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Influence of Cell Size on Discharge Characteristics
in ac-PDPs With HD and full-HD Resolution
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Abstract—The influence of plasma display panel (PDP) cell size
on discharge characteristics is investigated in 50-in high-definition
(HD) and full-HD (FHD) ac-PDPs using experiments and a 2-D
simulation. When increasing the resolution of the 50-in PDP from
HD to FHD, the discharge volume in a cell was reduced, yet the
phosphor area per unit area was not reduced. The comparative
experimental results showed a decreased luminous efficacy and
IR efficiency for the FHD test panel of about 25%–29% and
26%–29%, respectively, indicating that the decreased luminous
efficacy was mainly due to a decreased discharge efficiency, rather
than the phosphor area. Meanwhile, the simulation results revealed that the degradation of the vacuum ultraviolet efficiency
in the FHD cells was due to a decrease in the electron heating
efficiency and Xe-excitation efficiency of the electrons. Specifically,
the decrease in the electron heating efficiency was more critical,
which was related to a smaller discharge space and shorter discharge path.

2-D fluid simulation [4]–[8] was also conducted to compare
the discharge characteristics, including the discharge efficiency,
electron heating efficiency, Xe-excitation efficiency of the electrons, changes of the cathode sheath region, and distribution
and density of the vacuum ultraviolet (VUV), for both the
HD and FHD cell sizes. In particular, the temporal and spatial
behavior of the discharge generated in the HD and FHD PDP
cells was extensively examined, in contrast to previous research
on the PDP cell size [1]–[4]. As a result, the temporal and
spatial behavior of the discharge generated in the HD and FHD
PDP cells was found to be strongly dependent on the length of
the discharge path, which, in turn, had a strong effect on the
discharge efficiency and duration of the sustain discharge.

Index Terms—Cell size, full high definition (FHD), luminous efficiency, plasma display panels (PDPs), resolution, 2-D simulation.

II. E XPERIMENTAL S ETUP

I. I NTRODUCTION

F

OR display devices, the resolution of the displayed image
is one of the most important factors determining image
quality, and the growing demand for display devices with
full-high-definition (FHD) resolution has resulted in extensive
research on high-resolution ac plasma display panels (ac-PDPs)
[1]–[4]. Yet, in the case of ac-PDPs, increasing the resolution
means reducing the discharge space, which causes a decrease in
the luminance and luminous efficiency, thereby preventing the
realization of high-quality FHD PDPs. Thus, to overcome this
degradation of the discharge characteristics accompanying a
reduction in the discharge cell size, a careful analysis is needed
of the factors affecting the variation in the luminous efficiency.
Accordingly, this paper investigates the effects of the PDP
cell size on the discharge characteristics, including the luminance, power consumption, luminous efficacy, and IR emission,
when using 50-in ac-PDPs with different cell sizes (i.e., 50-in
HD grade and FHD grade) as the test panel. In addition, a
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Fig. 1(a) and (b) shows the schematic diagrams of aerial
and cross-sectional views of the 50-in HD PDP cell (HD cell)
and 50-in FHD PDP cell (FHD cell), respectively, used for the
experiments and simulations, while the detailed cell geometries
and gas conditions for the HD and FHD cells are listed in
Table I. In both the HD and FHD cells, the opaque scan and
common bus electrodes were located above the barrier rib to
avoid blocking the visible light emitted from the discharge
space, as shown in Fig. 1(a) and (b). For the HD and FHD cells,
the heights of the barrier ribs and sustain gaps (= ITO gaps)
between the scan and common electrodes were exactly the same
to obtain the same breakdown voltage condition between each
electrode [9]. Apart from the cell size, to control the other
factors, particularly the material effects, all the materials in
the test PDP cells, including the electrodes, phosphor, MgO
layers, and their thicknesses, were the same for both cells. The
address electrode width was fixed at 90 μm, and the gas composition and pressure were Xe11%–He50%–Ne and 420 torr,
respectively. As shown in Fig. 1(a) and (b), when the resolution
was changed from the HD to the FHD grade, the vertical
and horizontal pitches of the discharge spaces were reduced
from 575 and 200 μm to 342 and 130 μm, respectively. For
a single cell, this also meant a reduced exposure of the scan and
common electrodes to the discharge space, thereby affecting
the discharge characteristics in the discharge cell. As shown
by the single-cell data in Table II, the discharge space and
phosphor area of the FHD cells were reduced by 61.3% and
48.1%, respectively, when compared with those of the HD cells.
In particular, the length of the discharge path depending on the
vertical pitch in Fig. 1 was reduced from 575 μm for the HD
cells to 342 μm for the FHD cells. Notwithstanding, since the
total number of discharge cells increased from 1365 × 768 × 3
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TABLE I
D ETAILED S PECIFICATIONS OF HD AND FHD C ELLS U SED IN T HIS PAPER

TABLE II
C OMPARISON OF HD AND FHD C ELLS U SED IN T HIS PAPER

Fig. 1. Schematic diagrams of aerial and cross-sectional views of (a) 50-in
HD PDP cell (HD cell) and (b) 50-in FHD PDP cell (FHD cell) used in
experiments and simulation. (a) HD cell. (b) FHD cell.

for the 50-in HD PDP to 1920 × 1080 × 3 for the 50-in FHD
PDP, the total discharge space of the FHD cells was only
reduced by 23.5%, and the total phosphor layer was almost the
same as that of the HD cells, as shown in Table II.

To provide an overall comparison of the 50-in HD and FHD
PDPs, the experiments obtained the discharge characteristics
for the total number of discharge cells in each PDP. Meanwhile,
the simulation results provided a comparison of the single cells
in the 50-in HD and FHD PDPs. To measure the discharge
characteristics, including the luminance, power consumption,
luminous efficacy, and IR emission, the same driving waveforms, composed of a reset, address, and sustain period, were
applied to the 50-in HD and FHD test panels, as shown in
Fig. 2(a). The numbers of subfield and sustain pulses were fixed
at 10 and 300, respectively, while the sustain frequency was set
at 200 kHz. The luminance and amount of IR emitted from the
PDP cells were measured using a color analyzer (CA-100 Plus)
and a spectrometer (SpectraPro 2300i, Princeton Instruments,
Inc.), respectively. To measure the power consumption of the
50-in test panels, a power meter (WT210) was used.
In the 2-D fluid numerical simulation, the simple driving
waveforms in Fig. 2(b) were applied to a single cell to investigate the discharge characteristics, including the VUV efficiency
(i.e., discharge efficiency), changes of the cathode sheath region
according to the Xe ion behavior, and distribution and density
of the VUV. In particular, the 2-D fluid simulation was used
to investigate the influence of a variation in the discharge path
on the discharge characteristics by observing the temporal and
spatial variations of the Xe ion density and cathode sheath
region in the two different cells, i.e., the HD and FHD cells.
In this case, the frequency and duty ratio of the sustain pulse
were 200 kHz and 40%, respectively. The amplitude of the first
two pairs of sustain pulses was 340 V for easy ignition of the
sustain discharge, while the amplitude of the remaining sustain

3130

IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 38, NO. 11, NOVEMBER 2010

where Wvuv is the sum of the energies emittedfrom the
+
∗ 3
∗ 1
different
u ), and
+excited species, i.e., Xe ( P1 ), Xe2 (
∗ 3
Xe2 (
u ), nk is the density of one of these species, vk is
the emission frequency, and εk,hv is the energy of the emitted
photons. In (5)
 
j · EdV dt

Win =

(7)

T /2 V

where j and E are the current density and electric field,
respectively.

III. R ESULTS AND D ISCUSSION
A. Experimental Results

Fig. 2. Driving waveforms for (a) experiments and (b) simulation.

pulses varied from 225 to 270 V. The 2-D numerical simulation results represented 40–50 μs under a steady-state sustain
discharge, and the simulation was based on a fluid description
of high-collision low-temperature Maxwellian plasma [4]–[7].
The governing equations are given as follows:
∂ni
+ ∇ · Γi = S i
∂t
∇ · D = e(np − ne ).

(1)
(2)

In (1), ni , Γi , and Si are the density, particle flux, and
source term for species i, respectively, where the source term
is determined by the particle generation and disappearance. In
(2), np is the density of ionized particles, and ne is the density
of electrons. Meanwhile, the fluxes are described using the
following drift-diffusion approximation:
Γp = μp np − Dp ∇np

(3)

Γe = − μe ne − De ∇ne .

(4)

In (3), μp and Dp are the mobility and diffusion coefficient
of the ionized particles, respectively. In (4), μe and De are the
mobility and diffusion coefficient of the electrons, respectively.
The VUV efficiency ηdis is defined as
ηdis = Wvuv /Win

(5)

where Wvuv is the VUV emission energy and Win is the electric
power input [8]. In (5)
  
Wvuv =
nk vv εk,hv dV dt
(6)
T /2 V

k

Fig. 3(a) and (b) shows the changes in the luminance according to the power consumption and corresponding luminous efficiencies for the HD and FHD panels, respectively, when varying
the sustain voltage (Vs ) from 195 to 220 V. The luminance
and power consumption of the 50-in HD and FHD test panels
were measured under a full-white image pattern with a 100%
display load. Notwithstanding, the power consumption results
excluded the reactive power consumption by the displacement
current. For the FHD panel, the power consumption was reduced by about 22%–27% at the same sustain voltage since the
total discharge space was reduced by 23.5%. Meanwhile, the
luminance was further decreased by about 43%–46%, although
the total phosphor area remained almost the same, implying
an aggravation of the discharge characteristics. The resultant
luminous efficacy of the FHD PDP was decreased by about
25%–29% when compared with that of the HD PDP, which was
mainly due to the deterioration of the discharge characteristics.
To examine the changes of the discharge efficacy in the HD
and FHD panels experimentally, the IR emissions with wavelengths of 823 and 828 nm were measured using a spectrometer,
instead of the VUV emissions with wavelengths of 147 and
173 nm. Since the 823- and 828-nm wavelengths emitted from a
PDP cell are the precursors of the 173- and 147-nm wavelengths
generated in a PDP cell, respectively, the IR emissions should
be proportional to the VUV emissions, given the same gas
conditions, such as the mixture ratio and pressure [10]. Thus,
when increasing the resolution from HD to FHD under the same
gas conditions, the changes in the IR emissions represent the
changes in the VUV emissions, while the changes in the ratio
of the IR emissions to the input power represent the changes
in the VUV efficiency, i.e., the discharge efficiency. Fig. 4(a)
and (b) shows the IR emission profiles at a sustain voltage of
205 V and the ratio of the IR emissions to the input power,
respectively, for the HD and FHD panels. The IR emissions of
the FHD cells decreased by about 45% when compared with
those of the HD cells since the IR generation was also reduced
by the deterioration of the discharge characteristics in the FHD
cells. As a result, the ratio of the IR emissions to the input
power decreased by about 26%–29% in the FHD cells, similar
to the luminous efficacy in Fig. 3(b). Consequently, the results
in Figs. 3 and 4 show that the decreased luminous efficacy of
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Fig. 3. (a) Changes in luminance and power consumption and (b) corresponding luminous efficacy of HD and FHD test panels relative to sustain voltage.
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Fig. 4. (a) Changes in IR emission profiles and (b) ratio of IR emissions to
input power measured from HD and FHD test panels.

the FHD panel was caused by a decreased discharge efficiency
in the FHD cells.
B. Numerical Results
Two-dimensional fluid simulations are a useful tool for investigating discharge characteristics, including the VUV efficiency, electron heating efficiency, Xe-excitation efficiency of
the electrons, and behavior and densities of the charged particles, which are otherwise difficult to measure experimentally.
Therefore, this paper used a 2-D fluid simulation to analyze
the degradation of the discharge characteristics in a very small
discharge cell and, particularly, the influence of the discharge
path on the discharge characteristics.
Fig. 5 shows the changes in the VUV efficiency with wavelengths of 147, 150, and 173 nm relative to the sustain voltage
in the HD and FHD cells. When the resolution increased from
HD to FHD, the decrease in the VUV efficiency for the FHD
cells was about 11%–27% when compared with that for the HD
cells. The VUV efficiency decreased with the sustain voltage,
which was coincident with the general efficiency dependence
on the sustain voltage. The difference in the VUV efficiency
between the HD and FHD cells was small with a low sustain
voltage yet increased with the sustain voltage. Thus, it would
appear that the discharge in the low-voltage region of the HD
cells was not fully extended to the whole volume of the cell,
thereby concealing the volume difference between the HD and
FHD cells. However, with an increase in the sustain voltage,
since there was no further extension of the discharge volume

Fig. 5. Changes of VUV efficiency as parameter of sustain voltage in HD and
FHD cells.

in the FHD cells, the higher charge densities in the discharge
space caused a strong sheath voltage. As a result, the efficiency
of the FHD cells showed an abrupt decrease when compared to
that of the HD cells. Nonetheless, when simulating a discharge,
particularly at a low voltage, the discharge invariably will not
fully extend to the outer edge of the electrode, as distinct from
real situations, which may explain the difference between the
simulation and experimental results at a low voltage.
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Fig. 6. (a) Electron heating efficiency (ρ1 ) and (b) Xe-excitation efficiency
(ρ2 ) of electrons relative to sustain voltage in HD and FHD cells.

The VUV efficiency can be divided into two efficiencies,
the electron heating efficiency (ρ1 ) and Xe-excitation efficiency
(ρ2 ) of the electrons [7], [10], [11], and the relation of these two
efficiencies in the simulation results can be defined as follows:
ηdis = ρ1 × ρ2 =

Wele
Wvuv
×
Win
Wele

(8)

Thus, to analyze the degradation of the discharge efficiency
in a small discharge cell, the variations of ρ1 and ρ2 were
investigated when increasing the resolution from HD to FHD.
As shown in Fig. 6, ρ1 (electron heating efficiency) and ρ2
(Xe-excitation efficiency) both decreased more abruptly in the
FHD cells than in the HD cells. In the FHD cells, the decrease in
both the electron heating efficiency (ρ1 ) and the Xe-excitation
efficiency (ρ2 ) of the electrons can be explained by observing
the variation of the cathode sheath. Thus, to investigate the
effect of the discharge space, particularly the discharge path,
on ρ1 and ρ2 , the temporal and spatial behavior of the Xe ion
density and cathode sheath region was observed in both the HD
and FHD cells.
Figs. 7 and 8 show the temporal and spatial variations of
the Xe ion density and temporal and spatial variations of the

Fig. 7. Temporal and spatial variation of Xe+ density profile at a sustain
voltage of 240 V in HD and FHD cells. (a) 45 μs. (b) 45.025 μs. (c) 45.05
μs. (d) 45.075 μs. (e) 45.1 μs. (f) 45.125 μs. (g) 45.15 μs. (h) 45.175 μs.
(i) 45.2 μs.

cathode sheath according to the electric field distribution in the
HD and FHD cells, respectively, at a sustain voltage of 240 V.
In Figs. 7 and 8, the behavior of the Xe ion density profile and
cathode sheath region was shown at intervals of 25 ns, when the
sustain pulse was applied at 45 μs.
Fig. 9(a) and (b) shows the changes in the corresponding
peak value of the Xe+ density and electric field, respectively.
Since the cathode sheath region was formed by a high ion
concentration, the behavior of the Xe ion density profile (tens
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Fig. 9. Changes of (a) peak Xe+ density and (b) peak electric field at a sustain
voltage of 240 V in HD and FHD cells when sustain pulse was applied at
45 μs.

Fig. 8. Temporal and spatial variation of cathode sheath according to electric
field distribution at a sustain voltage of 240 V in HD and FHD cells. (a) 45 μs.
(b) 45.025 μs. (c) 45.05 μs. (d) 45.075 μs. (e) 45.1 μs. (f) 45.125 μs.
(g) 45.15 μs. (h) 45.175 μs. (i) 45.2 μs.

of Ne and He ion densities) was similar to that of the cathode
sheath region, as shown in Figs. 7 and 8. The cathode sheath
plays an important role in maintaining the discharge in PDP
cells, as many electrons are heated in the cathode sheath region
and then used in the ionization and excitation of the Xe, Ne,
and He atoms. In an ac-PDP with dielectric layers, once a
strong discharge, such as a sustain discharge, is started by a
high voltage pulse, a large number of ion–electron pairs are
generated, resulting in the formation of a cathode sheath region.
However, this cathode sheath region weakens as it moves along

the cathode electrode, as many of the ions and electrons, which
are necessary to maintain the discharge, are transferred as wall
charges to the cathode and anode electrodes, as shown in Figs. 7
and 8. In both the HD and FHD cells, the peak density of Xe+
and the peak electric field increased until 45.05 μs and then
reduced gradually due to the wall charges accumulated on each
electrode.
During a sustain discharge in the FHD cells, the electron
heating efficiency (ρ1 ) decreased, as the peak electric field in
the cathode sheath region was smaller than that in the HD cells.
The Xe-excitation efficiency (ρ2 ) of the electrons in the FHD
cells also decreased due to a greater reduction in the electric
field during a sustain discharge [12]. Thus, in the FHD cells, the
peak electric field was quickly reduced and the discharge also
disappeared quickly, as the progress of the sustain discharge
was limited by a short discharge path and the accumulation of
wall charges after 45.1 μs, as shown in Figs. 7–9. As a result,
these phenomena degraded the characteristics of the sustain
discharge in FHD cells. The resultant VUV emission efficiency
of the FHD cells was also reduced, as ρ1 and ρ2 were decreased
by the relatively low electric field and short duration time of the
cathode sheath region when compared with the HD cells.
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Fig. 10. Average densities of Xe∗ (3 P1 ), Xe∗ (3 P2 ), and electrons at a sustain
voltage of 240 V in HD and FHD cells.

Fig. 10 shows the changes in the average densities of
Xe∗ (3 P1 ), Xe∗ (3 P2 ), and electrons generated by a sustain
discharge in the HD and FHD cells when applying a sustain
voltage of 240 V, where Xe∗ (3 P1 ) and Xe∗ (3 P2 ) are the Xe
resonant and dimmer emission states, respectively. While the
electron density in the FHD cells was higher than that in the
HD cells at the start of a sustain discharge, this high density was
rapidly reduced due to a short discharge path, meaning that the
strong generation of a sustain discharge in the FHD cells was
quickly weakened in comparison with the HD cells. As a result,
the average densities of the Xe excitation states in the FHD cells
were quickly reduced, despite being higher than those in the
HD cells when the sustain discharge was starting, as shown in
Fig. 10.
Fig. 11 shows the density profiles of the VUV emissions
with a wavelength of 173 nm under various sustain voltages
in the HD and FHD cells. As the sustain voltage increased,
the distribution of the 173-nm emissions spread to the barrier
rib along the electrodes and the peak density, i.e., intensity,
increased. However, the peak density for the FHD cells was
smaller than that for the HD cells, and the difference in the
peak density for the 173-nm emissions increased as the sustain
voltage increased. In addition, the distribution of the 173-nm
emissions was limited by the small cell size. Consequently, the
VUV emission energy for the FHD cells was very small when
compared with that for the HD cells, due to the small discharge
space and short discharge path in the FHD cells.
Thus, from the results in Figs. 6–11, the discharge efficiency
in the FHD cells, including the electron heating efficiency (ρ1 )
and Xe-excitation efficiency (ρ2 ) of the electrons, deteriorated
because of a decrease in the electric field and duration time of
the cathode sheath region mainly due to a short discharge path.
IV. C ONCLUSION
This paper has used experiments and a 2-D fluid simulation
to investigate and analyze the effect of reducing the cell size
on the luminous efficiency. When comparing the FHD and
HD test panels, the luminous efficacy and IR efficiency of the
FHD panel were decreased by about 25%–29% and 26%–29%,

Fig. 11. VUV (173-nm) density profiles of 50-in HD and FHD cells under
various sustain voltages. (a) Vs : 210 V. (b) Vs : 220 V. (c) Vs : 230 V. (d) Vs :
240 V. (e) Vs : 250 V. (f) Vs : 260 V. (g) Vs : 270 V.

respectively, indicating that the decreased luminous efficacy
was mainly due to a decreased discharge efficiency. Meanwhile,
in the simulation, the degradation of the VUV efficiency in the
FHD cells was mainly due to a decrease in the electron heating
efficiency and Xe-excitation efficiency related to a smaller
discharge space and shorter discharge path. The short discharge
path quickly reduced the electric field intensity and duration of
the cathode sheath region, thereby decreasing the Xe-excitation
efficiency and, particularly, the electron heating efficiency.
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