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1Like in FCCrM controllers, internal circuitry allows near-unity
power factor even when the switching frequency is reduced.

2The voltage of the Brown-out detection block input pin
(“Vsense” ) is also used to detect the line range and reduce the
loop gain in high-line conditions (2-step feed-forward).
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Figure 1. Generic Schematic
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Figure 2. Q1 Speeds Up the MOSFET Turn Off
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Figure 3. 2-step Feed-forward Limits the Loop Gain Variation with Respect to Line
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Figure 4. Regulation Trans-conductance Error Amplifier, Feed-back and Compensation Network
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2w - 15 - 780 - 1073
= 1.9 uF = let's choose 2.2 uF

2

950 - 136 - 1076
2-22-10°

R, = 29 kQ
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FOVP&EBUVDt > R [EIEE -
IS OREREITH ) B

LEER L ET,

o HHGE T ERHE(OVPI L 7 BIEN R e X
MIETDHEN) T LET, 74— KXy 7H
B YN ERE S A, IEL<T§@L§3’L/CU‘ A=
X, V7 FOVPHERE TR E Sz L~b
NMwm—m&bwmmw%L@é Lixby EH
/U JZI:IE@Z% E O)T?%u%*%% i c]: D I_Jb\ﬂ/ﬂéri
VAUV BT A EHIT, HOREOTLEMELSE
BLE9, FOVPOREHEIZY 7 FOVPD a /3L
—HZ VT 7 L AL D 2%EVVMEIZRES LT
HDT, HIELEEE LR TFOVP/BUV & 7 ¢
— RNy 7 ANE Ol GAE Y 28 N)IZEIN
THZENTEET,

® BUVI /S —Z X, Vpin1325V ) 7 7 L A

JEDT6%(Veuy = 76% - VRep)UA FIZIE R4 5 & b
Vw7 LET, ZOFITIE, ICIEpfcOKE > % 4%
HLCTHE T AR =L« 3 —H 55,
R A RNEBEHZ L, SKIPL B EREIND F
T, VeonTROLIE H &R~ 2B L £ 9, VconTrROL
DOIEMNTE T LTEREsl T, ICITEMEE R 23179
HIENTEET,

YR FHNICH D Z

L, E# T 2 — X REYIC TR LRV E D
(2, pfcOKE A% TL) KRB & 5 IEBUVHERE I LT
ZhTT,

LOVP L BUVODO&REREIX. 7 4 — RNy 7 P15y
Fgs LA CEIESHILL AR AT 52 A MK A
TELEIICHEHENTWES, LB -T, BE%
TH57 7V =2 a  TCREED=—ANWGEE

I, ROE D70 £,
Rpwi = Rip1
Rpwz = Rz (eq. 23)
Chw =

AFyT 4: AHBEOEUR

NCP1612{x7 1 Vv BIEAEMA L 3, —M&MIZ,
X2a L F oY B METHIZDIT, 2KDT A G
OMICER OB ZRE L (L%, 2nd
DOEPHL. > F Y Figure 1 & Figure 50 Ry 1 & Ryl
ANEEEZa ba—TF NESITHRINTE HEIZ5
ELET,

Ac line

EMI PFC
Filter

boost

converter

50-ms
~> blanking time

() 1OV if BONOK high
0.9 V if BONOK low

25-ms J—D
«Dn blanking time

*2.2 Vif LLine high
O 1.7 Vif LLine low

Iram "
[ P [ 2*Iramp
DRV —= I S

I

Figure 5. Brown-out and Line Range Detection Block

FFcontrol pin Current

[}—— Information

Generation
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INHDOEBIPR E R UEPUEZ R L TV D &K
ET L, Veense BV IZEIIE N A EBEIFKRD X 9
2720 £,

(eq. 24)

Rb02 (Rbol + RboZ) H Rx
“Viine(®

Rpo1 + Rpoz  Rx + (Rpgg + Rpoa | Rx

ZOXREERSTHE, ROLIITHRY ET,

Rboz
Rx + 2Rp01 + 2Rp0o

TIUUT TR e arRb—2id, Veensg B v D
WJEA50ms & A 5 HARIZ 72 5 T(VpoL = 0.9 V)R
MCTHHZ ExMmToE, 77007 U MREE
M LET, ZOBITiE, TstaticOVP] &9 A ¥
v T e LAYLIZET HE T, DFEVICHEIMELEIL
T HET, ICITHIEE S 2 mA ICE L ET,

Veense BV DELED (Vpon = 1.0 V)& LRI - 72 EH %
WCEVMER R SV E T,

(Vline,rms)bonﬁ\ BVEZ BRAET A T2 O F/hrmsE
JEDGER, 770U T U MEELG &I T RKR
B (Viinems)ooL P A 1E. IRD X 512720 £,

Ry + 2Ry51 + 2Ry

\%

SENSE ~

Vsense = * Viine® (eq. 25)

(eq. 26)

(Vline,rms)boH = " VioH

‘/E " Rpoa

Rx + 2Rpp1 + 2Rp0

(eq. 27)

(Vline,rms)boL = boL

V2 Rio2
I T,

® VporlZ10VD 7 Z o7 v b BN EE
® VpoLiX09VD 7 Z7 w7 v kAN EfE

Rx1 ERyolI . ZEMAEZEEB L CHEL-HLDTT,
—XHIIZ . Rx1 & Rx2 D EFIGE A (Rx1 + Rx2 = 2Rx)
L. X2OEMI 2 T Y O BAE O THE U D IE
HBLsHKIC R D X212 b DIEPLA2 BN 54
ERBHY F9, SEOr—A2TiE 201 MQHELHT
(RX1 = sz= RX= 1 MQ)%;‘%% LTEY N I%?R L7z
X2arv g oY LA EDED 1.8 sOERELN
BoONFETN, KEBSOT 7Y r—yaile -
ZOMEIFETEAAEEMDH Y F 97 (Rpor & Ryo2 P4
P, EBEOX2a T oV OtEA v E—F R
L0 OTNNENGE BFRIEKRTT), ZOfITIE,
Ry1 & Ry ZEENZ /NS LTWET,

Roo1 & Rpoo P/ T A — X R ERFIZIX, AZ A
BEOERB L HETRBEOHRENZE T REEET
o MAOFEMIL, BAMBRICKE 28 E2 KIE
TEBFEANDD., T4 0oL ENs AT RE
WMERIRET D7D, A« 4 E—F 2 XEPLD
ERIC 7m0 £4, i, FEFICREVWEEZMHH

T5& A XMEERIBEAR DY £3, FEE
IZ. (Rpo2=120kQ)Z T 5 &, —AXMIIC BT
FERPELNET,

Rxis Rx2. BEL Ry BINT B &, LT D
(Viine,rms)boH®? L ~/UZ 5 & | 0267 HRpe1 &8 <
ZENTEET,

(Vline,rms)boH Rx
Rbot = Rooz " | =~ 1)~ (a-29)
V2 - VioH

: O) 77 70 U /]‘P_A \:/ =l \/-/G(Vline’rms)boH 73§81 V\
(Ry1 = Ryz = Ry = 1 MQ). (Rpoz = 120 kQ) DHi 4.
ROMEBPEFELNET,
120k - 81 _ 1000k
J2-10v 2

FEIE, 1,800 kQ D BT & 3ME E F T B e L.
560 kQO P& LA G D & 715,960 kKQD
Roo1 MG B AL, Z DR, ((Mline,rms)ooH = 77.5 V)&
L C(Viine,rms)boL. = 69.8 V) & 1 5 ENEH I F
R Vepnse BV Z A TRAT AN H D /
A RXINORETH-DIZ, ZOVE7 T RHEIC
T4 NH « arT oY Croh T2 EaHERELE
T, 7272 L. VeenseBE v THREI SN A EENEE 72
WE ST BEDIE, ZoarF ot E/NEREEIC
THLENRDHY £7, KX, Zoarsoitl
T ABPLTER I NDREERIX., 74 v OHf %
150((Tine/150) = (1/(150 - fjine))) TR L7 fE L 0 /h &
W, DEVS0HZD T A U GAEDGE X150 usATi I
EEEDLMERHY T, £ TRWVWEGS. Vsense
EUICHIME N D EEIIAIEEICHAET, 74
IV STNAEN S 7 b LT=BEIZ R D [REME N B 5
DT, 777070 MNElIEEEJEEE 7 4V KNy 7
IR A =X 2R ETHEEIL. Z0R%
EBETHVLENRDD T,

AElD o — A TlE, Vsense B v OBiEA B —
H AL, RpppPE TR TE 77,

L7z -> T,

Rpos = — 120k = 6253kQ (eq. 29)

1 1
0<—2Cb0<—
150 - f 150 * Ry * f

line line

Rpoz * Cp

1

=—— =~ 10nF
150 - 120k - 60

AFv 7 5: AAtURERK

i o AEFIE A T OEF TR SN TNET,
o FEifitt v AHHiRcs

o FEET +v KX 7 B %%}%%Té*ﬁﬁRFF
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=> Rcsa)g'l'g
Z oL, Bttt AEBTE RO EE 05 VE
B2 A5 AR ERRNEZRNLET, LIz T,
WD X HI2h0 £4,
0.5

Res = (eq. 30)
(I L’pk)maX

CORERIEMBAEDEDL L, ROLIITRD F
7,

(Vline,rms) LL

= 7 (eq. 31)
4‘/5 . (Pin’avg)max

RCS

ORI —ATEH, ROL S0 £9,
90

Ruw=—">
CS
4/2-170

= 0.094 Q (eq. 32)

HHRED~—V U HHERT HT2DI2, 80mQD K
L@ LET,

RcsDHE KT, MOSFETOE BB K Z KD D729
(24l L7 5 B Rps(ony & Res Tl & #2724k D
REFEHLCHETETET,

Pin,avg)max )

(Vline,rms) LL

2
4
(pRcs)max = g “Res - (

(1 812 (Vline,rms)u_) (eq. 33)

3t -V

out,nom

L7225 T, FEo80 mQOEE v A KL,
BRKAN, BT A EBIEORM TRI275 mW % 14 2
Li‘é—o

RsensE D i iZ & 5 BIEIL. 1E O HPL(Figure 10
Rocp) Z #H L CCS/ZCD Y NZHUMT 5 4L ERH Y
ESc

ZOEPUIE, 39KQE VWV KELKTHEMLERHY £F
B, MERRELHETHILELHHOT, BEIZ
RKELLBRNWTLEEN, —f&IZ, 5kQuETHE OHB
EEATE. BEREREIMEONET,

= ¥ OEHREE

CS/IZCDE %, B rEiMo BT, #iBhiE#R
MNEDIEEEZITID AN THLEFF I TVET,
Figure LIZ/RT L 912, ZOEEITF A A — AT
FmEn Ty, ZOEZNA L Z A LORITHH
RzcpZ B U CEMRE L AERELLTZ L &2BHIEL T
WET, 5mA% LB 5 EFRACS/ZCDE AT
HZZENRRNEIIC, ZOBEFUIFSKRE LT EHM
N E, MEBROBLEIL. T/ onEr s
7 A9 2 AHE THRARMIZE L. ((Naux/Np) - Vout,nom)
ICHE LR ETA, 22 Thaw Enpl L EHE 7,

ERIBER O E D N T v A OMBIERE & IUE#
ERLTEY, ZOHKNPORAZES ZENTE
iﬁ_o

Naux
(T ’ Vout,nom) - VCL(pos)

VCL(pos)
OCP

Rzep > (eq. 34)

5mA +

Z 2T, Ver(pos)lE. CSIZCDE > DIED Y T T
2L > TR/AMETHDIVEREHR L E

CS/IZCDE VZFIMSN D EEIT KD LB TT,

R

ocP Naux

v Np ’ (Vout,nom - Vline) (eq. 35)

ZCD
Rzeo * Roce

e & 95 BT, Z OEEIINCPL612D
750 MVOWNEBEIMME & b S E 3, @l et AT
25 Lo, EBESEI(Rocp/(Rzep + Rocp))-
(Naux/Np)) % 20RiT 14 DFEFHICER ET D &, — KNI R
e fE RN ELNE T,

(Rocp = Rzcp) & R 51->D J7 kI, (Naux/np) &
0.17#& DFaPRICERE L, A34x2 %P LT, kA %G
BIpZLTT,

( f‘\gx ’ VouLnom) - (2 ) VCL(pos))
5mA

o7 TV r—v g rTiE., ZoXnsik,
(RocP=Rzcp > 4.2kQ) & W ) fE RN E /NN E T,
(Rocp=Rzcp=47kQ)Z N L F L7z, Z OEIRFE
FSES (Rocp >39 kQ) &N B G 7 Lij—(/)\ L
AT DB % % 2 ),

NCP1612IZ1%. CS/ZCDE kT 5 —F 4 v o
TV T TR TR AESNTEY, 2ok
B, 740 % « arFUoYRREIZRYET, Th
THLT7 4 NH - arT oY EBMNT DI EIIAEET
TN, ZCDIEFEET Z L2 X 9z, EIXIER
WS THBMERDYET, TOLOITL20NE
Al BIEREE TICH A 72 & 2R W AT a0,
K VENZ L ICHEEORASE RETICAX » 755
AEEER B D £, SV D L ZCDIEEF N IEL
S TANEENTNWRNWT 2R LT IEE N,
ZOT V= a T, 203 T UHE22 pF
 ERloTidn £8 A,

=> RFFO)E'l'g
BN —TEDEIZZET 5 L AEBEOETRIEED
F T ReplIEIR A Z DO LUV R ITHERF L £ 9,
FFcontrol B2 /1%, R D & DI B4 5 Eii 2 4G
LET,

Rzeo = Rocp >

(eg. 36)
control,min

-V

V \%

control

— . -6 . .
IFF =140 - 10 VSENSE Vv

control,max control,min
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(Viine = V2 - (Viine,rms)boH) P % & 1%, (Vsense = 1 V)
ThHHI LML, WMOL IR TEET,

1V

v - SV,
[ SENSE ‘/E ] (V”ne’rms)BOH Ilne]

B, MOZ EICHER LTSN,
( Veontrol = Veontrolmin - ton )

v ~ Veontrolmin  tonmax

Z :VC“\ ton’maxlj:zs MS&I/\ 5 W%K@%jﬁﬂ"‘/54’ A
ThHY., WADPHILLET,

L= Viine * ton
line 2. L

A36iL, KROL S ICEHTEET,
56 - L ljjne
5/2- (Vline,rms)BOH

L7273 -T. FFeontrol°> OEJEIZHRD L H 12720
F9,

control,max

lFF (eq. 37)

56 - Rep - L

“line

Ver =
5‘/5 : (Vline,rms)BOH
VEp72325V % E[Al> TWDIGE, DE O BREET 1 >
BIRNROMEZ LR > TWH A, PFCAT — V%
b FUEEE— N CEIWE L £ (B O T2 L),

25‘/5 : (Vline,rms)boH
112 Ry L

HMEINTWD LT, T4 BRIP40 mALE T
B o 723 BRI T 2B L L o & 258
X, BEHIRFFEZ R DIEIZHRET HDLENH Y 97,

_ 25\/5 (Vline,rms)BOH
FF = )

(eq. 38)

(eq. 39)

(linedtn =

112 450 -103-L

25,2 .
_ 52, 75 = 272 kO

112 450 - 1073 - 200 - 1076
ZOBMEERKT A CERICHT /8= BT
KRBT DL BERRGERHY . ZHUIRATRE
£

(eq. 40)

\/E . (Pin,avg)max
(Vin,rms LL

Q10 kKQOIEHLZ LEE AT 25451%. 74 VERN
Z DR KRMEOKILT%IZE LB T, ICIZ X 2 88k
PO TGS E T, /20 kHz & v 5 B ED
EH T 5 DI, FFcontrol ¥ 2 @ & JE 28 A ¥
THO75 VDO L xTT, ZDORPW T, EilZ
(17% - 0.75/2.5)), O£V £ DHEKIEDEBIZ72 Y F
T, ZOL~ETFEBE, ICIFAFY T - E—F
WCBITLET,

= 2.67A (eq.41)

IIine,max =

EE : FFcontrol &2 % B CHRAT 2 Ao b
LA RINBIR#ET D0, 2o ETT R
DETT74NH « arT oY CrriaflfTHZ L%
HRELES, 2720, BENTIIRWT 7Y r—v
g v OEEIL. FFeontrol B° 2 TR &S B EBIENE
FRNVEDICTHEDIZ, ZoarT oY ENRE
WCTHHERHY 3, BT, Zoarysroie
AP L > TR SN DREEEIL, 742D
IR %150 ((T)ine/150) = (1/(150 - fline))) THEl - 7= Ml A&
i, 2F V50 HzD T A SR DI5E 13150 usA 1<
EEFEDINERDH Y ET,

A A 4 — ATk, FFeontrol B2/ 12 B8 1) 2 #HiME:
A :/to‘—yz/x\ 2F D E?ﬂfﬁi%biRFFT“?o
L= - T,

1
CFF<150-RFF-f

line

1
Reg Cop < ———
FFOYFF = 150 - f

line

- Y _aapF
150 - 270k - 60

EE : pfcOKHERE
B AR —A e QU R—=EZRNT 3 T—K X
ATERFIN—T TV T e HAT DFEY o
N PN EEFHEFIHT 27 70 r—v
2 > Tk, NCP1612134F Iz A R 22 fL S Ic e v £,
FTTICI L2 X 912, NCP1612D X A F X v 7 Jis
a7 FOVPIL, T4 RRAMINE
T BTV T EBEORS = /IMET 5 DIZIER
RSB ET, S6I, 2T TV r—var e X
AN E>TIR@ERY—7r AL, PFCAT— %
BANCKEE) L, FD% ALY EBENATMEIZE LT
BEETH T AN —A - a3 _"—2 R EfEE— R
WCBATT 2 E W EF TS LE 3, NCP16120D
pfcOKE T . Z 7 v A R U —Ah « 3 _"—ZDEE
FHET S EABELE LCREFESNZL DT,
® PFCAT —V D SVBIENATHRL~LIZEL TN
72V B L OINCPI61223 BN EIZ & » TR Y722
WA ORERER, 77070 MERIT v
7 EIEOREIRDL, A#EY 2V b, 5
WET vy TFATRE)E BRI L& &, DEVPFC
AT = INAR VT BT B BEE T E VIR T
1TV T, pfcOKE NI T v FIZER SV E
T, TNHORETIE, UL AR)—A a2
IN— K B INZT HMLERH Y T,
o TNLHNDILA ., pfcOKE U F A -« f L E—XF
VARARBEIZ Y 9,

B AR =4« 2 R—F 2N E T, pfcOK
AR TORXTHERLET, flzIX, covr
WEA T AR =LA e U N—H BN T BN
NHAHGEITT 7 FICHEHBEER L, £ 9 T\
BT D e N TEETL BRI, 7T —
R ZATETNTT T4y « ZATOERTIE
ZOBEWENFRETT N, HIEa v N—F TIETE F
HFh, BREOLEIE, KDV IZpfcOKE > TT T 7
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YTUR s EUERETEES, ZoHFRITIEIE=
YN—HZ e 3y hur—JZEEHD o TWAHHERET
T, Vec D —H% Z DO ICEIINL T, Figure 70#E
PiR3p LRy TEH I N TWB K Hic, THJ KL
NNEERTHIENTEEST, ZOF T varvk
T 258 1%. pfcOKE U ZEPHD / A Xh BAR
HTHZEEHERELET, ZHAFigure 70CigD A
BT,
HUARNY — A -
pfcOK " > Z filL D J7 1% THEE) T X 5 FlHE
R

£72. PFCAT—V% 7 v F 479 %5 HHTpfcOK
U TAZ L TEET, pfcOKE 2375V
ZERIZEBEETTAT v 7 ENTWHWAEEIT.
TIvryT U MRESHRE SN DX T, £72iTvee
NnYty b LXV(REESV)Z THEIS ET
NCP16121% 7 v F 4 712720 £, FEEIZIX., PFC
AT =GRV N L T AT L EZ )y T
HET, PFCAT—VEA 7HREDE ETT,
Figure 7\2: 37 7 U r—3 3 > CTld, Vec®—#B
ZpfcOKE NZHIML TWET, Vec DT v T A7 -
LoULE, RO EFRY TT,

Raz + Ry

A N=Z ORHEIC L - T,
MRSV F

(eq. 42)
75y = 3K+ 120k ooy~ 306V

Rys 39k

ZOFRTIE, pchKI:/(D/(/I:~5'/7\
(RIB00 KQ) N EEH TEZ 2 LHEL TWVD Z LIZHER
LTL7ZENY,

LAT7O FEHBERBEICHTIEESE

NCP16121% / A XIZkt L THAIZBUR & W 95 DI T
ETH EHA, 2L, BRICET -1
7o MNRAZEATLISLERNSY £, TOFHTYH
PITFORIZEELTLEEN,
o RXU— -« N A rDONA—TFFEBITE/NERL
VBN D

Tz 5

e BT RTAY —#ELZEMATS &,
PRI D3R S D

0 ICDIERV T RITIZAZ—HEENEH L TW5D

e ICDIEZ T REEBIRS T Rk, HEE5#
BT D MNEND D

oﬂ%k%@ﬁ;:@ﬁ%mé@ﬁtVX%mmm@
DT 7 v MG FIZIEFITIEWEFT T, ICOE =
7?yﬁﬁgﬁﬁ77/b T AL 01T 5

e ICOVec B EGNDE v DRI, F/ DR T
100 NFE 77213220 nfFO® T I v « avT %1
HELET D2 HLEN D D

o ICOENER v/ T AT HRTIEILERITa T
VIV, ENGEFETHE DO TE LIS
IZERETDHLENDH D

o pfcOKE > & 7T v ROMIZ, /DR T
AV H AT Y ZE, 10 nF) A& LfE S
LEND D

T L7z K DT, A TRAET S AlgetkEn
%6/4X#%t/%% £9 572012, ICTHIRH
AVE—HX L ADOEWMILOAMEO Y bbb 7 ¢
— Ry 7 FOVP/BUV, A JEEE > A (Vsense) -
B L OFFeontrolicxf L CT7 4 V& « 25 Y % ff
AT bR LES, 2L, ZThboBE ST
BMENDEENEERNLIIZ, 2T otz
REIZTHOHNERH Y £, FEMIZONTIE, Rk
THEEI v arERBL TN,

=Rt

4The pfcOK pin current capability is high but limited. The pfcOK
pin can maintain its voltage below 250 mV while sinking 5 mA
(see data sheet parametric table). If more current had to be
absorbed or if 250 mV was too high to disable the downstream
converter some intermediate circuitry would have to be inserted.
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Table 1. SUMMARY OF THE MAIN EQUATIONS

Steps Components Formulae Comments
SSteP% —Key |e fj: Line frequency. It is often specified in a range of 47—-63 Hz for 50 Hz /60 Hz applications.
ecifications .
P ® (Viinerms)LL: Lowest Level of the line voltage, e.g., 90 V.
®  (Viine,rms)HL: Highest Level for the line voltage (e.g., 264 V in many countries).
®  (Viine,rms)boH: Brown-Output Line Upper Threshold. The circuit prevents operation until the line rms voltage exceeds
this level.
®  Voutnom: Nominal Output Voltage.
® thoLp-up: Nominal Output Voltage.
®  (dVoupk-pk: Peak-to peak output voltage low—frequency ripple.
® Poutmax: Hold—-up Time that is the amount of time the output will remain valid during line drop—out.
®  (Vout,min): Minimum output voltage allowing for operation of the downstream converter.
® Pout,max: Maximum output power consumed by the PFC load, that is, 160 W in our application.
® (Pin,avg)max: Maximum power absorbed from the mains in normal operation. Generally obtained at full load, low line,
it depends on the efficiency that, as a rule of a thumb, can be set to 95%.
22 Pout
Ed n
Phidge =2 Vi o = _
Input Diodes line,rms Vs is the forward voltage of any
Bridae Losses diode of the bridge. It is gener-
9 ally in the range of 1 V or less.
18-V Py
Vline,rms "
Vine rms)LL 2 In our application:
s— Ton,max
2 (Pin,avg)max 902
= - 20u = 476 pH
2170
(Pin avi )max
,avg
Inductor (I Jmax = 272 - = 170
L,pk/max | =2/2-—=53A
(Vline,rms)LL ( L,pk)max 90
(||_ )max 5.3
Pk | =22=22A
(I rmg)max = T (1L rme)max /6
Step2 - p 2
Power ©on) _ 4 R out,max )
on/'max = 5 ""pson) "\ T ~,
Components MOSEET 3 (on) n- (Vline,rms)LL RDS(on) is the drain—source on-
Conduction 5 state resistance of the MOS-
Losses 5. FET
1 872 (Vline,rms)LL
31 Vout,nom
c - Pout,max
bulk =
®Vourpk-pk * @ * Vout,nom
2 Poutmax " tHoLp-up These 3 equations quantify the
Chulk = constraints resulting from the
\Y% 2y 2 > X
BUlk_ out,nom out,min low—frequency ripple ((‘5Vout)pk—
Capacitor pk that must be kept below 8%),
Constraints the hold—up time requirement
(Ie,rms)max = and the rms current to be sus-
tained.
2 2
_ /322 (Pin,avg)maX (Pout,max)
o \/(Vin,rms)LL * Vout,nom Vout,nom

WWW.onsemi.jp
12



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

AND9065/D

Table 1. SUMMARY OF THE MAIN EQUATIONS (continued)

Steps Components Formulae Comments
_ 25 Irg is the bias current that is
Ripp = I_ targeted within the resistor di-
FB vider. Values in the range of 50
uA to 100 uA generally give a
. V good trade—off between losses
Resistor _ [ “out,nom ade .
Divider Rip1 = Repa (V— - 1) and r'10|se @mgnlty. .
REF Ckp is the filtering capacitor
that can be placed between the
Chpy =< 1 FB pin and ground to increase
1 = 150 - (Repy | Rib2) " fiine the noise immunity of this pin.
vy ) 2R ,
G = line,rms’/LL load,min
0=
Step3 - Bulk 640000 - L - Vout,nom
Voltage x Veonea
Monitoring Gy - tan(i - ¢m) v Lm J =
and C, = 1 e de
Regulation _ 2722 Rigaqmin * Couk * Ro . JT il
Loop Compensation | : . o
G I = -
% —=
"2 n-1- Ro 2 = Qe
Rioad,min ~ Cbulk
Rj=————
2-C4
R =R
buv2 = b2 A sensing network identical to
Fast OVP and R - R the feedback one can be used
BUV buvl — Tbl in the absence of specific
needs.
Cow = C1
V.. Ry is the resistance of the Ry,
R . —R... Viine rms)boH _1) - Rx and Ry resistors for X2
Stepd — bol bo2 2.V capacitors discharge shown in
Input Input Voltage boH Figure 5 (Rx = Rx1 =Rx2).
Voltpage Sensing C. < 1 (VMiine,rms)boH is the line rms
; Resistors bo ~ 150 . R Cf level above which the circuit
Sensing bo2 "~ 'line ; ;
starts operating. Vo is the
internal 1 V brown-out
reference
R (Vline,rms)LL
cs~  ~
442 - (Pin'avg)max . .
(Mine rms)LL is the line rms volt-
age lowest level in normal con-
(P, ) dition (e.g., 90 V). Vout nom IS
Curée;r;tisstgpse Onedmax = 4R inavg’Maxy the output nominal level (e.g.,
RCS 3 ©Cs Mine rms)LL 390 V). (Pin,avg)max is the max-
' imum input power of your ap-
— plication.
8V2  (Vjine,ms)LL
Steps — 37+ Vout,nom
Current '
Sense Placed between Rcg and the
Network

Zero Current

Naux
( np Vout,nom) - VCL(pos)

CS/ZCD pin, resistor Rocp
must be greater than 3.9 kQ but

Detection VCL(pos) not too high for noise immunity.
5mA + - Generally, resistors in the range
ocp of 5 kQ give good results.
5.
Current R 252 (Vline,rms) boH
FF ~ 1. li is the line current level
Er‘;gtlz‘é'r'i‘; 112 L - (ineltn ek e the NCP 1615
Fold—back 1 starts to reduce the frequency.

C < —
FF
150 * fjine " Rep
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Detailed Schematic For Our 160 W, Universal Mains Application

L] Vin
N
U1 A
GBU606 2 D2 D1 Rth1
200 uH (npins=10) 1N5406 MURS550 B57153S150M
+ N
l . — A
ca
= 220nF N cs L 7
Type = X2 I 470 nF /400 V ] Vaux
R2 =
1000k
D Viine
R1
1000k R6
22
a {] brv
1nF
Type = Y2 D3 5
1N4148
L 22 Q1
IPA50R250 ] Voulk
1 c2 Q2 R4
CM1 %H 1nF MMBT589LTIG 10k
3 Type = Y2 D lsense
R3
L 80m 3W " 4 lcev
68uF/450V 68uF/A50V
150uH T T
s ] enD
— 680nF
Type =X2 cr DZ2
- D4 T 22uF/50V 33V
" F1 1N4148 T
— {] vee
L N Earth ! *
Socket for
90-265 Vrms External VCC
Power Source
Figure 6. Application Schematic — Power Section
] Viine
{7 Voulk
R8
560k R29 R28 R27 R17 R16 R15
1800k 560k 120k 120k 120k
R22 44 Vi
560k n
R9
1800k
R23 ] vee
1800k R32 DS
R10 120k D6 cis 18 1N4148
R11 1800k 1N4148 10nF 27
27k D Vaux
R24 —AAA—4
1800k s [8) o T
1nF R20
f iz R 4Tk R7
R25 0
1800k 3| [8H D DRV
| 7 R21
4.7k
1 c10 81 |
R12 T 220nF D sense
27k
6 o R33 DZ1
a0k Lc16 co RIS ATOPFSRI13 c18 30K Leis v
T”UFF Tz 2uF 270K o 10nF T T 220nF
{] eND

Figure 7. Application Schematic — Control Section
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SEXH [4] NCP1612EVB/D, NCP1612 Evaluation Board
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