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Single-Stage High Power Factor Flyback for LED Lighting
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AU R A S e ds (Flyback converter) nfif DAL fl S il 77 sCIR M A D2 K% (Power Factor,
PF), BEARAIANFFUIE R ARG E B E L m R e s shPE 5, (g 26| (Peak—current mode control)
5 & ¢ Fi@nf 4] (Constant on—time control). ¥iNHERIF#ME (Feed-forward compensation) . PARGEIEHKIL (Total
Harmonic Distortion, THD) k.
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IR, KOCTHE (Light-Emitting Diode, LED) HRKEM#, mTHEARGHES. KEMEAEKEMRS, LM
NF—REERAIE, FEEMRRIRIEk, KK T LED RS T RAH R 2 A5, T WA Z R @k &g, REREZ
£ (Energy Star) FUEINHmET oW A BRI IRF LA T 0.7, BRI T 0.9, ASCHR IR LED 3K
E AU LA/ B (LA 7 B s Oy SR s AT SR, BN PR, DU BINE R, Jf HSEBT AR H 1.

AT REYR H s, (8 AA TS B P B P R AR R R e K 22 (8 ) A B 2 5 PR P X i N L
TR, SRR SRR EAR T, (i TR R AR R R, G BRSO RN, S EORN AR . DR R RS R
(Real power) SHFETIZ (Apparent power) [AI[KJLLAE, AEATE LA AR SRIOTE R . & DRMEIRTE, R T35
MNP RS SR . SRR, HEARGNREEDURI I, GRS g aE RN, BAOAFRNT
SNBR A B SORDERE R A, —Fe2oxd Dy DRI LR A 7 AR i R 9 e okt S el Bl . DO R BGE S T

Power factor = g (1

Horp P ARRELTYE, SHREMIETIR, LEEMEBERBITRE  (RMS) 1T, A b P AEMITED) 5% TOeh, HIRFEEC

—_
o

d

G U, U K P B AR 1, BB T RE S 1 B B A R A RS, ISR T AT [ AR AR AR LB
AR IETEY, AR SRR, MHEDIR S LR AK RN

£

[Pl = [S{x|cosf] (2)

Hodr, 0 RERMEEZ BIFEA A, IRFNEETHAMRTL cos 0, AT FRAMNBIIERIE (Displacement Power Factor,
DPF) .

P B, A RSN AR 3R, Sl N R B AL . ALTETHERAEE BT VB Ay, ER THER R
FRANMBAE A R 2 8] AR AN, 22 S BN RS DI R B, WA 5 B I B I 2R L) A 4 (Distortion power factor), HiE
R

. . |
Distortion power factor = 1 = Lrms (3)

J1+THDi2 Irms
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THD: AR A BB R e T VFRIRAOEEIIRAY, T T R, “HHSCARITHUMEIOR . Bk SUR R 445 1E
SEWE AT RE MR — RPN I G I . 8 R I R AR DA AR D R 4, BT RS DR, ROV E IR

Power factor = DPF x \LMS (4)

|rms

FR AT VG T2 B SRR, B IhaifE EN61000-3-2, FHEIE ZMYE, BB MU E LT RRENEIEIE (Power
Factor Correction, PFC) $iR. T HMGAENA T LED FEEH & Th K UK S B

= IR e A A AR R 2

LED F&RAAT K DhE M E AR T 100W, #{EFEIG A S@ B0 (Critical Conduction Mode, CRM) BiA#E4L: G i#MA (Discontinuous
Conduction Mode, DOM) & HUEG@E ML, E&MRE R4 (Isolated switching converter) o1, AR/ JIF HAE
ey Fp W B S e e 2. TRIUE, LED W ORE) AR 3 R FHRAETE CRM B DCM IR SOl 2, AR AR IR T —, T
TONER IR BIE I . MR- E I, A EE Vo SENEIE Vi RN

Vo _ Ns  Don (5)
Vin Np Doft

Fo, Do NINEFK Q 5 52, Do JNHTH ARE Do (95HE LG, B R

FIFRER B, WLHES AR TX: (3l L (Y B ansan -

AL = %xton (6)

M LAEAE CRM B DOM, FRIRAERRMNI A WA A%, R RIRSOE /NS T RIS, 4 (7) 3o
AiL =iLpk (7

A RN RN IESZE BN FUR T DAROR A R

Vin () = /2 x Vinms x sin(wt) ®)

Hi, o =21 < f, f NBWAHBEHER (50760Hz) o BBFEHIThHRIT S E t, NEE, N

. t
IL,pk (t) = % X

2 x Vin,rms x Sin(wt) = I pk x sin(wt) (9)

AR R I B R R IS RS AR LA RS2, HAB BN T e

ILpk = toTnX 2 x Vin,rms (10)
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RN IER AR HE BT (Electromagnetic Interference, EMI) JEUG#S, IH XNUEN SN T IER: S IT o= 400k
g, HERZER (Differential mode) MMMFMGHZILTIIHRIFR Q HIUHZE, HEmFRABREMIE . FkHAfR

W RSO P IR=MIB-PEE, i s (1) K.

iin(t) = = >< iL,pk (t) tt"”é)) %L pk () xDon ()

(11)

FAEEETE DOM, t.(v) [EE, Al A R . () FEe, AT RR 1.t FEABRE V() FHE, EitEeg EHE
REECA 1.0,

FEBRVEAE CRM, t.(t) B Vi (t) 2BMk, BIMEEEHRSAE €. (0 FE, ia(t) M V() BAEeamm. R BREE CRM 1)
SR PE A THD ELERMEAE DOM W& 2. {HIRVELE CRM B, IS EIREMK, JFH EMI ELECE Sk, K ERAIELE DO 1

CRM [Pz filies i #0A NRH

Vu Np : Ne —
iin ; M
—_ |,_l ° Do + io
a A 4
L Con~ Vo $Ro
Vln - Cin °
—N—
X
o1 &® =X GD o E‘ 0 4
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ton I toff I 1:on
> - Don=
| | ts
t t
- z >l D= —;’ﬁ
s
(b) DCM

B = Bt B At e 1

ALYV

Vin Input Voltage iinag  Average Input Current

— iLJ,k Peak Inductor CUMent e ip Output Diode Current

io1 ps MOSFET Current

GD MOSFET Gate Voltage

B = CRM Je il fhe s BELAR LT 5 T P

B AR AE CRM 1S S 0 4 0 AR e PR O I (R THER RIS T 1. 0, 0 N LI A 20 1 T DA T 480 PR R A 1)
U2, HRADRER, WA 02

. _ iin,pk _ P|n (12)
i = =

in,rms \/E Vinrms

i (11) ] 15

N _1 ton,pk 13
lin,pk = 2><I|_’pk X—ts,pk ( )
H, ton AN HEEEEER B to, tow TMAR.

g4 (10), (12), (U)K, tow FoRMTF

2P0 xLxtopic (1)

t Kk =
on-p Vin,rms

Mg (14) sCATFH50, I8 o 2BERA R AR B L DU DI o aeft.
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DU\ AR F e 42 1) 5 ] S B ) 4 )

HILI PR PRC st 7 2OV (B s ] 5 [P 28 Pl I 1)), DR 20042

1.

e L P UL 1

ARSEHLIE(E R EESH] PRC AU N B, JEhae r SR U prs . IR vy A A A 2l MR s e e
JE, Vo 8B Ry Re EJGHANZRIE . RBES Vo SSFHUE Ve S0 — MK 5 FHBOCE (Operational
Transconductance Amplifier, OTA), FE|MHE Vew, REE Vo M. RBUES Vo ATREREME ALK, fitid
AN B GRS (Primary Side Control, PSR). RE% UK SR 58 M AN B RSR, HAH Vo Bk
SOMAR/N BT . B, FRiESE (Multiplier) (% VMO 5 VM RIEL:, sl SARERIEL . 24 s
LS CS SafiA it ik Vo ARSI, KERKpP9EZIHAE (Pulse Width Modulation, PWM) {55 #HEN OFF,
BUETIRIF R Q, Bk R R I DR AR SN P R RS20 %, A2 & Th R I ACR .

+
MULT] PWM OFF
1 Multiplier

Vwmo

Current Sense

Comparator
Ruz VRer © P
Ves 0 G
m

(Feedback signal
about Vg or lg)

r
(.
COMP

PADY UEfi HgAL 2 i PRC Zhise Ty B

[Fi] 5 5 e A (] 2 )«

[# 52 I (Al FE ] PRC ZhEer RN TR, WS T RREk A4y (Ramp Generator) , T4 IE T AR H ik
THE RIS, JRAATRT B A RRNCR R 8T A TR ZR A LT, EAT P2 E — AN EDERER Sewe BTHUERRE Vewe 24 Vi
BT Vo B, B PIM [ESHEER OFF, BUEDIFRIFR Qo Ve HISRIFEFAIEAE RS PFCAHR, WRRIES Vo 5
SR Ve G NMEFRORE I . FIRE, R SRORAR 00 H 98 BT IR TR A B AR, Hfid veoMP sl
FRLPARVNIERE . EE—DTRAHZN, Voo JUFERFAZ, FFH Ve BIRER Swe REEEANLE, MIHFRIFR
Q WFEME t, Si@EE, W (15) 3, Hibr i ERs 4R Sh A R FAR I IESZ B, B2 m P R

ton = YCOMP (15)
SrRAMP
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IR Veow EEAIERAEVERESZ IR T 36 STRCR SRR IE X E), —MEABETH200y 0.874. 2V, R Suw BT TR E, U
T t., SZRIRE. H (14) XAHR, ERERMA RS SMAIRZT, SEME t, SR L MK, &
to SZPRMAR AL 252 R, AEmhilS ) S E A RAMP AL, LA 35 A1 e b B B L 7 SR U
R Suwes  HEG )82 T I SZ IR

VRAMP

RAMP[——| Ramp

| Generator |

I+

Vrer 0 Constant on-time
; 1 Comparator
FB O Gm

(Feedback signal
about Vo or lo)

PWM OFF

rm
L
COMP

BT [ S IE I [R)4% ) PEC D RE T R

DA bRl AU AT DABRVETE CRM B2 DOMe A 4RAEAE CRM, il v i Z HUIRAS I (Zero Current Detection)
LB, T ) o U R 0 R R B O R I, JETIRTTR Qo il ERAEE DOV, PR AU IR &
(Oscillator), fERF—AFEEAM t. HIFEITRL Q Sl AL DMEH G SWE A R (8C) AL, HEHFE S
P8 T L BH R R A S Y ¢
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N (PN DA T 1 o

K [H] 58 S EES (425 PFC, TR 2B E RAMP BN 2 R BRI AR Swe, FIANBEANE#SERARR COMP HE#E
B Vowo TERRHIG R, BHLL Voe FIBTRERRERS, G100 Voo (CT5—EEEER, FIBCYRER, AR R
3 (Burst mode) DARFFEREAE . #RAFHN B EXT FLBIA N Voows  WEEN R LA HBSWBEARE,  IXFE R H A
PRAE. STASRHL (Richtek) AE/H PRC 4%

RT7300 5 RT7302 7E[E 5 SiEmE R INN T f N R AT AME, 0 DA AR F) Vow A28 XKLL,
P 7S A LA N B Rk B2 1) [ 52 S ISHE] PRC TR B/, HIE Vi L35 SRR E A Cur 78HE, HH Ve BES5EH
HLE Ve FHZE, IXEBLE A LSS T2 [ E 10 SEI A to.

to. = CRAMP x Vcomp (16)
Vset x GMRAMP

Hrp, BB Cor 5T Gmoe £ HEHIGF WEBOE, T Voo WEARBHRIESEKR. &3F (14 XM 16) X, Vor ATLIFRR
LU

a\fzxpln xL xts,pk % Vset x GMRAMP (17)

Vin,rms x CRAMP

Vcowmp =

o (A7) XAE, E Ve RIS NIBEEREEL W Vor 25 Vi BURE. EEDSSH, Vo 9T BB AL W UCBRUS
HUE, FEHSR 0 Ve Z2H Ry Re 20 EERIEE Vi FFREVFE k M08 Voo BIE Vi ATRARIRATT:

- . Rmz2
Vset = k X ’\5)( \/|n’rms X ( RM1+RM2 ) (18)

# (18) AN (7)) KwfF

ZJP x L xts pk x GMRAMP
n S,p x( RM2 ) (19)

CraMP Rm1+Rm2

Vcowmp =
Ht, ERASHEEZ T, Vor REE P. 46, TMASZENEERN, XHIESI R eME IR,

WVAVAN
RMl

MULT Peak | VMo K Vet CMrawp
hold Vravp
R
M2 < Cramp +
PWM OFF

Vrero Constant on-time
A 1 Comparator
Vre 0 G
m

(Feedback signal
about Vo or lg)

m
L
COMP

PN N F s B A5k a2 1 5] R S 3E N [R) PRC D g 75 B 18
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Ny BRI AU

SR ARE], e ERVEAE CRM BN Hess PR OFI THD ELERMELE DOM W& ZE. AR —Fh B e B
(THD optimizer), REDGIEHRAEAE CRM S igaREE4: 2811 PF Al THD.

o9 N a1 L.

iin(t) = %x\ﬁn,rms x sin(wt) x Don (t) (20)

MEE (20) FTLASAL, WRDIFIF R FER At B, MARR 1. SEARE V. ZBEJFEESE LSS D, KR 5
ek to 5 Dn MUREL, RDATLE 1 5 Vi SEHEGEZEFM. BTIhFIF MU AR T i i A ), Bk UL — )4 3
Do SRMEEX — NI to, EEADTEAMT DAV LT EAEER. ZBEL, £ V. 58S ZRHHA B BRAI
R, BL P {E SR MR RIE R S48, AR ER TR\ Bl Vee ATRAZFRINT:

Vset2 = Vset XxDon (21)

o@D AN (16) K-

_ __ Crawmp xVcowmp (22)
(Vset xDon) x GmramP

ton

e (22) PR, IABEBREIM T LAAE t. 5 Do B, BEBEATRAE 1, 5 V., EESEE M. B SERRIE
Bt R RS Vi SRR 1. B8, HTAEFMEVMA L 230V i dk 30V, fili iR 350mA. 7E R 5
G, BHIGH RIMNSIEB R BRAGHREET THD 254 13.83% MM R 2 J5, THD FFM 5.28% MK
ATUABR A, ISR FCR B AL 5, N FRIRTMOE S L T S5 N S [RUAR L ) IE 52 2 o

THD Optimizer

F——— —— e —
Vset OF — | Vo NG Mrae
I L I OTA Virawp
41
| PWM -T- | Crauvp
I I | $
_________ <

KE. EIEBR A R

I
VSEI I

PWM '
I I
Vset2 |
I

I:on I toff
- —> ton
Don=
I ts | .

BN BB R U L AR T
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L. S

ASCHR T R D A S B as 1S (R IR 2R, IF Hi W] 1 [ € SO 2] PRC FARCH A LR AT, AT LA AN HLRAS
[, COMP HLIRAERI AN A AR KIIAL . BEAb, ISR AR, AR IR ARG A FE ST, IF BLSEINBEE T BLRIE

V7/“\ a N
[ [\ [

mn

vm//'\ - N\ s
L\ [ [

v/

(b) IR 2k ELAC AL L
(Vin @ 100V/div, i : 100mA/div, time: bBms/div)

B B FL B 2 A N B 5 R IR
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RT7300 Active PFC Controller with Critical Conduction Mode ﬁDatasheet

RT7302 Primary-Side-Regulation Dimmable LED Driver Controller with Active PFC hDatasheet

FRRBEIR

SRR T ANV T i R
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Richtek Technology Corporation

14F, No. 8, Tai Yuen 1% Street, Chupei City
Hsinchu, Taiwan, R.O.C.
Tel: 886-3-5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and reliable.
However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result
from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.

ANO12 © 2014 Richtek Technology Corporation 11



http://www.richtek.com/product_detail.jsp?s=1115&utm_source=AN012&utm_medium=RTWWW&utm_campaign=AppNote
http://www.richtek.com/download_ds.jsp?p=RT7300&utm_source=AN012&utm_medium=RTWWW&utm_campaign=AppNote
http://www.richtek.com/product_detail.jsp?s=1062&utm_source=AN012&utm_medium=RTWWW&utm_campaign=AppNote
http://www.richtek.com/download_ds.jsp?p=RT7302&utm_source=AN012&utm_medium=RTWWW&utm_campaign=AppNote
http://www.richtek.com/My%20Richtek/Newsletters
http://www.richtek.com/Design%20Support/Technical%20Document/~/media/AN%20PDF/AN012_CN.ashx
http://www.richtek.com/LED/

