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AC-PDP Sustain Driver using Bidirectional Switches 
 
 

Feel-soon Kang† 
 

Abstract - To minimize the cost and power consumption of PDP TV, a practical sustain circuit topol-
ogy is presented with an address-and-display-period-separated driving scheme. The proposed sustain 
driver employs bidirectional switches to reduce the number of components. Operational principles and 
corresponding features are illustrated and compared with the conventional approach. The valuable con-
tributions of the proposed high-performing sustainer has been proven by computer-aided simulations 
and experiments by using a prototype equipped with 7.5-inch diagonal panel operated at 200 kHz 
switching frequency. 
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1. Introduction 
 
The appearance of light-emitting diode (LED) TV cre-

ated a new competitive phase among large-size TVs. Most 
LED TV may be classified as a kind of liquid crystal dis-
play (LCD) TV because it just substitutes LED for cold 
cathode fluorescent lamp (CCFL) in back light unit. LCDs 
appear to have a better position compared with plasma dis-
play panels (PDP) in the large-size TV market. However, 
the keen competition between these two TVs might persist 
because of the price merit of PDP TVs.  

The major issue of PDP manufacturers has always been 
on reducing costs while minimizing power losses. A reduc-
tion of power consumption requires the enhancement of 
light-emitting efficiencies and minimizing unnecessary 
energy wastes in a driving process, but without any direct 
relation to discharge [1]-[7], [9].  

Various sustainers employing energy recovery circuits 
have been studied, as this can reduce power losses and save 
costs by minimizing the number of components [3]-[8]. 
Liu’s sustainer using a parallel resonance has been pro-
posed in [3]. The parallel resonance between an external 
inductor and panel capacitance can recover energy loss 
caused by the capacitive displacement current of the panel. 
Soft-switching technique has been applied to reduce more 
power losses. This technique saves a large amount of en-
ergy but it has cost issues. Sometimes, it also results in 
instability because of inconsistency in the input state; the 
voltage across the panel is only maintained by the input 
voltage source. To achieve faster rise-time of the panel 
voltage, sustainers equipped with voltage boost-up function 
have been introduced [4], [5]. The boost-up function pro-
vides for additional time margins. Therefore, the decreas-
ing brightness problem could be solved without limiting 
the sustain pulse width and efficiency drop. However, it 
requires a large number of switching devices, which ren-

ders the material expensive. To mitigate the high-cost prob-
lem, a revised sustain driver has been proposed in [6]. This 
method reduces the number of switching devices, but in-
creased voltage stress of the switches is observed due to 
boost-up operation. In [7], a sustainer adopting a dual reso-
nance scheme has been introduced. The circuit configura-
tion is very simple, but it needs major adjustments in PDP 
TV assembly, such as for the reset and address driver. 

Several PDP manufacturers have adopted Weber’s sus-
tain driver presented in [1] and [2] because of its stability, 
reliability, and other high performances. This sustainer uses 
the resonance between external inductors and the intrinsic 
capacitance of the panel. Two capacitors located at both 
sides of the plasma panel could store the recovered energy. 
This sustainer has high-energy recovery efficiency, but 
circuit configuration for practical applications is somewhat 
complicated and expensive.  

To alleviate the cost problem, a modified sustainer using 
bidirectional switches is proposed. The main objective of 
this modification is to save on maintenance cost while en-
suring high performance and energy recovery efficiency. 
The operational principle and its features are illustrated, 
after which they are compared with Weber’s sustainer. 
Functional data for both sustainers, such as voltage and 
current stress, switching loss, and energy recovery effi-
ciency, are compared by simulations and experiments using 
a prototype equipped with 7.5-inch diagonal panel operated 
at 200 kHz switching frequency.  

 
 

2. Analysis of the Proposed Sustainer vs.  
Weber’s Approach 

 
A circuit model of the Weber’s sustainer is analyzed to 

aid in evaluating the performance of the proposed sustainer. 
Ideal sustainers are presented to show the basic operation 
of each sustainer. With given ideal components, all of the 
sustainers have 100% recovery efficiency in terms of 
charging and discharging capacitive loads.  
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2.1 Weber’s Sustain Driver 
 

Fig. 1(a) shows a schematic of Weber’s sustain driver; its 
key waveforms are given in Fig. 1(b). The sustainer is 
composed of two external inductors, two capacitors, four 
diodes, and eight switches. Before t0, it is assumed that the 
voltage across the panel maintains +VS by turning on Sx3 

and Sy4. At t0, Sx3 is turned off while Sx2 is at on-state so that 
it can recover the energy from the panel. The driver uses 
the series resonance between the inductor (Lx) and the in-
trinsic capacitance (CP) of the panel. The energy is recov-
ered and stored in the capacitor (Cx). When the resonance 
is completely finished at t1, Sx2 is turned off and Sx4 is 
turned on. At t2, Sy4 is turned off and Sy1 is at its on-state so 
it can supply energy to the panel (e.g., resonance). After 
complete resonance, the voltage across the panel reaches -
VS; therefore, when Sy3 is turned on at t3, no current sup-
plied from the source. In this case, only displacement cur-
rent flows through the panel to increase panel voltage. On 
the other hand, if voltage across the panel reaches the dis-
charge inception voltage (Vf), the panel starts a discharge 
by emitting visible light. In this case, following the flowing 
displacement current, current is discharged (i.e., a conse-
quence of panel discharge). The next mode is repeated dur-
ing sustain mode [1], [2]. 

 
2.2 Proposed Sustain Driver 

 
Fig. 2(a) shows a configuration of the proposed sustainer, 

which is a modified schematic of the aforementioned We-
ber’s circuit. The resonant inductor is connected directly to 
the external capacitor at both sides. In practice, this circuit 
configuration is useful to minimize voltage surge occurring 
at transient periods. Two bidirectional switches (Sx1, Sy1) 
are employed to recover and supply energy to the panel; in 
the Weber’s circuit, four switches are needed for the same 
function. The proposed sustainer has more advantages 
compared with the Weber’s circuit because of these simple 
modifications in the circuit configuration. It can save two 
switches with corresponding gate-amps, resulting in de-
creased cost and reduced size. The operational modes are 
explained under the same conditions for the previously 
mentioned circuit.  

Before t0, the voltage across the panel is assumed to 
maintain +VS by turning on Sx3 and Sy4. Sx3 is turned off at t0 
while Sx1 is at its on-state so that it can recover the energy 
from the panel. It uses the series resonance between the 
inductor (Lx) and the intrinsic capacitance (CP) of the panel. 
Energy is then recovered and stored in the capacitor (Cx). 
When resonance is completed at t1, Sx1 is turned off and Sx4 
is turned on. At t2, Sy4 is turned off and Sy1 is at its on-state 
in order to supply energy to the panel (e.g., resonance). 
After complete resonance, the voltage across the panel 
reaches -VS; therefore, when Sy3 is turned on at t3, there is 
no current supplied from the source. In this case, only dis-
placement current flows through the panel to increase panel 
voltage. On the other hand, if voltage across the panel 
reaches the discharge inception voltage (Vf), the panel 
starts discharge while emitting visible light. In this case, a 
discharging current can be observed (i.e., from panel dis-
charge after the flowing displacement current). The next 
mode is essentially similar to the aforementioned modes 
except for voltage polarity. As mentioned earlier, the opera-
tional modes are the same, except that the bidirectional 
switch plays two roles, namely, recovery and supply.  
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Fig. 1. Weber’s sustain driver: (a) circuit configuration and 
(b) key waveforms. 
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2.3 Design Guideline 
 
The characteristic of the panel determines the operating 

frequency of the sustain driver. Typically, the panel oper-
ates at the range of 80-200 kHz. Based on the brightness 
requirement of PDP, the number of sustain pulses are con-
trolled under a fixed operating frequency. To ensure stable 
panel discharge, a flat-topped sustain period of 1-1.5 s is 
required. To calculate the proper value of the inductor and 
capacitor, as well as to obtain complete resonance, we pre-
sent a design equation [Eq. (1)]. In the proposed sustainer, 
interval t1-t0 (and t3-t2) is equal to half the series resonant 
period given as 

pypx CLCLtttt  2301      (1) 

 
The inductor value can be obtained easily by Eq. (1) be-

cause the panel capacitance is generally obtainable by 
panel size. In the case of the 7.5-inch diagonal panel with 
Xe=4%, Ne=30%, and 400 Torr, the panel capacitance is 
about 2.5 nF. Obtaining the exact values of each element is 
difficult because of non-ideal components, such as stray 
capacitance, inductance, and other unexpected factors. 
Moreover, panel capacitance Cp always changes its capaci-
tance depending on the pixel’s on/off conditions. Hence, a 
trial-and-error method is recommended, conducted through 
simulations or experiments with the panel conditions, in 
order to determine more optimal values. The on-resistance 
of power MOSFET should be considered carefully when 
selecting switching devices because it hugely influences 
system efficiency.  

 
 

3. Simulation and Experiments 
 
To assess the performance of the proposed sustainer, 

Weber’s sustainer is tested under the same conditions. To 
check the basic operation, computer-aided simulations 
were first implemented. Each of the switching condition is 
listed in Table 1.  

TD denotes time-delay; TR is the rise-time; TF is the 
fail-time. PW is the pulse width, and PER denotes the 
switching period of the command signal. PER is set to 5 s 
so each sustainer is operated at 200 kHz. The flat-topped 
sustain period is set to 1.5 s for producing stable light 
waveforms. In the case of the proposed sustainer, bidirec-
tional switches (Sx1 and Sy1) are operated twice to carry out 
recover and supply roles. The rise-time and fall-time of 
every switch are 10 ns and 20 ns, respectively. The compo-
nents used in the simulation are given in Table 2. Power 
MOSFETs (500V/20A ratings) are deployed for the switch-
ing devices. Equivalent series resistance (ESR) of the in-
ductor and the external capacitor are set to 0.02 and 0.01 
ohm, respectively. Considering the worst condition of the 
panel, the equivalent capacitance is set to 2.5 nF before 
ignition and to 5 nF during ignition with visible light.  

Fig. 3 shows the simulation results of each sustainer at 
VS =180 V. The voltage found across the panel and 
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Fig. 2. Proposed sustainer: (a) circuit configuration and  
(b) key waveforms. 

Table 1. Control signals for simulation 
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displacement current waveforms before ignition are pre-
sented. Fig. 3(a) shows the simulation results of Weber’s 
sustain driver given in Fig. 1(a). It employs eight switches 
that are opened and closed by eight switching states. This 
circuit utilizes the natural resonance between the inductor 
and the intrinsic capacitance of the panel. If the equivalent 
capacitance of the panel is constant, a complete resonance 
resulting in high energy recovery efficiency is always 
guaranteed. If it fails to meet the requirement for complete 
resonance, recovery efficiency will decrease considerably. 
Fig. 3(b) shows the voltage across the panel and the current 
flowing through the panel for the proposed sustainer. Both 

simulation results show almost the same waveforms, 
mainly because the basic operation is the same for both 
sustainers; the objective of the proposed sustainer is merely 
to save the number of switches in order to achieve low cost.  

Based on theoretical analysis and simulation results, we 
tested the proposed sustainer by using a prototype. Fig. 4 

Table 2. Components list for simulation 

Weber Proposed
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Value
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Fig. 3. Simulation waveforms of voltage across the panel 
and current flowing through the panel at Vs=180 V:
(a) Weber’s sustainer and (b) proposed sustainer.
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Fig. 4. Experimental set-up of each sustain driver: (a) Weber’s circuit and (b) proposed driver. 
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shows the experimental set-up for both AC-PDP drivers. 
Generally, AC-PDP driver is divided into three parts: a 
reset circuit, an address driver, and a sustain driver. During 
the sustain period, the separating switch (Qp) is always 
turned on while the other circuits, such as the scan pulse 
generator and address driver, are disabled. The specifica-
tions of the components are listed in Table 3. In the ex-
periment, each control signal is generated by FPGA using a 
very high speed integrated circuit hardware description 
language (VHDL).  

In ADS driving method, the address and sustain period 
are separate. In the experiment, any driving voltages added 
from the address driver that could influence the sustain 
voltage of the next display period are not included. Address 
period to ground is maintained. Consequently, the proposed 
sustainer needs a higher voltage (i.e., over 200 V) to ignite 
the plasma completely. In experiments, sustain pulses are 
generated during 100 s per 500 s, as shown in Fig. 5. 

Fig. 6(a) shows the experimental waveforms of the volt-
age across the panel (vCp) and the current flowing through 
the panel (iCp) at the switching frequency of 200 kHz. In 
this case, PDP does not emit visible light; thus, only dis-
placement current is flowing through the panel, hence 
changing the polarity of the panel voltage. Fig. 6(b) shows 
the experimental waveforms when ignited with visible light. 

Discharging current flows through the panel and appears at 
the end part of the panel current while following the dis-
placement current. Voltage across the panel is affected 
slightly by the discharging current.  

Fig. 7 shows the comparative results of voltage stress on 
each sustain driver. Based on the position of the switches, 
both circuits have different voltage stress. In the case of 
Weber’s sustainer, Sx1 and Sx2 have little high voltage stress 
because of the effect of the inductor. On the other hands, 
Sx1 of the proposed sustainer has little low voltage stress 
compared with Weber’s circuit. This could have resulted 
from the positional modification of the inductor connected 
directly to the external capacitor.  

Comparative results for the current stress on each sustain 
driver are given in Fig. 8. The current stress in both sus-
tainers shows almost equivalent values because the basic 
operation is the same, while the topological configuration 
is modified.  

Fig. 9 shows the comparative results of the switching 
losses. Before the ignition, as presented in Fig. 9(a), the 
switching loss of Sx1 in the proposed sustainer is slightly 
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Fig. 5. Address-and-display separated driving method for 
experiments. 

Table 3. Specifications of the prototype 
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Fig. 6. Experimental waveform of panel voltage and cur-
rent: (a) before ignition at VS = 180 V and (b) dur-
ing ignition with visible light (VS = 240 V). 
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higher than that of Weber. Switching loss doubles during 
ignition because the Sx1 of the proposed sustainer plays two 
roles: recovery and supply. However, since the proposed 
sustainer can eliminate Sx2, total switching losses becomes 

similar in both sustainers. 
Fig. 10 shows the comparative results of conduction loss 

on power diodes. Although the proposed sustain driver has 
two additional diodes in the sustain X driver, total conduc-
tion loss is slightly lower than Weber’s approach, given the 
location of the recovery inductor. It improves to 0.309 W 
before ignition and 0.635 W during a light emitting condi-
tion. In the proposed sustainer, the voltage across each di-
ode is measured at an average of 96.3 V before ignition 
corresponding to an average of 134.7 V during ignition. On 
the other hand, voltage is measured at an average of 203.6 
V and 272.7 V in the Weber’s approach. Voltage across the 
switching devices becomes lower in the proposed approach 
because voltage stress is divided by the additional diodes.  

Fig. 11 shows the comparative result of power consump-
tion for both sustainers. Power consumption includes 
switching losses, conduction losses, and other losses. Be-
fore ignition, the proposed sustain driver can be reduced to 
about 1.44 W. During ignition with visible light, the sus-
tainer reduces more power consumption by approximately 
5.4 W. The proposed sustainer can reduce conduction loss, 
which is proportional to the quantity of flowing current, 
because it has eliminated two switching devices in the 
main circuit.  

Fig. 12 shows the comparison of energy recovery effi-
ciency on each sustainer. Before ignition, Weber’s sustainer 
shows on average 82.38% of energy recovery efficiency 
increased by 85.69% after ignition. The proposed sustainer 
shows on average 92.37% before ignition and is decreased 
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Fig. 7. Comparison of voltage stress: (a) VS = 180 V and 
(b) VS = 240 V. 
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Fig. 8. Comparison of current stress: (a) VS = 180 V and 
(b) VS = 240 V. 
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Fig. 9. Comparison of switching loss: (a) VS = 180 V and 
(b) VS = 240 V. 
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Fig. 10. Comparison of conduction loss, (a) VS = 180 V,  
(b) VS = 240 V. 



AC-PDP Sustain Driver using Bidirectional Switches 92 

to 89.14% during light emission. Results show that the 
proposed sustainer has improved energy recovery effi-
ciency by about 10% before ignition, 3.45% during ignit-
ing state, and 6.72% on the average compared with the 
Weber’s sustainer. Results also suggest that the proposed 
sustainer can increase energy recovery efficiency regard-
less of panel conditions (i.e., whether it is igniting or not).  

The recovery efficiency is not the same as conventional 
power efficiency, which is defined by the power delivered 
to a load. In PDP operations, power is not delivered to the 
panel; it is simply charged and then discharged. Therefore, 
the efficiency at which the sustain driver recovers energy is 
defined as recovery efficiency and expressed by the input 
current obtained from the power supply [5]-[7],[15],[16]. 

 
 

4. Conclusion 
 
A modified sustainer is proposed to reduce the cost and 

power consumption of PDP TV. Basic operation is equal to 
that of Weber’s sustainer, except for the bidirectional 

switches and the location of the external inductor. To verify 
the proposed high-performing sustain driver, the previously 
available Weber’s circuit has been analyzed; both are then 
compared by computer-aided simulations and experiments 
using a prototype. The valuable achievements of the pro-
posed sustain driver can summarized as: 

 
(1) Cost savings by employing bidirectional switches; 
(2) Alleviated voltage surge by changing inductor posi-

tion; 
(3) Decreased power consumption with reduction in 

conduction loss; and  
(4) Improvements in energy recovery efficiency by about 

6.7% compared with the conventional Weber’s sus-
tainer. 
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