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Integrated GaN single-switch power factor correction converter
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Abstract: Conventional buck power factor correction(PFC) converters suffer from the drawback of high harmonic
current, making it challenging to comply with the IEC61000-3-2 Class C limits and limiting their applications.
This paper presents and analyzes a single-switch integrated buck PFC converter. The converter is composed of a
buck and flyback PFC converter in an input-parallel-output-parallel connection structure. Only one GaN switch
and its control circuit are used, reducing the converter’s cost. With critical conduction mode constant-on-time
control, the effect of the dead zone of the buck input current is eliminated by the flyback unit. Taking advantages
of the buck and flyback PFC converters and the excellent performance of the GaN switch, the converter achieves
high efficiency and low total harmonic distortion over a wide voltage input range. This paper introduces the circuit
structure and working principle. The theoretical derivations are validated using PSIM simulation software. Finally,
a 120 W prototype with 94.1% peak efficiency is built to verify the analysis results.

Keywords: power factor correction converter; GaN; integrated; low total harmonic distortion

Wofe HHA:2022-06-22 W45 AR H #1:2022-09-26

EeWB :HEARBHES RN H(61974056) ; L7534 H S 0 & TR -+t 22 & e Bt B 5T H (BE2020756) .
Supported by National Natural Science Foundation of China (61974056), and Key R & D Plan of Jiangsu Province-
Social Development Project (BE2020756).

YEE R Wl (1997—) , 5, 6+ wF 55 2E , 32 8 N 3091 ¢ H B 1 S 2 338 U BORS IE B AR F 5%, (E-mail) 6201201004 @stu.
jiangnan.edu.cn.

BIEEE . FER, B, 482, (E-mail) bacanbian@jiangnan.edu.cn.



64 TR K F F IR %47 %

AR L) HL R O 4RIz Mo F R IR L T AN A8 AR A DG . A T 0N L T X L
PR VRS R T e, — 2 ] 58 RN 2% R AT AL A O S5t 1 — 22 0 1 R 3 1 D A 4 L W1 TEC555-2 . IEEES5 19 T IEC61000-
3255 R T X SR I bR U 0 25 ] B R R BRS IE (power factor correction, PFC) £ AR i B il A8 # #5% 1)
i A\ FEL I R AR 5 R DAk B bR o R R B AR AR O R A PR T DL GaN SRR 15 = AR
Vi AR 2 AR RS AL G SIS B A m i Y S AR R R SR ST
%5 5 RV A] 7K 32 K ) 3 A5 e i, P AR 46 2 LA T g AR T e B A AR R T R ) R B AR AT TR,
T GaN T Z 284 (1) PFC 728 4 2% 32 318K B 22 1 O 1 SR 52, A B AR 9 )™ 32 1 FH 1 4% 3 i 15 4 Fi TR
if W AR PR R 7T H AR M LED BE B OK 3l g RN H R 42 3R GaN Iy R 8 44 11 &% 1 Infineon ., GaN Systems.,
Transphorm Al Navitas 25 /% &) & 5, 7= 5 & Z ) TSMC . Episil  X-FAB 10T B N #2420 7l i, e 268 O
gk = b H RN R R R AR N R LA B GaN DRI RE ) o BT GaN DR AR A A W B 2= AL T 0
GaN ith i PR de br , HOR WG J7 AR AR, [ P98k B 22 1 F 2 N D30 2 36 FH D7 GaN D 8 2844 i e
KM EPIH EE RIS,

T8 T HL R (90~265 V) % AT A8 48 25 1 FH o, 4% G2 09 [ He 78 PFC 72 48t & 47 76 B A HL I A6 IX 52 ) 32 350 )
P B, X H 7 AR D TS e, Mk LATH 2 A0 TEC555-2 . TEEES 19 Fll IEC61000-3-2 45 H i 1 il b v . H AT,
W5 N A AT T 1VF 2 0F 90 K 5 B TR 8 PRC A8 e 85 1 PERE . Wu SEWH T — B & X il 5t 5 A5 =X
(critical conduction mode, CRM ) [ < 78 PFC A% 46 % %) ] A% S 38 s (8] 48 i) 77 15, B 76 B AR B AR I L 08, 3R o0
28 B . SR, B A H I A B8 DTS T 2 TH B, AS RE A A H R i AR AR A5 m D B Xie SF BT — AN BE
IR U I 0 B AR e g, AR Al A PR R AR T O R T R OB AT, LU BR A IR A SEIX . AR
I, LA R T5 B 2 JF A8 BN T #8280 52 Z4 ko Zhang 28" I B R 40 41 28 S5 80 0 R % PFC I fE
(HIZ A e 75 B 2 A FF A M Z2 sl o LR IR 58 BT $2 A 725 6 2% 327 21 B A0 0 L OC 48 85 it AT
PERE 14 BRI, 445 BB AR A5 = T 226 DRV BOR & g 1 A 00808

TR LA B R 2 BT IR T — PP I T GaN BT A 1Y I R - AR Lt PRC R B8 L % AR
e FH 4 RN S 38 PFC A8 B g 2 B, A8 FH — 1~ GaN JF A5, ) FH 96 e 1 2 3% PFC 728 e i 14 A1 34 RN 585 =A%
T AR AT 2 AR OE 0O S R B AT LAAE 8 F R A A R S B e AR R B R
1 SHAPFCTHETIERIE
1.1 HEEREH

Ry T4 R R AL PFC 72 46 45 09 i AT I PR VAL e PRSI DG A8 R AR B TE i A HL T BE IX 1Y PFC 72 46t
b T I X O i, B R R PEC S i 2% 0 55 — A PEC 28 e 2% 1T LA p AH ] B S0 i e) 42 60 . DRIk, B R A A
HL 3L B X B4 52 ) BT L3 3k 55— 4> PFC 728 46 4 B I0 R 11 B, 9 25 SR FH A AT 306 I A 0 O B0 1) o8 45 4, n [
1(a) IR o Sk PEC 28 4 i 2 A (R i A TS U A U 09 R 1, 0008 5 5 B i 78 PFC /8 48k 85 4 1, DA 1 ) 8 (]
B, FHX AN, T AR AS B - S i 4R ik PRC AR 40 2%, i 1(b) iR o o i L, R, I 3R, Ch

A Lo, AC A TR L i, N R AL
‘l‘oul
| T 0

™

W& HEPFCAS 8%

A@ ZS @ i ”RL Q) Z§

X FPFCAS 0%

o

1T
BR BR S D, L
(a) F A IR B TR A e 5 1 (b) BEH - A PFCAEH AR

1 SR T 3T B IR
Fig.1 Circuit topology of the integrated converter



&7 H § @, F ERXNGINEFXEHEHURETHE 65

K2 R T RS0 BT 5645 W TR — I 4 X PFC 78 8 2% 4 1 B HE 4 o B 6 1278 B 2% 1h X A% BR
B AR AR (FH L .C M 41 ) \RCD W g it #% (i R, . C, A1 DAL ) A VR IT 45 S R I AR TR #% T (& T A J&%
L,. %% D,.D,.D, fi th 2545 C i T2 R ALk, i S R 3, PLOA M2 L, R, SR AE HLBH o
14 48 22 38 B 7] (constant on time , COT) ¥ il 5 W& 5 B F T i% i1 (19 PFC AR e 25 , 9 il i 13 ri 38 4, 54
B v,o HLH F B2 COMP RO RSt i s v 5 8 U 5 5 BEAT L, L AR B 5 v, o V2 &4 PIAb
R R VS 2% i R V2 (B M2 25 e o RO, it F T v, B8 o e 3, T AR YT B sk BTk
o ke R k2 v RGBSR FE L X G S W IR B 8 14 U0 kA 4K T O R Y RS ik 2 Y B S Ak T
FL P BF B O O K R R B PR B . RS ik & T S 0 AR R SR R e I 17 R AR T ( zero
current detection, ZCD) {55 o Y4 S I 20 J #% FELJE% L Ut B 2 20 1), Sl Bh S8 4 b ZCD Y H K AR St (l, SR G A%
LGP A o BIUL, BT AR A AR 4 2 Y S R R I T AEAE CRM AR,

ZCD

FHL A
S 7 I coMp
Q R e d = e B

Y
- d
Set | M

KA

Reset

B2 & PFCEHEEIR R Him 6l 3R i
Fig.2 Topology and control loop of integrated PFC converter

1.2 FEESH

R T TRAC T4 Y PFC AR $8e 5 19 43 B, JEL 343 B 55 T DA R ik .

D) It A T e F 3 R AR T

2) %t LAY C RS R, 78 o i 70 R a1 ), Z20mE A PR S0 R E R v, B A R E M

3) 748 e g T O A AR AR £ KT T AR o

4) i A L O AR R AR S, B v, (0] = P [sin(wo)|, o VO B A R R R AR, 0 = 2nf, Dk i A LT B £

B 78 PEC A8 4 &8 ALE v, |85 T4 i He v, B AR o Y 2 i i 28 He 88 TAREFE AR S B, W] BB AEAE 2 FhOR
A () TAE 218 T (O<wt <n-0); T,(0<wt<0) I Ty(n-0<wi<m),m K WAH , A

f=sin"'m,

Vo (1)
m=—"g

Ve



66 TR K F F IR %47 %

1.2.1 T,(0<owt<n—0)TA4F &4
TE T, TAE A R 3 a8 6 A AR, FE A5 20 r % 151 G 181 3 o

-

D,

(e)Bize (f) BERS
3 ERRTHRBIEERGT, THENHKE

Fig.3 Equivalent circuit of integrated converter under operating condition 7,

X a [4,,0,) AF ¢, B 2, JF G S el , 4 D, A D, S 1) # b, AR S D, A H R IR LR L L,
LT o PRI S 378 TR 28 00 9 8 20 B VAR 4, (4) T J2% B A 4, () R R L JER B VAL 4, () 1T s Ay

iLt‘l(t) = iLk(t) = L’f“:nLk(t - l‘o),
| (2)
()= (- ).
RCD Wb B 11, C, it RO . 4 TP S S P  MBEAZi, (0)i (OFi (ORTAAEE
. . . |Vin
lLf]—p(t) - lLk—p(t) = L +1L, tons
(3)
(1) = e

2, T SR AE B0 S8 I 8] 5 7, D 3R S N (] o



%18 % i, F ERRXNGaNEFXEAHERMREELE HE 67

BER b [1,8) AE 6~ IF 2, TP 4 STE ¢ I 21 56 4], S I 3 AR L & C T IR s |y, i T GaN JF 648 1 25 4=
AR H /N, SR ] o AR, BRLIL , 7E b i 1) B L7, vi A G, PT A  AN 7T

B ¢ [4,,8,) « 7F LI 20, C 30 H S i A HL R 5 B 3 L R 2 0 (v, v ) B IZBE R 0, W45 D il ak
SR N DA D, 5, AR R RS R R A L i, (6) R R R JER LV i, (O T KR

im(t):nim_p(g-%(t-tl),
' (4)
iLb<r>:iLb-p<t>—Z—‘;<r—n>o

S n o SR A Y T 5 A8 R 2 10 T J2% L, B U B RCD W IAC R 8% DS, Fl T L AR /0N, 220455 2 B 45 468 1t 1]
T AR

B d [1,t,) TE 6,05 2, i o (6) iy ()5 B o B[R] Be AR R B RFR R B, B2 20 (0% BE D, M iz B4
W B e 5 d RS20 [R] R

rz(t)+r4(t)=|vi"|7_v°tono (5)
Vo

W e [1,,t,) 76 ¢, I 2, S.D, FI D, KM, D AR5 530 ,i ,(0)LL 58X d i 8] BEAR R RS BHR T B, H 2 5 2
i (OB R L, A D R 2 g R . AR S A RR e [a]
rs(t)=mtm—n(t)—r4(t)o (6)

nvy
W (4,0, ] 7 6,08 %1, S D, . D, fI D, &M, C 5 LR, 4 v FEE v i, ZCD f Bh S8 4 B A8 1, FF G4 S
Sl AR A R TR o 5 20 SE R P . BT ARV i SRR SR A A) ¢ R
= (S) R (6) , 48 Bl AR o 25 09 JF G R B T.(o) L 25 e DT LR IR R

. |sin(oat)|)ton’

Ts(t) =7, + I'z(t) + Ts(t) + 74(t) + Ts(t) + Ts(t) _(l

nm
(7)
t nm
D(t)=—>+= o
(1) TJ(t)  nm +|sin(wt)|
1 Ty T T T NS AR S I R S I ]

g 1 A R S R S BT P 4 B L L v A O BT LT v, R C RO
L L v, B 3R 5

i i ' i ' '
I | I |
. I I I | I I
bk I I I | I I
I I I I I I
0 I I | | |
T T T T o1
I ' I | I I
. i i I | I |
i I I I I I I
I I I 1 I I
I I I | I I
0 T T T T 1
I I I | I I
. I | I I
i I I | I I
I I I | I I
I I I l I | _—
0 T T T 1 T I
I I I I I
I I I I I
Vea I /\
— I | I
& I I I | I I
I I I | I I
I I I | I I
1% I T T T |
I I I I I
I I I I
0 T t t t t )
I I I I I I
I I I | I I
' I I | I
Ve i I l 1 I | —
I I I I I
0 1 L i 1
& Lt A i I g
T T T T3 T T

B4 SEHXTHMBFHEBILXBETE
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BHEI%
©
w

4 Z5RIF

& 52 (1) P2 [ R AL PRC AR e 2% HLA iy OIS D PR I A i i . B IR a0 BT T — b B e — s 38 4 il =X
GaN HLJF X PFC AR 48 , R AN 43 BT T S 800 Ty 232 PREIC, 2803 R i A T8 D3 P 9 1 52 il S 560 3 B 988 T — IR 9
£ X PFC A 40 2% 1T 11 Bk B R U PFC AR e 48 i A HL 3058 X 52 W, 76 38 FH 4 A HL R ELA IR I K AL BB S
5 F) IEC61000-3-2C 25 b . LA, 15 25 T 2R FH 09 28 =A% 98 2547 2 S 4R GaN I R 8344 19 11 5 1 BE L 4 i =X
PFC A8 45 Al 3k 21 94.1% 145 i e i L e RoR o IR L, B 180 1 40 728 i 2% 1T DA 76 30 P i A 2 A S 0 7 80
FIVI B I 2k EPERE .

5% 3k

[ 1] B2k 37 0 00 2% PFC AR He 2% B i P 35 I 70 i 42 1 SR s [D]. =BG # B K 2%, 2020
Zheng X L. New single-stage PFC converter and output voltage second harmonic reduction control strategy[D]. Chongqing:
Chongqing University, 2018. (in Chinese)

[ 2 ] Kim J, Choi H, Won C Y. New modulated carrier controlled PFC boost converter [J]. IEEE Transactions on Power Electronics,
2018, 33(6): 4772-4782.

[ 3] Lin BR, Chiang H K, Wu R S. Analysis and implementation of a double buck-boost converter with power factor correction [J].
International Review of Electrical Engineering, 2010, 5(6): 2586-2592.

[ 4] Costa M A D, Alonso ] M, Miranda J C, et al. A single-stage high-power-factor electronic ballast based on integrated buck
flyback converter to supply metal halide lamps[J]. IEEE Transactions on Industrial Electronics, 2008, 55(3): 1112-1122.

[ 5] Tse C K, Chow M H L, Cheung M K H. A family of PFC voltage regulator configurations with reduced redundant power
processing[J].IEEE Transactions on Power Electronics, 2001, 16(6): 794-802.

[ 6 ] Park M H, Baek J, Jeong Y, et al. An interleaved totem-pole bridgeless boost PEC converter with soft-switching capability
adopting phase-shifting control[J]. IEEE Transactions on Power Electronics, 2019, 34(11): 10610-10618.

07 ] S5, INASBH, 80 0 4 5 = AR ST AR D) A3 S A R 0 42 Ji BUIR [0, B R:412,2021,39(14) « 42-55.
Cai W, Sun D Y, Zhou M H, et al. Third generation wide bandgap power semiconductors and their applications[J]. Science &
Technology Review, 2021, 39(14): 42-55. (in Chinese)

[ 8 ] Millan J, Godignon P, Pérez-Tomas A. Wide band gap semiconductor devices for power electronics[J]. Automatika, 2012, 53
(2): 107-116.

[ 9 ] Musznicki P, Derkacz P B, Chrzan P J. Wideband modeling of DC-DC buck converter with GaN transistors[J]. Energies, 2021,
14(15): 4430.

[10] FRaeds . BT A2 AL B A I B SR 4 s L TP A PEC I ISR AFSE [D]. R : B PR, 2018.
Cheng Z G. Research on application of bridgless PFC in electric vehicle charger based on GaN device[D]. Chongqing:
Chongqing University, 2018. (in Chinese)

[11] Cheng C A, Chang C H, Chung T Y, et al. Design and implementation of a single-stage driver for supplying an LED street-
lighting module with power factor corrections[J]. IEEE Transactions on Power Electronics, 2015, 30(2): 956-966.

[12] Farsakoglu O F, Celik I, Nalbantoglu M. The design and analysis of LED drivers with power factor correction in lighting
applications[J]. Optoelectronics and Advanced Materials-rapid Communications, 2017, 11(3/4): 251-261.

[13] Wu X K, Yang J Y, Zhang ] M, et al. Variable on-time (VOT)-controlled critical conduction mode buck PFC converter for high-
input AC/DC HB-LED lighting applications[J]. IEEE Transactions on Power Electronics, 2012, 27(11): 4530-4539.

[14] Xie X G, Zhao C, Lu Q, et al. A novel integrated buck-flyback nonisolated PFC converter with high power factor[J]. IEEE
Transactions on Industrial Electronics, 2013, 60(12): 5603-5612.

[15] Zhang J M, Zhao C D, Zhao S'Y, et al. A family of single-phase hybrid step-down PFC converters[J]. IEEE Transactions on
Power Electronics, 2017, 32(7): 5271-5281.

(8 ExRF)



