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Figure 1. Active PFC Stage with the NCP1608
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Figure 2. Schematic and Waveforms of an Ideal CrM Boost Converter
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Table 1. Additional Resources for the Design and Understanding of CrM Boost PFC Circuits
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Table 2. CONVERTER PARAMETERS

Parameter Name Symbol Value Units
Minimum Line Input Voltage Vac| | 85 Vac
Maximum Line Input Voltage Vacy, 265 Vac
Minimum Line Frequency fine(MIN) 47 Hz
Maximum Line Frequency fline(MAX) 63 Hz
Output Voltage Vout 400 \
Full Load Output Current lout 250 mA
Full Load Output Power Pout 100 W
Maximum Output Voltage Vout(MAX) 440 \Y
Minimum Switching Frequency fswminy 40 kHz
Minimum Full Load Efficiency n 92 %
Minimum Full Load Power Factor PF 0.9 -
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Figure 4. Realistic CrM Waveforms Using a ZCD
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Figure 12. Gain-Phase Measurement Setup for a Boost PFC Pre-Converter
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Figure 15. On Time and Switching Frequency With and Without Rctyp
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Figure 22. 100 W Pre-Converter Using the NCP1608

HEhEBOM), LA TV b, BROT—A M e HERAESC AT - 7 L— b BB L

AELNENAppendix 1. 2, SR KT SDT o )y, PF, THDEPM300OAT it Tl
Ua =205, #NIZTHD (Figure 235 X O = e
Figure 24), PF (Figure 25), %h=&(Figure 26) % F2Hi L * mﬁ:E%HPBAAOlA?:?%%ﬁT{/‘JE e
TVWET, TRCOMEIILL FOLMETEITEINE o /)& IR A#PLZ1003WHE A 2 i L TR E
R o /)i ZHP34401A~ /L F A — & THIE
o R— FERERAR. B/INTA v ASEE T4 o MNAEINIHAEE L M HEREZRHE L CTHH
BESE -1k

WWW.onsemi.jp

14


http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1

THD (%)

PF

14

12

10

1.00
0.99
0.98
0.97
0.96
0.95
0.94
0.93
0.92

0.91
0.90

AND8396/D

0.7
-

— = 0.6

Pout = 50 W <
E o5

/ %
// % 0.4

O
4/ O 03

/ Pout =100 W (@)
pE— E 0.2

<

T
0.1
0

80 130 180 230 280
Vin (Vac)
Figure 23. THD vs. Input Voltage
100
\ Pout = 100 W —
— Pout =50 W \ ~ 98
NS

~ g
AN > 96

N 0

N Z

\ u

O

m

\\
\N 92
90
80 115 150 185 220 255 290
Vin (Vac)
Figure 25. PF vs. Input Voltage

Www.onsemi.jp

15

/™ 115 Vac 60 Hz
= 230 Vac 50 Hz ™

Pin=75W

IEC61000-3-2 Class D Limits

N

|_Irm ||
1 35
Nth HARMONIC

Figure 24. Individual Harmonic Current

7 9 11131517192123252729 3133353739

Pout = 100 W

—
~

Pout =50 W

-

80 185

Vin (Vac)

115 150

220

255

Figure 26. Efficiency vs. Input Voltage

290


http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1

AND8396/D

ANBREHNERE

NS B & EEY » 7V ZFigure 27127~ L % T F£7, NCP1608I%Voyt73421 VIZET 5 L OVP
7, Figure 28|12k L kB0, WAMIRETT Y 2 MEEZME L. Voud 410 VICIE T4 % L s L %
N—A o EBE S5 LIk » COREER#E L R R

Vin (50V/div) : Curs1 Pos

Curs2 Pos

.

Chi 500y
Chd 10o0¥ 1 Bw

Tek  Stopped Si T
. ’I - PRI I S .ButtonS
Ve (10V/div) Curs1 Pos
' o 77.68ms

Curs? Pos

Chi 10.0% Ch2 10.0% i 0.0 100m:At
Cha 100 By

Figure 28. Startup Transient Showing OVP Detection and Recovery (Vj, = 115 Vac 60 Hz, lgy = 0 mA)
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Figure 30. Frequency Response Vj, = 265 Vac 50 Hz Iy, = 250 mA
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Appendix 1: BILL OF MATERIALS (BOM)*

AND8396/D

Manufacturer
Designator | Qty Description Value Tolerance Manufacturer Part Number
BRIDGE 1 Bridge Rectifier, 4 A, 600 V - - Vishay KBL06-E4/51
C1,C2 2 Capacitor, EMI Suppression, 305 Vac 0.47 uF 20% EPCOS B32923C3474M
C3 1 Capacitor, Ceramic, SMD, 50 V 8.2 nF 5% TDK Corporation C3216C0G1H822J
CBULK 1 Capacitor, Electrolytic, 450 V 68 uF 20% United Chemi-Con EKXG451ELL680MMN3S
CCOMP 1 Capacitor, Ceramic, SMD, 25 V 0.68 uF 10% TDK Corporation C3216X7R1E684K
CCOMP1 1 Capacitor, Ceramic, SMD, 25 V 3.3 uF 10% TDK Corporation C3216X7R1E335K
CCs, CZCD 2 Capacitor, Ceramic, SMD open - - -
CIN 1 Capacitor, EMI Suppression, 305 Vac 0.1 uF 20% EPCOS B32921A2104M
CT1 1 Capacitor, Ceramic, SMD, 50 V 1nF 10% Yageo CC1206KRX7R9BB102
CT2 1 Capacitor, Ceramic, SMD, 50 V 220 pF 10% Yageo CC1206KRX7R9BB221
CvCC 1 Capacitor, Electrolytic, 25 V 47 uF 20% Panasonic EEU-FC1E470
CvCcC2 1 Capacitor, Ceramic, SMD, 50 V 0.1 uF 10% Yageo CC1206KRX7R9BB104
D1 1 Diode, Switching, 100 V - - ON Semiconductor MMSD4148T1G
DAUX 1 Diode, Zener, 18 V - - ON Semiconductor MMSZ4705T1G
DBOOST 1 Diode, Ultrafast, 4 A, 600 V - - ON Semiconductor MUR460RLG
DDRV 1 Diode, Switching open - - -
DVCC 1 Diode, Zener open - - -
F1 1 Fuse, SMD, 2 A, 600 V - - Littelfuse 0461002.ER
J1 1 Header 1 Row of 2, 100 mil - - 3M 929400-01-36—-RK
J2,33 2 Connector, 156 mil 3 pin - - MOLEX 26-60-4030
L1 1 Inductor, Radial, 4 A 180 uH 10% Coilcraft PCV-2-184-05L
L2 1 Line Filter, 2.7 A 4.7 mH - Panasonic ELF-20N027A
LBOOST 1 Inductor, 400 uH, Ng:Nzcp = 10:1 - - Coilcraft JA4224-AL
MECHANICAL 1 Shorting Jumper - - 3M 929955-06
MECHANICAL | 1 Heatsink - - Aavid 590302B03600
MECHANICAL 1 Screw, Phillips, 4-40, 1/4”, Steel - - Building Fasteners PMSSS 440 0025 PH
MECHANICAL 1 Nut, Hex 4-40, Steel - - Building Fasteners HNSS440
MECHANICAL 1 Shoulder Washer #4, Nylon - - Keystone 3049
MECHANICAL 1 TO-220 Thermal Pad, 9 mil - - Wakefield 173-9-240P
MECHANICAL 4 Standoffs, Hex 4-40, 0.75”, Nylon - - Keystone 4804K
MECHANICAL 4 Nut, Hex 4-40, Nylon - - Building Fasteners NY HN 440
NTC 1 Thermistor, Inrush Current Limiter 4.7 Q 20% EPCOS B57238S479M
Q1 1 MOSFET, N-Channel, 11.6 A, 560 V - - Infineon SPP12N50C3
R1 1 Resistor, SMD 100 Q 1% Vishay CRCW1206100RFKEA
RCOMP1 1 Resistor, SMD 20 kQ 1% Vishay CRCW120620KOFKEA
RCS 1 Resistor, 0.25 W Axial 510 Q 5% Yageo CFR-25JB-510R
RCT 1 Resistor, SMD 0Q - Vishay CRCW12060000Z0EA
RCTUP1, 2 Resistor, 0.25 W Axial 750 kQ 5% Yageo CFR-25JB-750K
RCTUP2
RDRV 1 Resistor, SMD 10 Q 1% Vishay CRCW120610ROFKEA
RO1A, RO1B 2 Resistor, SMD 2 MQ 1% Vishay CRCW12062MO0OFKEA
ROUT2A 1 Resistor, SMD 25.5 kQ 1% Vishay CRCW120625K5FKEA
ROUT2B 1 Resistor, SMD open - - -
RS1, RS2 2 Resistor, SMD, 1 W 0.25Q 1% Vishay WSL2512R2500FEA
RS3 1 Resistor, SMD open - - -
RSTARTL, 2 Resistor, 0.25 W Axial 330 kQ 5% Yageo CFR-25JB-330K
RSTART2
RzCD 1 Resistor, 0.25 W Axial 100 kQ 5% Yageo CFR-25JB-100K
ul 1 CrM PFC Controller NCP1608 - ON Semiconductor NCP1608BDR2G
*All products listed are Pb-Free.
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Appendix 2: LAYOUT

AND8396/D
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Figure 33. Top View of the Layout
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AND8396/D

Appendix 3: SUMMARY OF BOOST EQUATIONS Components are identified in Figure 3

Input rms Current

n (the efficiency of only the PFC
stage) is generally in the range of

lac = — 90-95%. Vac i ine i
n - Vac 6. Vac is the rms ac line input
voltage.
Inductor Peak Current 2-2.p The maximum inductor peak current
I — out occurs at the minimum line input
L(peak) n - vVac voltage and maximum output power.

Inductor Value

Y
vac? - (L_“‘ - Vac) m
V2

L <
\/E *Vout * Pout ” fSW(MIN)

fsw(miny) is the minimum desired
switching frequency. The maximum
L is calculated at both the minimum
line input voltage and maximum line
input voltage.

On Time

The maximum on time occurs at the

ton = L'Pom minimum line input voltage and
N - Vac? maximum output power.
Off Time t The off time is a maximum at the
t .= on peak of the ac line voltage and
off v a h he ac li
out pproaches zero at the ac line zero

_out 4
vac-|sin6|-,2

crossings. Theta (0) represents the
angle of the ac line voltage.

Switching Frequency

_ Vac2-q 1_Vac-|sin6|-\/§

fSW_2-L-Pout Vv

out

On Time Capacitor

2 Poyt " Lyax Icharge
n - Vac, - Veyvax

Ct =

Where Vac| | is the minimum line
input voltage and Lyax is the
maximum inductor value. Icharge and
Vcymax) are shown in the
specification table.

Inductor Turns to ZCD

Vout = (‘/E ’ VaCHL)

Where Vacy, is the maximum line

Turns Ratio N.:N < input voltage. Vzcparwm) is shown in
B-'VzCD = ificati
VZCD(ARM) the specification table.
Resistor from ZCD . Where Izcpmax) is maximum rated
2 Vac,, (MAX)

Winding to the ZCD pin

R = -
«ch lZCD(MAX) * (Ng : Nzcp)

current for the ZCD pin (10 mA).

Output Voltage and
Output Divider

Where VRgg is the internal
reference voltage and Rgg is the
pull-down resistor used for FPP.
VRer and Rgg are shown in the
specification table. Ipjas(out) is the
bias current of the output voltage
divider.

Output Voltage OVP
Detection and Recovery

R +R
out2 FB
Vout = VRrer (Routl ’ Routz * Res + 1)
Vout
Rout = I
bias(out)
R ‘R
outl FB
Rouz = v
out
Res - (V = - l) ~ Roun
REF
\% R +R
_ ~OVP . . . _out2 FB
Voutiovp) = Veer VRer (Routl R,y Res + 1)

v _ [ {Yove v Y Ar . Routz + Reg
out(OVPL) = ReF | "Vovp(Hvs) ol "R R

VReF outz " Rrg

.

Vovp/VRer and Vovp(Hys) are
shown in the specification table.

Output Voltage Ripple and
Output Capacitor Value

Vripple(peak—peak) <2 (Vout(OVP) - Vout)

Where fjine is the ac line frequency

and Vyipple(peak-peak) IS the
peak-to-peak output voltage ripple.

c - Pout Use fiine = 47 Hz for universal input
bulk = 5"y Y worst case.
ripple(peak-peak) ‘line out
Output Capacitor rms Where ljgad(rms) is the rms load
Current | _ /232 Pout? 0 2 current.
C(RMS) 9-x-Vac - Vout . 7]2 load(RMS)
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AND8396/D

Appendix 3: SUMMARY OF BOOST EQUATIONS Components are identified in Figure 3 (Continued)

Output Voltage UVP Rouz + R Vyvp is shown in the specification
Detection Vouovey = Vove * | Routs - _ouz PB4 table.
R ‘R
out2 FB

Inductor rms Current | 2 Pout

L(RMS) — /3 - vac - .
Output Diode rms
Current lD(RMS) 4. /\/En 2, Pout

3 n - Jvac - Vo,
MOSFET rms Current
| _ 2. Pout . 1 /E' 8 - Vac
M(RMS) /5 n - Vac 3.n.th
Current Sense Resistor Viim Vv is shown in the specification
Rsense = [TV table.
L(peak)
- 2.
PRoense = 'MRMS)” " Rsense

Type 1 Compensation Where fcross is the crossover

c _ gm frequency and is typically less than

COMP ~— 2 . ¢ - f 20 Hz. gm is shown in the
CROSS g
specification table.
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