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Figure 5. Brown-Out and Line Range Detection Block
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Z DA 2ARD1T MQOEHI(Rx = Rx2 = Rx = 1 MQ)
GBI L7=X2a 7 o8 & O TL.8 s i BB E
BaEblzo LET, ZOMERERIT.(EEOX22
VT UV DREA L A DTNERT &
HHPIRpo1 & IRy & BE L TH)RY0T 7V
—a VIR TEA BB ET., Z0BE,
Rx1 ERpp W E/NI L LET,

Rpo1 E Rpo2 X XAt T 5 & T X A4 A RO
WL A RMEEEELET, F ORI BA
FHRRICRKREREEB L HE X D REEN S D120, T
ALY T A, T AEREHIRT D8 A
— X AEPUCET A b0 TT, M FEFICRE
REIF A AMEESI SR _TREEARLD £,
FEBEIZ . (Rpoz = 120 KQ)IIMWE L TR ZFEREZ B2 6
LT,

Rx1 . Rxs . BE Ry ZERT D E . HED
(Vline,rms)boH LU EED X K25 B Ry DR D & B
DEHEET,

Hbo1 = Rboz ' (

(Vline rms) boH H X
\/E' VboH ) 2 (ea-27)
ZOT7 7Y —3 3 Y T(Viine,rms)bon 2381 V|
(Rx1 = Ry2 = Rx = 1 MQ)., 35 & U (Rpoz = 120 kQ)D &
= AR ELNE T,
_ 120k - 81 1000k
vl 2 1.0V 2
FERIZ.3 x 1,800 kK QD HLHT & 560 kQDHLHL % H 5|
2T 5 & BIRT5,960 kQ Ry fE & 720D . 23T LY
((Vline,rms)boH =775 V)&((Vline,rms)boL = 69.8 V)ﬁﬁé
MILET,
& BN A XN 2HRETLZDIC, EL2
LTI U RO T 4 NVHE Y T e a5 U HCho
FHETDLZEPHERINET, L. EL2TH
HENDIZBEBENREETRWEZOIIIZ. Z0Oa 5 oW
TNBETRITNIERY FHA, EBIC. 20
T LUV U TRBITTIER SN D REERIL. T
A4 VR EIS0OE LIEL D DK HERF T A0
NHY ET,

— 120 k = 6253 kQ (eq. 28)

Tine _ 1
750 ~ 750 /.

T 6 50 HzD T A SR T150 usAkii T3, &
) TRWEGA B L ICHINE D BEIZATIEEIS
B LEEAN, 7 0 VX SN 7 b LTEESy
BT A0, 7T T T NaEl e BT +
— )V KRRy JEMEDORFRFIT N EBE T X T
j—o

SEOF T, Er208HitEA v E—F 2 R T
Rpo2 (2T L T £ 7,

L7735 T,

. 1
Rboz Cbo < 100 - fline =

C 1 1

bo <700 R,, [, _ 100120k 60 ~ 4"F

ATy 75 Bfit o AEEHE

B v AEIBIILL T TR SN E T,
o FEiiit v AEPIRCcso

o EWH T —Iv RN 7 Rtk & i B R pp
=>Rcs0)§+g

Z ORI, ERE L AERPFLOBELEN0S VEHE X
TG E IR ERREEZ MR LET, Lo T,

0.5
(IL,pk)max

Rcs = (eq. 29)

ZOXREABLERTDHE RDOE TR T,
%

Iine,rms) LL

Reg=——"—"— (eq. 30)
e 4\/5 . (Pin,avg)max
AEOERFITIZ L TFD LY TY,
90
Res = = 0.094 Q
cs 4@. 170 (eq. 31)

b~ —I 0 285 7-012,.80 mQOIEL
PERLET,
RcsfBIZMOSFET DBk 255 A L <

FHRTX, RcsZ3Rps(on) & B E Hab b F9,
P (eq. 32)

_ 8‘/5 ) (V/fne,rms)LL)

3w - Vout,nom

)mang'Rcs'

2
. (P in,avg)max . 1
(V/ine ,rms) LL

L7235 T80 mQOE & v A EHTIL LA, K
T4 TRRTS mWEHEB L E9,

Rsensg ! IS T(Figure 10DRocp) % i U T, CS/ZCD ¥’
A LT ey 1A,

ZOEIUITZ.3I9IKQEV B RELS BRITNITRY EFHA
B ARMEOKLENGEHTE IRV EHA,
HE SKQO#HFADEMP BFREREZ L LE
iﬂ_

CS/ZCD /138 v ik i H O i B &80 & D15
FEZETDHEIICHEEFFS TV ET, Figure 11
RTERBY ZOBEITA S ZA LTIZZDEET
BT AERNEERNVEIICTEHEDIC.ZA
I — REHIZEP Ry cpZ B UTCHIMENET, 2D
HPUECS/ZCD B 25 mALL EIEA SN D L H i+
SEmL T %A, M ROEEIZT A
VO RAREMIT TRRIZRD REELL D F

é o
( (naux) *Vou nom)
np ’

Z 2 Tinaux Emp T LN ERUREIEER S ORI BEMR & —
VOB OBEELTH Y . Z ORI K o TLLUF 3
Hanxzd,

Res
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Naux
np

5mA + =——

Vout,nom) - VCL(pos)

Rzeo > (eq. 33)
CL(pos)

ROCP

Z 2T VeL(pos)l ECS/ZCD ¥ DIED 7 T o T D /)
L UL VT,

CS/ZCDE VIZHIM SN 2 EEIZ. KO LBV T
‘g—o
Roce Naux
VZCD = : ) (Vout,nom - V/,'ns) (eq. 34)

Rzep + Roce P

Z OEE A MR 072 HONCP1611 D750 mVAO N
WALy aVv e LET, @UNIHRET 572
DI A=)« B0 AREITRD L D127

( ROCP . naux)

Rzco + Roce NP

20D FIPAN T—IRIZ BAF RS RGO N E T,
1oDJ7E L LT (Rocp = Rzep) (Naux/np) 0.1 D

FHCE#IN L CAB3ZIEHE L RO LB §+%Z LET

n
( ;:,X ’ Vout,nom) - (2 : VCL(pos))

5mA

o7V r—3 a3 T (Rocp = Rzep > 4.2 kQ) M
ENET, ROMABEILE L7 : (Rocp = Rzep
=4.7kQ), Z DOERIL. (Rocp> 3.9 kQ) & V9 BLE(H]
DT 57 EBRICHES LET,

NCP16111ZCS/ZCDE NZNED Edh =y o - :77
N/ %ff/\bflﬂé@f\74ﬂ/§7 Vyor.
CFUTIRMEH Y A, TA4NE )T e a
T Y EBNT 52 EIXAHETT AN ZCDIE B E
FRWVWEIFFEFITNSLKTHIRERDHY T, £9
L72pWn & A IZ N L —TA 72 B 22 W Al BEME R
HY . S DIZENGAIIAEYIC AN — % XX ~y7°
LCLESZERHY EF, ET HIT.ZCDEH
Ebw:k‘74w§b??ﬁW’k%%mbi

Rzep = Roce >

T, ZOT7T TV =g T, 2OaryT YN
L pFEE A TIER D £HA,
_>R|:Fo):_:+§

RpplL I L~V &2 ffEI L, Z O\ L~/L % A
5 L JEWEPMET LD E 9,

FFcontrol E* > LA FIC B3 D ERMIFIZ /AR D F
ER

Vcon rol Vcon rol,min
lep = 140 - 107 - Vi - v = ~ Vt / (eq. 35)

control,max control,min

(Vline =V2 x gvline,rms)BOH)@ <3 (Vpinz =1 V) 2N
T RO LD Ik TE 9,
’ Vline)'

1V
(Vpinz =

‘/5 : (Vline,rms)BOH
bl

Vcontrol - Vcontrol,min - ton
V -V

control,max control,min ton,max

Z 2 CutonmaxF25-us DNEIR KA Z A 5 TH Y |
WADERSL L E T

| _ Vline “ton
line — 2. L ’

A3SIX KD L H 127 £,
56 -L -1,
lpe = e (eq. 36)
5y2 \/— Ime rms. BOH
FFcontrol B2 OEJEIZR D E B Y T,
56 - RFF L- Illne
Ve = (eq. 37)
5y2 ‘/— hne rms BOH

VEpd\25VEER 5 L & ﬁ”é&b%%ﬂ#?% B
PRA LD b E VL PFCAT — I3 R EBmE— R
(AR T2 L) TEIfEL £9,

_ 25‘/5 : (V/ine,rms)BOH (eq. 38)
112 - Ree - L

TA VEFRMNPISOmMAL VIELS o2 L EITHE
ENDEBY FEEEBIET 2815 L72WiE  #KHIRFF
VIR OBIZ 72D VERH Y F7,

252 /— (Vline,rms) BOH

Rer =572 250 - 109 L

(I line/ th

(eq. 39)

_2502, 77.5 = 272kQ
112 450 - 103 - 200 - 10-6
IDOALyvallRERRKIAVEROEELE L
TRETD2HFDHEPVNGEELHY LLTFD XD
12720 ¥4,

Iline,max ‘/_ il an)maX =267A

mrms)LL
T A BERPIRKRMEDOKINT% D & & [0 13270 kQ
OB CTE R EALT 2 BA#s L £ 4, FFcontrol E* > ™D
BIEDH0.75 VAR O & & fg/h20 kHz CEIE L £
T, TOREHR T, EIITHRKMED17% x 0.75/2.5)F
71E5%Td, 20 HIRW LUV TIE EIE I A
X/ e E—FIZAD ET,
B L) A XL E U B R#ET HT-DIC, B3
ET TV ROMIZT4NE Y T :/T/*JLCFF
ERET DL ZENHEREINET, BEOT Y r—
TarTIE B2 TRIESNAEBEREE 2V
Wik, Zoary s IR ETRITNIE R £4
o BEBIC.Z0avF oYty JEBTE
MENDRELIL, 74 VA E1500FI LI2ELY
IR HERF T A ERH D 7,

Tline — 1
150 ~ 150 - f;,,

T 7205 50 HzD 7 A 2 518150 us AT T4,

(eq. 40)
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ZOLE E3O|PIMEAS B —F U A IR T

(eq. 41)

1 _ 1
150 - Rer - fine 150 - 270 k - 60

~ 411 pF

LLT79bE A4 AMEDER

NCP16111% / A RIZ% L THRIZEUR & VW 9 bir T

EHv EHA, LML ERHOBEBFOLALT D
L= APREHINET, KIZED I HDOWL D)

ZRLET,

o NTU— « NLA DA —TFERIT RN LR T
E7e o FHA

o FBDY X —r « NRRAERMTH D — - FF
RO A &7 —fi&

* [T RKHDRA X —HEiE

s MK T REERS T REIO>DV T -
INATHERTHHDE LET,

Table 1. SUMMARY OF THE MAIN EQUATIONS

* ZO/NAFTTEIIL BT v AT U(Rgense) D
b 7 ISR WG C LRI 7T R &2 fi
77 NIRRT HbDE LET,

* 100 nFX7-1320nFDEF I v 7 « avF o ¥x
[ DOVt & GND B > ORI s & TR
BETa2b0ELET,

* RIRENEZ 7' m /T AT HEMIRIE T2 T
PINXTELLETEREIT L B O IZELE L
RTFER D R AL

AR EBY T4V T s arT oY ERE
D3ODBHENA L E—F L ADY Y ¢ T —
KAy 7 ANNEEEY Y 7 (VsensE) s B L O
FFcontrollZ Bt & L. B X GNAEN ) A AInbE %
T ENERINET, b THIY
SNTEEENREETRVEIC. 20T UHIEN
RETRIFEZ2 Y FHA, SOV T %Y
ToHE7VarESRLTIEIN,

Steps Components |

Formulae

Comments

fine: Line frequency. It is often specified in a range of 47-63 Hz for 50 Hz/60 Hz applications.

(Viine,rms)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).

level.

(Viine,rms)boH: Brown-Output Line Upper Threshold. The circuit prevents operation until the line rms voltage exceeds this

Vout,nom: Nominal Output Voltage.

(8Vout) pk-pk: Peak-to-Peak output voltage low-frequency ripple.

Step1 - Key
Specifications

tHoLp-up: 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.

Poutmax: 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%.
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Table 1. SUMMARY OF THE MAIN EQUATIONS (continued)

Steps Components Formulae Comments
P Vi is the forward voltage of any
Input Diodes %5 . _out 18-V, P diode of the bridge. It is
Bridge Losses Pb idge = 2. Vf . Ll ~ — f. _out generally in the range of 1 V or
ricge VIine,rms VIine,rms L less.
2
- M T In our application:
= on,max
2 - (P )ma ’ 2
inavgimax L<-—9% .50y =476 uH
Inductor ( ) _ 2\/5 (Pin,avg)max 2-170 170
L,pk/max = : — _ 170 _
P (Vline,rms)LL (IL,pk)maX - 2‘/5 90 53A
(I i) 5.3
_ VLpk/max | ====22A
(IL,rms) max = T ( '-vfms) max /6
)
% ;E, (Pon)max = 4. RDS :
a s MOSFET 3 (on) 5 Rps(on) is the drain-source
h'l o Conduction P 8/2 - (v, ) on-state resistance of the
% g Losses out,max _ line,rms’/LL MOSFET
& O n- (Vline,rms)LL 3m - Vout,nom
P out max These 3 equations quantify the
Cpuk = : constraints resulting from the
OV out) pk—pk * @ * Vout,nom low-frequency ripple
5.p 1 ((OVout) pk—pk that must b(_a kept
c - out,max = *HOLD —UP below 8%), the hold-up time
Bulk bulk = Voutnom2 — Vout mi requirement and the rms current
Uk : out,min to be sustained.
Capacitor ( ) -
Constraints ¢,rms/max =
2 2
32,2 . (Pin,avg) max _ (Pout,max)
9 \/(Vline,rms) LL Vout,nom V°“t'”°m
Irg is the bias current that is
R,., = 2.5 targeted within the resistor
b2 leg divider. Values in the range of
50 pA to 100 pA generally give a
Resistor R.. — R Vout,nom good trade-off between losses
Divider for = b2 Vier -1 and noise immunity.
Cksp is the filtering capacitor that
Cfb < 1 can be placed between the FB
x - . .
150 - (R R £ pin and ground to increase the
§ t ( o1 | sz) Jiine noise immunity of this pin.
o [
o E
ey G = (Vline,rms)LL2 : Rload,min
(= 0~
w8 640000 - L - Vot nom
% <Lt T ‘ Veonrro IconteoL
(7, GO . tan(é — q)m) Viur TR' .
C, = J o T
2 . . . . .
Compensation 27 fo® " Rigadmin * Couk * Ro 1 [ L i
G 1 &
C — 0 _ C Rp = {//
172 1 f Ry 2 1 jR
R. = Rioad.min * Chulk :
! 2 C,
-2 Rx is the resistance of the X2
2% (Vjine.rms) boH Ry capacitors discharge resistors
£S5 Input Voltage Rpo1 = Rpoz /_— -1]- > Rx1 and Rys according to
1o Sensing 2 - Von Figure 5. (Viine,rms)boH line rms
3 “éa Resistors 1 level above which the circuit
22 C.<77F—"—"F" starts operating. Vo is an
@ S bo = 150 - Rooz * fiine internal 1-V reference.
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Table 1. SUMMARY OF THE MAIN EQUATIONS (continued)

Steps Components Formulae Comments
R _ (Vline,rms) LL . .
cs - T — - (Viine,rms)LL is the line rms
4 JE . (Pin,avg)max voltage lowest level in normal
condition (e.g., 90 V). Voyt nom is
Curéeer;tigspse (PR Ymax = 4. RCS . the output nominal level (e.g.,
os 8 2 390 V). (Pip,avg)max s the
P, avg)max 8/2 . Viine rms)LL maxllmum input power of your
—_ - application.
E ¥ (Vline,rms)LL 37+ Vout nom
®0
s 3
k] Naux Placed between Rcs and the
1 E - Voutnom | — VCL(pos) CS/ZCD pin, resistor Rocp must
] Zero Current R > P ’ be greater than 3.9 kQ2 but not
20 Detection ZCb vV too high for noise immunity.
» A 5mA + k(o) Generally, resistors in the range
Roce of 5 kQ give good results.
Y (line)th is the line current level
Current 252 Viine.rms) BoH below which the NCP1611 starts
Controlled FF 112 - L (line)tn to reduce the frequency.
Frequency 1
Fold-back C
FF = .
150 fline RFF

http://onsemi.com
12




AND9062/D

Detailed Schematic for our 160-W, Universal Mains Application

D N O Vin
Ui 2 '|>|| 1N5406 Rth1
GBU606 L2,200 uH (np/ns =10) D1 B57153S150M
+|—o ~~N N
1 ca,200nF 1 cs
j— ’ IN MUR550
Type = X2 I 470 nF/400 V J::W—l 0 Vaux
R2, 1000 k2 — —
NN—¢ 1 Viine
0—’\/\/\,J
DRV
R1, 1000 kQ2 C1 D3 R5 — o ]
Lo BRI IPA50R250 Ov
. | 'ype = 1N4148 bulk
C2 R4
CM1 R6 10 kQ O lsense
o 22Q cea |+ _[+ceb
. Type = Y2 R3 B L
80 mQ, 3W <& 68 uF/450 V T T 68 uF/450 vV
* *—o - g {1 GND
L1
c RER b2
|4 680 nF D4 T 22 uF/50 v >33V
H Type = X2 - - U Vee
" F1 1N4148
T EIRE)
[e] [e] [e] -
L N Earth Socket for External
90-265 Vrms VCC Power Source
Figure 6. Application Schematic — Power Section
1 Viine
R22 A5 11 Vouik
560 ke2 R8 120 kQ
560 kQ 0 v,
R23 in
1,800 kQ R9 R16
R11 1,800 kQ 120 ke2 0 Vee
R24 27 kQ R17
1,800 kQ R10 D6 C13 R18
Fos cs 1,800 kQ 120 k2 1N4148  10nF  27Q
rsooke T RN K— —wA\— 0 Vau
’ 1nF q1° SIZ D5 R7
2 7
. H——2* 1N4148 0Q
C10 3 6
p— m DRV
220 nF 4 5 R20, 4.7 kQ ::1\' =
cre A2 |{ -I ' VY 1
100 bF 22 kQ 470 pF ] 47 kG sense
P c9 C11 dcis _lciz ZD1 1 c14 2R19
T 2.2 uF T 220 nF T NC \T\ 22V T NC NC O GND
R26 R14 R13
120 kQ 270kQ  0Q

Figure 7. Application Schematic — Control Section
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