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Table 1. Estimations of energy balances in discharges in a PDP(1) and in a mercury fluorescent lamp.

Abstract

Over 5lm/W white luminous efficacy was obtained
by 11" color test panel with narrowed discharge
electrodes combined with high Xe partial pressure. By
using optical spectroscopic methods, it was suggested
that the electron heating efficiency is the most
significant to improve the plasma efficiency in our
experimental conditions.

1. Introduction

In these days, the market of flat TV’s has been
expanding rapidly and more and more people want to
use larger displays. Though an annual energy
consumption of current PDP TV set is already lower
than that of the same screen sized CRT TV, (if any),

a larger PDP spends more electric power and it should
be reduced. Therefore, many PDP researchers made
efforts to gain the luminous efficacy of PDP’s.
An estimation of the energy balance in a PDP

discharge
(1)
in comparison with that of typical mercury

fluorescent lamp is shown in table 1. A white lumen
equivalent is assumed to be 280 lm/W. Since the
difference of the plasma efficiency is the most
considerable, an improvement of it should be most
significant. The plasma efficiency ( ) is the product of
the electron heating efficiency ( ) and the conversion
efficiency of electron energy into UV photons. And,
excitation efficiency ( Xe: conversion efficiency of
electron energy into excitation of Xe atoms) and the
UV production efficiency ( UV: conversion efficiency
of excited Xe atoms into UV photons)(1)(2).
Among a lot of techniques for high plasma

efficiency reported previously, we pick out two
methods, a long gap cell configuration

(3)(4)
and a Radio

Frequency (RF) driven PDP
(5)
, as remarkable

approaches.
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Parameter Value

Pixel pitch in vertical direction ( m) 698

Box type rib pitch in horizontal direction ( m) 310

Rib hight ( m) 120

Sustain gap width ( m) 75

Transparent electrode width ( m) 50, 125, 250

Dielectric layer thickness ( m) 33

Relative dielectric constant 7

Xe concentration (%) 20

Pressure (kPa) 66.7

Phosphor materials R: (Y, Gd, Eu)BO3

G: Zn2SiO4:Mn

B: (Ba, Eu)MgAl10O17

Figure 1. Schematic of the cell of test panel
*1: transparent electrode width (see table 2)

Table 2. Specifications of the cell of test panel

Figure 2. Luminance and luminous efficacy on the

pulse voltage for voltage pulse cycle of 50 s

(a) White luminance (b) Efficacy

(unit: m)

The former, by increasing the discharge gap, a
transient positive column was formed in the cell. A
large portion of input energy was dissipated into the
positive column discharge which is much more
efficient region compared to negative glow discharge.
The latter, by driving a plasma in the cell at 50 MHz,

the plasma was maintained by a much lower voltage
than the breakdown voltage due to an oscillating
motion of electrons. In consequence, a mean electron
energy in the plasma was decreased, and Xe were
increased significantly.
In both cases, though the plasma efficiency was

improved extensively, the driving techniques and cell
structures were so different from current PDP’s that it
seems to be very difficult to put them into practical
use.
Recently, we reported that a white luminous

efficacy of over 5 lm/W could be obtained in a high
Xe content gas with narrowed display electrodes

(3)
,

very simple way compared with above-mentioned
previous techniques. In this article, a plasma
efficiency of the test panel was analyzed by means of
optical emission spectroscopy

(4)
.

2. Experimental details

11-inch color test panels with 576 columns and 160
rows were used. The cell structure and specifications
of the test panel are shown in figure 1 and table 2,
respectively. White box-type ribs were used with
white under layer and without black stripes. There was
no black layer between the transparent electrode and
the bus electrode made of silver. The driving
conditions for the experiments were as follows. The
number of sustaining pulse cycles was 15000/sec
constantly while the pulse cycle was varied from 5 s
to 50 s.
A half time of the pulse cycle corresponds to a cycle
of discharge. The rise time of the sustaining pulse was
less than 50 ns, and a duty ratio of the sustaining
pulses was 50% to prevent a self-erase discharge.
Address electrodes were electrically floated during the
measurements.

3. Results and Discussions

Figure 2 shows the luminance and luminous
efficacy of the test panels as a function of the
sustaining pulse voltage. Figure 2 is for the pulse
cycle of 50 s

(6)
. Figure 3 show the luminance and

luminous efficacy of the test panels as a function of
the sustaining pulse voltage at the pulse cycle of 10
s
(6)
. In both cases, efficacy was higher as the

electrodes width was narrower. The peak efficacy of
5.2 lm/W and 4.1 lm/W were obtained at pulse cycle
of 50 s and that of 10 s, respectively.
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(a) White luminance (VIS)

(b) Efficacy (Eff)

(c) Intensity of 823nm+828nm (NIR)

(d) VIS/NIR

(e) Eff/(VIS/NIR)

Figure 4. Luminance (VIS), luminous efficacy (Eff),

intensity of NIR, VIS/NIR,and Eff/((VIS/NIR) on the

pulse voltage for electrode width of 50 m

(a) White luminance (b) Efficacy

Figure 3. Luminance and luminous efficacy on the

pulse voltage for voltage pulse cycle of 10 s

Oversluizen et al reported that by using simple
optical emission spectroscopy, the plasma efficiency
of PDP’s could be broken down into the electron
heating efficiency ( ), excitation efficiency ( Xe) and
UV production efficiency ( UV) qualitatively

(7)
.

a) [panel luminance/ (823 nm + 828 nm )] =
(VIS/NIR)-ratio indicates Xe

b) [efficacy/(VIS/NIR)] ratio indicates .

Based on the above-mentioned assumption, they
concluded that Xe increased as the increase of the
pulse voltage, while was decreased.
We applied the same analyzing method to our

experimental panels. First, the narrowest electrode
width panel was analyzed varying the voltage pulse
cycle. The amount of NIR (Near Infra-Red) radiation
was measured by a spectroscope. Aperture time of the
spectroscope was long enough for the pulse cycles.
Figure 4(a) and (c) show the luminance and the NIR
intensity on the pulse voltage for electrode width of 50
m, respectively. As we previously reported

(3)
, the

NIR dependency on the pulse voltage corresponds
very well with the luminance. This fact was also
shown in Figure 4(d) which indicates the ratio of the
white luminance to the NIR intensity. The
[VIS/NIR]-ratio was almost flat and corresponds well
each other. Therefore, the voltage dependence of the
efficacy also corresponded to that of the
Eff/(VIS/NIR)-ratio as shown in Figure 4(b) and (e).
These results were quite contrary to ref.(4). In our
experiments, the increase of efficacy can be said to be
mainly caused by the increase of the electron heating
efficiency .

Then, we analyzed another test panels with wider
electrode width since the narrowed electrode width
panel was very special and thought to be different
form the experimental condition of ref.(4). Test panels
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(a) VIS/NIR (b) Eff/(VIS/NIR)

Figure 5. (VIS/NIR)-ratio and Eff/((VIS/NIR)-ratio on

the pulse voltage for electrode width of 50 m, 125 m

and 250 mm. The voltage pulse cycle was 10 s.

with electrodes width of 125 m and 250 m were
analyzed. The voltage pulse cycle was 10 s.

Figure 5(a) and (b) show the (VIS/NIR)-ratio and
Eff/(VIS/NIR)-ratio respectively

(8)
. The voltage

dependence of the luminance and the efficacy for the
same panel are shown in Figure 3(a) and (b),
respectively. In the case of the wider electrodes width
panel, the tendency of VIS/NIR-ratio and of
Eff/(VIS/NIR)-ratio on the pulse voltage was similar
to the narrower one (see Figure 5(a)), i.e.
VIS/NIR-ratio was almost flat on the pulse voltage, so
that the voltage dependence of the efficacy
corresponded to that of the Eff/(VIS/NIR)-ratio, which
indicates the electron heating efficiency . In our
experimental condition, not only for the narrowed
electrode width panel, but for the normal electrode
width panel, an increase of efficacy was mainly
attributed to the increase of the electron heating
efficiency . Further investigations should be made to
understand the reason why the was increased along
with the increase of the pulse voltage and the
difference between our results and ref. (4).

4. Conclusions

Discharge characteristics of the high luminous
efficacy panels with narrowed electrodes width
combined with high Xe partial pressure were
demonstrated. Peak efficacy of 5.2 lm/W was obtained
at pulse cycle of 50 s and 4.1 lm/W at pulse cycle of
10 s. Plasma efficiency of the panel was broken down
by using optical emission spectroscopy and the
increase of the electron heating efficiency was found
to be the most significant not only for the narrowed
electrodes width panel but for the normal electrodes
width panel.

Acknowledgement

This work was partially supported by NEDO; The
New Energy and Industrial Technology Development
Organization in Japan.

References

[1] J.P. Boeuf : “Plasma display panels: physics, recent

developments and key issues” J.Phys.D: Appl. Phys. 36, R53

(2003).

[2] D.Hayashi, G.Heusler : “Discharge efficacy in high-Xe content

plasma display panels”, J. of Appl. Phys., Vol. 95, No. 4,

pp1656-1661(2004)

[3] L. Weber, “Positive column ac plasma display,” U.S. Patent

6.184848B1, Feb. 6, 2001.

[4] J. Ouyang, Th. Callengari, B. Caillier, and J. P. Boeuf,

“Large-gap ac coplanar plasma display cells: macro-cell

experiments and 3-D simulations,” IEEE Trans. Plasma Sci., vol.

31, No. 3, pp422-428 (2003)

[5] S. Cany, J. Kang, C. Punset and J. P. Boeuf, “Efficiency of

radiofrequency excited plasma display cells model predictions,”

IDW ’99 Proceedings, pp751-754 (1999).

[6] T. Akiyama, T.Yamada, Y. Noguchi, K. Shinohe, M. Kitagawa,

T. Shinoda : “Technologies of Electrode Designs and Sustaining

Pulse Conditions in High Xe Content Condition for High Efficacy

PDP” , Eurodisplay2007 DIGEST , pp109-112 (2007)

[7] G. Oversluizen, K. Itoh, T. Shiga, and S. Mikoshiba :

“ High Efficiency Plasma Display Discharges”, SID 08 DIGEST ,

pp374-377 (2008)

[8] T. Akiyama, T. Yamada, M. Kitagawa, and T. Shinoda :

to be published , J. SID


