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From the picture above, there are a few components damage when the circuit
connected to the fluorescent lamp. When the lamp fails to strike, the first component
that must be damage is IR2156 IC controller because it is the main two part of all
operation in electronic ballast. The both MOSFET IRF720 also can be damage
because of hard switching has occurred in that circuit. Besides that, a current sense
resistor, RCS also damage because this resistor is important part during preheats
since the value of RCS can determine the peak current during ignition mode. Others
damage component are RLO, RHO and CCPH.

From the damage, the main reason of circuit blow is the component
tolerances are not correct. From the circuit, most of the resistors that I used are the
type with 20% tolerances. The resistors, which need the correct tolerances in the
circuit, are current sense resistor, RCS with 1% tolerance, Resistors RHO and RLO
with 5% tolerance, preheat frequency resistor, RPH with 1% tolerance and oscillator
timing resistor, RT with 1% tolerance. Others reason is the tolerances and type of
capacitors like resonant capacitor, CRES with 5% tolerance and timing capacitor, CT
with 1% tolerance. Unfortunately, the type of resonant capacitor and timing capacitor
that I used in my project are not the actual type. One other reason that the circuit was
failed is the value of timing resistor, RT is not match with IR2156 IC characteristics.
The value of RT should be 40 kQ but not 22 kQ that I used in this circuit in order to
obtain the run frequency of electronic ballast in range 37.6 kHz to 43.9 kHz. Based
on calculation in chapter 3, the run frequency for 22 kQ RT is about 75 kHz. This
frequency is out of range and an error in IR2156 IC should be occurring because of
not match with IC characteristics. We can refer the characteristics of IR2156 IC in
appendix B




CHAPTER§

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

From this project, the electronic ballast circuit that is constructed is to replace
the conventional ballast for use in fluorescent lamp. The matching semiconductor
components are important things that I need to take action in designing ballast
circuit, An electronic ballast circuit must be contains an input filter circuit, rectifier,
controller circuit, half-bridge and output stage circuit. IR2156 IC ballast controller
that can control the voltage and current for preheat, ignition and run mode of
fluorescent lamp controls the operation of electronic ballast. When electronic ballast
project is complete, it can be used in lighting system by fluorescent lamp where the
electrical power consumed by fluorescent tube is less rather than previous ballast
because the high frequency ballast with high power factor will reduce the flickering
in starting condition since it consume more power for electricity. Finally, the
objective of this project cannot be achieved completely because of component
tolerances error, different type and error value of components.
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52 Recommendation For Future Work

For the future work, the electronic ballast circuit must be designed with
correct component tolerance and should be match with IR2156 IC ballast so that the
can’t be damage soon. The component type such as resonant capacitor must be the
real resonant capacitor because this component is one of important part in electronic
ballast circuit since this capacitor connected directly to fluorescent lamp and replace
starter connection. Lastly, the ultra fast recovery diode (10DF6) should replace the
fast recovery diode (1N4937) in the circuit for more efficient system.




(1]

[2]

[31

[4]

(5]

[6]

[7]

[8]

43

REFERENCES

Self-Oscillating Dimmable Electronic Ballast for Fluorescent Lamps
(http://ieeexplore.icee.org/iel5/7586/20672/00955413 .pdf?tp=&amumber=95
5413 &isnumber=20672)

http://www.repairfaq.org/sam/flamp htm#fb3

A Novel Single-Switch Single-Stage Electronic Ballast With High Input
Power Factor
(http://ieeexplore.ieee.org/iel5/10774/33940/0161987 3. pdftp=&arnumber=1
619873 &isnumber=33940)

Design Considerations For Economical Electronic Ballasts
(http://iceexplore.ieee.org/iel2/3200/2101/00404887 .pdftp=& arnumber=404
887&isnumber=9101)

A Unity Power Factor High Frequency Parallel Resonant Electronic Ballast
(http://ieeexplore.ieee.org/xpls/abs_all jsp?arnumber=152329)

Fluorescent Ballast Design Using Passive P.F.C. and Crest Factor Control

(http://www.irf.com/technical-info/appnotes/an-998.pdf)

Electronic Ballasts by Harry C. Box
(http://www lightlineelectronics.com/Ballasts.pdf)

Power Electronic Ballast Using Resonant Switched Capacitor Techniques
(http://ieeexplore.ieee.org/iel 5/7123/19200/00888903 .pdf?arnumber=8

88903




44

[9] IR2156(S) & (PbF)
(http://www.ortodoxism.ro/datasheets/irf/ir2156.pdf)

[10] Fluorescent Lamp
http://en.wikipedia.org/wiki/Fluorescent lamp




| APPENDICES




46

APPENDIX A

PCB FABRICATION METHOD

Printed Circuit Board (PCB) is a mechanical assembly consisting of layers of
fiberglass sheet laminated with etched copper patterns. It is used to mount electronic

parts in a rigid manner suitable for packaging. It also known as a Printed Wiring
Board (PWB).

Figure A1::PCB board that available in the market

Draw the PCB Layout

The PCB layout can be draw manually or by using ORCAD 9.2 software with
full edition. Firstly, the project must be designed by using orcad capture with full
circuit. The components selected in the orcad capture must be exactly the true
components that need to use in hardware fabrication. If the actual component is not
exist in the arcad capture, we can choose the available component that was
equivalent with the actual component.
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Figure A2: Full circuit schematic of electronic ballast with equivalent component in
orcad Capture

ThiAfter the schematic in orcad capture was complete, the circuit must be
transferred to the orcad layout program. From the orcad layout software, the actual
footprint for every component in electronic ballast circuit can be identified to make
sure the all size of footprints are same with the actual components. The actual size of
every footprint can be measured via orcad layout and can be compared with size of
actual components. The actual size for every component is the most important thing
in making PCB layout so that the all components can be placed in the right ways on
the PCB board. If the size of footprint is different from actual component, we can
create the new footprint with suitable size in orcad layout. After that, all the
components part will be route by autorouting or manual route method. The complete
PCB layout is shown in figure A3.
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Figure A3: PCB layout with footprints view.

To transfer the PCB layout on the PCB board, we must eliminate the footprint

Elactronic Ballest
Fashan EAQ 3091

Figure A4: PCB layout with route line and hidden footprints
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Tranferring image

After the routing process was complete, the image from orcad layout must be
transferred by print out onto glossy photo paper. This type of paper must be printed
by using laser jet printer type because it can produces a good solid black with no
toner pinholes and good quality copier. After that, the glossy paper image printed
must be lay face down over a cleaned circuit board blank and then iron it until the

image from the paper will slide away leaving the toner on the board.

Etching Process

Etching is the process of chemically removing the unwanted copper from a
plated board. This process is done by using boiling machine to boil the mixture of
water and acid powder in order to remove the unwanted copper from a plate board.
To complete tis process, it will take about two hours to remove the all unwanted

copper

Figure AS: PCB board after the etching process




50

Drilling Process

After etching was complete, the board must be make the hole for placing the
components on the board. The typical hole sizes for ICs, and resistors are about are
0.8 mm, larger diodes and capacitors are about 1.0mm and fuse holder is about
1.2mm to 1.5mm. After completing all the process, the all the components can be
placing in PCB board with more easy

Figure A6: Drilling Machine
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APPENDIX B

IR2156 DATASHEET

International
ISR Rectifier

Data Sheet No. PD601824

IR2156(S) & (PbF)

Features

« Ballast control and half-bridge driver in one IC
o Programmable preheat frequency

e Programmable preheat time

o Internal ignition ramp

e Programmable over-current threshold

o Programmable run frequency

Description

The IR2156 incorporates a high voltage half-bridge
gate driver with a programmable osciliator and state
diagram to form a complete ballast control IC. The
IR2158 features include programmable preheat and
run frequencies, programmable preheat time, program-
mable dead-time, and programmable over-curent pro-
tection. Comprehensive protection features such as

BALLAST CONTROL IC

« Programmable dead time

e DC bus under-vollage reset

o Shutdown pin with hysteresis

o Internal 15.6V zener clamp diode on Voo
o Micropower startup (150pA)

» Latch immunity and ESD protection

¢ Also available LEAD-FREE (PbF}

Packages

protection from failure of a lamp to strike,filament fail- 14 Lesd 301G
ures, as well as an automatic restart function, have 14 Lead PDIP {natrow body}
been includedin the design. The IR2156 is availablein
both 14 lead PDIP and 14 lead SOIC packages.
CFL Application Diagram
e
*
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IR2156(S)& (PbF) International
ToR Rectifier

Absolute Maximum Ratings

Absalule maximum ratings indisate sustained limits beyond which damage lo the device may ccour All voltage
parameters sre absolute vollages refersnced kb COM, all cunrents are defined posilive inlo any lead. The thermal
resistance and power dissipation ralings are measured under board mounted and stil s conditions.

Symbol | Definition Min. Max. Units
g High side floating supply vollage -0.3 825
Vg High side fluating supply offsst voltage Vg - 25 Ve +0.3 v
Vo High side floating output voltage Vg -0.3 Wg+ 0.3
Vio Low side output voltags -0.3 Voo +03
oraax Maximurn alfowable sutpul current (HO, LO} -500 500
dus to external power Wansistor miler effect mA
Vype YOG pin voltage ‘ -0.3 Voo +0.3
Vet CT pin voltage -0.3 Voo +4.3 v
ot CPH pin current -§ §
IrPH RPH pin current -5 B A
VrpH RPH pin voltage ‘ -0.3 Voo +03 v
InT RT pint current -5 8 mA
VRT RT pin voltage 0.3 Voo + 0.3
Vs Current sense pin vollage 0.3 §.8 v
Ine Currem sanss pin curen ] 3
lsp Shutdown pin current -B 5 mA
lop Supply current {note 1} -20 20
dVidt Alowable offsel volage slew rate -850 50 ¥ing
Po Package power dissipation @ Ta £ +26°C (14 pin PDIP} e 1.70
Po = (TammeTaMRH A T34 pin SOIC) = 160 W
Rihy s, Thermal resistance, junction to ambient {14 pin PDIP) — 70
77 pin SOIG) = 50 C
T Junction termperature -55 150
Ts Stwrage temperature -85 150 o
Ty Lead temperature (soldering, 10 seconds) —_— 300

Mote 1:  This IC contains a zener clanp structure between the chip Voo and COM which has a nominal breakdown
voltage of 15.8V. Please note that this supply pin should not be driven by a DC, low impedance power source
greater than the Vo aup specified in the Electrical Charatteristics section,




International
IoR Rectifier

Recommended Operating Conditions
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IR2156(S)&(PbF)

For proper eperaticn the device should be used within the recommended conditions.

Symbol | Definition Min. Max. Units
VBg High side floating supply voltage Vee- 07 VoLamp
VRSN Miniroum required VBS veltage for proper HO funclionality 8 Voo v

\& Steady state high side Roating supply offset voltage -1 800

Vo Supply volage Veouys VCLAMP

oo Bupply current note 2 ER mA
CT CT lead capasitance 220 — pF
Isp Shutdown lead current -1 1 A
ics Current senes lead current -1 1
Ts Junction temperature 40 125 K

(B SO pin leakags curcent (@Vgp=BV) — 128 WA

foelk C& pin leakage current {@Vos=3V) — 25 i

Note 2. Encugh current should be supplied into the VCC lead o keep the intemal 15.6V zener dlamp dicde on this lead

regulating ite veltage, Vopamp.

Electrical Characteristics

Voo = Vps = VRias = 14V +1- .25V, Vypg = Open, Ry = 39.0k(3, Rpy = 1008k, Ct = 470 pF, Vopy = 0.0V, Vgs = 00V,
Vap = 0.0V, CLO, HO = 10D0pF, Ta = 26°C unless otherwise specified.

Symbol | Definition Min. | Typ. | Max. | Units | Test Conditions
Supply Characteristics
Voowvs | Voo supply undervoliage positive going 0.5 118 125 Vg rising from OV
threshokd
Voouy. | Voo supply undersoliage negative going 8.5 9.5 10.5 Voo falling from 14y
threshgkt v
Vuwivs | Voo supply undervoltage tockout hysteresis 1.8 2.0 30
locowy | UVLO mede quiescent current 50 120 200 Voo =11V
tnoepyr | Faultnode quisscent current — 200 470 | yA Shi= 8.9, or
C8> 1.3¥
loce Quiescent Voo supply curent — 1.0 1.8 CT connected toCOM
mA WVICC =14V, RT=18k{}
lncosok | Voo supply current, f = S0kHz — 10 1.5 RT = 15ki2
Ct =470 pF
Voramp | Voo zener clamp voltage 14.5 18.6 6.5 v Ioo = BmA
Floating Supply Characteristics
| loRso Quigscent VBS supply cutrent -5 g 5 A VHO = Vs (CT = 0V}
lopsi Quisscant Vpg supply current — 30 50 ) VHo = Va{Ct = 14V)
[ 178 Offset supply leakage currant o - 50 HA Vp = Vg = 600V




IR2156(S)&(PbF)

Electrical Characteristics
Voo = Vs = Vgas = 14V +-0.28Y Vypo = Qpen, Ry = 38.0k82 Rpy = 100.0k82 Cr =470pF Vopy = 0.0V Vpg = 0.0V,
Vep = 0.0V, Cuo, Ho = 1000pF, Ty, = 25°C unless sthemise specified.
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Infernational
ToR Rectifier

Symbol | Definition Min. | Typ. ] Max. ]u,nits | Test Conditions
Oscillator, Bailast Control, /O Characteristics
fusc Oscifiator Feguancy 28 3G 32 kM [RT=33.0ki2. W= 6V
Yopy = Open
(Guarartued by design
fosc Oseillator fregquenty 376 40 43.8 | KHz | Ry=40k, Rpy = 100K
Ot = 470pF
] Qacilator duty cyds — 30 - Ya
VeT+ Uppes CT ramp volage threshold — 8.3 - -
VeT. Lower CT remp volage threshold = 4.8 pa Vo Vo= Ay
VoTRT | Faul-mode CT pin voltage - g —_ i 1SD =51V ar CS»1.3v
anly CT CAP should
hevonneded to CT
LD LO output deadtime —— 2.0 —— usag
iTHD HO putpul deadliime e 2.0 e uses
ROT Irntermnal deadtime rasistor — 3 — KLy
Preheat Characteristics
o TFH it charghig current 38 43 52 BA | vppp=iovei=1gy,
VDC=8Y
VEPHRLY | Faultmode CPH pin witage — k] e V8D = 5.1 or G8 1 3|
RPH Characteristics
IR | Open cirouit RPH pin leakage curent = 81 1 — WA 1CT = 10%
VReHRLT | Fault-mods RPH pinwltage — 2 e myV_ 8D »5 1V orC8 *1.3y
RT Characteristics
| IRTLE Open vircuit BT pin leakage cugrent - 8.1 — A [ CT=10v
Ve | Faultmode RT pin volage — 3 — aiv 8D = 5.1 or C8 »1.3y]
Protection Characteristics
h\i%pﬂ-le Bismg chutdown pin threshold voltage — 5_5__ 1 o ¥
Vepys | Shutdown pin threshold hysterasis — 450 e Y
[VgsT | Over-current senge threshold vollage ER 125 744 v
ios Qvar-purrent sense propogation delay — 160 e neee | Delay fiom C8 1o LO
Vosrw | Overcurtent sense mimmum puise widlh | — 135 —_ nsec | Vog pulse amphiude
- =VesTI00myY
Rypo DG bus sensing resistor 78 14 14 ki {Vopuei2V, VOT=0V
Y00 TV
Yernvpe | CFH to VDG offeat veltage 10.3 0.9 11.4 v Vopye open Woc=0V
Gate Driver Qutput Characteristics _
VoL Towlevel oulpul vollage — 1) 08 =0
VOH___|High-evel oulput voliage — ) i T
tr Turr-onsige time — 14D 150
tf TFurn-off fall ime - &8 100 ns | GLo = CHo=iaF )
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s IR2156(S)&PbF)
Block Diagram
St =
L A r}g‘l §
—y

-

UniE- |

vonsge
Tatart

Lead Assignments & Definitions

Pin Assignments

m‘lw;‘*f 18] ve
i3] e
T3 v
T Lo

T s

Ty

961 gl

] =0

Pin # | Symbol | Description
2 VOO Logic & low-skle gate driversupply
3 YOG 10 starbup ard DC bus sensing input
4 RY Minimum frequency timing rasistor
5 RFH Preheat frequency timing resistor
& o1 Oscillator timing capacitaor
7 | ©PM | Preheat timing capacitor
& OOM IC power & signal ground
8 | sD Shutdown input =~
10 | €8 | Cuventsensiogioput
11 Lo Low-side gale driver output
12 vs High-side floating return
13 H2 High-side gale driver oulput
14 VB Highr-side gate driver floaling supply




IR2156(S)&(PbF)

State Diagram
Power Turned On
UVLO Mode
e Bridge OF n
» 1y, 2 120p4 -
=5V
©T = 0% (Dschlater OF
C8 > 4,3V
iLamp Remowai
or . )
SO =51V vig :;;.SV Y+
oF
VECC < 9.8V (UV.) 8D <84V
{Power Tumed OF)
FAULT Mode PREHEAT Mode
Fault Leteh Sat s -Bridge oscilating & f,,
. Bridge OFf RPH Y RT |
Ioge 3 13004 CPH Charging @ los, = 5 B4 >
Eprim o CS Enabied i CPH » 7.5v
WCC = 158% Rige 10 COM = 128500
CT = 0V {Cschlator O} P > T8V
3
CPH > 10V
{End of PREMEAT Mods!
L
€8 =13V ignition Ramp
L’Faiéure tx Strke Lame) Mode
- BPH Open
fF‘h' famps to fo,
2P charging
CPH > 13V
£8 = 1.3V
iLamp Fauity RUN Mode
_ FiPH = Open
V2-Brigge Oueilsting @
£
R

Iniernational
ToR Rectifier

VEC = 8.5V

PCC Fauiz or Power Down
or

0= 89V

iLamo Fault or Lamg Removar




International IR2156(S)&{PbF)
ToR Rectifier ) )
Timing Diagrams
Normal operation
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APPENDIX C

RESONANT INDUCTOR DATASHEET

INDUCTOR SPECIFICATION
TYPE : LRES (QURRENT MODE)

CORESIZE | E20M0BEF20) | Gap LENGTH mm
BOBBIN |  HORIZONTAL |
CORE MATERIAL | Philips 3CB5, Siemers N27 or equivalent |

NOMINAL INDUCTANCE mH

MAXIMUM CURRENT Apk
MAXIMUM CORE TEMPERATURE oC

WINDING |START PIN |FINISH PIN [TURNS [WIRE DIAMETER (mm)

MAIN | 195 02
ELECTRICAL LAYOUT | PHYSICAL LAYQUT
Jop MBW
S
SNV J6mm
20mm
TEST (TEST FREQUENCY =50K+2)
MAIN WINDING INDUCTANCE [MIN | mH |ma | mH

MAIN WINDING RESISTANCE ohms

NOTE ; Inductor must not saturate &t maximum current and masimum core temparature at givan
test frequency,

59
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APPENDIX D
IRF720 DATASHEET
[IOR] IRF720
Rp
S ¥ SU——
. — 7&\ DUT.
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< | AN T
§ 2.0 ™ Fig 10a. Switching Time Test Circuit
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g " N 0w N/ \ [
B \ { |
0.5 - | { t
\ e LA
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APPENDIX E

COMMON MODE LINE FILTER DATASHEET
Panasonic

Line Filters

Japat
Singapere
Indongsia

Line Filters

seies. V' (Type 280, 450, 650, 850, 21V, 24V)
rieH  (Type 200, 270, 400, 600)

seriesF  (Type 23F, 25F)

series M (Type 110, 14, 16M)

series N (Type 15N, 18N, 20N)

seriesHigh N (Type 17N, 19N, 21N)

%J

Line #lters suppressing conduciive noise ranging from
low to high fregquencies generaled al sower supply

circwis of CHOMUC equigment

vanous ele

Industrial Property: Patents 22 {inct pencin

)

Type 23F

[od NN
SETIES ¥

Type 244

Type 800

Tyne 140

Tyoe 114

gn N

eriea M, Hig

Type 184
Type 128
B Features
Seres Types Features
290, 450, 650, 830, - T :

Y ;Li’g,-; ;‘1 C. 85 ® Excallent attenuazons in high frequency charasterizucs

. Ay rizontat .

H 200, 270, 407, 600 'é?,‘;‘éotsti @ Decreasing greatly leakage flux

| 25F

*

13 mm neight max

@ Snali siz

i T, 14, 16

and lightwaight

T8I, 20N

L

itasie for high-d

2NSity AUTOMEnS inserion

21N

Hign 4 17H. 180, & High inducta

noe (Sarme size with series M)

& Ty 27V i ofvaiopes prodult of Tyos 855, 24Y I8 Ty

,o
Teps

BRes Lommended Applications
® CTY VTR, Augios. PC. Facaimiles




65

Panasonic : Line Filters

B Dimensions i mim {not 10 scale)
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Panasonic Line Filters

M Explanation of Part Numbers
&V H oﬁﬁ&ﬂ

IEIGEIIE]@E]E]E 00

Procuct oo Option 1 Option 2

& F 1 Series

3 & z 31 iz
:sode Syle Seres Design Ho. Ggen 1 Option 2 Option 3
. {Current) '
E3 7 & 2 i 11 2
Procuct code Type Crgrant Opton @ Option 2 Option 3

B Performance Charactaristics

FSerigs [B 5
)| 23F [ 25F |1

AC 250 ¥rms ‘
Currant Refer 1o *Examales”
Inductance Refer v *Examples’
: AC ZKY Timen
43 K max

* Denk: Yorin®. UL, Lok, [EL

B Connection Shematics B Circuit Example
O™
T 1
\.) l Ty
g{\.&j_( ,[. ]\”“[

s AT s T3 ——
1,},] - 1{3 T r""l éﬁa

W Impedance and Attenuation Characteristics {Typical; B Current-Inductance {min. Characteristics {Reference oniy}

@ impedance Characiernstics I I A K
R ¥ I B oo (Tomg, vise 45 £ max,
T - -
g 4 t& 5%
2 TP
g Agp-n= ’
& A+ y 2 \
£
: /1 < 19 \
oa Ao 1] 3 A
LE% a1 W Wx TN 108 g 7 Y
S1eousroy {42 g -
- \
& Test Circult Diagram z \ >
> \
T ALALTTT
I 2
[ " "2 S
. oo e aed X \
1 . N
N—
81  0Z 83 8507 1 z 2 & 7 W
Currant (RS} &




