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 A B S T R A C T 

Various applications of the piezoelectric energy in the modern world require an efficient AC-DC low 

power converter. As the two stages converter with bridge rectifiers may not be used because the diodes 
would not be suitable for low volt ranging between 100 to 200mv, these are considered an efficient 
element in the low volt circuits because of their entire losses.  In this paper, a small and efficient AC-DC 
low power converter is presented. It directly converts low AC voltage to the required output DC voltage 
using one stage instead of bridge rectification. The proposed converter combines both boost and buck 
boost converters which are parallel constructed to condition the positive and negative half cycle of the 
input AC volt respectively. Two inductors and one capacitor are used for booth circuits in terms of 
reducing the size. The circuit is tested at 50 kHz switching frequency with two different duty cycles to 
rectify a 0.5 AC volt to about 3 DC volts with an estimated efficiency of 65%. The simulation result was 

3.7 DC V from 0.5 ACV. The circuit analysis and the design guide line are explained. The circuit is 
designed and tested using Matlab (Simulink) software. 

 رافع بدون قنطرة للطاقة الكهروضغطية AC-DCدائرة منظم 

 حسن أبونوارة و جمال محمد أحمد و  سالم العربي شفاط و  عادل عيس ى بن عيس ى*

 قسم التقنيات الكهربائية والإلكترونية، المعهد العالي للتقنيات الهندسية ، طرابلس، ليبيا

 

Introduction 

The power requirements for electronic devices have been reduced 
dramatically over the last decades because of the development of 
energy efficient semiconductor devices. Batteries to supply the 
electronic loads may not be used because of the short time of their 
running life; hence, batteries are replaced by self-powered devices 
which can perform continuous operations without external power 

supply due to harvesting the ambient energy. This development has 
led to the increase and development of wireless electronic devices, 
medical implant, power sensors and other low power electronic 
devices which require a low voltage ranging between hundreds of mv.  
The self-power is due to harvest the environment energy in the form 
of heat light and vibration [1]. Low frequency vibration, human 
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motion, noise and solar are considered as some sources that can be 
exploited by the harvester energy system. The mechanism for 
harvesting these types of energy is piezoelectric, electrostatic and 
electromagnetic. The piezoelectric micro generator harvests the 
energy by converting the mechanical strain to electric current while 

the electrostatic harvests the energy using the phenomenon of charging 
the vibration capacitance. Moreover, the electromagnetic harvest the 
energy by converting the vibration to electric energy using a magnetic 
inductor. The output of the piezoelectric and electromagnetic is an AC 
while the electrostatic generates DC volt. [2] 
The piezoelectricity as shown in figure (1) is one of the topics which 
continue to be something for laboratory research for the next decades 
as many works have been done to define and explore the crystal as 
element which exhibits piezoelectric. Micro power generator of the 

piezoelectric is an element which produces an electrical potential with 
low current and high volt. This production of the potential is caused 
when the piezoelectric material is put under strain of either 
compression or deflection. This material is either traditional type such 
as crystal or micro fibre composites (MFC) [1]. For example, 
piezoelectric desk can generate electricity when changing in shape is 
occurred due to compression or deflection. 

 
 

Fig. 1: Diagram of piezoelectric [1] 

The main advantages of piezoelectric element are: 
- No need for external energy source.  
- The energy density is high compared to the other components. 
- Produce voltage ranging between 2-10V. 
In comparison to the electromagnetic and electrostatic, the 
piezoelectric has the highest energy density [1]. 

Piezoelectric micro generators are generating an AC volt, however the 
operation of the electrical devices requires DC volt. Hence, the output 
of piezoelectric electric micro generators needs to be processed using 
a suitable low power converter to fulfil the required DC volt for the 
load [3]. 
Since size and efficiency are the main factors for designing electronic 
devices, this paper has avoided using bridge rectification which uses 
diodes for rectification and DC-DC converter in the second stage and 
replaced it by one stage only for rectifying and boosting the low input 

volt. The output is passed to one capacitor which charges both cycles 
of the micro generator output. However, extremely large capacitor is 
needed to reduce the ripple at the output DC bus.  
A new direct AC - DC converter for low power applications is 
proposed in order to rectify low AC volt (0.5v) and boost it to about 
(3.17 DC v) which is the required voltage for many different electronic 
devices. This converter consists of boost converter in parallel with 
buck boost converter. When the low power input source is positive the 

boost converter is working. Similarly, buck boost converter only 
works when the input volt is in the negative half cycle.  
The main objective of this paper is to design and simulate an efficient 
AC-DC converter which can be used in the low volt applications such 
as harvesting the vibration energy, kinetic energy or solar energy 
circuits. Additionally, the proposed converter helps to avoid using the 
rectification bridge which will be an opportunity to improve 
efficiency. Moreover, the proposed model helps to rectify very low Ac 

voltage ranging between 400-500mv and boost it to about 3.17Dc volt 
at about 200 microwatts.  
 

Bridgeless AC-DC converters 
Another method of maximizing the efficiency of the AC-DC converter 
is by using bridgeless AC-DC converter. Thus, in order to condition 
the positive and negative of the input AC volt, either split capacitor 
and bidirectional switch or two parallel DC-DC converters are used in 

these topologies. Fig (2) shows the split capacitors topologies. 
Because of the low operation frequency of the harvesting micro 
generators, the capacitor needs to be large enough to suppress the 
ripple voltage in the desired level. Increasing the storage components 
in these converters lead to an increase in the size which will make these 

topologies impractical due to the size limitation of the energy 
harvester. By contrast, two synchronous MOSFETs could be used to 
eliminate the split capacitor. However, increasing the switches would 
incur extra switch losses in the circuit [4]. 
 

 
Fig. 2: Slit capacitor topology (a) split capacitor boost converter. (b) 

Split capacitor buck boost converter. (c) Two switch boost 
converters. (d) Boost converter with secondary switch. [4] 

 
Due to high efficiency, voltage step capability and simple structure 
boost converter is the common power conditioning interface. Thus 
buck boost converters are capable to convert the negative input volt. 
The boost and buck boost converter could share the same capacitor to 
meet the required weight and size. 
An efficient bridgeless boost converter is shown in figure (3). The 
proposed converter consists of boost and buck boost converter 

technique. This topology is introduced for piezoelectric harvester 
application.  

 
 

Fig. 3: Proposed direct AC-DC converter for low volt application [5]            
 

Principle of operation: 
The typical output voltage from piezoelectric generators is sinusoidal. 
In this circuit the design of the piezoelectric generator is modelled as 
a sinusoidal AC voltage source. As the proposed converter is for low 
volt application is assumed to supply few hundred mill volts.  
The proposed converter is shown in Figure (3). It consists of boost 
converter which is parallel connected with buck boost converter. Boost 
converter consists of (S1, D1, L1); whereas (S2, D2, L2) are for the 
buck boost converter. The output capacitor (C) which is connected in 

parallel with the load (R) is charged by the boost converter in the 
positive half cycle and by the buck boost converter in the negative half 
cycle of the input AC volt. Switches (S1, S2) are N channel MOSFETs 
are used to reverse the voltage by the AC output of the micro 
generators. The forward volt (fv) of the body diodes of the MOSFETs 
should be higher than the peak voltage of the input source. D1 and D2 
are chosen to be Scotty diodes with low forward voltage in order to 
reduce the losses caused by the diodes.  As the input voltage source is 

assumed to have low frequency of about 100Hz, the switching 
frequency for both switches need to be higher than the input frequency. 
This topology is operated under discontinues mode (DCM). Using 
(DCM) mode reduces the turn ON-OFF losses of the switches. In 
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addition to that, diode reverse recovery losses are reduced. 
Additionally, using this mode makes the implementation of the control 
scheme simple in this converter.  
The Discontinues mode (DCM) of the proposed topology is illustrated 
in the following figures below. There are four different modes for each 

cycle of the input voltage. 1 and2 modes describe the operation of the 
circuit in the positive half cycle of the input AC volt. In these modes 
(S1) is turned ON where (D1) is reverse biased. The converter operates 
as boost converter in these modes, where (3, 4) modes shows the 
operation of the converter in the negative half cycle of the input 
voltage. In these modes the converter is working as buck boost 
converter by switching S2 ON and D2 is automatically reversed.  
 

Mode (1):  

This mode starts only when switch (S1) is turned ON at zero time (t0) 
as shown in Figure (4). To reduce the losses of switching (S2) ON zero 
current switches (ZCS) needs to be used. The inductor (L1) is 
energized by means of S1and the current rise from zero. Both of the 
diodes are in the reverse biases condition. In this mode the load is 
supplied by the energy stored in the output filter capacitor (C). 
 
 

 
 
 
 
 
 
 

 

Fig. 4:  Mode 1 of the proposed converter [6] 
 

Mode (2): 
Mode (2) as shown in figure (5), begins when S1 is turned OFF at 
specific period of time (t1) and (t1-t0= diTs). Where (di)is the duty 
cycle and (Ts) is the period of switching. The energy stored in the 
Inductor (L1) in the mode (1) is passed to the load during D1, also the 
inductor current decreases linearly while transferring the energy to the 

load. When the inductor current reaches to zero at (t2) D2 is turned off 
automatically to avoid the reverse recovery losses. As in mode (1) the 
load is supplied by the energy stored in the capacitor (C). If the input 
AC volt is still positive the converter will go mode (1) as soon as S1 
is in the ON condition. 
 
 
 
 

 
 
 
 
 
 

 
Fig. 5:  Mode 2 of the proposed converter [6] 

 

Mode (3): 
As soon as the input voltage is negative this mode begins when S2 is 
turned ON at (t0`). By ensuring the converter to operate in (DCM) the 
(ZCS) condition can be achieved as in Mode (1). The inductor (L2) 
still builds where the load is powered by the output capacitor as in 
figure (6). 
 

 
 
 
 
 
 
 
 

 

Fig. 6: Mode 3 of the proposed converter [6] 

 
Mode (4): 
When S2 is turned off after a specific time represented by (t1`), this 
mode starts as shown in figure (7) where (t1`-t0`= di`Ts , d1` is the duty 
cycle of the buck boost converter. The stored energy in the inductor 
from the previous mode is transferred within the (D2) to the filter 

capacitor (C) which feeds the load. The inductor current will have the 
same characteristics as in mode (1) that will decrease linearly. By 
switching (D2) ON switching losses occurs in this mode. As soon as 
the inductor current becomes zero at (t2`(t2`-t1`=d2`Ts) automatically 
D2 will be in the OFF condition at zero current. The output capacitor 
powers the load by the stored energy. If the input voltage is still in the 
negative half cycle, the converter will return to mode (3) when S2 is 
switched ON.  

Referring to the four different operation modes of the converter, the 
switches are operating in DCM which is more efficient than the 
continuous mode. 

 

 

 

 

 
 

 

 

 
Fig. 7: Mode 4 of the proposed converter [6] 

 

1. Theoretical analysis of the proposed converter. 
Several assumptions have been made for switching cycle in order to 

get simple analysis of the proposed topology of the converter as shown 
in figure (8).[7,8,9] 
 

 
(a) 

 

 
(b) 

Fig. 8: (a) Boost waves (b) Buck boost operation modes [7]   

 
The assumptions are: 
1) The input source assumed to be sinusoidal voltage source. 
2) The switching frequency of the two MOSFETs needs to be much 

higher than the frequency of the input source. 
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3) For each switching cycle, the input voltage could be assumed as 
a constant voltage source. It can be represented by: [7,8,9] 

 𝑣𝑖𝑛(t) = 𝑉𝑚sin (
2πt

Ti
),                             (1)  

Where:  Ti is the time period of input source.  

The output capacitor (C) assumed to be large enough to keep the 
output voltage constant. 
4) For proper calculation, the internal series resistance of the 

passive components would not be accounted for. 
5) During the boost operation cycle (t0,t3) as in Figure (8) the 

average value of the MOSFET can be expressed by the following 
equation. 

𝑣𝑖(𝑡) = (1 − d1 − 𝑑2)(𝑣𝑖𝑛(t)𝑇𝑠  + 𝑑2(𝑣0(t)𝑇𝑠)                    (2) 

In Figure (8.a) by integrating the ii (t) waveform in one cycle the 

average switch current will be: 

𝑖1(𝑡)𝑇𝑠 ∫ 𝑡1(𝑡) 𝑑𝑡
𝑡3

𝑡0
                              (3) 

The average diode current (ι2(t)Ts and the average diode 

voltage(υ2(t)Ts are respectively expressed as: 

𝑖1(𝑡)𝑇𝑠 =
1

𝑇𝑠
∫ 𝑖2(𝑡)

𝑡3

𝑡0
𝑑𝑡 =  

𝑑22𝑇𝑠(( 𝑣𝑜(𝑡))−(𝑣𝑖𝑛(𝑡))    

2𝑙
             (4) 

𝜐2(t)𝑇𝑠 = (υo (t)Ts 𝑑1 + (1 − 𝑑1 − 𝑑2)(𝑣0(𝑡)𝑇𝑠 − 𝑣𝑖𝑛(𝑡)𝑇𝑠)      (5) 

Inductor volt second balance d2(t) is related to d1 (t) 

𝑑2(𝑡) =
(vin(t)) 

(vo(t))−(vin(t))
                                              (6) 

       From the equations (2), (6)  
(v1(t)) Ts

z(i1(t)) Ts
=

2L 

d1
2  Ts

                             (7) 

((v2(t)Ts − i2(t)Ts) =
(vi(t)) Ts

Re
                                              (8) 

Note:   
For the buck boost converter analysis, the same equations can be 
applied to find the average voltage and current during one cycle         
(t0`, t3`) 
From the equation (7) it can be noted that the average voltage 
(υ2(t)Ts) is proportional to the average current (𝑖1(𝑡)𝑇𝑠). In other 

words: 

𝑅𝑒(𝑑1) =
2L 

d1
2  Ts

                              (9) 

Using (8) and (9) the diode output power can be represented by: 
𝑃(𝑡)𝑇𝑠 = 𝑣2(t)𝑇𝑠 (𝑖2(t)𝑇𝑠)                        (10) 

In the steady state the equivalent circuit of the proposed converter 

topology can be modelled by placing the average model instead of the 
switch network, also the inductor can be replaced by short circuit and 
the capacitor by an open circuit as indicated below in Figure (9). 
 

 
(a) 

 
(b) 

Fig. 9: Equivalent circuits: (a) Boost converter (b) Buck boost 
converter. 

The delivered power in boost operation in Figure (9.a) can be written 
as: 

𝑃(𝑡) =
𝑣𝑖𝑛

2 (t)

𝑅𝑒
=

𝑣𝑖𝑛
2𝑠𝑖𝑛2(2𝜋

𝑇𝑖
⁄ )

𝑅𝑒
                                        (11) 

The current flowing through the load (R) can be expressed as: 

 𝑖(𝑡) =
𝑝(𝑡)

𝑣𝑜−𝑣𝑖𝑛(𝑡)
=

𝑣𝑚
2sin2(2π/Ti)

𝑅𝑒−[𝑣𝑜−𝑉𝑚 sin(2π/Ti)
                                          (12) 

Ein=∫   𝑃𝐿(t)dt
𝑇𝑖/2

0
   =  ∫   

𝑣𝑚
2sin2(2π/Ti)

𝑅𝑒−[𝑣𝑜−𝑉𝑚 sin(2π/Ti)

𝑇𝑖/2

0
                         (13) 

The consumed energy can be expressed as: 

𝐸0= ∫   𝑝0(t)dt =
𝑇𝑖/2

0
∫  

𝑇𝑖/2

0

𝑣0
2 Ti

2𝑅
                                                    (14) 

The input voltage for energy harvester is usually less than 500mv, 
however the majority of the electronic loads are driven by about 3v or 
more. 
From the previous equations it can be reordered to give: 
𝑣0

2 Ti

2𝑅
  =

𝑣𝑚
2𝑑1

2 𝑇𝑖𝑇𝑠

8𝐿
                                                                   (15) 

 

Simulink results: 
In this part the pulse signal for the MOSFETs is generated by using 
pulse generator as in figure (10), consists of the following 
components: 
- AC voltage supply- This supply is generating low volt AC (0.5v at 

100Hz) which represents the micro generator harvested energy.  
- MOSFETs-Two N channel MOSFETs are used as a switch in this 

topology for boost and buck boost converter respectively. The 

forward volt of the entire body diode is very low; similarly, the 
MOSFET entire resistance is sited to be very low as the input is in 
mill volts.  

- Diodes-Tow diodes are used for boost and buck boost converter. 
The forward voltage of the two diodes tends to be very low. 

- Inductor-Two inductors are used for both converters as explained 
before. From the analysis equations and charts the inductor value is 
selected to be (4.7μH). 

- Capacitor- Single capacitor has been used at the output in order to 
filter the output and feeding the load resistance. The value of the 
capacitor is selected to be (68μF). 

- Load resistance - (200 Ω) resistance has been used in this topology 
as an electrical load. 

- Switching frequency:  A pulse generator tool has been used to 
generate the required pulse for the two MOSFETs. As the inductor 
value is given the switching frequency is calculated to be (50 KHz). 

Hence: 

F= 1/T so the duty cycle T 1/50,000= 20μs.The pulse width is 25% 
which means that the MOSFET is ON for (0.5μs). The second pulse 
for the second MOSFET will have the same width and will be delayed 
by (10μs) as shown below. Also 50% pulse width will be used in order 
to evaluate the changes in the output volt. 

Converter circuit 
Figure (10) shows the complete circuit of the converter in Simulink 
software. This circuit is going to rectify and boost input AC voltage 

which equals to (0.5VAC) to about 3.7VDC as in Figures (11,12). The 
setting for the circuit parameters will be shown below. 
The width of the switching pulses (1,2) will be 50% as a first test 
(Figure (13)), and because of increasing the losses due to increases the 
pulse width, the 25% pulse width will be used as a final test (Figure 
(14)). 

 

 
 

Fig 10: Converter circuit in Simulink 

 

 

 

 

 

 

 

 

 

 
 

 

 
Fig 10. Input AC volt (0.5ACV) rectified and boosted to 3.7 DC volt. 
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Fig 11: input AC volt (0.5 @100Hz) 

 
Fig 12: Output dc volt which is about 3.7v 

 

 
 

(a) Pulse (1) 

 
 

(b) Pulse (2) 

Fig 13: Switching pulses with 50% width  
 

Figure (14) shows the characteristics of the inductor current of boost 
and buck boost converters. The inductor energizing up to (0.7A) then 
start charging the capacitor in boost converter. Similarly, buck boost 
inductor energized up to (-0.7A) then the capacitor star charging 

 

 
(a) 

 

 
(b) 

Fig 14: Inductor current inductor value for both: (a) boost and (b) 

buck boost 

Figure (15) shows the output volt and inductor current in relation to 
time in the same graph. 
         

 
 

Fig 15: Output volt and inductors current 
 

The pulse width will be reduced to 25% and the results are shown in 
figure (16).  
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Fig 16: Pulse (1) and pulse (2) with 25% width and 10µs time delay 

 
After the pulse width has been reduced to 25% the output volt has 
reduced to be 3v. This indicates the relation between the duty cycle 
and the output volt as shown in figure (17).  
 

 
 

Fig 17: Output volt using 25% pulse width 

 
Conclusion and further work 
This paper has presented a single stage AC-DC topology for low volt 
harvesting applications. This topology has avoided the conventional 

bridge rectification in order to reduce the losses and achieve higher 
efficiency. The proposed converter uniquely combines both boost and 
buck boost converters which are connected in parallel. Avoiding 
bridge rectification makes this topology reliable in terms of efficiency 
and size. Single capacitor is used to filter the output and feed the load. 
The boost converter (S1, D1, and L1) is used to condition the positive 
half cycle of the input AC volt; whereas the buck boost (S2, D2, L2) 
is utilised to condition the negative half cycle of the input source. This 

topology has been selected from among different topologies which 
have been discussed with their disadvantages. The principal operations 
of the boost and buck boost converter have been discussed in four 
different models. Detailed analyses of the proposed topology have 
been carried out and the relation between various converter parameters 
is obtained. Matlab (Simulink) software has been used to simulate the 
converter. The converter successfully boosts the low AC volt (0.5v) in 
100Hz to about 3DC volts. The circuit has been tested using two 
different pulse widths of the switching pulses.  

This work done to this converter can be improved using many other 
techniques.  Further work can be done by testing the converter in real 
environments and implementing it in real harvesting circuit to 
investigate the output efficiency of the converter. Moreover, future 
researchers need to go further to investigate and design integrated 
three phase electronic interface for energy harvesting applications. 
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