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Abstract: In general two-stage converters are less efficient for low-voltage generators. Bridge rectifiers may increase the ripples at load. In 
this paper an efficient ac-dc converter is employed for directly conversion of low voltage ac supply to high voltage dc power with high 
efficiency. Control technique of PI control controller is for efficient operation, and is having easy of controlling. In the designing of proposed 
power converter the both buck-boost converter and boost converter are connected in parallel to each other. The converters are operated in 
positive half-cycle to get operating parameters relations. A control circuit is designed for converter self-starting operation. Simulation results 
are obtained for power converter to detailed observation by using MATLAB/simulink software. 
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1. INTRODUCTION 
 
Micro-generator the size of a dime that can produce over one 
watt of electricity, it can be used in mobiles. When it coupled with 
the power source it becomes a micro engine, and this is then 
used in electronic devices to power them. A spinning magnet 
over a mesh of coils on a chip can produces electricity. The 
higher the power required the faster the magnet has to rotate. 
There are many types of micro-generators are using as self-
powering devices. The inertial micro-generators, which harvest 
mechanical energy from ambient vibrations, are in the research. 
Basically micro-generators are having low power-level, ranging 
from few microwatts to tens of milliwatts.These micro generators 
are designed with a claw-pole stator and a multi-pole magnet. 
This specific design results in small generator volume and a 
relatively high power output.  Micro-generators are used in 
numerous applications, such as watches, mobile phones. The 
basic principle of Micro-Generator Systems(MGS) is the 
conversion of kinetic energy into electrical energy. The kinetic 
energyis converted into a rotation of the magnet within the micro-
generators. Different generator technologies are proposed, 
depending on application. 
They are 
I)   claw-pole generator, 
II) Lavet generator, and  
III)  Air coil generator. 
Due to small size and high efficiency, the claw-pole generator is 
most commonly used for watch applicationsThermoelectric micro 
generators are used in various applications. Power conversion 
(direct heat to electricity) is based on fundamental physical  
 
 
 
 
 

phenomena – See beck effect. A thermoelectric device 
generates voltage when there is a temperature difference 
between its sides. When voltage is applied to it, it creates a 
temperature difference. 
 

 
 
Fig.1.Resonance based inertial electromagnetic microgenerator 
 
And also there is another type of micro-generator; 
electromagnetic generator is having highest energy conversion. 
It is having conversion technique of mechanical energy is 
converted into electrical energy by electromagnetic coupling. The 
process by which an electromagnetic generator produces 
electricity is called electromagnetic induction. The output voltage 
of an electromagnetic micro generator is ac type. There is need 
to covert ac voltage into dc voltage type for load requirement. 
The resonance based inertial electromagnetic microgenerator is 
shown in fig.1. For that power converter is required. The 
basically power converter are two- stage converters. The 
disadvantages of using these types are rectification is not better 
by using conventional diodes and large amounts of losses due to 
forward voltage drops in the diodes. For eliminating problems 
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with two-stage converters, single-stage (direct ac-dc) is 
proposed. Bridge rectification is avoided in single-stage 
converters. 
 
A two-stage power converter: a diode bridge rectifier and buck-
boost (dc-dc) converter is shown in fig.2. The proposed dual 
polarity boost converter, as shown in Fig. 3, consists of a boost 
converter (inductor L1, switch S1, and diode, D1) in parallel with 
a buck–boost converter (inductor L2, switch S2, and diode D2). 
In this converter, the negative output to input voltage gain of a 
buck boost converter is utilized to step-up the negative half input 
voltage of the micro-generator to a positive high-dc output 
voltage. The proposed direct ac-to-dc converter is shown in fig.3. 
 

 
 
Fig.2. Block diagram for direct (ac to dc) power converter. 
 
In the proposed converter power converter the single capacitor is 
connected across parallel to the load. The charging of capacitor 
is done as follows: 
- By boost converter in positive half cycle. 
- By the buck-boost converter in negative half          cycle. 
By this dual-polarity boost converter is eliminated. 
In this paper, detailed analysis of proposed converter is 
evaluated. The appropriate control scheme is presented for 
operation of converter based on analysis. A simplified control 
strategy is designed for the high voltage operation. The 
operations and the implementations of the control scheme and 
the self-starting circuits are presented in detail.Simulations are 
carried out for the verification of the design, the proposed control 
schemes, and the proposed self starting circuit. 
 
 

 
 
Fig.3 schematic diagram of dual polarity boost converter 

         The paper is organized in the following manner: Section II 
presents detailed analysis of converter proposed. Section III 
presents the proposed control strategy for self-starting circuit. 
Section IV is having simulations of proposed converter. And 
finally conclusion is presented. 
 
II. SINGLE-STAGE (AC-DC) CONVERTER 
 
The electromagnetic micro-generators are works based on the 
principle of variation of flux linkage; it induces ac voltage in the 
coil. The output voltage of EMG system is sinusoidal. EMG’s are 
low voltage systems. If electromagnetic generators are 
connected to DC loads, it must require ac-to-dc converter. For 
efficient conversion operation a single stage(ac-dc) converter is 
proposed in this paper. 
The proposed ac-to-dc converter topology utilizes a bidirectional 
switch for its operation. A MOSFET channel is typically capable 
of conduction in both directions when it is sufficiently turned ON. 
This bidirectional switch is referred as S1 in this paper. 
The converter is operated in discontinuous mode (DCM). The 
main advantage of this operation: (1) a constant duty cycle gets 
constant power from source with simple control; (2) the DCM 
operation reduces switching losses whichare significant in such 
low power operation. The circuit diagram for the split capacitor 
topology is shown in fig.4. 
 

 
 
Fig.4. schematic diagram of (ac-to-dc) converter topology 
 
Analysis of converter 
 

A. Input side analysis 
 

The input current waveform of the converter is shown in fig.5 (a). 
And switching cycle of boost converter is shown in fig.5 (b). 
During boost converter operation, the input current i and boost 
inductor current are equal. In switching cycle, the energy 
transferred to the output is equal to energy stored in the inductor. 
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Fig.5. (a) Input current waveform of the converter. (b) 

Input voltage during a switching cycle of boost and buck–

boostConverter. 

 

There is having three capacitors to boost up the 

low voltage ac generated. And inductor L is for boost 

operation in half cycles. Consider any 𝑘𝑡ℎswitching 

cycle of the boost converter as shown in fig.5 (b); 

where𝑇𝑠the time period of the switching cycle, D is is 

the duty cycle of the converter. 

The peak value of the inductor current (𝑖𝑝𝑘) for a 

general switching cycle can be written as: 

 

𝑖𝑝𝑘= 𝑚1. 𝐷𝑇𝑠= 
𝑉𝑖𝑘𝐷𝑇𝑠

𝐿
 

During this switching cycle, the energy (𝐸𝑘) 

transferred from the input to the output can be 

obtained as: 

 

𝐸𝑘 = 𝑉𝑖𝑘𝑖𝑝𝑘𝑇𝑠(D +𝑑𝑓)/2 

 

Here 𝑉𝑖𝑘 =  𝑉𝑝sin (2𝜋. 𝑘. 𝑇𝑠/𝑇𝑖) 

 

N=𝑇𝑖/𝑇𝑠 

The average input power𝑃𝑖, of the converter can 

be obtained as: 

 

𝑃𝑖 = (
1

𝑇𝑖

) . ∑ 𝐸𝑘

𝑁

𝑘=1

=  (
1

𝑇𝑖

) . ∑ 𝑉𝑖𝑘.

𝑁

𝑘=1

𝑖𝑝𝑘.𝑇𝑠.(D + 𝑑𝑓)/2 

 

For large 

 

𝑃𝑖 =  
𝑉𝑝

2𝐷2𝑇𝑠

4𝐿1

 𝛽 

 

Here θ = 2π.t/𝑇𝑖 . 
 

 For fixed𝑉𝑝 𝑎𝑛𝑑 𝑉𝑜, β is constant. 

 

A. Output side Analysis 

The port currents 𝐼1(𝑡) and 𝐼2(𝑡) can be averaged 

over the switching cycle according to the DCM 

operation. A switch-diode low frequency model can 

be formed by averaging over the switching frequency 

as shown in fig. (6). 
 

 
Fig.6. DCM switch model 

The three time periods D.𝑇𝑠,𝑑𝑓 . 𝑇𝑠 and 𝑑𝑠. 𝑇𝑠 

corresponds to the three states of the converter in 

each switching cycle. 

The average values of voltage and current are 

written as: 

 

𝑉𝑎𝑣𝑔(𝑡) =  𝑑𝑓[𝑉0(𝑡) −  𝑉𝑖(𝑡)] + (1 − 𝐷)𝑉𝑖(𝑡) 

 

𝐼𝑎𝑣𝑔(𝑡) = (0.5 𝐼𝑝𝑒𝑎𝑘(𝐷 + 𝑑𝑓)𝑇𝑠)/𝑇𝑠 

 

The voltages 𝑉2(𝑡) and  𝐼2(𝑡) are similarly averaged 

as: 

 

𝑉2𝑎𝑣𝑔(𝑡) =  𝑉𝑜(𝑡) 

 

𝐼2𝑎𝑣𝑔(𝑡) =  (0.5 𝐼𝑝𝑒𝑎𝑘𝑑𝑓𝑇𝑠)/𝑇𝑠 
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I. CONTROL STRATEGY OF SELF-

STARTING CIRCUIT 

The control strategy for the proposed converter 

circuit is self-starting technique. For energy-

harvesting systems are having low power operations 

for that self-starting circuit is good for high 

efficiency operations.  

𝑉𝑏 < 𝑉𝑜 − 𝑉𝑓 

 

 
Fig.7. circuit diagram of proposed self-starting circuit 

 

 
 

Fig.8. proposed energy harvesting system with control 

circuit (PI controller) 

 

In low power applications, the implementation of gate 
driver circuit and control circuits is very important. These 
circuits consume very low power and are able to drive 
circuit in steady state operation. For that a simple PI 
controller is implemented to regulate the output voltage 
and a Specific feedback circuit for the converter is 
designed. 
 

 
Fig.9.op-amp based PI controller 

 

The battery nominal voltage 𝑉𝑏 = 3V and forward 

voltage drop of diodes 𝑉𝑓 = 0.22V and desired output 

voltage 𝑉𝑜 should be selected for self-starting circuit. 

Therefore for the usage energy during starting of converter 
efficiently, the three diodes are connected at the output are 
𝐷𝑎, 𝐷𝑏 𝑎𝑛𝑑 𝐷𝑐 . this self-starting circuit can be used to 
operate the energy harvesting system for indefinite period 
of time. 

The circuit diagram for energy harvesting system with 
proposed single-stage boost converter having self-starting 
circuit and PI controller for generation of the firing signals 
for IGBT’s  is shown in fig.8. The proposed self-starting 
circuit is shown in fig.7.A battery and schottky diodes are 
used for the designing of the self-starting circuit for the 
converter start up. The battery nominal voltage Vb should 
be less than the target output voltage Vo minus the forward 
voltage drop of a diode Vf for successful operation for self-
starting circuit. 

 
IV. SIMULATION RESULTS 
 
The proposed single-stage (ac-to-dc) converter with 

low voltage energy harvesting systems results are verified 
by designing simulation circuit in MATLAB/Simulink 
software. The verification of proposed converter topology is 
also done. The closed-loop simulation of the converter is 
carried out based on the control scheme of self-starting. 

The simulation circuit of single-stage boost converter 
for low voltage energy harvesting system is shown in fig. 
(10). 

 

 
 
 

Fig.10. simulation circuit of proposed single-stage (ac-dc) 

boost converter 

The input to the converter is sinusoidal voltage of 0.4V 
(400mv) with frequency of 100Hz is given for verification. 
And load resistance of 200Ω is connected. The reference 

 
Fig.11.simulation model of control circuit 
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In the simulation, the input voltage and input current wave forms 
are shown in fig. (12), voltage and current wave forms of boost 
converter are shown in fig. (13), and the current waveforms of 
boost and buck-boost converter are shown in fig. (14). the duty 
cycle of the controller is taken as 0.7. The inductance value 
should be taken as 4.7 µH. 
During the positive half cycle boost converter is operated and 
buck-boost converteris operated negative half cycle. The duty 
cycle of PI controller is shown in fig. (15), the waveforms of 
constant voltage of 3.3V and output voltage are shown in fig. 
(16). 
output voltage (V_ref) is taken as 3.3V. The control circuit 
designed with PI controller is shown in fig. (11). 
 

 
 
Fig.12. simulation results of input voltage and current 
 

 
Fig.13. Simulation results of voltage and current 

waveforms of boost converter 

 

 
Fig.14.simulation results of boost and buck-boost 

converter current waveforms 

 

 
Fig.15.simulation waveform of duty cycle of PI 

controller 
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Fig.16.simulation waveform of constant 3.3V voltage 

(𝒗𝒄𝒐𝒏𝒔𝒕) and output voltage (𝒗𝒐) 

 

The simulation results of switching signal of S1, 

input voltage (𝑣𝑖𝑛), switching signal S2, and input 

current (𝑖𝑖𝑛) are shown in fig. (17), and simulation 

waveforms of output voltage (𝑣𝑜), output current (𝑖𝑜) 

are shown in fig. (18). 

 

 
Fig. (17). Simulation results of switching signal of S1, 

input voltage (𝒗𝒊𝒏), switching signal S2, and input 

current (𝒊𝒊𝒏) 

 

Fig. (18). Simulation waveforms of output voltage 

(𝒗𝒐), output current (𝒊𝒐) 

 
V. CONCLUSION 
 
The proposed single-stage (ac-to-dc) converter for low voltage 
energy harvesting systems is having high efficiency for low 
power applications. In general converters are designed with 
bridge rectification, but in bridge rectification diodes are 
increases switching losses. To avoid losses bridge rectification is 
eliminated, a direct ac to dc converter is proposed with self-
starting control technique. 
Boost converter is connected in parallel with buck-boost 
converter in proposed converter formicrogenerator applications. 
A control scheme is designed for IGBT’s switching with PI 
controller. A self-starting circuit is proposed for the operation of 
converter in both positive and negative half cycles of input low ac 
voltage. The electromagnetic resonance generators are having 
output of low voltage of ac supply, for connection these to dc 
loads is done by proposed single-stage (direct) AC-to-DC 
converter. 
The operational analysis of proposed single-stage converter is 
done by using MATLAB/simulink software. The simulation 
outputs are mentioned in simulation results section. 
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