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Abstract

This paper presents the experimental results on the 3-electrode DC-PDP which has a common
electrode to improve the PDP life cycle. The measured DC characteristic proves the effectiveness of
common electrode absorbing about half of discharge currents. The waveforms for pulse memory
operation of 3-electrode PDP without crosstalk could also be determined from the I-V characteristics.
The pulse memory drives of 8 x 8 cell array show the frequency response of memory margin and the
luminance efficiency of 3-electrode PDP are quite different from generally known characteristics of
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2-electrode DC-PDP.
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Fig. 1. Cell structure of 3-electrode DC-PDP.

E lokie £ 97 el AH8 © AT A8, A
AR A, B 71Ae 245 sES Jehy)
At

k2 1. 7% A¥4 313 273 PDPY
Ak Ak

Table 1. Pancl spec of
electrode DC-PDP.

experimental 3

& = z A
FEAST2(Common 22)
L A9 152, Black Matrix 32
' o= A3} = 700~800kQ
AFAEAE : Ag
N Chamber : 59%10 Torr
A2 )
2 2e= Panel : 80X10™Torr
3. AN 7kA He-Xe(1%)
4. 7}~ o 252 Torr

(650)

HRIR
. 383 Mo 5% MY-AF 54

253 PDPe wmejy] g A Age
T AG-AF SAe o) ZA ofgpiert Fx v
28] A A W] sk b Algle nlE
FH= AHE AR B2 AF A-A[FEA
oA wHe] dehdr] el & Uwda Abeie) v
A F 59 Qb gt A@AE 93] = AR
7b 32 TR A A A)E 9hEsA "ok
AT FERAME fxee} sxeze] At Aol
el FEASTe] A9 Asdsiez o=@ DC =

SAo] s gl a¥ 24xe AF AHY-
AR 5E 43 3% 3=27AE 2odF T gle
 ofrg AFTEIFOEN H-AFEA] EA
g}o}l ORr} 2-L(Negative Dynamic Resistance:
NDR)%FGANNE AF AHY-A7F EAS 33 5
UEE Fock ¥ 3elii= AT AHeE 0o
2 AY $3 Mrs H4E 100, 60, -20VE R
S o s I zEE AFES WA T 2
-AF BAolk AA AFr} 524 Yool I =
< YR FYei 1IMRAES] FAdz|gle] 24
He 2L shie] o Aol AZ% 64070 Shael]
Al FEAFToE B3l TN 3 A9 s
o= o]lxirt HAl AL aHFst 580

Ale] &x

J

Yhigh

I8 2. PDPAS) AR AY-AF S4EYE A
HETHE

Fig. 2. Current driving circuit for DC I-V
characteristic measurement of PDP cell.

FEE AL 360V A=Y 27 AsKfiring
voltage)& 71A9 270V A HAE 2gto] of
k=9 sxe Al qlrksejop dheh= Aeo|ch
EZE Bol3t AL sl zgle] FEAF KOV )
ol Fi7ko] Fh eF-20V el o} FEAZ



19984 7H EFIBEHLHE

7kl Wixle] e a8A = Adegiie] glelxw
Al ored] d7Ag ofE AE] A WS dexl
the Zloleh o] wio] FEAT s2x AFE W
Al o] Alel] B2 wbAFY) Ho] 29 34 B
A AAH vl =4 Aot AA Sde) g9A vz
TEolMe o] Hr} e 27) kst §7) wbd Agt
o] ZAFAN AF AH-AF BA SRAe A
=aie] gle Aelolr & A s2 AN =
= ¥R wAe® e NDR 99oz AHAs
HeleA Hu2 updAgte] Al EA] B} 20~
VAR A4 &A%}

300 ey~ T —TrTTT T T
280 |- [o- v -
260 [ Lo Ve ]
240 [ N
20| ]
200 |- ]
180 ]

— 1680 .- _.-

% ol ]

3 120 [ ]
100 | ]
so | ]
60 |- ]
wf ]
20 ]

ot PR PSS SRR RO N N | s 1 a2 1 o 1 4 7]
-50 0 50 100 150 200 250 300 350 400 450 500
Voltage(V)
a3 3. 34T A AF A-AF 54
Fig. 3. Measured DC I-V characteristics of
3-electrode PDP cell for 3 different

cathode voltage.

I3 4o o= RS whdbe] WA7] e
Agke g yAsta e M HIAZHE o ox
o} Ared F2e AFE 2 Aol o) 24
AN T8 & AL w/la 7F 40~60%04 & o
3t glon wx] sjae Hgbo] FolAw AA WA
Afe AA7] A AR 0pA HER o8
3 2 ok Axe A4E Suid e AXA 2
o} olAL a9 3ellA fAlbASAste] 270VE &4
& Azele dA|shs AHelrh 13 4(a)olX Iw/la 7}
I3 4(b) Er} 15% HE P& AL ojxed] |7
o o AFe] gz B 4 glon ATl 72

(651)

BHHE DFE FT7TH 35
o} 34l 71A Sl 33 BFdAel 7)elske
7o Azt

o2 &A% AF{ h-AF
¥ PDPS| 7&313s ZAske dl SlolA wig- F8
slct o)A AAR P dme] FEex 7 "
T5ol wE Aol Fxbde] L A=AEE AH A
el ol2wA AF A-AREANES wEy] dE
olty. E3] 37T 7= PDPoAE slzxcel At ¥
Ho| FEAF Hrt dA AP, F I 44 B
93 A3AINA e 20Velal B Alellol] glefof vt
Aol At A 94 2AF A-AF54Y
FA402 FE #AE 4 Uich

E [=] i=3
548 317 AR

Anode vokage => 247[V] |
= 47K
= 683K

Anode cument [uA]
(Cathode I)  (Anoda 1) (%]

T T
-60 -40
Cathode voltage [V]

(a)

100 100

Anode voltage => NDM-
R 2> DK

aros
=> 083K

R
e ane 80

qe0

70 40

Ancde currant {uA]
(Cathode 1) / (Anode I) [%]

60 ~ -20

T T
-40 -3
Cathode voltage [V]

-50

(b)
Mz Zgtell w2 14 9F Ix/1a9 W3} (5]
2 A 680K Q)
(@) o= 93AF 47KQ, (b) ofxxtof
RAFo] g AE
Anode cell current In and Ix/Ia for
cathode  potential  variation (cell
resistance = 680K £2).
(a) with external anode resistance of
47KQ and (b) no external resistance

ag 4.

Fig. 4.



36 37 A
IV. 8x8 o{8fo] HA ojzEg| 2EF 29|

A " A

PDP+= nlAEAel 77 ApA #3aAt2A o3
paA)zte] folala x| EHE H7F 2 A= +
Ho] b3t AHE iRtk o) wWeleRs 243}
= Az 78 vxd3Ae] 7’ PDPeIA= Skl
715 z2A3](Pulse Amplitude
Modulation) ¥rh= § 34 AZKfield frame)ell
A #avt ARE AZke 2AsR=(Pulse Width or
Pulse Number Modulation) W-& AR&slw glch
UVE 134 Qo= A3k PDPoA = ol=ijt
AZF Wz wAleld g Al skavt AA
We F e A7 i’ 52571 S5 PDPAH

= =
F=2E AFe

.
e 715 He ol4sks W wme wa]lPlo
2 753 "k

Hagsle) os] 3] r|geHe Ze ZFY
PDPee ge] AFdeMe Fud FRdaks ol
slod UATE F7] olollA] Bpaie] S AJEA]
7171 913 "aygee] AguE-g d&AHeR Wkt
oJof ) wide] FEEAE AAse v ol=F
PApEolla] sazbke] ZMlel o’ ezl A4t
o] AAEIAEF] glo] 7], 2AFEe] SHlE o]
5 e A fRpA "] Ak, o
g o5 F7)dl W W35S el Aol F
asjrh. AAl PDPE 5okl VGAF ol siid=
2 e 33 e "HA F7071 4pusec ©]d
2 uE M Fe |-l 33T AF3 PDP
9] TEEAS RN AgsdE Fald WA
233 sled Hz A 300V, Az Fui
170kHzE 7WAe 75325 A3 238 PDP
FE ICE ARgsled AA|, Altsigich ofx] Aol &
Ade] HA3lE]A] X3t AYH IS FE37] Hztd Al
Y FE3I2E We A 24 s /HEA
= AF AG-AFEA A soke ulel o) Ax=
Il A ksl AFAEsE @S bS5
AR Bhdch

AARY FE3RY AlagFAEE ¥ 54 B
ule} o] PCeld Bul & 8x8 4 ¥l 438 =
A Wy wzeld ARste FERE IR S+ 3l
EE slglon] zdgl g srels} A FEIE
£ AT 2E Ao =32t shie] FPGAA

%3 PP A71d B4 Hx vxe] 7%

(652)

AR 5t

VHDLS o}83le] Fasigch webd Az 245
Helo|n)5-2  FPGAS Zzadnle] sl 47|
vlE 4 SlEE AR

A FERE HE A0 £58 44 73]
95ty 200VE A& PDP % ICE olgslgier
FAHG FEICH FFEHE ARG A4 A=
Exer 3z 2AY $ JEF A 7t
3 oyt xR AL HuHWMVan) & 300V7H
A 87 sk gzl HAHANVavel Hz
Agte] 1/3¢) HEE 27 69 HQl vie} 3] AH
3 Agh g 32E olgslglen wAY TF ICY
HAAG R3] AR Bl AZE #d W
FI 2T Falo] FFsKCl Arc FEIE HA
HAMVgnlol -20V o3tz =4% & Qles &
gom  HAAMVk)S -90V 7R Agsidcl
Z ofxc=9} shae 7o) FHa Z1gPAgkE 390V 7]
7Fs38le olw] Mas|al YL Var - Vku 2 RA
2k o3 78 3AY ok E ICY IFEEHE A
o W32 s He Fa glvk o] HEE= F A &
Hxedx V10 e At vDDY 1/3 He
Agpe] ¥y V105 ol V1008 F3H A9 uc}
S5VAZ 2 Al SH=HESE AA=HGLH Q5
Q6, M1& % 7% IC9 293 AFE AT =9
A #hgo] V100 &l weol= ¥ =e] g #do]
500mVel el 734 o1& AHAA F7] 3 3R]
=3

Anode diver | |Catnode ariver IC
11¢ 44 Tt %
| Level shifter l | Level shifter ‘

S . i1t & 4 g I
: o | |sd |s2 g .8
oM iy
O ERRCR L giicH |E
Anode Contral Cathode Control

g { Block Block
o : =
- [
5 = s v
c g State conbol signal E'i  addressz.gy | D
E 83 ® out_enable
kb 01 x@ : write_enable
bt d Memory Control :
Agoal Block < -
b . i image
o vl i date]7..0)
FPGA

0% 5. 315 AFY 8 x 8 PDP 75329 14
=

Fig. 5. Block diagram of driving circuit system
for 3-electrode DC-PDP.



19984 7 ETL%eH

VDD high
Series Regulator
VDDhigh S V105
gv
o -
E 5 Level shited g Controt
C |70 | > Iggao)) & |Signal3.qf
cC 5 9
0“3 ° G + _m
g L0 R
< e
...... L3

a8 6. AFAY 2 =g @Y HE 32E o] 4%
ZAY = FEIR

Fig. 6. High voltage anode drive circuit with
supply voltage and signal level
conversion.

% % % ) [ "' \%

R1 ; V105
Ql Q2 Q3 om V100
R2 Ao D27k Q5[ *a6
% l M1
GND

28 7. 284 A4S FAI APy Ag THF
3=z
Fig. 7. Series voltage regulator with switching

noise reduction circuit.

MNxsdle o]l e F22 P, No| Hupal zig}
& 32F ol83lgler o|d RIF R29| vlgE
Al sz sl A= HuAY, Vg, E
& ¢ g eE slgrl =3 FTEAFE APAFS
ol7] sl HAde] z} mAiuict dAlE dle] A
o A s

28 8L 8x8 oldlo]?] 170kHz "~ wlme] %
H38E 29 F3 gk o= Fx A9t HYE 4
0~220Ve]|a Ax=e 739 -50~-90V o]k ol
= H2x oA Wl A HAZ} 71Y] B2 A% &
A Holw I o] HAEL fA] wbd HagA

BN R

o2l

¥

Er
e

(653)

$3%% DR £7%H 37

270 B $AMA Wae @ W2 el A
2 O e FNN e "ok 13 309 o
& Eg g st me Aasd) sliAe )
off] War 27 Werel glabo] YASEE s3]
olZ¥E 719, AR, 4% sfnkEE Al
qe ohes} ek

Vw= Van— Vg, = 310V
Vs = Vaug—Viy = 210V )
Ve = Var—Vgn = 160V

Ao Akl Fold FARAY Vs = A
A% 7130l 2752t deouix] e dARE W9
& wze2] Al o|dlel] glefef 3] Fulpo] we} 1
W7t deprlc ¥ 9ellAle AR HdEie] &4
H #E 2oFa ok 9714 Vsmin 3 Vsmaxe
#7 8 x 8 of#elelr i) shaete AXAL A
A7) Alxkske Zgkelth

a3 9l ®el 3"AF F2 PDPE wizmz] mixle)
e F95 842 o8 AF3 PDPE w2 F
polla] kgl BA)S Bolx glon o]zt AR
S o ATl 23] wdR|dAzte] A

Aoz 7 AT A rIQlshs Aoz "

ok

23 1094 100KHz 754 385 PDPY F-%
gkl wE HY¥iwel 3 BF3 9k
PDPAS] H¥AiARE P wre] FEoZHE A
5] o $ms a3 34 Bl 2AF AG-AF
EAozye AXEA & fAAA A4 AR

HE AF AE AYe

B0
E——l g'é‘

Py = Vag-IatVgn: I (2)

=2

224 a3 8 Bl FEIeA Viu & WA
F1HA EA% ghels Ful= 100KHzolA 64 Az
Fdo| 7hesleR shie 3w 3 =HY 1/3%
b A HAE wHlET oA 2§19 1/3%89
FrARdAgte] ZsiIc) wlebd AlA] ke ARa
2 23100 29 g 1/03ER 2 Zo|tk a9
10014 F83F AR Uik o2 A{3 PDPAE
TEAF Ee Aol HAEFE UBHLo] Folr)A|
9t 33T PDPeME slace] u7le)y Ezigte)
30V oJ3lE g ol EAe] FolHA] W



=
338 335
= O . L o) &
Fago] e e & Uk
Tek SN 5MS/s 62 Acqs
\ T N .
T T T T T
o : L SAwEEA ]
NYBA o RASTE= 0 oy max
.I.JE AL L] 224V
H Ch1lMin
74V
L Ch2 Max
=50V
{ chzmin
~94V
13 Aug 1997
12:08710
(a)
Tok BTN SMS/s 2348 Acgs
. '
' £
..... ___ Chi Max
: : : : 222v
: : : : ch1 Min
: L T 70V
- e S Raans: - Chz Max
m v
: . . : 1, Ch2 MIn
Sy, h2 M)
L ]
d L s 13 4ug 1997
12:20;

(b)
a8 8.3413F AF3 PDP 8 x 8 odo]9] 170KHz
& vme] 75y

(@)#le] AA AA, (b) ol=e] AA AA

Fig. 8. Voltage waveform of 170KHz pulse
memory drive for 8 x 8 cell array.
(a) all pixels are on (b) all pixels are off
300 - ,__._-—v
_ 80 '/v/
v
% v—'-v"/
o
Bt R - R
<
%
3 -
20 T T T T g T T T T T
[ 10 20 30 L 50
Pulse Period[usec]
223 9. 313 = PDPY] ving =zle] Z= Fu}
= 54
Fig. 9. Frequency response of memory margin.

ZF3¥ PDPS A4 §A3 2 wwz 7%

(654)

Xk 5+

450 -

/

380 T T T T T
30 M 40 45

Cathode Voltage (-Vk)

409

Luminancec{ed/m?]

Cell Power[mw}

350 o

20

o
3

a3 10. 3AF A3 PDP3laY] AHAwe} F
=54

Fig. 10. Power consumption and luminance
characteristics of 3-electrode PDP cell.

V.4 B

¥ =TolMe 3415 253 PDPY A4 545
Aoz Fe| Hx vime] F5e H¥lHe Ax= A
Fo] AT IA ol AAAE fAsledof A
Zre} ZHigle] A=A /M o le-S IAsidch
8 x 8 olHo)E o]8% TEEA A AT A
xe vixle] Fu B4 ofE AF3 PDPETY ¥
< Falrold hRE §A1S Holw glod “—J%’ri%
=3 A v AYZl) w2t g RENE B
© dubdal 23 AFY PDPo:= ©e] IA 711&
st dFEo] FH 3]0l
usleh B =Follx AARE FEuye) Hx 29
o)l sl S3d AR EL 3T T2l £
=3t el eRdRe] AAE e 2F
PDPEA 383 7F54e] e £ =fdxie B

o]
= ozt B4E ¥
A~
-

4741k
28
[1] F. Gray, et al, “The Production and

Utilization of Television Signals,” Bell Sys.
Tech. ]., vol. 6, pp. 560-603, 1927.

[2] T. Shinoda, et al., “Surface-Discharge PDP
with 3 electrodes”, SID ‘84 Digest, 1984.
[3]1 S. Kanaguy, et al, “A 31-in diag. full-color

surface-discharge ac PDP,” SID ‘92 Di-
gest, pp. 713-716 1992.



(4]

(5]

[61]

(7]

1998%F 7TH EFISEHRGE £3H %4 DE FTR 39

H. Hiroo, et al., “A Picture-Display Panel
Using a Constricted-Glow Discharge,”
IEEE Trans. on Electron Devices, vol.
ED-21, no. 6, pp. 372-376, 1974.

Y. Okamoto and M. Mizushima, “A New
DC Gas-Discharge Panel with Internal
Memory for Color Television Display,”
IEEE Trans. on Electron Devices, vol.
ED-25, no. 1, pp. 8-16, 1978.

T. Kamegaya, et al, “Basic Study on the
Gas-Discharge Panel for Luminescent
Color Display,” IEEE Trans. on Electron
Devices, vol. ED-25, no. 9, pp. 1094-1100,
1978,

D.].Struges and H.J.Oskam, “Studies of the
Properties of the Hollow Cahode Glow
Discharge in Helium and Neon”, J. of Appl.
Physics, vol. 35, no. 10, pp. 2887-2894,

B X R(IE&R)

197242 27 16H4E 19954 28 2
oL AR EAD. 19974
2A SEHEE A AR A
AL 19974F 18 ~ 19984F 58 44t
IF FdATE 979 19984 6H
~ A SdFa R AEHo]

A4 Q78 FAIEel= CMOS IC 32 2 PDP

(655)

XN XA
¥ A WERR) £ 355 CF 5 25 B8

[81]

[91]

[10]

{11]

[12]

1964.

M.Seki, et al, “An 8-in Pulse Memory
Color DC-PDP without Auxiliary Cell,”
Japan Display '92 Digest, pp. 617-620,
1992.

Y.Aamano, et al, “A High-Resolution DC
Plasma Display Panel,” SID ’82 Digest, pp.
160-161, 1982.

A. Takahashi, et al., “Normally-ON Anode
Pulse Memory Drive for DC-PDPs,” SID
'96 Digest, pp. 287-290, 1996.

K.C. Choi, et al., “Improved Pulsed Me-
mory dc Plasma Display with High-Fre-
quency Auxiliary Anode Pulses,” SID 92
Digest, pp. 160-161, 1992.

G.E.Holz, “Pulsed Gas Discharged Display
with Memory,” SID 72 Digest, pp. 36-37,
1972.




