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ABSTRACT

A new high efficiency phase shifted full bridge
(PSFB) converter for sustaining power module of
plasma display panel (PDP) is proposed in this paper.
The proposed converter employs the rectifier of
voltage doubler type without output inductor. Since it
has no output inductor, the voltage stresses of the
secondary rectifier diodes can be clamped at the level
of the output voltage. Therefore, no dissipative
resistor-capacitor (RC) snubber for rectifier diodes is
needed and a high efficiency as well as low noise
output voltage can be realized. In addition, due to
elimination of the large output inductor, it features a
simple structure, lower cost, less mass, and lighter
weight. Furthermore, the proposed converter has wide
zero voltage switching (ZVS) ranges with low current

stresses of the primary switches. Also the resonance
between the leakage inductor of the transformer and
the capacitor of the voltage doubler cell makes the
current stresses of the primary switches and rectifier
diodes reduced. In this paper, the operational
principles, analysis of the proposed converter, and the
experimental results are presented.

1. INTRODUCTION

A plasma display panel(PDP) is getting popular for
the large area wall-hanging color TVs, because it has
advantages over conventional display devices by its
large screen, wide view angle, lightness, thinness, long
life time, and high contrast. Since the recent wall
hanging PDP color TV tends to require the small size,
lighter weight, and fan-less system for the lower
acoustic noise and vibration, the high power density,
high performance, and high efficiency become the hot
issue of the PDP power module. The operation of the
PDP can be divided into three periods such as
resetting, addressing, and sustaining periods. The
power modules for sustaining are expecially
responsible for the overall system efficiency, since the
most of the power driving the PDP is consumed
during this sustaining period.[1-3] Therefore, among
the various DC/DC converters developed, a full bridge
converter suitable for the application like the PDP
power module has been proposed to reduce the
current/voltage stress of the semiconductor devices.
However, it has several serious problems such as low

system efficiency, serious parasitic ringing in the
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secondary rectifier, considerable heating, bulky cooling
system, and noisy output voltage. To resolve these
problems, the proposed converter employs the rectifier
of voltage doubler which has no output inductor. Due
to eliminate the output inductor, the voltage stresses
of the secondary rectifier diodes can be clamped at
the level of the output voltage and the structure is
even simpler. Therefore, no dissipative RC(resistor
capacitor) snubber for rectifier diodes is needed and a
high efficiency as well as low noise output voltage
can be realized. Moreover ZCS turn off of the rectifier
diode can be achieved. The ZVS turmn on of the
primary switches also can be easily achieved by using
the magnetizing current regardless of the load
condition. However, the current stresses of the
rectifier diodes D1 and D2 are rather large because of
the half bridge configuration, the resonance between
Llkg and the capacitors of the transformer secondary
side can reduce not only the current stresses of the
secondary rectifiers but also the conduction loss of the
primary side. Thus, the proposed converter, which is
suitable for high voltage and low current application,
can effectively overcome the above problems and
realize the high power density, high performance, and
high efficiency.

2. OPERATIONAL PRINCIPLES

Fig. 1 shows the circuit diagram and key

waveforms of the proposed converter, respectively. As
shown in Fig. 1, the proposed converter is the phase
shifted full bridge converter with the voltage doubler
type rectifier stage. The operation of the proposed
converter can be divided into eight modes. One
switching cycle of a proposed circuit is divided into
two half cycles, to-t4 and ts~ts. Since the operation
principles of two half cycles are symmetric, only the
first half cycle is explained.
Mode 1 (to"t1): After the ZVS condition of M is
achieved (Vpss = 0V), the primary current, I, rises
with resonance between the leakage inductor and
rectifier capacitor. The magnetizing cwrent, Iim, also
rises linearly. These can be obtained by

It = Lin(t) cos (1) + (M}in 0r(t)
Zo " ()
n Vol
Iim(t) = Itm(to) + r (1) ’ @
n 1 [Lug N

Where, “r \/legCl y Zo=; ?’ n_ﬁ,Cl=Col//Coz_
Before My is turned on, I+ flows through the internal
diode of M. Thus, the ZVS of My is guaranteed. The
current of the rectifier diode D, Ipi, flows through Co.

Therefore the rectifier capacitor Ciis charged, while
Ce 1s discharged.
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Fig. 1 The proposed PSFB converter

Mode2 (t,"t2): When M, is turmned off at t;, mode 2
begins. The primary cuwrrent at tj, Ipa(t) start to

- 446 -



charge and discharge the output capacitors of M; and
M; respectively. Therefore the voltage across the
transformer primary side V,, is decreased to OV and
the voltage across Lig, Vi, is also decreased. After
Vikg 1s the same as nVo(=Vyi), the primary current is
decreased with the slope of nVe/Like. At the same
time, the secondary side of the transformer operates
similarly to mode 1.

Mode3(t:t3): When the primary current I; becomes
equal to the magnetizing current I, mode 3 begins.
Since the diode current, Ip;, is reduced to zero, ZCS
turn-off of D) can be obtained. During this mode, Di
and I» are off-state with voltages Vo and Ve,
respectively. After Muis turned on, the voltage across
the primary of the transformer V, is maintained to
OV. The primary current Iy is still equal to ILm(to).

Mode4 (t37t4): After Muis turned off, the voltage
across the primary of the transformer V, is decreased
to Vin. At ty, the commutation between D; and D» is
completed.

3. ANALYSIS

In order to the DC conversion ratio, it is assumed
that the capacitors Co, Ce, and output capacitor C,
are large enough to be considered as a constant
voltage source Vg1, Ve, and V, repectively. Moreover,
the magnetizing inductor Ly is so large that In=0, Iy
is Increased linearly and the dead time is discarded.
By averaging the current of secondary rectifier, the
input-output voltage gain is expressed by

Vo 1

Z T 4Lk n

nRoT:Dey* T3 3

where De is the effective duty ration and Ts is a
switching period.

To achieve the ZVS of switches, the energy Eigu
stored in the leakage at t; must be greater than the
energy required to charge and discharge the output
capacitors (Cess) of My and Ms. Similarly the energy
EiLm 3 stored in the magnetizing inductor at t3 must be
large enough to fully charge and discharge Cess of Ms
and M. Therefore, to assure the ZVS of switches

M;-M;, the following equations must be satisfied.

1 s i :
== ri 22— oss Vin
Elkg il 2 leglp (tl) 2 2C V (4)

lm _13 = — LmllLm 2 — osst
Etm _13 5 Lndin(t3) 22C 5)

where the output capacitances of M;-M, are assumed
to be equal to Cs.

4. EXPERIMENTAL RESULTS

A prototype of a 205V, 450W converter operated at

60KHz with 400V input has been built with the
following components; the switches MMM and
Ms=FQPI2N60, output capacitor C,=1000uF/250V,
leakage inductance Li=23uH, magnetizing inductance
Lin=1.4mH, transformer turns NyNs = 42:13, D, and D»
= 15ETHO3, Co1=C2=2.2uF/630V.
Fig. 2 shows the experimental waveforms at 25% and
full load. As can be seen in Fig. 2, the ZVS of the
power switches can be easily achieved using the
magnetizing current regardless of the load conditions.
Since the voltages across D; and I» are always
clamped at the output voltage V,, there is no serious
voltage ringing in rectifier diodes. Furthermore ZCS
turn off can be achieved. The waveforms of Ip; and
Ipp are not a triangular form but a quasi-sinusoidal
one. This result in the low current stresses of D and
Dy and also less conduction loss of the primary side.
In addition, the DC offset of the transformer
magnetizing current and magnetic flux are completely
blocked. Therefore, the transformer magnetic core is
fully utilized, and thus, its power density can be
considerably increased and the heat generation of the
transformer greatly reduced. Also the currents of Ip
and Ipz are balanced.

5. CONCLUSION

A new high efficiency phase shifted full bridge
converter for PDP sustaining power module is
proposed in this paper. The proposed converter
employs the rectifier of voltage doubler type without
output inductor to solve the problem related to voltage
ringing of the secondary rectifier. In addition, since it
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has no large output inductor filter, it features a
simpler

structure, lower cost, less mass, and lighter weight.
Furthermore, the proposed converter has the wide
ZVS ranges with low current stresses of the primary
switches. Also the resonance between the leakage
inductor of the transformer and the capacitor of
voltage doubler rectifier can reduce the current
stresses of the primary switches and the rectifier
diodes. A prototype has been experimented to prove
the wvalidity of the proposed converter. Fig. 3 shows
the measured efficiency. The high efficiency above

95% can be obtained along a wide load range.
Therefore, it can be realized the improvement of the
efficiency and also the proposed converter is expected
to be suitable for the sustaining power module owing
to the high reliability, low noise, low cost, and high
efficiency.
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