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Abstract—The effect of an ambient temperature ranging from
−5 ◦ C to +65 ◦ C on the discharge characteristics was examined.
The change in the firing voltage according to the ambient temperature was much higher under MgO cathode conditions with
a high secondary electron emission coefficient than under phosphor cathode conditions with a low secondary electron emission
coefficient. Through the weak reset discharge, the wall voltages
were increased with an increase in the ambient temperature, as
the wall charges were less erased at a higher ambient temperature
during the ramp-down period. An increase in the ambient temperature was also found to have a more significant influence on the
statistical delay time than on the formative delay time. Since the
statistical delay time is strongly related to the priming condition,
a higher ambient temperature may contribute to a better priming
condition for reducing the statistical delay time during the address
period.
Index Terms—Address discharge, ambient temperature, discharge characteristics, Vt closed-curve.

I. I NTRODUCTION

A

LTHOUGH the image quality of plasma display panels has continued to improve significantly [1], further
advances in the image quality of ac-plasma display panels
(ac-PDPs), particularly full high-definition PDPs, require a
wider driving margin and more stable discharge. The ambient
temperature is an important factor for producing the stable
discharge in the PDP cells, as the discharge characteristics vary
depending on the ambient temperature. However, research on
the relation between the ambient temperature and the discharge
characteristics has not been extensive [2], [3].
Accordingly, this paper examines the charges in the discharge characteristics, such as the reset, address, and sustain
discharges, based on a variation in the firing voltage relative
to a low or high ambient temperature ranging from −5 ◦ C to
+65 ◦ C using the Vt closed-curve measurement method.

Fig. 1. Schematic diagram of experimental setup for the overall heating of the
50-in test panel with three electrodes, where X is common electrode, Y is scan
electrode, and A is address electrode.
TABLE I
SPECIFICATIONS OF THE 50-in TEST PANEL EMPLOYED
IN THE E XPERIMENTS

II. E XPERIMENTAL S ETUP

Manuscript received August 11, 2008; revised October 26, 2008. First
published January 13, 2009; current version published February 11, 2009. This
work was supported in part by the New Growth Engine project of the Ministry
of Commerce, Industry, and Energy of Korea and in part by the Brain Korea
21 (BK21).
The authors are with the School of Electrical Engineering and Computer
Science, Kyungpook National University, Daegu 702-701, Korea (e-mail:
hstae@ee.knu.ac.kr; waterpipe@ee.knu.ac).
Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/TPS.2008.2009540

Fig. 1 shows a schematic diagram of the experimental setup.
A 50-in test panel with a working gas pressure of 450 torr
was employed in this paper, and its structure and dimensions
were the same as those of a conventional 50-in-wide eXtended
Graphics Array-grade PDP with a box-type barrier rib. The gas
mixtures used were He (35%)–Ne–Xe (11%), and the detailed
panel specifications are listed in Table I. As shown in Fig. 1, the
ambient temperature of the test panel was varied from −5 ◦ C to
+65 ◦ C by heating or cooling the temperature test chamber.
To avoid the influence of the ambient temperature on the
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Driving waveform employed for these experiments.

Fig. 4. Variation of firing voltage measured from a 50-in test panel under
variable ambient temperatures; (I) and (II) are under MgO cathode discharge
conditions, and (V) is under phosphor cathode conditions.

Fig. 3. Vt closed-curves measured from 50-in test panel under variable
ambient temperatures, where I, II, III, and IV are threshold voltages under
MgO cathode discharge conditions and V and VI are threshold voltages under
phosphor cathode discharge conditions.

electronic circuit, all the electronics were positioned outside the
temperature test chamber. Fig. 2 shows the driving waveform
used to investigate the effect of the ambient temperature on
the weak reset, the strong address, and the sustain discharge
characteristics during the reset, address, and sustain periods,
respectively.
III. R ESULTS AND D ISCUSSION
A. Variation of Firing Voltages Relative to
Ambient Temperatures
Fig. 3 shows the Vt closed-curves measured at three different
ambient temperatures under zero initial wall voltage conditions.
When the ambient temperature was increased from −5 ◦ C to
+65 ◦ C, the area of the Vt closed-curve was increased, which
means that the firing voltages among the three electrodes were
increased under both phosphor and MgO cathode conditions.
This phenomenon was mainly due to the fact that increasing
the ambient temperature had the same effect as increasing the
working gas pressure [4].
Fig. 4 shows the changes in the firing voltage relative to the
ambient temperature under three different discharge conditions,
where the Y –A discharge [V] is the discharge produced be-

tween the Y –A electrodes under phosphor cathode conditions,
while the X–Y [I] and A–Y [II] discharges are the discharges
produced between the X–Y electrodes and between the A–Y
electrodes, respectively, under MgO cathode conditions. As
shown in Fig. 4, the ambient temperature had a more significant
influence on changing the firing voltage under MgO cathode
conditions than under the phosphor cathode condition. Under
MgO cathode conditions with a higher secondary electron
emission coefficient, increasing the ambient temperature from
−5 ◦ C to +65 ◦ C caused an increase in the firing voltage of
greater than 20 V, whereas under phosphor cathode conditions
with a lower secondary electron emission coefficient, increasing
the ambient temperature from −5 ◦ C to +65 ◦ C caused an
increase in the firing voltage of less than 10 V. The change
in the firing voltage according to the ambient temperature can
be explained by the Paschen curve, which is described by the
following [5]:
Bpd
C + ln(pd)



1
C = ln A/ ln 1 +
γ

Vb =

(1)

where Vb is the breakdown voltage, p is the gas pressure,
d is the gap distance, A and B are the gas constants, and
γ is the secondary electron emission coefficient for the cathode
layer. If the other conditions remain constant, the Paschen curve
expressing the change in the firing voltage will vary depending
on the value of the secondary electron emission coefficient.
Fig. 5 shows the calculated Paschen curve relative to
p (pressure) × d (gap distance) under various secondary electron emission coefficients (γ). In this experiment, for the
surface gap, p · d = 450 torr × 60 × 10−4 cm = 2.7 torr · cm,
whereas for the plate gap, p · d = 450 torr × 120 × 10−4 cm =
5.4 torr · cm. Since increasing the ambient temperature means
an increase in the pressure, the firing voltage is increased with
an increase in the ambient temperature. However, the Paschen
curve in Fig. 5 shows that the change in the firing voltage
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Fig. 5. Paschen curves showing the relation between the breakdown voltage
and p · d under variable secondary electron emission coefficients (γ), where
p is the gas pressure and d is the electrode gap.

duced under both MgO and phosphor cathode conditions. The
IR was emitted by the X–Y discharge under the MgO cathode
condition during the forepart of the ramp-up period, whereas
the IR was emitted by the Y –A discharge under the phosphor
cathode condition during the latter part of the ramp-up period.
Accordingly, at a higher ambient temperature of +65 ◦ C, the IR
was hardly emitted during the forepart of the ramp-up period;
however, the IR was emitted during the latter part of the rampup period, as shown in Fig. 6. In contrast, during the rampdown period, the reset discharge was only produced under
MgO cathode conditions. Thus, during the ramp-down period,
it was difficult to produce the erasing discharge at a higher
ambient temperature due to the increase in the firing voltage
with a higher ambient temperature. This means that the wall
charges that accumulated on the three electrodes during the
ramp-up period were less erased during the ramp-down period
at a higher ambient temperature. Fig. 7(a)–(c) shows the shifts
of the Vt closed-curves after the reset discharge with respect to
the reference Vt closed-curve with a zero initial wall voltage
at three different ambient temperatures. In Fig. 7, the voltage
difference between the shifted and reference Vt closed-curves
at each ambient temperature represents the final wall voltage
induced by the wall charges formed during the ramp-up and
ramp-down periods [6], [7]. Fig. 7(d) shows the wall voltages
VwX−Y and VwA−Y obtained from the Vt closed-curve data in
Fig. 7(a)–(c). As shown in Fig. 7(d), as the ambient temperature
increased from −5 ◦ C to +65 ◦ C, the wall voltages VwX−Y
and VwA−Y also increased, as the wall charges were less erased
during the ramp-down period.
C. Characteristics of Address and Sustain Discharge Under
Variable Ambient Temperatures

Fig. 6. IR (828 nm) intensities emitted during reset discharge measured from
a 50-in test panel under variable ambient temperatures.

level according to the operating pressure strongly depended on
the secondary electron emission coefficient (γ), i.e., a small
secondary electron emission coefficient resulted in a small
charge in the firing voltage with respect to p · d. This means that
the change in the firing voltage with the ambient temperature
was much higher under MgO cathode conditions with a high
secondary electron emission coefficient than under phosphor
cathode conditions with a low secondary electron emission
coefficient.
B. Characteristic of Reset Discharge Under Variable
Ambient Temperatures
Fig. 6 shows the infrared (IR; 828 nm) intensities emitted
during the reset discharge measured from a 50-in test panel
under variable ambient temperatures. The variation in the firing
voltage with the ambient temperature was large under MgO
cathode conditions, yet small under phosphor cathode conditions. During the ramp-up period, the reset discharge was pro-

The address discharge is a strong discharge produced simultaneously between the A–Y and X–Y electrodes under
MgO cathode conditions. Meanwhile, the sustain discharge
is a strong discharge produced between the X–Y electrodes
under the MgO cathode condition. The effects of the ambient
temperature on these two strong discharges, i.e., the address and
sustain discharges, are shown in Figs. 8–10.
Fig. 8 shows the changes in the IR (828 nm) intensities
emitted during the address discharge at three different ambient
temperatures: (a) −5 ◦ C; (b) +25 ◦ C; and (c) +65 ◦ C. To
measure the temporal dispersion of the address discharge, the
IR emissions were measured repeatedly during the continuous
400 turn-address discharge so that the IR intensity profiles
shown in Fig. 8 represent overlapped IR emission images.
When the ambient temperature was increased from −5 ◦ C to
+65 ◦ C, the IR emission intensity was decreased. In Fig. 8,
the weakening of the IR emission intensity during the address
discharge at +65 ◦ C was mainly due to the increase in the
firing voltage at +65 ◦ C. In other words, increasing the ambient
temperature from −5 ◦ C to +65 ◦ C caused an increase in the
firing voltage between the A–Y electrodes by approximately
21 V, whereas increasing the ambient temperature from −5 ◦ C
to +65 ◦ C caused an increase in the wall voltage between
the A–Y electrodes approximately 13 V, as shown in Figs. 4
and 7 respectively. Consequently, the electric field between the
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Fig. 7. Shifts of Vt closed-curves after reset discharge with respect to reference Vt closed-curve at three different ambient temperatures. (a) −5 ◦ C. (b) +25 ◦ C.
(c) +65 ◦ C. (d) Wall voltage, with VwX−Y between the A–Y electrodes and the wall voltage and VwA−Y between the X–Y electrodes induced by wall charges
formed through a reset discharge relative to the ambient temperature.

Fig. 8. IR (828 nm) intensities emitted during the address discharge at three
different ambient temperatures (−5 ◦ C, +25 ◦ C, and +65 ◦ C).

A–Y electrodes was weaker at a higher ambient temperature.
However, the dispersion of the IR emission was decreased irrespective of the weak IR emission intensity with an increase in
the ambient temperature, as shown in Fig. 8. This phenomenon
was related to the change of the priming condition according to
the ambient temperature.
Fig. 9 shows the changes in the address discharge delay
times relative to the ambient temperature. The address discharge delay time was measured 500 times under the same

Fig. 9. Change in address discharge delays measured during address discharge from a 50-in test panel relative to ambient temperature.

experimental conditions as in Fig. 8 [8]. At a higher ambient
temperature, the formative delay (tf ) was decreased by approximately 74 ns, while the statistical delay time (ts ) was
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that the increase in the ambient temperature had a much more
significant influence on the statistical delay time than the formative delay time. Since the statistical delay time is strongly
related to the priming condition, a higher ambient temperature
may contribute to a better priming condition for reducing the
statistical delay time during the address period.
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IV. C ONCLUSION
The effect of an ambient temperature ranging from −5 ◦ C
to +65 ◦ C on the firing voltage under MgO and phosphor
cathode conditions was examined. The change in the firing
voltage according to the ambient temperature was much higher
under MgO cathode conditions with a high secondary electron
emission coefficient than under phosphor cathode conditions
with a low secondary electron emission coefficient. Through
the weak reset discharge, the wall voltages were increased with
the increase in the ambient temperature, as the wall charges
were less erased at a higher ambient temperature during the
ramp-down period. This was related to the increase in the firing
voltage with the ambient temperature. It was also observed
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