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Research Objective

-

Development of power supply with
- EMI noise Reduction
- Fast response
- Low output voltage ripple control

- Constant on-time control
- Multi-phase
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*Research background



What is Power Supply

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




Classifications of DC-DC Converter

Buck Boost Buck-Boost

Vin>Vo Vin<Vo Vin 2 Vo



Operation of Buck Converter
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Demand for Power Supply of Process

DC input DC output Max. output Max. output Max. output
current current step current slew rate

120A : 100A/us : 930A/us

_____________________________________________
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Four-phase Ripple Control Converter
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e Constant on-time control



Merit of Constant on-time control
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Operation of Constant on-time control 10

Proposed COT Converter Operation waveform
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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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Proposed Four-Phase Converter Solution
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Generation of Four-Phase PWM 15

SAW Generator & Peak Hold Operation waveform

A [Viv]
\J Differentiator Veomp 10 VPeak-hold
Buffer ¥
8
Current Source Sampling Pulse . /

__ Voltage Folower

Voltage Folower — 4
M [ € AN / / / / /
\SAW 1 -~ i 2 v
®_ |___\ W, i _LPeaanl:I' 4 / / / 4
| T ) - C J- \unltagel 2.206 2.208 2.21 2.212 2.214 2.216 4./218
Reset Pulse j|: — ~ -
I-_ [VIV] |
: e
— = ——

1 —— ——
Voltage Divider & Comparator ‘ | |
T | |
Peak Hold Saw-tooth 23— Veomp —— PUL2 { ruLs | [ PuL4
Voltage Voltage 0 | |
Comp2 &
3 : + ey BB TSYVIV YT PWMI 2
3\ _ PWM4!
2Vp PUL4 : I (+
|
1 4
R +Comp3 | : PWM2 7
2, e o c
p | 1 4
R Comp4d : : PWM3 2
+ 1 0
ly PWMz:
VP - PUL2 v i
R PWM4 2
0

2.2305 2.231 2.2315 2.232 2.2325 2.233
1 [t/mS]



 Simulation result
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Current Balance

Current balance offset Al
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Single and multi-phase Comparison

[V/V] 3.044
30 A AP AANT AR
’ |
3.038 |
3.036 | single-phase Converter |
3.044
3.042
3.04
308 I Four-phase Converter |»

3.036 5.12 5.13

5.14

5.15 5.16 517
[t/mS]

[ViV] 831mV _i Single-phase Converter 'ﬁ!ﬁ%' =
Fi m

N\ _—=

)

4

1 1
4. 246mV 1 Four-phase Converter [ ¥ >R0mV
|4c \

2.6 | 4
[/A]14 —
10—+ 5A | | 154 | | sa —1—
2.45 2.5 2.55 26 2,65 27 275 2.8

V3V

Static state characteristic

Ripple peak Ripple
to peak range

86%o0ff

o)
35mV=>5mV under19%

Vout

loag - 5A HD 10A H) 5A

Dynamic load regulation

fransient |, jershoot | Overshoot
response

Peak to Peak 70%0ff 59%0ff
Voltage 831mV = 246mV  699mV = 289mV
Recovery 75%0ff 80%off
time 104us = 30us 123us = 27us



Contents

* EMI reduction via pulse phase modulation
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Pulse Phase Modulation 20

Single-phase Converter
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Spectrum of Conductive Noise 21

Conductive noise at input side
Without EMI reduction
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Conductive Noise and Vref
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Conclusion

* Design of good relationship between
conductive noise and reference voltage
for COT pulse Is proposed.

*Four-phase ripple controlled converter
with EMI reduction Is proposed

* Peak level of spectrum at 4Fpwm
IS reduced

*Low output voltage ripple, Fast response

«Current balance Is very good
even at large output current



Thank you for your attention
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