Electronic Ballast(E-B) for HID Lamps

Desi gn Consi der ati ons
for Robust and H gh Efficient Ball ast
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High Intensity Discharge Lamps

HPS | anp IVH | anp
(hi gh pressure sodi um (nmetal halide)

« Efficacy : 90 |mW
H gh efficacy: 130 Ilmw « WArmup tine : 3 mn.

Warmup tine : 6 mn. « Ignition inpulse :
| gnition inpul se : 2+1 el ectrodes: 0.8~2KV 10us
2-4kV 1lus 2 electrodes: sane as
Yel | ow col or HPS 1anmp
« Excellent color

Burni ng position free _
renderi ng
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Different WArm up process

e HPS lamp e MH lamp

150% 150%

125 }

wp current
100 ; ; ;
: ~ ‘
- : / : :
| I
: / : :
j// Lamp Volts |

———————————— O - moLl

"""""""" VAN :
1// Lamp Volts

wWwWw.pwm.pe.Kkr



http://www.pwm.pe.kr

Cor e- Coi |

Bal | ast

Si npl e and robust
Bi g and heavy
Much flicker

H gh Aqnp

Much | osses on Bal |l ast
(1ron | 0ss)

Choke Coil type

- low | osses

— out put wuncontrol | abl e
(reduction in life)

Const ant Wattage type

- good regul ati on

- much | osses
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El ectroni ¢ Ball ast

Smal | and |ight wei ght
Low Bal | ast | osses
Lower nai nt enance cost
FI i cker-free

Ext ends the
nore than 50%

-constant power
-l ess ignition energy

life-tinme

H gher cost ?
EM ?

Reliability ?
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NO IMPROVEMENT OF LUMINOUS EFFICACY

ON A HID ELECTRONIC BALLAST

+ DIMMING causes sputtering of

emissive material from electrodes.

-Causes blackening
-Degrades lamp life

* Never do DIMMING for
time(> 5 hrs) and below 50% of ,,_

rated power.

long
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Extending Life-time of HID lamp

 Attheend of life
- increasing the lamp voltage 100
(150% in HPS, 110% in MH)
- decreasing the light output
due to blackening
 The life time depends on
1. Ignition impluse energy

2. Warm-up process (at cold electrode) | | | | |

4 8 12 16(x1000)
Operating Hours

~ (0]
N ()]

o1
(0]

suawin [elIuUl (%)

IN
IN

U At least, 150% of rated life-time can be
achieved with E-B.
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Structures of E-B
Lamp voltage goes up as lamp ages.

HPS lamp MH lamp
* 80V(new) =160V(old)  « 130Vv(new) =150V(old)
large variation small variation

Cycllng at the end of No CyC“ng effect
life. Big problem!

« E-B for HPS : needs a ~ =0 rorMH:
variable Vg s fixed Vpegs = 380V
Veaus = Min. 300V * But,Acoustic Resonance
max. 450V Problem !
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lginition : H.V. pulses (Hps)

HPS lamp : 3kV 1lus
e Using the main L and SCR discharging circuit.

For line commutation

of TRIAC(H.VV.)

Generator

&

MV * H.V. pulse
HID Iamp @ IRFP450
0L e

= -

—»—
_ | o.sC
AC-DC T~
PFC
Circuit

AC
220V

L IRFP450

TEED

N

Cap. for Z2VvsS
reduces loss & EMI problem.

gain Conv. Buffe
K al CMOS n
q 4046 NES55 {_

55555555
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lginition : H.V. pulses (vn)
MH lamp : 800V 1ms
e Using the main L and a small Cs in parallel with lamp.

wl: at ballasting ®2: at igniting

_b.
w1
ballasting:

LT;T_I
O

ks

L
w2 i [ kg Y
) igniting oulse AN g %
Gen. S|_

vV
Vout V&I (1amp)

frequency Control | er
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Acoustic Resonance(AR)
makes Sound or Unstable arc.

HPS | anp VH | anp
- Narrow band AR - Wde band AR
- bands of - bands of
acousti c resonance acousti c resonance

! ‘\ frequency  — high

frequency —> high

: el 111

3

H stable unstable \v" H stahle unstable

L |
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Removing AR by applying

qg Square-wave driving(400Hz) : high losses, high cost
qg Spread spectrum at High Freq. : low losses, low cost
- operating freq. 20kHz < f <100kHz
Above 100kHz, Losses and EMI problem!

DC-DC
PFC buck PPt b{ IGNITOR Q
AC CONV

SQUARE-WAVE (400HZ)

HIGH FREQ. INV with SS

HALF
BRIDGE
INV
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Spread Spectrum(SS) technigue

. By Amplitude Modulation(Indirect SS)
- Ripple on the current (mod. index)

. By Random Mod. (Direct SS)

- No current ripple

Direct SS _
Pseudo Noise ndirect SS

- 1

modulation wave >

S Ahd
AV,

O0OK<

* Controller
I aé—» - O K
r Ki/s r @

A B
| Ir
| !
0
LPF

<
1(1+T,9)
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Ballast L osses (In case of 400W MHD)

40-60W

LOSS

n =0.9
PF 0.9

AC 220V - =

n =0.95
PF 0.95

Core-Coil Ballast

400W

5W
A27W Z§

_______________________________________ —p! - -
Electronic Ballast
400W
20-30W
\LOSS/
10W 10W
HF 400W
PFC RESONANT —»
INV
= 7y 7y -
CONTROLLER

wWwWw.pwm.pe.Kkr

13


http://www.pwm.pe.kr

E-B for 250W MH lamp

L1 L2 L3
—| Line [] L +
__| Filter _Z:S TCl TC2 ﬁ T L/I/_/ C3
L < Vdc 380V
Lamp ::C4
Controller - A L4
| | BARA
Circuit VCO | | | |
Watt ctrl C6 C7 C5
Power —
Lamp V -
Lamp A
3w 3.5W
Bridge 3.5W .
328\\/(,*} J Loss ] , PFC Inverter Ba”aSt LOSS].OW
Pin Loss L oSS 250W
: P> P.F:0.99
‘R0
MOSFET MOSFET Constant Output
&FRD &FRD
L_osses L_osses LOW EMI
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EMI level of E-B(250W MH)
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What | did and doil nNg(since 1990)

« HPS | anps

« VH | anps :
« HQ | anps:

35W 150w 250W 400W
250W 400W
150W 250W
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