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Thesis Title A Class D Single-stage Electronic Ballast for a 70 watts Metal Halide Lamp.
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Abstract

This thesis describes the design and implement of a single-state electronic ballast for a 70 W metal-
halide lamp which is based on the zero voltage switching (ZVS). This ballast consists of 3 circuits :
the rectifier, the power factor correction (PFC) and the series-parallel resonant class D inverter
which work together. The operation of the rectifier circuit converts the ac voltage from the input
source to the dc voltage and supplies it to the series-parallel resonant class D inverter to step up the
dc input to a high voltage for lamp ignition. This inverter is operated with the PFC circuit and uses
the same switch. The circuit switching frequency is 55 kHz and the input is 220V 50 Hz. The
experimental results showed that at maximum power output, the circuit was operating at 1.0 PF, 3.7
% THDi. These measured results are complied with IEC-61000-3-2 Class C Standard. The crest
factor was 1.52 which is agree with the TIS 1506-2541 Standard. The total circuit efficiency was

92.61 percents.

Keywords: Electronic Ballast / Class D Series-parallel Resonant Inverter / Zero Voltage Switching
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Preliminary Data Sheet No. PD60062 revM

International
IGR Rectifier IR2153(D)(S)&(PbF)
SELF-OSCILLATING HALF-BRIDGE DRIVER

Features Product Summary

e Integrated 600V half-bridge gate driver

e 15.6V zener clamp on Vcc VOFFSET 600V max.
e True micropower startup

e Tighter initial deadtime control Duty Cycle 50%

# Lowtemperature coefficient deadtime

e Shutdown feature (1/6th Vec) on Ct pin Tr/Tp 80/40ns
e Increased undervoltage lockout Hysteresis (1V) V 15 6V

e Lower power level-shifting circuit clamp .

e Constant LO, HO pulse widths at startup Deadtime (typ.) 1.2 us

e Lower di/dt gate driver for better noise immunity
e Low side outputin phase with RT

e Internal 50nsec (typ.) bootstrap diode (IR2153D) Pac Kages
& Excellent latch immunity onallinputs and outputs
e ESD protection on all leads

e Also available LEAD-FREE

Description

The IR2153D(S) are an improved version of the 8 Lead PDIP 8 Lead SOIC
popular IR2155 and IR2151 gate driver ICs, and incor-
porates a high voltage half-bridge gate driver with a front end oscillator similar to the industry standard CMOS
555 timer. The IR2153 provides more functionality and is easier to use than previous ICs. A shutdown feature
has been designed into the CT pin, so that both gate driver outputs can be disabled using a low voltage control
signal. In addition, the gate driver output pulse widths are the same once the rising undervoltage lockout
threshold on Ve has been reached, resulting in a more stable profile of frequency vs time at startup.
MNoise immunity has been improved significantly, both by lowering the peak di/dt of the gate drivers, and by
increasing the undervoltage lockout hysteresis to 1V. Finally, special attention has been payed to maximizing
the latch immunity of the device, and providing comprehensive ESD protection on all pins.

Typical Connections

IR2153(S) IR2153D
" B0V s00v
i i " B
— T WE oo VB
= 14 = (5
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IR2153(D)(S) & (PbF)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM, all currents are defined positive into any lead. The thermal resistance and
power dissipation ratings are measured under board mounted and still air conditions.
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International
TSR Rectifier

Symbol | Definition Min. Max. Units

Ve High side floating supply voltage -0.3 625
Vs High side floating supply offset voltage Vg-25 Vg +0.3
Vo High side floating output voltage Vg-03 Vg+0.3
Vo Low side output voltage -03 Voo +03 v
VrT Rrpinvoltage -0.3 Voo +0.3
Vet CTpinvoltage -0.3 Voo +0.3
e Supply current (note 1) — 25 mA
IRT RT pin current -5 5

dV/gidt Allowable offset voltage slew rate -50 50 Vins
Po Maximum power dissipation @ T =+25°C (8 Lead DIP) — 1.0 W

(8 Lead SOIC) — 0.625
Rthya, Thermal resistance, junction to ambient (8 Lead DIP) — 125 o
(8 Lead SOIC) — 200
Ty Junction temperature -55 150
Ts Storage temperature -55 150 ‘C
TL Lead temperature (soldering, 10 seconds) — 300
Recommended Operating Conditions
For proper operation the device should be used within the recommended conditions.
Symbol | Definition Min. Max. Units

Ves High side floating supply voltage Vee -0.7 Vevuame
Vs Steady state high side floating supply offset voltage -3.0 (note 2) 600 v

Voo Supply voltage 10 VeLame

loc Supply current (note 3) 5 mA
Ty Junction temperature -40 125 °C

Note 1: This IC contains a zener clamp structure between the chip Voo and COM which has a nominal breakdown
voltage of 15.6V. Please note that this supply pin should not be driven by a DC, low impedance power source
greater than the VioLamp specified in the Electrical Characteristics section.

Mote 22 Care should be taken to avoid output switching conditions where the Vs node flies inductively below ground by
more than 5V.

Mote 3:  Enough current should be supplied to the Ve pin ofthe IC to keep the internal 15.6V zener diode clamping the
voltage at this pin.



International
IR Rectifier

Recommended Component Values
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IR2153(D)(S)& (PbF)

Symbol |Component Min. Max. Units
Rt Timing resistor value 10 — k€2
Cr C pin capacitor value 330 — pF
IR2153 RT vs Frequency
1000000 == . = el
. [~ 5
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100000 gﬁ_‘h s “
= i
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IR2153(D)(S) & (PbF) International

ISR Rectifier

Electrical Characteristics

Veias Vee. Ves) = 12V, CL = 1000 pF, Ct =1 nF and Ty, = 25°C unless otherwise specified. The Vy, Vg and Iy
parameters are referenced to COM. The Vi and lo parameters are referenced to COM and are applicable to the
respective ocutput leads: HO or LO.

Low Voltage Supply Characteristics

Symbol |Definition Min. | Typ. | Max. |Units [TestConditions

Vecuws | Rising Ve undervoltage lockout threshold 8.1 9.0 9.9

Voo Falling Ve undervoltage lockout threshold 7.2 8.0 8.8 Y]

Voouwn | Voo undervoltage lockout Hysteresis 0.5 1.0 1.5

laccuy Micropower startup V. supply current — 75 150 A Vee £Veouw-

lace Quiescent Ve supply current — 500 950 ’

Vowame | Voo zener clamp voltage 144 156 16.8 V" loe =5mA

Floating Supply Characteristics

Symbol Definition Min. | Typ. | Max. |Units |Test Conditions

lagsuv Micropower startup Vgg supply curent — 0 10 A Voo =Veouw-

loes Quiescent VBS supply current — 30 50 '

Vesmin Minimum required Vgg voltage for proper — 4.0 5.0 Y Vee=Veouys + 01V
functionality from R to HO

Ik Offset supply leakage current — — 50 A Ve =\Vs = 600V

VF Bootstrap diode forward voltage (IR2153D) 0.5 — 1.0 N IF = 250mA

Dscillator /O Characteristics

Symbol|Definition Min. | Typ. | Max. |Units | Test Conditions
fosc Oscillator frequency 19.4 20 20.6 Ry =36.9k02
94 100 106 Kz RT =7.43k0
d RT pin duty cycle 48 50 52 % fo < 100kHz
leT CT pin current —_ 0.001 1.0 uA
leTuw UV-mode Ct pin pulldown current 0.30 0.70 1.2 mA Vee=7V
VeT+ Upper CT ramp voltage threshold —_ 8.0 —_—
Ver- Lower Ct ramp voltage threshold — 4.0 — W
Versp | C1 voltage shutdown threshold 1.8 2.1 2.4
VRT+ High-level RT output voltage, Vcc - VRT — 10 50 IrT=100pA
— 100 300 IRT=1mA
VRT- Low-level Rt output voltage — 10 50 IrT= 100pA
— 100 300 Yy IrT=1mA
VRTUV | UV-mode RT output voltage — 0 100 Vee =Veouw-
VrTsp [ SD-Mode Rt output voltage, Voo - VRT — 10 50 IpT= 100pA,
VeT=0v
— 10 300 IrT= 1mMA,

VeT=0Vv
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IR Rectifier

Electrical Characteristics (cont.)

Gate Driver Output Characteristics
Symbol| Definition Min. | Typ. | Max. |Units [Test Conditions
Vo High level output voltage, Veias Vo — 0 100 In=0A
VOL Low-level output voltage, VO — 0 100 my lg=0A
VOL_UV | UV-mode output voltage, VO — 0 100 Io=0A
Vee = Vecuv-
tr Output rise time — a0 150
tf Output fall time — 45 100 nsec
ted Shutdown propogation delay — 660 —
td OQutput deadtime (HO or LO) 0.75 1.20 1.65 psec
Lead Definitions
Symbol | Description
Voo Logic and intemal gate drive supply voltage
Rt Oscillator timing resistor input
Ct Oscillator timing capacitor input
COM IC power and signal ground
LO Low side gate driver output
Vs High voltage floating supply retum
HO High side gate driver output
VB High side gate driver floating supply
Lead Assignments
vy vy
[1] vee ve [2] [ ] vee v 2]
(] ar o [7] [Z] o o [7]
[a]er vs 8] [=]er vs 8]
[4 | com Lo|s] [[a] com Lo|s]
8 Lead PDIP 8 Lead SOIC
IR2153D IR2153(S)

MOTE: The IR2153D is offered in 8 lead PDIP only.
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IR2153(D)(S) & (PbF) eiulr
Functional Block Diagram for IR2153(S)

LOGIC

IENES
T
[

I
DEAD | PULSE L ey
1 TIME GEN | s
' I
1—}—9—?1_’.;::
156V F “_.l I
|
|
DEAD DELAY Lo
TIME _,7 |
I
- COM

DEAD
TIME

B d
1
|
|
I R>
I P
I
| —
| 9R Q
|
| + s o
[ - =
Ri2

MOTE: The D1 is a separate die.
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Infemational IR2153(D)(S)& (PbF)
IGR Reclifier
hley 1092 [430]
— 284 [.348] ] MOTES:
E === * @ 1. DIMENSIONING & TOLERAMCING PER ANSI Y14.5M-1382.
2 7 8 5 . 2. COMTROLLNG DIMENSION: INCH.
T [L280 |
6.10 [ 240] 3. DIMENSIONS ARE SHOWN IN MILLMETERS [INCHES]
‘ 4, QUTUNE CONFORMS TO JEDEC OUTUME M3-001AB,
z 3 4 === (5] MEASURED WITH THE LEADS CONSTRAINED TO BE
HE =Y * PERPENDICULAR TO DATUM PLANE C.
[ L) S (5] DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
115 [ nﬁ] b . . S
PROTUSIONS SHALL NOT EXCEED 0.25 [.010]
0.39 [.015] -—‘ 1
MIN, [ | [T
[ 5.33 [.210]
-C- 'L_. MAX \ I3
406 [160] I b %
2.93 [115] B 0 - 15 !f %
] L J gy 0558 [.022] =
_ 0.356 [.014] =
234 [100} == [®o2s [ c1c]®|c|u® S| o
BX gy 0381 [os]
; 0,204 [.008]
8 Lead PDIP 01-3003 01
FECOMMENDED  FOOTPRINT “ NOES VILLMETERS
0 — . M MAX | MM Max
5| B "‘ ’—m‘ 072 |.028] A | 055z | .oees | 118 :ua |
H [; :I H— A |on40 | 0008 | o0 |02
Vo Ts 765 I TIT Blow |oa o [0
! . : : : : ¢ |.o07s |.0ee [ oag [oas
- _l—]_ D o[a83 |86 | 480 448
1 2 3 4 (B [MDA® g4 [-255] | | | | BX 1.78 [.070] G E T E
i — 1 1 | _l ¢ |.0%0 BASC | 137 BASKC
H H: :] H |1 1 el [.025 BASC | 0535 BASC
o [ 1 i H |.2284 |.2440 | 580 |6.20
:xl_-l .5x1.2r[_35-:]-—! L i ¥ K jom |09 | 0M |08
L[ [os0 [oe a7
y | o w o i
= [el
*I il - K x 45"
A — v
imisimili ey
-C- ] |00 L004] ¥
:r_l L 8¢ B J bl i) -I B L g cd
[@ oz (o] [c]r B[ &]

NOTES 4, QUTUNE COWFORMS TO JEDEC OQUTLINE MS=012AA.
SO DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS,
OIMENSIONING & TOLERANCING PE%_:'\NH Y140 —1082. MOLD PROTRUSIONS NOT TO EXCEED .25 [.UC‘E':-

2. CONTROLLING DIMEMSION: MILLIMETER. @ DIMENSION 1S THE LENGTH OF LEAD FOR

3 DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES] SOLDERING TO A SUBSTRATE.

8 Lead SOIC 01-0021 08
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Figure 1. Input/Output Timing Diagram

International
ISR Rectifier
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Figure 2. Switching Time Waveform Definitions
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a0

10%

0%

10%

Deadtime Waveform Definitions

65



A
¥o-ana

Y] A S a
Ju 1aeu Uina

sz iamsnm

% a2 =K
TEAVDIVIANH

d' Yo aa J
wmm‘n"lmumsﬂwuw

66

e lsedud nesdosvon

11 @911AY 2524

Y
UsgmatiotinidnInsugs a1wian luihdias

Tsa5euaavanna lulad w.f.2544

Irnssumaasiaia aIvenssy llih

PNINDENA 1U TagUNIUAT W.A. 2546

Irnssuenaasuniiaga anisienisy i

winInerdoma TuTadnszroundsuys w.a. 2549

Y] 4 a
Iyeiiug nosaoven 1ag DB Yy IOIUUAT, 2549,
@ /a o A o A o o o s
“faaradoannsoindamapeId s uasauiaa laa
v a v U a
Y@ 70 Fad”, mydszgaauenanIdeszauunaanp
NHINAYAIVATHATUNS ASIN 4, 31 VUIAN 2549,

&% a [

UNAINGFY UHINGFITIVAIUATUNS, 11 127

Chaiyan, T. and Itsda, B., Class D Single-stage Electronic
Ballast for Metal Halide Lamp 70 Watt”, ECTI-CON 2006,

Ubonratchathani, Thailand, 10-13 May, pp. 591-594.



. oo e
Tonnad NAIBNS IOUAVENTINE WD
Tu¥i 24 190U WQHMAN WA 2549

u r ar o w o3| o
Find1 (ussaesaea) Tvudud nosasseea Wmlszinae 47400205 hinindnuves
@ s -~ -~ A 9 =3 w < o~ % o € b =
e dena lulagwsgaownarsuys sxdutiygy In vangas I7I033uMaAsIMITUNAN 719139
Faanssuif nar Faanssumians eyl naauh 98 DU INFINLN TBY 33 NYILNUN S1UD WIAlHEY
N v oo o w oL < a o da oA 79 PN ¥ N o
Suno malngy 33nda aevar svolilsudo o110 ve leudvdnsineivusn duuiinedo
s e v o e oo - . a a ¢ g v
malulatwizeonndisuss ool saevion Tvoadad dwmls anudansdnnssumans gy
Toudyininnzifennainsil

4

¥
i W ITHERD

& o

i 1% o = & 3 Y o = é : o o
Idaad Ineninus o TamasdmonseindmmAsrdiniuvasammias las
v ¢ oA ' = ' a a a
YHIR 70 TRA TG IUATINAIUANIBL HA.ASLBYYY  YWIDTHIUAT AN 14 UM Wi AVang
g 1 < = o o r L ] rey
W1 2537 1azRaTuI A IR NI AM I ITILRANERs YR I TIMndema Tu latwszapmndmugs
Yy = oa & & a4 v ¢ v o - LS
> Gt wnaddeudvan s nn e A EaRNa I a3 Wwaasdre s w1 udng iiwug
TEAuun nndoma Tulaiwizaoumd 15Uy AR IQUHINITAUATOIBVANTMILIINT 1 23 UMy
v wma o 2 Yoo i Y was S o P a a
Wiz IR YENS w2537 Auaiuh 1ATue1R I e 19ime e u s e i e de
. ey < NS = % % ] y I 3 ;
v lumsaind e viszaeasn Gaeinus 1l lunmsmonns Tudelag faw Smideednes
AN WU T UR A UM I duni LU 1aows 2 900na T Y3 NNg ATIRInIsINLRS
¢ o1 Y oY) s PP o 71 ' - Yud o o6 A4 o -
4 lunsaifdmeddsmedaz oo imus Tteouns vieeya e linduis miedanilamso
IWELHIRET IT 1T NI HIoNTTAIMTon e @RI 27, 1831 28, M9 29 UAT LIRE1 30 MW
e wma a & e - ooy v, o Y& 9V - <
Wiz iindaavand w2537 laelawmo it Smsaznszdi ldile IS uanutneomtuaie

AnuEenDT v NN TINe Ao Tulagwis tomndImuys

3%, JASRUR R 1ouavans

e lsoiug nesreuan)

—

/

{

) { ; o @ A A A
arde. O N AsvToudading

4
OT0 . T WO

(HALAT.OHNT YYYIDIUIUAT)

(HeLQAUANR  B30u)


staff-scan
Text Box

staff-scan
Text Box

staff-scan
Text Box


	0 ปกนอก.pdf
	1ปก.pdf
	2คัดย่อไทย.pdf
	3คัดย่ออังกฤษ.pdf
	4กิตติกรรมประกาศ.pdf
	5สารบัญ.pdf
	6รายการตาราง.pdf
	7รายการรูปประกอบ.pdf
	8รายการสัญลักษณ์.pdf
	9ประมวลศัพท์และคำย่อ.pdf
	บทที่ 1 บทนำ.pdf
	บทที่ 2 ทฤษฎีพื้นฐานของวงจร1.pdf
	บทที่ 3 การออกแบบวงจรบัลลาสต์อิเล็กทรอนิกส์คลาสดี.pdf
	บทที่ 4 ผลการทดลอง.pdf
	บทที่ 5 สรุปผลและข้อเสนอแนะ.pdf
	อ้างอิง.pdf
	ภาคผนวก ก1.pdf
	ภาคผนวก ก..pdf
	ภาคผนวก ข.pdf
	ประวัติผู้วิจัย.pdf
	TEST.pdf
	Untitled
	Untitled

	TEST.pdf
	Untitled
	Untitled

	TEST.pdf
	Untitled
	Untitled




