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Abstract –A high frequency converter with maximum 

150A/2.5kW output is designed and evaluated in this paper. 

This converter consists of three parallel PSFB modules. The 

main components for each module are designed. Small signal 

model for single module is established and a digital peak 

current mode control is designed and implemented. Finally, a 

2.5kW prototype with up to 150A output current is built. The 

experimental results demonstrate well performance of the 

prototype and confirm of the validity the design. 
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I. INTRODUCTION 

 

There are many low-voltage electronic devices on electric 

vehicles, such as air conditioner, wiper, multimedia 

equipment and lighting system. These electronic devices 

work with low voltage, but the total current of these loads 

is high. Therefore, a low-voltage and high-current power 

supply is required, which converts the high voltage of 

vehicle power battery to low voltage and provides high 

current. 

 

Phase-shift full-bridge (PSFB) DC-DC converter have the 

advantages such as high-power density, low switching loss 

and large conversion ratio, thus it is wildly applicated in 

high-power and high-frequency isolated power conversion 

system. 

 

Series studies on PSFB converter have been carried out [1]-

[7]. PSFB ZVS DC-DC converter can realize zero voltage 

switching (ZVS), thus switching loss can be significantly 

reduced, but the ZVS range of switches (especially in lag 

bridge) is limited and may loss ZVS at light load. Many 

approaches of keeping ZVS of PSFB converter at light load 

have been reported, for example, an auxiliary circuit 

attached to the main circuit is designed to achieve ZVS at 

light load in [3], and [4]-[6] report some control strategies 

to extent ZVS range. The loss of diode rectifier will be 

significant under large output current, to increase the 

efficiency, synchronous rectifier is applied in [7-8] to 

reduce power loss of rectification circuit, and the power loss 

of synchronous rectifier is analyzed in [8]. 

 

Peak current mode control (PCMC) is widely used in 

control of DC power supply attributed to the advantages 

such as inherent over current protection, automatic current 

sharing in parallel operation. In [9] and [10], PCMC is 

applicated to control the isolated DC-DC converter, and the 

digital slop compensation of PCMC is studied in [11]. 

 

In this paper, a high-current power converter which consists 

of three PSFB modules is designed and evaluated. To 

reduce loss, rectifier diodes are replaced by MOSFETs to 

achieve synchronous rectifier. A resonant inductor is 

applicated to extend the soft switching range. Each module 

has a double-current-loop controller to regulate the output 

current. PCMC is used as the inner-loop controller which 

can prevent the transformer saturation.  

 

The rest of this paper is organized as follows. In section Ⅱ, 

the circuit topology and parameter design are introduced; to 

design the controller, the small signal model is established 

in section Ⅲ; and the experimental results of a 2.5kW 

prototype are presented in section Ⅳ. Finally, in section V, 

some conclusions are presented. 

 

 

II. DESIGN OF MAIN CIRCUIT 

 

A. Circuit topology 

 
Fig. 1: The topology of synchronous rectified PSFB circuit 

 

Fig.1 is the topology of single PSFB converter with 

synchronous rectifier. The primary side is a full-bridge 

inverter consists of MOSFET Q1~Q4, and the secondary 

side is a synchronous rectifier circuit, using MOSFET with 

lower on-resistance to replace diodes, thus the loss of 

rectifier can be effectively reduced, and the efficiency of 

converter can be increased. In Fig. 1, C1~C4 are the parasitic 

capacitance of MOSFET. Usually, their capacitance is not 

large enough to implement soft switching. It is necessary to 

add extra capacitor to them. Lr is the resonant inductor, its 

value equals to the sum of circuit parasitic inductance and 

transformer equivalent leakage inductance. The PSFB 

converter can achieve ZVS through the resonance of Lr and 

C1~C4. The turns ratio of transformer is 𝑛: 1: 1 which is 

determined by requirement of input and output voltage 

range. The circuit of output filter consists of inductor L and 

capacitor C. And R is the load. 
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Fig. 2 shows the operation waveforms of PSFB converter 

with synchronous rectifier. The output voltage of PSFB 

converter can be adjusted by the phase difference between 

two bridge legs. And the detailed operation principle can be 

found in [8]. 

 

 
Fig. 2: The main waveforms of PSFB converter with 

synchronous rectifier 

 

Parallel operation of PSFB modules can increase the output 

power or current. In the design of this paper, three parallel 

modules work together as Fig. 3. 

 

 
Fig. 3: The structure of three parallel PSFB 

 

B. Design of circuit 

The required specifications of the designed PSFB converter 

include input voltage DC 315-420V, controllable output 

current ranged from 0A to 150A, the 5A maximum current 

ripple, and the maximum output voltage 20V. As the 

converter is composed by three parallel PSFB modules, 

each module will take a load of 50A. 

 

In PSFB converter, the switches of bridge can achieve ZVS 

by the resonance between leakage inductor of transformer 

and parasitic capacitor of switches[1]. An extra resonant 

inductor can help to keep the ZVS property at light load. 

 

As Fig. 2 shows, the duty cycle of secondary voltage 𝑉𝑟𝑒𝑐𝑡  

is smaller than primary voltage 𝑉𝐴𝐵. The duty cycle loss of 

secondary voltage has been derived in [1]. It is expressed as 

(1). 
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where 𝑘 = 1 𝑛⁄  is the turns ratio between the secondary side 

and primary side of transformer, 𝑓𝑠 is switching frequency, 

𝑉𝑖𝑛  and 𝑉𝑜  are input voltage and output voltage, 𝐿𝑟  is the 

value of resonant inductor and 𝐿  is the value of output 

inductor, 𝐷 is the duty cycle of primary side voltage 𝑉𝐴𝐵. 

 

From (1), a larger resonant inductance 𝐿𝑟  means larger duty 

cycle loss 𝐷𝑙𝑜𝑠𝑠 , thus the resonant inductor should be set to 

an appropriate value. In this design, the resonant inductor is 

set to 𝐿𝑟 = 16 𝜇𝐻.After some calculations, the parameters 

of the PSFB in Fig. 1 are designed as Table 1. 

 
Table 1: Main circuit parameters 

Items Symbol Value 

Input voltage 𝑉𝑖𝑛 DC 315V 

Transformer ratio 𝑛: 1: 1 10:1:1 

Maximum output voltage 𝑉𝑜 DC 20V 

Output current 𝐼𝑜 50 A 

Output filter inductor 𝐿 300 𝜇𝐻 

Resonant inductance 𝐿𝑟 16 𝜇𝐻 

Switching frequency 𝑓𝑠 100 kHz 

Output filter capacitor 𝐶 5000𝜇𝐹 

 

 

III. SMALL SIGNAL MODELING AND 

CONTROLLER DESIGN 

 

As Fig. 4 shows, a double-current-loop control system is 

designed to regulate the output current of converter, where 

inner loop is peak current mode controller. To design the 

controller of outer loop, small signal model of designed 

PSFB converter is established in this section. 

 

 
Fig. 4: The structure of proposed control system 

 

A. Modeling of designed PSFB converter 
PSFB converter is derived from Buck converter. It is a kind 

of isolated Buck converter, thus the small signal model of 

PSFB converter can refer to the model of Buck converter. 

But the loss of duty cycle and turns ratio of transformer 

should be considered. According to [1], the effective duty 

cycle perturbation can be derived as (2). 
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where 𝑑̂𝑖  and  𝑑̂𝑣  are the perturbations of effective duty 

cycle resulting from the change of output filter current 𝑖𝐿 

and the change of input voltage 𝑉𝑔 , respectively. And 𝑑̂ is 

the perturbation of duty cycle.  

 

The established small signal model of designed PSFB DC-

DC converter is shown in Fig. 5. From Fig. 5, the transfer 



function from duty cycle  𝑑̂  to output current 𝑖̂𝑜  can be 

derived as (3). 
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where 𝑅𝑑 = 4𝑘2𝑓𝑠𝐿𝑟. 

 

The transfer function from duty cycle 𝑑̂  to output filter 

inductor current 𝑖̂𝐿 is (4). 
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Fig. 5: Small signal model of designed PSFB DC-DC converter 

 

B. Modeling of controller 
In this design, input current 𝑖𝑔 is the input of inner-loop, and 

the feedback factor of current sensor is 𝑅𝑠. The waveform of 

PCMC in this PSFB converter is shown in Fig. 6, where 𝑚𝑐 

is the slope compensation of peak current 𝑖𝑐 which helps to 

prevent sub-harmonic of PCMC, 𝑚1 and 𝑚2 are slopes of 

converted output inductor current 𝑖𝐿 , and the period of 𝑖𝑔 

and 𝑖𝐿 is 𝑇 = 𝑇𝑠 2⁄ .  

 

 
Fig. 6: Waveform of PCMC in PSFB converter 

 

According to the operating principle of PSFB converter, 𝑖𝑔 

is equal to the converted output inductor current 𝑖𝐿 during 

𝑑𝑙𝑜𝑠𝑠𝑇 as Fig. 6 shows, thus the average value of 𝑘𝑅𝑠𝑖𝐿 in a 

period can be expressed as:  
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Removing the higher-order perturbations, the 𝑑̂  can be 

expressed as: 

 

 ˆ ˆ ˆ ˆˆ( )d c L L v in o od F i F i F v F i= − − −  (6) 

 

where 𝐹𝑑 =
1

𝑀𝑐𝑇
, 𝐹𝐿 = 𝑘𝑅𝑠 , 𝐹𝑣 =

𝑘2𝑅𝑠𝐷𝑒𝑓𝑓
2 𝑇

2𝐿
, 𝐹𝑜 =

𝑘𝑅𝑠𝑅(1−2𝐷𝑒𝑓𝑓)𝑇

2𝐿
. 

 

C. Modeling of closed-loop system 
From equation (3) (4) and (6), the transfer function from 

control current 𝑖̂𝑐 to output current can be expressed as: 
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Thus, the block diagram of small-signal closed-loop system 

can be established as Fig. 7, where 𝐻𝑜  is the feedback 

proportional coefficient of output current 𝑖̂𝑜 , and 𝐺𝑐  is 

compensation function of outer-current-loop. 

 

 
Fig. 7: The block diagram of small-signal closed-loop system 

 

From Fig. 7, the open-loop transfer function can be deduced: 

 

 c oc oT G H=    (8) 

 

D. Controller design 

The circuit parameters of this converter are set as Table. Ⅰ, 

the resistance of load set to 𝑅 = 0.4 𝛺, and 𝑅𝑠 = 51, 𝐻𝑜 =
9.4 , the compensation slope of PCMC is set to 𝑚𝑐 =
3.1 × 106 , from equation (8), the open-loop transfer 

function 𝑇𝑐 can be calculated as: 
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The bode diagram of 𝑇𝑐  is shown in Fig. 8. A simple PI 

controller 𝐺𝑐(𝑠)  is designed based on the 𝑇𝑐  as equation 

(10). 
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Fig. 8: The frequency response diagram of open-loop transfer 

function 𝑇𝑐 

 

 

IV. EXPERIMENTAL RESULTS 

 

Finally, a prototype of 2.5kW DC-DC converter consists of 

three parallel PSFB modules is given in Fig. 9, and the 

thermal imagery is given in Fig. 10. It can be noticed that 

each module takes 50A output current, and the overall 

temperature of converter is lower than 70 ℃ which is within 

the accepted range. Fig. 11 is the waveform of drain-source 

voltage of 𝑄𝐵  (channel 1), drain-source voltage of 𝑄𝐷 

(channel 2), primary side voltage 𝑉𝐴𝐵  (channel 3) and 

primary side current 𝑖𝑝  (channel 4) while input voltage is 

100V. It can be noticed that the waveform is stable and ZVS 

has been achieved. 

 

 
Fig. 9: Prototype of the three parallel PSFB converter 

 

 
Fig. 10: Thermal imagery of the converter 

 

 
Fig. 11: The waveform of drain-source voltage of 𝑄𝐵 (channel 

1), drain-source voltage of 𝑄𝐷 (channel 2), primary side voltage 

𝑉𝐴𝐵 (channel 3) and primary side current 𝑖𝑝 (channel 4) 

 

 

V. CONCLUSIONS 

 

To provide the high current consumed by lots of electronic 

loads on electrical vehicle, this paper designs a converter 

composed of three parallel PSFB DC-DC converters. The 

design procedures of parameters of the main circuit and 

controller are presented. The main circuit can realize ZVS. 

Additional resonant inductor can help to keep ZVS when 

the load is not large enough. The loss of duty cycle is 

considered when modelling. The peak current mode control 

can avoid magnetic saturation of transformer. The 

experimental results show that the even current sharing is 

achieved between the three modules. The overall 

temperature of the converter is within a reasonable range, 

which indicates the rationality of the design. 
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