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Abstract

In this paper presents a low voltage electromagnetic energy
harvesting systems consisting of a microgenerator and power
processing circuit is to be analysed. The microgenerator is
capable of producing a voltage of a few hundred millivolts. A
conventional two-stage power conversion schemes cannot be
used for such a low AC voltage, a suitable single stage AC-DC
converter is utilized for power processing. The converter boosts
the low AC voltage to a nominal DC voltage required by
electronic devices. An electromagnetic micro generator which
converts vibration into electrical energy. The output of the micro
generator is of the order of millivolts and is an ac voltage. It has
to be converted to dc as well as stepped up into a higher voltage
as required by an electronic load. This is achieved by a step up
converter where a direct ac/dc conversion takes place. This
paper is analyse a number of suitable converter topologies for
low voltage, low power energy harvestings are presented.
Significant challenges in converting the power and novel
converter topologies for low voltage microgenerators are also
highlighted in this paper.

Keywords: AC-DC power conversion, boost converter, energy
harvesting, low power, and low voltage.

1. Introduction

In the present scenario of global warming, self powered
devices play a very important role. They can perform their
operations without any external supply by scavenging
energy from the environment.

Energy harvesting systems aim to reduce or eliminate the
need to replace batteries, by converting ambient energy
into electrical energy and charging a battery over time.
Energy harvesting devices generally produce relatively low
output power. In energy harvesting systems, power
electronic circuit forms the key interface between
transducer and electronic load, which might include a
battery. Energy can be stored in a capacitor or super
capacitor. Capacitors are used when the application needs

to provide huge energy spikes. The power electronic
circuits are employed to 1) regulate the power delivered to
the load, and 2) actively manage the electrical damping of
the transducers so that maximum power could be
transferred to the load [1]. The output voltage level of the
low voltage energy harvesting devices is usually in the
order of a few hundred millivolts depending on the
topology of device. The power requirement of electronic
devices such as wireless sensors, medical implants etc. has
been considerably reduced due to the developments of the
highly efficient semiconductor devices. The power
requirement of these electronic devices are of the order of
a few milli watts which can be harvested from the ambient
energy in the from solar, wind, vibrations, thermal, etc by
using various types of micro generators. While solar
Energy provides relatively higher energy density outdoors,
its efficiency under indoor conditions is considerably
lower. Similarly, Thermal devices require a temperature
gradient in order to generate electrical energy and this is
difficult to achieve over the small distances available in
miniature generators. Consequently, this paper is
concerned with motion -driven micro-generators, which
generate electrical energy from a source of kinetic energy,
usually a vibration. A vibration Energy harvesting using
piezoelectric and electromagnetic and electrostatic
generators require high excitation energy to provide
reasonable power levels.

In the field of low power generation, Vibration-driven
generators were very attractive due to the availability of
the vibration energy in the environment. Therefore
Electromagnetic microgenerators [2,3] (Fig. 1) are
considered for this work. A permanent magnet is used to
induce emf in a stationary coil. They can be represented as
spring-mass-systems, in  which electrical energy is
harvested by electromagnetic damping. The output voltage
of a microgenerator is a small AC quantity (typically a few
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hundred millivolts). Electronic loads generally required a
steady DC voltage (1.8V-3.3V) for operation.
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Fig. 1 Schematic diagram of the vibration based microgenerator [2]

The conventional power converters use diode bridge
rectifiers and condition the microgenerator outputs in two
stages (Fig.2). Hence, they are inefficient and may not be a
feasible option for very low voltage microgenerators.
Moreover, they are not conducive for optimum energy
harvesting. To address the problems of the conventional
two-stage converters, direct ac-to-dc converters are
proposed [4], [5]. In these converters, bridge rectification
is avoided and the microgenerator power is processed only
in a single-stage boost-type power converter (Fig.3).
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Fig.2. Block diagram of Conventional two-stage power conversion
consisting diode bridge rectifier[9]
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Fig. 3 Block diagrams of Direct ac-to-dc power conversion

A number of direct AC-DC boost converters have been
reported by authors that can boost such low AC
microgenerator voltage to a steady DC voltage. This paper

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 5, May 2015.

WWW.ijiset.com

ISSN 2348 — 7968

analyse those type of power converters and to verify the
operation of the converter..

2. Analysis of different Converter Topologies

2.1 Standard 2-Switch H-Bridge Converters
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Fig.4 Standard2-Switch/4-Switch H-Bridge Converters

The standard 2-Switch H-Bridge converters is shown in the
Fig.4 for direct AC to DC boost conversion. In order to
achieve the boost conversion, the lower switches (S; and
S, ) should be able to conduct in both the directions
[7].The bidirectional conduction capability of MOSFETs
can be used to achieve the boost operation. During the
positive half cycle, S2 is kept ON for the entire half cycle
and the gate pulse to S2 is controlled to achieve the boost
operation. Similarly, during the negative half cycle, S1 is
kept ON for the entire half cycle and the gate pulse to S1
is controlled. However, there are several disadvantages in
using the H-Bridge converters. The first problem is that
there are two devices in the conduction path during the
charge or discharge of the boost inductor. The second
problem is that it offers higher ON-state resistance, which
further increases the conduction losses in the H bridge
topologies. The second major problem is that the input
voltage polarity has to be sensed to control S2 and S1, but
here the input voltage polarity seems to be floating with
respect to output voltage ground. This makes the
implementation of control circuit to be difficult.
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Fig.4 Standard2-Switch/4-Switch H-Bridge Converters
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2.2 Dual Polarity Boost Converter

In Dual Polarity Boost Converter shown in Fig.5, the
output dc bus is split into two series connected capacitors
and each of these capacitors is charged only for one half
cycle of microgenerator output voltage. Each capacitor is
charged only in the respective half cycle. However, they
discharge to the load continuously causing large voltage
drops. Extremely large capacitors are needed to make the
voltage ripple acceptable. This makes the converter
response very slow. The control of the converter also
requires input line polarity sensing adding further
complexity. Because of large capacitors will be required,
these are not practical due to size limitations of micro
generators [8].
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Fig.5. Dual Polarity Boost Converter.

2.3. Direct ac-dc converter :split-capacitor
topology

The circuit diagram for split capacitor topology is shown
in Fig. 6 [10]. This type of topology is a modified dual
converter topology. In this converter a single inductor L is
used for boost operation in both half cycles. The converter
have three capacitors to boost the low ac voltage. Here the
bidirectional current conduction and blocking capability of
MOSFET is used to form a bidirectional switch. In this
circuit the front-end bridge rectifier is replaced by the
bidirectional switch for single stage power conversion. The
bidirectional switch is realized by connecting drain of an n-
MOSFET to the source of a p-MOSFET so that their body
diodes block the current in the opposite direction. The gate
signals are given to the MOSFETS simultaneously so that
they are turned on and off at the same instants and thus can
conduct and block current in both directions. The
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bidirectional switch is shown as S1 in Fig.6. Here the
converter is operated in discontinuous conduction mode
(DCM). This operation has many advantages:

a) A constant duty cycle extracts constant power from
source , enabling a simple control.

b) A converter operating with a constant duty cycle has
only fundamental and switching harmonic frequency
components and thus offers a resistive load to the
microgenerator.

c) DCM operation reduces switching losses which are
significant in low power applications.

The spilt capacitors, C2 & C3, are charged and
discharged by the inductor, L, in the positive and negative
half cycles of the input voltage and they recycle the
inductor energy to the output. During the positive half
cycle the inductor current increases linearly from zero
when switch S1 turns ON. When S1 is turned OFF, the
body diodes block the circulating current. Diode D1 is
forward biased, and the current flows into capacitor C2 to
complete the charging process. In the negative half cycle,
the current rises in the opposite direction when S1 is turned
ON. However, this time, when S1 is turned OFF, diode D1
remains OFF and diode D2 is forward biased. The inductor
energy is transferred to capacitor C3. The three capacitors
share energy through charge recycling. It should be noted
that even though voltages across capacitors C2 and C3
show large variations, the duty cycle can be effectively
controlled to maintain a steady voltage across output
capacitor C1.
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Fig.6. Direct ac-dc converter :split-capacitor topology

A simple proportional controller is used to regulate output
voltage to a nominal value of 3.3V. A single op-amp in
differential mode is used to implement the controller and
the error amplifier.

2.4 Parallel combination of boost & buck-boost
converter:

A Parallel combination of boost & buck-boost converter
topology consists of a boost converter which is placed in
parallel to a buck-boost converter[9]. Here, L1 and D1
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form the boost converter, whereas L2 , S form the buck-
boost converter as shown in Fig. 7. The boost converter is
operated during the positive half-cycle, while the buck-
boost converter is operated during the negative half-cycle.
Since the voltage gain of buck-boost converter is negative,
it produces a positive dc output voltage during the negative
half cycle. Here, the output capacitor is realized by using a
single capacitor so that it is charged by the boost converter
during the positive half cycle and by the buck-boost
during the negative half cycle. Thus, it resolves the
problems of dual polarity boost converter.
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Fig.7.Parallel combination of boost & buck-boost converter
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2.4 Bridgeless boost converter

A bridgeless boost rectifier[Fig.8] is a unique integration
of boost and buck boost converter. In previously discussed
converter have two inductors L1 and L2 for its operation
during positive and negative operation. But the bridgeless
boost rectifier consists of a boost converter (S1, L and D1)
in parallel with a buck boost converter (S2, L and D2) with
an single Inductor L. Then output dc bus is realized by
using a single capacitor. The output capacitor is charged
by the boost converter in positive half cycle and by the
buck boost converter in the negative half cycle. Therefore
this converter also resolves the problems present in a dual
polarity boost converter. The boost and buck-boost
topologies could share the same inductor and capacitor to
meet the miniature size and weight requirements.

When the input voltage is positive, S1 is turned ON and
D1 is reverse biased, the circuitry operates in the boost
mode. As soon as the input voltage becomes negative, the
buck-boost mode starts with turning ON S2 and reverse
biasing D2.
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MOSFETs with bidirectional conduction capability work
as two-quadrant switches to ensure the circuitry
functionality in both positive and negative voltage
cycles[10].

3. Simulation results

A sinusoidal ac voltage with an amplitude of 400mV and
frequency 100Hz is given instead of the microgenerator
output for simulation. The switching frequency of the
converters is selected to be 10 kHz. The simulation is done
in MATLAB.

3.1 Standard 2-Switch H-Bridge Converters
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Fig 7. Output voltage of 2-switch H-bridge converters

Fig.7 shows the Output voltage of 2-switch H-bridge
converters. From the simulation results, the conventional
power converters have got more ripples and the output
voltage obtained is very low compared to others. The
standard H-bridge converters produce an output voltage of
0.16-0.18V.
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3.2 Dual Polarity Boost Converters
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Fig.8. Output VVoltage of Dual Polarity Boost Converters .

A microgenerator of 400mV peak sinusoidal output
voltage with a resonance frequency at 100Hz is chosen for
the verification of the this converter topologies. The
converters are designed to boost the microgenerator input
ac voltage to the dual polarity boost converters produce an
output voltage of 3.14-3.16 dc voltage, which is connected
to a 200Q load resistance. This load draws about 55mW of
power. The efficiency of this converter is only 50%.

3.3 Direct ac-dc converter :split-capacitor topology

The output voltage waveform of a split-capacitor topology
converter is shown in Fig. 9. The converter is operated at a
switching frequency of 10kHz with a nominal load of 1 kQ
It can be seen that the output voltage reaches a steady state
value of 3.3 V. To obtain a regulated output voltage, a
single op-amp based proportional controller is used. The
efficiency of the split capacitor topology converter is about
60%.

Fig.9 Output waveform of Direct ac-dc converter :split-capacitor
topology
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3.4 Parallel combination of boost & buck-boost
converter
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Fig.10.Input voltage, Output Voltage and Current of Parallel combination
of boost & buck-boost converter

A sinusoidal ac voltage with an amplitude and frequency
are set to 400 mV and 100 Hz, respectively. The reference
output voltage (Vrer ) and the full load resistance selected
are 3.3 V and 200 Q, respectively. The output voltage of
the converter is shown in Fig. 16. It can be seen that the
low ac input voltage is successfully boosted to a well-
regulated higher dc voltage (3.3 V). An efficiency of this
converter is 61%.
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3.5 Bridgeless boost converter

Vo

The bridgeless boost rectifier was simulated using
MATLAB/SIMULINK. The topology combines a boost
converter and a buck-boost converter to condition the
positive input cycles, respectively. Only one inductor and
one filter capacitor are required in this topology. The
topology successfully boosts the 0.4V, 100Hz ac to 3.3V
dc. The output voltage regulated to 3.3V through closed
loop voltage control.

4. Conclusions

In this paper the different electromagnetic power
converters were simulated and the results are presented.
From the simulation results, the conventional power
converters have got more ripples and the output voltage
obtained is very low compared to others. The standard H-
bridge converters produce an output voltage of 0.16-
0.18V, whereas the dual polarity boost converters produce
an output voltage of 3.14-3.16V. The parallel combination
of boost & buck-boost converter produces more output
voltage compared to others and is approximately 3.3 V.
These energy harvesting techniques can be used to replace
the batteries, which poses problems regarding its
recharging, cost, replacement, size, etc. The typical
applications of energy harvesting are mainly in bio-
medical fields, and wireless sensor networks.
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