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Figure 3. Regulation Trans-Conductance Error Amplifier, Feed-Back and Compensation Network

5 A 24 B R CHEBL I D AR R RE A HE
IO IE, RO EEBY TY,
1
Vcontrol(s) _ R1 Cl SRlcl

VoulS) Ry (Cy + Cy) (1 L G )
1’
C,+C

1+

(eq. 25)

ZZT. (Ro= Vout,nom ! (Vref - Gea))+ Geal3200 uS &
WIOIRRET VT DN T VAV By Z A A
\/\ Vout’nom !i/.l}%//]:/{/l/y %E\ VREF &j:OTAg)ZS V%E
ERAETT,

[ﬂkﬁfﬁ%btﬁ%ﬁ%%L%?ék\

FRECET LU TOARHTONET,

NT R

2

(Vline,rms) o Rioad,min

G. =
0~ 7640000 - L - Vounom (eq. 26)

Gy - tan( q)m)

C, =

2-q2 £ Rioad,min * Coui * Ro

GO

C,=—2 ¢,

27 fo- Ry

Rioadmin * Couik
R, = ——m

2-C,

ZZ T,
Minerms)LL T 7 A EED e/ V’\/I/(AIE@/T_
ATIFOV)D L EDT A > DrmsiE
Gold. 74 »EBIEN i/ V/\/V((Vllne ms)LL) D & &
DABT 47 ~ 7L
Pl INAH~ — 2 (T 2T BN
fcld % —7 > b s v 24— EEK
Rioad,min | 38 KA D AFIZSE LR
Vout,nom2 3992

=—— =995
160

RIoad,min - P

out,max

7\ AF— AR ENT T E DI AR E A IR L

FITH, RRKAMEEOPFCHIEAT — Y OfRLL LD
EICT 2 8ER DY £7,
fp=——— L~ 24w

7 Rigagmin * Couik

— AN~ — 2 |45 ~
_aAO

ZOT TV r—a T, 15HZzO 7 v A A — N
WHL60E(MBT VT DN~ — B X —7
MZT2581E, RO L2 £,

TOEDRICERE L %
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902 - 950
Gy = = 154
640000 - 200 - 10-6 - 390

(eq. 27)

. i_n
154 tan(2 3)

" 2-m2-142-950 - 136 - 106 - 780 - 103

O
N
|
I

n

200 nF = Let's Choose 220 nF.

154
C, = -C, =
2-m-15-780 - 103

= 1.9 uF = Let's Choose 2.2 uF.

-1 -1 -6
R, = 950 - 136 - 107> = 29 kQ = Let's Choose 22 kQ.
2-22-10°6

7 P IRE L B A IR SOVP AFOVP) .

T OREIX, FBE U OEELZEHRTH LI
Ko THAEENE REHNICH D Z L 2R L
£7.

o NLUEENEEIZEH WL ~L

(Vout,fovp =107% - Vout,nom)a:‘$j—z> & MR EE

TRAEFERE(FOVP)2S R Y w7’ L, DRVE > (ton = 0)

RN/ D Z & h, @l &V D ARV T

WET,

4—1*/\/7@1%5‘7%1_@] IERER S, ELL#E
BEN TV DA, 77 EEN Y 7 FOVPHEHE
TRESNT l/’\/I/(Vout sovp = 105% - Vout,nom) % (7]
”r:) & i%@iﬁ/\/ Y7 ROVPD AL v gL R
LY Bl 2 I XA CORBIRFIX, KT A
7‘\- I:/%QE;JJ T DNy =0)RbVIZ, &A1
APRZIMEBSIND Z b, V7 hEW D 4Rl
DWW TWET, FOVPOAL v a3V Rk, V7
FOVPa L /XL —H X0 2%E< RESNTWET,

5 RZAUVP) -

EEIRFIZ. VEB A VuveH (VuveH = 625 mV) &0 5
AZBEIORNE ALy a /L REBELVE&ELS KD L,
DRVE NIEZR Y 97,

EEIZ. Ve 23VuvpeL (VuveL = 300 mV) & W 9 44 il
ODV\PBX Ly va )V REEXIVKTFT S &, DRVE

NTEHIZ IR E T,

275 H Du /LR OVP2) -

2% H OB EFERHEOVP)ILTTREMER L Ot
OFHE TEMENTWET, OVP2IXCS/ZCDE > D
BEEXZFEHLET, AEXA A — FOMlEROM TO
EER T2 BT 5 & R O 95 HIZCS/IZCD
I IIKes Vout IZIZIEFE L < 720 £9°, CS/ZCDE/E
D3, VovpoH & WD L ETONHEROVP2A L » & g /L R
Z ElE%H L, /XU —MOSFET K Z A 7'1%800 usiZ
Teo THNZ 720 9, BRI O 5 Bz, MmamE
L T=CSIZCDEIENS, OVP2D1E# % HI L 4 5 NED
O FFEHEEETH HVovprz FEIS & 800 usd
HIRISREE U722 R4 ZI3AMC7e ) £97,

ClZ X ACS/ZCDEJEDAFL N IEH ITHERET 5 &
‘/\771 HKes DIEN138IZ/0 D Z A HESEL £
ﬁ:

R + R
Keg = % (eq. 28)
CS2
KCS=138% % —7 v MZT 5 &, LLTOMEDMENL S
nEJ,
Rest = 5.1 MQ + 240 kQ + 240 kQ
R(;sz =39 kQ
BRI, IROERESET,
Kcs = 143.1

[(Res2 |1 Rest) + Resol. &V 9 RUCHWTE LTS
VBN Y £9, CeslH500 nsD BEEHIZ TV MBS
BYVENRHD F9,

CcslICS/IZCDE v L GND ' D& e EARE T
T, AT EBMLRWEGEA, ZOED
HEE AR RIT10 pF T,

[(Rcsz [ Rc51) + Rcso] *Ceg = 487ns

CS/IZCDE > EGNDE Y Ozt I vy « v
FUYEBMT 5581, ERR0£ X TL0 pFOF4
RE|ZaA VT UV OFEREMEENZ 2 LENRH D
*7,

Z OEFEHAE & 7= F A I, CS/IZCD B T Bt

(eq. 29)

INTWDLNEBEIE A, Rese + Reso & CS/IZCDA 5
GND~D A G A #(CCS)IT L » THEAL S 45 4
ZFHHT 72T,

Kes =143.1, £7-OVP2OWNIEEAL v gL K« L
~WWovp2H = 3.175 V. VoypoL =3.093 V ERET S
&L Vout (Vouik & BIFES)ISHHIET H0VP20D25>D A L
valREFETEET,

Voutovezn = Kes * Vovpon = 143.1 - 3.175 = 4543V (eq. 30)

Voutoveat = Kes - Vovpar = 143.1 - 3.093 = 4426V (eq. 31)

PR o T B OFBHL 2 Bt L 7= 0 FBHESPURR E 3 8 A4
L7Z8BA7 . OVPEENEAE LZHE THLEMET
%)J:Oi LI A Ly g LR im@OVP@X
Lyda/lRED FAREVEIZHRE LT ER
DEH A, REVWEBFEOVPAL v 3L KX
Vout,nom P 108% 33 & UVt nom = 400 VIZ&f I L TH
D, TNHEFHETHL1.08%x400=432VE R0,
OVP2DO FMIA L w9/ R442.6 VL D /NS VWMEIZ
0 FET,

Rest & Resy DE 1%, FREEREICIBEE DB N 2 HE L

RNE DT, REVWVEEZERTALENRHY 7,
IR I iz/l’ v F U TRFEARET . Res (ZES
Bt L 7o Resy M CHEII S N D EIEIX, IROMEIZE

L2 ET,
vV -2

mains,rms
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FRHERFICTHE SV D B JIPcs sTeY X, RN TH- 2

bNET,

(Vmains,rms ’ ‘/5)2

Pesstay = R (eq. 32)

cs1 T Resa
ZZ T,
Rcst = 5.1 MQ + 240 kQ + 240 kQ2
Rcsg =39 kQ
LIFOER LN ET,
For Vmains,rms =86 V this will give PCS,STDBY =2.6 mW
For Vimains,rms = 110 V this will give Pcs stpay = 4.3 mW

FOI’ VmainS,rms = 230 V thIS W|“ glve
PCS,STDBY =18.8 mW

FOI’ VmainS,rms = 265 V thIS W|“ glve
PCS,STDBY =25.0 mwW

CSZCDAHL 7"V v i DRI FPCB Lo 7

DrDYS ST

RestEFi 7V v YOG FHEFIAIMQEFHIZ T 555
AlE, FAERENKBAUFE WY /MESWETYH, T4
REICH L CHEFICEEICMCLET, HERE
%, Resf&$t/ — K &(GND % 7213/ —MOSFET K
LA OMICFET DA REMERH Y £3, b o
FARBEIZL BT, Kl REERBRHFERIC
ODIEMBEBENNH Y £9, OCP, OVS, i
OVP2s MU T &, = hr—FREETE .
Voutz IE LK ZEALTE 2L 700 F97,

FAEREIZ X DB L PRS2 6 872 5B,
D EIEKCS & 913812 2 72 N B IPUE 2 /NS <95
Z L T9, CS/ZCDT ) v UHBEE /NS T B
(Rest + Reso &#/NE L F75) & FREEREE T E 1031
M2z &/ £9,

Rcsi + Reso PIE AL MQ % 443 Flal> TW A 55

%, 3fE¢>200 V SMD12064KHt % BEAZHlE T £7°
M. Rcsy + Resp BRI MQ% EE - TW A 551X,
3fEPDSMD 200 VIRFTZ EFICHEe 5 &, EERNY
v PORFEEMWI 2T, OVP2OFRE U & FI & =
T ERDbhoTWET, ZTOr—ATIL, iU
DREWV(B : EVBOEA135.1 MQ)1# »500 V SMD
B’HLE FUA NS, EHUE /NS (f] @ 240 kQ)
2{ 200 V SMDIEHL 2 B AN HEHE L T, EREOFH
XCHEH LIEISENAERIEZFEB L ET, ik
ton A1 Z VRGBT O FCE N R EE & 225, KL
GND OB ER & BT 5720 TH, #&Bk k.,
oA v EEZHEIEI2D12, MEORZMED
BHREFERT S LWV ERORFIEICHKED Z & 13HE
BrINR, EWOFERwRAELNET,

RUFERTIE, FEREOB RS, Rests
Resy ResoEHLICHRT§ B A —FR— A EbuicE L
T, SMD1206% & (R0805 MBI TV 5 & & NEFEX
nELE,

RegoldCS/IZCDE D TEx AT IZ, £&
Resi & RespidRegoP T AT EL ICTEE LR ITH
X720 ¥ A,

Res M 28T H5PCB L — R I TE B2 E
<. PL—RIEHLTEEREIRL THHFLEREL R
INTTBYLERH Y £7,

CSZCD7 VUV vy V%R THREREDOEI L .
DRV. Vin. Vgrain @88 k L — ZRI21 cm D &2 4 FERE
EHERL. MAEZBIET 52 EBRBHTY,

Resi & Resp DIEE /NS < L 7227235, Restil & Ces
ARt HERETIEK S 5500 nsd B EEICHEA S
D720, Respa RELS THMLENHH Z &I
BLTLEE N,

ATy T4 ANBEOBM -T590F7I b

FEaR=2TX, EFRETA &7 2D
BEENR B THLHZ L, BIOWEH N A EE
PAVin BIE (B SN2 Viine BE)ICE LW Z 2 258
LET,

Figure 4 DVesint B 1X .. A4 v & A LI i
Rsense “lind {2+ A7 Z A LHIE H 13 Vyrain/Kes 125 L

<720 F9,

DRVEEEN A A v F DI DIF T, Rgns/Cens © — /1A
© 7 AV DA Vgrain(D/Kes DENREZ 726 L
[T 7 4 b Zv(t) DM 77 i3vin(t)/Kes F 72 1%
abs(Viine )/Kes) &1 R & 6 /26 L F 7,

Veuct) = Abs( re®
sns(t) = Abs K

Cs

(eg. 33)
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DRAIN
o— ;
1
Rest § !
R CS/ZCD'Pin
CSo !
< Re-Shaping
I Filter
Lo
Rcs2 2 '
1
1
L >— l
SOURCE '

Rsns Rsns VSNS

DRVBaRr

| Csns Csns
CSint b

DRV —,
ZCD

Re

Cr

Figure 4. Brown-Out and Line Range Detection Block

[C*]BLOD** L) B Fa—RTET 7o
7o MERBEEHTEET, BB X OTHIO2o
DT TITT R LULRHY £,

T 74V NBXOEBIRNIT 7 7T U MINER
272> TWET, CS/IZCDE v 2/ L THRE &SN~
Vsns (VSNsliD—/\"X TUNBEENATr—)L « &
UV ENTVine) S, N L HERS [ Veoy = 819 mV &
rkEZE, T TU Ry PENL, TR
B—INAAL v F U T ERBETEDROICRDFE
T, 770 TU MRy hENEK, AL v F
> TEMEDBAAE S I, Viine (251 E#t & CS/ZCDE - %
ML THAMEINET, VonsNB0 msiliriz-oTT T 7
YT U NOWEHIEHEER VoL = 73T mVEL T2/ 5
ELTITUUT T RBRERNTRY T, 777/7
U NDPHERINTZH%, RTA4 7 - LR TELIZ
Do TliE7e <, 30 uADE mﬁwvmﬂL

VITEHIE 3, Vel B2 IR F L ET, £ Ok
B ICH IV AEMEEEIET D D%, HIOVPEEHE
DT ITT 4 TN T2(DFED . Ven DA ¥ > T
ALy a/LRICELR)EEDATYT, ZORET
ICIZ OV 2EMEAREIL LT, ZoFRicky,
MU w7 RBEEOY XA BHIBENET, LTFTOX
., 7790 7T hONEEEELEZ, T4
IMSELEA L v g RIZE#T 5 HFEEZRLTH
7,

Kes * Veonw  143.1 - 0.819
(Vline,rms)BOH = 5 = 5 =83V (eq.34)
Kes -V 143.1 - 0.734
(Vline rms) == 2 3 0.73 =74V (eq. 35)
' BOL \/E \/E

T,
VBon!Z81OMVD T T 777 h ERINERA L w3
a /L RTY,

VoL 1734 mVD 7 Z 77 7 h FHINERA L v 2 3
L RT9,

BLWSAUVERLEBEVNSA VEEORE
LLINEE WO NEF O H L« 75 72 LT,
T A VBEIMEV(LLINE = 1) & W 2> (LLINE = 0) %
B LET, 2LXVDT A« T4 — KT 4T —
Rt A m%%®ﬁ~fyw—f-ﬁybi7
JER B DY KT D=9 D7 T EMEA
LT%/&%A%ﬁ%Liﬁ mw74/ BIEND

BWT A VEBE, FRIEF0OMIERT D & T
VCTRLTH A2 b E T 9, 77¢/7¢b
IR & RAE. NEVsnsld @i T A o BIEIREE
BT A EBRRECH TE AT Y VAEE #%
20D LYL LR X UE T, Vens VL = 1.801 V&
EEIBE, b =T TEWT A CEEREICE
??L\V%Sme_lwzvqu nHE RN T A
VEERREIZ T VENET, BT A UEEND
ﬁw74/ BT, EREEOMICERTHAL v
a/l R&E, T4 immsEETERT L HEGZ, DT
DR TEZONET,

BWT A VEENLEWNT A VEIEICERT DY
BEDOAL Yy a/L R
Kes " VL 143.1 - 1.801
(Vline,rms)HL = V’E = V/E =182V (eq. 36)
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BT A EENSENT A EEICERT Y
ADAL v gL
Kes " VL 1431 - 1.392
(Vline,rms)LL = E = /E = 141V (eq. 37)
v v

X222 TV DR -

Rx1 &Ry 1L ZaMEZBE L TRt SN TWET,
—1Z, (Rx1 + Rx2 = 2RY) DEFIE K Z . X2DEMI
arFUY EHBE DR & & ORED3SARIGIC
725 EOICCREIL, BRI sORFEREET).

ATvT5:

i o ABEFIE, B o A SR ense TIZAL S
NTWET,

=> Rsenseo)E'l'g
Z DFIFIE, EEZJIL“!Z v AP R O EEDN0.5 VE

B2 o558 EERRKNERBLET, LR
T, ROEX IR £,
Rsense = 05 (eq. 38)
(1)
ZOHXZFEQ. 8L MAEDLEDL L, RO L HIZRD
£
V,
Rsense = (INL)LL (eq. 39)
402 - (Piavg),
ZOEMRT—ATIE, ROL IR ET,
90
Rsense = = 0.094 Q (eq. 40)
42 - 170
OOLBREO~Y—V U EMERT DO, 80 mQD

Tz mR L £,
Rsense PTESIL. MOSFETDEEE K 2K 5%
'@Eﬁﬁ L\ Rsense %RDS(OH) @\:%% ?ﬁif%‘[‘%“@% i‘a_o

) (Pin,avg)max )
(Vline,rms)u_
8V5 : (Vline,rms)u_
3m - Vout,nom
L7=Mo7T, L0880 mQDER v APIT

AN, KW T A EEOIRDLTHRI278 mW % TH 2 L
i‘j‘o

=> ¥ O ERE®S

Figure 5IZZCDRIE 2 /r L £3°, AWML EZ 2 )
X, VindEHE & ZET D Virain EEN HZCDD I #H %

(eq. 41)

INLOBPOMERIRTZ20ERNH Y 9, —i%
(2. (Rx1 *+ Rx2 = 2RY) D EFIA flifiEi % . X2DEMI=
F oY LAA DR L & O ERNISRIIZR D
L olcEE L, HERIZIsOBEREZED). b
OERPLOMEBRT HMLERH Y 3, ZOHT
1%, 2 D1 MQIEHT(Rxs = Rx2 = Ry = 1 MQ) % £ %
L. BIRLEX2a T o3 EOMAEHETLESD
HMERERZEX WY~ — Y EMERLTH
E3x

Bt AEK

ﬁ%‘é:&fﬁ_o Vdramj;sit){\/m%j:&i:\\/]\nv—ﬁ
DAEIZAFAE L TE Y . Figure 5SORIEEEK Tl Zh b
DOEEEWNIBIZELY A E TN, Kes THE/NZ 41T
WET,

Resi + Resz

Keg = (eq. 42)

RCSZ

AHEaNN=ZTIE, AEAZ72D—HDY
CTCEMEND Y RLA UEER, FIEAUEY
DG —HFOE L THMINDVinEEIZELL R
DET, TNEA X T X OEFRHE BIES D
L AUE T A TOVEELERE TR0V TH H T2
»TY,

Mah&an/= LA U EEIX. Resis Resa 7V v
R kivﬁwﬁ74w5liofﬂ/bm VAa|
HICE Y iIAE N, NE — REEVCsint XKD L 9 i
ZAL/BE 3

1

K_CS ’ Vdrain(t)
0—/X2A « 74V ORMF T, ZCDa v L —

b\ij‘o

Vesindt) = (eq. 43)

1
V() = —— - V()
K
“ (eq. 44)

+(t) - Vdraln(t)

S

Vin(t) & Vigrain(t) & i L TH 541 5ZCD7T ¥ # W&
X, XU —MOSFETD ¥ — F v ORIMICHEHA T
¥4, XU —MOSFETD ¥ — # L H%R|XZCDIE
FEOMNLTNRY =y VIZFRBILET,
KesfEIZDOWTHEET DM ENH HME— 0 FHIH
X, ZCD=a v 8L — 2N ELL 8ifE+ 5 X9, 138
IZTELLETEVEICT S Z & T,

WWW.onsemi.jp

11


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

AND9218/D

Vdrain ¢
5.1 MQ/ R
500 V CSla

240 kQ § Resib

240 kQ § Resic

ZCD
DRV Rcso CS/zCD
. i Low P
FE I\Nk\' T Re Ei?t?r)mg ” O\II:ViItearlss
10 kQ int
o 2 Ces ——
CS2 ;L DRV
Vsource ¢
80 me2 iRsense
Figure 5. NCP1602 Zero Crossing Detection with Typical Component Values
NCP1602/ZCS/ZCDE ANV —FT 4 > 7 « = ¥ - Nprim  Rest + Reso

TIURVTEHFALTEY, EOTDT 4L - Kes = N~ Regs (eq. 45)
AT U NAREICR D £F, CSIZCDE ZREA
TZCDM > CTHRH SNV R SNV &k Kes =138 I — 7y MEICT 20BN H Y £7,
%72, CSIZCDEIHEMNIZH DO WNR b a T o N \
LHFERINERFA, v Ra—T - T —T T ZOFH LWWKeslZBT 52 X v 1/10DRes %

CS/IZCDIE B &FMT 5 L S IXFEENLETT,
Fiuza—7 . Fa—F 20—, Sy
— YV DOHEARECes L WA L%lowmm%?@$b>
BMENDT-OTY, ZOBNBEREDTD
CS/IZCD1E 5 7 % A TZCD#: H 1§ ﬁ%ﬁFLi?
(BRGAR HHESRE 2 e\, 200usD T 4+ v F Ry 7« &
A~ERBL, Nb— - =2 F UHBRELRIBE
nndHs),

CSZCDEIER TOMBIEREEV DEFA

Figure 6127~ L72[FIBEK A LT, CS/ZCDE >
DETEELERTHLERD Y 3,
HHBPEMREBIE 2 > 7 FCauxs HHIRaux. B LN
B A F— FDauxt P BT T, Dagxt A A — KD H
Y — KT, XU—MOSFETD N LA VEEIZ, +T
> A DB (Naux) & — &@mmm®%ﬁm%%ﬁbk
IS L WEEEERARETT, 3 CIEiil Lz
T A—HZKCSIX. A EITRD L) ICERINET,

FHTExET, ZO/E, SRIOEVBTHEMHTS K
?kaﬁwmwmwzm&w5%ﬁ%%ﬁﬁbfm
9, ZoOT7Fa—FITLY, KVIRWEEEHEH
L., FLVIEWRes1lEZ AT B & FAEREIZ
KT DRENME T LET,

Z DAl & 5 F] AT
SNBRNZ ETT(AA v F U TEMEREAE LD
T, VaE\EEBA L7220,

T T Yy MEREERT 7T 4 I LN —
Va i, ZORBETITEMEL WS, T DVa
BN [C**]%D[D**]0>§%uu/\‘~“/° avaEfHL

TiEERbRNZ e, HEHTREATT,

ﬁ@))fww@ﬁkﬂ>/~7 MOSFET® KL A
VEITEMERTOE, ARICBWCT TIZEA L
DEFoLFARICHELET, KesP T3
R0 FET,

. FRHEERICEI N HE
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+ ZCD
) Line Voltage
Re-Shaping Extraction -

for ZCD

>

Y Naux / Nprim = 0.1
Clalux Raux \V}
aux
A A%
Vdrain ¢ 47 nF 100 Q °
<
Dauxl
1N4148
300k $ Resi
<
DRV Reso CS/ZCD
> I‘E A Filter
27 kQ
< Ccs
22 kQ % Reso
Vsource 9

80 mQ i Rsense

Figure 6. CS/ZCD Circuitry using Auxilliary Winding Voltage with Typical Components Values

L g 70 NEHEERDIEIZ T S EEFH
NCP16021% / A RIZHFICHU&K & v 9 bl Tliddb v

FHA, 2L, BEHFHCET L RO LA T
v MNRAIPEA SNVET, EOHFTHLLFORIZHE

BELTLLEZN,

o XU — -« ML A D)—HEEIT /IR Z S
VIR BY 5,

o B/ T v RCAY—fEEERAT 5 &, Eitht
PRARIE DS PR SIVE T,

o ICOIEFT T v NITITA X — &N L TWET,

o ICOIEHT TV REBIRYT 7 Rid, H—55#
BCHERTILERDD, V=T I3FEINER
Mo

o FEERG G, T ORRIKIXEI T v AHP(Rsense) P
7Z v A2 IEF I WEFT T, ICOEE S

Z RILERT T RicEsTH L2 L TL
72 &0,

ICDVec B EGNDE > DRIC, B/ho#HRE T
100 NFE 7213220 nFO = 7 o H 2 1EEL B4 5
ERH FT,

Resxd&#HilE, CS/IZCDE' > D TX BT < IThlE
THMLENRSY £7, £7-, GNDEZIIMOIE S
EDOREREEZREBET 2L ERH D 7,
FBELNZ T 4 NEZ YT« arTF oL,
AT HAREMENDHDEL ) A ANS DY %
R#ET DRI NES, 727 L, FBEU T
BAMENAEENEE WIS, aryFovs
INEBRIZTDHENRH Y 3, FEHIZ VLTI,
St A v a 2R L TLEE N,

WWW.onsemi.jp

13


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

AND9218/D

FEGHXDOEN
Table 1. DESIGN STEPS TABLE
Step Components | Formula | Comments
Step 1: ® fie: Line frequency. It is often specified in a range of 47-63 Hz for 50 Hz/60 Hz applications.
Key
Specifications | ® (Vjine ims)LL: Lowest Level of the line voltage, e.g., 90 V.
® (Mine,rms)HL: Highest Level for the line voltage (e.g., 264 V in many countries).
® (Mine,rms)BoH - Brown-Output Line Upper Threshold. The circuit prevents operation until the line rms voltage exceeds
this level.
® Vout,nom: Nominal Output Voltage.
® (OVout)pk-pk: Peak-to-Peak output voltage low-frequency ripple.
® t,oLp-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.
® Pyt 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%.
Step 2: Input Diodes 5 P V is the forward voltage of any
Power Bridge Losses 2% . out 18-V diode of the bridge. It is generally
Components p —2.vV. - " ~ f Pout in the range of 1 V or less.
bridge — f V; Vv M
line,rms line,rms
Inductor (V- )2 In our
- fine,rms/u Ton max application
2- (Pin,avg)max L= oo 1251 = 295 uH
— (Pin,avg)max <| ) _ /E 170 _ 53A
(IL'pk>max —2./2- - Lok = 2712755 =5
( Iine,rms)LL
5.3
| =—=22A
~ (IL'pk)max ( L,rms)max \/6
(IL,rms)maX - V%
MOSFET 2 Rps(on) is the drain-source
Conduction [=] on-state resistance of the
4 out,max
Losses (Pom)max = 3 RDS(On) | — MOSFET
n- (Vline,rms)u_
82 - (Vline,rms)LL
l e
3m - Voutnom
Bulk Capacitor P out max These 3 equations quantify the
Constraints Chui = constraints resulting from the
<6Vout)pk7pk * 0 Voytnom low-frequency ripple ((6Vout)pk-pk
that must be kept below 8%), the
hold-up time requirement and the
2 Poutmax * tHoLo-up rms current to be sustained.
Couk = 2 B
outnom Vout,min
(lc,rms>max =
2
2
= 32,2 (Pin’a"g)max (Pout,max)
93‘[ Vout,nom

\/(Vline,rms)u_ * Voutnom

WWW.onsemi.jp
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Table 1. DESIGN STEPS TABLE (continued)

AND9218/D

Step Components Formula Comments
Step 3: Resistor 25 Irg is the bias current that is
Bulk Voltage Divider Ripo = T targeted within the resistor
Monitoring FB divider. Values in the range of
and 50 uA to 100 uA generally give
Regulation Vout.nom a good trade-off between losses
Loop Ripr = Ripz - v -1 and noise immunity.
REF
Cq =< 1
fb
150 - (bel I bez) *fiine
Compensation Crp is the filtering capacitor that
(V- ) ‘R ) can be placed between the FB
line,rms LL load,min . .
G, = pin and ground‘to increase the
640000 - L - Vot nom noise immunity of this pin.
(see Figure 3)
Gy - tan(g - ¢m)
C, = 2
27 - 16" * Rigadmin * Couk * Ro
Go
C,=——7—"7--GC,
2-m-fo- Ry
Ricadmin * Chulk
Ri=——F7"7""7—
2-C
et v e e
Vouuvex = Kes * Vove OVP2 is sensed by the CS/ZCD
ourEvEX X resistor network (Kcg).
Vouovpax = Kes * Vovpax
Step 4: Input Voltage Input voltage is sensed through
Input Voltage Sensing Koo = Rest + Resz the CS/ZCD pin (Miine,rms)80H
Sensing cs © R line rms level above which the
cs2 circuit starts operating the circuit
stops switching when line rms
_ Kes * Veow level falls under (Viine,rms)BoL -
(Vline,rms)BOH - 5
"/
When line rms voltage goes
Kes * VoL above (Viine,rms)HL We enter High
(V””errms)BOL == Line state and when line rms
V2 voltage below (Vine rms)LL We
enter Low Line state
(V ) _ KCS : VHL
line, ==
ine,rms ) /2
(V ) _ KCS ’ VLL
line, =T =
ine,rms LL \/E
www.onsemi.jp
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AND9218/D

Table 1. DESIGN STEPS TABLE (continued)

Step Components Formula Comments
Step 5: Input Voltage (V. ) (Miine,rms)LL is the line rms
Current Sense Sensing R — line,rms/ i voltage lowest level in normal
Network cs T al3. (P. ) condition (e.g., 90 V). Vout,nom is
Y inavy ) oy the output nominal level
(e.g., 390 V).
2 (Pin,avg)max is the maximum
4 (Pi”’a"g)max input power of your application.
P = = . R . JE————
Res/max 3 cs
(Vline,rms)u_
8v2 - (Vline,rms)u_
3m - Vout,nom
Current — (line Xn is the line current level
Controlled 2572 - (V"”e!rms)BOH below which the NCP1612 starts
Frequency Ree = reducing the frequency.
Fold-Back 112 - L+ (line)yy
1
Crr=Ts01 R
line FF
WWW.onsemi.jp
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AND9218/D
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Figure 7. Application Schematic — Power Section
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AND9218/D
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Figure 8. Application Schematic for ZCD Sensing using Power MOSFET Drain Voltage — Control Section
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AND9218/D

Figure 9. NCP1602 Low Profile Evaluation Board Top View Showing Power Circuitry

L ()|

o

Figure 10. NCP1602 Low Profile Evaluation Board Bottom View Showing the Control Circuitry

ZOEETIL. NCP1602 THEENI" HPFCA T — DTHY, o7 7V r—ra AL RGHICEHET
DINTA—=REFHTHEEOTEERAT v 7 ITHON 7,
TERHLELE, BELET 2 —F I3RS

WWW.onsemi.jp
19


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

AND9218/D

sEEH
More details on the circuit operation can be found in its [3] Joel Turchi, “Compensating a PFC stage”, Tutorial
data sheet [4]. TND382/D available at:

[1] Joel Turchi, “Safety tests on a NCP1612-driven PFC http://www.onsemi.com/pub_link/Collateral/
stage”, Application note AND9064/D, TND382-D.PDF.
http://www.onsemi.com/pub_link/Collateral/ [4] NCP1602/D Data Sheet,

AND9064-D.PDF. http://www.onsemi.com/pub_link/Collateral/

[2] Joel Turchi, “Compensation of a PFC stage driven by NCP1602-D.PDF.

the NCP1654”, Application note AND8321/D,
http://www.onsemi.com/pub_link/Collateral/
AND8321-D.PDF.
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