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Development of Buck PFC AC-DC Converter using an Active Buffer
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This paper discusses a new circuit configuration and a control method for a single-phase AC-DC converter with power factor
correction (PFC). The proposed converter can achieve low total harmonic distortion (THD) for the input current, and at the same
time, it can use an active buffer to control the low output DC voltage ripple. The proposed converter does not require large
smoothing capacitors and large inductors, which are conventionally required in such converters to decouple the power ripple with
a frequency twice that of the power supply. The buffering energy is maintained by a small capacitor, which controls the voltage
variation in the capacitor using the active buffer. In this paper, the fundamental operations of the proposed converter are
confirmed by experimental results. From the experimental results, it is found that the input current THD is 1.44%, the ratio of the
output voltage ripple is 6.33% and the input power factor (PF) is greater than 99%. In addition, a maximum efficiency greater
than 96% is obtained in the prototype.
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Fig. 1. Circuit configuration of the proposed converter.
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Fig. 3. Compensation principle of the power ripple.
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Fig. 4. Commands and a carrier and switching patterns (discharge mode).
Table 1. Pulse transform table.
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Fig. 5. Control block diagram of the proposed converter.
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Table 2. Specification and device information of prototype converter.

Value
200V

Input frequency 50 Hz
Input and f?ggﬁ:%; g}l]ter cut-off’ 2.8 kHz 130V
100 uF | M 083y

STY80NM60N(STMicroelectmnics)
FES1 6JT( Fairchild Semiconductor co.)
MEC series type RM (Shizuki ekectric co.)

Value
20 kHz

750 W

Items
Carrier frequency

Items
Input voltage (r.m.s.)

Output power

Output voltage

Active buffer capacitor Cy.

Switching devices
Diodes
Active buffer capacitor

Input
voltage ()uf"
[250V/div]

Input )
current 0' F
[5A/div]

Ol{tput
voltage
[lOOV/%iiv] (153
Output ;
inductor 0"

current
[5A/div]

“Tdms/div]

(a) Input and output waveforms.

Input
volta/ge Ot
[250V/div] ~ |
Input

current 0'
[5A/div]

Capacitor : : : : : : : :

Volta/ge 0., ..... T T PP R N

[100V/div] : : : : ; : : :
[4ms/div]

(b) Input and capacitor voltage waveforms.

Fig. 8. Experimental results.

5 IEEJ Trans. ©@,V0.0@®, No0.O®, 000



T 7T 4 7Ny 7 7 B PRC Eiias (OKiEEAM, fth)

5 ER#ER
Capcitor
KT THRET 5 E & 7 ORIEH X % HRT 5720, [ﬁﬁ%m
EEIZER 750 W ORI A BUE L EBREIT-7-, 210 o Ob
RIEMOHRE & BREMEL R, A v F L I/ FEFTOH gﬁy
KETZHRETMZA 5120, ERIZIA BHhio/h&72 [1001{;1/%“/] 0
MOSFET Z#/E L7z, 723, #R%ERIEKIL MOSFET DART ¢ Output
B A A— REHNDE— xR, RF 4544 4— Rick (SN OeF JUTHI TN AT
% U 8 —3BKNFEA LAV 2%, MOSFET 233 T & e T OmYanT
%, AREBRTIE, FEED B K X 230 T o B A (a) Load is changed from 40 % to 100%
IIEREIEE L, ADEIE200V & Liz, 7, HIEIES Capeitor T |
AR E AT CHRIEISR I 2 N LT 130 V & RE Dggl\tgggv]
U, ARG 2L S ETHAED OREET-7, A mput O}
HEMPDLC 7 A AMEDA L H 2 5 ZE 1 mH, F %< uene O
H AT 33F, By M TEBEE28kHz & LT, TV g)lﬁgu;
FAT Ny Ty DXy FF 100 pF 2T, oy [100V/div] O
SEERAEE A Vy, LA L 283 V ICRET S L, B e
B 8 X BIEOREIL 357V &85, s 07 S
[20ms/d1v]
B 810, FERIEIH O KB RZ T, K X 8(a)l (T AT IR (b) Load is changed from 100 % to 40%
DANJIEE, AJ1EH, HOEESLIOH A &7 28 Fig.9. Experimental results of transient response.
WMOWHAERT, BRI, ATERIZIE0.999, AE
5 O3 7 5 (THD)144% 0 R, H 9 E R 4 8 0 SN IR = mem e
130V, @FU7°/1/?§633%(D|E?ﬁ75§ﬂj73éﬂ1b‘5 7, 2 5 9 1
[X] 8(b)\iE R H IR D AT BIE - BIEIH B LT 2 7 4 7 S & 98F 1
A/77@#¥Ay5$r@&ﬁ R, RREY, ®x E5af Efficiency
Ry BENBFEBEO 2 5 CRE L TR0, BEDHRK 2 2 g6l ]
RIS & —BLTW5, TRLORRELY, mef ME -
ﬁﬁm@#77747A/77@#vn/&TWWén £ 9000 200 300 400 500600 700 800

THY, REEESERED ICHEL TS T L AHRT Output power [W

x5, Fig.10. Characteristics of Efficiency and input power factor of the
YT FTETTE KT 40%0> 5 100%I225 L S 7= RE DI proposed circuit.
%, BN AR 100%7 5 40%I 2281k & H 7= T T T T .
BT, RRED, BRERLEHATH M EET— o or y
BRI TH Y, AN S EBICIS U T ER 6 s f }
SNTNBZ EBHRTE S, £, %y 3o ¥ 8L HH _gé F \ ]
FREE D fIE ST D, ek, BENERFORENT P1 = S 2F ]
figo s 4 CEFHORRT 2 b DL BTG, Ukoz =% .
L6, HEEOZLEIHRTE 2, 000200 300 400 500 600 700 800
[ 10 (2 17 I 5t B IRERBE OBES L OA N H% Output power [W]
Y, EREHARFCBWT, AJIHEIT 0999, HEEshR Fig.11. Total harmonic distortion of the input current.
12 96.4%% R Uiz, £72, IKWE TEW IR L R A E cof T Convenmtional ]
M LT, 7ad, BARICHEWT, NEMEFT50AN S F converter -
T 4V E TN D EREIROENE N K A A — REFLRITH ﬁg 540_ ]
HWADERICH LT, K& RBEDTHS, éé . ]
B 11 & T 1R KR o AT B THD %777, = F20F 7
TSV C 3%LA T & ELAF 72 A HERR L7 ° b TN~— Proposed converter
0160200300 400 300 600 700 800

B 12 IZ& AT o MAEEY IR Y, R Y, T
ZC, fEREKE LTCREF 3 voRRIEoOH T 4 V2T
ZEIKRTHWE 100 uF PDEEWANIY &8k k7 - A Dy sl [E]| Fig.12. Output voltage ripple.
B & DI AT o7z, (EREIE TIIHAEB NN REL 2D

Output power [W]

6 IEEJ Trans. ©@,V0.0@®, No0.O®, 000



T 7T 4 7Ny 7 7 B PRC Eiias (OKiEEAM, fth)

2o T, MABERIZKERY TABRKELTNDZ LN
bnd, —HIRERETIX, JKWHETHABED 7R
X 10%uTk 720, EIRED AN B L TWRnT
LI HERR T E B,

B, EBFBERICBWNT, BRENREO 2 S oh

BIEY ZUNEETHERAE LT, £T— ROFE MR
DBEJEET OB LDHENETOND, T — RO
SEIXEFRBESRO 2 FOREERSE /T L0, £E—
R CHE 1 OBiBE-CHME(Y A 4 — K& MOSFET)IZ LV 4
VEIERE TN ER D20 2ﬁﬁ”@mﬁﬁrj7wmib
TWo, Fiz, ERHAFE, AJyEVR THD B L O dEE
TNEATHEB E LT, Bt X7 XERPF v )
71 AN TARERICR Y, HABER—EBIRET=h 0y
:kﬁié Fohsd, bR, HABEERSE Vour

C PIHEERZ AWCHAEBIEY ¢ — Ry 7 il Z 803
5_&f&%féékubhé

6. fHim

AFWILTIE, D2RWERL RS T PFC BRE &/ NEED ¥ v
7R B CE I NREN B RE O 1 7 % RN 12 EBLC & DL
TEHAERA A RE L, BERKIIT 7 T4 TRy 77
DX ¥ /3 2 CERFEEERD 2 F0OE ﬁ%@%%ﬂ#ét
O, BitA X7 2NN SL THOHDEREICY 7t
9, ANERbIEZKICTXx D, 7277 L/, H 1B D i
KIEIFIATJEERKMED 12 IZHIRS D, £z, Fr/3v
HETEERESBILEIEDLETT V7T 4T Ry 7 7%y
Av&@$ﬁgmw@%:£ﬁfﬁé k%%%#:
o BT, T50W ORERIFEORIEREREL, EBRIC
D@&L AT OfERE 1572,
(1) ADIERII1% 0.999, AJJEH THD1.44%D IEFLEE
it & S
2) HHEREY FNE633%D
(3) LR ZEE 96.4%
bz Ert, BET DRSO XofF Atk
ZHERR LT,

[ERVCEER g

X ik

(1) T Takeshita, Y. Toyoda and N. Matsui “DC Voltage Control and Harmonic
Current Suppression of Single-phase PFC Converter,” IEEJ Trans. 1A, vol.
121, no. 10, pp. 1041-1048, 2001 (in Japanese).

YT PElE, BHEZRIE, A JF (51T 0 THUH PFC 2 " — X OEIRE
FEHIE & ST IR, &% D, Vol. 121, No. 10, pp. 1041-1048
(2001)

(2) B.N. Singh, A. Chandra, K. Al-Haddad, A. Pandey, and D. P. Kothari, “A
review of single-phase improved power quality AC-DC converters,” [EEE
Trans. Ind. Elec., vol. 50, no. 5, pp. 962-981, 2003.

(3) K.-hen Chao and P.-T. Cheng, “Power decoupling methods for
single-phase three-poles AC/DC converters,” in Proc. IEEE Energy
Conversion Congress and Exposition ECCE 2009, 2009, pp. 3742-3747.

(4) L. Huber, L. Gang, and M. M. Jovanovic, “Design-oriented analysis and

performance evaluation of buck PFC front end,” IEEE Trans. Power
Electron., vol. 25, no. 1, pp. 85-94, 2010.

(5) J. C. Crebier, B. Revol, and J. P. Ferrieux, “Boost-chopper-derived PFC
rectifiers: interest and reality,” IEEE Trans. Ind. Elec., vol. 52, no. 1, pp.
36-45, 2005.

(6) K. Tsuno, K. L. Ishii, and T. Shimizu, “Comparison of Power Decoupling
Characteristics of DC Ripple Energy on the Single-phase Voltage Source
PWM Rectifiers,” IEEJ Trans. IA, vol. 126, no. 1, pp. 64-73, 2006 (in
Japanese).

HEBP BE—, AOJE ARTEEL, VK BUA - THUREEER PWM BRI
B DNRU—=F 0y 7V SREOLR, & D, Vol. 126, No. 1,
pp. 64-73 (2006)

(7)  K.-hen Chao and P-T. Cheng, “Power decoupling methods for
single-phase three-poles AC/DC converters,” in Proc. [EEE Energy
Conversion Congress and Exposition ECCE 2009, 2009, pp. 3742-3747.

(8) S. Wang, X. Ruan, K. Yao, and Z. Ye, “A flicker-free electrolytic
capacitor-less ac-dc LED driver,” in Porc. IEEE Energy Conversion
Congress and Exposition ECCE 2011, 2011, pp. 2318-2325.

(9)  S.-ichi Motegi and A. Maeda, “A Single-phase Buck PFC Converter with
Improved Input Current Waveform,” IEEJ Trans. I4, vol. 117, no. 10, pp.
1286-1287, 1997 (in Japanese).

AR, BT & o TAEGEE & GG L7 AR LR )
BAyTAR ), A5 D, Vol. 117, No. 10, pp. 1286-1287 (1997)

(10) Y. Neba, “A Single-phase PWM Current Source Type Converter coupling
with AC Chopper,” IEEJ Trans. IA, vol. 117, no. 6, pp. 673-679, 1997 (in
Japanese).

(22T a v 3 %A LB PWM ERRTEE £
281, &% D, Vol. 117, No. 6, pp. 673-679 (1997)

(11) Y. Neba and K. Kodashiro, “Three-leg PWM current source converter with
AC chopper for single-phase utility,” /EEJ Trans. 14, vol. 126, no. 9, pp.
1171-1177, 2006 (in Japanese)

RE fRZ, MR BIE © TRT a v\ &fia L 3 L7 HME
PWM EE 2/ —#] @ Zi@ D, Vol. 126, No. 9, pp. 1171-1177
(2006)

(12) K. Nishimura, K. Hirachi, S. Komiyama, and M. Nakaoka, “Two buck
choppers built-in single phase one stage pfc converter with reduced DC
voltage ripple and its specific control scheme,” in Proc. Twenty-Third
Annual IEEE Applied Power Electronics Conference and Exposition APEC
2008, 2008, pp. 1378-1383.

(13) (O HBERT « BRRLFNRTV—2 vy br=s 2AfET7 Iy
=1 > > H)http://www.murata.co.jp/products/article/ta06d2/index.html

&

1. TOTATNRNYIT7DFvNABENDEH
Xy RUABELEBROBIIQN TR AN 7 7 OB

] pbu/k —ET D, FHL BHAREE D REE] to, X XU FZ DY)
HETEE vy & LIAERS L, v. 2RO D &, ((F DA
LD,

f v.idt —I Vil g cos(2a)t)dt
o

i d
J:U vC[CdC dtv jdt —.[ Vil iy cos(2a)tﬁt

Cdcj. v.dv, —1 ,Nplmp cos(Za)t)dt

1 1 1 . .
ECdeC : —C,w, - EV,M,I,ND {s1n(2a)t)— s1n(2a)t0 )}
1 . .
v, = \/vd)2 7TCMVINPIINP {sm(Za)z)f s1n(2a)to)}
v, = \/vd,2 —%‘;’C{sin@wt)— sin(2a)t0)}

UbETE sz,

IEEJ Trans. ©@,V0.0@®, No0.O®, 000



T T 4 78y 7 7 BAR PRC Biies (REEM, fih)

X 8 E # (FAEB) 19854E5 A 12 HAEE N, 20104E3
A BB R P RERE LR ERHE LR ERE T L%
BIET, R4 4 A RKRFREGE LIRS
LAAWRR RV — - BT TR,
A AR LA FERIIZE R DC, FICEHZE M
[EIEE B9 D AFFEI2 46, TEEE =8,

(IEB) 197241 A 6 HAEN, 199643 A
e LIESZ e Ao o NE N S I o iy S e S
T, AF4 A, BELEE B At 2004 4
4 H MBI FRFELRIEANE, BUEICE
Do EICTEEBIRIE, EEEHE ORI
#H, WL (L) (BRREMBYRY), 2007 4
63 EITEAUITIRILE A, 2010 4F
Isao Takahashi Power Electronics Award 32,

IEEE £ 8

o

IEEJ Trans. ©@,V0.0@®, No0.O®, 000



