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Abstract

In this paper, We have researched about the Electronic Ballast for 250W HPS(High Pressure Sodium)
lamp. This Electronic Ballast is capable to operate the Ignition and Steady State Using the Class D LCC
resonant tank, and minimizing the full-bridge inverter's Switching Stress by implementation Quas:-square
ZC~ZVS Soft Switching Method And also, We have reduced the heat of MOS-FETSs and high frequency
switching surge noise using the RCD clamp snubber. Therefore, We are sure that the developed ballast has
the properties of the stable & reliable Control and the function of minimizing the total noise of the system.

Key Words : Electronic Ballast,, HID lamp, Quasi-square, RCD clamp snubber

1. M 2 o, A &4do] ZHaEo] An[HFHo] gk 2p71Y
G710l wiel vhe & HA aHE zerh 53 1

71&8) 39t WA =(High Intensity Discharge Fopz dske duE(nverter) 328 &3t 7
Lamp)-§ AzMY A7) HEA LAER F4YH HAY(Flicke) 84-& WA B ofz}, HE A

* FAA Zddga A7) Fsy JAnA 12FAIAL 2002 149 149
Tel : 033-250-6292, Fax : 033-241-3775 2AL A AL 1 2002 29 5Y
E-mail : patentkang@hanmail.net AlArg g 20029 39 9Y

HA+dA 20029 19 94

18 (136) Journal of KIEE, Vol. 16, No.2, March 2002



o HAF A Aol ofiol Aar glir FAlER 7
Eo] 2714 P diAste Qa1 Urh

9% VY wol AMESlI Yt WAoE: Class
D X0HE 2ol Qlizd], Wke] o] nijol7}
#Haglol #Ge] 7Fs 0}“1 g dEiael e &
g 248 4 3= FHel Ath2]

ey, &Y “o%_ IE‘ﬂ] A&l oA 29
A dtdo] Frlsle], Qbg7Iel AMEE R Aol
Wolx| 1, Wy 2 :17]7} Z7Fshs Bl U
=3

olo] B dPME FEFYs ZV-ZCS(Zero
Current - Zero Voltage Switching) %418 LCC &
AAAME o] L3l & 2R 29xj9] 2943 &
EfAE Fiadeln, £33 RCD Clanp Snubberd
o] 83l mFul A9Foz st AYH o=
FHazlste] Alage A A S AR
Soft Switching W22l A4 A7|& pEstsich

M(Power Factor Correction), B&& 57} cig4o
o

2. 2 E

2.1 HPS B= 0] =4
2 UEE AZE s F2 2o ey

24¥09) FH& Un UV £9E 2E

WE2 Qaslo] 07 gtk EF 948 BEHA L,

FOHE, 359 AL AV Y=

g0 Mg Fn GaZe v}y

+58te] b ARTE ] %_101141_ o) 7}

F A Aoz deid Uch

= 1. 250W HPS lampQl Sats3
Table. 1. Acoustic resonance band of 250W

HPS lamp
2 s ALz} Bz
f(kHz) 2} 3z} 1/2 1/4 1/6

710] 93 186 | 279 466 | 2325 | 155
RG] 27 | 424 | 681 | 113 | 5674 | 378
AR 11 22 3H 55 25 1.83

ag@, ohaRse] 7% Ade] YAl Hol, g,
5o YEuh JuHoR BE HEAHISOV]o]
Aad, g 29 BAGS WA A
oo} QuEle] 1 FueTh QX o vhael

fRE7 - BRRXWBESIHE B168 B2, 2002F 3H

r)Ja

dud - s

X SE

xS W ARG aielsfol Slzd), @WiLe] e,
‘L“]n‘, H-9lol] [4"3}*1 sk gk whaia

aFsh gt EEAl7 Al U AR B9

ubp o] o Fshed gligAlAiok deh[3](4]

olef] £ Aol L@ 250W HPS lamp o 7
4, & C=560my/s, 1= 6cm R=05cmol we} 27}
g & Fur ogE dokrsl

Aol 1ol wet FLTE TS AAY F 3
£ g9 oot ik
1 - 25[kHz] < fsw < 34[kHz]
2the - 450kHz] < fsw < 68[kHz]

B e | R - P ki R = s R R =
g 93+ e A 2d9E HEsich

2.2 Full Bridge LCC S8& OIHH Al

1% 18 Full Bridge LCCER AHEE vehd
Holnj, LCC 37 #as2E 4 A Vgl dl
dle] 7EHo2 oY 3 g gL u goh
FH, RS WEE AY oz yehd o]
o off-stateo]¥= open circuit, Steady-state]A}:
short state, aging®] metA R ghol MAJs] Z7t
B HAS Holx itk

Q'__JE i 0 Q“_IE %
L

Vo 2 A

Qﬂ: % %_JE ¥
-

O 1. IL.CC BEICIHH 2 EH4=z
Fig. 1. | CC Resonant Inverter Circuit -

(137) 19



RCD ALH| ¥ ZIEME 0i88 250[W] HPS lamp& MA

LOC 34 812 43 A% /1A P
o thg3 o] ejAm 9

Y F2A FI5 o = o — 0]
<
A8 54 Judx z.:fcp ................... @)
Tr
A4 Quality Factor Q.= —Ff— oo 3
: _]—_'c¢
Q,\ <

283, LCC Bagze] Hols, &
gk AZ EHAS ¥ | GolE o 2o) 2

o 4 gk
Vims —
Van
1 7
W, . w,
\[ [1—[(%‘)]2—11 [—w—,] i+ Q! [WLX—'“W‘]2

............... )

o] WA ol WZF FFAIE PEE
&3] “ Ignition by resonance”&}x F-2t}.

a8lx, AYol5E natural resonant frequency
o o g Z=ch

5‘-?15_ Full Bridge Q¥Ele] AY V.5 Wig 3R
AYH {9 ks taF ol #aiA = Arh

v=tan( Q- Q, (L -+ (1 Q) )

2.3 LCC AXIgio] ME

£799E 7R3 He) olfE LOC U
A8 29] Reactive Power® MinimizingAl# Full
Bridge 293 4ol 2H#A & Fhshe olEut
Soft Switchingoll 2tk

M2, £ w2 Y= Hgte] Wt FY
ZC-ZVSE wHEA|Ao stnz Fajq] HPS #=9
}]__’:‘_ ‘}l *’F%‘%‘_’ %"Eﬁoﬂ}"]-o’] V/mnp'g' Z} Z‘lL Viamsts

Vi 2 2 A1ZITh

20 (138)

OH&D| Jhe

LCC &gt MAA 523 848 AWE Ve
.‘

Duty$h gApaelel A234 Qs grolth 94 9=
o #9o] W Duyzhd nsle] B9 e 2

O Ho| frEr}
D:
. I
P () oo’ 1= (Dent 4 DF - (D) ,
,
g )/(#‘) xcos? [(1= (Do + a DVE— (2

geo Fagelel Azl en BAYE Qs
e FeEE g g
Qs =
4Vde 2 9 _ x_ (Ch 2
\/(751{,[’—"42) xcos? [(1~ (D + 8 D)5 — (2)
\/E_ Co
Cp

Duty Dst Qs S4o] Wgs] Batatmz 3
Ao A

2.4 &30 Mol

fieq Control

Zero-Cross ng
Defecter

D

& 2. Optimum Commutation2 28t SI2%
Fig. 2. Circuit for the Optimum Commu-ation

1_

19 33 28 time sequenced ZEiT cortrol HH
% Quasi-Square  Commutationt}ejzlx &
‘:H'—][ ] o] ¥R F 5ole] ko m vpro] M7}
& 4 Qlrh

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



Qa

Van h

7D

[»X} Qr Da
Qa Q> Q>

29

Qa

ta t> ta ta ts

8 3. Optimum CommutationMllA] & MF0
A

Fig. 3. Relation of the V-! at the Optimum
Commutation

(1) H<t<t,  I<OAA 0] ‘0°] He A
o2 Do) onHx 7I3te} LAETE g3 o] F

748 “clamped interval”¢]gkx it}

(ii) t=t : ©] Tl I;=0 °]i
Aol Q,7}F tum-ondth Q&
ZCSE ol&th

(i) =t :
7} @A3la ZCSE o)1FA

SH7F dok

(iv) t=14 @ I;°] ‘Oolth Q,7} offdtz2 ZCS
g o]%1 Q= tum-ondty ZVSE o8tk @,
FAHOZ onolHI ZVSE °o|FA Fdt)h wetA
Q9= loss7} @Agt)

(v) t=t5 1 @7} off7/} HAT ZCSE o] FA
23] loss7h WA

@< on
o) Whiturn-off&hed

Q& ZAHZ tum-off¥1o} loss
23t} the)e = Dy7l

2.5 BRAHEE Zero-Crossing Detector

39 494 BEe] g9 FA& VCO(Voltage
Controlled Oscillator)& 38t F&535E A8t
I CT{Current-Transformer)S  ©] €3}  zero-
crossing detection®& & AF7F 0 HollA @,
Q& A9ABIRE YTt

2831, zero-crossing detector¥= H|nl7] LMB3I1
2 gdste] AAskan, 7EICe R2111E AHEs

By - ERRESEHE $168 HR, 20024F 37

Toroid core(1 : 500) Cp
CURRENT TRANSFORMER  Ls Cs
[Mi]___ T 1
(Y0
9 b HIGH PRESSURE SODIUM LAMP

D1N4COZNY/ SIGNAL 2

& 4. Zero Crossing Detection Circuit
Fig. 4. Zero Crossing Detection Circuit

2.6. ATE ARIH HH

Pxol A7t=ElE AYol5o] 271HTAA B
B2 ¥3lsle v &(Ratio)s AEwHd  FWAH
(Cs/Cp) Ratiooll 2]ate] Gu(HYge]l5)e] AAHh
HYixo] Z7)AE & off-Statedd Qs & ¢ @
WEe] W= Wp & & 4 o} o), ;= ofciof
A7 e AL g Zrh

T S ©

Freq(kHz)

100 |—
80
80 |—
40 |-

20 |—
— Vdc

-

10

8 5 VCOO sE4IM
Fig. 5 Characteristic curve of the VCO

(139) 21



e
(@]
o
>
o
==
e
o
4
ogr
=l
iy
f=
)
o
no
S
3
=
[}
-
o
w
o
3
o
)
r
s
P
Q
o
~
=
ng

#3477}t 52
7t A& F Ax, 58] WA 7S] 29010 2
=% ¥ AshE 29

Resonantt Frequency)?l 3¢ tigit} £& X

Al EdEle AMAE RapE WEUA YZEHE

AlA A7) H FEe] RSk

olof B o] HEd ATE Ay whEE
o

m

T3 VCOE Vde =Ezske] Hgle] mepr &
graert d¥Fer Wil EA4E zta o
Full-Bridge Vde 9% AF3S wolr] VCO9| ¢
Ho] Aol <A7tHe] Soft Starting % Power
Control ¥ Dimming 71%S 788 4 I=E 31y
.

2.7 RCD Clamp Snubber 32

£ dFelA E789E Fdsty] Yt "I
03 HFAY AZE BE3] AAeodelnt dh=d]
First Am(Ql, Q3o LRIHE 2=4% =)=
(Switching Tumn off 87} AHE Y] Vde=400V F
7h, BapAF Zolel wepr AZsiA F7ksiAl He
Zero~Crossing Detector 21 & 3}8o) ojz7} wAls}
Al Hol, Aoz AFAAT EA7} AATh

RF8A0 h
c16
a1 owF == Rt
150(1W)

010k == R10
150(1W)
-

8 6. RCD Clamp Snubber Circuit
Fig. 6. RCD Clamp Snubber Circuit
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