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Abstract The electro-optical characteristics of several functional layers over the MgO protective layer were studied

during the continuous discharge of an AC-PDP. In order to observe the degradation of each functional layer on the

MgO protection layer, we measured the surface morphology, cathodoluminescence (CL) spectrum, the secondary

electron emission coefficient (γ) and the discharge characteristics after 500 hours of discharge during the operation of

the AC-PDP.
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I. Introduction

Current plasma display panels (PDPs) require high

efficiency levels and a high resolution. Specifically, high

efficiency is the most important factor in an alternating

current plasma display panels (AC-PDP). Therefore, many

research groups have attempted to achieve better efficiency

during the operation of a PDP [1]. We applied an additional

functional layer (FL) onto an MgO protective layer in an

effort to improve the efficiency of an AC-PDP. The FL is

not a new idea, which was studied about 10 years ago. But

it has new emerging high application potentiality to plasma

source development of atmospheric pressure dielectric

barrier discharge for plasma biosciences. In this context,

we sprayed different types of MgO sub-micrometer-sized

powder over the MgO protective layer to improve the

efficiency of the PDP tested in a previous experiment [2].

The contribution of this result for the functional layer of

MgO nanopowders in PDP has been applicable to the

atmospheric pressure plasma generation used for plasma

biosciences and related to other areas. The role of the

coated MgO power is enhancement of electric field caused

by the sharp edge of MgO naopowder, when the driving

voltage is given to the electrodes, to increase the secondary

electron emission coefficient in the discharge duration. The

performance of each functional layer was compared in

terms of the efficiency improvement of the AC-PDP by

measuring the CL spectrum and the UV emission spectrum

and by means of surface observation of the functional layer

[2]. At present, we want to determine the long-term effects

of the functional layer during the prolonged discharge

operation of a PDP. The MgO protective layer and the

functional layer are assumed to be sputtered and

redeposited by ions in the plasma space under the influence

of the electric field during the operation of the AC-PDP.

This phenomenon may strongly influence the lifetime of

the AC-PDP. To observe this phenomenon, six-inch test

panels with the different types of function layers on the

MgO protective layer were prepared. After the long-term

operation of these test panels, we analyzed the surface

profile of each test panel and the reconstruction of the

MgO nanoparticles by scanning electron microscopy

(SEM). We also observed the cathodoluminescence (CL)

spectrum, the delay times by the versatile driving system

and the secondary electron emission using a Gamma-FIB

(focused ion beam) system for different areas of each test

panel after 500 hours of discharge during the operation of

the AC-PDP.

1. Experimental configuration

Two six-inch VGA-level test panels with functional layer

(FL) A and FL B were used in this experiment. The gas

pressure in the panel was 400 torr of He-Xe-Ne (35%,

15%, and 50%) gas. As shown in Figure 1, the MgO

nanopowders were used as a functional layer. They were

applied onto the MgO protective layer by a spray-coating

method. Figure 1 shows that the MgO protective and the

functional layer are sputtered or redeposited by ions in the

plasma space under the electric field during the operation

of the AC-PDP.

The two test panels were discharged for about 500 hours

at a driving frequency of 100 kHz, a duty ratio of 25% and

a driving voltage of 215 V. During the operation of the test
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panel, we measured the discharge current peak-time and IR

emission peak-time from the test panel with a PDS (Pulse

Driving System). The discharge current peak-time and IR

emission peak-time are from the time the applied voltage

starts to the time of the current signal-peak and the time of

the IR emission-peak. However, they did not change

drastically during 500 hours of operation.

2. MgO nanopowder

Figure 2 shows a SEM image of each MgO nanopowder

over the MgO protective layer in the (111) structure. Two

different types of MgO nanopowder, A and B, are overlaid

on the MgO protective layer in Fig. 2, of cubic and

noncubic one, respectively. The center size of MgO

nanopowder A is around 500 nm and the shape of the

particle is cubic. The typical size of nanopowder in FL B

is around 150 nm and the shape of the particle is non-

cubic. It is real situations that the powers are not distributed

uniformly for enhancing the electric field. Their cover ratio

is about in the range of 20-30% in conventional layer

formation. Figure 3 shows the cathodoluminescence (CL)

spectrum of each MgO nanopowder according to the CL.

They have different CL spectra. MgO nanopowder A has

two peaks at 250 nm and 450 nm, while powder B has a

peak at 350 nm. The CL peaks are different for A and B

Figure 1. Sputtering and reconstruction of the MgO protective
and functional layer by accelerated ions in the panel.

Figure 2. SEM image of each MgO nanopowder on the MgO
protective layer.

Figure 3. Cathodoluminescence (CL) Spectrum of each MgO
nanopowder.

Figure 4. Structure of the AC-PDP front panel coated with a
functional layer.
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from each other since their layer properties are not same to

each other since they are cubic and noncubic one,

respectively. 

3. Spray-coating method

The coating method for creating the functional layer can

vary. It can include spray coating or screen printing

methods. In this experiment, we created a six-inch test

panel which had a functional layer created by the spray-

coating method. For the spray coating, we created slurry

consisting of a powder and a solvent. The slurry needed to

have an optimum concentration to ensure coating

uniformity. Figure 4 shows the structure of an AC-PDP

front panel coated with a functional layer and coated with

such a layer using the spray coater.

II. Results and Discussions

1. Address delay time

To measure the address delay time, we swept the IR

emission pulse 1000 times during the address discharge.

Figure 5 shows the address delay times of each panel with

the application of MgO nanopowders A and B. The first

line (the blue line) is the address pulse, the second line (the

green line) is the IR emission pulse (single event), and the

last line (the orange line) is the envelope signal of the IR

emission. Tf is the formative delay time from the first time

discharge to a moment of the first light; Ts is the statistical

delay time; and Td is the total delay time. When Td is in the

address pulse, the PDPs operate stably. The delay time is

reduced significantly by applying FL A or B before

degradation. The statistical delay time with the application

of FL A is reduced more than that of FL B. As shown in

Fig. 6 after 488 hours of discharge operation, the statistical

delay time with an application of FL A increased while the

formative delay time mostly did not change. The delay

time upon the application of FL B decreased in contrary to

that with FL A.

Figure 5. Address delay times of test panels.

Figure 6. Address delay times of test panels.

Figure 7. SEM images of the front panels before and after
degradation.

Figure 8. SEM images of front panels before and after
degradation.
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2. SEM image of degraded front pane

Figure 7 shows a SEM image of a front panel surface

sprayed by each MgO nanopowder onto the MgO

protective layer before and after 500 hours of degradation.

They show the marks of the barrier rib and the ITO and bus

electrode. After 500 hours of degradation, the surfaces of

each front panel changed remarkably. The panel appears to

be damaged along the ITO and the bus electrode during the

driving of the panels. In the case of MgO nanopowder B,

it did not change much compared to the case of FL A.

Figure 8 shows SEM images of MgO nanopowders A

and B on an MgO protective layer before and after 500

hours of degradation. Only the MgO film surface and MgO

nanopowder A were significantly damaged. This was

caused by ions in the plasma space charge under the

influence of the electric field during the AC-PDP

operation. In the case of MgO nanopowder B, it was

damaged but it generally retains its original shape. Before

degradation, the MgO protective layer showed only the (1

1 1) structure. However, it changed and then showed the (1

0 0) or (1 1 0) structure after degradation. The center size

of MgO nanopowder A with the cubic shape increases

from 500 nm to more than 700 nm. Its shape also changed

completely. In the case of MgO nanopowder B, the shape

and size changed, but the extent was less than that noted

with powder A. Both MgO nanopowders A and B were

aggregated by plasma from the electrode after 500 hours of

discharge operation.

3. Cathodoluminescence (CL) Spectrum

Figure 9 shows the CL intensity versus the wavelength

before and after degradation. The MgO protective layer has

two peaks of CL intensity at 400 nm and 650 nm. After

500 hours of degradation, these generally decreased. On

the other hand, the MgO protective layer with nanopowder

Figure 9.  Cathodoluminescence (CL) spectrum of front panel
before and after degradation.

Figure 10. Secondary Electron Emission Coefficient (γ).
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A also shows two peaks of CL intensity at 450 nm and

540 nm, but they were drastically decreased after

degradation. In the case of the MgO protective layer with

nanopowder B, a general decrease was noted at the

wavelengths of 300 nm and 800 nm. The CL peak at

450 nm and 540 nm were disappeared after degradation for

A since their corresponding energy states of these CL

peaks are disappeared

4. Secondary electron emission coefficient (γ)

At this point, the change of the secondary electron

emission coefficient (γ) after about 500 hours discharge

should be determined. Figure 10 shows the secondary

electron emission coefficient (γ) of each front panel with an

MgO protective layer with nanopowders A and B before

and after degradation. The coefficient γ was determined to

be between 130 V and 200 V in a collector with 10 V

divisions. Before degradation, the γ values of the test

panels with MgO nanopowder A or B increased in

comparison with that using only an MgO protective layer.

After 500 hours of degradation, the decrement of γ in the

degraded test panel upon the application of MgO

nanopowder A was smaller than that of the panel with only

the MgO layer, as shown in Figure 10 (a). It is noted here

that gamma decreased less for B since its structure is

maintained close to (111) than A. In addition, the

decrement of γ in the degraded test panel for the

application of MgO nanopowder B was smaller than that in

the case of MgO nanopowder A before and after

degradation.

III. Conclusions 

A functional layer laid over an MgO protective layer was

shown to degrade due to sputtering and redeposition by

ions upon the plasma space charge under the influence of

an electric field during the operation of an AC-PDP. The

influence of degradation of the functional layer on the PDP

operating conditions was studied by creating test panels

with two types of MgO nanopowder applied. The test

panels were operated for nearly 500 hours of discharge

time. We observed SEM images, the CL intensity, the

delay times and the secondary electron emission coefficient

(γ). The SEM images and the CL intensity of a panel with

MgO nanopowder B did not change significantly before

and after degradation. Moreover, the formative delay time

(Tf) in the address delay of the test panels before and after

degradation did not change significantly in comparison to

the statistical delay time (Ts). However, due to degradation

after 500 hours of operation, the change of the address delay

time of the test panel with MgO nanopowder A applied was

noticeable, whereas that with MgO nanopowder B applied

showed little change. Due to degradation after 500 hours of

operation, the secondary electron emission coefficient (γ)

decreased and the coefficient decrement of the test panel

with MgO nanopowder B was low in comparison to that of

the test panel with MgO nanopowder A. 

In the case of functional layer A, secondary electron

emission coefficient (γ) was reduced more than in the case

of MgO nanopowder B. The reduction of the coefficient ã

led to a low density of the primary electrons. The long

statistical delay time (Ts) of MgO nanopowder A may be

caused by the random address discharge caused by the low

density of the primary electrons.
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