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(2 Fast response & Low output voltage ripple '

Objective

Development of ripple control
power supply with :

(D Multi-phase converters for clockless control:
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Automatic current correction for :
multi-phase converter k
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Current imbalance due to
element variations

Proposed method '
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Merit:
(DHigh-speed response
(2)Easy to obtain high frequency
3)No Op-Amp
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Comp

N\ Ripple

No fixed clock signal
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100~240V AC

AC-DC
Converter

Power supply - demanded everywhere provide

Power Supply

Introduction

DC-DC
Converter

appropriate voltage for electronic device

Basic Ripple Control Converter
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PWM
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Frequency swings usually
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Proposed Multi-Phase Ripple Control Converter
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Variations in Multi-Phase Ripple Controlled DC-DC Converter
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DC input

12V

DC output

Max. output
current

Max. output
current step

_---- Why multi-phase and ripple control

Ripple Control with Constant on-time Method

Max. output
current
slew rate
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N Frequency keeps stable
Constant on-time control Low frequency
Fop = constant
T
Vout = Vin =5 Stable operating frequency
T # Fo_ Vo ut
f = i Vin '(:r_op\
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This work
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Tracking PWM2
with PWM1
without clock
demand

Inductor L1 and L2 will go

with lo

L1 and L2 small

* Small body size, L1, L2
* High speed response
* Smaller output ripple
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Proposed Current Balance Modulation

Single-phase Converter
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Single and multi-phase Comparison
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Results and Discussion
Imbalance Current (Problem)

@ Dual Phase: With element variation (Inductance)

Kobayashi
Laboratory

J,

10uH = 11uH

Inductor L1

Main power supply

., =5.43A , 1, =3.15A

Al = (11 -15)

= |5.43-3.15|=2.28A

Error Ratio:

6 = (lo/2-In)/lo/2

=(4.29-3.15)/4.29=> 27 %
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Capacitance C1

500pF ™ 495pF

~—Main power supply

High Sensitivity

—— Conclusion

Imbalance result for
four-phase current

112,1L3,1L4=1.56A
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5 1= (3.88-2.13)/2.13 => 82%
6 2= (2.13-1.56)/2.13 => 27%
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Balance Current (Solution)

@Dual Phase :Result of proposed method with good current balance
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0=6.81A

10uH ™ 11uH

Inductor L1

Main power supp

IL1,1L2=3.40A

lo=6.81A
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Balance result for
k dual-phase current
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» Good current balance

lo=7.41A
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112,1L3,1L4=1.85A
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Balance result for
four-phase current
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@Four Phase: Result of proposed method with good current balance

ﬂ\SOOpF = 495pF
Capacitance C1

» Good current balance

lo=7.41A

L, =1, =1, =1,= 1.85A

S
e A multi-phase ripple controlled converter Is proposed

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

: _ow output voltage ripple, Fast response ,
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