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Research Objective

Development of power supply with
-ast response
_arge current

Constant on-time control
Multi-phase
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*Research background



What is Power Supply
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100240V AC

Power supply is demanded everywhere to
provide appropriate voltage for electronic device



Classifications of DC-DC Converter
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Operation of Buck Converter
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Demand for Power Supply of Process
Max. output Max. output Max. output
current current step current slew rate
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Four-phase Ripple Control Converter
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* Constant on-time control



Merit of Constant on-time control
Ripple Control
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Operation of Constant on-time control

Proposed COT Converter Operation waveform

T NN\
cr Voltage ripple

State t,~t, o b b
@ V, reaches to V¢ Vomp COMES out
@ RS flip-flop is started by Vyp,

® PWM goes to HIGH, meanwhile Ton
No External Clock timer is started.

@ Ton timer is over
® RS flip-flop is reset automatically
® PWM goes to LOW.

State t1~t2
@ PWM keeps LOW until next cycle
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* Four-phase converter solution
via saw-tooth wave circuit
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Demerit of Single-Phase Converter

Single-phase Converter
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Merit of Multi-Phase Converter

Multi-phase Converter
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Simulative frequency
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- Low ripple by shifted
N two-phase peak current

Tracking PWM2 with
PWM1 is demanded
without clock

Inductor L1 and L2 will
go shares with the lo

L1 and L2 will be small
in size
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Proposed Four-Phase Converter Solution
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Generation of Four-Phase PWM 15

SAW Generator & Peak Hold Operation waveform
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e Simulation result
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Current Balance
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Good current balance
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Comparison

Vop =2.8mV
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Static state characteristic

57 %off

(0]
2.8mV=>1.2mV under19%

oo - 5A E) 10A HE) 5A

Dynamic load regulation

response

Peak to Peak 70%off 59%off
Voltage 831mV = 246mV  699mV = 289mV
Recovery 75%off 80%off
time 104us = 30us 123us = 27us
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 Transfer function characteristics
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Gain/dB

Phase/deg

Transfer function characteristics

LC resonance peak frequency
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* EMI reduction via pulse phase modulation
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Pulse Phase Modulation 22
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Spectrum/dB

Spectrum Diffusion Effect of PWM1
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Before EMI Reduction
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The EMI reduction circuit only used in PWM1



Spectrum Diffusion Effect of other PWMs 24
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Other three phase PWMs has the same

spectrum diffusion effect



Conclusion 29

*Proposal of four-phase DC-DC converter
with constant-on-time control

*Good current balance, Large load current
Low output voltage ripple, Fast response

*Four-phase converter shew better phase
margin, higher operating frequency

*EMI reduction is achieved by pulse phase
modulation, the four-phase PWMs



Thank you for your attention
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Q&A 27

Q:Have you considered about the efficiency?

A: As for a power supply the efficiency is an important
performance, but the first purpose of this research is fast
response and large load current. On the basis of these
achievement ,| will consider about the efficiency in the next
step.



