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Abstract

Totem-pole power factor correction (PFC) converters are widely used in medium- and high-power
switching power supplies due to their high efficiency. However, as the load decreases, the converter’s
discontinuous conduction mode (DCM) operating region continues to expand, causing current
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backflow to the input side, resulting in additional losses and significantly increased total harmonic
distortion (THD), ultimately leading to a significant decrease in converter efficiency. To address the
critical issues of THD degradation and efficiency degradation in continuous conduction mode to-
tem-pole PFC converters under light-load conditions, a hybrid control approach based on frequency
modulation and CCM/DCM mode switching is proposed. This approach effectively reduces the DCM
operating region under light-load conditions by dynamically adjusting the switching frequency.
Furthermore, during DCM operation, the synchronous rectifier power devices are selectively turned
on to suppress the additional losses caused by negative inductor current. To verify the effectiveness
of the proposed control strategy, an experimental model was constructed and tested using the
MATLAB/Simulink simulation platform. Simulation results show that this control approach signifi-
cantly reduces THD to below 13% under a 20% light-load condition, effectively improving con-
verter efficiency by 3.27%.
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Figure 1. Totem-pole PFC topology
B 1. EBSHE PFC R

WAL ABEV, ZMNBAEC, IR )E, FENEMEF PFC M. £ LA N HER IR HA, G50
(Low-frequency, LF)MrE I OG5 Q, PR¥F a8, 4 misii(High-frequency, HR)FE HR 08 Q k. Q,
FER, ALV, BRI R R L B, R &t B, R R, Y4 RE QR
. Q, KW, FURMHIMI I E Q, M4t 4 C, s I N i fit i, FBOREIL L A, it 4=
il AU O QRN Q, 1) Sl 5 OC I, i A I Rk L A AV s fi e SRR RE[11] . @I X R TAE T,
WANBERT RS TR BRIV, , RN SEIUO SN B IR, A PR R R ) TE5Z 0K
T, M4 i Dy 2 5 2

2.2. BEMRETRILIE

DCM X4 skl

1E CCM #EF, LB HRTE RN IT A I K AN E, (HASRAFTE DCM XI5, Bl 1130 %
P IR EE, BHasit TARRE S RERN, Hrp—A 535 A0 2 BB e R i, 1 FF%[12] [13]. R4
WERR, 1ERMARBBRENEL T, MAIRETHmHIhE, P, =P XF CCM X PFC 4k
W, RUBRRIEE I . MDA P, AL M Z MIAFAE QTR R R

Pox\/E

i - o7V% 1)
el ViniRMS xnxPF
A
¢=sin(.o'5 J (2
IL_pea\k

2 SR AR) T RIS SR P, F I, FEMIA IR v, RN T, B i, 2B
W, HETT S5 DOM XIRFE RIS K. BLIEEE 9], DOM KIRP, I Q TN s M A R B
(IR S, U IR S, RS . B R I, BT MR Q SRR
T, 7E AR M SR TR SR A e R, &P R R I . R I i AT A
TP o P AN O TR, B R I SRR . ORI A L 2 M B B AR, S TT R 2P o
RETHREMI), SIS 5 0 B A T S

DOI: 10.12677/0jcs.2025.144010 94 L5 RSt


https://doi.org/10.12677/ojcs.2025.144010

ERAS, ZEHM

3. BEMREILEERTE
3.1 VRSRIEFIRAE

3.1.1. DCM RXigid/ sl

TEEERE PFC AAHairh, B DCM XY 5K 2 SRR B M GBI R 2 — . A i
DCM XI5, 2R i sms, ok Cods ) H b2 i Sha8 PR 15 T AR, 78y N F i 2 o5 B S 189
A, (f DCM X3 /MY, [R]ET BRARN F S DB PRI B T SR, LR/ T G . IX Rl 77742
M7 — AR TE AR RT R, R T OB, &R TS PRI S .

— DCM %\ CCM :*: DCM ——)

Lt l I/\/\/\/\/\AA

Figure 2. Totem PFC current waveform diagram
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Figure 3. Frequency modulation control waveform diagram
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Figure 4. DCM region inductor current i, and duty cycle
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Figure 6. CCM region inductor current i, and duty cycle
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Figure 7. CCM/DCM switching control block diagram
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Figure 11. Waveform comparison between DCM and CCM regions under 20% load
11. 20%2 %~ DCM Xigi#n CCM Xigif izttt

25 T . T T T
- ® — b
20t s TR P
18.7% —@— SN 5 COMIDCM B ETHA S ARl ik
15 i
[m)
T
'_
10 ]
5r |
0 1 1 1 1 1
0 20 40 60 80 100

Load condition (%)

Figure 12. Comparison of THD among different control methods
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Figure 14. Comparison of efficiency among different control methods
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