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Abstract  

 

The main contribution of this paper is the use of sensorless active diodes to generate the gate signals for a three-phase 
boost-rectifier with a self-powered control scheme. The sensorless operation is achieved making use of the gate control signals 
generated by the active diode schemes on each of the switching devices using a pulse width half-controlled boost rectifier 
modulation technique (PWM-HCBR). The proposed scheme synchronizes the gate control signals with a three phase voltage supply. 
Autonomous operation is obtained making use of the output DC bus to feed the control circuitry, the active diodes and the driver 
circuitry. The three-phase boost-rectifier is supplied by a three-phase permanent magnet electric generator powered by a solar 
concentrator dish with variable voltage and variable frequency conditions. Experimental results report an efficiency of up to 94.6% 
for 25 W and an input of 3.6 V peak per phase with 450. 
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I. INTRODUCTION 

The use of sensorless schemes in energy harvesting 
applications to drive and control AC-DC single-phase and 
three-phase converters has been reported in several papers 
[1]-[6]. In AC-DC energy-harvesting applications, like solar 
concentrator dishes, the use of a sensorless self-powered 
scheme is desirable to improve the power density and 
efficiency of the system. However, the use of an external 
supply for the control circuitry can not always be avoided. 
For example, [7] presents a voltage doubling converter with 
comparators on the control circuitry. It is fed by the output 
voltage when it reaches the minimum required output voltage 
level. If this voltage is not reached, the comparators are fed 

with external power sources. 
One of the problems with these schemes is obtaining a high 

efficiency with a low number of components and a reduced 
space. This issue is worst when the main voltage supply 
presents low and variable input voltage (below of 3.6 V peak) 
and variable input frequency conditions as is reported in [3], 
[8]-[15]. One example of this type of application is in solar 
concentrator dishes, where an electric generator is 
mechanicaly fed by an external combustion engine (Stirling 
engine) heated by the sun concentrated in the focus of a 
parabolic dish. Due to the movement of the sun, the system 
presents heat variations which result in variations of the 
amplitude and frequency of the output voltage waveform in 
the electric generator. 

The three-phase boost-rectifier (TPBR) is one of the most 
widely used topologies employed in these applications. It 
employs three MOSFETs and three diodes to rectify and 
regulate in the same stage as the output voltage making use of 
different pulse width modulation techniques (PWM). The 
authors of [3] reported a high efficiency (93%) three-phase 
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boost rectifier with a 10 V peak input per phase by 
implementing a PWM technique on a Digital Signal 
Processor (DSP) for a 60 W application. However, when the 
input voltage is less than 10 V peak, the losses in the diodes 
are increased due to the diode voltage drop (0.7 V). As a 
result, the overall efficiency decreases. In [9] the diodes are 
changed by MOSFETs in order to improve them. This change 
implies the use of additional control circuitry and an external 
voltage supply. These additional components are necessary to 
drive and guarantee the synchrony between the converter and 
the voltage supply. For example, in [3] and [4] the source of 
the voltage supply is not specified for the additional control 
circuitry. In order to simplify the drive and control circuitry 
to use MOSFETS instead of diodes in the three phase boost 
rectifier, a self-powered (autonomous) scheme is desired in 
order to reduce the components and space while maintaining 
a high efficiency. To maintain autonomous operation, recent 
studies have used the output voltage of converters to 
self-powered the electronic circuitry (control IC and driver) 
[16]-[18] by making use of auxiliary low-power DC-DC 
converters to provide the required voltage for the control IC. 

On the other hand, related to the PWM technique of the 
TPBR, studies have reported techniques such as PWM [9], 
[19] and space vector pulse width modulation (SVPWM) [3], 
[12]. The selection of a modulation technique impacts the 
number of components. For example, the use of SVPWM 
increases the hardware requirements with respect to the 
classical PWM techniques. SVPWM can increase the energy 
consumption depending on the integrated circuit (IC) 
employed. These ICs can include microcontrollers (MCU), 
field programmable gate arrays (FPGA), digital signal 
processors (DSP) and digital signal controllers (dsPIC). 

The main contribution of this paper is the proposal of an 
autonomous sensorless scheme to generate the gate signals of 
a three-phase boost-rectifier to synchronize it with a 
three-phase permanent magnet electric generator for 
energy-harvesting applications making use of a modified 
active diodes scheme to avoid the use of additional sensors 
allowing for a high efficiency due to the employed 
modulation technique. Fig. 1(a) shows the proposed scheme 
with a self-powered configuration for the control stage and 
drivers with sensorless operation. This can then be compared 
with a traditional three-phase scheme which make use of 
different sensors in order to guarantee synchrony with the 
voltage supply (Fig. 1b). Making use of the proposed 
sensorless scheme, it is possible to simplify the control and 
driver of the three-phase boost rectifier reducing the number 
of components and obtaining a high efficiency of almost 95% 
due to the employed modulation technique. 

The structure of this paper is as follows. In section II, an 
analysis of the topology with the autonomous sensorless 
scheme is presented. In section III, the design methodology is 
described. Section IV shows experimental results obtained  

 
Fig. 1. Comparative between: (a) the proposed and (b) the 
traditional self-powered sensorless schemes. 

 

with the design, and section V has a discussion of the 
experimental results from section IV. 

 

II. ANALYSIS OF THE TOPOLOGY 

In AC-DC energy harvesting applications, the main 
challenge is to a get high efficiency power conversion with 
output voltage regulation along with even variable frequency 
and input voltage conditions. The TPBR consists of the 
integration of a single-stage of a three-phase rectifier in series 
with a boost converter as shown in Fig. 2(a). First this 
topology rectifies the AC input voltage and then the boost 
converter regulates the output voltage. The main problem of 
the topology shown in Fig. 2(a), when it is used in energy 
harvesting applications, is its low efficiency due to the diode 
voltage drop (0.7 V) of the three-phase rectifier [4]. Recent 
studies have reported bridgeless topologies to rectify and 
regulate the output voltage at the same time, such as those 
shown in Fig. 2(b) and 2c [3]. Fig. 2(b) shows a TPBR which 
makes use of diodes and MOSFETs to rectify and regulate the 
output voltage. It only implements PWM for the MOSFETs in 
order to simplify the control circuitry to improve the efficiency. 
In Fig. 2(c), an active three-phase PWM rectifier is shown. It 
employs six MOSFETs with PWM increasing the efficiency. 
However, the control circuitry is more complex. In order to 
maintain a high efficiency with control simplicity, the 
proposed scheme makes use of active diodes and MOSFETs as 
is shown in Fig. 2(d). 

The TPBR employed in Fig. 2(d) works with 3 boost 
converters with six operating modes. The upper MOSFETs  
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Fig. 2. (a) Three-phase rectifier in series with a boost converter; 
(b) three-phase boost-rectifier with the HCBR; (c) three-phase 
active rectifier and; (d) three-phase boost-rectifier with the active 
diodes scheme. 

 
work like the freewheeling diodes of typical boost converters 
and the lower MOSFETs work with PWM modulation to 
step-up the output voltage. The operating sequence of the 
devices is a function of the input line voltage from the electric 
generator. In the next section, the operating modes of the 
TPBR are described. 

A. Operating Modes with the PWM HCBR Modulation 
Technique in the steady-state operation of a TPBR 

The employed TPBR (Fig. 2(d)) works with the pulse 
width half controlled boost rectifier modulation technique 
(PWM HCBR), which offers a simple drive and generation of 
the control signals of the switches for keeping a high 
efficiency [3]. The PWM HCBR modulation technique 
consider that only the low-side devices of the three-phase 
boost-rectifier converter work with PWM, while the 
upper-side devices are only considered as diodes with low 
losses. The bottom devices work in three different modes 
(on-mode, off-mode and PWM mode) depending of the phase 
voltage sequences, as is indicated in Fig. 3. Each mode works 
during 120° of each of the supply phase voltage waveforms.  

 
 

Fig. 3. Half-controlled boost-rectifier modulation waveforms and 
operating modes. 

 
This modulation has been thoroughly described in [3] and 

it uses space vector analysis to generate the control signals.  
Fig. 3 shows control signals for the low-side devices of a 

three-phase boost-rectifier operating with PWM HCBR 
modulation. From Fig. 3, six operating modes (M1-M6) are 
used to describe the operation of the converter. The 
equivalent circuits for the six operating modes of the 
three-phase boost-rectifier are shown in Fig. 4, and are 
described as follows:  

Mode 1: during this operating mode S1 is PWM modulated 
similar to the boost converter, the output voltage is regulated 
by the duty cycle. When S1 is on (ton=DTS), S4 turns off 
(ton=(1-D)TS); and when S1 is off, S4 turns on. This is similar to 
a boost converter. S4 works in the free-wheeling mode due to 
the PWM operation of S1. During this mode, S2 remains on 
(ton=TS) to achieve an efficient current conduction path for the 
line voltage vin=vAB instead of the parasitic diode of S2. 

Mode 2: S1 and S4 hold their operation, and only S2 and S3 
change their operating conditions. S2 remains off (ton=0) and S3 
remains on (ton=TS) to achieve the line voltage vin=vAC that 
supplies the boost-rectifier instead the parasitic diode of S3. 
This means that phase C provides energy to the load while 
phase B does not. 

Mode 3: in this mode S1 turns off and S2 starts working with 
PWM modulation. S3 is still on (ton=TS) to achieve an efficient 
conduction path to the line voltage vin=vBC instead of the 
parasitic diode of S3. Phase B stops supplying energy and 
phase A starts supplying energy to the load. S5 starts working 
in the free-wheeling mode due to the PWM operation of S2. 
When S2 is on (ton=DTS), S5 turns off (ton=(1-D)TS); and when 
S2 is off, S5 turns on. This is similar to a boost converter. 

Mode 4: S2 and S5 hold their operation, S3 turns off (ton=0) 
and S1 turns on (ton=TS) to supply energy to the line voltage 
vin=vBA instead the parasitic diode of S1. The energy path is 
opposite that of mode 1.  

Mode 5: S3 starts working with the PWM modulation. S1 
(ton=TS) continues supplying the line voltage vin=vCA instead 
the parasitic diode of S1, and S2 turns off. The energy flux is 
opposite that of mode 2. S6 starts working in the free-wheeling 
mode due to the PWM operation of S3. When S3 is on 
(ton=DTS), S6 turns off (ton=(1-D)TS); and when S3 is off, S6 
turns on. This is similar to a boost converter. 

Mode 6: S3 and S6 hold their operation. S1 turns off (ton=0) 
and S2 turns on (ton=T) supplying the line voltage vin=vCB  
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Fig. 4. Operating modes of a three-phase boost-rectifier with the PWM HCBR modulation. 
 

instead the parasitic diode of S2. The operation is opposite to 
that of mode 3. 
 

As can be noted in Fig. 3 and Fig. 4, the analysis of the 
three-phase boost-rectifier can be simplified to a single boost 
converter analysis since it emulates six different single boost 
converters with six different line voltages from the three-phase 
electric generator (vAB, vAC, vBC, vBA, vCA, vCB ). In the same 
way, the operating devices are a function of the supply line 
voltage of the three-phase electric generator and the control 
waveform of the PWM HCBR modulation. 

B. Sensorless Operation with the PWM HCBR Modulation 

The proposed sensorless scheme is based on active diodes (a 
voltage comparator with a MOSFET) [20]. It works as follows. 
The output voltage from each voltage comparator changes to a 
high level when the voltage on its positive input is higher than 
the voltage on its negative input; and it changes to a low level 
when the opposite occurs.  

 

Therefore, the MOSFET works like a diode with efficiency 
improvement. The advantage of the proposed sensorless 
scheme is to simplify the analysis and implementation of the 
PWM HCBR modulation for a three-phase boost-rectifier. The 
proposal uses gate signals from the MOSFETs (the output 
voltage from voltage comparators) to synchronize the 
three-phase boost-rectifier with an electric generator following 
the trigger conditions shown in Table I and Fig. 5. Using these 
trigger conditions, it is possible to implement a synchronized 
PWM HCBR modulation without additional voltage or current 
sensors like those used in other works. 

TABLE I 
TRIGGER CONDITIONS FOR THE WORKING MODES OF MOSFETS 

 

Fig. 6 shows steady-state waveforms for a three-phase 
boost-rectifier working with the PWM HCBR modulation. 
Because of the behavior of the employed active diodes and the 
PWM mode on the low-side devices, there is an initial trigger 
on the output voltage of the upper voltage comparators due to 
the parasitic diode on the MOSFET. This causes S4, S5 and S6 
to turn on for a short period of time, T1. 

For example, S6 turns on due to the higher voltage on the 
positive input of its voltage comparator with respect to the 
rectified voltage on the negative input. This transition is used 
as a trigger condition to activate the PWM mode on S3. After 
this short period of time (T1), the voltage waveform on the 
superior diodes is the complemented PWM waveform on S3 
along T2 like the free-wheeling diode behavior of boost 
converters. This behavior is similar for S1-S6. The v0 waveform 
shown in Fig. 6 has two frequency ripples. The low frequency 
ripple is due to the input voltage frequency, and the high 
frequency ripple due to the switching frequency of the  

Device Trigger condition 

S1 
PWM mode: S4 

High level mode: S1 
Low level mode: S3S5||S2S6 

S2 
PWM mode: S5 

High level mode: S2 
Low level mode: S3S4||S1S6 

S3 
PWM mode: S6 

High level mode: S3 
Low level mode: S2S4||S1S5 
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Fig. 5. Flow chart of the trigger condition changes between the 
operating modes (M1 to M6) of a three-phase boost-rectifier with 
the PWM HCBR modulation. 

 
converter. vAN, vBN and vCN are the AC input voltages per phase 
referred to the neutral; and vAG, vBG and vCG are the AC input 
voltages per phase referred to the ground. Due to this, the 
negative part of the waveform is neglected and the switching 
frequency is visible. 

 

III. DESIGN PROCEDURE 

The design procedure for the PWM HCBR steady-state 
operation is divided into three parts: the three-phase 
boost-rectifier design including the voltage behavior of 
employed the permanent magnet electric generator, the control 
circuitry design with the autonomous active diodes scheme and 
the self-powering operating condition to start working as a 
TPBR. 

A. Three-Phase Boost-Rectifier Design 

The proposed operating conditions are for an autonomous 
energy harvesting application making use of a permanent 
magnet three-phase electric generator with a Y configuration. 
The Y configuration has a higher output voltage level with 
respect to the delta configuration. A higher voltage is desirable 
for energy harvesting applications due to the low induced 
output voltage on electric generators. A nominal supply peak 
voltage (Vpk) of 3.6 V was chosen because it is not common to 
use voltages higher than 10 V for harvesting applications with 
permanent magnet generators [21]-[24]. In the same way, the 
nominal frequency (fL) employed to feed the converter was 
chosen as 450Hz ± 100 Hz in accordance with typical energy 
harvesting applications with input frequencies up to 1000 Hz 
[25]-[27]. Table II shows the proposed operating conditions of 
the three-phase boost-rectifier for autonomous operation in 
energy harvesting applications. To develop the design 
equations of a three-phase boost-rectifier with PWM HCBR 
modulation, six boost converters with six AC supply sources  

 
Fig. 6. Steady-state waveforms for a three-phase boost-rectifier 
with the PWM HCBR modulation. 

 

TABLE II 
OPERATING CONDITIONS 

Parameter Variable Value 
Peak supply voltage per phase 

of the electric generator pkv  3.6 V 

Output voltage Ov  12 V 

Capacitor voltage ripple CV  10% v0 = 1.2 V 

Inductor current ripple 1, 2, 3L L LI  10% iS = 200 mA 

Output power 0P  25 W 

Supply frequency Lf  1 Hz – 900 Hz 

Switching frequency of power 
converter swf  100 kHz 

Electric generator 
configuration 

- Star (Y) 

 
are considered. In a lot of energy harvesting applications, the 
environmental conditions can change the steady state operation 
of a system. For this reason, the power converter must have the 
capability to work in a wide range of supply voltages and 
frequencies. The operative duty cycle range (D) is a function of 
the input voltage per phase. According to [27] a maximum D 
of 75% is recommended, because a higher value can increase 
the losses on the inductor. 

Boost converter equations are used considering a three-phase 
supply with a Y connection. The use of a Y connection on a 
three-phase electric generator has the advantage of producing  
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Fig. 7. Duty cycle (D) as a function of the supply peak induced 
voltage per phase.  
 

an increment in the line voltage amplitude by 3  with 

respect to the phase voltage. Under these conditions, the output 
voltage level is obtained as follows: 

 
0

3

1
pkv

v
D




   (1) 

Equation (2) shows the behavior of the peak induced voltage 
per phase as a function of the speed of the electric generator. 
Due to its construction, the generator has a ratio of 0.1 Hz per 
RPM. The permanent magnet electric generator employs three 
lines of magnets with different sizes. These values (r1-r3 and 
L1-L3) are employed to calculate the peak induced voltage per 
phase together with the number of turns per winding (n), the 
magnetic flux density (B) and the speed (rpm). The values 
employed for the calculation are: n=31, B=0.05307T, speed 
from 1 to 900 rpm, r1=0.1069m, r2=0.08m, r3=0.05454m, 
L1=0.054m, L2=0.036m, and L3=0.024m. 

 1 1 2 2 3 3

3 (4 )

60 2
pk

rpm n B
v r L r L r L


  

 
 (2) 

Fig. 7 shows the D necessary to keep a 12 V output voltage 
making use of the peak induced voltage per phase calculated in 
equation (2) and equation (1). As suggested in Fig. 7, the 
minimum input peak voltage range per phase to keep D below 
of 75% is 1.7 Vpk. This value according to equation (2) is 
obtained with a speed of 2500 RPM.  

 In the other side, a minimum D of 20% is desirable 
according to [27], which achieved with a 5.5 Vpk input at 7500 
RPM. To calculate the minimum input inductance value, it is 
considered that during an operating mode there are two 
inductors present on the converter. The inductors calculation 
considers a maximum input current ripple (ΔIL1,L2,L3) of 200 
mA. For this reason, the minimum inductance value is obtained 
as follows: 

 
1,2,3

3

4
pk

S
L

v
L DT

I



     (3) 

 
where Ts represents the period of fsw (100 kHz). The capacitor  

TABLE III 
COMPONENT VALUES FROM THE DESIGN EQUATIONS 

Component Value 
Input inductors L1, L2 and L3. ≥ 37.41 μH 

Output capacitor C ≥ 8.33 μF 

Output Load R 5.76 Ω 

 

 
 

Fig. 8. Three-phase boost-rectifier using the active-diodes 
sensorless scheme for synchrony. 
 
and load resistance calculations do not change with respect to 
the traditional boost converter. The calculations to achieve a 
maximum output voltage ripple (ΔVC) of 1.2 V and a 25 W 
output power are as follows: 

0

0
S

C

P
C DT

v v



   (4) 

2
0

0

v
R

P
   (5) 

According to the operating conditions shown in Table II and 
making use of equations (1)-(5), the obtained values for the 
components are shown in Table III. 

B. Active Diodes and Control Circuitry Design 

The prototype implementation follows the scheme shown in 
Fig. 8. In order to implement the PWM HCBR modulation, the 
control scheme is as follows: active diodes generate gate 
control signals that are monitored by a MCU, the MCU 
implements PWM waveform and control signals to the MUX. 
Complete PWM HCBR modulation is obtained by making use 
of the signals from the MCU and MUX, and then sending them 
to MOSFETs trough the drivers. An advantage of the proposed 
autonomous synchrony scheme is its immunity to voltage 
unbalance on an electric generator when a closed output 
voltage loop is implemented. This is due to the operating 
scheme of the control. For each input voltage phase, the duty 
cycle can be corrected for an optimal output voltage regulation. 
The active diode topology follows a typical three-phase 
rectifier commutation sequence based on the device gate 
signals. This means that an imbalance condition on the phase 
voltage only modifies the PWM duty cycle for the working 
MOSFET but does not affect the activation sequence. Only the 
presence of a null phase voltage can change the operation of 
the proposed scheme. An input frequency (fL) from 1 Hz to 900 
Hz allows for the use of a wide range of comparators. 
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TABLE IV 
COMPONENTS SELECTION 

Component Manufacturer part Characteristics 

MOSFETs SiZ910 (Dual channel) 
RDS(on) = 7.5 mΩ, 30 V 

40 A 
Diodes PMEG3050EP Vf = 314 mV 

Voltage comparators TLV3702 2.7 V - 16 V, 10 mA

MCU Microchip PIC 16F1503 
8 bits, 30 μA/MHz, 2.3 

V - 5.5 V 

Input inductor WE 744 363 4700 
47 μH, 8.5 A  

RON = 12.20 mΩ 
Output capacitors C1206C225K5RAC 2.2 μF, 50 V 

DC-DC converter for 
control circuitry 

OKI-78SR-5/1.5-W36 Fixed output 1.5 A, 5 V.

 
However, their supply characteristics are restrictive. To 
maintain autonomous three-phase boost-rectifier operation it is 
necessary that comparators work from 3.02 V to 12 V and 
preferable with a low energy consumption to improve 
efficiency. 

MCU selection is a function of three key features: low 
energy consumption, low input voltage operation and the 
number of ports with PWM internal blocks. The selected MCU 
was a Microchip PIC 16F1503. It has low energy consumption 
with full PWM functionality. The selection of the MOSFETs is 
important to guarantee optimal operation with a high efficiency. 
The selected SiZ910 is automotive grade, which means that the 
package is thermally improved and the internal leakage 
components are reduced. In addition, its dual channel package 
helps to improve the power density of the converter, which 
reduces common ringing problems. In order to maintain the 
self-powering operation of the TPBR, a DC-DC converter fed 
by the output voltage was used to regulate the supply voltage 
of the control circuitry. Selected devices employed for 
experimental results are shown in Table IV. 

C. Self-Powering Operating Condition 

Due to the energy harvesting application, is common to have 
variable input voltage and frequency conditions. For this 
reason is necessary to define the boundary voltage level which 
determines the self-powering operation of the TPBR. At the 
beginning, the topology works as a three-phase rectifier, like 
the one developed in [28]. The output voltage (VO) is given by 
equation (6) due to the Y connection. 

 
0

3 3 pkv
v


   (6) 

It is considered that VO = 5 V is the minimum output voltage 
to guarantee the turn-on of the auxiliary DC-DC supply for the 
control circuitry. Then from (6) the minimum voltage peak per 
phase (Vpk) is Vpk =3.02 V, which represents the boundary 
voltage to change the power converter operation between the 
three-phase rectifier and the three-phase boost-rectifier. While 
output voltage is below VO < 3.02V, the MOSFET parasitic 
diodes work like a three-phase rectifier. However, over VO > 
3.02 V, the control circuitry is turned-on and the PWM HCBR  

      
(a)         (b) 

 

Fig. 9. (a) Three-phase boost-rectifier prototype and (b) the 
employed PIC 16F1503. 

 

    
 

Fig. 10. From top to bottom the waveforms show the phase A 
input voltage referred to the ground vAG waveform (5V/div) and 
the second, third and fourth traces show control waveforms for the 
inferior devices (VGS1, VGS2, VGS3) on a three-phase boost-rectifier 
(5V/div and 1ms/div). 

 

is implemented. In the next section, experimental results are 
shown making use of the proposed autonomous sensorless 
scheme with the developed prototype. 

 

IV. IMPLEMENTATION AND EXPERIMENTAL RESULTS 

Fig. 9 shows the prototype developed for the operating 
conditions shown in Table II. The power supply is a permanent 
magnet three-phase electric generator in a Y connection with a 
nominal peak voltage of Vpk =3.6 V per phase at 4500 RPM 
and an input frequency range between 1 Hz and 900 Hz. 

Fig. 10 shows experimental control waveforms generated by 
the MCU according to the flow chart shown in Fig. 5 to 
operate the three-phase boost-rectifier in synchrony with the 
electric generator using the PWM HCBR modulation with the 
active diode scheme. For these measurements, a three-phase 
permanent magnet was used as the power supply.  

Fig. 11 shows the voltage of phase A with respect to the 
ground, vAG, which feeds the inverter input of the active diode 
on S1, the voltage of phase A with respect to the neutral (vAN), 
the control signal from the active diode on S1 (vGS1), and the 
output voltage (v0). These experimental results were obtained 
with a laboratory voltage supply of 3.6 V peak per phase and a  

v
AG

 

v
GS1

 

v
GS2

 

v
GS3
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Fig. 11. From top to bottom the waveforms show the phase A 
input voltage referred to the ground G, vAG (10 V/div), the phase A 
input voltage referred to the neutral, vAN  (10 V/div), the gate 
voltage on S1, vGS1 (5 V/div), and the output voltage vO (10 V/div). 

 

 
 

Fig. 12. The first trace shows the phase A input voltage referred to 
the ground, vAG (5 V/div), the second trace shows the phase B 
input voltage referred to the ground vBG (5 V/div), the third trace 
shows the current of phase B, iB (60 mA/div), and the fourth trace 
shows the gate voltage vGS2 (5V/div). 
 
supply frequency of 450Hz instead the three-phase permanent 
magnet generator. The objective was to observe the behavior of 
the system with a different voltage supply. 

In the experimental results shown in Figs. 10 and 11 it is 
possible to see that the control signals vGS2 and vGS3 are always 
in synchrony with vAG and vAN. This means that there is 
synchrony between the three-phase boost-rectifier and the 
three-phase electric generator. In the other hand, vO shows 
good regulation with a low frequency ripple caused by the 
voltage phase changes of the PWM modulation. The main 
advantage of making use of the active diode scheme is the 
control simplicity with a low computational cost when 
compared with typical sensorless schemes reported in the 
literature. Fig. 12 shows an instantaneous change of the input 
frequency in order to verify that the synchrony between the  

  

 
 

Fig. 13. Experimental efficiency for different output power 
conditions. 

 

 
 

Fig. 14. Individual power losses on inductors, bottom MOSFETs 
(S1, S2, S3) and upper MOSFETs (S4, S5, S6) for different output 
power conditions. 
 

TABLE V 
NORMALIZED POWER LOSSES DISTRIBUTION 

Component Phase value Total value 

Upper MOSFETs

(S4, S5, S6) 
Pupper = 0.72% PT(upper) = 2.17% 

Bottom 

MOSFETs 

(S1, S2, S3) 

Pbottom =0.84% PT(bottom) = 2.51% 

Input power PA,B,C = 8.75 W PT = 26.25 W 

Output power P0 = 24.82 W 

Efficiency η= 94.6% 

 
power converter and the permanent electric generator is kept. 
As can be seen, control signals keep the synchrony with the 
power supply. 

Fig. 13 shows experimental efficiency results for different 
output power conditions, achieving an efficiency of up to 
94.6%. In Fig. 14, the power losses for the inductors, bottom 
MOSFETs and upper MOSFETs are shown. As can be seen, 
after 20 W, the bottom MOSFETs power losses are bigger than 
the upper MOSFETs due to the employed PWM HCBR 
modulation and because the used dual channel CI (SiZ910) has 
different on-resistance values for the bottom and upper 
MOSFETs. 

Table V shows the power losses distribution of the 
developed prototype and the efficiency obtained with the 
experimental results for a 24 W output power including the 

vAN 

vAG 

vGS1 

vo 

vGS2 

vAG 

vBG iB 
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power consumption of the MCU and the comparators. As 
Table V shows, the obtained efficiency was 94.6%. This 
represents an improvement when compared with the solutions 
reported in [3], [9]-[11]. The efficiency is kept high despite 
unfavorable conditions like a low voltage input (3.6 Vpk per 
phase), a high current stress on the devices and a power level 
greater that most of the reported energy harvesting 
applications. 

 

V. CONCLUSIONS 

In this paper, a sensorless self-powered scheme was 
proposed to synchronize the operation of a three-phase 
boost-rectifier with an electric generator. It has variable input 
frequency and voltage conditions for energy harvesting 
applications. The sensorless proposal is based on the active 
diode scheme and makes use of the gate signals from a 
three-phase boost-rectifier to generate a PWM HCBR 
modulation synchronized with the three-phase permanent 
magnet electric generator. The self-powered operation employs 
the DC output voltage from a boost-rectifier to feed the control 
and driver circuitry. The proposed scheme can be employed for 
AC generator systems like piezoelectric or MEMS with more 
than one phase because it extracts energy from the bigger input 
voltage phase no matter the waveform. Experimental results 
show an efficiency of up to 94.6%, which makes it a viable 
solution for energy harvesting applications where simplicity, 
low cost and high efficiency are primordial. 
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