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Research Objective

Development of power supply with 

- Low noise 

- Fast response

- High efficiency

- Soft-switching with voltage-mode resonant

- Multi-phase

Approach

Objective
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What is Power Supply ?

100～240V AC

4.2V DC

Power supply is demanded everywhere to 

provide appropriate voltage for electronic device

AC-DC Converter

DC-DC Converter

Power 

Supply
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Classifications of DC-DC Converter

Buck Boost Buck-Boost

Basic configurationDC-DC converter
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Operation of Buck Converter
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Demand for Power Supply

Low noise
High 

efficiency

Soft-switching
Voltage-mode 

control

Fast 

response

Multi-phase

Two-phase voltage-mode soft switching        

DC-DC converter
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Normal Voltage-mode Control

PWM
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SAW
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Lr Lo

Co Ro
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Io

Saw tooth Wave Generator

VfbPWM

Driver

Comp
Amp

Clock

SW

ΔVo

Voltage-mode Converter 

Saw-tooth signal is generated by external clock

PWM is generated by closed-loop control

Switching loss

Operation Waveform

Hard Switching

VSW

ISW

Turn off Turn on

Δｔon Δｔoff

Slow respond
ΔPsw
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Voltage-mode Resonant Switch 
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Soft Switching

T1  The switch turns off when Vr is nearly 0

T2 The switch turns on when Ids is nearly 0

Soft-switching is achieved
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Demerit of Single-Phase Converter

One-phase converter

The whole output current 

Io will flows only through 

inductor Lo
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PMW
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Merit of Two-Phase Converter

Two-phase converter

Inductor L1 and L2 will 

go shares with the Io

L1 and L2 will be small 

in size 

180°phase difference

Load of each phase’s 

inductor halved

Simulative frequency 
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Difficult to get Multi-Phase without Clock

Voltage-mode resonant converter

No clock

Frequency & phase 

swinging
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Proposed Two-Phase Converter Solution  
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Parameters and Key Waveforms
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Current Balance

Current balance offset    ΔIL (ΔIL = |IL – Io/2|)
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Comparison
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Characteristics Test 1
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Characteristics Test 2
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Conclusion

• We have proposed 

two-phase DC-DC converter 

with voltage-mode resonant switch.

• Low output voltage ripple, fast response 

are achieved.

• Stable characteristic of current balance 

is tested.



26

Thank you for listening

谢谢



27
Q&A

Q:How many times did you do the simulation until the result coming 
out.

A：Actually, I did many times for the simulation. As for the voltage 
resonant switch, there is a necessary condition that Vrmax = IoZn to 
achieve the soft-switching. As for the characteristics of current 
balance, I also did many times for the simulation to get the 
necessary data to paint the graph.

Q:What is the difference between convectional and two-phase 
converter.

A:The output voltage ripple has get off by 44.4%. The voltage step-
up and down during the transient response also low, so do the 
recovery time.




