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Figure 1. Active PFC Stage with the NCP1607
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Diode Bridge

The power switch is ON

With the power switch voltage being about zero, the
input voltage is applied across the coil. The coil cur-
rent linearly increases with a (V|n/L) slope.
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The power switch is OFF

The coil current flows through the diode. The coil voltage is (Voyt —
V|n) and the coil current linearly decays with a (Voyt — Vn)/L slope.
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Figure 2. Schematic and Waveforms of an Ideal CRM Boost Converter
NCP1607 D ¥
NCP1607 i th&EHDCRM7 — A "PECT 7V 1 NCP1607 % 272> v 7 /W 72CRM7 — A ~ « 7' o
— Y a VICHAENRa Y br—TF D1 TT, >R —H % Figure IR LE T,
LBoosT
' \AAANS o ’: Vout
l Dgoost
]
4 RZCDé = LOAD

R
- _: OUT1 é

SMPS, etc.)

NCP1607

+

Vee
c 1 g :|8 I — L
EMI TN 1 ) ] s Ved . [ 1~ Csulk
i 2
AC Line Filter Ccomp =—={"] control DR — —
> 3 6
Rout2 g —{ ]t ono[
4 5
cs  zeg 1
-+ 4 Cr =

>

%Rs

Figure 3. CRM Boost PFC Stage Featuring the NCP1607
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Table 1.
AND8123 Power Factor Correction Stages Operating in Critical Conduction Mode
AND8016 Design of Power Factor Correction Circuits Using the MC33260
AND8154 NCP1230 90 W, Universal Input Adapter Power Supply with Active PFC
HBD853 Power Factor Correction Handbook

*Additional resources for the design and understanding of CRM Boost PFC circuits available at www.onsemi.com.
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Minimum AC Line Voltage Vacy 85 Vac
Maximum AC Line Voltage VacyL 265 Vac
Line Frequency fline 47-63 Hz
Boost PFC Output Voltage VouT 400 \%
Maximum Output Voltage Vout(ovp) 440 \%
Boost Output Power PouTt 100 w
Minimum Switching Frequency fswminy 50 kHz
Estimated Efficiency " 92 %
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Figure 9. Using the SMPS Controller to Supply Power to the NCP1607
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Figure 10. Use a Second Diode to Route the
Inrush Current Away from the Inductor
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Figure 11. Use an NTC to Limit the Inrush Current
Through the Inductor
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RETFINO : #HEFY FT—0 FRETS

Ak L0 BRHAEEY v 7 ADT2DIT, 150
PFC7 4 — RNy 7« JL— 7 OHIRIE 1T —HZ 1220 Hz
UTOEETT, Yo AR E A TIHESXy bU 1120
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BEZTEELET, 74—y 7 « xy hT—7 2| Phase Shift (°) s
DFBGE)E, WORTEZLNET, ] Ny N
= 1 eq. 27 g/ \‘\ 2
MRS Rout1 * Ccomp ea-20 £ \\\\ 608
N . o s O] Gain (dB) o
L7eRoT, WAV ZEEDY v IV EBRIED
DI R ORX T 2 b E T, S e
106/20 N
Ccomp = 47 o Roure (eq. 28) N 0
1 10 100
GIXdBHAL T L 7= L~ L (— %1260 dB) T, f (Hz)

fiinel SACZ A > Jel AL O S/ MIE(4T Hz) 5 Figure 12. Gain and Phase for a Type 1

Feedback Network
Figure 12I1Z"9 B0 . XA F1OMER v P U —2712iE, (T — A b &24T > CREMZNET HHEREITH

DEXA, WA OSES, 2N THSTL & 9 (Figure 13), L7 LSMPSEIE D X 9 72 EE AR OS5
Bix. DA AN E < 72 b £ 3 (Figure 14),

Mag [B/A] (dB) Phase [B/A] (deg) Mag [B/A] (dB) Phase [B/A] (deg)
4 4
0 T 1Trr7%° 4 T TTTT1]]%
32 100 W, 115 Vac 17 80 32 100 W, 115 Vac 1 80
24 Ccomp=1.1uF 1|49 24 PN\ Ccomp =1.1uF 1|40
N\ AN
16 N 60 16 ~ 60
NIRAN
8 N~ 50 8 ~ 50
_ L NI N 40 i 40
\\ AN )
-8 \\ \\Gain 30 -8 T \aln 30
-16 -  Phase ' 20 -16 AL AN 20
Margin = 30° | \ »\\ N
24 |- Margin = 30 N 10 -24 10
| NN | N
~ | h \\ 0 3| Phase | N 0
32 T Phase \\\ Margin =17° T Phase N \\
40 | | ~10 -40 L | l sl L1110
1 10 100 1 10 100

f(Hz) f(Hz)
Figure 13. Boost Demo Board with a Resistive Load Figure 14. Boost Demo Board with a Constant Power Load
(Phase margin = 30°) (Phase margin is reduced to 17°)

VAT ADEENE EFAVENS DAL, XA T206ER Y FU— 27 BFELET. Z O TIL,
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Figure 15. Type 2 Compensation Network
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B A TRDRET T DIREREEIIRD LB Y T,
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Figure 16. Representative Gain and Phase for a Type 2 Feedback Network
(Note the Phase Boost)
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Figure 17. Improved Stability with a Type 2 Compensation Network
(Phase Margin = 50 deg)
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Figure 18. Gain-Phase Measurement Setup for Boost PFC Pre-Converters
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Figure 19. Zero Crossover Distortion

FORER, THDAHEM L, 7V 3 /3—H OPF)R
Tmofbiwi#‘NCMW7i%ﬁ£ﬁ%+“ﬂ
25T EMTE D=, IECI000Z {4 A4 7= 3712
~%m:@:&ﬁﬁﬁfd%wiﬁhoﬂmiku
PFZ X HICWETHILERS HEEIE. Zoto -
I AL —NELERETEET, TOHIIATE
JERMEWEE DAY « XA LEELIEET LT

T, ZHIZED, AV F I HXIZZRGNFT—%EZD
TFODORFMEZIERE TE 5720, EANBEDLELEL
~ULISTER D £,

SEV, 2O HEIENCP1607 TlEfiiHlcFEiETx %
foeyﬂwkﬂﬁ*Ewﬁ CIRBTE BT D &
Bl A BEICHA L2 BRACUCIEASNET
(Figure 20), \_@Ea{nu X7 A4 VEBEOE— 7 RFITIE

WWW.onsemi.jp

11


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

AND8353/D
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Figure 20. Add RcTyp to Modify the On Time and Reduce the Zero Crossing Distortion

AT UPCOREERELTHIFE . Er - I KT 252 L TY, THDE L OPFIZRD b 5 e
AfHETDOA Y « A L3 E < 720 £ 9 (Figure 21). L. BMAMEOB BRI T LB D200 T
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DR EIE, Retupl & » THEA GO E /)
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|
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Figure 21. On Time and Switching Frequency with and without Rcyp
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Figure 22. Effect of Rctyp on Full Load (100 W) THD
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Figure 23. Block Diagram of the Propagation Delay Components
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Figure 24. Driver Turn Off Propagation Delay

nEJ,

towm t teate (eq. 32)
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LR F9,
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LB o> T, IcfEBEEZAMET D720
(eq. 33) CReTxFtHE L £,
Rer = tmé# (eq. 33)
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Figure 25. Effect of Rct on Light Load THD at 265 Vac/50 Hz ( Rctyp = Open)
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Figure 26. 100 W PFC Pre-Converter Using the NCP1607

WmRBOM)B LR LA T U FMHIZENLEN Y 23— & (%, THD (Figure 27, 28). PF(Figure29).
Appendix 1, Appendix 2/Z/k L3, ARG LT Zh=R(Figure 30) CEN-MEREN S SN E LT,
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Figure 27. THD vs. Input Voltage at Full Load Figure 28. Individual Harmonic Current at
and 50% Load 115 Vac and 230 Vac
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Figure 29. PF vs. Input Voltage at Full Load Figure 30. Efficiency vs. Input Voltage at Full
and 50% Load Load and 50% Load
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Figure 31. Full Load Input Current at 115 Vac/60 Hz Figure 32. Startup Transient Showing OVP
Activation and Recovery
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FPPY x N

ZOTE - R— FiZid, NCP1607 DFPPHERE & 3£ BERIZ Y v BT A LA, 1 msEANIZ
AETAHFREE LT, NCP16O7TDOE 1L 7 4 — KXy RTI4TN F 4 —7 /0 &£ 3 (Figure 35, 36),
7 e Rxy NI OMICY ¥ o\ BEETEET, DTV x rRE, FPPOMEEZRT 570711

ATVENEHNT 2N Y v X Z 0 S LT E FRITTVDHDT, HEMERBIZIIARETT,
VRTATNET 4 =T E v E 3 (Figure 33, 34),
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LeCroy 1145/2008 12:45.08 PM LeCroy 11/5/2008 11:35:38 AM
Figure 33. Startup with Jumper Removed at 265 Figure 34. Startup with Jumper Removed at 265
Vac/50 Hz, Iyt = 0 mA, Vcc =13V, and T3 = —-40°C Vac/50 Hz, loyt = 250 mA, Ve =20V, and T3 = -40°C

VouTt (100 V/div)

I e
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Figure 35. Removing Jumper During Operation at 265 Figure 36. Removing Jumper During Operation at 265
Vac/50 Hz, IOUT =250 mA, VCC =20V, and TJ = -40°C Vac/50 Hz, lOUT =0 mA, VCC =13V, and TJ =-40°C

ZDOTE « R— Fid, BRa 2o 51ETHERL L THERE 2 Fciili b T & £ MRl o < o7& Table 2178 L £ 77,

Table 2. SUMMARY OF KEY PARAMETERS FOR DIFFERENT VARIATIONS OF THE DEMO BOARD

Efficiency @ 100 W THD @ 100 W
Shutdown (Vzcp =0V) 115 Vac 230 Vac 115 Vac 230 Vac
RcTup Ct Pdiss @ 265 Vac 60 Hz 50 Hz 60 Hz 50 Hz
Open 1.5nF 225 mwW 92.5% 94.6% 9.5% 16.7%
1.5 MEG 1.8 nF 295 mW 92.5% 94.4% 4.9% 8.9%
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APPENDIX 1: BILL OF MATERIALS (BOM)
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Foot— Manufacturer Substitution
Designator Qty Description Value Tolerance Print Manufacturer Part Number Allowed Pb-Free
Ul 1 NCP1607 NCP1607 - SOoIC-8 ON Semiconductor NCP1607BDR2G No Yes
D1 1 Diode, 100V - SOD123 ON Semiconductor MMSD4148T1G No Yes
General
Purpose
DAUX 1 Diode, 18V - SOD123 ON Semiconductor MMSZ4705T1G No Yes
Zener
DBOOST 1 Diode, 4 A, 600V - Axial ON Semiconductor MUR460RLG No Yes
Ultrafast
BRIDGE 1 Diode, 4A, 600 V - KBL Vishay KBLO6-E4/51 Yes Yes
Bridge
Rectifier
DVCC, 2 Diode, open - SOD123 - - - -
DDRV General
Purpose
F1 1 Fuse, SMD 2 A, 600V - SMD Littelfuse 0461002.ER Yes Yes
LBOOST 1 Inductor, 400 uH, - Custom Coilcraft FA2890-CL No Yes
Boost, 10:1
Nboost:Nzc
d=10:1
L1 1 Inductor, 180 uH 10% Through Coilcraft PCV-2-184-05L No Yes
Radial Hole
L2 1 Inductor, 4.7 mH, - Through Panasonic ELF-20N0O27A Yes Yes
Common-M 27A Hole
ode Choke
Q1 1 MOSFET, 116 A, - TO-220 Infineon SPP12N50C3 Yes Yes
N-Channel 560 V
NTC 1 Thermistor, 47Q 20% Radial EPCOS B572385479M Yes Yes
Inrush
Current
Limiter
RCOMP1 1 Resistor, 54.9 kQ 1% 1206 Yageo RC1206FR-0754K9L Yes Yes
SMD
R1 1 Resistor, 100 Q 1% 1206 Yageo RC1206FR-07100RL Yes Yes
SMD
RCT 1 Resistor, 0Q 1% 1206 Yageo RC1206FR-070RL Yes Yes
SMD
RDRV 1 Resistor, 10.0 Q 1% 1206 Yageo RC1206FR-0710RL Yes Yes
SMD
ROUT2A 1 Resistor, 25.5 kQ 1% 1206 Yageo RC1206FR-0725K5L Yes Yes
SMD
RO1A,RO1B 2 Resistor, 2.00 MQ 1% 1206 Yageo RC1206FR-072ML Yes Yes
SMD
RS1 1 Resistor, 0.100 Q, 1% 2512 KOA SR733ATTER100F Yes Yes
SMD 1w
RS2,RS3 2 Resistor, open - 2512 - - - -
SMD
ROUT2B 1 Resistor, open - 1206 - - - -
SMD
RCS 1 Resistor, 1/4 510 Q 5% Axial Yageo CFR-25JB-510R Yes Yes
W Axial
RCTUP1, 2 Resistor, 1/4 750 kQ 5% Axial Yageo CFR-25JB-750K Yes Yes
RCTUP2 W Axial
RZCD 1 Resistor, 1/4 51 kQ 5% Axial Yageo CFR-25JB-51K Yes Yes
W Axial
RSTARTL, 2 Resistor, 1/4 330 kQ 5% Axial Yageo CFR-25JB-330K Yes Yes
RSTART2 W Axial
ci,c2 2 X Capacitor 0.47u 20% Radial EPCOS B32923C3474M Yes Yes
CIN 1 X Capacitor 0.1u 20% Radial EPCOS B32921A2104M Yes Yes
cvcc 1 Capacitor, 47 uF, 20% Radial Panasonic EEU-FC1E470 Yes Yes
Electrolytic 25V
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AND8353/D

APPENDIX 1: BILL OF MATERIALS (BOM) (continued)

Foot- Manufacturer Substitution
Designator Qty Description Value Tolerance Print Manufacturer Part Number Allowed Pb-Free
CBULK 1 Capacitor, 68 uF, 20% Radial NCC EKXG451ELL680MM Yes Yes
Electrolytic 450 V N3S
CVCC2,CCOMP 2 Capacitor, 0.1 uF, 10% 1206 Vishay VJ1206Y104KXX Yes Yes
Ceramic, 25V
SMD
CCOMP1 1 Capacitor, 0.39 uF, 10% 1206 Vishay VJ1206Y394KXX Yes Yes
Ceramic, 25V
SMD
CT1 1 Capacitor, 1.5nF, 10% 1206 Vishay VJ1206Y152KXX Yes Yes
Ceramic, 25V
SMD
CT2 1 Capacitor, 330 pF, 10% 1206 Vishay VJ1206Y331KXX Yes Yes
Ceramic, 25V
SMD
C3 1 Capacitor, 22 nF, 10% 1206 Vishay VJ1206Y223KXX Yes Yes
Ceramic, 25V
SMD
CczCD,CCs 2 Capacitor, open - 1206 - - - -
Ceramic,
SMD
Ji 1 Header 1 Row of - 2.54 mm 3M 929400-01-36 Yes Yes
3,1 Row
of 2
J2,J3 2 Connector, - - 156 mil MOLEX 26-60-4030 Yes Yes
156 mil 3 pin
MECHANICAL 1 Jumper, - - - 3M 929955-06 Yes Yes
Shorting
MECHANICAL 1 Heatsink - - TO220 Aavid 590302B03600 Yes Yes
MECHANICAL 1 Screw 4-40 1/4" - - Building Fasteners PMSSS 440 0025 PH Yes Yes
screw
MECHANICAL 1 Nut 4-40 - - Building Fasteners HNSS440 Yes Yes
screw nut
MECHANICAL 1 Nylon Shoulder - - Keystone 3049 Yes Yes
Washer washer #4
MECHANICAL 1 TO220 9 mil - - Wakefield 173-9-240P Yes Yes
Thermal
Pad
MECHANICAL 4 Standoffs Hex 4-40, - - Keystone 4804K Yes Yes
Nylon
0.75"
MECHANICAL 4 Nylon Nut Hex 4-40 - - Building Fasteners NY HN 440 Yes Yes
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APPENDIX 2: LAYOUT DRAWINGS
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Figure 37. Top View of 100 W Board Layout

Figure 38. Bottom View of 100 W Board Layout
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APPENDIX 3: SUMMARY OF BOOST EQUATIONS FOR THE NCP1607

RMS Input Current

1 (the efficiency of only the Boost

lac = M PFC stage) is generally in the range
n - Vac of 90 - 95%
Maximum Inductor Peak 2./2-p Where Vacy | is the minimum line
Current I - ouTt input voltage. Ipkavax) occurs at the
PK(MAX) n - Vac, lowest line voltage.

Inductor Value

A\
2 - Vac? - (% - Vac)

v

fsw(winy) is the minimum desired
switching frequency. The maximum

L < L must be calculated at low line and
Vour * Vac - Ipxmax) * fswmm high line.
Maximum On Time 2.L-P The maximum on time occurs at the
tonMAx) = -~ out lowest line voltage and maximum
on(MAX) n - Vac ? output power.
Off Time The off time is greatest at the peak
to= ton of the ac line voltage and
off — Vout approaches zero at the ac line zero
\m -1 crossings. Theta (0) represents the
angle of the ac line voltage.
Frequenc .
q Y (o Vac? - 1 Vac-Ismel-/i
SW T 5. . ’ -
2L Poyr Vour

Pin 3 Capacitor

Ct > 2 Pour " L - louarce
N - Vac? - Veryay

IcHarT @nd Vervmax are given in the
NCP1607 specification table.

Boost Turns to ZCD Turns
Ratio

Vour — Vacy, - /2

Where Vycp is the maximum line
input voltage. The turns ratio must

NB : NZCD = Y, be low enough so as to trigger the
ZCDH ZCD comparators at high line.
Resistor from ZCD Vvac., - /E Rzcp must be large enough so that
winding to the ZCD pin R > HL the shutdown comparator is not
(pin 5) “CP e (nesy - (g Nyep) inadvertently activated.
Boost Output Voltage ROUTl + REQ
Vour = Vrer TR
EQ
R = Rout2 " Res
Q" R, + R
ouT2 FB
Maximum VgyT voltage \Vj =V + R | lovp is given in the NCP1607
prior to OVP activation OUT(OVP) out ouTl  ‘ove specification table.
and the necessary RoyT1 VOUT(OVP) - Vour
and RoyT2- ROUTl = I
OVP
VRer
Req =Roum g —
Vour ~ VRer
B REQ + Reg
Rourz = R _R
FB EQ
Minimum output voltage Vyvp is given in the NCP1607
necessary to exit v _ Rou-rl + REQ LV specification table.
undervoltage protection OUT(UVP) — R UVP
(UVP) EQ
Bulk Cap Ripple |:>OUT Use fline =47 Hz for worst case at
Vi le(pk-pk) = universal lines. The ripple must not
pRIEtPP Cguik "2 7 fjne * Vour exceed the OVP level for Voyt-
Inductor RMS Current | 2 Poyr
L(RMS) /3. vac,, -1
Boost Diode RMS Current
| _4. /2 2 . Pout
D(RMS)MAX — 3 T M - m
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AND8353/D

APPENDIX 3: SUMMARY OF BOOST EQUATIONS FOR THE NCP1607 (continued)

MOSFET RMS Current
| _2. Pour L 8-/2-vac
M(RMS)MAX 3 7]-Vacu2 S‘Jt'VOUT
MOSFET Sense Resistor VCS(Iimit) Ves(iimit) is given in the NCP1607
R, = ——— specification table.
Ipk(MAX)
— 2,
Prs = IM(RMS) Rs
Bulk Capacitor RMS
Current | _ 32-/2- Pour? - )2
C(RMS)MAX 9-m-Vac, - Vour - 12 LOAD(RMS)
Ccowmp for Type 1 _ 106G/20 G is the desired attenuation in
Ceomp = 47 fie Roun decibels (dB). Typically it is 60 dB.
ine
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