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Abstract—To achieve high efficiency rectification, one option 

is to use synchronous rectification instead of diode rectification. 

However, synchronous rectification requires an expensive AC 

current sensor. This is one of the barriers when introducing 

synchronous rectification. Here we introduce a new synchronous 

rectification method that does not need any expensive AC current 

sensors. This new method just uses an DC current sensor, which 

is cheaper than AC current sensor. The principle of the method is 

explained in the first part, and the effect of the method is verified 

by experiments. 
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I. INTRODUCTION 

In recent years, wireless power transfer (WPT) has become 
widely used in smartphones and other devices. Qi, which is used 
in smartphones, adopts the electromagnetic induction type. This 
type is simple but has the disadvantage of not being able to 
deliver enough power in an environment with a large air gap [1]. 

Magnetic resonant coupling, which MIT published in 2007 
has attracted a lot of attention because it can transfer large power 
with high efficiency. Furthermore, it has the characteristic that 
it maintains high efficiency even with a wide air gap or 
misalignment [2]. 

So the WPT which uses magnetic resonant coupling has 
been researched even in areas where the air gap is wide. One 
application is a wireless power supply to EVs [3]. EVs have 
been widely used in recent years, but they have not been fully 
accepted by society. This would be due to the shorter range, 
higher vehicle price, and longer charging time compared to 
gasoline vehicles [4] [5] [6]. 

These problems can be resolved by dynamic wireless power 
transfer (DWPT). Power can be transferred from the road side 
to vehicles by installing road side coils to intersections in cities 
and expressway, and installing vehicle side coils to EVs like  
Fig. 1 [7]. 

There are some problems in DWPT. Improving the 
efficiency of the WPT is an important research theme [8]. There 

are some points to be improved for the high efficiency of the 
WPT. One part to be improved is the rectifier. Rectifiers use 
diodes in general, but diodes lose a certain amount of energy 
during rectification due to their forward voltage. Synchronous 
rectification can reduce the loss because the voltage drop by the 
on-resistance is lower than that by diodes in general [9] [10]. 
The rectifier that performs synchronous rectification has the 
same structure as a full-bridge inverter [11][12][13]. The 
rectifier has an AC current sensor, and monitors the phase of the 
AC current. The timing of switching is controlled to sync the 
phase of voltage and current by feedback. However, AC current 
sensor which can measure 85 kHz with small phase delay is 
expensive, and this increases the cost of the synchronous 
rectification. 

So we propose a new method that does not need any AC 
current sensors in this paper. This method only needs a DC 
current sensor, which is cheaper than AC current sensor. The 
controller of the vehicle side inverter monitors the DC current 
of the vehicle side battery, and adjusts the timing of the vehicle 
side inverter so that the receiving DC current is maximized. As 
the result, the vehicle side settles into the synchronous 
rectification state. 

 

Fig. 1. The experimental vehicle for DWPT 



 

Chapter 2 introduces the principle of the proposed method. 
Then, Chapter 3 introduces how the proposed method realizes 
the synchronous rectification without AC current sensor 
specifically. In this section, the problem of hard switching is 
also discussed. Chapter 4 verifies the effect of the proposed 
method in an experiment. 

II. PRINCIPLE OF AC SENSORLESS SYNCHRONOUS 

RECTIFICATION 

The Series-Series(S-S) type resonance circuit is represented 
as shown in Fig. 2. The positive direction of the vehicle side 
current is defined as the direction of power transfer for the 
symmetry of the circuit. The resonance circuit is a bandpass-
filter, so only the fundamental wave is considered. 

The road side complex AC voltage ���  is described as the 
following equation by using the road side DC voltage��. 

 ��� � �

�√	
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The vehicle side complex AC voltage �	�  is described as 
following equition by using �	 and the phase lead of �	 relative 
to ��, 
. 
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In the resonant condition, the road side complex AC current 
���  and the vehicle side complex AC current �	�  are described as 
the following equations. 
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The vehicle side effective power �	 and the vehicle side DC 
current  	 are described as following equations. 
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When the synchronous rectification works correctly, �	 and 
'	 are in opposite phases. Then, the phase of �	 is advanced by 
90°  compared to the phase of ��  as described in the phaser 
diagram Fig. 3. 

 

TABLE I.  MEANING AND VALUES OF  
THE PARAMETERS OF THE COILS 

 

 

Fig. 4 shows the relation between 
  and the vehicle side 
received DC current + 	 for various coupling coefficient ,. Fig. 

5 shows + -.�

-/
 for each 
 and ,. According to Fig. 5, + -.�

-/
 is 

positive when the 
  is between +90° and 90° for all , . This 
means that 
 increases when the vehicle side controls the 
 as 
to increases the received current + 	. As the result, 
 reaches 

90° in the end. For all other values of 
, + -.�

-/
 is negative for all 

,. This means that 
 decreases when the vehicle side controls 
the 
 as to increases the received current + 	. As the result, 
 
reaches 90° in the end. So, for all 
 and ,, the 
 reaches 90° 
when the vehicle side controls the 
 as to increases the received 
current + 	. Fig. 8 shows the relation between 
 and + 	 when 
, = 0.148. (, has a maximum value of 0.148 at the center of the 
coil.) This figure also shows that the vehicle side received DC 
current + 	 reaches at its maximum when the 
 is 90°. 

III. METHOD OF AC SENSORLESS SYNCHRONOUS 

RECTIFICATION 

From this analysis, a novel method of synchronous 
rectification is derived. 

Parameter Meaning Value 

�� DC Voltage of road side power-supply 15V 

�	 DC Voltage of vehicle side battery 15V 

 � DC Current of road side  

 	 DC Current of vehicle side  

�� AC Voltage of road side  

�	 AC Voltage of vehicle side  

'� AC Current of road side  

'	 AC Current of vehicle side  

0� Capacitance of road side coil 14.1 nF 

0	 Capacitance of vehicle side coil 34.5 nF 

1� Resistance of road side coil 97.3mΩ 

1	 Resistance of vehicle side coil 28.1mΩ 

2� Inductance of road side coil 24.8mH 

2	 Inductance of vehicle side coil 10.1mH 

23 Mutual inductance 234.9mH 

, Coupling coefficient 0.148 

 

Fig. 3. The phase relationship of ��, �	, '�, and '	 

 

Fig. 2. S-S type resonance circuit 



 

 

The road side just transfers power. The vehicle side changes 

 while monitoring the vehicle side DC current. The road side 
and the vehicle side are offline, so the vehicle side cannot get 
the value of 
, but it can change 
 by adjusting the timing of the 
vehicle side inverter. 

The 
 when the vehicle side receives maximum current is 
the 
  when the synchronous rectification works correctly as 
explained in the previous chapter, so the vehicle side changes 
 
in the direction where the vehicle side DC current becomes 
larger. The control algorithm of 
 is shown in Fig. 6. 

The first 
 is not a specific value because the vehicle side 
inverter and the road side inverter are not connected or 
synchronized. So, the vehicle side inverter cannot measures 
. 
However, the vehicle side inverter can adjust 
 by changing the 
amount of delay of the switching timing, assuming that the road 
side operating without change. 

At the beginning of the algorithm, the vehicle side inverter 
memories the current 
 (= current amount of delay) as 
�45 and 

the  	  as  �45 . Then, the vehicle side inverter increases 
  by 

adjusting the amount of the delay for switching, and measures 
 	. If the  	 is lower than  �45  , 
�45 is updated with current 
, 

and  �45 is also updated with current  	. If  	 is higher than  �45  

, 
 is changed to 
�45 + 3°, and the same is done. 

The road side and vehicle side is offline, so the vehicle side 
inverter cannot know 
  is increased or decreased when it 
changes the amount of delay. However, the important point is 
that 
 can be adjusted into both direction, and it is not important 
whether 
 is increased or decreased first. 

By repeating this algorithm, 
  is adjusted so that  	  is 
minimized. The value of 3°  for the adjustment range was 
determined empirically. 

A. About Switching Loss 

When the 
 is not 90°, the phase difference between �	 and 
'	 is not 0°. So the hard switching happens in the situation. In 
that situation, the received current + 	 decreases compared to 
the ideal switching situation due to the switching loss. The 
switching loss is calculated to assess whether it is significant for 
the phase control algorithm. 

First, the current at switching timing '	78 is calculated from 
|'	|  and the phase difference between �	  and '	 . Then, the 
switching loss energy [J/switching] is read from the graph in the 
datasheet of the SiC used in the inverter (SCH2080KE) [14].  
Fig. 7 shows the relationship between the drain current and the 
switching loss per switching. The value from 0A to 10A is 
extrapolated. The switching loss energy read from the graph is 
the value when the �:: is 600V, so it is corrected by the actual 
applied voltage. So the switching loss per second is described 
by Equ. 7. The meanings of each parameter are shown in Table 
II. 

 

Fig. 6. The control algorithm of 
 

 

Fig. 4. The color map showing the relationship of 
, ,, and + 	 

 

Fig. 5. The color map showing the relationship of 
, ,, and + -.�

-/
 



 

  �78� � ;�:7�<=�'	78� � �:7�<55�'	78�> ?
@�
�

ABB
? C ? 4 (7) 

Fig. 8 shows the relationship between 
 and + 	, and Fig. 9 
is an enlargement of Fig. 8 for 
 in the range of 50◦ to 130◦. The 
switching loss sharpens the curve of the graph a little compared 
to the ideal condition. This leads to increases the change of the 
current when the 
 changes. As the result, the accuracy of the 
synchronous rectification improves. However, the effect is 
small, and the switching loss will not affect the accuracy of the 
synchronous rectification of the proposed method in real.  

IV. ANALYSIS IN EXPERIMENT 

The effect of the proposed method was verified in the 
experiment at a standstill. The vehicle side coil is fixed on the 
center of the road side coil. The coupling coefficient at that point 
is 0.148 as described in Table I. 

In this experiment, both the road side and vehicle side 
inverters are connected to the same DSP (Myway PE-Expert4). 
So, the phase lead of �	  relative to �� , 
  can be changed 
directly from the DSP. 

TABLE II.  MEANING OF PARAMETERS OF THE CALCULATION 

OF SWITCHING LOSS 

Parameter Meaning Unit 

�78� Switching loss [W] 

'	78 Vehicle side AC current when switching [A] 

�:7��'� 
The raw switching loss value 

read from Fig. 7 when ' flows 
[J] 

C frequency of the inverter [Hz] 

 

The 
 is set to 0° in the first condition. In this condition, the 
phase difference between �	  and '	  is not 0° , and hard 
switching is happening. The DSP monitors the  	  only, and 
changes 
 according to the algorithm in Fig. 6. Fig. 10 shows 
the result of the experiment. As the control algorithm starts at 
0ms, the 
  increases gradually by the algorithm, and the  	 
decreases. About 4ms after the algorithm started, the 
 settled 
around 90°. In the final condition, the phase difference between 
�	  and '	  is almost 0°, and the synchronous rectification has 
been achieved as shown in Fig. 11. 

V. CONCLUSION 

In this paper, a novel synchronous rectification method 
without AC current sensors was proposed. The principle of how 
the method works is shown, and it is revealed that the impact of 
the switching loss on the proposed method is small enough to 
ignore. Then, the experiment in which the proposed method is 
implemented is conducted, and the effectiveness of the 
proposed method is demonstrated by the result that the vehicle 
side settles into the synchronous rectification state in short 
period. 
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Fig. 7. The switching Loss of SCH2080KE 

 

Fig. 8. The impact of SW Loss 

 

Fig. 9. The impact of SW Loss (Enlarged) 
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Fig. 10. The experimental waveform of the proposed control algorithm 

 

Fig. 11. The waveform after synchronous rectification 


