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SUMMARY
Unlike the conventional plasma-TVs using the driving circuit with two polarities during the reset and address periods, the costeﬀective driving circuit using only the positive voltage level during the reset
and address periods is proposed and implemented in the 42-in. plasma-TV.
key words: low cost, driving waveform, plasma display panel, Vt closed
curve

1.

Introduction

The plasma-TV has become a competent flat TV in the commercial TV market, thanks to its large screen size, wide view
angle, high dynamic contrast ratio, and fast response suitable for various dynamic motions. Recently, the realization
of the low cost driving circuit has been required to compete with other flat TV such as a LCD-TV [1]. In the conventional plasma-TVs, the driving circuit has two polarity
voltage levels (i.e., positive and negative levels), especially
during the reset and address periods, for the stable driving
of the millions of the PDP cells. These two voltage levels
cause the cost of the driving circuit to be higher.
Accordingly, this paper proposes a cost-eﬀective driving circuit with only one voltage level, especially during the
reset and address periods. The stable operation such as gray
level expression is examined under the cost-eﬀective driving
condition in 42-in. plasma-TV. In addition, its related phenomenon is examined and analyzed by using the Vt closed
curve method [2].
2.

Conventional Driving Circuit and Related Waveforms in Typical Plasma-TV

Figure 1 shows the electrode configuration of commercial
HD plasma-TV and its cell structure of single pixel with
three electrodes, X, Y, and A.
Electric power is supplied to produce the plasma via
three electrodes where X is the sustain, Y is the scan and
A is the address electrode. The conventional plasma TVs
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Fig. 1 Electrode configuration of commercial HD plasma-TV and its cell
structure of single pixel with three electrodes, X, Y, and A.

have been driven by the subfield method under the addressdisplay-separation (ADS) method [3]. Each subfield is divided into three periods: reset, address, and sustain periods, as shown Fig. 2(a). During the reset period, a high
positive voltage greater than 300 V is applied between the
Y-X electrodes to obtain the same initial wall charge conditions for all cells. In address period, the wall charges are reaccumulated only in the image display cells (i.e., on-cells)
by applying the Vy with two polarities to the Y electrode and
simultaneously applying the Vx and Va with positive polarity
to the X and A electrodes, respectively.
In the last period, the sustain discharges are produced
only in previously scanned cells (i.e., on-cells). Finally, the
desired image can be displayed through the luminance obtained by the sustain discharge in the panel. Figure 2(b)
showed the block diagram of the conventional ac PDP driving circuit composed of the X-Y sustain, reset, X-Y scan
circuits.
3.

Proposed Driving Circuit and Waveforms

3.1 Driving Circuit and Waveforms
Due to the advanced MgO characteristics [4], the firing voltage for producing stably the plasma within the cells has been
reduced. Under the improved panel condition, it is possible
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Fig. 2 Block diagram of (a) conventional ac-PDP driving waveforms and
(b) corresponding driving circuit.

to use only the positive voltage level during the reset and
address periods. Nonetheless, this kind of the driving waveforms, i.e., the driving waveforms with only one polarity has
not been used in any plasma-TV so far.
Figure 3(a) shows the related driving waveforms applied during the reset, address, and sustain periods and
Fig. 3(b) show the schematic diagram of the proposed driving circuit with only one polarity.
Comparing the reset-driving waveforms of Figs. 2(a)
and 3(a), two ramp set voltages with positive voltage level
are used as the proposed reset waveform so as to accumulate
the wall charges necessary for the stable address discharge.
The two positive ramp waveforms in Fig. 3(a) enable the application of the scan waveform with only positive voltage
level to be applied to the Y electrode during the address period. Thus, this new driving waveform enables the elimination of the circuit components, particularly, reset circuit part
and X-scan circuit part in the conventional ac-PDP circuit
of Fig. 2(b). Finally, a simple and low-cost ac-PDP circuit is
realized, as shown in Fig. 3(b).
3.2 Vt Closed Curve
The Vt closed curve method has been considered to be a
powerful tool for not only analyzing the static characteristics of PDP cell, but also designing the driving waveforms
[2], [4]. Figure 4 shows the Vt closed curve with six sides
implying the breakdown threshold voltages for producing a
weak discharge among the three electrodes, X, Y, and A.
Figure 5(a) shows the conventional reset waveform, es-

Fig. 3 Block diagram of (a) proposed ac-PDP driving waveforms and (b)
related driving circuit.

Fig. 4 Vt closed curve showing six types of discharge under three electrodes of ac-PDP cell, where sides (1), (2), (3), and (6) mean threshold
breakdown voltages under MgO cathode condition, and sides (4) and (5)
mean threshold breakdown voltages under phosphor cathode condition [2],
[5].

pecially the ramp-voltage, Vy with positive and negative
polarities. The Vt closed curve is measured in the 42-in.
test panel after applying the conventional reset waveform
of Fig. 5(a), as shown in Fig. 5(b). The measured Vt closed
curve of Fig. 5(b) is displayed in the applied voltage plane,
which shows the shift to the right direction with respect to
the reference Vt closed curve with no initial wall charges.
This data confirm that after applying the reset waveform, only the wall charges accumulating between the X-Y
electrodes are changed, whereas the wall charges accumulating between the A-Y electrodes remain unchanged.
Figure 5(c) shows the conventional address waveform
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Fig. 5 (a) Conventional reset waveforms, (b) shift of Vt closed curve with
respective to reference curve after reset period, (c) conventional address
waveforms and (d) shift of Vt closed curve with respect to reference curve
after address period.

Fig. 6 (a) Proposed reset waveforms, (b) shift of Vt closed curves with
respective to reference curve after reset-period, (c) proposed address waveforms and (d) shift of Vt closed curves with respect to reference curve after
address period.

comprising the voltages such as Ve (< Vs) for X electrode,
Vscan for Y electrode, and Va for A electrode, applied during the address period. As shown in Fig. 5(b), the address
discharge is produced between the A-Y electrodes when
the voltages applied to the three electrodes, Ve, Vscan, and
Va exceed the threshold voltage of the side 1. Figure 5(d)
shows the Vt closed curve measured after applying the address waveform of Fig. 5(c). The measured Vt closed curve
of Fig. 5(d) is also displayed in the applied voltage plane,
which shows the shift to the upper-right direction with respect to the reference Vt closed curve with no initial wall
charges. This data also confirm that the wall charges are so
well set-up on the three electrodes that the application of the
sustain voltage, Vs can produce the sustain discharge easily
after applying the address waveform.
Figure 6(a) shows the proposed reset waveform, especially the twin ramp-voltages, Vy with only positive polarity. The Vt closed curve is measured in the 42-in. test panel
after applying the proposed reset waveform with twin rampvoltages of Fig. 6(a), as shown in Fig. 6(b). The measured
Vt closed curve of Fig. 6(b) is also displayed in the applied
voltage plane, which shows the shift to the lower-left direction with respect to the reference Vt closed curve with no
initial wall charges. This data indicate that after applying
the proposed reset waveform, both the wall charges accu-

mulating between the X-Y electrodes and between the A-Y
electrodes are changed. Figure 6(c) shows the proposed address waveform comprising the voltages such as Ve (= Vs)
for X electrode, Vscan (= 0V) for Y electrode, and Va for A
electrode, applied during the address period.
Unlike the conventional address waveform of Fig. 5(c),
the proposed address waveform of Fig. 6(c) shows that Ve is
equal to the sustain voltage, Vs, and Vscan is grounded. As
shown in Fig. 6(b), the address discharge is produced only
thanks to the application of the voltages such as Ve and Va.
Figure 6(d) shows the Vt closed curve measured after
applying the proposed address waveform of Fig. 6(c). The
measured Vt closed curve of Fig. 6(d) is also displayed in
the applied voltage plane, which shows the shift to the right
direction with respect to the reference Vt closed curve with
no initial wall charges. This data also confirm that the wall
charges are so well set-up on the three electrodes that the application of the sustain voltage, Vs can produce the sustain
discharge easily after applying the proposed address waveform.
3.3 Illustration of Stable Operation of Proposed Low-Cost
Driving Circuit in 42-in.Plasma-TV
The stable operation of the proposed low-cost driving cir-
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Fig. 8 The image displayed using the proposed driving circuit. (a) Rainbow image (b) Gray scale image (c) Cross-hatch image (d) Dot image.

Fig. 7 (a) IR emissions when applying conventional driving waveforms
and (b) IR emissions when applying proposed driving waveforms. These
data are captured when displaying 42-in. ac-PDP with conventional and
proposed driving waveforms, respectively.

cuit is illustrated in the 42-in. plasma-TV. Figure 7(a) shows
the IR emissions guaranteeing the stable operation of the
plasma-TV with the conventional driving circuit during the
reset, address and sustain periods. Figure 7(b) shows the IR
emissions guaranteeing the stable operation of the plasmaTV with proposed low-cost driving circuit during the reset,
address and sustain periods. In addition, the stable operation of the proposed circuit is also tested under the various
images.
Figures 8(a), (b), (c) and (d) show the rainbow, gray
scale, cross-hatch and dot images when adopting the proposed driving circuit, respectively. In Fig. 8(a), the rainbow image shows how well the full color can be expressed,
whereas in Fig. 8(b), the gray scale image shows how well
the gray level can be expressed. Furthermore, the crosshatch and dot images shown in Figs. 8(c) and (d) confirms
that no misfiring discharge was produced in the address discharge. As a result, the proposed driving circuit works well
in displaying the various images, as shown in Fig. 8.
Figure 9 shows the comparison of dynamic voltage
margins in the case of adopting the conventional and proposed waveforms. As shown in Fig. 9, the dynamic margin
for conventional driving waveform is wider by about 3 to
4V in the minimum address voltage than that for proposed
driving waveform. However, for the proposed driving waveform, the dynamic margin area is suﬃcient for the stable

Fig. 9 Comparison of dynamic voltage margins when adopting
conventional waveforms and proposed waveforms.
Table 1 Comparison of specifications of electronic components in 42-in.
Plasma-TV for both conventional and proposed driving circuits.

operation in the sustain voltage above.
In Table 1, the detailed specification of the electronic
components in 42-in. plasma-TV are compared for both
conventional and proposed driving circuits. Comparing the
driving circuits of Fig. 2(b) and Fig. 3(b), the number of
switch is reduced from 13 to 8EA, the number of gate
driver IC from 7 to 4EA, in the proposed driving circuit.
In addition, in the proposed driving circuit, the PCB size is
also reduced and simultaneously the circuit element cost in
Switched-mode power supply (SMPS) is cheaper due to the
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elimination of the negative power supply. Finally, the cost
of the proposed driving circuit is reduced by about 26%, as
summarized in Table 1.
4.

Conclusions

The conventional plasma TVs has used the driving circuit with two polarities during the reset- and scan-periods.
Thanks to the improved panel condition with a low firing
voltage, the new cost-eﬀective driving circuit with only one
polarity is proposed. Its validities are examined by measuring the IR emissions and displaying the various images such
as the rainbow and gray scale images in the 42-in. plasmaTV.
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