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The Voltage-Pulsing Effects
in AC Plasma Display Panel
Young Kyo Shin, Chae Hwa Shon, Woong Kim, and Jae Koo Lee

Abstract—The effect of the voltage pulsing is simulated in ac
plasma display panel using various two-dimensional simulation
codes. The volume-averaged density increases rapidly because of
the large electric field in the ac-plasma display panel cell as the
peak voltage is raised. The ignition time and the decaying time
of the discharge are related to the external voltage. The space
and time variations of the charged particle densities and the
potential profile are described for various voltage forms. The ion
energy distribution near the cathode-side dielectric which plays
an important role in the MgO lifetime and the secondary electron
emission coefficient is concentrated to much lower energies than
the applied voltage.
Index Terms—Gas discharge, plasma display panel.

I. INTRODUCTION

P

LASMA display panel (PDP) is one of the most promising
candidates for high definition color television (HDTV)
[1]. The PDP is based on the use of the light emitted by
the gas discharge whose pressure is a few hundred torr in
the few hundred m range. There is considerable attention
in enhancing the luminance efficiency of PDP for HDTV.
The cell optimization, the gas composition, and the voltage
pulse characteristics are studied to improve the PDP efficiency.
It is difficult to measure the physical quantities such as the
density and the temperature directly because of the small size
of the PDP cell. Computer simulation of PDP cell has become
a useful tool to understand the discharge characteristics in
the cell. Sahni and Lanza investigated the importance of the
dependence of the secondary emission coefficient on E/P for a
neon-based PDP [2]–[3]. Drallos developed one-dimensional
(1-D) kinetic PDP model [4] and an analytic approach [5].
A number of the simulations have investigated PDP cell
dynamics [6]–[11]. Most simulations employ fluid approaches.
Meunier [7] showed the diagram indicating the dissipation
of energy by the electrons and the ions in the discharge
using 1-D neon-xenon based model. Punset [8] shows the
electrical interaction between the adjacent cells and the effects
of electrode misalignment.
In an ac-PDP, the charge accumulations on the dielectric
turn off the discharge when the gap voltage is below the
breakdown voltage. Using the self-extinguishing of an ac-PDP
cell, we vary the applied voltage and the pulse length keeping
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their product constant for various voltage forms. The resulting
voltage-pulsing effect, the discharge ignition time, the plasma
density, and the decay time of the density are examined using
two-dimensional (2-D) fluid model; the ion energy distribution
near the dielectric is calculated using a kinetic code OOPIC
[12].
II. NUMERICAL METHOD
A. Fluid Equation
The fluid model is used to simulate the PDP cell shown in
Fig. 1(a). The model consists of a set of fluid equations for
electrons and ions, Poisson’s equation for the electric field, and
the appropriate boundary conditions. The model equations [13]
are written as
(1)
(2)
(3)
(4)
(5)
Equations (1) and (2) are the continuity equations of electron
and
are the density, the
and ion, respectively.
diffusion, and the mobility of electron (ion), respectively.
and are the permittivity, the ionization rate constant,
neutral density, and the recombination efficient, respectively.
The first two moments of Boltzmann equation are used
to describe the electron and ion transport phenomena. The
equation of motions for the plasma particle are replaced by
(4) and (5) assuming an equilibrium with the local electric
field at a given location and time. The ionization source and
are the function of the reduced electric field E/P
mobility
obtained from the space-averaged Boltzmann equation.1 E is
the electric field and P is the neutral gas pressure. Diffusion
are obtained from the Einstein relation. We
coefficients
assumed the electron temperature of 4 eV.
The simulation domain as in Fig. 1(a) corresponds to a 2D Cartesian geometry. The direction perpendicular to the
plane of Fig. 1(a) is assumed to be infinite. The equations
are discretized by the finite difference method for the spatial
derivatives, while the time derivatives are discretized by
forward time. The continuity equations and Poisson’s equation
1 The Siglo Data base, CPAT and Kinema Software, http://www.
csn.net/siglo (1998).
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posed by Sharfetter and Gummel [16] is used to solve the flux
equations. The principal advantage of this exponential scheme
is that it provides numerical stability of the flux under all
conditions. Neumann boundary condition is employed on the
side boundaries. The normal electric field and normal density
gradient on the side boundary are zero. The normal flux which
is the sum of these two values becomes zero on the side
boundaries. There are two boundary conditions at the plasmadielectric interfaces; the flux boundary in front of the dielectric
layer and the charge accumulation on the dielectric surfaces. At
the interfaces between the gas and the dielectric surfaces, the
surface charge density is calculated by integrating the charged
particle fluxes to the surfaces during the discharge evolution.
The charged particle fluxes to a dielectric surface is as follows:
(6)
(7)
and
are the charged particle density at
where
the dielectric surface, thermal velocity, and secondary electron
emission coefficient due to the ion bombardment, respectively.
The boundary condition of the surface charging equation at
the interface between the dielectric surfaces and the gas gap
is as follows:

(b)
Fig. 1. (a) Schematic of the simulated geometry. Instead of inserting MgO
and phosphor into the simulation domain, MgO and phosphor are considered
with se of the dielectric layer. (b) Voltage-pulse form applied to the scan
electrode Vx :

(8)
where is the time integrated charge density on the dielectric
and
are the electric field in the gas and at the
surface,
is the unit vector perpendicular to the
dielectric surface,
dielectric surface.
B. Kinetic Simulation

Fig. 2. Ionization rate of neon (dashed line)-xenon (solid line) (90/10%)
mixture gas as a function of electric field.

can be written in a matrix form using the five-point formula
in two dimension [14]

Fluid simulations employ only the quantities averaged over
velocity distribution, thus having limitation in examining the
kinetic phenomena inside the cell. Kinetic phenomena occur in
the sheath whose size is considerable compared with the cell
size. Kinetic simulation has a unique capability to calculate
the energy distributions, which are important to understand
the characteristics of the PDP cell. The incident ion energy
toward the dielectric is related to the lifetime of PDP. The
impact due to ions having high energy on the protective layer
such as dielectric and MgO is large and reduces the lifetime
of devices. We investigate the ion energy distribution in front
of the dielectric layer varying the applied voltage.
Kinetic simulation calculates the ion current density by
integrating the distribution function over the velocity space.
For our ac-PDP, we use OOPIC [12] code which is 2-D particle
code using particle in cell/Monte-Carlo (PIC-MC) collision.
III. SIMULATION RESULTS WITH VARIOUS PULSE SHAPES

Poisson’s equation is solved by the successive overrelaxation
method [14], [15] until convergent solution is obtained. The
continuity equations are solved by the alternate direction
implicit (ADI) [15]. The implicit method is performed in the
continuity equations to avoid the Courant–Friedrichs–Lewy
(CFL) stability criterion [15]. The exponential scheme pro-

A. Geometry, Initial Conditions, and Voltage Forms
The cell geometry is shown in Fig. 1(a). The cell width and
height are 1260 m, 210 m, respectively. The distance
between the scan
and the common
electrodes is set to
160 m in the typical case. The distance between the dielectric
which affects the ignition of the cell. A large
layers is
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increases the luminance efficiency if the positive column is
used. The product of the neutral gas pressure and the large
needs the high voltage to turn on the cell. The neutral gas is a
neon-xenon (90/10%) mixture with the gas pressure 500 torr.
Fig. 1(b) shows the three external voltage forms applied to
electrode. Molecular ions are not taken into account
the
in the simulation. The cell is ignited when the voltage is
and
electrodes. After cell ignition, the
applied to the
and
electrodes. We concern
cell is sustained with the
the first stage of the cell ignition. The external voltage 250 V
electrode. The
and the
electrodes are
is applied to the
grounded. This type is similar to the matrix geometry because
and the
electrodes do not
the discharge between the
m. The dielectric layers
occur with the distance
of 30 m are deposited above the electrodes, the dielectric
constant is ten. The charge accumulation on the dielectric layer
counteracts the external voltage and turns off the discharge
after the maximum current flows into the dielectric surface.
MgO has a large secondary-electron emission coefficient
Instead of inserting MgO and phosphor into the simulation
of the
domain, we consider MgO and phosphor effect with
for MgO and phosphor.
dielectric layers. We use the same
0.5 and 0.05 for neon and xenon, respectively.
We use
The ionization rate of neon-xenon (90/10%) gas is shown in
Fig. 2 as a function of E/P. We use the initial plasma density
with 10 cm as in [17].
The products of the applied time and the voltage, which is
the area of the curve, are the same in three cases. The similar
pulse form is carried by Lieberman and Ashida [18], using
the global model to simulate the pulse-power-modulated highdensity low-pressure discharge. The plasma density and the
electron temperature are increased with the decreasing duty
ratio for the same time-averaged power.
B. Discharge Evolution
In the high pressure and the small gap size as in PDP,
the voltage is applied to the cell to accelerate electrons
toward the anode electrode and to expel them rapidly from
the cell because of their light mass and high mobility. The
electron loss makes the cell ion-rich. The remaining ions are
accelerated toward the cathode electrode to charge the cathodeside dielectric layer. The secondary-emitted electrons due to
the ion bombardment are accelerated through the sheath and
ionize the neutral gas. The created electron ionizes the neutral
gas before exiting from the cell. For 450 ns at 250 V, this
process is repeated without increasing the electron density
because of their high mobility. The density difference between
the electron and the ion is increased with time. After a certain
ion density is reached, the space ions create the potential
to prevent the electrons from flowing out of the cell as the
solid line shown in Fig. 3. The electrons remain in front of
the anode dielectric. The electron-increase accomplishes the
charge neutrality which makes the flat potential region. As the
discharge proceeds, the flat potential region advances toward
the cathode dielectric layer as the dashed line shown in Fig. 3.
The charge accumulation on the dielectric layer decreases
the external voltage and the discharge extinguishes if the
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Fig. 3. The potential profiles at three different times along the y direction
at the center of Vs electrode for solid (ignition), dash (peak), and dots (after
the discharge extinguishes).

gap voltage is below the breakdown voltage. The dashed
line shown in Fig. 3 indicates the potential profile along the
direction advancing discharge at the density-peak time. The
potential profile after the discharge extinguishes is shown as
the dotted line in Fig. 3. The plasma potential between the gas
gap is set up to maintain the ambipolar diffusion in the cell.
C. Voltage-Pulsing Effects
Fig. 4 shows the volume-averaged electron density and the
peak value of E/P with time. The discharges for three external
voltage forms extinguish within the applied voltage pulse.
The discharge is delayed with the decreasing external voltage
shown in Fig. 4(a). The ignition time of the discharge is
strongly related to the ion flux on the cathode-side dielectric.
The ion flux consists of the difference of the drift which is the
product of the mobility and the electric and the density gradient
term shown in (5). At the initial stage of the discharge, the ion
density gradient is very small due to the uniform distribution
and the low density. The initial stage is mobility-dominant,
the ion flux is affected by the drift term. The increase of the
external voltage increases the electric field in the cell and
the ion flux. The increased ion flux enhances the dielectric
charging at the cathode side. The emitted electrons per unit
time are increased, which distorts the potential rapidly.
The peaks of the volume-averaged electron density are 7.81
10 , 1.47 10 , and 8.30 10 cm for 250, 300, and
500 V, respectively. The voltage-rise increases considerably
the average electron density. Unlike the low voltage such as
250 V, the high voltage of 500 V has large ionization rate in
the initial stage and large E/P shown in Fig. 4(b). Although
the maximum ionization rate shown in Fig. 2 is reached for
250 V, the E/P range from 200–900 (V/cm/torr) in the case
of 500 V extends over the high ionization region. The rapid
increase of E/P dose not allow the electron to flow out of
the cell. Therefore, we can obtain the high density plasma
by increasing the voltage with the same input power. For
example, the electron density doubles by increasing by 20%
of the external voltage as the dotted line shown in Fig. 4(a).
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(a)

(b)
(a)

(c)

(d)

(b)

Fig. 5. Contour plots of the electron density and potential: (a) and (b) for
the electron density and potential profiles for 250 and 500 V at the ignition of
the discharge, respectively. (c) and (d) for the electron density and potential
profiles for 250 and 500 at the density peak time.

Fig. 4. Time evolutions of (a) the volume-averaged electron densities and
(b) the time traces of the maximum E/N for three different external voltages,
250 V (solid), 300 V (dashed), and 500 V (dotted).

After the density peak, due to the charge accumulation on
the dielectric surface, the discharge extinguishes. The decrease
of the density is slow with a decreasing voltage. Unlike the
initial stage, with the discharge extinguished, the potential in
the cell is nearly zero. The flux has the diffusion-dominant
form due to the density gradient. The high densities produced
by the high voltage create the large density gradient than the
low voltage toward both dielectric layer. The density gradient
makes the density profile parabolic.
Fig. 5(a) and (b) shows the electron density and the potential
at the ignition time of the discharge for 250 and 500 V,
respectively. The charged particles are produced near the
electrode. The flat potential which accomplishes the charge
neutrality is shown near the upper dielectric. Fig. 5(c) and (d)
show the electron density and the potential at the peak time of
the density for 250 and 500 V, respectively. Unlike Fig. 5(c),
the strong electric field produces the auxiliary discharge beand
electrodes shown in Fig. 5(d). The sheath
tween the
size is decreased with the increased voltage.
D. Coplanar Geometry
The electron density and the potential profile in the coplanar
geometry at the peak time of the density are shown in Fig. 6.
and
electrodes,
is
The discharge occurs between
voltage to prevent the discharge
applied to the half of
and
electrodes and to consider the wall voltage
between
electrode approximately. The distance between the
on

Fig. 6. Contour plots of electron density and potential in the coplanar
geometry for 250 V at the density peak time.

adjacent electrodes is 60 m. is the same as the previous
case. The maximum E/P 199 (V/cm/torr) is smaller than for
the case of Section III-C because the large electric field exists
inside the dielectric and dose not participate in the ionization.
The electron density has a peak near the dielectric above the
top electrodes in shown Fig. 6. The xenon excited state Xe is
proportional to the electron density. The phosphor is located
electrode. The coplanar type has the defect that
over the
the density peak is away from the the phosphor.
E. Kinetic Simulation
We use the pure neon gas in the particle simulation using
OOPIC [12] to obtain the velocity distribution. Other parameters except for the gas are the same as the fluid simulation.
component of neon velocity along the
Fig. 7 shows the
direction in the cell. The energetic neon ions are mainly
distributed at the cathode region. The ions in the bulk are
in equilibrium with neutral atoms. The particle distribution in
front of the cathode dielectric yields the information of the
incident ion current-density which plays an important role in
the erosion rate and the secondary electron emission at the
dielectric surface. OOPIC calculates the particle position and
velocity at any time. The velocity distribution is redistributed
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Fig. 7. Phase space :
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y component of neon velocity along the y direction.

at any time unlike the fluid model which uses the assumed distribution. The energy distribution shown in Fig. 8 is obtained
by plotting the particles energies as the axis and the particle
along the direction
number existing in the small region
of the cell as the axis. Ion energy distributions are plotted in
a semi-log scale with the energy indicated in axis. The ion
energy distribution function at the number peak for 250 V is
shown in Fig. 8(a). The interesting region is a few m away
from the cathode dielectric surface. Fig. 8(a) shows that the
majority (90%) of the ions have the energy at or below 10% of
the applied voltage of 250 V. The cause of the low ion energy
is the frequent elastic collision with the neutral gas and the
potential drop between the gap due to the charge accumulation
[19]. Fig. 8(b) is the ion energy distribution with the external
voltage of 400 V. In spite of the high external voltage, the
majority of the ions have energies below 10% of 400 V. The
majority of the low ion-energy are below 1–2 eV because
of the charge transfer collision with the neutral. The chargeexchange collision reduces the ion velocity. In contrast, for a
magnetron discharge, the gas pressure is a few mtorr to make
the system collisionless, where the ions in the cathode region
are accelerated to several hundred volts, which is 80–90%
of the applied voltage [20]. Various other methods such as
the modest-energy electron beam [21]–[23] can be used to
enhance the plasma densities in a capacitively coupled plasma
such as PDP.
IV. CONCLUSION
The discharge evolution in a PDP cell for various types
of pulse shapes is investigated. A small increase in the peak
value of the external voltage produces several times larger
plasma density. The large E/P range sweeping the maximum
ionization rate and the rapid increase in ionization due to
the high voltage produce the plasma particles efficiently and
rapidly. The density gradient increases due to the high density
as the peak voltage is raised. The coplanar type has the
low density because the strong electric field exists inside the
dielectric. Most charged particles exist near the top electrodes,
responsible for the low efficiency because the phosphor is
far away from the density peak. The ion energy near the
dielectric surface is much lower than the applied voltage due

(a)

(b)
Fig. 8. Ion energy distributions at the density peak for (a) the external
voltage of 250 V and for (b) 400 V. The region between 30–35 m is
calculated.

to the elastic collision with the neutral atom and the charge
accumulation on the surface. The low ion energy affects the
lifetime of MgO layer and the secondary electron emissioncoefficient.
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