[s]sW|s|S
o HHH
h— HHHH



US RE37,444 E

Sheet 23 of 61

Nov. 13, 2001

U.S. Patent

J01ddd 35V
ac_mm__”_ JO4VHIS 1A NIVLSNS a0143d IN1SS4ay NV 3L1dM TV.I0L

8 €9 €9 200019 - ON9
||J: ._ _I_.,.. E.. _|||_.... . ||=l|_._..l sp 0001€ AQ0YLIATE A

_
., ;
|
|

€9 €9-. €9-._ €9 mm@ 09 _ _

j j j j j : 1 ozo ce JA0ULOAT A
mmﬂ mwtj m@”j m@.j H: = _u_ - ozo 26 300410373 A
mmuj .mm.ﬁm@ mj mwu_r_ o - ozo 1§ 30041033 A

79. %9

79 79
_ _ _ _ ozo 2 20041031 X

Np—~—1iV

N_ __ ﬂlﬂlﬂll' ozo 00419973 ON1SSH¥0aY
297 297 29

SAIE



aSvdd
oc_.f._mn_ JO4YHIS 1A NIVISIIS 1014:4d ONISSH40QY nﬁnm.“‘w_mmn I0L

I|.||L.T||I||||I|1T.|||1

m@ €9+ £94 049 - ON9S
__ __ __ __ __ __ : s 0001¢ AQOYLOATA A

US RE37,444 E

\
N

j L9 j j j j = _|_ -ozo ¢e F004L4TH A

m@j m@j ﬂ ﬁ ozo 28 200810979 A
€9w. €9 - ozo
._. _ _ _ _ _ _ _ _ _ __ _ , g JO0ULOTTE A

Sheet 24 of 61

=
p 000G €59, 1G9, 1G9 _aNS
E _ | . 2 H004L04Td X
2 A
‘ — M\
—_— e~ aNo Np~1b
ﬂ_ 7 B 4 400810319 IN1SSAUAQV
297 297 79

7z D14

U.S. Patent



U.S. Patent Nov. 13, 2001 Sheet 25 of 61 US RE37,444 E

F1g.25

66




U.S. Patent Nov. 13, 2001 Sheet 26 of 61 US RE37,444 E

F1g. 26

721 7122 T2

7al I --i o 1
|====12gF ==y gl

775

I I |
I N T B S
I N N 1--
1

4
I | ‘

7 — T 1 d\llll|
250 l--l--| —

N I
K | 1

e Y w

—

i
X
b
76, {75252{ 7252 I====1
|
|
{

e,

“ﬂ_*-

MsooT T
JISSEE
T eqy +H—— =

I
L!- ]
— 1 1 1
-- ]
'.l!!ﬂ!!!llr

7502




U.S. Patent Nov. 13, 2001 Sheet 27 of 61 US RE37,444 E

- & ~) ~J
~ S Q <
— "
;2 =zizy:
un
< l-lllllllllﬂlﬁ

s s
-
& B R

s L
o T R
T
.0,

IEHQIEH 3
e e

’ Y DRIVER CIRCUIT

80

PDP OF SEVENTH EMBODIMENT

F1Q.27
802

7hooo

79

=
=
=
=




US RE37,444 E

Sheet 28 of 61

Nov. 13, 2001

U.S. Patent

401ydd INISSIHAay

401 d3d 40133d (10]44d 101 4dd
ONISSYAAY  ONISSHIAY  ONISSAyaqy  ONISSauaay
H14104 (411l INOJAS 15414

SA 00 1L (08147 A

! '
1SIGQ HE - (NS _
— .I/|_ _Illl. LE’...S 2621L 4a0y10d713 A
(67 - (N9
58 .|||v._”_¢© | _ll_ —qu _m.> IS21L 4A041047d A
¥ 8- dNO
_

¢0L A0041JdTd X

1014dd dSvid
NV alidm TVi0L

O
O
D
oo
QO

©

T T el T T s
A T SR

ommm._m

WNEB IS Q
_
|

"N 0521 900410379 A
~UN9 " _
°A 1L 200410474 A

o~
g,
O

—ef
NoL~12L

98 98 98 o8 40041037 INISSIAAAY



US RE37,444 E

3
E&? B

Sheet 29 of 61

Nov. 13, 2001

U.S. Patent

01¥Ad ONISSAYAQY

01434 101434 101 4ad 101334 |
ONISSENOEY  ONISSENOQY  ONISSAHIQY  ONISSIHOY | aiamhw_ﬁ mﬂ%
]
_

i

HLEN04 QdiHL (N0JdS LSyid o

000l | m Y st .
_ spUE1L HIOMLOE' A

| '
“ | - (N9 |
_ B H ]
SA%2TL 4004103 A
= ON9

SA 15212 400410318 A
£8 - aNo

" 201 004L9TS X
zg7~ M

ﬁww - DZ@
Tlluq_—u_—ll_l_‘ SA\0621 . m%m_Sm,_m A

_ - NS "
78 sy ¢1L 8008LITTA A
- (NS
sp 1L 40041373 A
L8 - ONo

S\ TOL 800410413 X

— PA NZL~13L
ole 98 98 o8 900410313 N1 SSAYaQY



US RE37,444 E

Sheet 30 of 61

Nov. 13, 2001

U.S. Patent

wmw wmw wmw wlmw w 6 OZO
m>

001434 AMVHISIA NIVLSNS / (01ddd ONISSA4aay 101434 ASV3

TI0) BOAVHOSIO NIVLSTIS  70AD ONISSHAGQY 3NO v dLldh Ivi0l

A HA0YL03Td A

B-:-? A m> ¢ 2004109TH A
96 @mj @mﬂ wmj o Ww._ m_|_
- ¢A 4A04LETH A
j @m._v_ wmj @mj €61 Nm: OZO |
IA 300410413 A

I\_r_ll.m % 'llgrl 40041413 X

ﬂ_ : ~ > H0YLITTE ONISSHYaay

6 W6 76 76 6

0¢€ D14

r--d




U.S. Patent Nov. 13, 2001 Sheet 31 of 61 US RE37,444 E

. i PO® PO |
F1g.31(q) | g
@@ O @ |
| l E
| X Y| . Y? X T
;r'Enﬁﬁsﬁfuﬁ'i&éﬁﬁﬁ'ﬁ"j""""""""""i
: 5
. E SO0 . i
Fig.31(b) - DISOARGE E
§ eee @@@@@ @ :
==y m [ 1.
: X X o
;‘h‘a&'éaxc'ama'"r """""""""" |
————————G&GNOD ]
. 50000 PO
F1g.31(c)

SIS G-)@@@@ QO DD

S ekl SN S el gen ey G PR ami EEED BN D NS way gy Sl RS SN S dmen sy Sl
- o el e

<l
~
[

<l
0

e v o o ot SR e o s ey - o e = -----————-—_-—-—-—————-———--—J



dnvYd dNO

£a

<t

<+

4.-....,

T~

e,

~ I Q0183d ONISSAYAQY

4 _ q0133d AL13M TV10L
~ FI0A0 394VHOSIA NIVISAS ~ [ T8 INISSINAQY IND

0L LOL. LOL, LOL, NG6 QNS
j % JI.Jl:. dA08104 T8 M A

0L LOL
j j j i 1|--,ﬂ£ozo 900412873 €A

r - Dzo
__ 1 m_ 1 | m> 300410318 X
— J 1 ﬁ@l@ll‘ 4004104713 IN1SSHYAaY

ANIE

Sheet 32 of 61

Nov. 13, 2001

U.S. Patent



US RE37,444 E

Sheet 33 of 61

Nov. 13, 2001

U.S. Patent

‘I.III_.I._-I...II_.I Ange e een Sy gl TR S e e ek SR Emn swlle sl el shinlh s S — e |

m

|

m

| @®

“ ®

| ®

L

— < ——

o

=) (©

2| |l®

}z

5
S
)
3
O
L

all e eyl e Pl Sl NS Jei RN FEEE el R ge—

ﬂ

®
®
@

e mmmm e

ADDRESSING ELECTRODE

s e mbik Sl A aEmk =bpy Gainl VS W R -y miny sl "alis e i SN

F———e—mmmmmm——— -

ADDRESSING ELECTRODE

r——-———l_———_—------

e Sy SEege wilke S EENS DN EEREE BN RN WS e sammk el st el PSS SEalp AR dpmy EREE TS g e SR



US RE37,444 E

h
Q

TANV
- 90l =T

=)
2 4AATHO X ﬁmm.l..
1
IR
A/ N Uy Eylty

40081094 X

Nov. 13, 2001

viva-v

PA tOl

7e bi4

U.S. Patent

¢OL

A

"TVNDIS
SNONOYHONAS TVINOZ]d0H

ONASH

A VNIIS v

SMONOYHINAS VI LUA
INASA

(VLvd AVIdS10)
Yivd

(40079 J0d)
N0

)



US RE37,444 E

/ﬂ.
=,
)
=
= ) | _:.._
: o | R
m LL | S

_
}
|
_ _
v )
—
— _ )
3 _
o) ) }
. _
> _ _
S _
rd _ |
—I N
-+
& =[O o 0o
= <{| — b—
=¥ N i
. > | > > >
)
-



- 1w ¢}, J0IS]1SNvdL
_ hl 0LSISNVYL

/ / AU / (71)ad-A
/¢ /2 / / hm.: dn-A

- N S CH1l1S-A
S [ paabdetehbn [ oy S S — ld1S-A

US RE37,444 E

= Ui U Mo010-A
s —_— e —————  V1Vd-A
o
g aNO
= I_.I_I—I_IL._I,_I " _ SA NA 2008109713 A
et 9N ik

_ AN SA
m EFLlI | o A 200410818 A
) ¥ | SA +A 200810979 A
w e e
S S

a>> 4004193718 X

AT T I I Y d0odlod T ONissayaay
A
9¢ b1 4

U.S. Patent



US RE37,444 E

Sheet 37 of 61

Nov. 13, 2001

U.S. Patent

IR R 21

L—- - N N 3 B B N B B B L




U.S. Patent Nov. 13, 2001 Sheet 38 of 61 US RE37,444 E

106
rF—— 'L"]
} Vw/Vs |
, |
|
| Is
oo !
|
| T0 X ELECTRODE
| e |
X-DD | = :
z :
| OV(GND) |



ol —

£a
<t
= o J
" | LINY AddS |
~ ~4(ANO)AQ 39VLT0A HOIH |
= ] 4_ | U609
- }
1
Illulillll—
= | m_
S — H5g0y
&N _ |_
T T ] S —
T
- 807 — 1
M - - - - - EDCOLD VOO 1)-V
z YaIS193Y LAINS - LIGN Y LVO-Y

(07

U.S. Patent



US RE37,444 E

Yo
&
f -
= 0
: _ 5
> . __‘
e e e ot vt o o —— e |
= O — 1
S T — —
—— | |
_ _
' . _
= | i e |
— _ - |
S _ I _
- _ “
o g
~ > |
e | |
Z _ _
“ C 3
O -
) -
] |
1.2 > >
-,
—

U.S. Patent
Y-STB1
Y-STB2



US RE37,444 E

Sheet 41 of 61

Nov. 13, 2001

U.S. Patent

- e 2], YOLSISNVAL
. . b1 40LSISNVYL

(.71)Qaqg-A
4 (.£L)an-A

I h . I 4 - | Ay
Lol e
U Ill T uu——— W0D-A
—— - T  VIVO-A

NA 30031314 A
¢A 400410478 A

A 3004LJ31d A

400410474 X

T A AT H00aLdTE ONISsayaay
L7 D14



US RE37,444 E

Sheet 42 of 61

Nov. 13, 2001

U.S. Patent




US RE37,444 E

Sheet 43 of 61

Nov. 13, 2001

U.S. Patent

F1Q.43

1
=

»
2.

Z

= OUTPUT (T0 Y ELECTRODE)

D

1IIIII e e IIIJ

B S S A
[ 1!

| |
4_ il
- ) oy ]
o~ |
_ O T_._
| o= ....1.___
_ [ __“
“ P
L e e e J
1 R
9 "
> P “
20 _ |
‘ _
1.1
L

wwhFf TNy TS S R Sy . L -—-q

|
i_,.r"‘los
|
!
E
i
:
i
|

13
T4

S



U.S. Patent Nov. 13, 2001 Sheet 44 of 61 US RE37,444 E

F1g.44

FRONT GLASS SUBSTRATE

314a 313 Ji4b
"ﬂ'IIIIAVII,Il’II‘ i~
ol (S e

317

SUSTAIN w0 Pl
S———— ¥ DISUARG DIELECTRIC LAYER
NN NN

X ELECTRODE Y ELECTRODE

REAR GLASS SUBSTRATE



35 T0d ASYNT MORIVN HLIM ANIT (4198735 40 ST13D TV NI 294VHOSIQ asvdd--®
NI GILOATES 40 STIED TV NI 994viDSIa ALIMN--@
3510d ASY4T MOSUVN HLIM ANIT 0310373S 40 ST13D TV NI 304vHOS1a asvad---D

® ©© O
& & &

US RE37,444 E

|
|
"..Tozo aNIT QRI9ATASNY

_
"
| s 0 B00HLOAE A

| . B
| - =" OND - gn11 a3uomas

40 300413413 A
|
45d e a “
|
|

Sheet 45 of 61
N
>

|
|
| J94VHOSIA NIVLSNS 45MNd dSVid MOUUVN NS
_ L e
W < S)\
n.., _ STTAD TV 404 3SNd ALI4M < mp  H00UL0TTE X
E . =3 = OV a00u10873 NISSENGV
| |
e ——— _ |

4T0A0 dA1d40 ANO

Gt7 D14

U.S. Patent



]

US RE37,444 E

10144d INISS34qay
10143d d08VHISIA NIVISA

11080 298VHISIQ z_éa dLI14M TVIOL
ASvEE WI0L | 8Svaa VIOl

i __ I 11 T 300400978 A

o=

=

© : : : _u_ = _n_ = 004199719 SA
m . — — e —

77 _ _ _ _ _ _ _ _ __ _ _ __ 3008103713 ¢A
= ||_ P _ _I_ _I ||_ _I_: _ __ 300419318 1A
= SRS R K ‘_,

~ 95INd SY4T MOUUWN

m ONO  3q0819373 X

4SNd dL1dM

...I........I....r.. G I I B _
on H U 40041047 ONISSEYAdv

U.S. Patent
D
J
N
LL



US RE37,444 E

Sheet 47 of 61

Nov. 13, 2001

U.S. Patent

0

> & | <QANO gy (EILTTESND

T A
oy 0 H004LOE

. |
“ _ =<0ONO  aN11 31037188

o 40 B004L0ETE A

| &

95INd ASYYS MONYYN A

_ |
| _
| 3S1d INVIDSIG _
NS Ao ISTNd 39UVHOSIG _
_

NIVLS/IS MOYYVN . 1<-ONO 800813973 X

_
.“II.||I|||||.|IE.|I|I||__ IO aooatomia Nissautv

|
|
419A dAT40 INO

AASIE




US RE37,444 E

- - - /7 1 T Nk 7 7/ 7 7 R
“ A X " " A X " “ A X "
S A SA SAr— M

i _ ) ——" | P v ) A ™
- | 000 60 | T 66  &® || Too0dd 00660 |
S | b A A p 44 ] b A } 4 | | AR RN |
P ey I O
2 | | ® ® | | . |
z | 283 N S | | SRR, |

| DDDD ODDD | DODD | DODD _
_ | L ] || 1 | | ] |
= _P COND) AC 100819373 m_z_mmm_%%.“ _r (ON9D) A0, 340410373 ONISSIMAQY | _Feze AO 3Q04L03Td ONISSIYaQY |
< © © Y
=
4

8% D1

U.S. Patent



US RE37,444 E

Sheet 49 of 61

Nov. 13, 2001

U.S. Patent

N34 AN g
00143 A9UVHISIQ NIVISTS 01434 INISSTYAQY l
41000 394VHIS1A NIVLSNS 471040 ONISSTHAQY 3N

A1¥dd dSvaa/3aLidh V101

||_ _..._..._ _ _ _ _ _ _ _ o __ _ ' A008103 T3 WA

__....__ _ _ __ o __ __ __ 300410374 €A
l:..i._l_.ll_l_l||_l_||.i..l:l...__ _ _ __ _ _ 400413113 ¢A

S W R I 1N | .

9SI0d 3svad mowavN A

_ ' :r _ _ _ _ _ _ 3STNd BUVHISIA NIVLSNS MOBUVN —

ONO
SN 300813973 X

MA
_ dSHd dL14M 900410
DA ;UQ.. L ﬂq Gm,q D«d _H_:q ONISSIYaqy

6% D14



U.S. Patent Nov. 13, 2001 Sheet 50 of 61 US RE37,444 E




US RE37,444 E

Sheet 51 of 61

Nov. 13, 2001

U.S. Patent

ASnd 3A1L0379S g

45°1d
JO4VHIS 10 NIVLSAS

451Nd
JOIVHOS T NIVLSAS

X
®

. . VNMzS AO a00u1081 A

AO gq0810878 X

3
Q" SA
451Nd d4Svdd Jdim

4004104 Td ONISS3AaY




US RE37,444 E

Sheet 52 of 61

Nov. 13, 2001

U.S. Patent

SAT0AY JOYVHIS 1
NIVLSNS 40 J33NN - -

dINVadans - -

BISN~LISN - goryag onIssavaav
SVl GV
- 845~1 45 wig w2

JONVNINY] %06 304 L:€:L4:71:8C:LG:GLL:0kC=
CEE NER NIRRT N :SASN 745 ¢ ISN:LA5N: EEIN

IINVNIWYT %001 404 2:%:8:91:2€:%79:821:94(L =
mn.mzu hn_mznmn_mz “mmmz ”.sn_mz “ nn_mZ”Nn_mZ“ _.._mZ

401¥3d 30UVHOSIA NIVISNS - - - []
oNIssasaay - - - [N

A

aNIT AV1dS1d

— ONMTIT -




U.S. Patent Nov. 13, 2001 Sheet 53 of 61 US RE37,444 E

111

EXTERNAL
ADJUSTING MEANS

(YOLUME INIT)

VSYNC




U.S. Patent Nov. 13, 2001 Sheet 54 of 61 US RE37,444 E

- | dgd. D4 prioR ART

E%EIELAY ONE DRIVE CYCLE
r«L‘ — TIME

 EEEEEEEEEEERE
, CIw[s[s[s[s s s s[5 (5[5 5 ]s.
3BBMEEEEBEEEIII
TSI Sl SISl Toe
s CEEEw[ssIsIs[s[s[s[s s
o[ [ s STe s[sTs

o Sl s s sl L WIS s s[5 [s]s
o FEEE s[5 [s]s
o FELEEEELE M [s[E]s
n e s
2 SRR s wss
o Sl s ls e s s (s e s e v ]S

14 EBHBHEEEBEEHE




U.S. Patent Nov. 13, 2001 Sheet 55 of 61 US RE37,444 E

o g. DD phiog AR

LINE ONE DRIVE CYCLE

\J” I.A.l > TIME

1 WIS TSTRlTelStolE|e|efeelelelelelele]e
2 | IWASESSESToIoioE [elelelelelele]elele
3| | PuiaEsEssorctotSiElele[elelelelelele
o [ | | BwksisiSEossioiciE elelelelelelele
5| | | | PMSESISIsISHcESIE |elelelelele]e
o ||| [ | Passstsiorcicioirlelelelelele
7 L[] WasisotosorsasiElelelelele
o | [ [ [ |1 aseodeasisrsiciElelelele
o LT ] WissoissastanioiElelele
0| [T T ] [ESEEsistatorsiE lele
o LT Basasasasesioiol€le
w2 [P ] ESisiosstaiatole
s LT ] vistsisaistees
AEEEREREEEERRERT S SE

[::2] - - - DISCHARGE PER10D (ON PERIOD)



U.S. Patent Nov. 13, 2001 Sheet 56 of 61 US RE37,444 E

o 9.56 PRIOR ART

ONE DRIVE CYCLE |

|
| _
ADDRESSING }_________E@______} va
ELECTRODE | |
| |
VW
{ ELECTRODE | ' GND
| | =Vs
@ @ '

X LIX

Y CLECTRODE I
|
|



U.S. Patent Nov. 13, 2001 Sheet 57 of 61 US RE37,444 E

) g. D/ prick AR

DISPLAY
LINE

ONE FRAME
I 42 ONE IRIVE CYOLE 0 ‘
NI ATHHTATH AN
AN gt
spg L aniatiiialit
I

SN A AT
STz
s TR AT AT T
AN A AT AT T
SZINIZZ A
o AT N T A T AT
o AN AT AT AT T AT
Sz
AT N A AT AT
Sz
TN L AT

?I\II
ZIN}

.t..

+.
S

4
N

+—+

+—+—1-

N - - - REWRITE CYCLE (W)
[ ] - - SUSTAIN DISCHARGE CYCLE (S

74 - - DRIVE CYCLE WHERE NO SUSTAIN
DISCHARGE PULSES ARA APPLIED




U.S. Patent Nov. 13, 2001 Sheet 58 of 61 US RE37,444 E

Fig. D 8 hiog ART

ONE DRIVE CYCLE
| |
ADDRESS ING }_______ﬂg_______i va
ELECTRODE

X ELECTRODE

Y CLECTRODE




U.S. Patent Nov. 13, 2001 Sheet 59 of 61 US RE37,444 E

DISPLAY F d. 29 priok vt

LINE

— = TIE
SUBFRAME | SUBFRAME 2

ONE DRIVE
CYCLE

VNN N

2 NN e N T

SUUNHE N ] ' AN
NN e TN A

s LN R ST

SULLLUN LN ' N
PO LIN TN LT l TN

o LN N A S
o [ R R e e
ol TR N e T
RN A
2l TS N T
N AN E T

IR insnmnm

. - - REWRITE CYCLE (W)
[ ] - - SUSTAIN DISCHARGE CYCLE (S)



U.S. Patent Nov. 13, 2001 Sheet 60 of 61 US RE37,444 E

= g. 6 O ok arr

ONE FRAME
>

SF 4 |

SF2 SF 3

N
T

’ bwr\)—i

O ONNNONNNNNNNNNNNY

EEREREECECRRRXXE

::":: '.Z
3§3§:§'i
“es’,t ‘

ORI

2. . . . .

7] - - - TOTAL WRITE
] - - - ADDRESSING

. - - SUSTAIN DISCHARGE PERIOD
SF1~SF4 - - - SUBFRAME

Nggi~Ngps: - - NIMBER OF SUSTAIN DISCHARGE CYCLES
NsF1:Nsp2:Nspa:NsFs=1:2:4:8

}ADDRBSSIM} PERIOD



US RE37,444 E

Sheet 61 of 61

Nov. 13, 2001

U.S. Patent

__ L _ N9
J r..ll_ _..... _ _ _ _ L SA 300419413 X
w_ MA
d51Nd dLIdM

JVALANS INO
(0144d 404VHOS1Q NIVLSNS G014dd ONISSHyaQY
4T0A) d04VHOSIA NIVLSNS 21989 N1 00400V aNo

_ _ N _ _ _ _ | _ _ _ _ o 0013434 BLIMM ,EE_ _ 200419379 WA

_
| )
Ll_.-..._l_ll_l_ltn_l‘.::. _ _ _ _ A004LDTA SA
|
L _.....-_ _ _ _ | _ _ L 4 _ _ _ 300410378 %A
| aNO
Il.:. __ __ ____ __ _ J004LOATH A
. _ L _ sp

e 4d04.1J47d
S 1 N 5 8 . [ 50

1w woiwd | Q-0 |



US RE37,444 E

1

METHOD AND APPARATUS FOR DRIVING
DISPLAY PANEL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique of driving a
display panel composed of display elements having a
memory function, and particularly, to a method of and an
apparatus for driving an alternating current (AC) plasma
display panel (PDP), which provides multiple intensity
levels and adjusts the luminance of a full color 1mage plane.

Art

In the AC PDP, voltage waveforms are alternately applied
fo sustain two discharge electrodes, to maintain discharge
and to display an image by emission. Each shot of discharge
lasts several microseconds after the application of a pulse.
Ions, 1.e., positive charge produced by the discharge are
accumulated over an insulation layer on an electrode of
negative voltage. Electrons, 1.¢., negative charges produced
by the discharge accumulate over an insulation layer on an
clectrode of positive voltage.

2. Description of the Related

At first, a pulse (a write pulse) having a high voltage (a
write voltage) is applied to cause discharge and produce wall
charges. Thereafter, a pulse (a sustain discharge pulse)
having a low voltage (a sustain discharge voltage) whose
polarity 1s opposite to that of the high voltage and which 1s
lower than the high voltage i1s applied to enhance the
accumulated wall charges. As a result, the potential of the
wall charges with respect to a discharge space exceeds a
discharge threshold voltage to start discharging. In this way,
once the wall charges are accumulated 1n a cell by the write
discharge, the cell can continuously discharge if sustain
discharge pulses, having opposite polarities, are alternately
applied to the cell. This phenomenon 1s called a memory
cffect or a memory drive. The AC PDP enables various
image data to be displayed by utilizing such a memory
clfect.

These kinds of AC PDPs are classified mto a two-
clectrode type employing two electrodes for carrying out
selectively discharge (addressing discharge) and sustain
discharge, and a three-clectrode type additionally employing
a third electrode to carry out addressing discharge. Among
such AC PDPs, in the AC PDP displaying color images (full
color images) with multiple intensity levels, 1.e., a color
PDP, a phosphor located within each cell 1s excited by
ultraviolet rays generated due to a discharge between dit-
ferent kinds of electrodes. However, this phosphor 1s rela-
fively fragile against a hitting of 1ons, 1.¢., positive charges
are also generated due to the discharge. The former two-
clectrode type PDP has a construction such that the 1ons
collide directly with the phosphor, and therefore the life of
the phosphor 1s likely to become shortened. On the other
hand, 1n the latter three-electrode PDP, a surface-discharge
with high voltage 1s carried out between a first-electrode and
a second electrode, each located 1n the same plane. In such
a construction, the phosphor at the side of the third electrode
1s avolded from the direct and strong bombardment of 10ns,
and consequently a life of the phosphors 1s likely to become
longer. Namely, the three-electrode PDP 1s advantageous in
displaying color (full color) image with multiple intensity
levels. Accordingly, as the color PDP, the three-electrode
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2

type is currently used. The amount of emission (luminance)
of the three-electrode PDP 1s determined by the number of
pulses applied to the PDP.

FIG. 1 1s a plan view schematically showing a conven-
tional three-electrode and surface-discharge PDP.

In FIG. 1, numeral 1 1s a panel, 2 1s an X electrode, 3,,
3,,---3,,---3,500are Y electrodes,and 4,,4,,---4,, - - -
4., are addressing electrodes. A cell § 1s formed at each
intersection where a pair of the X and Y electrodes crosses
one of the addressing electrodes, to provide Mx1000 cells §
in total. Numeral 6 1s a wall for partitioning the cells 5, and
7, 10 7,000 are display lines.

FIG. 2 1s a sectional view schematically showing the basic
structure of the cell 5. Numeral 8 1s a front glass substrate,
9 1s a rear glass substrate, 10 1s a dielectric layer for covering

the X electrode 2 and Y electrode 3,, 11 1s a protective film
of an MgO film or the like, 12 1s a phosphor, and 13 1s a
discharge space.

FIG. 3 shows the conventional PDP of FIG. 1 and 1ts
peripheral circuits. Numeral 14 1s an X driver circuit for
supplying a write pulse and a sustain discharge pulse to the
X electrodes 2, 15, to 15, are Y drniver ICs for supplying
addressing pulses to the Y electrodes 3, t0 3,550, 16 152 Y
driver circuit for supplying pulses other than the addressing
pulses to the Y electrodes 3, to 3,509, 17, to 17 are
addressing driver ICs for supplying addressing pulses to the
addressing electrodes 4, to 4,,, and 18 1s a control circuit for
controlling the X driver circuit 14, Y driver ICs 15, to 15,
Y driver circuit 16, and addressing driver I1Cs 17, to 17.-.

FIG. 4 1s a waveform diagram showing a first conven-
tional method of driving the PDP of FIG. 1. More precisely,
this figure shows a drive cycle of a conventional “sequential
line driving and self-erase addressing” method.

This method selects one of the display lines to write
display data thereto during the drive cycle. The Y electrode
of the selected line is set to a ground level (GND: 0 V), and
the Y electrodes of the other display lines (unselected lines)
are set to a potential level of Vs. A write pulse 19 having a
voltage of Vw 1s applied to the X electrode 2, to discharge
all cells of the selected line. At this time, a voltage difference
between the X and Y electrodes of the selected line 1s Vw,
and a voltage difference between the X and Y electrodes of
the unselected lines 1s Vw—Vs. By setting Vw>VI>Vw-Vs
(where VI i1s a discharge start voltage), all cells of the
selected line will discharge.

As the discharge progresses, the protective film, 11, e.g.,
an MgO film over the X electrode 2 of the selected line
accumulates negative wall charges, and the MgO {film over
the Y electrode of the selected line accumulates positive wall
charges. Since the polarities of these wall charges are to
reduce an electric field 1n the discharge space, the discharge
quickly converges and ends within about a microsecond.

Sustain discharge pulses 20 and 21 are alternately applied
to the X and Y electrodes of the selected line, so that the
accumulated wall charges are added to the voltages applied
to the electrodes, to repeat sustain discharge in cells except
those that are not turned ON (not in light emission).

For the cells that are not turned ON, the first sustain
discharge pulse 20a 1s applied to the X electrode 2, to
accumulate positive wall charges in the MgO film over the
X electrode 2 of the selected line, and negative wall charges
in the MgO {ilm over the Y electrode of the selected line. In
synchronism with the first sustain discharge pulse 21a,
applied to the Y electrode of the selected line, an addressing,
pulse (an erase pulse) 22 having a positive voltage of Va is
selectively applied to the addressing electrodes of the cells
not to be turned ON.
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At this time, sustain discharge occurs 1n every cell of the
selected line, and 1n particular, the cells that have received
the positive addressing pulse 22 through the addressing
clectrodes cause discharge between the addressing elec-
trodes and the Y electrode, to excessively accumulate posi-
tive wall charges 1n the MgO film over the Y electrode.

If the voltage Va 1s set such that the voltage of the wall
charges exceeds the discharge start voltage, the voltage of
the wall charges induces discharge when the external voltage
are removed, 1.., when the potential of the X and Y
clectrodes 1s returned to Vs and that of the addressing
clectrodes to GND. This causes self-erase discharge to
dissipate the wall charges 1n the cells not to be turned ON.
Accordingly, from this moment, the sustain discharge pulses

20 and 21 will never cause sustain discharge 1n the cells not
to be turned ON.

For the cells to be turned ON, the erase pulse (addressing
pulse) 22 is not applied to the corresponding addressing
clectrodes, to cause no self-erase discharge in these cells.

Accordingly, the sustain discharge pulses 20 and 21 repeat-
edly cause sustain discharge in the cells turned ON. Numeral

23 1s a sustain discharge pulse applied to the Y electrodes of
the unselected lines.

In this way, display data are written to a selected line in
cach drive cycle. In the example mentioned above, the write
operation 1s carried out on the display lines by line by line.
FIG. 5 1s a time chart showing the write operation. In the
figure, “W” 1s a write cycle, “S” 1s a sustain discharge cycle,
and “s” 1s a sustain discharge cycle of a preceding frame
(field).

FIG. 6 1s a waveform diagram showing a second conven-
tional method of driving the PDP of FIG. 1. More precisely,
the ficure shows a frame of a conventional “separately
addressing and sustain-discharging type seli-erase address-
ing” method.

This method divides the frame into a total write period, an
addressing period, and a sustain discharge period. During
the total write period, the potential of the Y electrodes 3, to
3,000 18 set to GND, and a write pulse 24 having a voltage
of Vw 1s applied to the X electrode 2, to cause discharge in
all cells of all of the display lines. The Y electrodes 3, to
3,000 are then returned to Vs, and a sustain discharge pulse
25 1s applied to the X electrode 2, to cause sustain discharge
in every cell.

During the addressing period, display data are sequen-
tially written to the display lines from the display line 7,. At
first, an addressing pulse 26, having a level of GND 1s
applied to the Y electrode 3,, and an addressing pulse 27
having a voltage of Va 1s applied to selected ones of the
addressing electrodes 4, to 4,, that correspond to cells not to
be turned ON of the display line 7,, to cause self-erase
discharge 1n these cells. This completes the write operation
of the display line 7,.

The same operation 1s carried out for the display lines 7,
to 7,000 Sequentially, to write new data to all of the display
lines 7, to 7,,00- Numerals 26, to 26,,,, are addressing
pulses sequentially and separately applied to the Y elec-
trodes 3, t0 3, 500-

During the sustain discharge period, sustain discharge
pulses 28 and 29 are alternately applied to the Y electrodes
3,10 3,,00 and X electrode 2, to carry out sustain discharge
to display an 1mage for the frame. According to the sepa-
rately addressing and sustain-discharging type self-erase
addressing method, the length of the sustain discharge
period determines luminance.

The separately addressing and sustain-discharging type
self-erase addressing method, therefore, 1s used for display-
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4

ing an 1mage with multiple intensity levels. For example,
this method 1s disclosed 1n Japanese Unexamined Patent
Publication (KOKAI) No. 4-195188. FIG. 7 shows a method
of realizing 16 intensity levels as an example of the multiple
intensity level displaying technique. In this example, a frame

is divided into four subframes (subfields) SF1, SF2, SF3,
and SF4.

In the subframes SF1, SE2, SF3, and SF4, total write
periods Twl, Tw2, Tw3, and Tw4 are equal to one another,
and addressing periods Tal, Ta2, Ta3, and Ta4 are also equal
to one another. Sustain discharge periods Td1, Td2, Td3, and
Td4 are at a ratio of 1:2:4:8. The 16 intensity levels are
achieved by selectively combining the subirames to turn

cells ON.

FIG. 8 1s a waveform diagram showing a third conven-
tional method of driving the PDP of FIG. 1. More precisely,
the figure shows a drive cycle of a conventional “sequential
line driving and selective-write addressing” method. In this
method, generally, a negative voltage (-V,) is applied to X
and Y electrodes. Therefore, 1n FIG. 8, each potential of X
and Y electrode is set to GND level or (-V)).

This method applies a narrow erase pulse 30 to the Y
electrode of a selected line, to turn OFF cells that are ON.
An addressing pulse (a write pulse) 31 of a voltage (-V,) 1s
applied to the Y electrode of the selected line, while the
potential of the Y electrodes of the other unselected lines 1s
kept at a ground (GND) level. An addressing pulse (a write
pulse) 32 having a voltage of Va is applied to the addressing
clectrodes of cells to be turned ON, to discharge these cells.

Sustain discharge pulses 33 and 34 are alternately applied
to the X electrode and the Y electrode of the selected line,

to repeatedly cause sustain discharge to write display data to
the selected display line. Numeral 35 1s a sustain discharge
pulse applied to the Y electrodes of the unselected lines.

However, the following problems have existed in the
above-mentioned driving methods of PDP (prior arts).

First Problem

According to the driving method of FIG. 4 (the sequential
line driving and self-erase addressing method) and the
driving method of FIG. 6 (the separately addressing and
sustain-discharging type self-erase addressing method), dis-
play data are written by selt-erase discharge. The self-erase
discharge occurs 1n the vicinity of the X and Y electrodes of
cach target cell at first, and gradually expands outwardly. If
the cell 1n question has a high discharge start voltage, the cell
does not accumulate sufficient wall charges, to 1insufficiently
cause self-erase discharge. This causes an erase error, which
leads to a write error of display data.

Second Problem

According to the driving method of FIG. 8 (the sequential
line driving and selective-write addressing method), wall
charges remaining 1 a cell 1n which neutralizing erase
discharge has been just completed with the narrow erase
pulse 30 may differ from wall charges remaining 1n a cell
which has been OFF during a preceding frame.

Neutralizing wall charges produced in a cell by the
application of the narrow erase pulse 30 do not always
completely remove the wall charges. Namely, the erasing
will be successtul if a sum of the potential of the remaining,
wall charges and the potential of a sustain discharge pulse
does not exceed the discharge start voltage. Namely, the
erasing may be complete with some wall charges being left.
This 1s the reason why wall charges remaining 1in a cell in
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which neutralizing erase discharge has been just completed
by applying the narrow erase pulse 30 sometimes differ from
wall charges remaining 1n a cell which has been OFF 1n a
preceding frame.

If a cell adjacent to a given cell whose wall charges have
been erased continues to discharge, spatial charges produced
by the discharge may move toward the given cell and couple
with the remaining wall charges of the given cell, to nearly
zero the wall charges of the given cell.

In this case, unlike a cell that has just received the narrow
erase pulse 30 and holds residual wall charges, the given cell
must receive a higher voltage (V,,>V, V. =V _+V) to start
discharging. On the other hand, the cell that has just received
the narrow erase pulse 30 and holds residual wall charges
may start discharging at a lower voltage (Vw=VI, Vw>VT)
than that of the given cell, if the voltage applied has a
polarity that enhances the residual wall charges.

This phenomenon fluctuates write voltages 1 cells, so
that some cells may be correctly written but others may not
at the same voltage, to thereby cause a write error of display
data.

Third Problem

Since parallel display panels such as PDP mostly employ
digital control, 1t 1s preferable to adjust luminance by digital
control.

However, the above-mentioned luminance adjusting
method causes problems when controlling intensity levels
with use of separate addressing and sustain emission periods
mentioned above. When the frequency of sustain discharge
operations 1s about 30 KHz at the maximum, the number of
sustain discharge cycles 1n subirames achieving 256 inten-
sity levels are 2, 4, 8, 16, 32, 64, 128, and 256, respectively,
became each cycle always i1nvolves two discharge opera-
tions. Namely, the number of the sustain discharge cycles 1s
510 1n total, and 1f the frequency of frames 1s 60 Hz, the
maximum frequency of sustain discharge operations will be
30.6 KHz. With the respective subframes involving these
numbers of sustain discharge cycles, the minimum (LSB)
subframe 1nvolves only two sustain discharge cycles, so that
luminance 1s adjustable only 1n two levels between a maxi-
mum level and a half level. This 1s quite inconvenient.

To provide a display comparable to a CRT, the display
must have a function of linearly adjusting luminance in
multiple levels. This 1s a difficult function to achieve

Further, full color display data are usually provided as
analog signals, so that a display unit such as a PDP employ-
ing digital control converts the analog signals into digital
signals. In this case, the analog signals may be amplified by
0% to 100%, to adjust luminance. This sort of processing of
analog signals 1s not preferable because 1t may deteriorate
the quality of the original signals.

Furthermore, according to such luminance adjusting
method, the number of sustain discharge cycles 1s
unchanged even when the luminance 1s adjusted. Therefore,
a number of unnecessary sustain discharge pulses, each of
which 1s not concerned with the discharge i actual, are
periodically applied to electrodes. Thus, 1t will be difficult
for the useless power consumption generated by these
sustain discharge pulses to be reduced. Furthermore, even 1t
the number of sustain discharge pulses can be successiully
decreased, the number of total write operations for all cells
remains unchanged. Accordingly, the relative ratio of lumi-
nance 1n total write period 1s likely to be increased as a
whole. Consequently, 1n the case where the display 1s
executed under lower luminance as a whole, the contrast 1s
likely to become lower.
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6
SUMMARY OF THE INVENTION

Accordingly, a first object of the present invention 1s to
provide a method and an apparatus for driving a display
panel such as a PDP, in which a write error of display data
occurred due to an insufficiency of a self-erase discharge,
etc., can be prevented and 1n which an 1image of excellent
quality can be displayed.

A second object of the present invention 1s to provide an
apparatus and method for driving a display panel utilizing a
novel AC PDP of three-clectrode and surface-discharge
type, 1n which a write error occurred due to an msufliciency
of a self-erase discharge, etc., can be prevented and 1n which
an 1mage of excellent quality can be displayed.

A third object of the present invention 1s to provide an
apparatus and method for driving a display panel, 1n which
the electric power consumption can be reduced and 1n which
the lowering of contrast in the image plane can be prevented,
in the case where the luminance control with multiple levels
1s carried out by driving the AC PDP of three-clectrode and
surface-discharge type advantageous for a full color display
with multiple intensity levels.

To attain these objects, the present invention 1s directed to
an apparatus and method for driving the display panel
having a first substrate, at least one display line mnvolving
first electrodes (e.g., X electrodes) and second electrodes
(e.g., Y electrodes) disposed in parallel with each other on
the first substrate, a second substrate facing the first
substrate, and third electrodes (e.g., addressing electrodes)
disposed on the second substrate and extending orthogonally
to the first and second electrodes, in which the display by
means of a light emission and write operation of the display
data are executed by carrying out a write discharge utilizing
a memory function for cells of at least one display line and
by carrying out a sustain discharge for sustaining the write
discharge.

Preferably, the display panel according to the present
invention 1s constituted by AC PDP in which the memory
function of each cell can be realized by wall charges
accumulated by means of the write discharge.

The method for driving the display panel according to the
present 1nvention includes a step of executing a write
discharge for all cells of at least one display line selected by
either one of the first and second electrodes and by the third
electrode with use of the first and second electrodes; and a
step of executing an erase discharge for all cells of said
selected display line with use of the first and second
clectrodes, before the write discharge 1s carried out.

Further, preferably, the method for driving the display
panel sequentially selects the display lines one by one,
carries out write discharge 1n all cells of the selected display
line with use of the X and Y electrodes, carries out or does
not carry out sustain discharge, applies an erase pulse to the
X and Y electrode of the selected display line, to carry out
erase discharge in all cells of the selected display line, and
carries out write discharge 1n cells to be turned ON of the
selected display line with use of the Y and addressing
clectrodes, to thereby write display data to the selected
display line.

Further, preferably, the method for driving the display
panel sequentially selects a plurality of the display lines,
carries out write discharge 1n all cells of the selected display
lines with use of the X and Y electrodes, carries out or does
not carry out sustain discharge, applies an erase pulse to the
X and Y electrodes of the selected display lines, to carry out
erase discharge in all cells of the selected display lines, and
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carries out write discharge 1n cells to be turned ON of the
selected display lines with use of the Y and addressing
clectrodes, to thereby write display data to the selected
display lines.

Further, preferably, the method for driving the display
panel carries out write discharge 1n all cells of all of the
display lines with use of the X and Y electrodes, carries out
or does not carry out sustain discharge, applies an erase
pulse to the X or Y electrode of every display line, to carry
out erase discharge in all cells of all of the display lines,
sequentially selects the display lines one by one, carries out
write discharge 1n cells to be turned ON of the selected
display line with use of the Y and addressing electrodes, to
thereby write display data to the selected display line, and
after display data are written to all of the display lines,
carries out sustain discharge 1n the cells turned ON of all of
the display lines with use of the X and Y electrodes.

Further, preferably, the method for driving the display
panel carries out write discharge 1n all cells of all of the
display lines with use of the X and Y electrodes, carries out
or does not carry out sustain discharge, applies an erase
pulse to the X and Y electrode of every display line, to carry
out erase discharge in all cells of all of the display lines,
sequentially selects the display lines one by one, carries out
write discharge 1n cells to be turned ON of the selected
display line with use of the Y and addressing electrodes, to
thereby write display data to the selected display line,
immediately applies a sustain discharge pulse to the x
clectrode, to carry out sustain discharge for stabilizing wall
charges, and after display data are written to all of the

display lines, carries out sustain discharge 1n the cells turned
ON of all of the display lines with use of the X and Y

electrodes.

Further, preferably, the method for driving the display
panel provides a plasma display panel comprising a first
substrate, display lines each mvolving X and Y electrodes
disposed 1n parallel with each other on the first substrate, a
second substrate facing the first substrate, and addressing
electrodes disposed on the second substrate and extending
orthogonally to the X and Y electrodes. The display lines are
orouped 1nto a plurality of blocks. The X electrodes are
connected together 1n each of the blocks. The Y electrodes
disposed 1n the respective display lines are independent of
one another.

Further, preferably, the method for driving the display
panel carries out write discharge 1n all cells of all of the
display lines with use of the X and Y electrodes, carries out
or does not carry out sustain discharge, applies an erase
pulse to the X or Y electrode of every display line, to carry
out erase discharge 1n all cells of all of the display lines,
sequentially selects the display lines one by one, carries out
write discharge 1n cells to be turned ON of the selected
display line with use of the Y and addressing electrodes, to
thereby write display data to the selected display line,
immediately applies a sustain discharge pulse to the X
clectrode of the block that contains the cells just turned ON,
fo carry out sustain discharge for stabilizing wall charges,
and after display data are written to all of the display lines,
carries out sustain discharge 1n the cells turned ON of all of
the display lines with use of the X and Y electrodes.

Further, preferably, the method for driving the display
panel provides a method of driving a plasma display panel
having a plurality of second electrodes that are sequentially
selected and driven line by line and first electrodes that are
driven by a single driver circuit and are disposed between
every two adjacent ones of the second electrodes. The
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method sets a voltage applied to the second electrode of
unselected lines to be lower than the potential of a sustain
discharge pulse, of equal to an addressing voltage.

Further, preferably, in the method for driving the display
panel, erase discharge 1s carried out with use of the first and

second electrodes, just before the write discharge for all cells
1s executed.

Further, preferably, 1n the method for driving the display
panel, the sustain discharge 1s carried out by applying a
narrow pulse such that the erase discharge 1s not executed,
immediately after the write discharge for all cells 1is
executed.

On the other hand, the apparatus for driving the display
panel comprises driving means which supplies a plurality of
driving voltage pulses for executing write operation of the
display data for the first, second and third electrodes; and
control means which controls a sequence of supplying these
plurality of driving voltage pulses. Further, the control
means 1s operative to apply a write pulse for executing a
write discharge for all cells of at least one display line
selected by either one of the first and second electrodes and
by the third electrode with use of the first and second
clectrodes, and to apply an erase pulse for executing an erase
discharge for all cells of said selected display line with use
of the first and second electrodes.

Further, preferably, in the apparatus for driving the dis-
play panel, the control means 1s operative to sequentially
select the display lines one by one, to apply a write pulse for
carrying out write discharge in all cells of the selected
display line with use of the first and second electrodes, to
apply a sustain pulse selectively for carrying out sustain
discharge, to apply an erase pulse to the second or first
clectrode of the selected display line, to apply an erase pulse
for carrying out erase discharge in all cells of the selected
display line, and to carry out write discharge in cells to be
turned ON of the selected display line with use of the second
and third electrodes, to thereby write display data to the
selected display line, by the driving means.

Further, preferably, in the apparatus for driving the dis-
play panel, the control means 1s operative to sequentially
select a plurality of the display lines, to apply a write pulse
for carrying out write discharge 1n all cells of the selected
display lines with use of the first and second electrodes, to
apply a sustain pulse selectively for carrying out sustain
discharge, to apply an erase pulse to the second or first
clectrodes of the selected display lines, to apply an erase
pulse for to carrying out erase discharge 1n all cells of the
selected display lines, and to apply a write pulse for carrying
out write discharge 1n cells to be turned ON of the selected
display lines with use of the second and third electrodes, to
thereby write display data to the selected display lines, by
means of the driving means.

Further, preferably, an insulation layer, which separate the
third electrode from the discharge space formed between the
third electrode and the first and second electrodes, 1s
provided, so that the wall charges can be accumulated on the
insulation layer.

Further, preferably, 1n the method for driving the display
panel comprised of a set of display elements having a
memory function, a frame that forms an 1mage plane 1s made
of a plurality of subframes, each of the subframes provides
different luminance and includes an addressing period for
rewriting display data and a sustain emission period for
repeating an emission display operation according to the
rewritten data, and the addressing and sustain emission
periods are temporally separated from each other over the




US RE37,444 E

9

display elements, to provide the display elements with
intensity levels and to enable the adjustment of luminance of
the 1mage plane. In this case, the method 1s adapted to
increase or decrease the numbers of sustain emission opera-
fions of the respective subframes at the same ratio, thereby
controlling the luminance of the 1mage plane.

Further, preferably, in the method for driving the display
panel, when the display elements with intensity levels are
provided, the number of sustain emission operations of a
ogrven subiframe 1s determined according to the number of
sustain emission operations of another subframe whose
welght of luminance 1s one rank heavier than that of the
ogrven subirame, namely, the number of sustain emission
operations of a subframe whose weight of luminance 1s the
heaviest among the subframes 1s determined at first, and
according to this number, the number of sustain emission
operations of another subframe whose weight of luminance
1s the second heaviest among the subirames i1s determined,
and so on.

Further, preferably, in the method for driving the display
panel, the number of sustain emission operations of a given
subframe 1s set to be half of that of another subframe whose
welght of luminance 1s one rank heavier than that of the
grven subirame.

Further, preferably, in the method for driving the display
panel, fractions, 1f any, are rounded up or discarded when
halving the number of sustain emission operations of a
subframe whose weight of luminance 1s one rank heavier
than that of a given subframe.

Further, preferably, in the apparatus for driving the dis-
play panel composed of a set of display elements having a
memory function, a frame that forms an 1mage plane 1s made
of a plurality of subframes, each of the subframes provides
different luminance and includes an addressing period for
rewriting display data and a sustain emission period for
repeating an emission display operation according to the
rewritten data, and the addressing and sustain emission
periods are temporally separated from each other over the
display elements, to provide the display elements with
intensity levels and enable the adjustment of luminance of
the 1mage plane. In this case, the apparatus comprises first
means for determining the number of sustain emission
operations of a subframe whose weight of luminance 1s the
heaviest among the subframes; and second means for
determining, according to the above determined number, the
number of sustain emission operations of a subframe whose

welght of luminance 1s the next heaviest among the sub-
frames.

Further, preferably, the apparatus further comprises
means for stopping operations carried out in a subframe, 1f
the number of sustain emission operations to be carried out
in this subframe 1s zero as a result of luminance adjustment
carried out by the first and second means.

Further, preferably, the apparatus further comprises
means for holding data according to which the number of
sustain emission operations of the next subframe 1s deter-
mined; means for counting the number of sustain emission
operations carried out 1n the present subframe; means for
comparing the count with the held data; and means for
providing an instruction to start the next subframe 1if the
comparison means indicates agreement.

Further, preferably, wherein the above-mentioned first
means has means for optionally setting the number of

sustain emission operation of a subframe whose weight of
luminance 1s the heaviest.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and the present invention will be more
apparent from the following description of the preferred
embodiments with reference to the accompanying drawings,
wherein:
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FIG. 1 1s a plan view schematically showing an example
of a conventional PDP;

FIG. 2 15 a sectional end view schematically showing the
basic structure of a cell;

FIG. 3 1s a view showing the conventional PDP of FIG.
1 and peripheral circuits thereof;

FIG. 4 1s a waveform diagram showing a first conven-
tional method for driving the PDP of FIG. 1;

FIG. 5 1s a time charge showing a method of selecting
display lines;

FIG. 6 1s a wavelorm diagram showing a second conven-
tional method of driving the PDP of FIG. 1;

FIG. 7 1s a view explaining a method of displaying 16
intensity levels;

FIG. 8 1s a waveform diagram showing a third conven-
tional method of driving the PDP of FIG. 1;

FIG. 9 1s a schematic view showing an operational model
in driving a display panel of the present invention;

FIG. 10 1s a schematic view showing an operational

model and drive waveform in driving a conventional two-
clectrode type PDP;

FIG. 11 1s a schematic view showing an operational model
and drive waveform in driving a conventional PDP of
three-clectrode and self-erase addressing type;

FIG. 12 1s a schematic view showing an operational
model and drive waveform 1n driving a conventional PDP of
three-eclectrode and selective-write addressing type;

FIG. 13 1s the layout of an X-Y-Y-X arrangement;

FIGS. 14(a) and 14(b) are first models for explaining
abnormal discharge;

FIGS. 15(a) and 15(b) are second models for explaining
abnormal discharge;

FIGS. 16(a) and 16(b) are third models for explaining
abnormal discharge;

FIGS. 17(a) and 17(b) are fourth models for explaining
abnormal discharge;

FIG. 18 1s a wavelorm diagram showing a first embodi-
ment of the present invention;

FIG. 19 1s a waveform diagram showing a second
embodiment of the present invention;

FIG. 20 1s a waveform diagram showing a third embodi-
ment of the present mnvention;

FIG. 21 1s a waveform diagram showing a fourth embodi-
ment of the present mnvention;

FIG. 22 1s a time chart showing an example of a method
of selecting display lines according to a fourth embodiment
of the present invention;

FIG. 23 1s a wavelorm diagram showing a fifth embodi-
ment of the present mnvention;

FIG. 24 1s a waveform diagram showing a sixth embodi-
ment of the present invention;

FIG. 25 1s a view showing capacitance present between X
and Y electrodes;

FIG. 26 1s a plan view schematically showing a seventh
embodiment of the present invention;

FIG. 27 1s a view showing a seventh embodiment of the
present 1nvention and peripheral circuits thereof;

FIG. 28 1s a waveform diagram showing a method of
driving a seventh embodiment of the present 1nvention;

FIG. 29 1s a waveform diagram showing a method of
driving a seventh embodiment of the present invention;

FIG. 30 1s a waveform diagram showing an eighth
embodiment of the present invention;
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FIGS. 31(a) to 31(c) are models each showing an opera-
fion of an eighth embodiment of the present invention;

FIG. 32 1s another waveform diagram showing an eighth
embodiment of the present invention;

FIGS. 33(a) to 33(c) are other models each showing an
operation of an eighth embodiment of the present invention;

FIG. 34 1s a block diagram showing a PDP employing an
cight embodiment of the present 1nvention,;

FIG. 35 1s a view showing an arrangement including a Y
scan driver and a Y driver;

FIG. 36 1s a waveform diagram showing an operation of
FIG. 35;

FIG. 37 1s a simplified view of FIG. 35;
FIG. 38 1s a view showing an X driver 1n detail;
FIG. 39 1s a view showing an addressing driver in detail;

FIG. 40 1s a view showing another arrangement including,
a Y scan driver and a Y driver;

FIG. 41 1s a waveform diagram showing an operation of
FI1G. 40;

FIG. 42 1s a simplified view of FIG. 40;

FIG. 43 1s a view showing still another arrangement
including a Y scan driver and a Y driver;

FIG. 44 1s a sectional view showing a preferable PDP cell;

FIG. 45 1s a wavetform diagram a ninth embodiment of the
present mvention;

FIG. 46 1s a waveform diagram of a tenth embodiment of
the present invention;

FIG. 47 1s a waveform diagram of an eleventh embodi-
ment of the present invention;

FIG. 48 1s an operational model 1n driving an eleventh
embodiment of the present invention shown 1 FIG. 47;

FIG. 49 1s a waveform diagram of a twelfth embodiment
of the present invention;

FIG. 50 1s an operational model 1n driving a thirteenth
embodiment of the present invention;

FIG. 51 1s a waveform diagram of a thirteenth embodi-
ment of the present mnvention;

FIG. 52 1s a timing chart for explaining an example in
which the present invention i1s applied to the adjusting of
luminance of a PDP;

FIG. 53 1s a block diagram showing a circuit that achieves
the driving method of FIG. §2;

FIG. 54 1s a timing chart explaining a conventional
method of driving a PDP without adjusting luminance;

FIG. 55 1s a timing chart explaining a conventional
method of driving a PDP with the luminance thereof being
adjusted by erase discharge;

FIG. 56 1s a view showing drive wavelorms of the method
of FIG. 55;

FIG. 57 1s a timing chart for explaining a conventional
method of driving a PDP with the luminance thereof being
adjusted by thinning out sustain discharge cycles;

FIG. 38 1s a view showing drive waveforms of the method
of FIG. 57;

FIG. 59 1s a timing chart for explaining a conventional
method of driving a PDP involving intensity levels and
luminance adjustment;

FIG. 60 1s a timing chart explaining a conventional
method of driving a PDP realizing intensity levels with use
of separate addressing and sustain discharge periods; and

FIG. 61 1s a view showing drive waveforms of the method
of FIG. 60.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before describing the embodiments of the present
invention, an operational model for a display panel accord-
ing to the present invention will be described with reference
to the accompanying drawings, compared with conventional
operational models according to the prior art.

FIG. 9 1s a schematic view showing an operational model
in driving a display panel of the present invention. In this
case, the display panel of AC PDP will be 1illustrated
representatively. Further, to clarify the characteristics of the
present invention, an operational model and drive wave-
forms for a conventional two-electrode type PDP are 1llus-
trated 1 FIG. 10. Further, an operational model and drive
waveform for a conventional PDP of three-electrode and
self-erase addressing type are illustrated 1n FIG. 11. Further,
no operational model and drive waveform for a conventional

PDP of three-electrode and selective-write addressing type
are 1llustrated 1n FIG. 12.

In FIG. 9, AC PDP has a first substrate (not shown in FIG.
9), display lines each involving first electrode (X electrode
2 in FIG. 9) and second electrode (Y electrode 3, in FIG. 9)
disposed 1n parallel with each other on the first substrate, a
second substrate (not shown in FIG. 9) facing the first
substrate, and third electrodes (addressing electrode 4, in
FIG. 9) disposed on the second substrate and extending
orthogonally to the first and second electrodes. Further, 1n a
discharge space of each cell formed between the first and
second electrodes and the third electrode. Further, an 1nsu-
lation layer (a phosphor 12 or an insulation layer), which
separates the addressing electrode 4, from the discharge
space, is provided. Also, another insulation layer (a protec-
tive film 11 or an insulation layer), which separates the X
clectrode 2 and Y electrode 3, from the discharge space, 1s
provided.

Here, when a write discharge 1s executed by selecting the
cell by the Y electrode 3, and addressing electrode 4,, at the
first step (@), a write pulse of a voltage V _ 1s applied to the
X electrode, and then a write discharge i1s performed
between the X electrode 2 and the Y electrode 3, of the
ground GND (0 V). Namely, the write discharge for all the
cells of the selected display line 1s performed, and positive
charge (1ons) are accumulated over the addressing electrode
4.. Next, at the second stage (@), a sustain discharge pulse
of a voltage V, (V <V ) is applied to the electrode 3,, and
then a sustain discharge for all the cells of the selected
display line 1s performed. Further, at the third stage (@), an
erase pulse of a voltage V_ (or lower than V) is applied to
the X electrode 2, and then an erase discharge for all cells of
the selected display line. Namely, wall charges at the sustain
discharge electrode (over Y and X electrode) are forced to be
C
t

ecreased, so that the write discharge does not occur even 1t
e sustain discharge 1s applied to the Y electrode 3,. At this
stage, if negative wall charges (electrons) are accumulated
over the Y electrode, these wall charges can work effectively
on a selective write discharge of the next fourth stage. At the
fourth stage (@), the addressing pulse of a voltage V _ 1s
applied to the addressing electrode 4, and the selective write
discharge (addressing discharge) of the selected cell is
performed utilizing the wall charges that have been accu-
mulated over the addressing electrode 4,.

Namely, 1t 1s the main characteristics of the method for
driving a PDP according to the present invention that the
wall charges, which work effectively on the selective write
discharge, are accumulated over the addressing electrode
(phosphor 12 or dielectric layer), before the selective write
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discharge 1s executed. Further, if the charges having the
opposite polarity to the charges at the addressing electrodes
are accumulated over the sustain discharge electrode (Y
electrode of X electrode), such wall charges further work on
the selective write discharge. As a measure for realizing such
a process of wall charge accumulation, 1t 1s necessary for the
write discharge for all the cells and erase discharge for all the
cells to be carried out.

On the other hand, in a conventional two-electrode type
PDP as shown in FIG. 10 (e¢.g., a monochrome PDP of neo
orange lamp), a write discharge for all the cells is executed

at the first stage (@), and then a sustain discharge for all the
cells 1s executed at the second stage (@) Further, at the
third stage (@), a narrow erase pulse 1s applied to the
selected cell and a selective erase discharge (erase address
discharge) is performed. The unselected cell (the cell that is
turned ON) is prevented from being turned OFF due to the
erase discharge, by applying a cancel pulse of a voltage V_
to the X electrode. In this case, by utilizing electrons and
ions generated 1n an ON stage of the first stage remain for
relatively long time as the residual space charges, the
selective erase discharge 1s performed. However, in this
method, a process of accumulating wall charges over the
addressing electrode 1s not carried out at all, before the
selective erase discharge (selective write discharge) 1is
executed, different from the method of the present invention.

Further, in a conventional PDP of three electrode and
self-erase addressing type shown m FIG. 11, a write dis-
charge for all the cells 1s executed at the first stage (@), and
then a sustain discharge for all the cells 1s executed at the
second stage ((2)). Further, at the third stage ((3)), the
sustain discharge 1s executed between X and Y electrodes
and simultaneously a selective write discharge 1s executed
between addressing electrode and Y electrode. Due to this
selective write discharge, large amounts of wall charges are
ogenerated. Further, at the fourth stage (@), when a voltage
difference between X and Y electrodes is set to zero (0), the
discharge 1s started by virtue of the voltage generated only
from the wall charges. In this case, there 1s no voltage
difference between X and Y electrodes, the space charges
that was generated due to the discharge are neutralized and
dissipated. At this time, a process of selective erase dis-
charge (self-erase discharge) 1s completed. Also, in this case,
a process of accumulating wall charges over the addressing
electrode 1s not carried out at all, before the selective erase
discharge 1s executed.

Further, in a conventional PDD of three-electrode and
selective-write addressing type shown 1n FIG. 12, an erase
discharge for all the cells of the selected display line 1is
executed at the first stage (@), so that all the wall charges
can be dissipated assuredly. Next, at the second stage ((2)),
an addressing pulse 1s applied to the addressing electrode,
and then the selective write discharge (addressing discharge)
1s executed. Also, 1n this case, a process of accumulating the
wall charges over the addressing electrode 1s not carried out.

As described before, in any case of such prior arts, the
characteristics of the present invention, that the wall charge
are accumulated 1n advance of the selective write discharge
by carrying out the write discharge for all cells and the erase
discharge for all cells, 1s not utilized etfectively.

Hereinafter, an abnormal discharge which 1s likely to
occur in an AC PDP will be explained i detail. The
applicant has proposed, 1n Japanese Patent Application No.
4-3234 filed on Jan. 10, 1992, a display unit that employs a
novel arrangement of Y and X electrodes, to suppress
reactive power caused by parasitic capacitance between the
electrodes.
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This arrangement 1s an X-Y-Y-X arrangement shown 1n
FIG. 13. In the figure, two Y electrodes (for example, Y, and
Y,,Y;andY,, ..., Yy_; and Y,) are disposed between X
electrodes that are orthogonal to addressing electrodes A, to
A,

Compared with a usual arrangement (an X-Y-X-Y
arrangement) of X and Y electrodes, the proposed arrange-
ment can halve a distance between opposing X and Y
clectrodes, to thereby suppress parasitic capacitance and
reactive power. This arrangement, however, causes 1ncon-

venience depending on driving methods.

In FIGS. 14(a) and 14(b), an area surrounded by a dotted
line shows a sectional model of two discharge cells included
in the X-Y-Y-X arrangement. In FIG. 14(a), a ground (GND)
voltage 1s applied to an addressing electrode, and a voltage
of V_ is applied to the X-Y-Y-X electrodes. In FIG. 14(b) a
voltage of Va 1s applied to the addressing electrode, and a
potential of GND (a selection pulse) is applied to a selected
Y clectrode (Y,). The cell of the electrode Y, then dis-
charges to produce positive wall charges. Under this state, 1f
the GND (a selection pulse) 1s applied to the adjacent
electrode (Y,) as shown in FIG. 15(a), abnormal discharge
occurs between the cell of the electrode Y, that has already
carried out write discharge and produced the wall charges
and the cell of the electrode Y,, as shown in FIG. 15(b). As
a result, the cell of the electrode Y, excessively accumulates
negative wall charges, to hinder sustain discharge thereafter.
Although this explanation 1s related to a write addressing

method, the same 1s applicable for an erase addressing
method.

In FIG. 16(a), the voltage GND is applied to the address-
ing and X electrodes, and the voltage Vs 1s applied to the Y
clectrodes. Thereafter, the voltage Va 1s applied to the
addressing electrode, and the GND (a selection pulse) is
applied to a selected Y electrode (Y,), as shown in FIG.
16(b). The cell of the electrode Y, discharges to produce
positive wall charges. At this time, the GND (a selection
pulse) 1s applied to the adjacent electrode Y, as shown in
FIG. 17(a). Then, as shown i FIG. 17(b), abnormal dis-
charge occurs between the cell of the electrode Y, that has
already carried out write discharge and produced the wall
charges and the cell of the electrode Y,. As a result, the cell
of the electrode Y, enables sustain discharge, while the cell
of the electrode Y, 1s extinguished to disable sustain dis-
charge.

Such an abnormal discharge 1n the X-Y-Y-X arrangement
1s avoidable by lowering the voltage applied to the Y
clectrodes of unselected lines less than the potential of a
sustain discharge pulse, or by equalizing the same with an
addressing voltage, to thereby suppress an effective voltage
applied to a discharge cavity between adjacent Y electrodes
below a discharge start voltage.

First to eighth embodiments of the present invention will
be explained with reference to FIGS. 18 to 51.

First Embodiment of FIG. 18

FIG. 18 1s a wavetform diagram showing the first embodi-
ment of the present invention. The figure shows one drive
cycle. This embodiment drives the PDP of FIG. 1 according
to the sequential line driving method.

According to this embodiment, the potential of the Y
clectrode of a selected line 1s set to GND, the potential of the
Y electrodes of unselected lines 1s set to Vs, and a write
pulse 36 having a voltage of Vw 1s applied to the X electrode
2, to discharge all cells of the selected line.

Thereafter, the potential of the Y electrode of the selected
line 1s returned to Vs, and a sustain discharge pulse 37 is
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applied to the X electrode 2, to carry out sustain discharge.
A narrow erase pulse 38 1s applied to the Y electrode of the
selected line, to carry out erase discharge 1n all cells of the
selected line.

An addressing pulse (a write pulse) 39 having a potential
level of GND 1s applied to the Y electrode of the selected
line. The Y electrodes of the unselected lines are kept at Vs.
An addressing pulse (a wide pulse) 40 having a voltage of
Va 1s applied to the addressing electrodes that correspond to
cells to be turned ON of the selected line, to discharge these
cells.

Sustain discharge pulses 41 and 42 are alternately applied
to the X electrode 2 and the Y electrode of the selected line,
to repeatedly carry out sustain discharge. Consequently,
display data 1s written to the selected line. Numeral 43 1s a
sustain discharge pulse applied to the Y electrodes of the
unselected lines.

In this way, the first invention carries out write discharge
and then erase discharge 1n all cells of a selected display line,
to equalize these cells before writing display data thereto.
The sequential line driving method according to the first
invention, therefore, prevents a write error of display data
and displays a quality 1image.

Second Embodiment of FIG. 19

FIG. 19 1s a waveform diagram showing a second
embodiment of the present invention. The figure shows one
drive cycle. Similar to the first embodiment, the second
embodiment drives the PDP of FIG. 1 according to the

sequential line driving method.

The second embodiment applies a wide erase pulse 44 to
the Y electrode of a selected line. The rest of this embodi-
ment 1s the same as the first embodiment.

The second embodiment equalizes all cells of a selected
line before writing display data thereto. Similar to the first
embodiment, the sequential line driving method according
to the second embodiment prevents a write error and dis-
plays a quality image.

Third Embodiment of FIG. 20

FIG. 20 1s a wavetform diagram showing a third embodi-
ment of the present mvention. The figure shows one drive
cycle. Stmilar to the first embodiment, the third embodiment
drives the PDP of FIG. 1 according to the sequential line
driving method.

Instead of the narrow erase pulse 38 of FIG. 18, the third
embodiment applies a narrow erase pulse 45 to the X
clectrode 2. Before the narrow erase pulse 45 to the X
electrode 2, a sustain discharge pulse 46 1s applied to the Y
clectrode of a selected line, to accumulate negative wall
charges 1n the MgO film over the X electrode of the selected
line as well as positive wall charges in the MgO film over the
Y electrode of the selected line, so that the narrow erase
pulse 45 may trigger erase discharge. The rest of this
embodiment 1s the same as the first embodiment.

The third embodiment equalizes all cells of a selected line
before writing display data thereto. Similar to the first
embodiment, the sequential line driving method according
to the third embodiment prevents a write error and displays
a quality 1mage.

Fourth Embodiment of FIGS. 21 and 22

FIG. 21 1s a waveform diagram showing a fourth embodi-
ment of the present mvention. The figure shows one drive
cycle. Similar to the first embodiment, the fourth embodi-
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ment drives the PDP of FIG. 1 according to, unlike the first
embodiment, the sequential multiple line driving method.

According to the fourth embodiment, two display lines
7m and 7n are selected, the Y electrodes of the selected lines
7m and 7n are set to GND, the Y electrodes of unselected
lines are kept at Vs, and a write pulse 47 having a voltage
of Vw 1s applied to the X electrode 2, to discharge all cells
of the selected lines 7m and 7n.

Thereafter, the potential of the Y electrodes of the selected
lines 7m and 7n 1s returned to Vs. A sustain discharge pulse
48 1s applied to the X electrode 2, to carry out sustain
discharge. Narrow erase pulses 49 and 50 are applied to the
Y electrodes of the selected lines 7m and 7n, to carry out
erase discharge 1n all cells of the selected lines 7m and 7n.

An addressing pulse (a write pulse) 51 having a potential
level of GND 1s applied to the Y electrode of one selected
line 7m. The Y electrode of the other selected line 7n and the
Y electrodes of unselected lines are kept at Vs. An address-
ing pulse (a write pulse) 52 having a voltage of Va is applied
to addressing electrodes that correspond to cells to be turned
ON of the selected line 7m, to discharge these cells.

An addressing pulse (a write pulse) 53 having a potential
level of GND 1s applied to the Y electrode of the other
selected line 7n. The Y electrode of the selected line 7m and
the Y electrodes of the unselected lines are kept at Vs. An
addressing pulse (a write pulse) 54 having a voltage of Va is
applied to addressing electrodes that correspond to cells to
be turned ON of the selected line 7n, to discharge these cells.

Sustain discharge pulses 55 and 56 are alternately applied
to the X electrode 2 and the Y electrodes of the selected lines
7m and 7n, to repeatedly carry out sustain discharge.
Consequently, display data are written to the selected lines
7m and 7n. Numeral 57 1s a sustain discharge pulse applied
to the Y electrodes of the unselected lines.

FIG. 22 15 a time chart showing the display lines sequen-
tially selected. In the figure, “W” 1s a write cycle of a present
frame, “S” 1s a sustain discharge cycle of the present frame,

w18 a write cycle of a preceding frame, and “s” 1s a sustain
discharge cycle of the preceding frame.

In this way, the sequential multiple line driving method
according to the fourth embodiment equalizes all cells of
selected lines before writing display data thereto, to thereby
prevent a write error and display a quality image.

According to the fourth embodiment, the narrow erase
pulses 49 and 50 are applied to the Y electrodes of the
selected lines 7m and 7n. Instead, wide erase pulses may be
applied to the Y electrodes of the selected lines and a narrow
erase pulse to the X electrode.

Fifth Embodiment of FIG. 23

FIG. 23 1s a waveform diagram showing a fifth embodi-
ment of the present invention. The figure shows one drive
cycle. Similar to the first embodiment, the fifth embodiment
drives the PDP of FIG. 1 according to, unlike the first
embodiment, the separately addressing and sustain-
discharging method.

According to the fifth embodiment, a frame 1s divided into
a total write and erase period, an addressing period, and a
sustain discharge period. The total write and erase period
deals with discharge cells that have been ON 1n a preceding
frame as well as discharge cells that have been OFF 1n the
preceding frame, to equalize all discharge cells, 1.e., to
climinate wall charges from all discharge cells.

During the total write and erase period, the Y electrodes
3, to 3,44 are set to GND, and a write pulse 58 having a
voltage of Vw 1s applied to the X electrode 2, to discharge
all cells.
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The potential of the Y electrodes 3, to 3,,0, 1S then
returned to Vs, and a sustain discharge pulse 59 1s applied to
the X electrode 2, to carry out sustain discharge. A narrow
erase pulse 60 1s applied to the Y electrodes 3, to 3,444, tO
carry out erase discharge. This completes the total write and
erase operation.

During the addressing period, display data are sequen-
tially written to the display lines from the display line 7,. At
first, an addressing pulse 61, having a potential level of
GND 1s applied to the Y electrode 3,. An addressing pulse
62 having a voltage of Va 1s applied to selected ones of the
addressing electrodes 4, to 4,, that correspond to cells to be
turned ON of the display line 7,, to discharge these cells.
This completes the writing operation of display data to the
display line 7.

The above operation 1s repeated on the display lines 7, to
7000 Sequentially, to write display data to all of the display
lines 7, to 7,,9o. Numerals 61, to 61,,,, are addressing
pulses applied to the Y electrodes 3, to 3,40, respectively.

During the sustain discharge period, sustain discharge
pulses 63 and 64 arc alternately applied to the Y electrodes
3,10 3,,50 and X electrode 2, to carry out sustain discharge
and display an image for one frame.

In this way, the fifth embodiment carries out write dis-
charge and then erase discharge 1n all cells of all display
lines, to equalize these cells before writing display data
thereto. The separately addressing and sustain-discharging
method according to the fifth embodiment thus prevents a
write error and displays a quality 1mage.

Sixth Embodiment of FIG. 24

FIG. 24 1s a waveform diagram showing a sixth embodi-
ment of the present invention. The figure shows one drive
cycle. Similar to the first embodiment, the sixth embodiment
drives the PDP of FIG. 1 according to, unlike the first
embodiment, the separately addressing and sustain-
discharging method.

The fifth embodiment (FIG. 23) applies the addressing
pulses 61, to 61,,,, to the Y electrodes 3, to 3,400,
respectively, and the addressing pulse 62 to the addressing
clectrodes, to discharge and write display data to the display
lines.

Such discharge may excessively accumulate wall charges,
which will be destabilized by the application of the address-
ing pulse 61,, to cause discharge just after the application of
the addressing pulse 61, only with the voltage of the wall
charges. If this happens, the wall charges will be neutralized.

The sixth embodiment 1s intended to solve this problem.
Just after the application of each of the addressing pulses 61,
to 61,40, the sixth embodiment applies a corresponding one
of the sustain discharge pulses 65, to 65,,,, to the X
clectrode 2, to stabilize wall charges up to the sustain
discharge period.

Similar to the fifth embodiment, the separately addressing,
and sustain-discharging method according to the sixth
embodiment prevents a write error, displays a quality image,
and stabilizes wall charges after the writing of display data
up to the sustain discharge period.

The sixth embodiment, however, sequentially applies the
sustain discharge pulses 65, to 65,4, to the X electrodes 2
after the respective write addressing operations during the
addressing period, even to cells of display lines where no
display data are written.

For example, when display data 1s written to the display
line 7, the sustain discharge pulse 65, 1s applied even to the
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display lines 7, to 7,44 to which no display data are written.
Similarly, when display data 1s written to the display line 7.,
the sustain discharge pulse 65, 1s applied even to the display
lines 7, and 7, to 7, ,,, to which no display data are written.

As shown 1n FIG. 25, a gap between the X electrode 2 and
the Y electrode 3, mvolves capacitance 66 due to the
dielectric layer between the X electrode 2 and the discharge
space, capacitance 67 due to the discharge cavity between

the surface of the dielectric layer over the X electrode 2 and
the surface of the diclectric layer over the Y electrode 3.,
and capacitance 68 due to the dielectric layer between the Y
clectrode 3,- and the discharge cavity. Also, capacitance Cx
that does not involve the discharge cavity is present between
the X electrode 2 and the Y electrode 3,- because these
clectrodes are formed on the same substrate.

When a sustain discharge pulse 1s applied to discharge
cells of display lines to which no display data are written
during an addressing period, a charging or discharging
current flows to the capacitance (the capacitance Cx that
does not involve the discharge space) of the cells of the
display lines where no display data are written, to thereby
increase power consumption. The seventh embodiment
explained below 1s to reduce such power consumption.

Seventh Embodiment of FIGS. 26 to 29

FIG. 26 1s a plan view schematically showing a seventh
embodiment of the present invention. In the figure, numeral
69 1s a panel, 70, to 70, are X electrodes, 71, to 71,44, are
Y electrodes, 72, to 72,, are addressing electrodes, and 73
1s a cell. There are Mx1000 cells 73 each located at an
intersection of a pair of the X and Y electrodes and one
addressing electrode. Numeral 74 1s a wall partitioning the
cells 73, and 75, to 75,,,, are display lines.

According to the seventh embodiment, the display lines
75, to 75,540 are grouped into four blocks 76, to 76,
containing consecutive 250 display lines 75, to 75,-,, 75,+,
to 75500, 79557 10 75,54, and 75,5, to 75,400, respectively.

These blocks 76, to 76, have X electrodes 70, to 70,,
respectively.

FIG. 27 shows the PDP according to the seventh embodi-
ment and peripheral circuits thereof. In the figure, numerals
77, to 77, are X driver circuits for supplying write pulses
and sustain discharge pulses to the X electrodes 70, to 70,
78, 15 a Y driver IC for supplying addressing pulses to the
Y electrodes 71, to 71,-,, 78, 1s a Y driver IC for supplying
addressing pulses to the Y electrodes 71,, to 71,,, 785 1s
a Y driver IC for supplying addressing pulses to the Y
clectrodes 71, to 71, 78,15 a Y driver IC for supplying
addressing pulses to the Y electrodes 71,5, to 71,00, 79 1S
a Y driver circuit for supplying pulses other than the
addressing pulses to the Y electrodes 71, to 71,400, 80, tO
80. are addressing driver ICs for supplying addressing
pulses to the addressing electrodes 72, to 72,,, and 81 1s a
control circuit for controlling the X driver circuits 77, to
77,, Y driver ICs 78, to 78,, Y driver circuit 79, and
addressing driver ICs 80, to 80..

FIGS. 28 and 29 are waveform diagrams each showing a
method of driving the PDP of the seventh embodiment.
According to this embodiment, a frame 1s divided into a total
wire and erase period, an addressing period, and a sustain
discharge period. The addressing period 1s further divided
into first to fourth addressing periods.

During the total write and erase period, the potential of the
Y electrodes 71, to 71, 15 set to GND, and a write pulse
82 having a voltage of Vw 1s applied to the X electrodes 70,
to 70, to discharge all cells of all of the display lines 75, to
731000-
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The potential of the Y electrodes 71, to 71,444 1s then
returned to Vs, and a sustain discharge pulse 83 1s applied to
the X electrodes 70, to 70,, to carry out sustain discharge.
A narrow erase pulse 84 1s applied to the Y electrodes 71,
to 71,00, t0 carry out erase discharge. This completes the
total write and erase operation.

During the addressing period, display data are written to
the display lines sequentially from the display line 75,.
During the first addressing period, an addressing pulse 85,
having a potential level of GND 1s applied to the Y electrode
71,. At the same time, an addressing pulse 86 having a
voltage of Va 1s applied to selected ones of the addressing,
electrodes 72, to 72,, that correspond to cells to be turned
ON, to discharge these cells.

Immediately after that, a sustain discharge pulse 87, 1s
applied to the X electrode 70, to carry out sustain discharge
for stabilizing wall charges up to the sustain discharge
pertod. This completes the writing of display data to the
display line 75,.

The same operations are repeated for the display lines 75,

to 75, sequentially, so that display data are written to all
of the display lines 75, to 75,., 1n the block 76,.

Numerals 85, to 85, are addressing pulses sequentially
applied to the Y electrodes 71, to 71,,, respectively, and
87, to 87,., are sustain discharge pulses sequentially
applied to the X electrodes 70, after the respective address-
ing pulses 85, to 85,-,.

During the second addressing period, an addressing pulse
85,-, having a potential level of GND 1s applied to the
clectrode 71,,. At the same time, an addressing pulse 86
having a voltage of Va 1s applied to selected ones of the
addressing electrodes 72, to 72,, that correspond to cells to
be turned ON, to discharge these cells.

Immediately after that, a sustain discharge pulse 87, 1s
applied to the X electrode 70, to carry out sustain discharge
for stabilizing wall charges up to the sustain discharge
period. This completes the writing of display data to the
display line 75,,.

The same operations are repeated for the display lines
75,5, to 755, sequentially, so that display data are written
to all of the display lines 75,-, to 75;,4 1n the block 76..

Numerals 85,., to 85.,, are addressing pulses sequen-
tially applied to the Y electrodes 71, to 71, respectively,
and 87,., to 87, are sustain discharge pulses sequentially
applied to the X electrodes 70, after the respective address-
ing pulses 85,., to 85.,.

During the third addressing period, an addressing pulse
85.,, having a potential level of GND 1is applied to the Y
clectrode 71.,,. At the same time, an addressing pulse 86
having a voltage of Va 1s applied to selected ones of the
addressing electrodes 72, to 72,, that correspond to cells to
be turned ON, to discharge these cells.

Immediately after that, a sustain discharge pulse 87, 1s
applied to the X electrode 70, to carry out sustain discharge
for stabilizing wall charges up to the sustain discharge
pertod. This completes the writing of display data to the
display line 75.,,.

The same operations are repeated for the display lines
75, t0 75,5, sequentially, so that display data are written
to all of the display lines 75, to 75,4 1n the block 76..

Numerals 85.,, to 85,., are addressing pulses sequen-
fially applied to the Y electrodes 71, to 71, respectively,
and 87, to 87, are sustain discharge pulses sequentially
applied to the X electrodes 70, after the respective address-
ing pulses 85.,, to 85.,.
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During the fourth addressing period, an addressing pulse
85,., having a potential level of GND 1s applied to the Y
clectrode 71-.,. At the same time, an addressing pulse 86
having a voltage of Va 1s applied to selected ones of the
addressing electrodes 72, to 72,, that correspond to cells to
be turned ON, to discharge these cells.

Immediately after that, a sustain discharge pulse 87, 1s
applied to the X electrode 70, to carry out sustain discharge
for stabilizing wall charges up to the sustain discharge
period. This completes the writing of display data to the
display line 75.,.

The same operations are repeated for the display lines

75,5, to 75,40 sequentially, so that display data are written
to all of the display lines 75-., to 75,44, 1n the block 76,,.

Numerals 85, to 85,4, are addressing pulses sequen-
tially applied to the Y electrodes 71, to 71,500
respectively, and 87, to 87, are sustain discharge pulses
sequentially applied to the X electrodes 70, after the respec-
tive addressing pulses 85, to 85, 4.

Next, during the sustain discharge period, sustain dis-
charge pulses 88 and 89 having a potential level of GND are
alternately applied to the Y electrodes 71, to 71,5, and X
clectrodes 70, to 70,, to carry out sustain discharge to
display an image for one frame.

In this way, the seventh embodiment carries out write
discharge and then erase discharge 1 all cells of all display
lines, to equalize these cells before writing display data
thereto. The separately addressing and sustain-discharging
method according to the seventh embodiment thus prevents
a write error, displays a quality 1mage, and maintains a
stabilized state of wall charges up to a sustain discharge
period after writing display data to the display lines.

As mentioned above, the seventh embodiment groups the
display lines 75, to 75,,,, 1nto the four blocks 76, to 76,
containing the consecutive 250 display lines 75, to 75, ,,
75, 10 75:45, 7555, t0 75,5, and 75,5, to 75,450, TESPEC-
tively. These blocks 76, to 76, have the X electrodes 70, to
70,, respectively. During the addressing period, a sustain
discharge pulse for stabilizing wall charges 1s applied only
to the X electrode of the block that contains a display line to
which display data 1s written.

Accordingly, during the first addressing period, the sus-
tain discharge pulses 87, to 87, to the X electrode 70, are
applied only to the cells of the display lines 75, to 75,4 1n
the block 76, but not to the cells of the display lines 75, .,
to 75,440 Of the other blocks 76.,, 76, and 76,,.

During the second addressing period, the sustain dis-
charge pulses 87,., to 87.,, to the X electrode 70, are
applied only to the cells of the display lines 75, to 75.,,
in the block 76, but not to the cells of the display lines 7§,
to 75,4, and 75, to 75, ,,, of the other blocks 76, 765, and
76,,.

During the third addressing period, the sustain discharge
pulses 87.,, to 87, to the X electrode 70, are applied only
to the cells of the display lines 75, to 75, 1n the block 76,

but not to the cells of the display lines 75, to 75.,,, and
75, to 75,,00 Of the other blocks 76,, 76,, and 76,,.

During the fourth addressing period, the sustain discharge
pulses 87, to 87, to the X electrode 70, are applied only
to the cells of the display lines 75, to 75,444 1n the block
76, but not to the cells of the display lines 75, to 75, of
the other blocks 76, 76,, and 76..

In this way, according to the seventh embodiment, the
sustain discharge pulses 87, to 87,0 to the X electrodes 70,
to 70, are applied only to the cells of corresponding 250
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display lines during the addressing period, so that, compared
with the sixth embodiment that applies sustain discharge
pulses to all cells of all 1000 display lines, the seventh
embodiment reduces the power consumption of sustain
discharge pulses applied to the X electrodes to one fourth.

The seventh embodiment groups display lines into four
blocks and provides each block with X electrodes connected
together. According to the present invention, display lines

may be grouped into “n” blocks (“n” being an optional
number) each being provided with X electrodes connected
together. In this case, the power consumption of sustain
discharge pulses applied to the X electrodes during the
addressing period can be reduced to 1/n of that of the sixth
embodiment.

To provide multiple intensity levels, for example, 16
intensity levels, a frame 1s divided into four subframes SF1,
SE2, SF3, and SF4 as shown 1n FIG. 7, and the operations
explained above are carried out in each of the subframes.
The number of sustain discharge pulses applied to the X
clectrode during an addressing period 1s larger than that of
a single intensity level, so that the effect of reducing the
power consumption 1n the multiple intensity levels 1s more
conspicuous than 1n the single intensity level.

Eighth Embodiment of FIGS. 30 to 44

FIGS. 30 to 43 show an eighth embodiment of the present
invention. This embodiment relates to a three-electrode
surface-discharge AC PDP having sustain discharge elec-
trodes of X-Y-Y-X arrangement (the arrangement of FIG.
13). To drive this PDP, the eighth embodiment turns ON all
cells, erases all the cells, and addresses the cells to write
display data thereto. This embodiment employs an address-
ing period and a sustain discharge period that are 1ndepen-
dent of each other.

FIG. 30 1s a waveform diagram showing the embodiment.
The figure shows one drive cycle of a write addressing
method according to the embodiment. Each frame comprises
a total write and erase period, an addressing period, and a
sustain discharge period. The total write and erase period
deals with cells that have been ON 1n a preceding frame as
well as cells that have been OFF 1n the preceding frame, to
equalize all cells, 1.e., to eliminate wall charges from all
cells. Alternatively, the total write and erase period equalizes
all cells with these cells keeping residual wall charges.

During the total write and erase period, the Y electrodes
Y, to Y, are set to GND, and a write pulse 90 having a
voltage of Vw 1s applied to the X electrode, to discharge all
cells.

The potential of the Y electrodes Y, to Y, 1s then returned
to Vs, and a discharge pulse 91 1s applied to the X electrode,
fo carry out sustain discharge. A narrow erase pulse 92 is
applied to the Y electrodes Y, to Y,, to carry out erase

discharge. This completes the total write and erase opera-
fion.

During the addressing period, display data are written to
the display lines sequentially. At first, addressing pulses 93,
to 93, having a potential level of GND are sequentially
applies to the Y electrodes Y, to Y », respectively. In each of
the addressing operations, an addressing pulse 94 having a
voltage of Va 1s applied to selected ones of the addressing
electrodes A, to A,, that correspond to cells to be turned ON
of the addressed display line, to discharge these cells.
Consequently, display data are written to the display lines.
During the sustain discharge period, sustain discharge pulses
95 and 96 are alternately applied to the Y electrodes Y, to
Y, and X electrodes, to carry out sustain discharge and
display an image for one frame.
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During the addressing period, this embodiment changes
the voltage applied to the Y electrodes Y, to Y,, between the
potential GND of the addressing pulses 93, to 93, and an
intermediate potential Vy (preferably Vy=Va) that is inter-
mediate between GND and Vs. Namely, this embodiment
applies the addressing pulse of GND to the Y electrode of a
selected line and the voltage Vy to the Y electrodes of the
other unselected lines.

FIGS. 31(a) to 31(c) are models of the driving method
(the write addressing method) of FIG. 30. FIG. 31(a) shows
a state after the total write and erase operation. All cells are
equalized. Under this state, the addressing electrode 1s at

GND, and two Y electrodes (Y, Y,) adjacent to the X
electrodes are at Vs. In FIG. 31(b), the addressing pulse 93,
(GND) 1s applied to the Y electrode Y,, to carry out
addressing discharge. The addressing electrode 1s at Va, and
the electrode Y, 1s at GND. Under this state, positive wall
charges (whose level is expressed as Vy4, for the sake of
convenience) are produced over the electrode Y, by the
addressing discharge. In FIG. 31(c¢), the addressing pulse 93,
(GND) is applied to the adjacent Y electrode (Y,). Under
this state, the voltage Vy (=Va) is applied to the electrode Y.
Since the positive wall charges V.~ are accumulated over
the electrode Y,, an effective voltage applied to the dis-
charge cavity between the electrodes Y, and Y, 1s given as
Va+V ..., 1f no write discharge occurs between the electrode
Y, and the addressing electrode. (In this case, wall charges
above the electrode Y, are negligible.) Generally,
Va+V .. <VI(Vf being a discharge start voltage), so that
abnormal discharge in the discharge space between the
adjacent two Y electrodes (Y, Y,) 1s avoidable and the wall
charges V-, over the electrode Y, are kept as they are.

FIG. 32 1s another waveform diagram according to the
embodiment. The figure shows one drive cycle of an erase
addressing method. Similar to FIG. 30, each frame 1s divided
into a total write period, an addressing period, and a sustain
discharge period.

During the total write period, the Y electrodes Y, to Y,
are set to GND, and a write pulse 97 having a voltage of Vw
1s applied to the X electrode, to discharge all cells. The
potential of the Y electrodes Y, to Y, 1s then returned to Vs,
and the same potential level (GND) as that of a sustain
discharge pulse 98 1s applied to the X electrode, to carry out
sustain discharge.

During the addressing period, display data are written to
the display lines sequentially. At first, addressing pulses 99,
to 99, having potential level of GND are sequentially
applied to the Y electrodes Y, to Y, respectively. In each of
the addressing operations, an addressing pulse 100 having a
voltage of Va 1s applied to selected ones of the addressing
clectrodes A, to A,, that corresponds to cells in which no
sustain discharge 1s to be carried out, 1.¢., cells which are not
turned ON of the addressed display line, to carry out erase
discharee 1n these cells. Consequently, display data are
written to the display lines. During the sustain discharge
period, sustain discharge pulses 98 and 101 are alternately
applied to the Y electrodes Y, to Y,, and X electrodes, to
carry out sustain discharge and display an image for one
frame.

FIGS. 33(a) to 33(c) show models of the driving method
(the erase addressing method) of FIG. 32. FIG. 33(a) shows
a condition that wall charges have been produced 1n every
cell by total writing and thereafter a sustain discharge has
been already executed. The addressing electrode 1s at GND,
and two Y electrodes (Y, Y,) adjacent to the X electrodes
are at Vs. FIG. 33(b) shows that the addressing pulse 99,
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(GND) is applied to the electrode Y, to carry out erase
discharge (addressing discharge). The addressing electrode
1s at Va, and the electrode Y, 1s at Va. The discharge
produces positive wall charges over the dielectric layer in
the vicinity of the electrode Y,. Since the positive wall
charges are present over the X electrodes, the addressing
discharge causes the X and Y, electrodes to have positive
wall charges, so that no sustain discharge will occur there-
after even if sustain discharge pulses are applied. FIG. 33(c)
shows that the addressing pulse 99, (GND) has been applied
to the adjacent Y electrode (Y,). Under this state, the
electrode Y, receives a voltage of Vy (=Va), and the elec-
trode Y, recerves GND. Although the electrode Y, has the
positive wall charges (whose level is expressed as V., for
the sake of convenience), an effective voltage (Va+Vyy4)
applied to the discharge cavity between the adjacent two Y
electrodes (Y, Y,) does not exceed the discharge start
voltage VI, if no write discharge occurs between the elec-
trode Y., and the addressing electrode, so that, similar to the
write addressing method, abnormal discharge 1s avoidable
and the wall charges over the electrode Y, 1s kept as they are.

FIG. 34 1s a block diagram showing a PDP driven by the
method of the eighth embodiment. In the figure, numeral
102 1s a controller including a display data controller 102a
and a panel drive controller 102d. The display data control-
ler 102a includes a frame memory F. The panel drive
controller 102d includes a scan driver controller 102b and a
common driver controller 102c. Numeral 103 1s an address-
ing driver, 104 1s a Y scan driver, 105 1s a Y driver, 106 1s
an X driver, and 107 1s a display panel. The addressing
driver 103 sequentially selects addressing electrodes A, to

A, , and applies a voltage of Va thereto, according to display
data A-DATA, transfer clock A-CLOCK, and latch clock
A-LATCH provided by the control circuit 102.

The Y scan driver 104, Y driver 105, and X driver 106

drive Y electrodes Y, to Y, and X electrode at predeter-
mined voltages (Vs, Va, Vw) according to scan data
Y-DATA, Y clock Y-CLOCK, first Y strobe YSTBI1, second
Y strobe YSTB2, Y up drive signal Y-UD, Y down drive

signal Y-DD, X up drive signal X-UD, and X down drive
signal X-DD provided by the control circuit 102.

FIG. 35 1s a schematic view showing the Y scan driver
104 and Y driver 105. The Y scan driver 104 has electrode
selection circuits M, to M, provided for the Y electrodes,
respectively, and a shift register R for generating signals Q,
to Q, for sequentially specilying the electrode selection
circuits M, to M_ . Each (M, is shown as an example) of the
clectrode selection circuits complementarily turns ON and
OFF two MOS transistors T, and T, (when one is ON, the
other 1s OFF) during an addressing period according to an
output of a logical circuit, which comprises three AND gates
G, to G; and an inverter gate G,.

When the transistor T, 1s ON, a predetermined voltage Vy
(which 1s Va given through the blocking diode D) appears
as an output O,. When the transistor T, 1s ON, the ground
potential GND appears as the output O,. Namely, the Y scan
driver 104 turns ON and OFF (ON=GND, OFF=Vy) a pulse
(an addressing pulse) for selecting one of the Y electrodes
during an addressing period. The output O, 1s connected to
two MOS transistors T; and T, of the Y driver 105 through
the diodes D, and D,. The transistors T; and T, turn ON and
OFF (ON=GND, OFF=Vs) a pulse (a sustain discharge

pulse) applied to all of the Y electrodes, according to the
signals Y-UD and Y-DD.

FIG. 36 1s a waveform diagram showing an operation of
FIG. 35. When the signal Y-UD 1s at high level, the transistor
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T; of the Y driver 105 1s turned ON to supply the voltage Vs
to all Y electrodes. When the signal Y-DD 1s at high level,
the transistor T, of the Y driver 105 1s turned ON to supply
the voltage GND to all Y electrodes.

During an addressing period, the two transistors T; and T,
of the Y driver 105 are both turned OFE, and the two
transistors T, and T, disposed 1 each of the electrode
selection circuits M, to M, of the Y scan driver 104 are
turned ON and OFF at predetermined timing.

The electrode selection circuit M, corresponding to the
clectrode Y, will be explained. The transistor T, of the
selection circuit M, 1s turned ON 1f a logical product of
Y-STB1, Y-STB2, and the signal Q, prepared by the shift
register R 1in synchronism with Y-CLOCK 1s “1.” The output
O, 1s then changed to GND, which 1s supplied to the
clectrode Y.

The transistor T, of the selection circuit M, 1s turned ON
it a logical product of the signal Q, and Y-STB1 1s “0” and
Y-STB2 1s at high level. Then, a voltage of Vy 1s supplied to
the electrode Y.

FIG. 37 1s a simplified view of FIG. 35. In the figure, the
two transistors T; and T, of the Y driver 105 are kept OFF,
and the two transistors T, and T, of the selection circuit M (1
being one of 1 to n) are turned ON and OFF to secure a
current path (indicated with white arrow marks) for provid-
ing addressing discharge pulses. Alternatively, the two tran-
sistors T, and T, of the selection circuit M. are kept OFF,
and the two transistors T and t, of the Y driver 105 are
turned ON and OFF to secure a current path (indicated with
black arrow marks) for providing sustain discharge pulses.

As explained above, the embodiment sequentially applies
addressing pulses 106, to 106, having a potential level of
GND to the Y electrodes Y, to Y,, respectively, during an
addressing period. While a given Y electrode 1s not receiving,
the addressing pulse, 1.¢., during an unselected period of the
orven Y electrode, this Y electrode receives a voltage of Vy
(=Va), which is substantially intermediate between GND
and Vs. As a result, an effective voltage including the
potential of positive wall charges accumulated due to write
discharge can be reduced (compared with applying a voltage
of Vs), to avoid abnormal discharge between adjacent two Y
electrodes when one of them is selected (at GND).
Accordingly, the wall charges are kept stabilized up to a
sustain discharge period.

According to the eighth embodiment, the range of volt-
ages handled by the Y scan driver 104 1s from GND to Vy,
which is about half the range of voltages (GND to Vs)
handled by the Y driver 105. This helps reducing the
withstand voltage of the Y scan driver 104 whose scale 1s
increased in proportion to the number of Y electrodes, and
thus contributing to high integration (LSI).

Further, the detailed circuit diagram of the X driver 106
of FIG. 34 1s illustrated 1in FIG. 38. This X driver 106
includes a pair of complementary MOS transistors T, T, 1n
which switching operation under high electric power can be
performed, so that a write pulse of a voltage V  and a sustain
discharge of a voltage V_ can be supplied to the given X
clectrode. Typically, the transistor T, at the upper side 1is
composed of P-channel MOS, to which up drive signal
X-UD 1s input, so that the voltage level of X electrode
becomes V , or V_. On the other hand, the transistor T, 1s
composed of n-channel MOS, to which down drive signal
X-DD 1s input, so that the voltage level of X electrode
becomes GND (0 V). For example, in the case where the
write pulse of a voltage V , 1s applied to the given X
clectrode, the power supply voltage of the transistor T, to
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which up drive signal X-UD 1s supplied, 1s transferred to V_,
in accordance with the timing of level change of up drive
signal X-UD.

Further, the detailed circuit block diagram of the address-
ing driver 103 of FIG. 34 1s illustrated in FIG. 39. In FIG.
39, the addressing driver 103 comprises an N bit.shift
register 407 which serially transfers display data of N bit, 1n
accordance with display data A-DATA and transfer clock
A-CLOCK 1ssued from a control circuit 402. The above-
mentioned addressing driver 103 further comprises an N
bit.latch 408 which selects a plurality of address electrodes
A, to A,, sequentially in accordance with latch clock
A-LATCH; and a plurality of high voltage supply units 409
which supplies relatively high voltage V_ to the addressing
clectrode selected 1n accordance with output signals 1ssued
from the N bit/latch 408. Further, the high voltage supply
units 409 of N are provided corresponding to the N bit data.
Each of these units includes at least one logical circuit 409a
composed of AND gate, etc., and a pair of complementary
transistor T-, Tk.

In this case, only when the given data which 1s output
from the latch 408 1s “1” and the corresponding addressing
strobe A-STB becomes enable, the corresponding address-
ing pulse (outputs 1 to N) of a voltage V , is output from the
corresponding high voltage supply unit 409.

FIG. 40 shows other arrangements of the Y scan driver
and Y driver. What 1s different from FIG. 35 1s that the Y
scan driver 1s of floating type. Namely, two transistors T’
and T,' of the Y scan driver 104' are connected between a
voltage of Vy (=Va) given through the blocking diode D3
and a voltage (Vs or GND) supplied from two transistors T5'
and T,' of the Y driver 10§'. The transistors T,', T,,', T5', and
T,' are selectively turned ON and OFF to set an output Q; of
a selection circuit M. to one of GND, Vs and Vy. Numeral
108 1s an isolation photocoupler, G,, and G,, are AND
cgates, G, and G, , are inverter gates, and G, 1s an OR gate.

FIG. 41 1s a waveform diagram showing an operation of

FIG. 40. When the signal Y-UD 1s at high level, the transistor
T;' of the Y driver 105 1s turned ON to provide all of the Y
clectrodes with a voltage of Vs. When the signal Y-DD 1s at
high level, the transistor T,' of the Y driver 105" 1s turned ON
to provide all of the Y electrodes with a potential of GND.

During an addressing period, the transistor T,' of the Y
driver 105" 1s kept ON to {ix the floating potential of the Y
scan driver 104' at GND. When the transistor T,' of the
selection circuit M /' 1s turned ON under this state, the output
O, 1s set to GND, which 1s provided to the electrode Y.
When the transistor T,' 1s turned ON, a voltage of Vy 1s
supplied to the electrode Y, through the transistor T,'.

FIG. 42 1s a simplified view of FIG. 40. When the
transistor T,' of the Y driver 105' 1s ON, the two transistors
T,"and T,' of each selection circuit M are turned ON and
OFF, to secure a current path (indicated with white arrow
marks) for providing addressing discharge pulses. When the
transistor T," of the selection circuit M 1s ON, the two
transistors 15" and T,' of the Y driver 105" are turned ON and
OFF, to secure a current path (indicated with black arrow
marks) for providing sustain discharge pulses.

FIG. 43 shows a modification of FIG. 35. A switch 109
switches two voltages Va and Vs from one to another.
During an addressing period, the voltage Va 1s selected, and
during other periods, the voltage Vs 1s selected.

FIG. 44 1s a sectional showing a cell of a preferable PDP
applicable for the above embodiments. This PDP cell has a
novel structure around an addressing electrode, to positively
accumulate wall charges on a dielectric layer over the
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addressing electrode, thereby increasing a margin in an
applied voltage between the addressing electrode and a Y
clectrode during write discharge, and reducing an applied
voltage between the addressing electrode and the Y elec-
trode during selective discharge.

In FIG. 44, the addressing electrode 310 1s separated from
a discharge space 311 by completely filling a gap between
walls 312a and 312b with a dielectric layer 313 and phos-
phors 314a and 314b. The phosphors 314a and 314b may be

made of ceramics such as:

(Green) Zn,S10,:Mn

(Red) Y,05:Eu

(Blue) BaMgAl, ,40,,:Eu*

The thickness of the phosphors 1s set to be sufficient to
1solate the addressing electrode from the discharge space
and accumulate charges. If these conditions are satisfied, a
phosphor may be disposed 1n place of the dielectric layer
313, to accumulate charges.

To sequentially drive display lines of the PDP having such
arrangement, write discharge 1s firstly carried out between
the X electrode and a selected Y electrode, to promote
discharege between ecach addressing electrode and the X
clectrode and form spatial charges. The polarities of the
spatial charges are negative on the X electrode and positive
on the addressing electrode and on the Y electrode. Electrons
(negative charges) are accumulated over the X electrode,
and 1ons (positive charges) are accumulated over the
addressing electrode and over the Y electrode.

When a sustain discharge pulse causes sustain discharge
in every cell, wall charges having an 1nverted polarity are
accumulated, so that an erase pulse applied to the Y elec-
trodes causes erase discharge 1n every cell. The erase dis-
charge reduces the wall charges, so that no sustain discharge
will occur even with the application of sustain discharge
pulses, because an elfective voltage 1s insuflicient. The
ciiective discharge voltage for causing write discharge
between a selected Y electrode and an addressing electrode
1s a sum of the potential of wall charges accumulated over
the addressing electrode and a voltage (an addressing
voltage) applied to the addressing electrode, so that even a
low addressing voltage can surely cause write discharge.

Ninth Embodiment of FIG. 45

FIG. 45 1s a waveform diagram showing a ninth embodi-
ment of the present invention.

According to the first to eighth embodiments as described
before, the method for driving a display panel such as PDP
carries out write discharge in all cells at the {first stage to
accumulate wall charges on an 1nsulation layer covering
addressing electrodes. These wall charges effectively work
and enhance a voltage applied to the addressing electrodes
to carry out addressing write discharge for selecting cells.
This results in decreasing the addressing voltage.

This method, however, 1s likely to cause some troubles 1f
the wall charges are excessively formed on the insulation
layer on the addressing electrodes. These excessive wall
charges may cause excessive addressing write discharge to
write even unselected cells. The excessive addressing write
discharge also produces a large amount of wall charges,
which may cause self-erase (self-extinguish) discharge just
after the application of the write addressing pulse.

There are several reasons why such excessive wall
charges are formed on the msulation layer on the addressing
clectrodes by the write discharge carried out 1n each cell.
When a cell has been ON 1n the preceding frame, wall
charges remaining 1n the cell from the preceding frame is
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added to a total write pulse applied to the cell through the X
clectrode. Namely, the effective voltage 1n the discharge
space of the cell will be a sum of the applied voltage and the
voltage of the remaining wall charges, to cause very strong,
discharge.

In this case, positive charges, 1.€., 10ns hit the msulation
layer, which may be made of phosphor, on the addressing
clectrodes. The phosphor is vulnerable to the 1ons so that its
composition will be changed by the hitting 1ons, to deterio-
rate its light emitting performance.

To address these troubles, as shown 1n FIG. 45, 1t 1s
preferable that an erase discharge 1s carried out m cells
which have been ON 1n the preceding frame, to erase or
reduce wall charges 1n these cells, and total write discharge
for all these cells 1s carried out.

In such a method, irrespective of ON and OFF states of
cells 1n the preceding frame, 1t 1s possible for uniform total
write discharge to be carried out 1n every cell, to thereby
prevent extremely strong discharge, which may otherwise
cause addressing errors, the erroncous writing of adjacent
cells, unwanted self-erase discharge, and damage to phos-
phor. The ninth embodiment thus stabilizes 1mages dis-
played on a display panel and extends the service life of the
panel.

To be more specific, the ninth embodiment shown 1n FIG.
45 applies an erase discharge pulse to the Y electrode of the
selected display line just before a write pulse to the X
clectrode. This erase discharge pulse erases or reduces wall
charges in cells of the selected display line that have been
ON 1n the preceding frame. As a result, excessively strong
total write discharge will never occur in any cell.

Tenth Embodiment of FIG. 46

FIG. 46 shows drive waveforms of a tenth embodiment.
This embodiment applies an erase pulse to the Y electrode
of every display line just before total write discharge.
Similar to the ninth embodiment, the total write discharge
will never be too strong in any cell.

According to the above-mentioned ninth and tenth
embodiments, an erase pulse 1s inserted just before a total
write operation, to prevent excessively strong total write
discharge and addressing errors, and extend the service life
of phosphor of a display panel.

Eleventh Embodiment of FIGS. 47 and 48

FIG. 47 1s a waveform diagram showing an eleventh
embodiment of the present invention. In this embodiment, in
the case where a write discharge for all cells 1s carried out,
the method 1s adapted to accumulate charges on an insulat-
ing layer made of, for example, phosphor covering address-
ing clectrodes. The accumulated charges advantageously
work 1n the next addressing write discharge. This results in
further reducing the addressing voltage Va.

The novel means utilized 1n the eleventh embodiment
additionally accumulates charges by a sustain discharge to
be carried out after the total write discharge. The charges
thus accumulated more advantageously work in the address-
ing write discharge, to thereby help further decrease the
addressing voltage. Such a lowered addressing voltage
enables the addressing drivers to be integrated, images to be
displayed with full colors and multiple intensity levels, and

power consumption to be reduced.

In FIG. 47, 1t should be noted that a sustain discharge
pulse applied to an X electrode just after a write pulse 1s
narrow. FIG. 48 1s a model of an operation of the eleventh
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embodiment 1nvolving the narrow sustain discharge pulse.
At the first stage (@), write discharge carried out 1n all cells
accumulates positive charges on an insulation layer covering
addressing electrodes 1n the vicinity of the X electrode.
Since addressing write discharge 1s going to be carried out
between the addressing electrodes and a Y electrode, it 1s
preferable 1f the charges on the insulation layer are located
in the vicinity of the Y electrode. At the second stage (2)),
when the narrow sustain discharge pulse 1s applied, the X
electrode 1s set to GND (0 V) to carry out sustain discharge.
Immediately after this, 1.e., before space charges produced
by the discharge entirely accumulate as wall charges on the
X and Y electrodes to extinguish the space charges, the
narrow sustain discharge pulse disappears. As a result, the X
and Y electrodes are set to a potential level of Vs, and only
the addressing electrodes are returned to GND. Positive
charges among the remaining space charges accumulate on
the msulation layer covering the addressing electrodes at a
position having the lowest potential, in particular, in the
vicinity of the Y electrode. Thereafter, at the third stage
(@), an erase discharge 1s carried out between the X and Y
clectrodes. Lastly, addressing write discharge 1s carried out.
At this time, the positive wall charges on the addressing
clectrodes 1n the vicinity of the Y electrode advantageously
work. This results in remarkably reducing the externally
applied addressing voltage.

Twelfth Embodiment of FIG. 49

FIG. 49 shows drive waveforms of a twelfth embodiment.
This embodiment also applies a narrow sustain discharge
pulse after a total write operation, to provide the same effect
as 1 the eleventh embodiment.

The twelfth embodiment employs a narrow sustain dis-
charge pulse to accumulate wall charges that advantageously
work 1n addressing the write discharge.

Thirteenth Embodiment of FIGS. 50 and 51

FIGS. 50 and 51 show an operational model and drive
waveforms of a thirteenth embodiment, respectively.

In all the embodiments described before, a display panel
1s constructed such that the write pulse of a voltage Vw 1s
applied to X electrodes. However, also 1n the construction
that the write pulse 1s applied to Y electrodes, instead of X
clectrodes, that 1s shown 1 FIGS. 50 and 51, 1t 1s expected
to accumulate wall charges over the addressing electrode,
similar to other embodiments.

Heremnafter, a concrete example, 1n which a method and
apparatus according to the present invention are applied to
the adjusting of luminance of an AC PDP will be described
with reference to the accompanying drawings.

FIG. 52 1s a timing chart showing an AC PDP driving
method for adjusting luminance of the PDP invention.

This method handles 256 intensity levels and operates at
30.6 KHz in the maximum frequency of sustain discharge (a
frame frequency of 60 Hz).

In the figure, a frame that forms an i1mage plane 1s
composed of subframes SF1 to SF8. The weight of lumi-
nance of the subframe SF1 1s maximum, and the number of
sustain discharge cycles thereof 1s N, which 1s 256.
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When an image 1s displayed with maximum luminance,
the number of sustain discharge cycles in the subframe SF1
is 256, and the number of sustain discharge cycles (Ngz) in
the next subframe whose weight of luminance 1s the second
largest 1s half of N¢-,, 1.e., 128. In this way, the numbers

N.r 10 N¢rg of sustain discharge cycles 1 the subframes
SF1 to SF8 are determined as follows:

Nsri:Ngrr:Nep3:Ngry :Nsrs:Ngrg: Nog7:Nore=

256:128:64:32:16:8:4:2

If 1t 1s required to reduce the luminance by, for example,
10%, the number N, of sustain discharge cycles in the
subframes SF1 is reduced to 230 (256x0.9). The numbers
N to N, of sustain discharge cycles of the subframes
SF1 to SF8 are determined by successively halving higher
numbers as follows:

Ngg1:Nspo:iNgr3 :NF:Ngps:Nops:Ngr7:Ngpe=
256:115:57:28:14:7:3:1

In this way, the numbers of sustain discharge cycles (the
numbers of sustain emission operations) in the subframes
SF1 to SF8 are increased or decreased (in the above
example, decreased to 0.9) to adjust the luminance. When
displaying an image on a PDP with multiple intensity levels,
the present invention shown i1n FIG. 52 adjusts the lumi-
nance in multiple levels by digital control, to thereby make
the display unit comparable to a CRT.

FIG. 53 shows a circuit for determining the numbers of
sustain discharge cycles 1n the respective subirames.

In the figure, adjusting means (a volume unit) 111 enables
a user to freely set a luminance value from the outside. An
A/D converter 112 converts an analog voltage signal set
through the volume unit 111 into an 8-bit digital signal. A
selector 113 selects an imput A (an output of the A/D
converter 112) or an input B (an output Y of a divider 115)
in response to a selection signal SEL (an output Y of a
decoder 119). A latch 114 latches an output Y of the selector
113 in response to a clock input CK (an output Y of a
comparator 117). The latch 114 comprises a D flip-flop for
holding a value that determines the number of sustain
discharge cycles of the next subframe. The divider 115
halves an input A (an output Q of the latch 114). The divider
115 comprises, for example, a shift register whose output Y
(=A/2) is connected to the input B of the selector 113. If the
halved input A provides fractions, the divider 115 discards
the fractions.

An 8-bit 256-base counter 116 1s reset 1n response to a
clear input CLR (the output Y of the comparator 117). The
counter 116 counts the number of sustain discharge cycles in
response to a clock input CK (a clock signal CKS provided
by a drive waveform generator). The comparator 117 com-
pares an input A (the output Q of the latch 114) with an input
B (an output Q of the counter 116). A 3-bit octal counter 118
is reset in response to a clear mput CLR (a vertical syn-
chronous signal VSYN) and 1s activated in response to an
enable signal ENA (the output Y of the comparator 117) for
specitying a subframe. The NAND logic decoder 119
responds to three output bits QA, QB, and QC of the counter
118. An OR logic decoder 120 responds to the 8-bit output
of the selector 113. A latch 121 holds an output Y of the
decoder 120 in response to a clock input CK (the output Y
of the comparator 117). An output Q of the latch 121
provides a high-voltage circuit with a disable signal D-ENA
for disabling a high-voltage drive waveform.

Operations of the circuit of FIG. 53 will be explained. The
volume unit 111 determines the potential of an analog signal
provided to the A/D converter 112. The A/D converter 112
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provides an 8-bit output. If the mput signal 1s at the
maximum level, the A/D converter 112 will provide a digital
value of 255. This “255” determines the number of sustain
discharge cycles of the subframe SF1 having the maximum
luminance. The counter 116 counts 256 counts ranging from
0 to 255, each of which corresponds to the number of sustain
discharge cycles.

When the subiframe SF1 1s started, the subframe specify-
ing counter 118 must have been just cleared 1n response to
the vertical synchronous signal VSYN, and therefore, the

counter 118 provides 0 (QA to QC). Namely, signals MSF0
to MSF2 are each 0, and therefore, the output Y of the

decoder 119 will be 1 due to NAND logic. Accordingly, the
selector 113 selects the input B 1s response to “1” of the

output Y (the selection signal SEL) of the decoder 119.
Before this, the decoder 119 has provided the selector 113
with “0” for the subframe SF8 (the last subframe) in a
preceding frame. Due to this “07, the selector 113 has
selected the mput A (the output of the A/D converter 112),
which has been temporarily stored 1n the latch 114.

The output Q (255 at present) of the latch 114 and the
output Q (the number of sustain discharge cycles) of the
counter 116 are simultaneously provided to the inputs A and
B of the comparator 117, respectively, and compared with
cach other. Once sustain discharge 1s repeated 256 times, the
counter 116 provides “255” so that A=B 1n the comparator
117, which then activates the output Y.

In response to the activated output Y of the comparator
117, the counter 118 1s incremented by one. As a result, the
subframe SF1 1s complete, and the next subiframe SF2 1is
started. The latch 114 holds a new value. When the subirame
SF1 1s started, the output Y of the decoder 119 1s changed to
“1”, and the selector 113 selects the input B, 1.e., the output
Q I the latch 114 halved by the divider 115. Accordingly, the
latch 114 holds “127” obtained by halving “255”.

When sustain discharge 1s repeated 128 times in the
subframe SF2, the next subframe SF3 is started. After all
subframes SF1 to SF8 are complete, the operations are
stopped until the next frame 1s started 1n response to the
vertical synchronous signal VSYN.

To adjust luminance, the volume unit 111 1s controlled to
change an analog voltage value provided to the A/D con-
verter 112.

According to the luminance adjusting method of the
present invention, there will be one or a plurality of sub-
frames involving no sustain discharge after the decrease of
luminance. In this case, the number of sustain discharge
cycles 1ns zeroed sequentially from a subframe mvolving a
smaller number of sustain discharge cycles.

If the number of sustain discharge cycles 1s zeroed 1n a
subiframe, the addressing period of the subframe will be
entirely useless because no sustain discharge nor emission
display operation are carried out even if cells are selected by
addressing discharge in the subframe. In spite of this, the
conventional driving method employing the addressing
method explained above turns ON all cells and then carries
out erase discharge to extinguish cells to be turned OFF.
Accordingly, even the cells to be turned OFF will slightly
emit light (so-called “back-ground emission”) during the
addressing period, to deteriorate contrast. When display
luminance 1s increased, the background emission will not
cause a big problem 1n the contrast because there 1s a large
difference between the display luminance and the back-
oround luminance. When the display luminance 1s
decreased, the background luminance may deteriorate the
contrast because the background luminance 1s unchanged
with respect to the decreased display luminance. This results
in deteriorating the quality of an 1image displayed.
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To solve this problem, the present mvention does not
carry out the operation (the display data rewriting operation)
to be carried out during the addressing period 1n a subframe
that carries out no sustain discharge.

The number of sustain discharge cycles of the next
subirame 1s obtainable during the present subiframe. Namely,
if the output Y of the selector 3 1s zero 1n a subframe “N”,
the number of sustain discharge cycles 1in a subframe “N+1”
will be one. Accordingly, the numbers of sustain discharge
cycles of subiframes following the subframe “N+1" are each
zero, so that these subframes do not require the addressing
operation.

To realize this sort of control, the present invention of
FIGS. 52 and 53 employs the decoder 120, which computes

an OR logic of an 8-bit input (bits A0 to A7), i.e., the value
(the output Y of the selector 113) that determines the number
of sustain discharge cycles of the next subframe. If this value
becomes zero, the latch 121 holds the value when the next
subframe 1s started, and the output Q of the latch 121
provides the disable signal D-ENA for disabling a high-

voltage drive waveform. In the following subframes, the
output Q of the latch 114, the output Y of the divider 115, the

output Y of the selector 113, and the output Y of the decoder
120 are zeroed, so that the high-voltage drive wavetorm 1s
continuously disabled. In the subframe SF1 of the next
frame, the disabled state i1s canceled.

Stopping high-voltage pulses in subframes which do not
carry out sustain discharge eliminates useless power
consumption, to thereby drive the PDP with less power.
Since the total write operation 1s not carried out in these
subirames, contrast 1s not deteriorated, and a quality image
1s displayed with high contrast even under low luminance.

As explained above, the present invention drives a display
panel with use of separate addressing and sustain emission
(discharge) periods to display a full color image with mul-
tiple intensity levels and adjust luminance 1n multiple levels.

The present mvention of FIGS. 52 and 53 decreases the
luminance of the display panel without increasing reactive
power and drives the display panel with low power depend-
ing on the luminance. If the present invention 1s applied for
an AC PDP involving a total write operation, it improves
contrast under low luminance.

Further, to clarify the characteristics of the method of
adjusting the luminance of an AC PDP according to the
present invention, some conventional methods (prior arts) of
adjusting the luminance of AC PDP will be briefly described
with reference to FIGS. 54 to 61 mentioned below.

FIG. 54 1s a timing chart showing an example of a
conventional method of driving a monochrome PDP that
does not adjust luminance.

In the figure, “W” 1s a write cycle i which write
discharge may be carried out, “S” 1s a sustain discharge
cycle for turning ON cells that have been written during the
write cycle W, and “S” 1s a sustain discharge cycle for
turning ON cells that have been written during a write cycle
in a preceding frame.

Each frame involves a write discharge, a sustain
discharge, and an erase discharge. When achieving the
maximum luminance, the erase discharge 1s not carried out,
and only a rewriting operation 1s carried out according to
new data 1 a write cycle of the next frame.

There are two methods to reduce the maximum lumi-
nance. One achieves a predetermined number of sustain
discharege cycles and then an erase discharge cycle by
inserting an erase pulse, to stop the sustain discharge. The
other periodically thins out sustain discharge cycles.

FIG. 85 1s a timing chart showing an example of the
former method (the erase pulse inserting method), and FIG.
56 shows drive waveforms of FIG. 55.
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In FIG. 55, rewrite cycles W and sustain discharge cycles
S are the same as those of FIG. 54. “E” 1s an erase discharge
cycle for applying an erase pulse, and “e” 1s a sustain
discharge cycle. In the cycle e, a cell is not turned ON (kept
OFF) because it has been extinguished in the preceding
erase cycle. In FIG. 56, a write pulse (1) is applied to a
Y-clectrode to carry out write discharge in all cells of a
corresponding line. Selective erase pulses (2) and (3) are
applied to the Y-electrode and A-electrodes. Cells selected
by the pulse (3) are extinguished. The pulses (1) to (3) are
applied during the cycle W. An erase pulse (4) 1s applied
during the cycle E.

According to this method, an emission period 1s equal to
a sustain discharge period that starts with a write pulse and
ends with an erase pulse. Namely, luminance 1s controllable
depending on a position where the erase pulse 1s 1nserted
after the write cycle. FIG. 57 1s a timing chart showing an

example of the latter method (the sustain discharge thinning
method), and FIG. 58 shows drive waveforms of FIG. 57.

In FIG. 57, cycles W and S are the same as those of FIGS.
54 and 55. If a cycle for applying no sustain discharge pulses
coincides with a cycle W, only a re-writing operation 1s
carried out therein. In FIG. 58, pulses (1) to (3) are the same
as those of FIG. 56. Sustain discharge pulses (4) are not
applied 1n the sustain discharge pulse thinned cycles shown
in FIG. §7.

If thinning 1ntervals according to this method are eight
cycles, the luminance 1s adjustable 1n eight levels.

The above two known methods are widely used for
adjusting luminance in AC PDPs.

Luminance adjustment and intensity levels will be
explained.

FIG. 59 1s a timing chart showing a method of driving a
PDP, which adjusts luminance and displays a plurality (4 to
16) of intensity levels.

In the figure, cycles W and S are the same as those of FIG.
55.

This method selects (addresses) two lines per drive cycle,
so that 1t must apply two selective erase pulses per drive
cycle. This means that there 1s no temporal margin for
inserting an erase pulse, and therefore, sustain discharge
pulses are thinned out to adjust luminance.

To maintain a ratio of intensity levels, intervals of thin-
ning sustain discharge pulses must be a divisor of the
number of drive cycles 1mn a subframe whose weight of
luminance is minimum (LSB). For example, if 16 intensity
levels are employed and if a frame comprises 480 drive
cycles (the frequency of a horizontal synchronous signal), a
ratio of drive cycles of subframe will be 1:2:4:8. Namely, the
subframe 1mvolve 32, 64, 128, and 256 drive cycles, respec-
tively. In this case, luminance 1s adjustable 1 32 levels
because the minimum (LSB) subfield involves 32 cycles.

For displaying an image with full colors, each color must
involve 64 to 256 intensity levels. This 1s not achievable by
the conventional multiple addressing method of FIG. 59.
Accordingly, the applicant of the present invention has
proposed a panel driving method, which controls intensity
levels with use of separate addressing and sustain emission
(discharge) periods (Japanese Unexamined Patent Publica-
tion (KOKAI) No. 4-195188).

FIG. 60 1s a timing chart showing this proposal, and FIG.
61 shows driving waveforms of the proposal.

In FIG. 60, subframes SF1 to SF4 are temporally sepa-
rated from one another over a full image plane. Each of the
subframes 1mnvolves an addressing period for rewriting dis-
play data and a sustain emission (discharge) period for
carrying out an emission display operation according to the



US RE37,444 E

33

rewritten display data. Reference marks N ., to N ., are the
numbers of sustain discharge cycles carried out i the
subframes SF1 to SF4, respectively. In this example,
Ner:Nepo:Nepa: N, =1:2:4:8.

In FIG. 61, a total write operation 1s carried out at first.
Therefore, lines are sequentially selected one by one, and
erase discharge 1s selectively carried out 1n cells not to be
turned ON of the selected line according to display data.
After the selective erase discharge 1s carried out 1n every
line, sustain discharge 1s carried out. The numbers of sustain
discharge cycles of the subframes differ from one another. It
there are 256 intensity levels, a ratio of the sustain discharge
cycles of the subframes will be 1:2:4:8:16:64:128.

The number of sustain discharge cycles per frame 1s
usually about 500. If the frequency of frames 1s 60 Hz, the
frequency of sustain discharge cycles 1s 30 KHz.

Instead of changing the numbers of sustain discharge
cycles 1n the subframes to adjust luminance, there i1s a
method of changing the level of an input Slgnal (display
data). Parallel display panels such as PDPs mostly employ
digital control. Accordingly, an analog input signal (display
data) is converted into a digital signal, which is supplied to
a control circuit. In this case, luminance 1s adjustable by
controlling the amplitude of the analog data just before the
AD conversion. Alternatively, the digital data after the AD
conversion may be multiplied by 0 to 100%, to control the
level of the signal.

In any case of the conventional methods for adjusting
luminance as shown 1n FIGS. 54 to 61, a function that
luminance of each subframe can be controlled substantially
linearly 1s not provided, utilizing the wall charges accumus-
lated over addressing electrodes. Therefore, in the conven-
fional method not utilizing a process of accumulating wall
charges 1n advance of selective write discharge, 1t 1s difficult
for luminance to be accurately adjusted.

In the case where the adjusting of luminance with mul-
tiple intensity levels 1s carried out, if each color involves 256
intensity levels, 16.76 million colors will be displayable. It
1s said that human eyes discriminate 10 million colors 1n the
best environment. This 1s why a high-definition television
needs 256 1ntensity levels. 128 intensity levels are msuffi-
cient because they provide only 2 million colors.

When luminance 1s lowered, it 1s not necessary to provide
16.76 million colors (=256 intensity levels), because the
discrimination capacity of human eyes 1s far less than 10
million colors under the low luminance.

Taking this into account, 128 intensity levels will be
sufficient under 50% luminance with respect to the 256
intensity levels for the maximum luminance. If the lumi-
nance 1s far lower, for example 109% of the maximum
luminance, 16 intensity levels (=4096 colors) will do.

These facts provide an idea of controlling luminance in
multiple levels.

As explained above, according to the present invention, it
1s possible for the wall charges that work effectively on a
selective write discharge to be accumulated over address
clectrode before the selective write discharge 1s executed 1n
a display panel such as an AC PDP. Therefore, the voltage
of addressing pulse can be reduced and a write error in
displaying data due to an erase error can be prevented. As a
means for realizing process of accumulating wall charges, a
write discharge for all cells and a erase discharge for all cells
are executed.

Further, the present invention carries out a write discharge
and then an erase discharge 1n all cells of a selected display
line, to equalize these cells before writing display data
thereto. The sequential line driving method according to the
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present invention, therefore, prevent a write error 1 dis-
playing data and displays a quality 1image.

Further, the present invention carries out the write dis-
charge and then the erase discharge 1n all cells of selected
plural display lines, to equalize these cells before writing
display data thereto. The sequential multiple line driving
method according to the present invention, therefore, pre-
vents a write error and displays a quality 1image.

Further, the present invention carries out the write dis-
charge and then the erase discharge 1n all cells of all display
lines, to equalize these cells before writing display data
thereto. The separately addressing and sustain discharging,
method according to the present invention, therefore, pre-
vents a write error and displays a quality i1mage.

Further, the present invention carries out the write dis-
charge and then the erase discharge 1n all cells of all display
lines, to equalize these cells before writing display data
thereto. The separately addressing and sustain-discharging
method according to the fourth invention, therefore, pre-
vents a write error and displays a quality image. The present
invention sequentially selects the display lines one by one,
carries out write discharge 1n cells to be turned ON of the
selected display line with use of the Y and addressing
clectrodes, to thereby write display data to the selected
display line, and immediately applies a sustain discharge
pulse to the X electrode, to carry out the sustain discharge
for stabilizing wall charges and maintaining the stabilized
wall charges up to a sustain discharge period.

Further, the present invention groups the display lines into
a plurality of blocks and connects X electrodes together 1n
cach of the blocks. This PDP 1s driven by, for example, the
driving method of the present invention, to avoid a write
error, display a quality image, and stabilize wall charges up
to a sustain discharge period. The arrangement of the present
invention helps reducing the power consumption of sustain
discharge pulses for stabilizing wall charge during an
addressing period. Namely, the present invention applies,
during an addressing period i which display data are
written, sustain discharge pulses for stabilizing wall charges
only to the X electrode of the block that includes a display
line to which the display data 1s written but not to the X
clectrodes of blocks that do not include the display line to
which the data 1s written.

Further, the present invention sets a voltage applied to the
second electrodes of unselected lines to be lower than the
potential of a sustain discharge pulse, or equal to an address-
ing voltage, to thereby decrease an effective voltage applied
to a discharge space between adjacent Y electrodes lower
than a discharge start voltage and avoid abnormal discharge
between the adjacent Y electrodes.

Further, 1n the case where the present invention 1s applied
to the adjusting of luminance, the present invention drives a
display panel with use of separate addressing and sustain
discharge periods to display a full color image with multiple
intensity levels and to adjust luminance m multiple levels
with high accuracy.

The above arrangement increases or decreases the num-
bers of sustain emission operations in the respective sub-
frames at the same ratio, to digitally control 1in multiple
levels, the luminance of a display plane involving, for
example, 64 to 256 intensity levels, to thereby realize a
display comparable to a CRT.

Further, the present invention may additionally employ
means for stopping original operations (for example, high-
voltage pulse applying operations) in subframes that do not
require sustain discharge, to eliminate wasteful power con-
sumption. Therefore, it becomes possible to drive the dis-
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play unit with remarkly low power, by means of the effect
of accumulating the wall charges. Further, in a subframe 1n
which sustain discharge 1s executed, a write discharge for all
cells and an erase discharge for all cells are also not
executed. Therefore, the number of discharge in a back-
ground can be reduced. Consequently, the deterioration of
the contrast in display panel can be prevented, and it 1s also
possible for a display panel with high contrast to be realized
even at the time of low luminance.

I claim:

1. A method for driving a display panel having a first
substrate, at least one display line mnvolving first electrodes
and second electrodes disposed in parallel with each other
on said first substrate, a second substrate facing said {first
substrate, and third electrodes disposed on said second
substrate and extending orthogonally to said first and second
clectrodes, 1n which a display by means of a light emission
and write operation of display data are executed by carrying
out a write discharge utilizing a memory function for cells
of said at least one display line and by carrying out a sustain
discharge for sustaining said write discharge, wheremn said
method includes:

a step of executing a write discharge for all cells of at least
one display line selected by either one of said first and
second electrodes and by said third electrode with use
of said first and second electrodes; and

a step of executing an erase discharge for all cells of said
selected display line with use of said first and second
clectrodes, said two steps being adapted to be carried
out before said write discharge utilizing said memory
function 1s executed.

2. A method as set forth 1n claim 1, wherein said display
panel 1s composed of a set of display elements having a
memory function, in which a frame that forms an image
plane 1s made of a plurality of subframes, each of said
subiframes provides different luminance and includes an
addressing period for rewriting display data and a sustain
emission period for repeating an emission display operation
according to said rewritten data, and the addressing and
sustain emission periods are temporally separated from each
other over said display elements, to provide said display
clements with intensity levels and enable the adjustment of
luminance of said image plane, whereimn said method 1is
adapted to increase or decrease the numbers of sustain
emission operations of the respective subirames at the same
rat1o, thereby controlling the luminance of said image plane.

3. A method as set forth in claim 2, wherein, when
providing the display elements with intensity levels, the
number of sustain emission operations of a given subframe
1s determined according to the number of sustain emission
operations of another subframe whose weight of luminance
1s one rank heavier than that of the given subirame, namely,
the number of sustain emission operations of a subframe
whose weilght of luminance 1s the heaviest among the
subframes 1s determined at first, and according to this
number, the number of sustain emission operations of
another subframe whose weight of luminance 1s the second
heaviest among the subframes i1s determined, and so on.

4. A method as set forth in claim 3, wherein the number
of sustain emission operations of a given subframe 1s set to
be half of that of another subframe whose weight of lumi-
nance 1s one rank heavier than that of the given subframe.

5. A method as set forth 1n claim 4, wherein fractions, if
any, are rounded up or discarded when halving the number
of sustain emission operations of a subframe whose weight
of luminance i1s one rank heavier than that of a given
subframe.
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6. A method as set forth 1n claim 1, wherein said display
panel 1s constituted by an alternating current plasma display
panel 1n which the memory function of each cell can be
realized by wall charges accumulated by means of a write
discharge.

7. A method as set forth 1n claim 2, wherein said display
panel 1s constituted by an alternating current plasma display
panel in which the memory function of each cell can be
realized by wall charges accumulated by means of a write
discharge.

8. A method for driving a display panel which 1s consti-
tuted by an alternating current plasma display panel having
a first substrate, at least one display line involving first
electrodes and second electrodes disposed in parallel with
cach other on said first substrate, a second substrate facing
said first substrate, and third electrodes disposed on said
second substrate and extending orthogonally to said first and
second electrodes, 1n which a display by means of a light
emission and write operation of display data are executed by
carrying out a write discharge utilizing a memory function
for cells of said at least one display line and by carrying out
a sustain discharge for sustaining said write discharge, said
memory function being realized by wall charges accumu-
lated by means of said write discharge, wherein said method
includes:

a step of executing a write discharge for all cells of at least
onc display line selected by either one of first and
second electrodes and by the third electrode with use of
the first and second electrodes; and

a step of executing an erase discharge for all cells of said
selected display line with use of said first and second
clectrodes, said two steps being adapted to be carried
out before said write discharge utilizing said memory
function 1s executed, and adapted to accumulate wall
charges working effectively for said write discharge
over at least said third electrodes 1n advance.

9. A method as set forth 1in claim 8, wherein said first
clectrodes are connected all together, and said second elec-
trodes disposed 1n the respective display lines are indepen-
dent of one another, said method comprising;:

sequentially selecting said display lines one by one,
carrying out a write discharge 1n all cells of the selected
display line with use of the first and second electrodes,
carrying out or not carrying out a sustain discharge,
applying an erase pulse to said second or first electrode
of said selected display line, to carry out an erase
discharge 1n all cells of the selected display line, and
carrying out a write discharge 1n cells to be turned ON
of said selected display line with use of said second and
third electrodes, to thereby write said display data to
said selected display line.

10. A method as set forth 1n claim 8, wherein said first
clectrodes are connected all together, and said second elec-
trodes disposed 1n the respective display lines are indepen-
dent of one another, said method comprising;:

sequentially selecting a plurality of the display lines,
carrying out a write discharge 1 all cells of said
selected display lines with use of said first and second
clectrodes, carrying out or not carrying out a sustain
discharge, applying an erase pulse to said second or
first electrodes of said selected display lines, to carry
out an erase discharge 1n all cells of said selected
display lines, and carrying out a write discharge in cells
to be turned ON of said selected display lines with use
of said second and third electrodes, to thereby write
said display data to said selected display lines.
11. A method as set forth 1n claim 8, wherein said first
clectrodes are connected all together, and said second elec-
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trodes disposed 1n the respective display lines are indepen-
dent of one another, said method comprising;:
carrying out a write discharge 1n all cells of all of said
display lines with use of said first and second
clectrodes, carrying out or not carrying out a sustain
discharge, applying an erase pulse to said second or
first electrode of every display line, to carry out an
crase discharge 1n all cells of all of said display lines,
sequentially selecting said display lines one by one,
carrying out a write discharge 1n cells to be turned ON
of said selected display line with use of said second and
third electrodes, to thereby write said display data to
said selected display line, and after said display data are
written to all of said display lines, carrying out a sustain

discharge 1n said cells turned ON of all of said display
lines with use of said first and second electrodes.

12. A method as set forth 1n claim 8, wherein said first
clectrodes are connected all together, the second electrodes
disposed 1n the respective display lines are independent of
one another, said method comprising:

carrying out a write discharge m all cells of all of said
display lines with use of said first and second
clectrodes, carrying out or not carrying out a sustain
discharge, applying an erase pulse to said second or
first electrode of every display line, to carry out an
erase discharge 1n all cells of all of said display lines,
sequentially selecting said display lines one by one,

carrying out a write discharge 1n cells to be turned ON
of said selected display line with use of said second and
third electrodes, to thereby write said display data to
said selected display line, immediately applying a
sustain discharge pulse to said first electrode, to carry
out a sustain discharge for stabilizing wall charges, and
after said display data are written to all of said display
lines, carrying out sustain discharge 1n said cells turned
ON of all of said display lines with use of said first and
second electrodes.

13. A method as set forth 1n claim 8, wherein said display
lines are grouped into a plurality of blocks, said {first
clectrodes are connected together 1n each of the blocks, and
said second electrodes disposed 1n the respective display
lines are independent of one another.

14. A method as set forth 1n claim 8, wherein said display
lines are grouped into a plurality of blocks, said first
clectrodes are connected together 1n each of the blocks, and
said second electrodes disposed 1n the respective display
lines are independent of one another, said method compris-
Ing:

carrying out a write discharge 1n all cells of all of said

display lines with use of said first and second
clectrodes, carrying out or not carrying out a sustain
discharge, applying an erase pulse to said second or
first electrode of every display line, to carry out an
erase discharge 1n all cells of all of said display lines,
sequentially selecting said display lines one by one,
carrying out a write discharge 1n cells to be turned ON
of said selected display line with use of said second and
third electrodes, to thereby write said display data to
said selected display line, immediately applying a
sustain discharge pulse to said first electrode of the
block that contains said cells just turned ON, to carry
out a sustain discharge for stabilizing wall charges, and
after display data are written to all of said display lines,
carrying out a sustain discharge in said cells turned ON
of all of said display lines with use of said first and
second electrodes.

15. A method as set forth 1n claim 8, wherein said display
panel has a plurality of second electrodes that are sequen-
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tially selected and driven line by line and first electrodes that
are driven by a single driver circuit and are disposed
between every two adjacent ones of said second electrodes,
and method comprising;:

setting a voltage applied to said second electrodes of
unselected lines to be lower than the potential of a
sustain discharge pulse for executing said sustain
discharge, or equal to an addressing voltage for execut-
ing said write discharge when the write operation of
display data is executed by carrying out the wrile
discharge utilizing said memory function.

16. A method as set forth in claim 9, wherein an erase
discharge 1s carried out with use of said first and second
clectrodes, just before said write discharge for all cells 1s
executed.

17. A method as set forth 1n claim 10, wherein an erase
discharge 1s carried out with use of said first and second
clectrodes, just before said write discharge for all cells 1s
executed.

18. A method as set forth 1n claim 11, wherein an erase
discharge 1s carried out with use of said first and second
clectrodes, just before said write discharge for all cells 1s
executed.

19. A method as set forth 1n claim 12, wherein an erase
discharge 1s carried out with use of said first and second
clectrodes, just before said write discharge for all cells 1s
executed.

20. A method as set forth in claim 14, wherein an erase
discharge 1s carried out with use of said first and second

clectrodes, just before said write discharge for all cells 1s
executed.

21. A method as set forth 1n claim 9, wherein a sustain
discharge 1s carried out by applying a narrow pulse such that
an erase discharge 1s not executed, immediately after said
write discharge for all cells 1s executed.

22. A method as set forth 1n claim 10, wherein a sustain
discharge 1s carried out by applying a narrow pulse such that
an erase discharge 1s not executed, immediately after said
write discharge for all cells 1s executed.

23. A method as set forth 1n claim 11, wherein a sustain
discharge 1s carried out by applying a narrow pulse such that
an erase discharge 1s not executed, immediately after said
write discharge for all cells 1s executed.

24. A method as set forth 1n claim 12, wherein a sustain
discharge 1s carried out by applying a narrow pulse such that
an erase discharge 1s not executed, immediately after said
write discharge for all cells 1s executed.

25. A method as set forth in claim 14, wherein a sustain
discharge 1s carried out by applying a narrow pulse such that
an erase discharge 1s not executed, immediately after said
write discharge for all cells 1s executed.

26. An apparatus for driving a display panel having a first
substrate, at least one display line 1nvolving first electrodes
and second electrodes disposed 1n parallel with each other
on said first substrate, a second substrate facing said {first
substrate, and third electrodes disposed on said second
substrate and extending orthogonally to said first and second
clectrodes, 1n which a display by means of a light emission
and write operation of display data are executed by carrying
out a write discharge utilizing a memory function for cells
of said at least one display line and by carrying out a sustain
discharge for sustaining said write discharge, wherein said
apparatus comprises:

driving means which supplies a plurality of driving volt-
age pulses for executing write operation of said display
data for said first, second and third electrodes; and

control means which controls a sequence of supplying
these plurality of driving voltage pulses, and wherein
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said control means 1s operative to apply a write pulse
for executing a write discharge for all cells of at least
one display line selected by either one of said first and
second electrodes and by said third electrode with use
of said first and second electrodes, and to apply an erase
pulse for executing an erase discharge for all cells of
said selected display line with use of said first and
second electrodes, before said write discharge utilizing
said memory function 1s carried out.

27. An apparatus as set forth i claim 26, wherein said
apparatus 1s composed of a set of display elements having a
memory function, in which a frame that forms an image
plane 1s made of a plurality of subframes, each of the
subframes provides different luminance and includes an
addressing period for rewriting display data and a sustain
emission period for repeating an emission display operation
according to said rewritten data, and said addressing and
sustain emission periods are temporally separated from each
other over said display elements, to provide said display
clements with intensity levels and enable the adjustment of
luminance of said image plane, sand wherein said apparatus
further comprises:

first means for determining the number of sustain emis-
sion operations of a subframe whose weight of lumi-
nance 1s the heaviest among the subframes; and

second means for determining, according to the above
determined number, the number of sustain emission
operations of a subframe whose weight of luminance 1s
the next heaviest among said subframes.

28. An apparatus as set forth i claim 27, wherein said
apparatus further comprises means for stopping operations
carried out in a subframe, if the number of sustain emission
operations to be carried out 1n this subframe 1s zero as a
result of luminance adjustment carried out by said first and
second means.

29. An apparatus as set forth in claim 28, wherein said
apparatus further comprises:

means for holding data according to which the number of
sustain discharge operations of the next subirame is
determined;

means for counting the number of sustain discharge
operations carried out in the present subframe;

means for comparing said counted value with said held
data; and

means for providing an instruction to start the next
subframe if the comparison means indicates agreement.
30. An apparatus as set forth in claim 27, wherein said first

[

means has means for optionally setting the number of
sustain emission operations of a subirame whose weight of
luminance 1s the heaviest.

31. An apparatus as set forth in claim 26, wherein said
display panel 1s an alternating current plasma display panel,
and the memory function of each cell of said display panel
1s achieved by wall charges accumulated by a write dis-
charge.

32. An apparatus as set forth i claim 27, wherein said
display panel 1s an alternating current plasma display panel,
and the memory function of each cell of said display panel
1s achieved by wall charges accumulated by a write dis-
charge.

33. An apparatus for driving a display panel which i1s
constituted by an alternating current plasma display panel
having a first substrate, at least one display line mnvolving
first electrodes and second electrodes disposed 1n parallel
with each other on said first substrate, a second substrate

facing said first substrate, and third electrodes disposed on
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said second substrate and extending orthogonally to said first
and second electrodes, in which a display by means of a light
emission and write operation of display data are executed by
carrying out a write discharge utilizing a memory function
for cells of said at least one display line and by carrying out
a sustain discharge for sustaining said write discharge, said
memory function being realized by wall charges accumu-
lated by means of a write discharge, wherein said apparatus
COMPIISES:

driving means which supplies a plurality of driving volt-
age pulses for executing write operation of said display
data for said first, second and third electrodes; and

control means which controls a sequence of supplying
these plurality of driving voltage pulses, wherein said
control means 1s operative to apply a write pulse for
executing a write discharge for all cells of at least one
display line selected by either one of said first and
second electrodes and by said third electrode with use
of said first and second electrodes, and to apply an erase
pulse for executing an erase discharge for all cells of
said selected display line with use of said first and
second electrodes, before said write discharge utilizing
saidd memory function i1s carried out, so that wall
charges working effectively for said write discharge are
accumulated over at least said third electrodes 1n
advance.

34. An apparatus as set forth 1n claim 33, wherein said
control means 1s operative to sequentially select the display
lines one by one, to apply a write pulse for carrying out a
write discharge 1n all cells of said selected display line with
use of said first and second electrodes, to apply a sustain
discharge pulse selectively for carrying out a sustain
discharge, to apply an erase pulse to said second or {first
clectrode of said selected display line, to apply an erase
pulse for carrying out an erase discharge 1n all cells of the
selected display line, and to carry out a write discharge in
cells to be turned ON of said selected display line with use
of said second and third electrodes, to thereby write display
data to said selected display line, by means of said driving
means.

35. An apparatus as set forth 1n claim 33, wherein said
control means 1S operative to sequentially select a plurality
of the display lines, to apply a write pulse for carrying out
a write discharge 1n all cells of said selected display lines
with use of said first and second electrodes, to apply a
sustain pulse selectively for carrying out a sustain discharge,
to apply an erase pulse to said second or first electrodes of
said selected display lines, apply an erase pulse for to
carrying out an erase discharge in all cells of said selected
display lines, and to apply a write pulse for carrying out a
write discharge 1n cells to be turned ON of the selected
display lines with use of said second and third electrodes, to
thereby write said display data to said selected display lines,
by means of said driving means.

36. An apparatus as set forth 1n claim 33, wherein said
display panel comprises an insulation layer, which separates
said third electrode from a discharge space formed between
said third electrode and said first and second electrodes, so
that said wall charges can be accumulated on said 1mnsulation
layer.

37. Apparatus for driving a display panel which is con-
stituted by an alternating current plasma display panel
having a first substrate, a plurality of display lines having

first electrodes and second electrodes disposed to extend

alongside one another on said first substrate, a second
substrate facing said first substrate, and third electrodes
disposed on said second substrate and crossing said first and
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second electrodes, in which a write discharge for executing

a write operation of display data is carried out for cells of

said at least one display line selected by one of said first and
second electrodes and by said third electrodes, and a sustain
discharge for executing a display of said display data is
carried out by utilizing a memory function, said memory
function being realized by wall charges accumulated by a
write discharge, wherein said apparatus cOmprises:

a plurality of driver circuits which supply plural kinds of

driving voltage pulses to said first, second and third
electrodes for executing a write operaiion of said
display data by said electrodes; and

a sequence controller which controls a sequence of sup-
plving said plural kinds of driving voltage pulses to
said electrodes, said sequence controller including a
first control circuit for causing said plurality of driver
circuits to apply a write pulse across first and second

electrodes to execute a write discharge for all cells of

a selected display line, and a second circuit for causing
said plurality of driver circuits to apply an erase pulse
across first and second electrodes for executing an
erase discharge for all cells of said selected display
line, said sequence controller being operable for caus-
ing said plurality of driver circuits to apply said write
and erase pulses before said write operation is carried
out in cells of said selected display line, so that wall
charges working effectively for said write operation are
accumiulated in advance of said write operation over at
least said third electrodes.
38. Apparatus as set forth in claim 37,

wherein said write discharge for executing said write

operation is sequentially carried out for cells of each of

a plurality of selected display lines with use of said
second and third electrodes for every selected display
line one by one, and said write operation of display
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data is executed, and after said write operation of is

display data is completed for all the selected display

lines, said sustain discharge is carried out for cells of

all the selected display lines with use of said first and
second electrodes, and

wherein said control circuit allows said plurality of driver
circuits to apply said write pulse for executing said
write discharge for all cells of all display lines with use
of said first and second electrodes, to apply or not to
apply a sustain discharge pulse seleciively for execui-
ing said sustain discharge, to apply said erase pulse for
executing said erase discharge for all cells correspond-
ing fo said second electrodes or said first electrodes on
all display lines, to apply said write pulse for carrying
out said write operation for cells of each of said
selected display lines with use of said second and third
electrodes for every selected display lines one by one,
and to apply said sustain discharge for cells of all
display lines with use of said first and second elec-
frodes.

39. A method for driving an alternating current plasma
display panel having a first substrate, a plurality of display
lines, each of which display lines comprises a first electrode
and a second electrode disposed to extend alongside one
another on said first substrate, a second substrate facing
said substrate, and a plurality of third electrodes disposed
on said second substrate so as to extend across said first and
second electrodes, said display lines each including a plu-
rality of cells formed at respective areas where a corre-
sponding third electrode crosses the first and second elec-
trodes of the panel, said method comprising.

selecting a display line from said plurality thereof for
writing data;
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choosing a cell of the selected display line;

conducting a write discharge for writing data in the
chosen cell by conducting an addressing procedure
comprising applying a selective write discharge volt-
age between said corresponding third electrode of the
chosen cell and one of said second electrodes;

conducting and maintaining a sustain discharge in the
chosen cell for displaying data by applying a sustain
discharge voltage between said first electrode and said
second electrode; and

applying a predetermined voltage to a second electrode of

a display line which has not been selected for writing
data during said addressing procedure such that the
resulting potential difference between said second elec-
trode of a display line which has not been selected for
writing data and a second electrode of a display line
which has been selected for writing data is less than the
potential difference brought about between said first
and second electrodes for executing said sustain
discharge, or equal to a voltage applied to each of said
third electrodes for executing said selective write dis-
charge.

40. An apparatus for driving a display panel which is
constituted by an alternating current plasma display panel
having a first substrate, a plurality of display lines, each
including first and second electrodes disposed to extend
alongside one another on said first substrate, a second
substrate facing said first substrate, and a plurality of third
electrodes disposed on said second substrate so as to cross
said first and second electrodes, said display lines each
including a plurality of cells formed at respective areas
where a third electrode crosses first and second electrodes,
in which apparatus a write discharge for executing a write
operation of display data brought about using a selected
third electrode and one of said second electrodes is carried
out for selected cells of at least one display line selected by
one of said second electrodes and by said third electrodes,
and a sustain discharge for executing a display of said
display data is carried out utilizing a memory function,
wherein said apparatils comprises.

a plurality of selection circuits which are respecitively
connected to second electrodes, and which supply
second electrodes corresponding to said selected cells
of said at least one display line with a write pulse for
executing said write discharge; and

a common driver circuit connected to said selection
circuits, and which supplies said second electrodes
corresponding to said selected cells with a sustain
discharge pulse for executing said sustain discharge,

wherein a voltage applied between a second electrode of
an unselected display line and a second electrode of a
selected display line during said write operation is set
at a level that is lower than a voltage applied between
first and second electrodes for executing said sustain
discharge, or is equal to a poteniial applied to said
third electrodes for executing a write discharge.

41. An apparatus as set forth in claim 40, wherein at least
one of said selection circuits includes a patr of swiiching
elements connected in a push-pull form, respectively.

42. An apparatus as set forth in claim 40, wherein each of
said selection circuits includes a pair of switching elements
connected n a push-pull form, respectively.

43. An apparatus as set forth in claim 40, wherein said
driver circuit itncludes a pair of switching elements con-
nected in a push-pull form, respectively.

44. An apparatus as set forth in claim 41, wherein said
driver circuit includes a pair of switching elements con-
nected in a push-pull form, respectively.
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45. An apparatus as set forth in claim 42, wherein said
driver circuil includes a pair of switching elemenis con-
nected in a push-pull form, respectively.

46. An apparatus as set forth in claim 45, wherein said

44

53. A method for driving a display panel which is con-
stituted by an alternating current plasma display panel
having first electrodes and second electrodes each consti-
futing a pair for carrying out discharge, each pair of said

driver circuit is connected to one side of said pair of 5 Jirst and second electrodes disposed to extend alongside one

swiiching elements in each of said selection circuits.

47. An apparatus as set forth in claim 45, wherein a first
diode 1s connected to one side of said pair of switching
elements in each of said selection circuits, and wherein a
potential applied to each of said second electrodes on said
unselected display lines is supplied to each of said second
electrodes, via said first diode.

48. An apparatus as set forth in claim 46, wherein a first
diode 1s connected to another side of said pair of swiiching
elements in each of said selection circuits, and wherein a
potential applied to each of said second electrodes on said
unselected display lines is supplied to each of said second
electrode, via said first diode.

49. An apparatus as set forth in claim 47, wherein each of
said selection circuits includes a second diode which is 20
connected in parallel with another side of said pair of
swiiching elements, and wherein said sustain discharge
pulse applied to each of said second electrodes is supplied
o each of said second electrodes, via said second diode.

50. An apparatus as set forth in claim 48, wherein each of 25
said selection circuits includes a second diode which is
connected in parallel with said one side of said pair of
swiiching elements, and wherein said sustain discharge
pulse applied to each of said second electrodes is supplied
o each of said second electrodes, via said second diode.

51. A circuit for driving a display panel having a plurality
of display lines including respective electrodes, said circuit
COMprising:
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a plurality of selection circuits, each including a pair of
first switching elements connected in a push-pull form; 33

a driver circuil including a pair of second switching
elements connected in a push-pull form, which is con-
nected to one side of said pair of first swiiching
elements and supplies a sustain discharge pulse nec-
essary for a sustain discharge for executing a display
of display data on at least one selected display line of
said panel to each of said electrodes, via said selection
circuits; and

40

a first diode which is connected to another side of said
pair of first switching elements, and supplies a given
voltage applied to unselected display lines of said panel
o each of said electrodes, via said first diode.

52. A circuit as set forth in claim 51, wherein each of said

selection circuits includes a second diode which 1s con-
. . . . . . .. 50
nected in parallel with one side of said pair of first switching

elements, and wherein said sustain discharge pulse is sup-
plied to said second diode.
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another and corresponding to a display line, and third
electrodes disposed crossing said first and second
electrodes, and cells formed at intersections of said first and
second electrodes with said third electrodes, wherein said
method includes:
sequentially selecting a second electrode corresponding
o each display line during an addressing period, and
writing display data for said each display line; and
repeatedly applying sustain discharge pulses during a
sustain discharge period, to maintain a sustain dis-
charge to emit light,
wherein a potential difference between a second electrode
of each display line which has not been selected and the
second electrode of each display line which has been
selected during the addressing period, is set to be lower
than a difference between a maximum voltage of each

of the sustain discharge pulses and a minimum voltage
thereof.

54. A method for driving a display panel which is con-
stituted by an alternating current plasma display panel
having first electrodes and second electrodes each consti-
uting a pair for carrying out discharge, each pair of the first
and second electrodes disposed to extend alongside one
another and corresponding to a display line, and third
electrodes disposed crossing the first and second electrodes,
and two first electrodes disposed adjacently and two second
electrodes disposed adjacently, and the two adjacent ones of
said first electrodes and the two adjacent ones of said second
electrodes disposed alternately, wherein said method
includes:

sequentially selecting a second electrode corresponding
o each display line during an addressing period, and
writing display data for said each display line; and

repeatedly applying sustain discharge pulses during a
sustain discharge period, to maintain a sustain dis-
charge to emit light,

wherein a potential difference between a second electrode
of each display line which has not been selected and the
second electrode of each display line which has been
selected during the addressing period, is set to be lower
than a difference between a maximum voltage of each
of the sustain discharge pulses and a minimum voltage
thereof.
55. A method as set forth in claim 54, wherein the first
electrodes are connected all together, and the second elec-
trodes are disposed independent of one another.



	Front Page
	Drawings
	Specification
	Claims

