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Abstract 
In this paper direct AC to DC is 

converted by proposed model from low AC 

voltage to high DC voltage in single stage 

conversion. And this paper presents an efficient 

AC to DC power that avoids the bridge 

rectification and directly converts low AC input 

voltage to high DC output voltage. This proposed 

converter consists boost converter and buck-boost 

converter both are connected in parallel to process 

the positive and negative half cycles of the input 

voltage. Analysis of the converter is carried out. 

Simulation results are presented to validate the 

proposed converter topology and control scheme.  

  

Index Terms—AC–DC conversion, boost 

converter, energy harvesting, low power, low 

voltage, power converter control. 

 

I. INTRODUCTION 
Normally self powered devices harvest the 

ambient energies by microgenerators and having 

without any continuous power supply. Many types of 

misrogenerators used for harvesting different forms 

of ambient energies [1]-[8]. The types of generators 

are electromagnetic, electrostatic and piezoelectric 

[5]-[10],[12]-[16]. Compare with all types of 

microgenerators electromagnetic microgenerators 

have the highest  energy density.  In this study 

electromagnetic generator is considered.  The power 

level of inertial microgenerators is very low  ranging  

from few micro watts to tens of milliwatts.  In 

practical , electromagnetic micro generators are 

spring-mass-damper based resonance system shown 

in fig(1). In this, the small amplitude mechanical 

vibrations are amplifeied into larger amplitude 

translation movements. The functionality of the 

power converter is important than the maximum 

energy conversion. The output voltage of 

electromagnetic microgenerator is ac type but all 

electronic loads require dc voltage for further 

operation. Due to the practical size limitations the 

outputs of electromagnetic micro generator is very 

low(few 100mv), where the electronic loads require 

higher dc voltage(3.3v)     

 

    

 

 

 

 

 
Fig 1. Schematic diagram of a resonance inertial 

microgenerator 

In conventional power  converters the ac –to 

–dc  conversion is taken place by two stages that are 

first, diode bridge rectification and second power 

converters (standard buck or boost converter) to 

boost the ouput voltage(fig.2.). the  existing power 

converter model have the major disadvantages that 

are first, the diode bridge rectification is not feasible 

for very low voltage electromagnetic 

microgenerators. Second, if diode bridge rectification 

is feasible, the forward voltage drops in the diode 

will cause a large amount of losses and make the 

power converter is inefficient. 

To achieve the problems of the previous 

converter model direct ac-to-dc is proposed 

[10],[13],[15]. In this proposed converter model, 

bridge rectification is avoided and the microgenerator 

power is processed by single stage boost type  power 

converter (fig3). In this tcleype power converter the 

output dc split into two series connected capacitors 

and each capacitor charged for only one half cycle 

the microgenerator output voltage. The time periods 

of the resonance-based microgenerators output 

voltages are normally milliseconds, very large 

voltage drops will occur in the capacitors during the 

half cycles when the capacitors are not charged by 

the converter. In practical, large capacitors will 

required  to achieve the allowable voltage ripple at dc 

bus output. This is not applicable for microgenerators 

because of practical size limitations. 
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Fig 2. Conventional two stage power conversion 

model 

 
Fig 3. Proposed converter model (Direct ac-to-dc 

conversion) 

The direct ac-to-dc converter is proposed in 

[21]. The proposed converter  represented in fig4.  

The circuit consists of boost converter (Switch S1, 

inductor L1, Diode D1) and buck- boost converter 

(Switch S2, inductor L2, Diode D2). These two 

converters are connected in parallel.  The operation 

of the converter model consists total four modes. For 

positive half cycle boost converter switch S1 is turned 

ON, and inductor L1 stores the energy and 

dischargers through the Diode D1 and Capacitor. For 

negative half cycle buck-boost converter Switch S2 is 

turned ON, and inductor L2 stores the energy and 

dischargers through Diode D2 and capacitor.   

The converter is designed to operate in 

DCM mode. By this mode of operation switching 

losses and diode reverse recovery will be reduces. 

And the control scheme of the DCM is simpler than 

the CCM. For constant duty cycle operation DCM 

operation , the input current of the converter is 

proportional to the input voltage at every switching 

cycle. 

 
Fig 4. Proposed direct ac-to-de model. 

II. DIRECT AC-TO-DC CONVERTER 
The proposed power converter is direct ac-

to-dc power consisting of one boost converter and 

one buck-boost converter. These two converters are 

connected in parallel. The operation of the circuit is 

discussed in[21]. 

 

A. Converter analysis 

Consider the input current waveform of the 

converter as shown in Fig. 5(a). It can be noted that 

during the boost converter operation, the input 

current i and the boost inductor current (iL1 ) are 

equal, but during the buck–boost converter operation, 

the input current i and the current in buck–boost 

inductor (iL2 ) are not equal. This is because, in the 

buck–boost converter the input current becomes zero 

during the switch turn OFF period (TOFF). 

Therefore, in a switching cycle, the energy 

transferred to the output by a buck–boost converter is 

equal to the energy stored in the inductor, whereas, in 

the boost converter, the energy transferred to the 

output is more than the energy stored in the inductor. 

Hence, for the equal duty cycles, input voltages and 

inductor values (L1 = L2 ), the total powers delivered 

by the two converters over an input voltage cycle are 

not equal. In this section, analyses of the converters 

are carried out and the relations between the control 

and circuit parameters of the boost and the buck–

boost converters pertaining to the input power and 

the output power are obtained. 

 

B. Converter analysis and control 

 
Fig. 5: Input current, gate drive signal and input 

voltage during a 

boost converter switching cycle. 

 

Consider the input current waveform of the converter 

and various variables as defined in Fig 4. The 

average input power, Pib, of the converter can be 

obtained as : 

                           (1) 
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where, θ = 2π .t / T i . It can be noted that in the above 

equation, (1), β is constant for fixed Vp and Vo. In 

steady state, the ratio of the duty cycle of the boost 

converter (Db) and the duty ratio for the buck-boost 

converter, Dc, can be obtained (2). 

                                          (2) 

Form the above equation (2), two different 

schemes can be proposed to control the converter. In 

Scheme 1, the values of the inductors are set to be 

equal (L2 = L1). But the converters are controlled 

with different duty cycles, which satisfy the 

condition: Dc Db √β . In Scheme 2, both the boost 

and the buck-boost converter are controlled with 

same duty cycle (Db =Dc). To achieve this, the 

inductor values are chosen to satisfy the condition: 

L1 = β.L2. It can be seen from (1) that with higher 

value voltage step-up ratio the duty ratios of the two 

converters become almost equal.This is assistive for 

the target application where the very low voltage is 

stepped up to a much higher dc output voltage.  

 

III. SIMULATION RESULTS 
A resonance-based electromagnetic 

microgenerator, producing 400 mV peak sinusoidal 

output voltage, with 100Hz frequency is considered 

in this study for verification of the proposed 

converter topology (see Fig. 4). The closed-loop 

simulation of the converter is carried out based on the 

control schemes presented in. The reference output 

voltage (Vref) is considered to be 3.3 V. The energy-

harvesting converter is designed for supplying power 

to a 200-Ω load resistance, hence, supplying about 55 

mW of output power. 

The simulation model of the proposed 

energy harvesting conveter and its control scheme 

shown in fig.6. The sensed output voltage of the 

converter is processed by a low-pass filter. The 

processed signal is compared with the reference 

voltage Vref . The error signal is used by the PI 

controller to estimate the control voltage that is 

compared with a saw-tooth waveform in the pulse 

width modulator (PWM). The pulse signal produced 

by the PWMis fed to the two buffers that can be 

enabled by external signals. The comparators in the 

polarity detector unit enable the appropriate buffers 

to produce the gate pulses (Vg 1 and Vg 2 ) that 

control the MOSFETs of the boost and buck–boost 

converter during appropriate half cycles. In this 

study, the resonance-based electromagnetic 

microgenerator is modeled as an ac voltage source. A 

signal generator followed by a high-current buffer is 

used to realize the microgenerator output voltage (see 

Fig. 6). This buffer can be realized by using a power 

operational amplifier in voltage follower mode. 

Further, it can be mentioned that the self-resistance 

and self-inductance of the electromagnetic 

microgenerator are very small, therefore, the self-

impedance of the microgenerators are not included 

for the analysis of the proposed converter operation. 

However, it can be incorporated in the analysis, for 

the prediction of the performances of the entire 

energy harvesting system. 

 
Fig 6. Circuit diagram of the energy harvesting 

converter 

 
  The converter design is carried out based on 

the analysis and design guidelines, discussed earlier 

in the Sections II. Commercially available MOSFET 

(Si3900DV from Vishay) is selected to realize the 

switches S1 and S2 . The forward voltage of the 

selected MOSFET body diode is about 0.8 V, which 

is higher than the peak of the input voltage. This 

inhibits any reverse conduction in the MOSFETs. 

The nominal duty cycle of the converter is chosen to 

be 0.7. The inductor is designed to have a standard 

value of 4.7 μH and commercially available inductor 

(IHLP-2525CZ from Vishay) is used to realize L1 

and L2 . Based on these designed values, the 
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switching frequency of the converter is selected to be 

50 kHz. The diodes, D1 and D2 are chosen to be 

schottky type with low forward voltage (0.23 V, 

NSR0320 from ON Semiconductor). The output 

capacitor value is 68 μF. The converter simulations 

are carried out in Saber. Circuit models of the 

selected devices and components, available from the 

manufacturers, are used in the simulations. Various 

values for circuit components of the designed 

converter are presented in Table I. To verify the 

proposed control techniques, at first simulation is 

carried out for the control scheme1, using L2 = L1 = 

4.7 μH and the duty ratio of the two converters are 

not equal. In the simulation, the duty cycle of the 

boost converter Db is estimated by a PI controller 

(see Fig. 4). The buck–boost converter duty cycle Dc 

is calculated from the estimated duty cycle Db. The 

input current of the boost converter (see ib in Fig. 4) 

and the input current of the buck–boost converter 

(see ic in Fig. 4) for load resistance R = 200 Ω is 

shown in Fig. 7(a) and (b), respectively. The total 

input current and the microgenerator output voltage 

(vi ) are shown in Fig. 7(c). It can be seen that the 

boost converter is operated during the positive half 

cycle, while the buck–boost converter is operated 

during negative half cycle of the microgenerator 

output voltage.  The converter output voltage is 

shown in Fig. 8. The simulation output voltage of the 

energy harvesting circuit is shown in fig 9. 

 

 
Fig. 7. (a) Boost input current, (b) buck–boost input 

current, and (c) total input current with ac input 

voltage for R = 200 Ω and L1 = L2 . 

 
Fig.8. (a) Output voltage for R = 200 Ω and L1 = L2 . 

 
Fig 9. Simulation output voltage of energy harvesting 

circuit at R=200Ω 

The converter is also tested for a higher load 

resistance R=400Ω. By testing the higher load 

resistance the ripple content at R=200Ω is neglected 

in R=400Ω, that is upto 1.091. The output voltage of 

the R=400Ω can be shown as in fig.10. 

 
Fig 10. Simulation output of the energy harvesting 

circuit at R=400Ω 

 

IV. EXPERMENATL RESULS 
The circuit is further tested for input voltage 

50V, the output can be expected as near to 200V. The 

simulation result of the energy harvesting circuit at 

the voltage of 50V can be shown in Fig.11. 

 
Fig.11. simulation output voltage of the energy  

harvesting circuit at input voltage 50V. 
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To calculate the power losses in the various 

components of the converter, the currents in the 

components of the converter circuits were measured 

and the values of the parasitic components (see Table 

I) were estimated. The measured currents, voltages, 

and the estimated component values were used to 

calculate the loss components analytically. In Table 

II, various loss components of the converter for the 

load resistance R = 200 Ω are presented. The power 

consumed by the entire control circuit is estimated.  

From this loss analysis, the estimated converter 

efficiency is 63.8%. This estimation agrees with the 

measurements and earlier simulation results. Further, 

it is found that in the case of inductor loss, about 70% 

of the total loss is due to the copper loss and the 

remaining 30% loss is due to the magnetic losses. 

Hence, with proper design of the conductor and the 

magnetic components, the converter efficiency can be 

improved. In the case of MOSFET loss, about 93% of 

the total loss is caused by the conduction loss and the 

remaining loss is due to the switching loss. 

Therefore, with the use of larger MOSFETs with 

lower ON-state resistance (Rds ON), the efficiency 

can be further improved. It can be noted that the 

efficiency of the converter, proposed in this study, is 

higher than the efficiency of the reported energy 

harvesting converters (44% 

in [20]). 

 
 

V. CONCLUSION 
The presented direct ac-to-dc low voltage 

energy-harvesting converter avoids the conventional 

bridge rectification and achieves higher efficiency. 

The proposed converter consists of a boost converter 

in parallel with a buck–boost converter. The negative 

gain of the buck–boost converter is utilized to boost 

the voltage of the negative half cycle of the 

microgenerator to positive dc voltage. Operation  of 

on state resistance efficiency has been improved. the 

proposed converter can also be successfully used for 

maximum energy harvesting. 
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