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Improvement in the Luminous Efficiency Using
Ramped-Square Sustain Waveform in an AC
Surface-Discharge Plasma Display Panel

Heung-Sik TaeMember, IEEEKi-Duck Cho, Sang-Hun Jang, and Kyung Cheol Choi

Abstract—This paper proposes a new sustain waveform to im- in a high-frequency region above 100 KHz (about 180 KHz).
prove the luminous efficiency of an alternate current plasma dis- Based on the general concept of a PDP device, this frequency

lay panel (AC-PDP). The new sustain waveform is a superimposed . . . . :
\F/)va\)//ep;orm,(which ad) 4 & rampwaveform t a squaref\)/vave?orm, is too high to be usable in a current PDP device. Accordingly,

and has an increasing voltage slope between the rising and falling @ New sustain waveform, which can be operated at a frequency
edge. This waveform can induce a longer-sustained discharge atbelow 100 KHz, needs to be developed to improve the luminous
the rising edge plus a self-erasing discharge at the falling edge, efficiency.

thereby improving the luminous efficiency. When compared with g haner presents a new sustain waveform which adds a
the conventional square sustain waveform, the proposed sustain .
waveform with a 9.3 V/us voltage slope achieved a 65% higher f@mMp-waveform to a square-waveform so as to improve the lu-

luminous efficiency in a 4-in AC-PDP test panel even at a low fre- minous efficiency. The effects of this new sustain waveform on
quency (62 KHz). the cell discharge and the improvement of luminous efficiency

Index Terms—Alternate current plasma display panels inan AC-PDP operated below 100 KHz are then examined.
(AC-PDPs), luminous efficiency, ramped-square pulse.

Il. SINGLE PIXEL OF SURFACETYPE AC-PDP CELL
AND ITS DRIVING WAVEFORMS

. INTRODUCTION

HE recent focus on the development of flat panel display
devices has resulted in an alternate current plasma disFig. 1(a) shows a schematic configuration of a single pixel
play panel (AC-PDP) becoming a promising candidate for rg the 4-in AC-PDP test panel employed in this research. A
placing the conventional cathode ray tube (CRT) display [1§ingle pixel is the minimum unit for displaying a full-color
In addition, plasma display panels (PDPs) have exhibited gréagage, and consists of three cells that emit red, green, and blue
potential as flat panel devices for the large ared(-in) full light based on the stimulation of R, G, and B phosphor layers
color wall hanging digital high definition televisions (HDTVs).by the VUV (147 nm) produced from a He-Ne-Xe plasma
For the successful realization of commercial full color digitadischarge, respectively. Fig. 1(b) shows the voltage waveforms
HDTVs, further improvements to PDP devices are still needeaipplied to the three electrodes to drive the PDP test panel
particularly in luminous efficiency [2]. Most previous researchilustrated in Fig. 1(a). The X and Y electrodes on the front
related to improving luminous efficiency has focused on optilass plate in Fig. 1(a) are the sustain electrodes, and the first
mizing the PDP cell structure [3], [4], including the emission o&nd second waveforms in Fig. 1(b) are the voltage waveforms
vacuum ultraviolet (VUV) [5]. Since luminous efficiency is de-applied to the sustain electrodes. The Z electrode on the rear
termined based on the ratio of light emission intensity to inpgtass plate in Fig. 1(a) is the address electrode, and the third
current amount, the development of a proper driving waveforwaveform in Fig. 1(b) is the voltage waveform applied to
for the sustain period, during which the red, green, and blue fRe address electrode. The driving regions are divided into
G, B) visible light for displaying information is emitted, wouldthree periods, the reset, address, and sustain periods. In the
contribute to the improvement of the luminous efficiency. In thieeset period, the wall charges generated in the previous sustain
sense, there has been some previous researches related to symtdod are erased, so that all the cells in the PDP have the
pulse waveforms for improving the luminous efficiency [6], [7]same initial conditions. In the address period, wall charges are
however, so far, luminous efficiencies have only been improvedcumulated from the space charge of the plasma discharge
produced in the address region. Thereafter, only those cells with
Manuscript received September 13, 2000; revised January 30, 2001. W@ll charges accumulated in the address period can display
work was supported by the Brain Korea 21 Project in 2001. The review of thisformation using the voltage waveform in the sustain period.
paﬁle_rsv.vgrsa:rrla(ig;dcbgolyit;:;lrt]%r gIZA ‘(Jsa%egbzlr.e with School of Electronic anlch] the Su.Stain period, alternate voltage pulses are applied to
Electrical Engineering, Kyungpook National University, Taegu 702-701, Kordhie sustain electrodes (X and Y electrodes) of all the cells, and
(e-mail: hstae@ee knu.ac.kr). , o _ ~_a plasma discharge is only produced in those cells with wall
K. C. Choi is with Department of Electronic Engineering, Sejong University. . . . . . .
Kwangjin-Ku, Seoul, 143-747, Korea. tharges. This new sustain waveform in the sustain period is
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Fig.1. Schematic diagram of 4-in AC-PDP test cell and its driving waveformig. 2. Current and IR (828 nm) waveforms and schematic model for

(a) Single pixel structure. (b) Voltage waveforms applied to the three electrodigmnporal behavior of wall charges in 4-in AC-PDP with conventional square
sustain waveform. (a) Conventional square sustain waveform. (b) Temporal

behavior of wall charges within cell.
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I1l. EFFECTS OFNEW SUSTAIN WAVEFORM

ON CELL DISCHARGE s . . L
shown in (i) of Fig. 2(b), and the simultaneous emission of IR

A. Cell Discharge Physics in Conventional Square Sustain |ight emitted, as shown in (i) of (3) inFig. 2(a). At this point,
Waveform the space charges produced during the plasma discharge are

Fig. 2(a) shows the schematic waveforms of the (1) V0|tag@c;cumulated on the sustain electrodes with an opposite to the
(2) current, and (3) infrared (IR: 828 nm) based on the actua@larity to the space charges due to the electric field caused
waveforms measured from the 4-in AC-PDP test panel in i the sustain voltage, as shown in (iii) of Fig. 2(b) [8]. As
case of a conventional square sustain waveform. The ot#Bistrated in (2) and (3) of Fig. 2(a), as soon as the discharge
driving conditions of Fig. 2(a) were a frequency of 62 KHzcurrent flows, light is emitted and then abruptly disappears
duty ratio of 40%, and sustain voltage of 190 V. The voltage afg¢cause the accumulation of wall charges from the space
current waveforms were measured by the voltage and curréfirges during the plasma discharge causes a reduction in the
probes, respectively. The power dissipated in the 4-in PDP waigctric field intensity. However, as shown in (iii) of Fig. 2(b),
measured in the power line between the driving circuit and t§8ergetic space charges and metastable atoms still remain after
test panel using the PM3000A power analyzer. The IR (828e abrupt extinction of the discharge, although only for a very
nm) signals were measured by the digital oscilloscope afgort time, and disappear as illustrated in (iv) of Fig. 2(b) [9].
being converted as electrical signals by the PMT tube. TRé&cordingly, these energetic space charges and metastable
PR-704 spectrometer was used to measure the luminancéi@ms must be utilized to improve the luminous efficiency.
the 4-in PDP test panel. Fig. 2(b) shows a schematic modelldte displacement current starts to flow again at the falling
the temporal behavior of the wall charge produced within tHfge of the sustain pulse, as shown in (v) in Fig. 2(a), and the
cell with a conventional square sustain waveform. In Fig. 2()ells shown in (vi) of Fig. 2(b) exhibit the same condition as
the upper two electrodes are the sustain electrodes, whereadhBePrevious state. When another sustain pulse is applied, the
lower one is the address electrode. The wall charges are ad¥@sma is again produced within the cell, as shown in (viii) of
mulated on the dielectric layer below the two sustain electrodel§)- 2(b). This process for creating discharges and emitting
during the address period prior to applying the sustain pulse ligkt is repeated for the duration of the sustain period.
shown in (i) of Fig. 2(b). As the sustain pulse in (1) of Fig. 2(a ) .
is initially applied to each sustain electrode, the displacemédt Effects Due to Longer-Sustained Discharge
current, as shown by (i) in Fig. 2(a), starts to flow. Then, when Fig. 3(a) shows the schematic waveforms of the (1) voltage,
the electric field intensity generated within the cell by th€2) current, and (3) IR based on the actual waveforms measured
sustain voltage plus the accumulating wall charges satisfies th@m the 4-in AC-PDP test panel in the case of the proposed new
discharge condition, the discharge current also begins to flesystain waveform. Fig. 3(b) shows a schematic model of the
thereby indicating the production of plasma within the cell, aemporal behavior of the wall charges produced within a cell with
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with increased voltage slope in new ramped-square sustain waveform.
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discharge-off atthe rising edge remains almost constant such that
additional wall charges are accumulated from the space charges,
(b) as shown in (iv) of Fig. 3(b). This then causes a self-erasing
Fig. 3. Current and IR (828 nm) waveforms and schematic model fgjs_charge due to the excessively accum_ulated waI_I charges atthe
temporal behavior of wall charges in 4-in AC-PDP with new ramped-squafalling edge of the ramped-square sustain pulse, with the two sus-
sustain waveform. (a) New ramped-square sustain waveform. (b) Tempagin electrodes grounded, as shown in (vi) of Fig. 3(b). Since this
behavior of wall charges within cell. self-erasing discharge is produced only by those wall charges
accumulated within the cell, the light emission is generated
a ramped-square sustain waveform. The voltage magnitude¥ihout any additional discharge current consumption, as shown
the rising and falling edge were 190 V and 250 V (constant slog8:(vi) of (2) and (3) in Fig. 3(a). Therefore, this self-erasing dis-
9.3 V/us), respectively. The other driving conditions were theharge can also improve the luminous efficiency. Furthermore,
same as those in Fig. 2(a). As shown in (i) of Fig. 3(b), the wad addition to removing wall charges, this self-erasing discharge
charges are accumulated below the two sustain electrodes du@l$e produces the space charges, as shown in (vii) of Fig. 3(b),
the write pulse during the address period. As the ramped-squ@#tich are necessary for the next sustain discharge. Accordingly,
sustain pulse is applied to the sustain electrode, the displacensénge the next sustain pulse is applied within thei&&fter the
current begins to flow, as shown by (i) in Fig. 3(a). Thereaftes€lf-erasing discharge, as shown in Fig. 1(a), the next sustain
the discharge current begins to flow and IR and visible light afischarge is produced using only the space charges, as shown
simultaneously emitted, indicating the production of plasnif (viii) of Fig. 3(b) [9]. However, this result does not guarantee
within the cell, as shown by (ii) in Fig. 3(a) and (b). As shown itvhether the wall charges during the self-erasing discharge is
(iii) of Fig. 3(b), the space charges produced during the plasrd@mpletely removed [10]. Through the further study, we will try
discharge are accumulated on those the sustain electrodes ¥gtfake it sure whether a nonnegligible amount of wall charges
an opposite the polarity due to the electric field, resulting igtill remains after the self-erasing discharge.
a reduced electric field strength and weak discharge. At this
point, the ramped-sustain waveform with an increased voltage V. IMPROVEMENT OF LUMINOUS EFFICIENCY WITH
slope is able to prevent the abrupt extinction of the electric field VARIOUS VOLTAGE INCREASERATES

caused by the accumulation of the wall charges, resulting in aFig. 4 illustrates the changes in the luminance, discharge

longer-sustained discharge due to the remaining space charggsent consumption, and luminous efficiency measured from
or_metas_table atc_)ms, as shown in ('".) of F|g_. 3@) and (b)'.smﬁ’?e 4-in AC-PDP test panel employing the new ramped-square
this additional discharge after the first main discharge is dgﬁstain pulses with increased voltage slopes from/@svto

to the metastgble atoms, it only requires a very sm_all curreglg V/us. The other driving conditions are similar to those in
thereby enabling the proposed ramped-square sustain wavef%riag. 2 and 3. As the voltage increase rates increased from 0

to improve the luminous efficiency. V/us 10 9.3 V/ s, the consumption power decreased from 3.17
W to 1.47 W, and the luminance decreased from 792rédto
619 cg/m?, except for the condition of 3.1 Xus. In contrast,

At the falling edge in (1) of Fig. 3(a), another discharge ithe luminous efficiency improved 1.03 Im/W to 1.7 Im/W (65%
produced without any additional discharge current consumptionprovement), as the voltage increase rates increased from 0
and the corresponding light is emitted, whereas, at the fallivy s to 9.3 V/ps.

1% {vi) Ivi) L)

C. Effects Due to Self-Erasing Discharge
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V. CONCLUSION Ki-Duck Cho received the B.S. and M.S. degrees
in electronic engineering from Kyungpook National
University, Taegu, Korea, in 1999 and 2001, respec-
tively. He is currently pursuing the Ph.D. degree in
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His current research interests include the driving

circuit design of PDPs.

A new ramped-square sustain waveform is proposed
improve the luminous efficiency of an AC-PDP. This sustai
waveform has a increasing voltage slope between the rising &
falling edge, so that it can induce a longer-sustained discha
at the rising edge and a self-erasing discharge at the falli
edge. When compared with the conventional square sust
waveform, the proposed sustain waveform with a 9.8.%
voltage slope achieved a 65% higher luminous efficiency in a
4-in AC-PDP test panel even at a low frequency (62 KHz).
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