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* Typical ballast designs

* PFC
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Gas Discharge Lamp Basics IR

/Glass Envelope Blocks UV

}\ Argon and Mercury Vapor g

Fluorescent Coating

Coated Tungsten Filaments

“Low Pressure” Fluorescent Lamp

* Current flows through plasma between electrodes
* Must be AC or mercury migrates to one end

* Plasma emits mostly UV radiation
* UV excites coating to fluoresce and produce visible light

* Heated electrodes improve lamp life and lower strike voltage
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High Intensity Discharge (HID) Lamps I$2R

Argon
Mercury Vapor
Metallic Salts

Quartz
Arc-Tube

Coated
Tungsten Electrodes

Glass Envelope
Blocks UV

M
-

Medium Pressure Lamp
* AC current flows through plasma between electrodes
* Plasma emits UV radiation AND visible light directly
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Why Gas Discharge Lamps? IR

Advantages Disadvantages
* | ower total cost of * Higher initial cost
ownership * Requires ballast for
* Higher efficacy operation
(Lumens/watt)
* Narrow spectrum, lower
* Broad-spectrum, high CRI CRI (most fluorescent)
(HID)

* |_.ong warmup time (HID)

* Long lifetime (15k hours) » Disposal/recycling issues

* Dimmable (fluorescent)
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Fluorescent Lamp Operating Modes 1LY,
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Simple Ballast Block Diagram I$2R

EMI Filter Rectifier DC Bus Output Stage
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Power stage - resonant LC Circuit I$2R
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Parallel Resonant, Above Resonance I<2R
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Frequency Controls V, |

Ignition
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Magnitude [dB]

Run

Preheat

Frequency [kHz]

IGR Infernational Rectifier

Design Constraints

foun = 42KH,  (infrared)
for — fion 210KH, (tolerances)
VpH SVPHMAX (ignition during preheat)

<l

lon < Tyax (component ratings)
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CFL Ballast Typical Schematic IR
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Typical Design Procedure for Ballast TR

Begin with lamp requirements

* Preheat Current: 0.6 [A]

* Preheat Time: 2 [sec]
Lamp Type: 36W/T8 « Max Preheat Voltage: 600 [Vpp]

* Ignition Voltage: 1500 [Vpp]

* Running Lamp Power: 34 [W]

* Running Lamp Voltage: 141 [VpK]
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Select Resonant L and C I<2R

Define
Lamp

Requirements

Select L and C
Starting
Values

Calculate

Operating
‘ Points

Design
Ballast
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Spreadsheet Method

L and C selection example for linear lamp:
Lamp Type = T8/36W, PrRuN = 32W, VRUN = 141 Vpk, VpHmAX = 300 VpK,

IPH = 0.6 Arms, and ViGN = 600 Vpk.

Inputs Outputs
L C lien feH | fion | frRun | VPH
(H) (F) (Apk) (KHz) | (KHz) | (KHz) | (VpkK)
0.002 3.3E -9 0.9 75 74 43 545
0.002 6.8E -9 1.3 57 52 45 350
0.002 1.0E -8 1.6 49 42 43 273
0.002 1.5E -8 2.0 43 35 39 208

IGR Infernational Rectifier
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Ballast Design Assistant Software

IR
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Adding Power Factor Correction I$2R

EMI Filter Rectifier Boost PFC DC Bus Output Stage
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CrCM boost-mode PFC commonly used IR

LPFC DPFC IL

(+) YY" 'l DC Bus *

5
MPFC CBUS
() o O
Boost Converter ; , g
V, 1, . ton i toff
AT TN Critical-conduction Mode (CrCM)

Constant on-time
- control
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Advanced protection — lamp out circuit I$2R

18-Jul-GkE
19:13:33
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VCC

RSD \
:

B kS/s

N [  STOPPED
SD pin (upper) and half-bridge voltage (lower) during
lamp out/re-insert condition
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End-of-life detection - protection I<2R

Lamp Voltage
it o
N —L cres Vspec Vspec+30%
32
: § ov oV oV
It
. P . - Vspec- 30%
[ CSDZE DEOL1 DEOL2 _T_g §
T % - DC End Of DC End Of
= LAMP OK Lamp Life Lamp Life

Vspec= VpKin the spec of the lamp

The SD pin is internally biased at 2V. During end of life the lamp voltage will increase asymmetrically

(DC end of life). The voltage offset sensed at the top of REOL4 will increase and one of the Zeners will
turn on, therefore triggering the shutdown.
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Example Ballasts
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Summary IR

* Gas-discharge (Fluorescent) lamps offer:
* Improved efficacy (lumens/watt)
* Lower total operating cost
* Better CRI lowers light output

* Ballast is necessary to operate lamp
* Ballast operates ZVS to minimize switching loss
* Ballast controls frequency to adjust lamp current

* Ballast self protects by shutdown when lamp misbehaves
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