MANMAEEE =28 2006.6.22 ~ 6.24

al
A=
O]T , 34

R

B
ps
=
s
=
=
X
+
N‘
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ABSTRACT

A new PWM-controlled quasi-resonant converter for
high efficiency PDP sustaining power module is
proposed in this paper. The load regulation of the
proposed converter can be achieved by controlling the
ripple of the resonant voltage across the resonant
capacitor with bi~directional auxiliary circuit, while the
main switches are operating at the fixed duty ratio
and fixed switching frequency. Hence, the waveform of
currents can be expected to be optimized on the
conduction loss. Furthermore, the proposed converter
shows the good ZVS capability, simple control circuits,
no high voltage ringing problem of rectifierdiodes, no
DC offset of the magnetizing current and low voltage
stress of power switches. In this paper, operational
principles, analysis and design considerations are
presented. Experimental results demonstrate that the
output voltage can be controlled well by the auxiliary
circuit as PWM method.

1. INTRODUCTION

A plasma -display- panel (PDP) has been considered
as the best candidate for flat panel display because of
its wide view angle, high contrast ratio, and long life
time. Due to the existence of dielectric layer in each
cell of PDP, it is purely capacitive load in respect to
circuit operation [1]. Since, not only it features pure
capacitive load characteristics but also it is driven by
the address display separation (ADS) method, the load
variation of the sustaining power module is very wide
and abrupt. In ADS method, the operation of PDP can
be divided into three periods such as resetting,
addressing, and sustaining period. In real PDP TVs,
the load condition is strongly dependent on the average
pixel level (APL)such as a concept that defines the
total light output of a given TV image as a percentage
of the total light output of a full-white image. Since

TV signals typically have an APL of 20% or less [4],
the sustaining power module is usually operating on
light load conditions. Although the sustaining power
module is operating such load conditions, the power
dissipated during sustaining period is still the most of
power driving the PDP compared with that dissipated
during resetting and addressing periods. Therefore, the
sustaining power module is mainly responsible for
overall system efficiency . [1-3]. In addition, when the
PDP is operating on TV signals, the high efficiency is
needed significantly at light load conditions. Until now,
several DC/DC converters which can realize the high
efficiency and low cost, have been proposed for
sustaining power module of PDP. Among them, the
resonant converters have been investigated to realize
prominent features of miniaturization, high efficiency,
and low noise.[6,7] However, since a large variation of
switching frequency is needed to control the output
voltage, those converters have some difficulties from
the view-points of size reduction and noise problem.[8]
To overcome above problems, recently a half bridge
LLC resonant converter has been discussed because it
shows many unique characteristics and improvements
over previous topologies.[4,5] However, this converter
has a small magnetizing inductor in order to have a
narrow variation of switching fréquency. This results
in not only. considerably higher current stresses of
primary power switches, but also more conduction
losses especially at the above resonance mode. In
addition, a variable frequency control method makes
the control circuits much '_ more complicated than those
of the PWM control method. To resolve these
problems effectively, @ we _ propose a new
PWM-controlled quasi-resonant ctonverter which has
the sirhpler control circuits .and less conduction losses
compared with those of half bridge LLC resonant
converter. As shown in Fig. 1, the proposed converter
is similar to the half bridge LLC resonant converter
except to the auxiliary circuit which is needed to
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control the output voltage. In the proposed converter,
the output voltage can be regulated by controlling the
voltage across the resonant capacitor while two main
switches are operating at fixed duty ratio and fixed
switching frequency. Therefore, the shape of both
primary and secondary current can be expected to be
optimized on conduction loss and current stress.
Simultaneously, since the auxiliary circuit controls the
voltage ripple on the resonant capacitor, the output
voltage can be regulated well at whole load condition.
Thus, keeping the good characteristics of half bridge
LLC resonant converter, the proposed converter is
expected to overcome effectively the above mentioned
problems such as the higher current stresses and high
circulating energy, and can realize the high power
density, high performance, and high efficiency.

Fig. 1 Circuit diagram of proposed converter

2. OPERATIONAL PRINCIPLES

Fig. 2 shows the key waveforms of the proposed
converter. The operation of the proposed converter can
be divided into .ten modes. Since the operational
brinciples of two half cycles are symmetric, only the
first half cycle is explained. A half cycle can be
divided into 5 modes. To illustrate the steady state
operation, several assumptions are made as follow:

B QMl1, QM2, QAl, and QA2 are ideal except for
their internal diodes and output capacitors.
B DS! and DS2 are ideal except for their junction
capacitors.
B Vois constant during a switching period.
After the ZVS turned on of QM1 is achieved and the
commutation between DS1 and DS2 is completed at t0,
The primary current Ipri, which raises with resonance
between the leakage inductor and resonant capacitor, is
given by

Vs  Vu(to)

]pn(t) = nZo [——_n—‘— VCnI(tO)]Sln Q)r(t tl)+ ILm(t) (l)

Concurrently, the magnetizing current, ILm, also raises
as follows:
nVeo(t) y

‘ILm(-t) = Ia(t) + I (t—-n) . @

nCuxC://Cz ne _1&
WCn+CallCa’ ' Wi

,Zo= ‘j_ Lr—
The current of rectifier diode DS1, IDS1, is flowing
through Coland eduivalent load resistor, while the
rectifier capacitor Col and Co2 is charged and
discharged respectively. When QA2 is turned on at tl,
the resonant capacitor, CH, is additionally charged from
the input source, VS, through the auxiliary inductor
LA operating in the discontinuous conduction mode
(DCM). After QA2 is turned off at t2, ILA starts to
charge and discharge the output capacitors of QA2 and
QA1 respectively. When the voltage across QAl
becomes OV, ILA begins to flow through the internal
diode of QAIl. Since the voltage across the CH, VH is
applied to LA reversely, ILA is decreased. During
t27t3, CH is still charged. After QM1 is turned off at
t3, since Ipri starts to charge and discharge the output
capacitors of QM1 and QM2 respectively, the voltage
across the primary side of the transformer VP, -is
decreased to - VS. Since the rectifier diode DS1 is
still conducting, the voltage across Lm, Vpri is
maintained to be nVCol. Thus, the negative voltage
which is the same as the difference between VP and
Vopri, is applied to the leakage inductor, Llkg. Thereby
Ipri is decreased rapidly. Also, in t37t4, CH is
continuously charged until ILA becomes 0A. After the
voltage across QM2 becomes 0V, Ipri starts to flow
through the internal diode of QM2. Thus, the ZVS
condition of QM2 is satisfied. When Ipri is smaller
than ILm, the current of secondary side of the
transformer flows reversely through the junction
capacitors of DS1 and DS2. Since the voltage across
each diode is increased and decreased respectively, the
commutation between DS1 and DS2 is started. During
t47t5, the ZVS tumed on of QM2 can be achieved.
After DS2 is fully conducting, first half cycle is
finished.

where, &, =

3. ANALYSIS & DESIGN CONSIDERATION

During the half switching period TS/2, the charging
current of Col is equal to the load current I0. In
addition, since the sum of VCol and VCo2 is always
equal to the output voltage VO, the bias voltage of
VCol and VCo2 is VO/2. Thus, by using the equation
IC=C(dVC/dt), VCol(t0) can be obtained.. Also, since
both QM1 and QM2 are operating with the constant
duty ratio (D=0.5), the bias voltage of VH-is the same
as VS/2. Thus, VCol(t0) and VH(t0) are represented
respectively as follows:

- 353 -



Quy Qus
- e

[~
Qas s DaTaiz —tar | ]

lpes

Iem —

v, Tt

l‘ Charged by
Aux. ckl.\

ha P 4/
?TVn | .

Vu h | —

Vecez

Vecer

Voss

Voss

= 1
3
C]
o'
=
Ioss //_ ’-\ --------------- 3 ’ .
— - N el

te t Gty tata s trts Gt

Fig. 2 Key waveforms of proposed converter
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By using the equations 3 and (4), the current
through DS1, IDS1 can be easily obtained as follows:

Iosi(t) = 11Vs 1 (Vs AVHJ Vo Tslo) sin@nt
1 T—]———| —_—— r
Zoln n\ 2 2 2 4Ca .

(5)
Turns ratio of the transformer can be determined at no
load condition in order to maintain VO to be desired
value without the operation of auxiliary circuit. Thus,
it can be obtained by using the equation (5) with these
conditions such as I0=0A, IDS1=0A, AVH=0V, and
sinot 20,
Vs

"V . (6)
Since both the charging current of Col and the
discharging current of Co2 flow through DS1, the
averaging value of IDS1 durmg TS/Z is equal to the
two times of IO. From this fact, IO can be represented
as follows: ‘
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Fig. 3 Figures for analysis,(a) Desirable operating region
(b) Selection of CH (c) Output voltage (d) Selection of LA

1 [vs 1(Vs AVH) (Vo Tsla) (Tm)r]
lo= ——| ]| = 1-cos
ZoTsa)r[n 2 2 2 4Ca 2. /. )

The waveform of Ipri should be similar with that of
below resonance mode (BRM), so as to reduce the
conduction loss. Therefore, the resonant frequency,
which is decided by thé resonant inductance and
capacitance, should be selected according to -the
switching frequency. Fig 3 (a) shows the desirable
region of resonant frequency when the switching
frequency is fixed as 80kHz. To be optimized about
the conduction loss, the resonant frequency should be
selected within the operating region. After the resonant
frequency is selected, CH can be decided with the
resonant inductance 76pH, as shown in Fig. 3 (b). A
VH, which is controlled by the aux111ary circuit, can be
obtained in similar way as mentioned above.

AVn = L [&— Tslo ](TSDE)Z

(8)
From the equation (7) and (8), the steady state voltage
conversion ratio of the overall system can be denved

Culal 2 2nCx

(TsDE)
L/g - 2 4CuLa
Vs 15 nZow- n  (TsDe)' | n
Is LN 2
Ro|1-cos(Tsw-/2) 4Cor  2CaLs | 2 9

Using the equation (9), the output voltage can be
plotted as shown in Fig. 3 (c). In this figure, the
output voltage can be obtained without the operation of
auxiliary circuit at no load (DE=0). As the load goes
to full load, DE is increased to get the desired output
voltage. From this figure, the output voltage ‘can be
regulated well at whole load condition by the auxiliary
circuit. Fig. 3 (d) shows ‘the proper auxiliary
inductance to achieve the load regulation according to
the maximum duty ratio DE-MAX. As shown m this
figure, when LA is selected as the larger value to
reduce the peak value of ILA, the more max1mum duty
ratio is needed. -

4. EXPERIMENTAL RESULTS

A 450W prototype of the proposed converter has
been built for the experiment. Fig. ‘4 shows
experimental waveforms. As can be seen in this figure
the waveform of Ipri is similar with that of BRM.
This results in less conduction loss and lower peak
values of Ipri, IDS1, and IDS2. In addition, CH is
additionally charged or discharged by . ILA to regulate
the output voltage. The ZVS operation of QM1 and
QM2 at 10% and full load is also shown. In order to
have the waveforms of current in BRM, the Ieaka’gé
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inductance is rather large compared with that of half
bridge LLC resonant converter. Due to the large
leakage inductance, the ZVS operation of QM1 and
QM2 is easily achieved even 10% load. Moreover, the
ZCS operation of DS1 and DS2 can be achieved. The
voltage across the DS1 and DS2 can be clamped to
the output voltage without the high voltage ringing.
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Fig. 4 Experimental Wavefomrs

5. CONCLUSION

A new PWM-controlled quasi-resonant converter for
high efficiency PDP sustaining power module is
proposed in this paper. Since the load regulation of the
proposed converter can be achieved by the auxiliary
circuit, the waveforms of current can be optimized on
conduction loss especially at the light load conditions.
Moreover, employing the voltage doubler type rectifier,
additional resonant ripple of the voltage across the
rectifier capacitors helps the operation of the auxiliary
circuit. Besides, DC offsets of the magnetizing current
and magnetic flux can be completely blocked. From the
experimental results, good ZVS capability of the power
switches QM1 and QM2 is also proved. Fig. 5 shows
the measured efficiency. The measured efficiency with
10%740% load range, is higher than that of the half
bridge LLC resonant converter. As mentioned in
introduction, when the PDP is operating on TV
signals, the sustaining power module is usually
operating on light load conditions. Thus, the proposed
converter is expected to be suitable for the sustaining
power module of PDP. Additionally, the measured
efficiency along wide load ranges shows as high as
around 94%. Therefore, the proposed converter

demonstrates its suitability as a sustaining power
module owing to its simple control circuits, low noise
and high efficiency.
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