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( A Continuous Conduction mode/Critical Conduction Mode Active Power
Factor Correction Circuit with Input Voltage Sensor-less Control )
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Abstract

An active power factor correction (PFC) circuit is presented which employs a newly proposed input voltage sensor-less
control technique operated in continuous conduction mode (CCM) and critical conduction mode (CRM). The conventional
PFC circuit with input voltage sensor-less control technique degrades the power factor (PF) under the light load condition
due to DCM operation. In the proposed PFC circuit, the switching frequency is basically 70KHz in CCM operation. In light
load condition, however, the PFC circuit operates in CRM and the switching frequency is increased up to 200KHz. So
CCM/CRM operation of the PFC circuit alleviates the decreasing of the PF in light load condition. The proposed PFC
controller IC has been implemented in a 0.35um BCDMOS process and a 240W PFC prototype is built. Experimental
results shows the PF of the proposed PFC circuit is improved up to 10% from the one employing the conventional
CCM/DCM dual mode control technique. Also, the PF is improved up to 4% in the light load condition of the IEC
61000-3-2 Class D specifications.

Power factor correction, continuous conduction mode, critical conduction mode,
input voltage sensor-less control, zero current detection
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Table 1. Performance summay of the proposed PFC BCDMOS #A4< o]&3te] Azl om. 240WE PFC
circuit. _ y .
prototypes A Ztate] AAsrl. Ak PRC circuit
Parameter Value Unit 2 7129] PFC circcuit thH] ] 10%2] o] &4
Technology 0.3oum BCDMOS process F93 IEC 61000-3-2 Class D 7129 W& 72 13}
Operating mode CCM/CRM ZANMAE A 4% GEo] st
AC Input voltage 90~264 Vrms
Output voltage 393 A REFERENCES
Max. output current 600 mA
Max. SWitChng frequency 200 KHz [1] R. W. Erickson and D. Maksirmvic, Fundamental
of Power Electronics, ?nd ed., Kluwer
Min. switching fr 70 KH. . ’ ’
. SWIICe Treqrency : Academic Pub., pp 609-630, 2001.
L 160 uH [2] J. Lai and D. Chen, “Design consideration for
Co 198 na power factor correction boost converter operating
e 70 o at the boundary of continuous conduction mode
« and discontinuous conduction mode,” in Proceedings
Current consumption 7 mA of IEEE Applied Power Electronics Conference
and FEXxposition, pp. 267-273, San Diego, CA,,
E 2. CRM 3zte| ®Fo Wz Ms H|W Mar. 1993,

Table 2. Performance comparisons of CCM/CRM
operation and CCM/DCM operation.

Power Factor(%) Efficiency(%)
Condition
CRM DCM CRM DCM
Viv = 90Vrus
Jour = 190mA 979 b5 90.1 89.6
Vv = 90VRus
Jour = 600MA 99.3 9.1 90.1 895
Viv = 264VRus
Jour = 190MA 83.3 84.3 92.4 92.8
Viv = 264VRuis
Jour = 600MA 9.7 %5 96.0 PS5
V.2 B
2 =EoAE dEANS BAEA ge ARdE/
AAFARE  active power factor correction(PFC)
circuit& A<t O}qu 71E] dHEAYS AAEA g
PFC circuit®] 4% E8dF7F @2 4 331 271404
DCM &35 ‘rag 0}5—’ oo we} PF7} fHadhs A

7} ke Aekst PRC circuite 70KHze Fulr2

CCM 578 +3ha, 2 8 2704 o) A0KH;
A 293 F347) 7PEEE CRM 2248 a6
ATt o]l B3] A F& FZAdA PE) A EE

(2088)

S. Buso, P. Mattavelli, L. Rossetto, and G. Spiazzi,
“Simple  digital control improving dynamic
performance of power factor preregulators,”’
IEEE Trans. Power Electronics, vol. 13, no. 5,
pp. 814 - 823, Sep. 1998.
F. Chen and D. Maksimovic, “Digital Control for
Improved Efficiency and Reduced Harmonic
Distortion over Wide Load Range in Boost PFC
Rectifiers,” In Proc. Of IEEE Applied Power
Electronics Conference and Exposition, pp.760-766,
Washington, DC., Feb. 2009.
AAM, AFS, A71d, AdF, 238, olFs
““d dE ZHAS 93 Boost Converter& PFC
A4748 SD¥H, |25,

[4]

(5] T,
Cq) =
IC AA” AA383] =34,
60-67%:, 20101 24,
H.-P. Le, C.-S. Chae, M.-C. Lee, S.-W. Wang,
S-I. Kim, and G.-H. Cho, “Integrated zero-
inductor-current detection circuit for step-up
DC-DC converters,” IET Electronics Letters,
vol. 42, no. 16, pp. 943 - 944, Aug. 2006.
Sivakumar S., Natarajan K., and Gudelewicz R.
“Control of Power Factor Correcting Boost
Converter Without Instantaneous Measurement of
Input Current,” [EEE Trans. Power Electronics,
vol. 10, no. 4, pp. 435-445, Jul. 199.
S. Bhowmik, A. van Zyl, R. Spee, and J. H. R.
Enslin, “Sensorless Current Control for Active
Rectifiers,” IEEE Trans. Ind Applicat, vol. 33,
no. 3, pp. 765-773, May./Jun. 1997.

(6]

[7]

[8]



20134 88 MXtZ3 ==X M 50 # A 8 = 161
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 8, August 2013

[9] Y. S. Roh, Y. J. Moon, J. C. Gong, and C. Yoo,
“Active power factor correction (PFC) circuit
with resistor-free zero-current detection,” /EEE
Trans. Power Electronics, vol. 26, no. 2, pp. 630
- 637, Feb. 2011.

[10] T. O, and M. Hojo, “DC Voltage Sensorless
Single-Phase PFC Converter,” IEEE Trans.
Power Electronics, vol. 19, no. 2, pp. 404-410,
Mar., 2004.

[11] P. Mattavelli, G. Spiazzi, and P. Tenti, “Predictive
digital control of Power factor preregulators with
input voltage estimation using disturbance
observers,” IEEE Trans. Power Electronics,
vol. 20, no. 1, pp. 140 - 147, Jan. 2005.

[12] W. Stefanutti, P. Mattavelli, G. Spiazzi, and P.
Tenti, “Digital control of single-phase power factor
preregulators based on current and voltage
sensing at switch terminals,” IEEE Trans.
Power Electronic, vol. 21, no. 5, pp. 1356 - 1363,
Sep. 2006.

[13]1 K. De Gusseme, D. M. Van de Sype, A. P. M.
Van den Bossche, and J. A. Melkebeek,
“Input-Current Distortion of CCM Boost PFC
Converters Operated in DCM,” IEEE Trans. Ind,
FElectronics, vol. 54, no. 2, pp. 858 -865, Apr.
2007.

(14l A4, A8, 4719, odd, A, 954
“Zero Cross Detection Power factor Correction
IC A7 tgtdztssts] sAEd=sts] =i
F, 519-520%, 2008\,

’

= 2 MEIY)

2007 @Yo shin A A5
= = UFE TS AL £,

PSIPN V]

7 & AEAY)
19921 A g ostw A x}Fsky)
A =

1994 A& ehal A 2p st}

19089 A eista AAE et

Bt A 32 AA>

(2089)



