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Abstract- The main objective of this paper, a
bidirectional dc-dc converter with duel coupled
inductor is proposed. In the boost mode, two
capacitors are parallel charged and series discharged
by the coupled inductor. Thus, high step-up voltage
gain can be achieved with an appropriate duty ratio.
The voltage stress on the main switch is reduced by a
passive clamp circuit. Therefore, the low resistance
RDS (ON) of the main switch can be adopted to
reduce conduction loss. In the buck mode, two
capacitors are series charged and parallel discharged
by the coupled inductor. The bidirectional converter
can have high step-down gain. Aside from that, all of
the switches achieve zero voltage-switching turn-on,
and the switching loss can be improved. Due to two
active clamp circuits, the energy of the leakage
inductor of the coupled inductor is recycled. The
efficiency can be further improved. The operating
principle and the steady-state analyses of the voltage
gain are discussed.

Index Terms—DC-DC converter, Bidirectional
Duel coupled inductors, switched capacitor.

Introduction- The demand of renewable energy
systems are more and more widely used in the world
such as solar and wind energy. However, photovoltaic
(PV) solar or wind power cannot provide sufficient
power when the load is suddenly increased. Thus, the
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battery with bidirectional dc—dc converter is needed.
Conventionally, the batteries are series strings used to
provide a high voltage (HV). Isolated bidirectional dc—
dc converters such as half and full-bridge types, can
provide high step-up and step-down voltage gains by
adjusting the turn ratio of the transformer. The high
step-up gain and the high step-down voltage gain can
be achieved. The number of switches is usually
between four and eight. Also, some isolated
bidirectional converters are characterized by a current-
fed rectifier on the low voltage (LV) side and a
voltage-fed rectifier on the HV side. The leakage
inductor of the transformer leads to the HV spike on
the main switch during switching transition. Thus, the
isolated bidirectional full-bridge dc—dc converter with
a flybacksnubber circuit is proposed. A novel soft
commutating isolated boost full-bridge zero-voltage-
switching  (ZVS) pulsewidth-modulation  dc—dc
converter is proposed. The energy of the leakage
inductor is recycled and not dissipated. However, the
number of switches is also added. Aside from that, the
bidirectional converter based on flyback or forward
converters are proposed . The leakage inductor of the
transformer also causes HV spike on switches. Thus,
an active clamp circuit is applied in the bidirectional
converter, which is proposed.

For non-isolated applications, non-isolated
bidirectional  converters, which include the
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conventional boost/buck type, the soft-switching
technique on conventional boost/buck converter , three
levels, multilevel, SEPIC/Zeta, switched-capacitor
bidirectional converter, and a coupled-inductor-type
bidirectional converter, is proposed where using two
auxiliary switches, i.e., ZVS, is provided. For some
ZV/S purpose, the authors have improved the coupled
inductor bidirectional topology with only one auxiliary
switch. The authors have modified the two previous
converters and proposed a converter without any
auxiliary switches.

To achieve a high conversion ratio, two inductors
charged in parallel and discharged in series are
proposed. In the aforementioned converters, the
multilevel type is a magnetic less converter and the
conversion ratio based on stack of capacitors, which
need 12 switches in this converter. If higher step-up
and step-down voltage gains are required, more
switches are needed.

The coupled-inductor converters easily achieve a high
conversion gain. However, the energy leakage energy
needs to recycle. Based on the previous research of the
high step-up converter in and, a high-efficiency, high-
conversion-ratio, and clamp-mode bidirectional
converter is proposed. The initial high step-up
converter adds two pairs of additional capacitors and
switches on the secondary side of the coupled inductor
to achieve an HV ratio.

OPERATING PRINCIPLE OF THE PROPOSED
CONVERTER

Fig. 1 shows the circuit topology of the proposed
converter. This converter consists of the dc input
voltage V., the power switch S;-Ss, the clamp
capacitor C,, two blocking capacitors C, and Cs;, and
the coupled inductors Nyand Ns. The equivalent model
of the coupled inductor includes the magnetizing
inductor L, the leakage inductor Ly, and an ideal
transformer.
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Fig. 1. Circuit configuration of the bidirectional
converter.

The switched-capacitor technique in and has proposed
that parallel-charged and series-discharged capacitors
can achieve high step-up gain. Also, series-charged
and parallel-discharged capacitors can achieve high
step-down gain. The character of the coupled inductor
is that the secondary side can have opposite polarity
when the switch is on and off. In the boost-state
operation, this character is combined with the
switched-capacitor technique. Two capacitors C, and
C; are parallel charged when the switch is on and
series discharged when the switch is off. In the buck-
state operation, the coupled inductor is used as a
transformer. Thus, two capacitors C, and C3 can be
series charged by HV side and parallel discharged
through the secondary side.
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Fig.2. Key waveforms of the bidirectional converter in
the boost state at the CCM.,
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In addition, the problem of the energy of the leakage
inductor is also solved. In the boost-state operation, S;
is the main switch, and capacitor C; recycles the
energy. The voltage across switch S; can be clamped.
Since switch S; has an LV level, the low conducting
resistance Rpsony Of the switch is used to reduce the
conduction loss. In the buck-state operation, the main
switches are S, and Ss. Two capacitors C, and C; with

Fig.3. Current-flow path of the operating mode during
one switching period in the boost state at the CCM.
Modes (a) I, (b) 1, (c) I, (d) IV, and (e) V.

switchesSzand Sj,are used as active clamp circuits,
recycling the energy of the leakage inductor on the
secondary side of the coupled inductor. Capacitor C,
with switch S, is another active clamp circuit that
recycled the energy of the leakage inductor on the
primary side. Thus, four switches are ZVS turned on.
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The switching loss is improved; the efficiency can be
increased. It is because that the high step-up converter
needs a large input current, which results that the
conduction loss is larger than the switching loss. Thus,
reducing the switch voltage stress for alleviating the
conduction loss and the elimination of reverse-
recovery current is the key point to improve efficiency.
Similarly, the main switch of the high step-up and
step-down converters suffers HV stress and low
conducting current. The switching loss should be
reduced to improve efficiency.

To simplify the circuit analysis, the following
conditions are assumed.

1) Capacitors C, and C; are large enough that V., and
V.3 are considered to be constant in one switching
period.

2) The power MOSFET and diodes are treated as ideal.

3) The coupling coefficient of the coupled inductor k is
equal to L/(Ln+ L), and the turn ratio of the coupled
inductor n is equal to Ny/N,.

STEADY-STATE ANALYSIS OF THE
PROPOSED CONVERTER

After the mode analysis of the boost- and buck-state
operations, the following equations and voltage gain in
the steady state of the proposed converter can be
derived. According to the assumptions before the
mode analysis, the equations of the turn ratio and the
coupling coefficients k of the coupled inductor are
defined as

o= ——
Lm_l_Lk

Because the voltage gain is less sensitive to the
coupling coefficient and the clamped capacitors C4, C,,
and C; appropriately absorb the leakage inductor
energy, the coupling coefficient is set to 1 to obtain the
voltage gain.
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CONCLUSION

This paper has proposed a novel, high-efficiency, and
high step-up/step-down bidirectional dc—dc converter.
By using the capacitor charged in parallel and
discharged in series by the coupled inductor, high
conversion ratio and high efficiency have been
achieved. The steady-state analyses of the proposed
converter have been discussed in detail. The voltage
gain and the utility rate of the magnetic core have been
increased by using a coupled inductor with a low turn
ratio. The energy of the leakage inductor has been
recycled with the clamp circuit. A prototype circuit has
been built in the laboratory. Experimental results show
that the maximum efficiency is 97.33% at the boost
mode and 96.23% at buck mode. This topology
provides efficient conversion of various power
sources. This technique can be also applied in different
power conversion systems easily.
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