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Power Supply Why multi-phase and ripple control

DC input DC output Max. output 
current

Max. output 
current step

Max. output 
current 

slew rate

12V 1.5V 120A 100A/us 930A/us

High speed  
response

Ripple control

Large 
current

Multi-phase

Multi-phase Ripple Control Converter

Basic Ripple Control Converter

Results and Discussion

Single and multi-phase Comparison  

Imbalance Current (Problem) 

A multi-phase ripple controlled converter is proposed

The current imbalance due to inductance and capacitance variations is well improved

Low output voltage ripple, Fast response                                         

Conclusion

This work

Ripple Control with Constant on-time Method

Po w e r
S u p p l y

100～240V AC 5.0 V DC

AC-DC 
Converter

DC-DC 
Converter

Power supply demanded everywhere provide 
appropriate voltage for electronic device
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Low ripple by shifted two-phase 
peak current 

180°

IL1
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ILo=IL1+IL2

PWM1

PWM2

60A

60A

120A

Vo

Inductor L1 and L2 will go shares 
with Io

L1 and L2 small

Tracking PWM2
with PWM1

without clock
demand 

＊Small body size, L1, L2
＊High speed response
＊Smaller output ripple

Merit：
①High-speed response
②Easy to obtain high frequency
③No Op-Amp

😀 Demerit：
①Operation frequency  is changed 

by the load current transient
②Large noise

☹
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Frequency swings usually
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No fixed clock signal
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Frequency keeps stable

Constant

Constant on-time control
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Fop≒ constant

Low frequency

Stable operating frequency

Proposed Multi-Phase ConverterProposed Multi-Phase Ripple Control  Converter Proposed Current Balance Modulation 
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COT Generator of sub/main-converter
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Single-phase Converter

Pin

COT

SAW

t

TCOT = k･V－

= k･(VCOT + Vamp)
= TCOT + ⊿TCOT

Modulation Ratio:
α =⊿TCOT / TCOT 

= Vamp / VCOT
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Vout : 3V

Iload : 5A 10A 5A

Static State characteristic
Single-phase Dual-phase

Vout ripple 0.09 mv 0.05 mv

Vout ripple :44.4% off

Single-phase Dual-phase

Load fluctuation 
Vpp

19.8mv 8.8mv

Light load 
fluctuation Vpp

15.7mv 8.7mv

Recovery time
0.27ms/0.23m

s
0.20ms/0.18ms

Dynamic load regulation

Balance Current (Solution) 

Io=8.58A

IL1=5.43A

IL2=3.15A

[I/A]

[t/mS

]

Imbalance result for 
dual-phase current

10μH 11μH

Inductor L1

Main power supply 

+ 10%

Io = 8.58A

IL1 =5.43A  , IL2 =3.15A
ΔIL = (IL1 -IL2 ) 

= |5.43-3.15|=2.28A 
Error Ratio: 

δ = (Io/2-In)/Io/2

=(4.29-3.15)/4.29=> 27 % 

●Dual Phase: With element variation (Inductance)

☹

Il2,IL3,IL4=1.56A

[I/A]

[t/mS]

Io=8.52A

IL1=3.88A

500pF 495pF

Capacitance C1

Main power supply 

- 1%

Io = 8.52A

IL1 =3.88A  ,

IL2 = IL3 = IL4 =1.56A

δ 2= (2.13-1.56)/2.13 => 27% 

Imbalance result for 
four-phase current

●Four Phase: With element variation (Capacitance in COT generator)

High Sensitivity

δ 1= (3.88-2.13)/2.13 => 82% ☹

10μH 11μH

+ 10%

Io = 6.81A

IL1 =IL2 =3.40A

Good current balance

[I/A]

[t/mS]

IL1,IL2=3.40A

Io=6.81A

Balance result for 
dual-phase current

●Dual Phase ：Result of proposed method with good current balance

😀

Inductor L1

Main power supply 

Io = 7.41A

IL1≒ IL2≒ IL2≒IL2≒ 1.85A

Good current balance

Balance result for 
four-phase current

500pF 495pF

- 1%
[I/A]

[t/mS]

Io=7.41A

Il2,IL3,IL4=1.85A

●Four Phase: Result of proposed method with good current balance

😀

Capacitance C1

Main power supply 

Objective
Development of ripple control 

power supply with ：

① Multi-phase converters for clockless control

② Fast response & Low output voltage ripple

Automatic current correction for
multi-phase converter

Current imbalance due to 
element variations

Problem

Proposed method

Application
Target application in microcontroller


