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« Background



Power Supply Circuit Is Everywhere 43

* \Voltage change
AC (100 / 200V) — DC (ex. 300V)

/\/ Output Voltage
Input Voltage
. (50/60Hz) DC-DC )ﬁ
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Research Ob'|ective 5/31

AC-DC converter improvement

1.EMI noise reduction = Frequency modulation
2.Efficiency improvement = SiC-SBD

3.Input LPF size reduction = SiC-SBD
(high clock frequency)

SBD: Schottky Barrier Diode



EMI Noise 6/31

@ Current flow — EMI noise generation

EMI:
Electro-Magnetic Interference

@® EMI noise reduction — Input LC LPF
/’ h

Regulation for products Larger circuit!




Noise SEectrum Sgread 731

* Clock frequency modulation

— Noise spectrum m) Spread
— Harmonics peak reduction

>
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Amplitude
Amplitude
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Frequency Frequency
Without clock modulation With clock modulation




High Freguency OEeration Problem &3

Clock frequency increase
Faster response “ - Efficiency down

-Smaller LC -Recovery current increase
b
Low clock freg. =
g >
@ | Smal loss S [t]
Switching Loss
A
High clock freq. _ [V
[ Large loss | = ¢ T 0

Switching Loss
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« Conventional PFC Power Supply
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Change of input current waveform
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PFC: Power Factor Correction  n: efficiency
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* Proposed PFC Power Supply
— Using frequency modulation
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Proposal PFC Circuit

EMI
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Freguencx Modulation 14/31

* Modulate clock frequency

— Clock noise spectrum Is spread

[V]a
f(©)
Vin Modulation clock
vco —»'® 0
[V]4 < i >
Triangle wave e
Viri /\/\
—— Vin |Vtri|
T |

VCO: \Woltage Controlled Oscillator



PFC Circuilt for Simulation

Parameter Simulation Value
Vin AC 100V /50Hz
L 2.2 mH
Cout 330 uF
Vout 400V
Fck 100 kHz
Error Amp2

PWM

VFB

k]

!

Clock Integration
Signal Circuit

Compl
n ‘ Gate Vsw
— driver

Measuring point of

Fourier transform
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Comparison of PWM Spectrum 1653
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Amplitude [V]

Amplitude [V]

Amplitude [V]

Improvement of PWM Spectrum
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(Af=21kHz)

L = -17.308

®

Very good!




Conduction Noise of Conventional PFC 13t

Measuring point i

. Diode
Vin )
Bridge
‘10
1
= 100
@ :
3
= 1
o
<E: 100
10u ! ]
145 50 100 150 200 250 300 350

Frequency [kHZz]

Peak spectrum is low — PFC operation




Output Voltage Ripple 19/31

Change of Fck

1)Input AC ripple =) Large ripple: < 8Vpp

2)Modulation ripple ==>Small ripple; < 10mV
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Almost the same output waveform
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* Diode recovery current reduction



Diode Recovery Current (1/3) 21/31
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* On-timing : Forward voltage to diode



Diode Recovery Current (2/3) 22131
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— No conducted carriers move reversely

>



Diode Recovery Current (3/3) 23/31
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Recovery Current Reduction AEEroaCh24/31

Fck increase — Switching Loss increase

\ 4

How to reduce recovery current?
— Schottky Barrier Diode(SBD) usage

;

Breakdown voltage
SI-SBD (200V) — SiC-SBD (600V)

Power supply circuit usage

However, SIC-SBD has a problem.



SIC Features

25/31

Comparison of SIC with Si

® Pro

® Con

- High breakdown voltage
- High speed operation
- High cost

Cost of SIC is high. (now)

L, C, LPF are smaller.

¥

Total cost down at circuit level !
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 Check diode current

e« Calculate loss |Parameter Simulation Value
by SIMetrix Vin DC 20V
R 10 Q
Fck 500 kHz
lout 2.0 A
Measurement poirt
R mm) |d
NNV B
- PN-DI(20ETS12)
Vin <’\’; ? - SiC-SBD(SCS206AJHR)
@

|
77




Simulation Results
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Recovery Current Comparison  *
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Switching oSS Comgarisor 29/31
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 Conclusion



Conclusion 31131
Proposal for PFC power supply in high speed

@® PFC with frequency modulation

Fixed frequency — Frequency modulation
»EMI noise reduces more than 17 dB

@® Diode recovery current reduction
PN-Di — SIC-SBD employment
Comparison with switching loss

» Efficiency improvement
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Calm environment and energy saving
are very important !
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PFC Operation 35131

PFC Circuit

Input current, input voltage: same waveforms
— Harmonics reduction
— Loss reduction

Reactive power Active power

Effective power  J VIdt
PFC= =

Apparent power
~ Apparent power VI J

Reactive power( | y‘w (1)
<

Apparent power (=)

PFC: Power Factor Correction



Amplitude [V]

Amplitude [V]

Comgared of Conduction noise 34t
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o Schottk% Barrier Diode(SBD)

Potentia Potential[V]
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Metal Semiconductor

Metal Semiconductor
NoO recovery current
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