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Passive Power Factor Correction Circuits for Electronic Ballasts
using Voltage-Fed and Current-Fed Resonant Inverters

Gyun Chae, Tae-Ha Ryoo and Gyu-Hyeong Cho

2
G54 WA ePglel el glofdl, it AT nas JRe] Aol B oe) A FAF FEA)
) Slel B MM Sws Pk glol AAHa Ak dwHoE: RaE AMEE Y ol AEHa 94X
v AEe] 17 A 0 EMI S o) vy ool Aol flola add Aloke WA Heh ¥ Rl
S ool NG FELAR ol gatel sk W AR WA ¥ AnEE Aus FYEE A4 oy
N% 4748, wegaek: e HHoR

ABSTRACT

Several power factor correction(PFC) circuits are presented to achieve high PF electronic ballast for both
voltage-fed and current-fed electronic ballast. The proposed PFC circuits use valley-filllVF) type DC-link
stages modified from the conventional VF circuit to adopt the charge pumping method for PFC operations
during the valley intervals. In voltage-fed ballast, charge pump capacitors are connected with the resonant
capacitors. In current—fed tvpe, the charge pump capacitors are connected with the additional secondary-side of
the power transformer. The measured PF is higher than 0.99 and THD 1is about 10% for all proposed PFC
circuits. The lamp current CF is also acceptable in the proposed circuits. The proposed circuit is suitable for
implementing cost-effective electronic ballast.
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M2 7o) A% Agel At JvEr 3 %o 2
ewel s 20E aehed dibges S AlE

[EC 61000-3-2¢F £ =AEFEe] #4 3 fge of gl=oll A AviE 7} A el MRt )
TS A gVl s Adi nast g R A9 2l aga g jEReR
o] A, =& 4™ els Hd(Power Factor el%, THD, CF& #7099 ol °F 5%, 8|3 15
Correction - PFC)ell djgk a7 #ak A=A dvk olgte] BEAE st Qv ol AAHE 7]
Az AFstso] GaAs T iz AR ol L SlEiAE Abastels sbsk sy w3k Sofo)
ol sk FololAel Ak y w1 @k old@ olE AR HAG wEAI) A8 A
g o] okzhe vhuh o] A9 #rpAe] Az A kg rlel AARES TF AvHAe] VS 947
2 ]k zﬂﬁ o] AE3 THD: diAdexn 77 flaf Aefao]l A= F0Y AWHE ol&sta glov
090l 451 Aeaclule] EAL WEaT dxaiel  ARANE Sl BeAROVP) AF G2 sm

]

crest Tactor(CF)¥= 1.70)8+8 o -stslciAlm] shc) 9 ~E(hoost) Feje] 2z HArste gl J)z9



D16 W e el B 4% 9 65F 199941 12)]

Wa)y 3)wis thdel i oF 0959 HES A%
F 9oy THDZF oF 40%%= il 25 929 A<t
o] MY wete] HuxelA duwizz] 120HzZ W 3tat
7] widell el gubAY 9 ooF 199 ¥ zFo
CFE Holal 9vhz ©h4lo] At Bk e g%
Ha sl A4 g2 dekel & dlueld 54
W A fE YRS M vk Aol dXuk 5
290 A o] A} AEUHAS Folm RIFAQ AR 2z}
o e aah crefa Ao} FEE whee s Al
7|7} mitoll o] W sAARl FdelA Aol
5] 2= ; =X n}&

<

A7l Age ofe] 7HA Feje] #F 2w N
& Actatel AvbAe] Fggg WA MV
starak ght

2. ot WAool Hatet AEIMI=

21 71 wael na

Wirdor SHats A7 gu FELGLY o
5 MME sl grE Yder] sl EWF}
(single stage)o.& HAFA AV E -;LH‘oF: Ao] 2

dkxolvd 18 17 119 2%
o A&kl ol E LA

7] }_oﬂ ii
Aol

| A7}

Dbl Db3
bt Pt
Lb }
'
DI AD2A n3 Hm
Lt Ll L4l Txl’
Db2 Dbd
.
cf = 2 Cde
Vare N
D3 ADiA T2
21 7|E 25 AEMMIZRE 7R MR oFAET|(1)
Fig. 1 Electronic ballast with passive PFC circuit(1)
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Input ac line vol!tage(upper) and current( lower)
(200v/div, 0.5A/div, 5ms/div)

I ERE NS B E L
Foll misr dirE vEhdlie o RA e wel
slize] wAo g ol Wy Hgte] 91yl AHgl A
(220VAC)e] A 2]9] Xq”P(l))\)‘i‘hl = LERG
.

:LE%_} l-)f =
=

1
1o

] 2 _i
ke

—

{

i

3ol CFi sfdAi2
5t TL]_T—E '1':1}]1\]];1,: 25

Ch7 Zoom:

laxvert 0.02K torz

TRY v
hd 10.0mvn

a8 5 ARYINYD MOHE A MF
Fig. 5 Valley-fill DC link voltage(upper) and charge

pump current(100V/div, 0.5A/div)

222 MatHzZslz + MY E Wald
]
]

orel A ARkl S1g) 3e) QHg]is v Ee]
Aol vl sl e FHow Fiw A% )
4 FEe AP g CF EE 7180 Wl
%% olg8 AN 4Ys ANE S4E weln
sleh. ehAlwh, %] Aol HHA] HebilE ojala



SIB AN FH e sl 95 A% 0 6 19994 124

e BT Hush ool gzme] FuUE WEAY
4 olths el 2w 27) 45 AF Wae] As)
o sl wA Seb) Wie] o2 Al & 4s
bk ol Ss w Eeldi g 63 2o A
A R MR R FE R D k!

a8 6 HEME ozt A5 M Vs

2 JiKl 32
Fig. 6 Electronic ballast with fllament preheating and
power factor correction(PFC) abilities

2 6o o5 A slize] A giel Hel dhvo)e

277 Wa g ] 2] /\Hi deleke] A5 S (Ca)
of ARl AL ol Al 1%1?;%91 o] &1

(D)7 EFskA 7] Wit Oﬂ &
HMAENC) 3 AAF dab Lyt
E(C el 9]:‘H Y dH7E FAdo
& ?1“‘1E19] :67‘*] A AV E o] a1
[5(C,) Oﬂ "d%"? 14l ‘171 wf1-o]
1B e

x)
o T
=
ok

:I:
10,

M

Elo] &zl QlvEfe] 22 1d(n2) o rRE] oAk

sarkol Sddo] gk gl QIEE: F 29]al(MI,
M2)e] 2917 ) el A sekel SIHEN(Ly)
wOEAS A 39 24 A0S 7rERe.
R R B R B AN R e I
thoAlelE g Balaavle] ofE] 2917 F Ao
‘ﬂ%"o}/ﬂ el Qi Ee] 1Ak i) gl
wib ol g mell A5 gderelel A g
2ok A 2 dske] Au)

(Coo)el ol 2 I
S1aL ol QlefA ~"1%1 ?l 191 4 (n2)e] Bz 4
= B S -
A8 Qe ol %—7}'44 oL A i‘%?l 8

= ey ]

ofipi= %?Poﬂ I okche] Aujiz M 23 %

2y gsl way Wejg) 25 delvke] A4t §
ACe) ek 4% & 9

/?;OI ¥ 31 WW =7 ol

)7 ZBak o u i

<l
=y

2 2
Ao
jg

solth, g Afwael el 48 4 ik
el prron o4 U sie $08 olu
Hel Wi g Ak A9 FAT A 9
ASL ARV FAA Lhebba wWe] kb
oA A0 Al o) el go
N Aol ek She A A5 ga A9 B
Bol 22814 ad W b Huadel Pelis dg
1= PSS

[

S ST ST 1 M ) B R S e P K R B
3|

SR EIE S R HIGE B ESE P R
of @R FuRe 4 dd do] Fasith ol
of epwe ofAAlRlst WA fel HuAsh 2
o] WISl CF Atole] el wad wgel ols) A4o)

: SERILE R RO R

o4
-

XN

Fol A7 A
gl s ol

I

,l’—?,‘*_‘lfﬂ’ﬁ 7 o 4 5]

o] CFiz 57

*‘h*—% AH oA

Fob we) 3k B

kPOIS’I B

R RESE

ol ola A4
SN R | o1

W~V Wy, Wy~ \/’L C ,wu’\’\/[ C

N A <

C,x=C/l/ICJ]C, 8]

o Foll A byl ;;;L; 6o 3 IS

S5ko] A3E slo] oF 0999 %’r 12962] THD, ©F
169 W A5G CF;—:_— ?Jn S4BT = - N o P
i AE 9Ee wel Aolv)



A9he 9 iR e S0 el R W ¢

Q) obgvlel Aselalel A3t S ols g 3lidl ek ol 519

L M*Wm*mmj
18.6aV

O 7 s MM MFe| AF oy

Fig. 7 Input ac line voltage(upper) and current( lower}

(200V/div, 0.2A/div. respectively)
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g 139) Bz a9 004k 9 weld
2% olgahd Y glon A Edsive] 215
of el AN ol o8 EAMWY volem
ugAe] @A AL SAoR s otk wd 2}
g A} Yol WewE A4S Fo) As Wz A
HAEE dAFomA PEY A5 D] Y]
X fedEs Ade) AHEHoR ks S 7
Aat gl

o] Hhalof| 2] 98] SEo] 10] ¥7] A Vriwan
= Vao = Virpeans S0, 7Y Vigpew > Vae
ol V=0 ¥ W= g7k #gol Eol A 1
2 149 (aollel Zo] A AF7E 9l FtoA A
& Z7F Aol JEhdth Vipgao < Vaol® Vol
Ve Vip7h € ulizbx) = dfi7t g4de) w7 &7



A9 B i g F A ulee Ty U5 10 asle] ool Hae

S5 olsly Bl gk A7 521

BOL

ujd-ofl C1%] 149] (h)ek #e 9hgo] o] wu)
F Vingear = Vae D 8 Vigeao > Vaeold 9la 4

| #Hara Piola Aiysn A s AyEdst
7] flgh Wi mEo] Aol Wk wpuba 9l
o] 1o] 5]7] flalAis A (9 Ho 21 94
whaf okshu

—d‘

3

\‘vR\[x'nk‘ = Ve - \Y[H’l;x\m\i (2)

R
0 Virpea > Yae
O Virpeans <V,

1upu‘w """

de

N/

lcp, lx(avg)‘

1;|w Mo

. ! s Y V\wrpcuk)
lxu\;nu»s.zk\ Y 4 |

T8 14 HEMM =HE TAIEH ol

Fig. 14 Conditions for power factor correction

S SIE el el Edayvjo] Rohwiz 23p&
Ao s A @29 218 “&? A7171 913 A ‘3:81
Mebslojol sl #w EalAxofo o] 1afsso] EYHA
Aol Hutdsk: Vel ¥ H -] Ii]»é"r ﬂﬁ
nlell WpEpbe dekel Haixis (2/2Veek o] u)
woll W Edlzaiv)ol 1akel ko] g1Mnli= A (3)
2 ko] o] wjojo dhu}

A5 WA ) 41 <2)v: RFEAZ AL A g
@JP deks }7] loHH (Dek o] Adgo] ¥]o]

C ”[)mu‘ (1)
’ 20 5 Ve peak) Vi,

ol ol Hoeletar

Ml e o

[}

el e
L

SR e 2
Ozl 15 ¢ofad Mk otnp MZ0| Al ﬁ}@

Fig. 15 input ac fine voltage(upper) and current(lower)
{(100v/div, 1A/div)

K Stopped:

Ch4 Zoom:

2 Acquisitions
[ 'S o ]
8.1X Horz

1.0K Vert
,}

M U6E CRT 7 ey
€h3 10.0mvVO I 10.0mVQ

a2 16 WE MR M3 HE MB(jcp)
Fig. 16 lamp current and charge pump current icp
(0.50/div, 1A/div)

Bowro] A3z dersl WA A



522 W ETEE Frk BAG H6 1990 12/

AMEE sk
T 98 14 3=
7] | =2 oF
T s
g3 9 = A
Efsay o} o
ek o3
2o A S
N&= £ A&
T Ausl A7}
Ah R Al oF
CEEIE g o
Ak s B ds
Ao A ATt
e 7

1} Y8, Youn, G. Chae, and GIL Cho, "A unity power
factor electronic ballast for fluorescent lamp having
improved valley fill and valley boost converter’, [EEE
PESC'97 Record, pp. 5359, 1997,

[2] G. Chae, Y.S. Youn and GIIL Cho, "High power factor

correction circuit using valley charge pumping circuit

for low-cost electronic ballasts”, IEEE PESCO

Record, pp.2003-2008, 1998.

G. chae, YS. Youn and GH. Cho, "Power factor

correction circuit for low-cost electronic ballast using

,_
[ )
fhuches}

current-source type push-pull resonant inverter’, IEE
Electronics Letter, Mar, Vol.34, No. 6, pp.501 502, 1998,

4] Marcio A. Co, Domingos S.L. Simonetti and ].L. Freitas
Vieira, "High power factor electronic ballast operating at
criical  conduction mode”, [EEE PESC'% IRecord,
Pp.962-96%, 199%.

[5] W. Chen and F.C. Lee, "An improved charge pump
electronic  ballast with low THD and low crest
{fuctor”, IEEE APECY% Record, pp. 622-627, 1998,

H = i E(FE. 1982
1 ~ 1983 Westing house R&D researcher.
19894 ~ 1990 Univ. of Wisconsin-Madison
Visiting Professor. 8% &=nist7| S (KAST) M7 & HA



