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What is Power Supply Circuit ?

« Commercial power supply circuits
— Convert AC into DC voltages

DC-DC

} o
/\/ AC-DC

Input Voltage Power Supply Output Voltage
(50/60Hz 100V) (ex. DC 300V) 4126




PFC Circult

PFC shapes input current waveform
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Research Purpose
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Basic PFC Circuit
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Efficiency of Basic PFC
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AC Vin=100[V]@50Hz

Parameters | Simulation Value
lin 5.26[A]
Input power 526[W]
Output power 434[W]

>Expand | Vo = 476V + 3V
o =912mA + 6mA

B e A R
Time(ms)
.. Output power 434
ef ficiency = Putp X 100 ==——X%x 100
Input power 526

= 82.5%
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Outline

« Conventional PFC (Half-bridgeless) Circuit
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Half-Bridgeless Circuit

MOSFET — efficiency increase Vout
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* Vin =100[Vrms]@50Hz « C =500[uF]
 Clock frequency = 200[kHz] * Rpson) = 1[mQ]
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Operation of Half-Bridgeless Circuit (1/2)
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Operation of Half-Bridgeless Circuit (2/2)
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Efficiency of Half-Bridgeless PFC

AC Vin=100[V]@50Hz

Vin (V)

lin (A)

ya ~ 7 N Parameters | Simulation Value
= ~=F S lin 5.26[A]
MEEE S S "’s\\\ Input power 526[W]
— \"-":: — \‘f\ Output power 496[W]

Vo (V)

lo (A)

e~ pExpand |Vo = 406.5V + 4V
: s [o = 1.224 + 0.0124

- 505 51 O‘V 515 520\,’ 525 SSO\V’ 535 540}
Time(ms)
o Output power 496
ef ficiency = PP X 100 =—=x% 100

Input power - 526
= 94.3% (> 82.5% Basic)
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Outline

* Proposed PFC (Full-bridgeless) Circuit
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Proposed Full-Bridgeless Circuit

V::m Controller — Prevention of reverse current of swl or sw3
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Conditions

* Vin = 100[Vrms]@50Hz « C =500[uF]

« Clock frequency =200[kHz] * Rpson) = 1[mQ]

e | = 1[mH] 16/26



Reverse Current

*  Without V;;,,, controller circuit

reverse

Vout
[Vin <A & sw3 ON] e §
Vin> -A & swlON = JSW%
. O_I::i— o]

Input current




V; i controller circuit
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Operation of Full-Bridgeless Circuit (1/4)
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Operation of Full-Bridgeless Circuit (2/4)

VIN <Viim

swl — OFF
sw2 — ON

sw3 — OFF
sw4 — OFF

e %L

9
swl S
I\
1
o)
1

swi

”.}J,

(V) &

+Vim

'VLIM

Switching
Pulse at swl

Switching
Pulse at sw2

Switching
Pulse at sw3

re —
Switching
Pulseatsw4h |, —I —| —|
g Rout

(V)4 E

W4

(V)a i

20/26



Operation of Full-Bridgeless Circuit (3/4)
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Operation of Full-Bridgeless Circuit (4/4)
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Efficiency of Full-Bridgeless PFC

AC Vin=100[V]@50Hz

S o o Parameters | Simulation Value
£ 100 — = lin 5.25[A]
2 Input power 525[W]
) | | Output power 523[W]
g 308 f\ f‘&‘\ ! N o f\
2 i S S =
i J . Expand | Vo =396V £ 6V
< 135 — lo = 1.324 £ 0.024
= | . T
65 70 75 80 85 90 95 100
Time(ms)
. Output power 523
ef ficiency = PP X 100 = —=x 100
Input power 526

=99.6% (>94.3% Conventional > 82.5% Basic)
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Efficiency and Input Voltage
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Conclusion

® Replace diode with MOSFET

Loss reduction — Efficiency improvement

» Basic PFC efficiency 82.5%
Conventional PFC (Half-bridgeless) 94.3%
Proposed PFC (Full-bridgeless) 99.6%

® Prevent reverse current in Full-bridgeless PFC
by using V; ;,,, controller circuit
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Question and Advice (1/2)

1. Since the PFC circuit has an
iInductor, why does the input voltage
and input current waveform have the
same phase ?

By repeatedly turning on and off the
switch (MOSFET), the input current
waveform has the same in-phase as
the input voltage waveform.
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Question and Advice (2/2)

2. In the simulation, replace the ideal
switch with an actual MOSFET and
try to compare efficiency again.

» In the near future | will replace the ideal
switch with the actual MOSFET and try
to compare efficiency again.

3. InV;;,, controller circuit (P18), is the
position of the second V;;,,, correct?

»yes, the position is correct.
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