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Abstract — Design considerations and performance 
evaluations of the recently introduced three-phase, two-switch, 
zero-voltage-switching (ZVS), power-factor-correction (PFC), 
discontinuous-conduction-mode (DCM) boost rectifier, named 
the Taipei rectifier, are presented. The performance evaluation 
was done on a 3-kW, 400-V-output prototype designed to 
operate with a line-to-line RMS input voltage from 180 V to 265 
V. The prototype operates with ZVS over the entire input-
voltage and load-current range achieves less than 5% input-
current total harmonic distortion (THD) with efficiency in the 
97% range. 
 

I. INTRODUCTION 

Recently, a three-phase, two-switch, zero-voltage-
switching (ZVS), power-factor-correction (PFC), 
discontinuous-conduction-mode (DCM) boost rectifier has 
been introduced [1]. To simplify the reference to this circuit, 
it has been named Taipei rectifier [2]. This simple three-
phase front end that passively shapes the input currents offers 
superior power factor and extremely low input-current total 
harmonic distortion (THD). In addition, because of ZVS of 
the switches, it can achieve high efficiency and exhibits low 
switching noises.    

So far, the performance of the rectifier was reported for 
applications in three-phase power systems with RMS line-to-
line voltage in the 340-520-V range, [1], [2]. Because the 
output voltage of the rectifier must be slightly higher than the 
peak line-to-line voltage (735 V), the 2.8-kW rectifier in [1] 
and [2] was designed with an output voltage of 780 V 
employing  SiC MOSFETs. The measured full-load  THD at 
input voltage 380 V and 480 V was 1.4% and 2.8%, 
respectively,  whereas the full load efficiency was 97.6% and 
98.2%, respectively, [2]. In addition, the evaluated rectifier 
maintains less than 5% THD in the entire line range and also 
offers complete ZVS of the switches for loads  greater than 
25% of  full load.  

In this paper, design considerations and performance 
evaluation of a 3-kW Taipei rectifier for RMS line-to-line 

voltage range from 180 V to 265 V, which is a typical range  
of Japanese (100-V) and American (120-V) power lines, are 
presented. Since the peak voltage for this line range is 375 V, 
the output voltage of the rectifier was set to approximately 
400 V which allows the use of Si MOSFETs. The THD 
evaluation has been extended to include conditions that are 
typically encountered when the rectifier is powered from an 
emergency generator. Specifically,  the THD evaluation is 
performed in the frequency range from 20 Hz to 500 Hz from 
a source with significant inductive output impedance. 
 

II. BRIEF REVIEW OF TAIPEI RECTIFIER 

The Taipei rectifier, shown in Fig. 1, has several distinct 
features. First, three Y-connected capacitors C1, C2, and C3, 
are used to create virtual neutral N, i.e., a node with the same 
potential as power source neutral 0 that is not physically 
available or connected in three-wire power systems. Since the 
virtual neutral is connected to the mid-point between two 
switches S1 and S2, the potential of this mid-point is the same 
as the potential of neutral 0 of the balanced three-phase 
power source.  As a result of connecting virtual neutral N 
directly to the mid-point between switches S1 and S2, 
decoupling of the three input currents is achieved. In such a 
decoupled circuit, the current in each of the three inductors is 
 

 
Fig. 1. Three-phase two-switch ZVS PFC DCM boost rectifier (Taipei  

rectifier).
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dependent only on the corresponding phase voltage, which 
reduces the THD and increases the PF, [1], [2]. 

Second, the rectifier employs coupled inductor LC 
connected between the switches and the output. This inductor  
isolates the output of the rectifier from the abrupt voltage 
changes between either terminal of “flying” capacitor CR and 
virtual neutral N which occur every time switches S1 and S2 
are commutated. With coupled inductor LC, midpoint of 
output capacitors CO1 and CO2 can be connected to virtual 
neutral N, which makes the output common-mode noise very 
low. To prevent saturation of the coupled inductor, the 
midpoint of the output capacitors is connected to the virtual 
neutral through blocking capacitor CB. The blocking 
capacitor, which carries magnetizing current of the coupled 
inductor as shown in Fig. 2, removes any dc (or, generally, 
low-frequency) current component that may be produced by 
mismatching of component parameters, as well as 
mismatched timings of gate-drive waveforms from the 
magnetizing current.   

Thirdly, as shown in Fig. 2, switches S1 and S2 are 
operated in a complementary fashion with approximately    
50% duty cycle and with a short dead time between the turn-
off of switch S1 and the turn-on of switch S2, and vice versa. 
Because of this gating strategy, both switches can achieve 
ZVS. However, to maintain ZVS for a varying input voltage 
and/or output load, the proposed rectifier must employ a 
variable switching frequency control. The minimum 
frequency is set at full load and minimum input voltage, 
whereas the maximum frequency is set at light load and 
maximum input voltage. The rectifier operates in controlled 
burst mode at no load or at a very light load to avoid  
unnecessarily high switching frequency. 

Finally, as in any DCM boost rectifier in which the input 
current is not sensed, the input current shaping of the Taipei 
rectifier is also obtained naturally by setting the rectifier’s 

output-voltage-control bandwidth much lower than the line 
frequency, i.e., by maintaining switching period TS virtually 
constant during a line cycle. With a constant switching period 
TS, the peaks of the inductor currents are proportional to the 
corresponding phase voltages. For such a triangular current 
waveform, the line-frequency average-current distortion is 
predominantly contained in the 3rd harmonic. Since the 3rd 
harmonic (triplen harmonic) current cannot flow in a three-
wire system, they circulate through capacitors C1, C2, and C3, 
whereas the remaining harmonics contributes less than 1% of 
input-current THD, as described in, [1], [2].   

Detailed explanation of the operation of the Taipei 
rectifier along with its key waveforms is given in [1] and [2]. 

 
III. DESIGN CONSIDERATIONS 

For performance evaluation, a three-phase 3-kW front end 
Taipei rectifier has been designed and built according to the 
following key specifications: 

 
Input voltage VIN:   3-phase, 3-wire, 185-265 VL-L, RMS 
Output voltage VO:  400 VDC 
Output power PO:   3 kW    
Efficiency η:    > 97%  above 50% load 
THD:        < 5% 
PF:         <98% 
 

A. Switching Frequency Selection 
As well understood, switching frequency selection is based 

on the trade-off between efficiency and size, i.e., power 
density. In this design, the minimum frequency is set at 35 
kH, whereas the maximum frequency is limited to 200 kHz. 

 
B. Boost Inductor Design 

Because the rectifier operates in DCM, the pulsating 
currents of the boost inductors produce significantly higher 
core losses compared with those when the rectifier operates 
in the continuous-conduction mode (CCM). In addition, to 
maintain a low THD, it is necessary to maintain constant 
slopes of the boost-inductor currents. As a result, ferrite cores 
with an air gap is a better choice than commercially available 
powder cores which exhibit higher core losses and whose 
permeability significantly changes under the varying 
magnetic field strength.   

Using the relationship between input power, output 
voltage, switching frequency, and inductance, derived in [1] 
and [2], the inductance value can be calculated  as 

92.0M
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where input-to-output voltage conversion ratio M is 
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M = ,    (2) 

L =  L1 = L2 = L3, and PIN = PO/η.  

 
 
Fig. 2. Key waveforms of the Taipei rectifier with condition when VAN > 0,

VBN < 0, and VCN < 0. Note that blocking capacitor current iCB is
equal to magnetizing current iM of coupled inductor LC. 
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