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A study on the on-time and off-time control method for power
factor correction of critical conduction mode
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Abstract AC input power supplies are subject to harmonic regulation and require PFC (power factor
correction). A PFC circuit reduces the phase difference between voltage and current so that the power
factor approaches 1. A basic CRM (critical conduction mode) PFC circuit has a current-detection
resistance at the bottom of the main switch in the configuration of the boost converter, causing power
loss and lowering the efficiency of the power supply. High-frequency noise also interferes with the
control and the design of the PCB (printed circuit board), causing many problems in actual devices. In
order to solve this problem, this study proposes a PFC circuit operated with a CRM method that does
not require a current detection-circuit. The characteristics of the normal state of the proposed circuit
are explained, and the design method is shown using a simulation and a characteristic expression.
Additionally, a prototype was produced, and the results are reported. The feasibility and practicality of
the proposed circuit were verified, and it is expected to contribute to the development of power-factor

improvement circuits.

Keywords : Critical Conduction Mode, PFC, On/Off Time Control, Power Factor Correction, CRM

1. M2 o} o te|eE HFIVIE AME Al FE AstE gt

Fade A 2AsES ST 22 Aol 9EA

IFE Yoz vk AYAA 9] A, AFAYS 32 (PFC: Power factor correction, ©]sF PEC)o|tt.
AFAYC R W7 = AFI27 D202 o]8H  PFCy YEARE YA A7} ZoA=F Ao

*Corresponding Author : Seong-Yun Jeong(Hanwhasystems)

email: syjeong01@hanwha.com

Received November 8, 2023 Revised November 29, 2023
Accepted December 8, 2023 Published December 31, 2023



AR &85 =5 A A248 A125, 2023

sto] JEZ wolil IRTE A A7l 71 3
sHA "ok 1% F4 AY olslolA= A= Hl&I} A7)
At H&o] 7[EHo R AMREE AFAALE(CRM:
Critical Conduction Mode ©J3} CRM)& JAgE Q] A
771 9§ A7 AAHA AojE WAleE dytyos
Zro geko] AQR] 77| Askst 32 Hklog &
A

CRM PFCY] 7% &gl BAE ZAHEHS = AY
A shdo] M5 HEE Aol qlo] HFdE ARE Al

o] -85} /\H Fee} A& Aol B9 A%

= AT 715 9 anE 4L 4 Sk o
At Ae ﬁ?& A2 HEEHo] WystaL ZHE 9
BES WA =Y, AF 439 10} ko2& QI
Alojg]Z o] @5A} QAafs]Z7|FHPCB: Printed Circuit
Board, °J]s} PCB)«] e XF HA~ o7t =of A
A 2E dAqo d¥=°] Ha Uk

oo} Z-2 FAIE siasty| {5t A AT FolA
2 B a2, oI B 4 o] &
At SEA]EE ARME A At B o] i
<= WAlo] fYsitt. ol= @%@ER A Al
AFY A90H A 2 B 17gsto] A9
whalolet, SRA|YE HFE AT 2 A 7oA
= I3 2 golo] AR dojA 52 dES o
got7] QI FES A Fakgo] ZISHA] F5HA
= AT wgo] o] WAYstaL FES AEA
BIE AR Zotke A AT
2 =RoAe 2 B 2 2uERlS BF Aojsto
%"ﬂ T o £ Sl AloPAlE Akl jle

AR 9EANA IR, 84 3RS 32
521 4], CRM PFCO| Alolf4|E 49 & &
Lz Bjlo] IAEA] g2 AoPAlE AQtstar, 100
WH9 CRM PFCE Al&sto] Algdoldy 49 Ax
£ B9l HEsIelt

1:|}r

oL H Hf
z FlO F

_m
x& r

].

]

H

N

=

rhu

2.1 I8 3|2

Fig. 13} Zo|, To]o= HE7]|2 ALR A YPGAS
7h IS 2% Eatol Al HehAolA
A7t 92 sigor 527 ot oy 1 9o AR
TRl FaziEo] WAl dEA £4g doA
B azjo] 2 7k W A" Wsl 89 749 A

TTo m- X YH JdXE

o £4< 9o

o7it}. wEbA] Fig. 29+ Zo] dEAA 3
= *}3 Al diﬂ@% SRS 1%}0 Z2510] g0

Flg- 32 HoleE AR ARE Aot HEZA =
ARG Al AR AR/, A20E UEHdY. HE
M 3l=2E A Al dlzmt AR7 A4 Hed, o7t

Z Q3 o]f+= IFATFAQ! IEC61000-3-20A4 1 Znt
TAIZE ol TS| Aol

Diode bridge

Bulkstorage |
capacitor Vcin
' i
Vpcrailout 1 2
\ Ly in

Fig. 1. Diode rectifier block diagram & Input
voltage and current

Diode bridge et

V

Fig. 2. PFC block diagram & Input voltage and
current

storage
v <aua itor

out

c)cm zmvs.»
2)CH2: 2A Bm:

Top: Input Votage
80%
0%

°"~H")"H‘H'H A
18 5 7 o 1815 17 19 21
armonis Numbor

Bottom: Input Current

1)CH: 100V Ems |
2)0Hz. i 2A'5ms. . |

Fig. 3. Graph of Harmonic Current Reduction with
Power Factor Improvement

211 04§7Hk1 2|§0| glé I:ll‘kl

HEA Bl=2oll= 2714 3= W2fo] Qi Fig. 49
go] 59 PFCe 55%F PFC7t 3. 5% PFC=
g2 AWolu AF] B WAl ATAEY
AYH & 2= o]Foj7l djzoltt. FHore



2elg) W ouelg) Aol WAL 2 ARFARE 4SM 3=

8= Wajo] sk 29150 gi7]o] Aol Wil
A Ak GHORL GBAM AW} Houl BAL
442 TR Foltt. 553 PRCE WA 32
2 TS WAl0R 599 2o SPh 259
PECO] vlste] 22 Q871 EI 0w He U
A WelelA BT woRE A9gos A%
HApshr} wayste] At Baslzst Waste, B9
& Qlsk BEvb0] A5 2 Rl Aok
714 B2t 5go] ¥1 BN AW} 2L 5F

¥ PFCZE AASIHct.

HHE

)

j Sk

. Sorage
'[ Capacitor

o
s

[

Fig. 4. Circuit type of PFC
(a) Passive PFC (b) Active PFC

2.1.2 QBN 5|29 Sx U

Rating 1 Symbo! Unit
Rating Symbs! Unit

Continuous
Conduction Mode

« Always hard-switching
« Inductor value is largest
(ccm) « Minimized rms current

A A Discontinious | - Highest rms curent

Conduction Mode
(DCM)

Critical

I
/\ /\ Conduction Mode
7 (Crv)
vy v Vv

« Reduce coil inductance
« Best stability

« Largest rms current
« Switching frequency is not fixed

Fig. 5. PFC mode according to operation method

Fig. 5014 Hi= HlQ} Zo] 553 PFColA= Z5ol
HE 5 S 37 & HER FEE] ot A
FH94HE(CCM: Continuous Conduction Mode,
oJs} CCM)a} AFEILHEE(DCM - Discontinuous
Conduction Mode °]8} DCM), CRM 40| Qith
CCM2 19 H AR HAXE WHA Alojoh= 4
o7 14 FukeE BHEAE W 8 AlRlES Aol
gt} 312 HpAlo] BRsht o3 ARIF W2 o]kl A

o DCM9] A% JBAFY ALS 4ET Ba glo]
Q5 Aulgz Aojstd YLaRe Bagel 1=
HaAn H71of Aol7h Belsht A% 25| A3, A
9] wgo] ofzo] 4A AT AN} HX] Rk
o] itk CRM QIEE|9] o AR AACIA Aolst
£ o AR W= PolH 9 AR "oldl g
Ag1gshe A50) ghol et 2904 717 7] o
£ol Fuks7} Awsks S4o] glek. Alofuple] 7hgt
L e B TS AT YA HAAFI
o} m8ere] WYKo A ek, B =gof
A AQkls WA CRME ol8%t Al2e Alof o]

oH1l.

2.2 CRM PFC X044l

Fig. 62 ¥Ht#lel CRM PFCY 3]&o|t}. CRM PFC
olde 9 9 EAY A o AR AE, A
9] AFE AE3] Alojok= ®4loltH2]. CRM PFCO
£ U9H AF AEE Aol ARREE, A9E AR
AEE A2 AHH g B2 AR7E Ak 94
Q7o AggAlo] wgsly AHEQ LS WA =
o} S ARollA dE 1T ko] 2= QI Ao
29 9523} PCB e & HA1 g7} =of 3=
Ao AdEo] =i UcH3-91.

Fig. 6. CRM PFC block diagram

Fig. 72 CRM PFC9 A4 52 migo|t}. EAY
o] Bulf gt 71E A9 eAg FEE 24 T2
o] Z¥o] Y MY Euj gt FAVIE Bl 4 A
PS F55h= AYS vhEolE 1§ PFC g HY
gt Ao vl 23 FA AYS Fato] o AF A
ZS oHA =t olo webA SR04 SET 4157t
HhAgo] Elof AQJX|9] QX EFQ] F7to] TUHA Hi &

shele Al Bk 1 ¥ Qe ARE AEdEs
AP Bl BET AR Alzet Y A B



QHEANSH | &80 =5 A A248 A|125, 2023

F oA} SF719] EYge HAVIE SOkl vee
S vwshal AEd AR A FA719 £91
O oAl <3t SREA[OA RESET Al=7} @Adsto]
B 7to] FUAl Hal 2 EBRlE AlsHA "o
ojfet 4l mt A9A| F2Ao] ZHHIL o]t &
ARl met g E ARV AHAGE FF5 ARA
Aol A 293 stof Afzut mtgo] RhEolT5].

18

16

14

1.2

25

15 . H

05 /
0

0.5

\Z

08

|| s

0.4
0.2

V2§

0.8

. R

var O N
08 DT, (1-D)r.
ov‘ - Z:m - ' T;)ﬁ”

0.2464 0.2465 0.2466 0.2467
Time (s)

Fig. 7. CRM PFC normal operating waveform
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Table 1. Electrical specification

Parameter Value Unit
Input voltage 90~264 Vac
Output voltage 390 Vde
Output current 0.26 A
Output power 100 W
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