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Abstract

A high-efficiency electronic ballast for HID lamps is presented. The ballast consists of a PFC and a
resonant inverter. To reduce losses of the ballast, DC link voltage should be determined by taking into
account the peak voltage of lamp and the maximum flux density should be kept 0.2[T] on all of inductors.
An inductor at bridge diode is employed in order to remove current harmonics from PFC. An inductor is
connected in series with an electrolytic capacitor at DC link to reject high-frequency current. The acoustic
resonance is eliminated using the spread spectrum technique. The electronic ballast for 250[W] metal-halide
discharge lamp is implemented and 96[%6] efficiency, no acoustic rescnance and low conducted EMI level are
accormplished.
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HID lamps.
2.1 PFC &1l

PRC:=  ¥AFe  THD(otal  harmonic
distortion) 2 ¥-& iAo Bag BFEoZ 20[kHz]
o9 nFg ARE WAL ol nFat 4
2 4 100[kHz] olslolA] v & xo|ZE WE
A gk 2222 dYE L1 2 294 Cl2 7
e Zeg Ajlstd dEAEeRe 4Fge A
Atk 2g 2 2 Iy 3904, PRCH 23 &8 %
# {FRDE 71&E9 A7E #A9dstd AsAlE C3a
2 FUEE A AFE g2 5 5 dx,
AMAE Cle X3t A% duodx 2,02 F
7y3i27 FAdd.

a8 2. JHME PFC 3=
Fig. 2. Improved PFC circuit

Journal of KIEE, Vol. 16, No.2, March 2002



©e 488 gsHE, dasel AgAe ¥
7o) HuAsh $9¥ @S 7 PRC 2913 *

B @l 9 2o Yehe o 43
Vs T3

_ _Z Pin 1

M‘/;-Vaf w,@ (1)

o714 Pinpe 48] Ve YgHAfol,
PFC g5 #7129 dEe 9L 19 3%
2 F22 5718 "ok 2R tole=g wEd
g9 AT YHelBA Znd 0[kHz] F-olA
T 5[R1& 7HA=, L1, C29) o8 #Fo] AgH
= S AHe A Q% o] Fojxrk

& 3. PFC 2ol EH
Fig. 3. Line filter for PFC

V. Zy

Vi 28+ (w,Ly)? @

PRC &3& A& Zald 3 2 o] 2AEH
FA)o] IEle] A C5 CBdll FFEch Ha) &
Ao E AWE FEol 9% 2 Fa AR PRC
A 23 AFIF BAY 524 22 ge &
AE euehy £o dFe) el ok ==z
PFC &8¢ w2 839 734 9§ AWAEHE

O3 4. JHAME PFC &8 4y M7 I8
Fig. 4. current waveform of improved PFC
output fiiter

P05 - BRAGBGHEGE F168 F2%8, 2002F 38

et

CEERUE RS

i
4

1 A% ARAE Cish HE2 A L3¢
L BN AMEHE AGAE 59t Y &
2] #el, B3l ATAE Gl SIS 33
d 9RE R 29 29 fzdM 7
o A ke gol =4E,

o X %
1194'
o
i

'
|
(o off M

M o
=i

2.2 ROIJI AH

27z PEHE HD d2e A95% 477 5
Aoz ek £ AgAels, B B JluE
o 83t &HolA 7)Ene] AEAE obehsh 2ok

(a) L-C_R series resonant circuit

Vi4
Vo
—————————— i
VR(LAMF) IR(LAMP)
vC7
(b) phase diagramp at start
V4
Vo
s —
vC7

(c) phase diagram at steady state

a8 5. B2 HOIMN=
Fig. 5. Phasor diagram of resonant circuit.

Hz 718A AlTASE @71 sk, C7 89 =
dez HAs 14-C8 33 T oA A
e AdE He F lﬂ_x’%"] AvE e &9
3 g 2o AYE, AGAE 2 P=o rlEE

(129) 11



4

E i

He g 59 HolAEE Erd + ek
JHE $2Y 22 Fu5 Wl w32
A

HID BZ8 M OHFDI9

fOb

A
}.

AFe MEe A¥PsE 29y & 5 Qv
2 orgrlE FA Fug Ho B FagdA F
A5 B8 A5 K2 QWES 540 F@E
Al _ Ko)—Kao,y) ——K,, @)

dw W~ W,

oluigle] FEHAE  VCO(voltage controlled
oscillator)ol A FFHD FFHAY voll e JF=A
F 19 Aggse thgeg Foiin

I=(—K,,-K)v+I,=-K,v+1 (0

714 Ly o= AF s yEdich dutyo
2 PETAFE AE F AR AR ALY
ANAS Tr ¢ LPF(low pass filter)& §3td #]o17]
o] FFVL 29 6 Fu Ao IF FA Ay
g 2d 555 ojth.

1,

* PI v
I —> K +K; /s K, '( ) —/

LPF
NI+Ts)

A 4

T2 6. MXIA! OHFJI9 BE BB
Fig. 6. The block diagram of model for
electronic ballast.

A4 K& V/F  Ha7(voltage-to-frequency
converter)?] ¥ voll Uiy EFAF WIEE YEt
Wick A Alade] Agdes oo BEEY

KK, T+ (K, T+ K)s+ K)
T +(1+ K K)s+ KK;

7{_ (8)= (6)

Nage F4e o 2k

K,K,, +1, K,K, 1, KK
( T,

)

. p2=—

12 (130)

4 WFLHE AlsME LPRET F& A&
W elEe ARk S MM K002 F
A28 3ol A4¥ LPF tiejg 120] 8ok
oo} FH3 FHE TheoR Folurh

—_—
oL Ly KK
p=—5r £\ G-, ®)

AzE gl 4848 Sl3 oY _‘P_HH%Ei 7t

K> == K,=0 ©
MID #zel £%F B9 A5 A8 AF &

AEY BAl5e] 248 Yy BEEE O 1
B3t g,
mmzulaledwave
/
TAL—B—>
modulation wave %
* Controller v
G » K D
! 'y Ki/s r i

o~ —

LPF |
1/(1+Ts)|”

T2 7. AR HIAH ®Xial ot&D|o] 2 E8X
Fig. 7. The block diagram of model for
electronic ballast without AR,

2.3 &4 Mz &
AR QA7)e] 248 1 89 o] EEso]
ATk

Rectifter,
Rzgulator &

K onrmul)scnrcmt ’f)’ “‘B MOS
s
FRD & Ccre v OSFEr
FRD & Core

PFC

a2 8. XAl otF)| &4
Fig. 8. Losses on electronic ballast.

Journal of KIEE, Vol. 16, No.2, March 2002



Aojzlze] T2 R AF cole=olM ek
EAL o] & & fith ZHE 294 &3 U
ALY &de FAH R Aol #He] o] Aol
7Fs8teh

3jefe] Heja) tielemis of M Ak hye
2 A Ealo] UAshed), &A% ohy A 3
o] 2l ] Hatol W F9& 7t

%DSZX VBDX 2\/2 IAC [W] (10
/3

ot} of7]A VBDE BEjA] tjojoxe] 7 ¢t
olth. PFC #zolXE Q19El 3o}, MOSFET %
FRD(fast recovery diode) GolA ¥ &ado] Wy
gt

Were = Wey+ Wea+ Dgosprr” * Rosiom+ Lour + Viewn

an

o714 WCl 2 WC2= 298 L1 2 U9 12
o4 HAHE 3] &4& JEMH, IMOSFETS
PFCell AREEE MOSFETS F3shs HE zfel
™, RDS(ON)& MOSFET® & A8 =39l-4x
AYgolsl, IOUTE PFCY &8 AF Bd@eln,
VFRDE PFC &8¢ the] 2 =9] adgto|ch

PFC 82 3 33 AdHE] AHEEE A9 1,
12, T4 w4 30] A &4& 4129 2
o, 1¢ 9% °}§ M3 erhib]

WC= k f1.3l Bm2.49 [W] (12)
B A
[Tesla]
e
{ ip -

/
/.1
/I Hafs N
{ He H
f 7/ [A~Tum/cm)
/

4_.":':--——"»_"—

J8 9. 2 XSE=El I B-H 54 3
Fig. 9. B-H characteristic curves by maximum
flux density

R - BRRIGHGE £168 F25R, 2002F 37

oj48 . o] AE - ALY

o71M ki Zo] FF 2 Ado wAHE 5ol
3, f= T Foroln, Bm A9E 3:old) A
Ak dolny 0y QoA A AEYUxI ¥E&F
£ BA¥(coercive force)o] ot 294 &Ho] &
offict. A(12)& H¥Hoz faixl Al Fofd
A Fol7] M AGREE WA fxlsel ¥
T 9 AU

UHE B 2oMe MOSFETH 32§ UHE =
ool Al EAlo] ATt F2Y QAEl2} MOSFET
dXe MUY 29A T s 29x &4
79 13, & AFHRDSION) Hu3f dholo = 7
8 HHVSD)el it dE EAlo] wrAfEc) &
g SAFE oy A7 2o] ¥8E £ Uk

Wny = Wi+ L * D * Roson+ Lamp® (1-D) -+ Vi (W]
13

A7N WeaE BA QEE 149 FolEdeln
Dt @ MOSFETS E3hsie 2] Wstoln A
A7 A v)gold. Yoz FAY o
ol §§ Tt Rauh AE da zze
2% FAFGE @, 20 woh U HF Al
225E 5707l 2h TR FRS0N Bol
Aed, $9 37 A2lM &8 T 2858

B Tholo=g FANE AR HFe wold

o

(a) lamp current when supply DC voltage is low

(b} lamp current when supply DC voltage is high
J8 10, 8" JR M Y 22 FisH =
dE 54
Fig. 10. Current characteristics by input dc
voltage and frequency

(131) 13



HID T8 XA oI

[0l

=

rx

MOSFET®] 7&% 9oz 45 tole
zo] FapAge 14VI~18VIZ Hay & #gt
1 7}21 e, tole= Fi HFY H[F] %

&% MOSFETS =% &4 #78 gopinh
:ai_g AY e HHSAL WF7] Hs)
AE TR AR A%E ¥R 7E Faed @A
’é*étf}ai‘ﬂ: grh a9 10& T HAFAYe] #&

9} 73—?—4 Fat A% oY # 99F oo

% 45]_ #9 F& vepdY. MOSFETY
g & Aol ‘%—°~’r—i B tolee et A
°J°1 %‘% K 54& 7Hed, A¥se MOSFET
Bl JsfrE S4do] MstEn.

d9E 3o &4 R ¥ AEY =% &4
A FFoz FF FuFT GEFE HopAE,
& ¥ Hz olate] we FageAe AAH A7
5|20 AMGEHE e 3 AMAE §Fo] o}
A 39, 5% 713 Bl sty & ¥ HzolA 10
kHz] H9e) Faee 7H8 % w0z WY Jbe
ol Eornz AkHz] olgd FoFolM T 7h
T MY 3 FALE AAstop Uk & wE
Ae 7H &% xo|ZE Jstm, AF 2HEY
A% 75 FIE £5& 13l 0k

FUeg Agsigs, IF AF A PFC A
& meisie] 330VDCE AA3HACh,

3

_L

=

of L fr 2
N
N o ¢

3. AIEdIOIMd & &S Bt

3¥ 13} o] FHE 20[W] dg depel=&
Az QA7) KATS4E o448 PFC 2 UdH
o] MOSFET IRFP460 370& AMS-3tm, EMI &S
£0]7] 948 PFCol AMHE3h= FRDe 93l EAI7Htr
! reverse recovery time)e] 50ns¢] Tl =& i€
gk <lEE L1 PQ3230, 122 PQ3535, 14
PQ3535E ARS3tn Hol AEUEE 02T2 AEE
Pel=d

ag 112 Ul OWE Ao ARSEE
MOSFET®S A%t 2 #AHFE Pspice AlEHO1HE F
3 Y59 dygeln, 1d9 128 AFE FHIY
MOSFETelAN &A% ZAajojct. AlE#old 2 A¥
Ao FHF 29F F AL 2H4Ao] ofF
e RAE Q‘ﬂ%} & Sleh & AlEH ol mgelA
-9 3 A] WA F(tail current)7} 4t EAER=d),

14 (132)

ol uwdyge FAZ LAHE Ealold, 4
MOSFETel A& MOSFETS] AolEd] Haghe- 2l
Vo zA mE MF(tal curent)’t AY gtk 2
glx, e foles =% dFHe MOSFETY =
e HFY uw|go] A Aoyt md|, ol&
MOSFETOA WAEE A& Zoly] H3l &
F A% WYL ¥FL TEFRSE 1% T F
so] HIEES BE droltt
Y 138 2HEY Ao gk Mxpy
o 9X 4F % AF 2AELS AFo
@ 9oz, 79 Lt B QR
=z A% 2 AF 2¥9Ey el <oF 02
o] AE Wz AFE X WE AFE Iz A
& JHRH, olde AdHEHL gigE
125(kHz) & qHe

—

%

N

or

n‘i
on

w

P5lu 100 as $Tlur Tk

+
(2 e vixtigme:dy (3« Loney
Tioe

8 11, FET g2 8% 2 g5 Mg AlEd 01

j13=]
Fig. 11. Simulation result of FET current and
voltage
sStop hd

@I 26,0V Ch2 S.00mva M2.00us A Chl & 21,6V

e Lweroezigoous

e Sorce  Coupling  sigpe  tevel

8 12, FET g7 &F 2 g4 M2 =3 Iy

Fig. 12. Measured result of FET voltage and

current. (voltage :200V/div, current
1A/div)

Journal of KIEE, Vol. 16, No.2, Merch 2002



B I{Fl!

[T

(b) spectrum of the current

O 13. AIEUIoIME AHER siA M7 g 2
T AHEH

Fig. 13. Simulated current waveform and
spectrum of the current.

M Pos: 0.000s

CH3 1.00v

(2) lamp current

R - ERFBBTHET $168 H23%, 2002 37

0|48 - o]Ag - A

Tek gy @ Stop Pos: 30.00kHz
" B £ 2 .
: 130Khz :
,f‘ ;
¢ 12.5Khz -
£ R
: ‘.Elir ﬂv
v : :
CH3 10.0de B.25kHz  (250kS/8)

(b) spectrum of the current
O, 14. 88 AHEH =i Bx M5 Iy 2
HFE AHEH
Fig. 14. Measured waveform and spectrum of
spectrum of the current.

79 159 AlEe YAl e WS 4RE
2 yehiizd, 2923 36 g8 e %
2 19 15(0)elth &FER Filo] glo
o] wAsH a9 15(h)sk 2ol BF E° =
ﬁ's!/ﬂs}_,_ Horgsly &2 BB (A}Z]oﬂk]‘— ol H
Jo] EEEA YElWth ad15@e 714 AA7)
o &) HEH EFo|rh 1y 15(3)9} a3 15(0)8
Hlsi i AP QkPr|e] E3o] o7 7|80l
FHZ Mol JEdth 2¥MEY SARYE o
7198 19 15()7F 29 15@AFE Hehed, o]
4711 HE ¥z Agvt Axn JF A/ vF =
Ae BAZE A3, ®E 7F T YA @
TE FUTE §9 wolzd] YIeAY, 3

% F2 TS @R HobA ARA
I S ik

r~{m

_2 r)l FlO ’-r‘ o

E
1 3]
}.

(a) magnetic balllast

(133) 15



HD SZ& MAAl OHYDI0] a8 MM
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