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Abstract:

Switched-capacitor (SC) DC-DC power converters are a
subset of DC-DC power converters that use a network of
switches and capacitors to efficiently convert one volt-
age to another. Unlike traditional inductor-based DC-DC
converters, SC converters do not rely on magnetic energy
storage. High voltage gain is required in applications, such
as the renewable energy power systems with low input
voltage. A high step-up voltage gain active-network con-
verter with switched capacitor technique is proposed in
this paper. While they are only capable of a finite number
of conversion ratios, SC converters can support a higher
power density compared with traditional converters for
a given conversion ratio. Finally, through simple control
methods, regulation over many magnitudes of output
power is possible while maintaining high efficiency.
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Introduction:

Switched-capacitor (SC) DC-DC power converters are a
subset of DC-DC power converters, using only switches
and capacitors that can efficiently convert one voltage to
another. Since SC converters use no inductors, they are
ideal for integrated implementations, as common integrat-
ed inductors are not suitable for power electronic applica-
tions. SC DC-DC converters also exhibit other advantag-
es (and disadvantages) which will be further examined in
this paper. A switched-capacitor (SC) DC-DC converter
is a power converter which is comprised exclusively of
switches and capacitors. In general, an SC converter can
have an arbitrary number of ports. Each port can be con-
nected to a voltage source, current source, resistive load,
or any other type of circuit.
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A converter can be made of any number of series sub-con-
verters, or stages, to expand the conversion ratio range.
Additionally, a single-stage SC converter can implement
one or several topologies, where the converter is denoted
a multi-ratio converter.Each topology corresponds to a
particular configuration of switches and capacitors which
achieves a particular conversion ratio. By changing the
way the switches in a converter are clocked, a converter
can be configured into multiple topologies. A converter
stage may also implement a number of parallel copies of
the topology (or set of topologies), each known as an in-
terleaved phase. By placing these interleaved phases in
parallel, and using equally-spaced interleaved clocking,
output ripple frequency will be increased and ripple mag-
nitude will be decreased.The non-coupled inductor type
can achieve high voltage gain with minimized magnetic
components. The voltage conversion ratio of a cascade
boost converter is the product of each stage. However,
the topology is complex, and the efficiency would dete-
riorate with a multistage structure. Though the circuit can
be improved with less complexity, the switch voltage and
current stress are still high.

Various switched-inductor and switched-capacitor struc-
ture to extend the voltage gain have been discussed. With
the transition in series and parallel connection of the
switched inductor, an inherent high voltage gain can be
achieved. The switched-inductor-based boost converter
is then derived, but the voltage gain is still limited, and
the voltage stress of active switch and diode is also high.
Based on the concept of switched-inductor and switched
capacitor, this paper proposes a novel switched-capaci-
tor-based active-network converter (SC-ANC) for high
step-up conversion, which has the following advantages:
high voltage conversion ratio, low voltage stress across
switches and diodes, and self-voltage balancing across
the output capacitors. The operating principle and steady-
state analysis are discussed in detail, and the experimental
results are given to verify the analysis.
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PRINCIPLE OPERATION OF CONVERT-
ER:

Fig. 1 shows the basic structure of active-network derived
from the concept of switched inductor, to perform both
the series and parallel connection of two inductors. The
switches S1 and S2 share the same switching signal, when
the switches are turned ON simultaneously, the induc-
tors L1 and L2 are parallel connected; when S1 and S2
are turned OFF, L1 and L2 are connected in series seen
from the input port (1-1") of the two-port network.Mul-
tiple capacitors and diodes on the output-stacking form a
switched-capacitor unit, with the series or parallel con-
nections between the capacitors, high voltage gain can be
achieved. The two active switches (S1 and S2) share the
same switching signal. Diodes D1, D2, D3 and capacitors
C1, C2, C3 are adopted in the switched-capacitor unit.

CCM Operation:

The operating modes in CCM condition are the Mode 1
and Mode 2.

1) Mode 1 [tO, t1]: during this time interval, switches S1
and S2 are turned ON. Inductors L1 and L2 are charged in
parallel from the dc source, the capacitor C2 is charged,
and the energy stored in the capacitors C1, C3 is released
to the load. Thus, the voltages across L1 and L2 are given
as follows:

VL1 =VL2=Vi

Viee 8 Sz

Fig 1: Proposed switched-capacitor-based active-net-
work converter.

During this time, the dc source, the switches S1, S2, the
diode D2, and the capacitor C1, C2 forms a circuit loop,
according to the KVL rule, the relationship between the
VC1 and VC2 is given as follows:

Vi+VCl=VC2
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Mode 2 [t1, t2]: during this time interval, S1 and S2 are
turned OFF. C2 is discharged and C1 is charged. Accord-
ing to the KVL rule, the relationship between the capacitor
voltage VC1, VC2, and VC3 can be written as follows:
VC2=VC(C3

VC1 +VC3=Vo

DCM Operation

Three modes exist in DCM condition.

Mode 1 [t0, t1]: during this time interval, the operational
principle is the same as the mode 1 of CCM. The peak
currents of L1, L2 are derived as follows:

IL1p =IL2p = (Vi/L) DTS

Where L is the inductance of L1 and L2.

Mode 2 [t1, t2]: S1 and S2 are turned OFF. The equivalent
circuit is shown in Fig. 4(b). C2 is discharged and C1 is
charged. At the time of t2, the current through inductors
decreases to zero.
ILlp = IL2p =
~Vi)/4L*D2TS
Mode 3 [t2, t3]: S1 and S2 are still turned OFF, the induc-
tor current is 0, and the energy stored in the capacitor C1
and C3 is released to the load.

D2 =4Vi/(Vo — 3Vi)D

(VCI-Vi)2L* D2TS = (Vo

STUDY CONVERTER OPERATION

Voltage Gain:

The expressions of the voltage gain in ideal situation (i.e.,
the ESR of the device and the voltage drop of the diodes
are ignored) is

GSC—-ANC =3+D/1 - D

GSC—-Boost=2/1 — D

GSL—Boost =1+D/1 = D

GBoost=1/1 =D

Voltage Stress of Power Switch:

The normalized voltage stress on the power switch (Vs/
Vi) of the four converters is

(Vs/Vi)SC-ANC =1 + GCCM/4

(Vs/Vi)SC—Boost = GCCM/2

(Vs/Vi)SL-ANC = GCCM

(Vs/Vi)Boost = GCCM

The comparison of switch voltage stress in the four con-
verters is shown in Fig. 8. To realize the same voltage
ratio, the boost converter and SL-Boost converter pres-
ent the high voltage stress across the switches; while the
switch voltage stress is greatly decreased in SL-ANC and
SC-Boost. That means the switches with low Rds on can
be utilized, which is beneficial to the efficiency and cost.
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2,

Inductor Current

The normalized average inductor current (IL /Io) of the
four converters is

IL/To |SC-ANC = ([GCCM + 1]/2) IL/To |SC—Boost =
GCCMIL/Io |[SL-ANC = GCCM + 1/2IL/lo |Boost =
GCCM.

Multiple Stage Structure:

If higher voltage-conversion ratio is required, we can set
more capacitors and diodes on the output-stacking, which
is shown in Fig. 2. The operation principle of the im-
proved topology is similar to the proposed converter. The
voltage gain is given by

GCCM =Vo/Vi= (n + D)/(1 — D)

n must be an odd number

SIMULATION RESULTS:

In order to verify the effectiveness of the proposed con-
verter, a 200-W SC-ANC simulation circuit was designed
in MATLAB/Simulink.

e

: Fig S: switching signal, input capacitor voltage and
output capacitors voltages when Vi=20v

Fig 2: simulation design of proposed converter
topology

Fig 3: input voltage and input current when Vi=40v

Fig 3: input voltage and input current when Vi=20v

Fig 4: output voltage and input current when Vi=40v
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Fig 5: switching signal, input capacitor voltage and
output capacitors voltages when Vi=40v

CONCLUSION:

The operatingprinciples of the proposed converter in
CCM and DCM havebeen discussed in detail. The voltage
stress on active switchesand diodes is low, which is ben-
eficial to the system efficiencyand cost. Comparisons of
the proposed topology with the boostconverter, switched
inductor boost converter, and switched capacitorboost
converter are shown. Compared with these converters,
the voltage gain of the proposed converter is higher; the-
voltage across the power devices is lower; the inductor
currentis smaller.By using ahybrid boost-SC converter
topology, a high voltage was generated with maximal ef-
ficiencywith a converter of minimum mass.
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