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Fig.1 Totem pole soft switch of bridgless PFC circuit
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Fig.3 Waveforms of main voltage and current
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Fig.4 Block diagram of ripple analysis of PFC circuit
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Fig.5 Input voltage inductor current simulation

waveforms of totem pole soft switch without
bridge Boost PFC circuit

410 410
e R RS
§:400 400§

st AR R AR

0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
t/s
Hrhoige — HibH

6 EBEHRIF XTI Boost PFC B
WHThEMEHEERFRERE
Fig.6 Output power and output voltage simulation

waveforms of totem pole soft switch
bridged Boost PFC circuit

£ 180V,
400 400
300 300
200 200
100 100
J 0 0 X
- =100 -100 x°
-200 -200
-300 -300

00 . . . - : : : ~400

0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

t/s
— MR — BA R
7 FMEEKEENEREM
BRI ERE

Fig.7 Simulation waveforms of input voltage and induc-
tor current when the grid voltage fluctuates

S0 1500
<, 400 400 2,
. N

300 300
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55

t/s
— R i AR

8 HMNBERIEmEIERENHBEFERE
Fig.8 Simulation waveforms of output power and out-
put voltage when the grid voltage fluctuates

I 7 18] 8 BT al 3, g A & AR 8l
Ji , FURRHL I B Y T 3 iR L 42, B R 28 L) OE 5 B R
Bl A AR o 2 H g i 2 3 K i e o T A
Pl PG REASHE 1Y, SR R ARSI R B AL I BN




LR 74

[HULDRIERe

BEAR, o T il A S AN [ D R S G BEOR T B
PRAE S R GE B0 A B s, A8 e g A5 REPRIIE IE 7
T TAE . &1 9 & 10 J3 51 by T2 80004 Bl ik 2 fhe e i
N\ R HS R i R R s B L . B R
TE1=0.3 s I 2], A8 448 T3 3R i 9 2 400 W i8¢

00 R -400
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
t/s

— RS — T AE
B9 HiEiEsNBaANBERBNRRAERE

Fig.9 Simulation waveforms of input voltage
and current when load fluctuates

500 500
> 400 400 .
~, 300 300 >
A N
200 200

100 1 1 1 1 1 1 1 100
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
t/s

— R — e
B 10 HiEigshmEHRRAHERERERR

Fig.10 Simulation waveforms of output power and
output voltage with load fluctuation

1P 9 &1 10 H AT Al AR, 76 2 48 1 2k
RAS B, iy D AR R AL B ROk B — 2 H )
2R FEATYORFFAE 400V, [7) B 4 AL FEL I B T s R
AR 5k LR, RS f 22 BRI A F0L TR I DA I 5%
Y2 o

454 PSIM A (i BCCPE, 7 i A HL TR K T
H R A — 2 R B0 T BT ST S A R AT HL B S
H B 11 R o Al BT S i SE S S i ] LA

ARAH 22 I 1) Fi 0 DT B Uk 3 5% P i L 7 FE I
PRENFSLIL ZVS,

400 } A 110.0
300 - v 175
> 200 . {50 2
2° 100 ‘ \ J/zvs \ 125 W
ol ] | Lo
-100 s - - - -25
200 202 204 206 208
t/us
11 I NEJEH 280V Bt ZVS WHEEFE

Fig.11 Simulation waveforms of ZVS
when input voltage is 280V

4 SLIRIIE

RBERT BN S BORH RT AT,
B A AL 220 V, &6 U)K 400 W1 5256 4
Mlo 12 AFEPLEEE, 76 B 5+ S PRC g,
FH T IR AU 3 N 3 T O A8 SR A ) I DA %
v HLAS B 90 LA K, R 345 ZCD, R4 AAE
T HLBMIAE A R R TR AR BH R R A, 5 TE
ELISE I B OUR A F YA B, S ISR AR B AR
FEHLI % 22 JC B I 4R35 HL A Y A ) G A B A5 AR
Mo BRI | L ST b B = 4l
[ SR R I N S L SR e N N 2
ADSO061 , L a5k H TLV3501, #EHLEE FHrY.C 2
S RBENE 1 PR,

& 13 B AR TCHE PRC H B% 3 2 2% (8] B i
o B 13(a) HHUEHRIE , iTUAE H BT
iR A 25 A a2 AL, LS5 % A H R R AR A7, 2
MRS o RIS, 75 528 F It 00 1) 54 s 1 42 o
T B A B R 5 A O b AR 2 T A H ]
DAEEFE TAE. B 13(b) 8w TAESM: T
R R i L R DT G i A A AK(E 220 'V
PR T 5% A U L , i o R R AT DARRUE A 400 VA2
A, SO AR ] AT

pNE

| TMS320F28335 PWM3F—_.[MOSFET
T o i ol | g
L figh —PWMI—— [GaNTi%7
b o - PWM2 T IR B L
. onteem]| | zeo | [FER sel [Ldls,
e mi 2
b Vi ! EMI
1 ADC1 L Lefx
Vieg ! N Ve ' i
X ADC2 |« B
**************************** S, 2
“ %ﬁﬁﬁzJ —ﬁ.]

B 12 EEERFAX PFC ERRE
Fig.12 Schematic diagram of totem pole soft switch PFC circuit
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Soft switch control transformation based on totem pole bridgeless PFC
SUN Zhan, WANG Yijie

(School of Electrical Engineering & Automation, Harbin Institute of Technology , Harbin 150001, China)
Abstract: With the increasing energy required by data center, a soft switch power factor correction (PFC) circuit based on
totem pole structure is designed to meet the urgent need of high performance index of converter. A soft-switching PFC circuit
based on the totem pole structure that can achieve high efficiency and high power density is proposed. The bridgeless PFC
topology is combined with the third-generation wide bandgap GaN device, and it is realized through a fully digital control
method. The circuit is switched to work in two states of critical current and quasi-square wave to ensure that the converter has
the power factor correction function and realizes zero voltage switch (ZVS). The basic circuit structure of the totem pole
bridgeless PFC is first introduced. The conditions for realizing the soft switching characteristics are obtained through the analysis
of the circuit transient process. Then the system power factor correction function is realized according to the all-digital double
closed-loop control method, combined with mathematical simulation to analyze different states totem pole PFC output
characteristics. Finally,an AC/DC converter with 220 V input and 48 V/400 W output is built. The results show that while the
PFC function is implemented, it can maintain ZVS characteristics in the full input voltage range, verifying the feasibility of the
circuit design and control strategy.
Keywords : totem pole bridgeless power factor correction ( PFC) ; soft switch; GaN; full digital control; zero voltage switch
(ZVS) ;double closed loop control
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