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Abstract

In this paper, interleaved boost converter is applied as a pre-regulator in switched mode power supply. The
pre-regulator plays a role to improve power factor. Interleaved Boost Power Factor Corrector(IBPFC) can
reduce input current nipple as a single voltage control loop only without inner current loop, because input
current is divided each 5096 by two switching devices. Each converter cell is also operated in discontinuous
current mode and inductor current of each converter 1s discontinuous. Total input current which is composed by
each converter cell is continuous current. Thus, IBPFC is able to improve input current ripple. IBPFC operating
in discontinuous current mode can be classified as six modes from switching state and be carried out state
space averaging small signal modeling. A control transfer function is obtained according to the modeling. Single
voltage control loop is also constructed by the control transfer function. From experimental result, improvement
of power factor and input current ripple are verified.

Key Words : IBPFC, Discontiuous current mode, State space average, Ripple, Power Factor.

1. A B SMPS(Switched Mode Power Supply)E H}&E3F
AR e SIS LR L R R

* F2 2} bt FFE S EAVIALE AQuF = yo B 2 B ]
Tel : 0651-200-6745, Fax : 051-200-7743 £R7PPHA WS Fobl 2A B glnh F
E-mail : heota@smail.donga.ac.kr o] ME¥gly] Aojs FE HalEe Ao g a4

4% 22} : 20024129119 [

LA A} © 20003129 1691 5o gront, E‘EML-@ 3R] 9] YHSolA
AALSE ;20029129302 vl TEvle} RaAage] a7t 424EHA o

@ Journal of KIEE, Vol. 17, No. 1, January 2003



£51 9lom, olo] it #A E3F FobA|a AUtk
WA gjgake] AFI UPSeiA BAske 3z
vpet opeg} 3 - 48] SMPSel 7] s1EvE
AR ZAA] Ao AT e Aot

2913 AU oM JF uHFHFE Y
o ARE) A8 AHEHE 8N SR2(PFC
Power Factar Corrector)t dybd o2 IElE ZE
7h g Sl Qe $4E ANEE resRe s
otk AE/NAE SMPSE 548 7AHEE dd
231 3] DC-DCAMEIE A4% 27 JEWA

AN BgE TEE 4 o olF F IRE
807 3k ofg] AFAkEe] BEHIL Ut &
3r8 ZAnEE 4 gHAgtec & Age 98t
Al o sz A8 BEA A2 [t
Egxd o3 A9AEMo] Adgs] Avks @l
glom o]l& Beetr] Y3 AZE 294 W o
3 A7t sl Agsm efi-2l =3, A8
A 3z JHAF UL BT MRS FH
o] 324l B ATE SRHUH3-4] ol
aate] AGAEH 2 JHAF Sl dig A
=2 Interleaved 548 &84 HEIBPRC :
Interleaved Boost Power Factor Corrector) 24 312
g F ok

otk &I 328 Al 33k PFCoL 270
9] %38 ABE cell2 BETAE IBPFCY & 44
HAFE 5 A cellol 509%6% B28EY 2%
AYE] AFe Pz veh}r] dEel A<l
AT By Aol HolM AFEEol &3
How sRAgc) wg A9% FrE ST
BE AgR NEA axbe] 293 S4E FY
A58l

B =RAE 293 A93xe] HE/A 3=
2] IBPFC Z+ AHE cell& EQE AFR=R
Z2AZIE WA, B AFREe FEN] 22
b A9% AduEE FAREE TE
27+ BFSPP S o] §ale] mdyiich w3 A

4

2 WEsh o] i WEHES Y B
23 Ao} HAFSE Flo] BAS WFRER
Ak v A A TRk 2%, 1A A

ey . M7 MBRI=2N M7 12, 20031 18

ol ARAe] 72 glol &9
3 WA} Frgro F4s)
5l

1
5

TFAlE WFUEE ooz AT =

T
gk w3, 49 Fohed BPFCY 7 2ulE cell&
A& AFRER SRS At F dEdF
= At BHoEA gEe) AddE AFE v
Ediths g St

2. IBPFCQ EF ¥ THIE

2.1 URPY

29 19 Interleaved S 9§ AR 2]
= JlEe QgE, 94 4, 223 telese
AR 5913 7 cell 2747} BRI LT} 7
ShAlE) 2 Ajolol] 217h A2 A e I
golck.

55 b
i I L D
= {255 »
i %
% u Sle Slg C= R2w
i3

38 1. Interleaved S48 HE2RN ZHE
Fig. 1. Interleaved boost power factor
corrector

7} 298 AW celld] 3 2A7t FYsttta 7t
Aalw o) oz 7} cell & 50%9] AEHEH &HE
veERA ok wEkA, EHRE T eUd 2HE
celle] QI9Ell 32 AF i & ipd e
Ueh}7] g2 e 7AMEE E9% AFiE
2 2AA7IHE A4 dEdFe QS 77 W
o] JHAF FFS gy oz AFAIIA ek

@



2012 MERCE SN0 Interleaved YY ABRY HHEO UHTR AEN

IBPFCe] 7 538 7BlE cello] B4 WHE
2 a1 A9 BVl o) 2B teb
4o EamEz FRE0 Ak

1) D<1—a

71, @ = Lo 2 gzl U Y

Fzgte] gAX2A FolZith

2) Ak H5S B7) 9T H) a @ 05T

gejpe Hed ARr=n Faske IBPFCH
HEB) 2708 g3 o] AREH

D<0.5

gle] FEm) 240 WA IBPFCE F2A7I™
2913 137] % the3t 2ol 674e) REZ T2
e ¢ F Ao

D<0.59 ul, 2= 1604 671x] &322 674
o =Rwcy A9k £, D= 054 d= 2
£] » BE2 - B84 —> RESS] EAZ 474 BE
2 e web, 29 29 2ol FEM =2

© D<0.5IE REIRY 6714 2 RERE Y

¥

Mode Mode 2 Mode dMods 4 Mode 5 Mode d

ag 2.z ENgcy 0ty
Fig. 2. Each mode waveforms

2.3 FXECH YUZOHA

s ZAo2RE 294 §% S, Al
o) A7 iy ippol W I 29} 2ol 67k
sage ¥y 7R 4 gon, 10 Be s
2 79 30 Yehia ek

@

=
AAA
\AkAs

\AAg

(b) Mode 2( t;~t; )

&8 &

J.od L
. s ] = c
E 1

»
AAA
\AAZ

(c) Mode 3( t,~t3)

\ &8 &

L:
L
; o 18 =I5 _1:

\AA

(d) Mode 4( ty~tp)

) & &

L
! L
v s | s ]9 c T

YVY

—AAA

{e) Mode 5( {4~ t5)

L BB &

L:
! L .
v s | 5 | I :]_

=
AAA
\AAZ

(f) Mode 6( #5~ tg)

a3 3. SADCY SR
Fig. 3. Equivalent circuits

Journal of KIIEE, Vol. 17, No. 1,

January 2003



D) 2SI 4~#)

Sy 1 On, S, : Offf iy, : Increase, iy °
Decrease

S0l £83817] Algslez Lo olyx7} 3
WA g 0] Vs Bk aEln, S, A
glolmz L,o] FA=o] JYQ o7t &35 7
HAHE FH8la F3502 JAUAE FFeth
webd, i, ZasHA "ok ZE1 gig §713
29| e A (13 2t

diy _ 1, _ " .

at T L VTL M

iy 1 . 1

dt - LZ Vi LZ 155 Lg Vo (1)
av, 1 .

1
dt  C'TRCYe

A, nF e A L3 Le AR4e
2 uehack

2) BE2(t~tp)

Sy :On, S : Off, 7 * Increase, 71, * Zero

S8 =¥AE7E A&HER LddE oAyx|st
A% FHEAA o] S718HA H3, Lydle &
Hzlo] Qd ofUA7} BF AH|HY 4, E 527
A Aok 49 F85 ATAE Fe5 0 o
YzE F58A doh o2 gk 572 4
A 4 (2)¢ 2t

diy _ 1, _"n;

dad L7 LY (2)
av, _ 1

at = RCVYe

3) RE3(tp~t3)
S, : Off, S, : Off, 7;; @ Decrease, 7;5 @ Zero
Siol Aeslng Lo HHEUd oAzt &
HZog FFHUA iyol Bash] A 1
2|1, S, & AN E FAER ' 52 o
£tk 2E30 tid S7HE 2] e 4 (3)

Yy MIMHIYR =2 M7 12, 20039 18

3} 2k

din 1,1, 1

dt L, L, L% 3
v 1

Increase

Sy 0] AdeE fAlEtER L
g A7t 285 ARAEHE FHs
2 A& FFEE b2A, iy

flo
ol

7} EHERA 4,7 274eHA Gk R4el] tigh
718 RS AL 4 @9 2o

diy _ 1, _ "

dt L,V L,

dig _ 1 _n. 1

at "L VT ML @
av, 1.

ad ~ C Z“_ﬁ”o

B) 2.2 5( t,~t)

S; 1 Off, S; : On, ipy © Zero, iy : Increase

5191 AAH FAZ Lol FH5e} - oAy
A7t B aHEe) i, & 2x o Aok =Y,
Sy EEAHL AEHEE Lyof ofdA7t A%
ZAHWEN 1,7} 2718 9ok BeEoEE &
Y 295 ARAE S A7t FFED RE5
e S7kslze] AL A G 2ok

dipp _ 1 _ 72

at T L, VT L, 5)
dv, 1

at = RCYe

6) Z= 6( ts“‘ts)
Sl :Off, Sz :Off, Z.Ll ZZero, ZL2 . Decrease
Sy 9 AHE7t FAHER BE SeflAj9} ol

(i1



g0a MBRCE2 FNOE Interleaved YUY YEEY MHEQ USHTT HEWNM

in e 524 @l a8, SyrbAvsHng L,
o 2HARA A7} EHF o FFHEAN iy
= gzsb] AR BElel gk Sslze] 4
e ae A (6)7F 2k

dipp _ 1 _ 7. 1
dt L, YT L, L, ®
dv, 1 . 1

dt ~C'™2TRC"

2.4 YEIT2 BRY 2Y

o33t BEsPAe A8 Akl iy, in
agla p, & FHEFE sl v, § Y8R s
Ao e 2R AREe XRYT, 24 SRR
2o 2 g8 A (DRE O AaRB2 2
Z} g&shA 4 (N ~12)¢ 2} 28z, 29 2004
Folal Feulol weh gt AEEEe 8%
W 4] (13), 43} o] WF AL e 78
ik

_n e
0 0 o
— _r _ 1 |-
a=l 0o - -k a4 0
o L _L 0
¢ TRC
n 1
=L, 0 1
A;=| 0 0 0 by=| 0 @®)
0 0-p5 0
_n o, 1 1
Ly L L,
As=]| 0 0 b= 0 ©)
1 g1 0
c RC
_n 1 1
L 0 L L,
_ _n _|
A=l 0 - 0 b=|1;| 1O
1, -l 0
c RC
0 0 0 0
As=|0 —2= 0 b= || QD
5 Lz 5 L2
0 0 -5 0

0 0 0 0
A=0 -7+ -+ b= 7| (12
o L L 0
C RC

A=Ald11+A2(d1”dll)+A3(0.5“ dl) (13)
+ A4d22 +' A5(d2“‘ dzz) + A6(05 - dg)

b= byd,;+ by(d,— dy)) + b5(0.5—d)) (14)
+ bydm + bs(dy— dyy) + bg(0.5 — d)

509%% AHEES 3h= IBPFCY 2 54 cell &
FUS 2SS PRt A EE L =L,=1
n=ry=r2 & ¢ ek =3 S 7% S,o Y
& FEpPZE Qb AR dy =d, =4
dy=dp=dp= & 7 AUtk ol 7Hxl mt

Aoz dejgEe F5td 4 (159 2ok
0.5+ dy) 0.5—dy+ dy
L osrdy 05— hird
0.5+ 5—dy+
A= 0 T 00 _ LO 00
0.5“(10“‘0’&) 0.5-d0+dm _‘L
C C RC
0.5+ dy
Ld
| 0.5+dy
b= ——6 (19

#Ale 7ies] a7l Sjate] Ly} L, o AAE
& FAEE 2 (15)8 oA 28 4] (16)37% 2 A
guyoe FHHD

S5—dyt+d
0 0 S A
. 0.5—dy+dy
x= 0 0 - T x (16)
05—dytdy 0.5-dy+dy L
C C RC
0.5+ dy
L

¥ O.Szdm u
0

AN, x= [in i vl u=v,
———7-% 2°“}‘1 iLl( TS)ZZ.LI(O)——‘OC’I 5]‘11 017).1%

Journal of KIIEE, Vol. 17, No. I, January 2003



HAGANME 1, (T = i (0)=0 o] A} u}
2k, A (173 2e =70 H%om ek £Y3t
Mo 4.0 EHEHH % do] gy} ®

3l 2] (18)= o] % AL & 5= 9l
=3
d—lLl(f) _ d_le(t) _
p7a P 0 an
= —Z.LZZ% =“Zv—id0Ts (18)

AZIM, L= ind inpd HAE UEa
T,& 28134 F715 vepdch

2 (167 F 27324 (17) 2 1EFE H34H
sk shEAtelolAe] Hgae 2zt Bela] 9
o) ohelg} o] 7} MAEL AR} ulA WERS)
Foz FHFTL

dy=Dy+ @y dy=Dyn+ Ay in=1In+ in
ip=In+ 115 v,=V,+ v, v;=V,;+ ;
7|4, 22 A 24 s

2o PEe
ERA, ‘hat' 2 ;M 7} MSEL ulh MRS

et} ¢ AeES A 163 2214 (17), 18)e o
ste] E w4 HEEo] Ay (192 Tl
gl

d v, Dy(0.5+ D) +(0.5+ D)* ~

- Dy+0.5+ Dy
dt

RCDy(0.5— Do+ Dy) ¥ RCD, Yo (19)
4 Yal0.5=Dy+ D) = DoV + V(0.5 + Diy) 2,
RCDy(0.5— Dy + Dyy)

N (19)2RE 959 AEEF D Ao} dLHEE
72} 78 5 Sk o371, Ao} ARY4E FEAY
of e FEAte) HRYFRA 4] D)3 2k

VL0.5—Dy+ D) — DyVo+ V(0.5 + Dy)

B,(5) RCDy(0.5— Dy + D)

FIONE ODD+0.50+DOOW 0
st RcD,

3. N2 &4

oY M AHYR=2N 177 N12, 20033 1¥

CELREEE SRS LR s R N

Eg R = qlvk el AgAle] %’“E“““P 0}
Uzt 4 FY dEel B diAe] 1% 74
HER o]FF T Ao| e sz r} Bk

A Aot
IBPFCE 2709 ZAHE cellofl 9J3te] PHHF2]

i‘a‘o] 50%’5‘1‘ H%E].T’_ Z‘]iﬂ %}x?_:l’;( “?rl\::: iLlﬂ} lle
o o2 Y] gl z7te) ANE cell
B AREER FAA ltiE}E AAH AL
7o) e dgo] Hof ARYES AHHOE 7]
4% 5 vk B, :L%I 45} o] FHAL]
HEE T8 9 Aol Fxtor HEMAS
A7 AlojA A 7hsdtAl ok

Tﬁnﬁ Gs)

N
LY

v

50— Gfs)

a8 4. HolHe EsMz
Fig. 4. Block diagram of control system

a3 4% Alej7]g viarlE £8sks IBPRCY A
2L Ao AE eI itk o714, GAs) € A
(2000l A 8 IBPFCS] FEI )&l digh &89
ALerE Uehlin, GJs)E Aojr1e ddds
& Jehitk GAs)7} 13} Aladelng G (s
PIAle)7|2 A8k 7 WA B89 vV, 4
ﬁ+94 NZo2x Hw7|E YehATh
1(2009] Ao} AEHET G0l e 0|5 2 4
A& 38 5@dlA BodFa itk 19 5(b)9
BEMEE AojAlY H3EY 2 A=EEE 17
3 AAE AEH PlAlo]7]1& Uehiz Q) 22
2, 128 5()9 REAEE FojAlY ME= Adst
T HoFa gl

—

121



EUS NREEE FMOIE Interleaved YUY FEEY HHEQ YATE Z WM

i3
i
H
H
(a) Bode diagram of IBPFC
-
g
L

(b) Bode diagram of designed PI controller

L= T ]

Ll ]
L

el
RS

G £t
Frogascy ouaney

(c) Bode diagram of open loop transfer
function for control system

a8 5. T Y9uM B4 B2y
Fig. 5. Characteristic analysis on
frequency domain

4. & g

B =RdME Ed4 MRE=ER S8k
IBPFCe} 54& #lsly] $igte] Akl JEAN
A 32 AA7IE91] ok 2L 4000VI/8WI
Foz % 1o AAE sl2AFE
23 AR dddlMe AT E AHEHA
t}. 23 6(a)¥= IBPFC 2 7WE cell] 1] L,
7} Lyol 38% BA% A{IFolth 19 6(b)=
AYE] AF iy R il UH¥EE ekt 1
60 9L v o JHEF i o] AP oA

@

AT SO Aojarh £, YAAFE 4
A celle] A7 iy, % i) FYol] il @
% ARAFo tehn] el Folst e &

A & ek

T 1. IBPFC 323+
Table 1. IBPFC Circuit parameters

YA V) 220V
AUV, 400V
293 FHEF(f) 100kHz
JEEA(L=L,=L,) 750 pH
AR E2( C) 100 4 F
[ I i“T 1
t~0(CHI)

itz
- 0 (CH2)

N S N N

(a) Inductor current of each converter
cell(500mA/div, Sms/div)

N I\iLl
/ B L o(cH1)
A A £ 21N FN
0(CH2)
(b) Enlarged inductor Current
(500mA/div, 5 ¢ s/div)
‘ [
v, i [
- 0 (CH1)

(CH2)
N

(c) Input voltage and Input current
(200V/div, 500mA/div, bms/div)

a2l 6. IBPFCY 2% mE
Fig. 6. Each waveforms of IBPFC

Journal of KIEE, Yol. 17, No. 1, January 2003



5.8 E

2913 ALY JE84A =24 BPFCE
F 70 548 AvE cell2 FAF dFAFL
7} celle] olqag ik 28Eo] 327] ufi
£ JAARE 7h celle] QEE AR Pz U
Ehdct. webd Zh 2HE celld EAE ARE=R
FAA7IHERE AAAR] [IEARF] e Ao
"ok =3 Ao AIE Tl MgAle] Fxtoz 74
o AHIYES o NAAL & A B

£

2 =RidME 7 o4% 29 celld 32459
A7HeE FEMPZE Fdsitkn 7Pgska E"ﬂé A
FREoA IBPFCE si4stdich |A, £44% A«
R Z4o] 913l FEH] 2o ZHE v}lﬁ%] Ao]'EH
HE 6719 FARER Tt Mo,
AR e oz FuEit HiEshy
& o] 83l [BPFCE 2d# siith =g Aelazt
H#s 7dg dHigto 2 AegHTES ngLHH_q,
u])\ u:]E/H Fog -_TL.,_gl.o:] u]/\ \:t]E/H_,._E_. ki
& FEHCERY Ao AE¥rE A,

o|& o] g3l FHHS} HE «IE& o kAo
AE A £3, 48& T3t BPFCS &
AW cell& 8% AFEEDZ FAAAS 99
F 98479 AL AL o= A JFGHYFH 4
o2 yehty gEo] AMEE Fdsh

References

{11 Vatdhe Vorperian, “Quasi-Square-Wave Converters
Topologies and Analysis”, IBEEE Trans. on PE, Vol. 3, No.
2, pp.183~191, 1988.

(2) R Farmrington and MM Jovanovic, “A New Family of
Isolated Zero-Voltage-Switched Converter”, PESCII,
pp.209~215, 1991,

(3] J. Wang, W.G. Dunford, and Mauch, “A Comparison of
Modified Boost Converters with  Continuous  Inductor
Current Mode and Ripple Free Input Current with
Conventional Converters”, IFFEHAS, pp.878~885, 1996.

(4] DKW. Cheng, XC. Liu, and Y.S. Lee, “A New Modified
Boost Converter with Ripple Free Input Current by using
Coupled Inductor”, Proc. IEE PE and VSD, pp.592~599,
1998.

(5) LBalogh and RRed, “Power-Factor Correction with

Y . T MHOR =27 f173 M12, 20033 18

Sepel - A s - E - AES - WA - S

Interleaved Boost Converters in Continuous-Inductor-Cu
rrent Mode”, PESC93, pp.168~174, 1993,

(6] CHChan and MH. Pong, “Input Current Analysis of
Interteaved Boost Converters Operating in Discontinuous
-Inductor-Current Mode”, PESC97, pp.392~398, 1997.

(7) Po-Wa Lee, Yim~Shu lee, David K. W. Cheng, and
Xiu-Cheng Liu, “Steady-State Analysis of an [nterleaved
Boost Converter with Coupled Inductors”, IEEE Trans. on
iE, Vol. 47, No. 4, pp.787~-795, 2000.

(8) JR Pirheiro, HA Grundling, DLR Vidor, and }E.
Baggio, “Control Strategy of an Interieaver Boost Power
Factor Correction Converter”, PESC99, vol.2, pp.137~
142, 1999,

9] Halz, “~F MLl J|2 A", Mot p32,
2002.

o XXt o

o Bl & Gres)

1973 49 2794, 1997d sA W HAFEgr 4.
1999l Foboh hshel 4713543k £, 2000
ot @7 Bt MamA $R. 20008~ A4 v}
Sde AHASEAAAY A

g Xl ¥ (i)

1971‘4 49 2344, 1997 Gold] Avjgstat £,
1999 Sdiste ATt EA(AMAL. 20023 8¥
%EHZ—‘}TJ A71geta 43, 20008 ~dA 59
W3t 71 ARG SA = AE ADFAL

I B Z@xn)

1963 1a 23948, 1984 Hol) A7IFshd &4,
1986 ZF4dl i 1471*5}4 Z (A A}, 2000
AE AR A st oiehy whANA 5. dA)
F3dis OAERE R AU

4 T Heun)

19604 29l 194, 1984 Folo) H713e Fq
1987 #Atd) skl A7) F et EA(HAD. 19%4
PP P EY(F. 19973~ RA ¥
st A7 HAAE 2.

uh BF M (nnm)

19551 39 2344, 1981d ZFoo) A7 B 29,

1983 Zoistel ArlFstG (M4, 1996 =

GH%*EH g Ay Fet Z¢(3uh). 19864 ~ & A)
Austa A7) Mo AS T m@,

L B Clmum)

10419 29 129048, 1963 &%dl AriFzsts £
19789 ddh dishe AxFerd E(MAD. 19844
zoo oisgl Ay BT (7 a}). 1970 ~1979
G R A7) 2es zas 19799~ 8 o}
o A7 W) FE B R

i,

(22



