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Modeling and Smali-Signal Analysis of Controlled On-time
Boost Power Factor Correction Circuit

Moz E TR BT R W
(Hyokil Park - Sung-Soo Hong - ByungCho Choi)

Abstract - A large-signal average model for the controlled on-time boost power factor correction(PFC) circuit is
developed and subsequently linearized resulting in a small-signal model for the PFC circuit. Ac analyses are performed
using the small-signal model, revealing new results on small-signal dynamics of the PFC circuit. The analysis results
and model predictions are confirmed with experimental measurements on a 200W prototype PFC circuit.

Key Words : Controlled on-time boost PFC circuit, Averaged model, Small-signal modeling and analysis

1.A &

EEAZ Aoy a4 981843 Z(controlled on-time
boost power factor correction circuit)[1], [2] & AAd ¥
okel A BHHASA AHgHT YA, o] T ndY
(modeling)# £A% )4} (small-signal analysis)oll 3 @
T 838 oFdAA gart 53], 9ExA 2 A Zero-current F—

S Q
D9 BE4E 3% + e PEH Ed(averaged detector || LatoR.

modeD) 3 AAF Mo FaF 445 Fd(small-signal &R
mode)S o}& A 2EE o7t g WM, &2 7
e APGY B4 AT ¥ wr 293 =y gomi
(switching model)g& Al&3&1 Ued 24Frde o
2 AL AMLE B8R 87| W e vasF et} w3 o 5V=E ]
ERA3RY 243 47 Az HAde HAYY (2) ’l
Z1¢ 9o E FEF 243 2d3]e] AHesEn 9.
2, o] Rde nFu JodoiA NAdo] FH3 HolH Ve
Bk ollel, HAAEE ABEA AT £ uEty Se
Ag7A AeHn Qs 2de ojfste] JEHAET A Vramp
47 E MHASY ¢4 (phase margin)& H&3) A3
A R JEEAANZI A EAAH F LS Aok i
2 =RdAE 8T Aoy 4 S5R39 8n S¢
s Rdy 7 2d2¥E §EF &A% 2d a8n
o] A% B olfity YT AT HA ATJE A

e s
Ts

A
[

. SEET ODD HEf HXAE (b)

CERX BFIES HTHm - T a8 1 =AU Hojg sd dERAMEZ
DEAtK BFERTES Bh#dg - T (a) 7HEtE b) =2 a3

* 20004 2AH 17H Fig. 1 Controlled on-time boost PFC circuit

: 20004 3K 238 (a) Schematic diagram (b} Major waveforms

or

Ao

S mom m

%WHHH
gl})ﬁmmm

364




T GERYNZY ANYY FEHL 42 5 Y=
st 2dg AP} o] e PSpicedt 2& I A
EeolEo] Hgad wE Aol gz BEy
B oo 75”‘“0’9] €EE s FFstn ZgHoE HAY
T Utk 5 AA2 HF3 228 MY 3Hlinearize)dtd &
AT 2dE FEEAD o] AES 243 mde 179
EERB)EE €@ AFd Qe ojveg nFg gz
HERANZA FaAF EHE A =g} nixgo
2 2035 2dg oj§3 dgugsze 245 ENE
siMatHet A Aol dd dERAH 2 FoJAE-
gt AedFe e -7—-44“— o] -41]‘5‘ HAgW g

2. Zas o4

3% 1(a)e ZBAL MY 548 584329 A
HEolth. &7le] 2937t @3 Uttm sHFsdE A
AR7E A2std go) sHe &3 I9AF 2R (zero-
current detector)”} A (latch)E M (set)A7]:, o]z
A 2927 2. 297 @Ew 5uUsiag
( Vyamp Ol S7V8HA H3, FUSAAYLT AolAY( v, )o
ZolAle #£2 ¥’ (Comparator)s) 2 gaje] e A
o] Qztslo] XS YA (reset) A7) o2 Q&) 29X
7 dYA ok 29X7 W AYH AFI Basid
AlA dEd $2e B

38 1) 99" AF(7, ), FUAAL(v,4m )T
AR (v, )& F FI( T,)EY EASHY. 18
1(b)olA, s, & BUFY 71&7], 5, & AHE AR

2-AZ(on-time) 71708, 5, & AL AR o
Z-AZH(off-time) 7)€ 7]ojL},

293 Fo57 AF 94 (line frequency) 2ot 84 =3
71 Mo 293 F7] WelN gPAL, YA aYn
Aol Agel dAFsIm s sted AL H(power stage)d
&7 (modulator)®] H#s =Yg gLH o §2T
T Qo

21 MAd s oy

I¥ 2& JdHEE XEIF PWM(Pulse Width

T& MU Mol Soty ABRMS 22 YD 2MT Y

Trans. KIEE. Vol. 49B, No. 5, MAY. 2000

i(%) ip(¢°)
Mru_ﬁ p
Veal®) pa(t*)

8 2 QYEE ZEHE PWM A x|
Fig. 2 PWM switch with inductor

Modulation) 29X & JYedc o] PWM A9 HF
A ARE 71sshe BANoE Fan o BAYEL z
Aol H g3 BFe 2US FET + Aok
238 1(b) ¥ 228" AdYE Igd9 A A
(vl t%) )& S o) EHE 4 3o},
v %) t < t*< t+dT,

v t*)= (1)
val ¢*)—vp( t*)  t+dT, < t*< t+ T,

A7, t* & EJHY ABeln, T, £ 294 F7|
oIt

4 (Ve & 2949 77152 A28 Ady Fue
9T A¢e 7¢ + Az,

t+dT,
Vol )= —}[f, Ve t¥)d t*

+ T, (2)
[ vl )= 00 £9))d 4]
o] A& U3 3w
Vel = Vo () = (1= d) V(D (3
ol Bt A7IM, V(B & V,(d) & 8T Age F7Fx
& YeiY, d £ 84 29X (active switch)e Fen]
(duty ratio)elt}.
1Y 29 b—a FRALY HAK (Ve()) & e
Zo] REY & Ut

Vba( t)= Vbc(t) + Vm( t) (4)
4 (3)% ()& Agshd,
Vi =(1=ad) V(D 5

£ d4E F Ut}
28 29 MYPP2A(power balance condition)S

2 g3td,

Vi) - IL() =V ,u(9) - I(D (6)
7t 53 o] AFE (5)9 A%

L(D=1—-adI.(D (7
& F Aok A 6 (NAM LD & (D = &
A7 HEAE e,

i

oft

365




TRPFREE 49B% 5% 20005 5H

a3 3 EEAIZ HOjE Sty HERAMERe Hdst 29

Fig. 3 Averaged model for controlled on-time boost PFC circuit
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