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ABSTRACT

Nowadays, the development in technology causes some intelligent groups to
create many ideas in producing something useful for human life. The increasing of
electrical cost will give more advantages to the engineers to make research in
producing the electrical equipments that can save electrical energy. One of
application is electronic ballast. The electronic ballast is targeting the most of
peoples because everyone needs the electrical energy for lighting system whether at
home, office, school, mosque, factory and so on. The electronic ballast specially
made to replace the conventional choke in fluorescent lamp. Electronic ballast can
control the lamp power more easily and has higher efficiency since it uses the power
semiconductor devices with better switching method. Even the cost for produce the
electronic ballast is more expensive than conventional choke, it still has more
advantage in lifetime operation because it is greater than conventional choke. By
using the 240 VAC as a voltage source, the combination of L-C circuit will be acts as
filter in electronic ballast circuit to eliminate the spikes and smoothes out the steps in
the current waveform during start-up.. Furthermore, the introducing of IR2156
ballast controller IC in electronic ballast circuit can make the operation of lighting
system will improved. The IR2156 IC has include the programmable preheat
frequency, programmable preheat time and programmable over current protection
and internal ignition ramp which can make sure the safety of this system is
guaranteed. Consequently, the high frequency can obtained and the efficiency of
lamp operation can improved. Therefore, everyone can save his or her money to pay
the electricity bill since the electronic ballast used in fluorescent lamp




ABSTRAK

Perkembangan teknologi pada masa sekarang telah menyebabkan beberapa
kumpulan yang bijak pandai untuk mencipta banyak idea untuk menghasilkan
sesuatu yang boleh memberi manfaat kepada manusia. Kenaikan kos dalam bayaran
bil elektrik telah menyebabkan jurutera membuat kajian untuk menghasilkan
perkakasan elektrik yang berupaya menjimatkan penggunaan tenaga elektrik. Satu
yang telah terhasil iaitu ballast elektronik. Ballast elektronik mensasarkan
keseluruhan golongan manusia kerana setiap orang meggunakan tenaga elektik untuk
system pencahayaan tidak kira sama ada di rumah, pejabat, sekolah, masjid, kilang
dan sebagainya. Ballast elektronik khususnya dicipta untuk menggantikan cok yang
biasanya digunakan di dalam lampu pendaflour semenjak lampu pendaflour yang
menggunakan cok biasa memerlukan tenaga elekirik yang tinggi berbanding ballast
elektronik. Ballast elektronik berupaya mengawal penggunaan kuasa lampu dengan
lebih mudah dan lebih efisien semenjak ia menggunakan komponen-komponen
semikonduktor dengan kaedah pensuisannya yang lebih baik. Meskipun kos yang
diperlukan untuk meghasilkan ballast elektronik adalah lebih tinggi daripada cok
biasa, namun ia masih mempunyai kelebihan kerana jangkayat operasinya adalah
lebih lama dan lebih baik daripada cok biasa. Dengan meﬁggunakan sumber voltan
sebanyak 240 V melalui arus ulang-alik, kombinasi litar L-C yang disambungkan
secara terus pada sumber voltan tadi berfungsi sebagai penapis di dalam litar elektik

- yang berupaya untuk menyingkirkan lebihan arus elektrik dan menstabilkan

gelombang arus semasa lampu mula-mula menyala. Kesannya, frekuensi yang lebih
tinggi dapat diperolehi di mana kecekapan di dalam operasinya meningkat. Oleh itu,
setiap orang berupaya menjimatkan perbelanjaan mereka untuk membayar bil
elektrik apabila mereka menggunakan ballast elektronik untuk lampu pendaflour.
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"CHAPTER1

INTRODUCTION

1.1  Background

This chapter explains about the overview of electronic ballast, the objectives
of the project, project scopes and thesis outline. This project is suitable for lighting
application.

1.2  Electronic Ballast Overview

Electronic ballast is ballast that uses semiconductor components to increase
the frequency of fluorescent lamp operation, typically in the 20 — 40 kHz range rather
than 50 Hz normally used in conventional ballast. The conventional ballast was used
today is need a starter to ignite the lamp and fluorescent lamp will flick during the
ignition process. This flicker is actually will cause the high starting current or in-rush
current occurs during starting process. This event will consume more power demand

during starting condition and consumers are necessary to pay the electricity bill for




every month with high rate of value. Consequently, waste energy will occur in
electrical energy and so, waste money for consumers.

However, electronic ballast needed to design for improving the lighting
system of fluorescent lamp. Based of potential in electronic ballast, most of all
problems at above can reduce or may eliminate. High frequency, which produces in
electronic ballast, will improve the efficiency of lamp operation. The life of
electronic ballast is longer than conventional ballast because the flicker effect is free

and less noise in operation.

1.3. Objectives

The overall objective of this project is to produce the high frequency ( 20kHz
— 40kHz ) electronic ballast which is capable of achieving 0.95 power factor for use
with 18 W fluorescent lighting systems. However, the objectives are to free from
flickering in lighting system and reduce the noise such as Electromagnetic
interference (EMI) and Radio Frequency Interference (RFI) so that the lamp’s life
can be longer. Other objectives also are to make the energy consumption in
fluorescent tube light fittings and consume the electrical energy to consumers with
low cost of operation and to avoid the need for starter to light up the fluorescent
lamp.




1.4. Scope of Project

In this project, I need to design and construct electronic ballast for use with a
fluorescent lamp. The type of fluorescent lamp that I will use is T8 / 18W tube
because this type is very popular in use for most of the place like classroom, home,
office, mosque, café and so on. The circuit design for my project should be match
with electrical line voltage requirement and suitable with fluorescent lamp type. This
requirement is so important because to prevent any explosion or leakage in electronic
ballast.

The components that need to use in electronic ballast circuit also must have
suitable rating and value for each circuit stage so that the circuit can be function. The
240 VAC supply will be use to supply the power in fluorescent lamp because the
most of lighting system for fluorescent lamp today are using AC source as a supply.

1.5  Thesis Qutline

Chapter 1 explains the background and overview of electronic ballast project.
The project criterion is based on the 240VAC voltage source and 50 Hz that is used
in Malaysia.

Chapter 2 focuses on the methodologies for the implementations and
designing of electronic ballast. It gives a brief review and correlation of all methods
in producing electronic ballast for T8 and 18-watt fluorescent tube.




Chapter 3 explains and discuss about the meaning of electronic ballast, how
electronic ballast works, the advantages of electronic ballast and the detail of
implementation of electronic ballast.

Chapter 4 discusses all the results obtained in analysis of project. All
discussions are concentrating on the result and performance of overall project.

Chapter 5 discusses the conclusion of the overall project. This chapter also
discusses the problem and the recommendation for this project.




CHAPTER 2

LITERATURE REVIEWS

21 Electronic Ballast Overview

Nowadays, electronic ballasts for fluorescent lamps are popular in many
lighting systems. Typical electronic ballasts consist of two power stages. The first
stage is a power factor corrector for regulating the dc-link voltage. The second stage
is a half-bridge series resonant parallel-loaded inverter for ballasting the lamp.
Driving of the inverter switches can be accomplished by two methods. The first is to
use a self-oscillating circuit, in which a saturable transformer drives the switches.
Typical switches are bipolar transistors. The second is to use a ballast integrated
circuit (IC) and the switches are usually MOSFETs. The self-oscillating inverter is
the dominant solution, because the circuit is simple, robust, and cost effective [1].

Actually, electronic ballasts are basically switching power supplies that
eliminate the large, heavy, 'iron' ballast and replace it with an integrated high
frequency inverter / switcher. Current limiting is done by a very small inductor,
which has sufficient impedance at the high frequency [2]. For simplify the circuit of
electronic ballast and reduced its cost, some single-stage electronic ballasts have
been proposed by integrating PFC circuit into the inverter stage to perform both




functions of the PFC and a resonant inverter. By sharing the active power switch and
the control circuit, the component count can be effectively reduced [3].

Electronic ballasts utilizing transistor inverters are in use for quite sometime
and it is well known that energizing the lamp with a high frequency supply results in
several advantages like increased efficacy, no flicker or stroboscopic effect, instant
start even at low supply voltage, reduced heating load on air conditioning system and
others [4]. The high frequency electronic ballast usually consists of EMI filter, power
factor corrector, high-frequency dc/ac inverter, and control circuit. When these
circuits are simulated, a suitable model for the main element, fluorescent lamp, is

critical.

2.2  Principles Of Operation

Figure 2.01 shows the overall schematic diagram of Unity Power Factor High
Frequency Parallel Resonant Electronic Ballast circuit, which has self-base driver,
and controller circuit. The circuit consists of full-wave rectifier and conventional
push-pull inverter with parallel resonance circuit. Resonance occurs mainly through
C, and L,. Its operation explained as follows. In the steady state, the resonant voltage
Ve becomes sinusoidal waveform. This voltage continues to turn the QI(Q2) on and
simultaneously turn the Q2 (Q1I) off in synchronization with the zero crossing points
of the resonant voltage, and the zero voltage switching conditions of transistors are
satisfied. In the driver circuit, diode bridge rectifier, which connected to the
transformer leg 3, plays a role to supply the transistor base current steadily through
proper filtering network. As a result, the square wave current flows into the bases of
the transistors [S].




Figure 2.01: Schematic diagram of Unity Power Factor High Frequency Parallel
Resonant Electronic Ballast

The new proposed single-switch single-stage electronic ballast circuit is
shown in Figure 2. It includes a single-phase voltage supply, a lower conduction
losses boost PFC circuit formed by L, S, Ci, a diode bridge rectifier formed by D3,
D4, D5, and D6, two fast-recovery diodes DI and D2, a push-pull converter for high-
frequency supply to the lamp formed by an isolated transformer, S, C1, Cs, Ls, Cp, a
fast-recovery diode D7, and a fluorescent lamp. The power switch S operated at fixed
frequency with a constant duty cycle of 50%. The boost PFC circuit operated in
discontinuous conduction mode, the input current naturally follows the sinusoidal
waveform of the input voltage, achieving unity power factor to the utility line [3].
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Figure 2,02 : A Novel Single-Switch Single-Stage Electronic Ballast With High
Input Power Factor




2.3  Power Factor Control Methods [6]:

A typical active P.F.C. circuit supplies a regulated DC bus at higher voltage
then the maximum peak voltage of the AC supply and uses a simple boost topology
as shown in Figure 3. The boost topology of Figure 3 may be operated at constant
high frequency with continuous inductor current or in the critical conduction mode
where the inductor is allowed to discharge to zero energy in before initiating a new

charge cycle.

F
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Figure 2.03 : Active PFC Circuit

Passive PFC circuit on Figure 2.04 operates at mains frequency (50 or 60Hz)
using capacitors and iron cored inductors tuned to the line frequency in a low pass or
band pass configuration. Unfortunately, the physical size and weight of these filters
at mains frequency makes them unattractive, especially when one considers that the
rest of the ballast circuitry can be smaller than the PFC components.
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Figure 2.04: L-C Passive PFC Circuit




2.4  Square Wave Ballast [7]

Square wave ballasts eliminate the flicker problem. Square wave ballast
maintains a virtually constant output of light over the whole AC cycle by squaring
off the curves of the AC sine wave. The change over period is so brief that the light
is virtually continuous. Square wave ballasts completely process and regulate the
input power, and as a result, they can tolerate fairly wide voltage and Hertz rate

discrepancies.

Typical 120V electronic ballast can take an input from 95V to 132V with out
affecting the output signal and the fixture's color temperature. The refined signal also
increases the light output by 6% to 8% and increases globe life as much as
20%.Unfortunately, the square wave causes the globe and igniter to buzz. The head
becomes a resonating chamber, amplifying the noise and projecting it out toward the
set and the microphones. To make the ballasts quiet when recording dialogue,
electronic ballasts are fitted with a switch to change between flicker free operation
and silent operation. In the silent mode, a special circuit electronically rounds off the
sharp corners of the square wave, which eliminates the noise. In the silent mode,
most square-wave ballasts provide flicker-free light at frame rates up to about 34
frames per second (fps), and in flicker-free mode, up to 10,000 fps.
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Figure 2.05 : The normal sinusoidal 60 Hz current
cycle of magnetic ballast
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Figure 2.06 : Creates a fluctuating light output
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Figure 2.07:.Requirement that the camera frame rate be synchronized
with the light fluctuations to obtain even exposure frame to
frame.The refined square wave signal of electronic ballast
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Figure 2.08: Creates virtually even light output
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Figure 2.09 : Rendering the fixture flicker-free. The sharps comer of the normal
square wave signal creates noise in the head. When operated in silent
mode, the ballast electronically rounds off the corners of the square

wave.

2.4 Electronic Ballast Analysis [8]

During Ignition:

The resonant capacitor C, and inductor L; will provide enough high ac voltage
during the start-up transient to make lamp ionization. The circuit can be described as

four states of operation in one cycle,

State I(Figure 2.10)

The transistor M is turned on at ¢ = ¢ 0 , with M off because of the presence of L;,
M; is turn on with zero-current. C, is discharged to R;. .These components will

resonant for nearly half a cycle and then stops because D2 and D; are reverse biased.
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Figure 2.10 : Circuit analysis in state 1

State I1(Figure 2.11)

The device current and inductor current are zero. C; is still discharges to Ry, M, is
switched off at zero current condition att=12 .
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Figure 2.11 : Circuit analysis in state 2

State II1 (Figure 2.12)

My is turned on at t = t, with the zero current When Ry, is large, the output voltage Vp
is a constant and can be looked as a voltage source. C; is charged by L;. After {

resonate back to zero value, D; and D; are in reverse biased and this state terminates.
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Figure 2.12 : Circuit analysis in state III

State IV(Figure 2.13)

i is zero and C; is discharged to R;, . M; is turned off at zero-current when t = t,.
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Figure 2.13 : Circuit analysis in state IV
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2.5  Ballast Controller IC (IR2156) [9]

The IR2156 is a high voltage half-bridge gate driver with a programmable
oscillator and state diagram to form a complete ballast control IC. The IR2156
features include programmable preheat time, programmable preheat and run
frequencies, programmable dead time and programmable over-current protection. In
electronic ballast, the IR2156 can be function in protection from failure of a lamp to
strike, filament failures as well as an automatic restart function.

The IR2156 IC has five modes of operation in electronic ballast circuit. One
of operation mode is under-voltage Lock-Out Mode (UVLO) that defined as the state
the IC is in when VCC is below the turn-on threshold of the IC. This mode is
function to maintain an ultra low supply current of less 200uA and to guarantee the
IC is fully functional before the high and low side output drivers are activated.

The second mode in IR2156 is Preheat Mode (PH). This mode is defined as
the state the IC is in when the lamp filaments are being heated to their correct
emission temperature. This is necessary for maximizing lamp life and reducing the
required ignition voltage. This IC enters preheat mode when VCC exceeds the
UVLO positive-going threshold.

The other operation mode of IR2156 is Ignition Mode (IGN). This mode is
defined as the state the IC is in when a high voltage is being established across the
lamp necessary for igniting the lamp. The IR2156 will enter the ignition mode when
the voltage on pin CPH exceeds 13V,

The next operation is Run Mode (RUN). In this mode, the ballast will enter
the run mode when the lamp has successfully ignited. The run mode is defined as the
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state the IC is in when the lamp arc is established and the lamp is being driven to a

given power level.

The last mode is Fault Mode (FAULT). In this mode, the IC will enters the
fault mode when the voltage at the current sensing pin, CS exceed 1.3 volts at any
time after the preheat mode and cause the both gate drivers outputs, HO and LO are
latched in the low state. For this time, CPH is discharged to COM for resetting the
preheat time and CT is discharged to COM for disabling the oscillator. The IC
picture is shown in figure 2.14. For more information about IR2156 IC, refer to the
appendix B.

13} wa

18] b

Figure 2.14: IR2156 IC

2.6  Fluorescent Lamp [10]

A fluorescent lamp is a gas-discharge lamp that uses electricity to excite

mercury vapor in argon or neon gas, resulting in a plasma that produces short-wave
ultraviolet light. Unlike incandescent lamps, fluorescent lamps always require a
ballast to regulate the flow of power through the lamp. In common tube fixtures
(typically 4 ft (120 cm) or 8 ft (240 cm) in length), the ballast is enclosed in the
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fixture, The main principle of fluorescent tube operation is based around inelastic
scattering of electrons. Fluorescent lamps are negative resistance devices, so as more
current flows through the electrical resistance of the fluorescent lamp drops, allowing
even more current to flow. Connected directly to a constant-voltage mains power
line, a fluorescent lamp would rapidly self-destruct due to the uncontrolled current
flow. To prevent this, fluorescent lamps must use an auxiliary device, commonly
called a ballast, to regulate the current flow through the tube. For operation from AC
mains voltage, the use of simple inductor (also-called "magnetic ballast”) is common.
In countries that use 120 V AC mains, the mains voltage is insufficient to light large
fluorescent lamps so the ballast for these larger fluorescent lamps is often a step-up
autotransformer with substantial leakage inductance (so as to limit the current flow).
Either form of inductive ballast may also include a capacitor for power factor
correction.

In the past, fluorescent lamps were occasionally run directly from a DC
supply of sufficient voltage to strike an arc. In this case, there was no question that
the ballast must have been resistive rather than reactive, leading to power losses in
the ballast resistor. In addition, when operated directly from DC, the polarity of the
supply to the lamp must be reversed every time the lamp is started; otherwise, the
mercury accumulates at one end of the tube. Nowadays, fluorescent lamps are
essentially never operated directly from DC; instead, an inverter converts the DC into
AC and provides the current-limiting function as described below for electronic
ballasts.

Some fluorescent designs (preheat lamps) use a combination
filament/cathode at each end of the lamp in conjunction with a mechanical or
automatic switch that initially connect the filaments in series with the ballast and
thereby preheats the filaments prior to striking the arc. These systems are standard
equipment in 240 V countries, and generally use a glow starter. Before the 1960s,
four-pin thermal starters and manual switches were also used. Electronic starters are
also sometimes used with these electromagnetic ballast fittings. During preheating,
the filaments emit electrons into the gas column by thermionic emission, creating a
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glow discharge around the filaments. Then, when the starting switch opens, the
inductive ballast and a small value capacitor across the starting switch create a high
voltage, which strikes the arc. Tube strike is reliable in these systems, but glow
starters will often cycle a few times before letting the tube stay lit, which causes
objectionable flashing during starting. The older thermal starters behaved better in
this respect.

Once the tube is strucked, the impinging main discharge then keeps the
filament/cathode hot, permitting continued emission. If the tube fails to strike, or
strikes then extinguishes, the starting sequence is repeated. With automated starters
such as glow starters, a failing tube will thus cycle endlessly, flashing repeatedly as
the starter repeatedly starts the worn-out lamp and the lamp then quickly goes out as
emission is insufficient to keep the cathodes hot, and lamp current is too low to keep
the glow starter open. This causes visually unpleasant frequent bright flashing, and
runs the ballast at above design temperature. Turning the glow starter a quarter turn
anticlockwise will disconnect it, opening the circuit.

Electronic ballasts often revert to a style in between preheat and rapid-start
styles: a capacitor (or sometimes an auto disconnecting circuit) may complete the
circuit between the two filaments, providing filament preheating. When the tube
lights, the voltage and frequency across the tube and capacitor typically both drop,
thus capacitor current falls to a low but non-zero value. Generally, this capacitor and
the inductor, which provides current limiting in normal operation, form a resonant
circuit, increasing the voltage across the lamp so it can easily start.

There are three main failure modes currently:

1) Emission mix runs out
2) Failure of integral ballast electronics.
3) Failure of the phosphor :
i Tube runs out of mercury.
ii. Phosphors and the spectrum of emitted light.




| CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter focuses on the methodologies for the implementation of
electronic ballast project to fluorescent lamp. My circuit project is designed base on
half-bridge topology, which mostly used in European with input voltage of 240Vrms
and 50Hz frequency.

Before looking at the detail of this project, I like to begin with brief review
the relationship of all methods which I need to put into operation. Figure 3.1 shows
the correlation between all of the methods of the project.
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Figure 3.01 : Block diagram for electronic ballast project

From figure3.01, there were six main phases in order to construct the
electronic ballast circuit. These six phases are filter, rectifier, control stage, half-
bridge, output stage and fluorescent lamp as a load.

3.2  Filtering stage

In the first stage, the input voltage from the AC source with 240Vrms and 50
hertz frequency will flow into the circuit to generate the light of fluorescent lamp. To
make sure the fluorescent tube is on, the maximum preheating voltage is about
250Vpk with preheating time around 1 second where the filament are required to
strike the arc in ignition mode before the lamp can continuously in on-state.
Consequently, it needs more power to ignite the lamp in start-up mode and the life of
lamp ballast will be short.




20

Through this project, the filter stage is one of the important part in electronic
ballast circuit. In this stage, I need to use the capacitor, varistor and common mode
line filter (ELF-15N007A) which connected to the input line. Since the electronic
ballast will generate the high frequency during its operation, the noise frequency
signal will be existing in the air system such as during watching the television and
listened the radio. The electromagnetic interference (EMI) is a type of noise that
produced from high frequency signals during electronic ballast operation. For this
reason, the electronic ballast circuit must have filter circuit in the first stage of circuit
to avoid the problems occur during watching television and listened radio.

The common-mode line filter N-type (ELF-15N007A) is chosen in first stage
of electronic ballast circuit because it can be used to suppress the conductive noise
ranging from low to high frequencies generated in this circuit. The LC circuit will
acts as filter to reduce the noise and electromagnetic field interference (EMI) in
system because the presence of EMI and noise in the system will affect the
performance of electronic device. At the same time, the function of varistor is to
protect the circuit by absorbing surge voltage. The combination of varistor and LC
filter will acts as an insulator at voltage below a predetermined level and the
resistance decreases rapidly at voltages above a predetermined level. The combined
device operates as an LC filter at low voltage and operates as a varistor at a high
voltage.

Figure 3.02: N-series common —mode line filter (ELF-15N007A) is used in filter
circuit to filter the noise by attenuating the signal that appear identically
on each of the wires going through the filter




3.3 Rectification stage

After the signal that was coming from the AC source was passing through the
filtering stage, it will flow through the rectification stage for changing the alternating
current (AC) mains line voltage to a direct current (DC) bus voltage. This stage is
accomplished by using a full bridge rectifier with rating 1000V and 1A. Actually, the
combination of filtering and rectification stage will be functioning to suppress the
radio frequency interference (RFI) and voltage transients from the mains. The filter-
rectifier circuit at the input can utilized to obtain a direct voltage from ac mains and
then uses self-oscillating resonant high frequency inverter circuit to produce
sinusoidal lamp voltage and current with high efficiency and minimum RFI
problems. After that, the output DC voltage will smoothed by electrolytic capacitor.
The supply resistor (RSUPPLY) has chosen to provide two times the maximum start-
up current to guarantee ballast start-up at low line input voltage.

3.4  Control stage

An IR2156 ballast controller IC controls the full operation of electronic
ballast circuit. The IR2156 is a ballast controller and half-bridge driver in one IC.
The IR2156 features include programmable preheat time, programmable preheat and
run frequencies, programmable dead time, and programmable over current
protection. The power factor correction section contained in the IR2156 forms the
control for boost topology circuit operating in critical conduction mode. This
topology is designed to step-up and regulates the output DC bus while drawing
sinusoidal current from the line (low THD) which is “in phase” with the AC input
line voltage resulting in a high power factor.
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Across the 2 MOSFETs MHS and MLS is a bootstrap diode DBOOT. This
diode is called fast recovery diode (1N4937) that can be used for recovery time of
150ns and providing high efficiency at frequencies to 250 kHz. By providing a path
for the inductive current, this device will clamp the spike voltage when MHS or MLS
switches off. Since the dV/dt can be pretty high, DBOOT must has a fast turn-on
time to make sure that the peak voltage will be clamped to a safe value. A bootstrap
diode (DBOOT) and supply capacitor (CBOOT) comprise the supply voltage for the
high side driver circuitry to guarantee that the high side supply is charged-up before
the first pulse on pin HO.

3.5 High Frequency Oscillator (Half bridge)

In this project, the half-bridge circuit consist of 2 MOSFET transistors,
resonant inductor, capacitors and diodes. From rectification stage, the switching
regulator charges the electrolytic capacitor that acts as an energy reservoir. The
voltage over the electrolytic capacitor is stabilised by adjusting the MOSFET current,
Two MOSFET transistors are used to achieve the stability and reliability in

operation.

The type of MOSFETs that were used in this operation are N-Channel type
with high voltage rating (400V) that are called IRF720 because the breakdown
voltage for standard line 230Vac nominal line must be more than 374V. This type
has selected because the characteristics of IRF720 are fast switching, ease of
paralleling, simple drive requirements, low on-resistance, and cost-effectiveness.

In this stage, when the half-bridge is oscillating, capacitor CSNUB, diodes
DCP1 and DCP2 will form a snubber/charge pump circuit, which limit the rise, and
fall time at the half-bridge output and also supplies the current to charge capacitor
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CVCC2 to the VCC clamp voltage (approximately 15.6V) of IC1. When the rising
under-voltage lockout threshold of IC1 reached, it starts to oscillate and drive
MOSFET to boost and regulate the bus voltage to 400VDC. The power factor control
starts only during preheat, so the bus is not yet boosted when the oscillator starts.
Therefore, this will help to prevent the lamp flash at the start up.

In current mode drive, the steady-state current in the fluorescent tube is
limited by the external inductance, LRES. The value of LRES is derived from the
impedance one must set in series with the lamp to get the right output power.
Depending upon the values of L and C, assuming the DC resistance R is negligible
and the operating frequency is nominal, the current waveform will be truncated at the
peak value either of the sine (worst case) or during the negative going slope.
Obviously, in the second case, the turn off switching losses will be lower. The
dynamic behaviour of the transistor must be stable to make sure that the frequency
stays within the predicted limits.

),D
Source (8)
G
Dram (D) ®)s
(a) )

Figure 3.03: IRF720 half-bridge MOSFET (a) and its symbol (b)
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3.6 Final Stage

When the circuit energized by turning on the power transistor, while the
fluorescent tube is off, the circuit behaves as a series LC circuit (since lamp
impedance is infinite low) with its own resonant frequency. This generates the
necessary high voltage across the capacitor, permitting early ionisation of the
medium inside the fluorescent lamp. During this period, the lamp current flows
through the filament that is also in series with the capacitor, causing easy ionisation
in the lamp. The magnitude of current is limited by the value of series inductor.

When the tube is fully ionised, the arc is struck, causing its impedance drop
to a low value depending on the lamp characteristics. This increases the damping
across the capacitor, shifting the resonant frequency. However, the lamp current
keeps flowing through the filaments to extract maximum lamp life.
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Table 3.1: Component List of Project
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Q’tity | Type Value Rating Tolerence | Reference

1 Bridge Rectifier | 1 A 1000V BR1

1 Capacitor 0.1 uF 275VAC Cl

3 Capacitor 0.1 wF 25V CBOOT,CSD,CVCC1

1 DC Bus 10 uF 350V CBUS
Capacitor

1 Capacitor 0.38 uF 25V CCPH

1 Capacitor 100 pF 25V CCS

1 Capacitor 0.1 uF 400V CDC

1 Resonant 4.7 nF 1500V 5% CRES
capacitor

1 Capacitor 1.5 nF 630V CSNUB

1 ‘Capacitor 470 pF 25V 1% CT

1 Capacitor 22uF 25V CvCC2

1 Capacitor 0.01 yF 25V CVDC

1 Y Capacitor 22nF 250VAC CY

1 Fast Recovery | 1N4937 600V /1A DBOOT
Diode

1 Zener Diode 18V 500mW DCP1

1 Diode 1N4148 DCP2

1 Fuse 2A 250VAC Fl

1 Ballast Control | IR2156 IC BALLAST
IC

1 Common-mode | 2x10mH | 0.1A L1
Line Filter ,

1 Resonant 1 mH 1.5 Apk 5% LRES
Inductor

2 MOSFET IRF720 MHS, MLS

1 Current-sense | 1 Ohm 1% RCS
resistor

2 Resistor 100KOhm RDC, RSD

2 Resistor 200hm 5% RHO, RLO

1 Resistor 1KOhm RLIM1

1 Preheat 100KOhm 1% RPH
Frequency
Resistor

1 Resistor 1MOhm RPU

1 Resistor IMOhm | 400V RSUPPLY

1 Oscillator 22KOhm 1% RT
timing resistor

1 Varistor 470V RV1
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3.7 Design Equation

3.7.1 Step 1: Program Dead — Time

The dead time between the gate driver outputs HO and LO is programmed
with timing capacitor CT and an internal dead-time resistor RDT. The dead time is
the discharge time of capacitor CT from 3/5VCC to 1/3VCC and is given as:
tor =Cr . 2000 [seconds]

t
Cr=_2r_ arads
T o000 e

3.7.2 Step 2: Program Run Frequency

The final run frequency is programmed with timing resistor RT and timing
capacitor CT. The charge time of capacitor CT from 1/3VCC to 3/5VCC determines
the on time of HO and LO gate driver outputs. The run frequency is therefore given

as:

Srun= L [Hertz] or
RN 57C,(0.6- R, +2000)

Ry ! - 3333 [Ohms]

B 112-Cr - froy
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3.7.3 Step 3: Program Preheat Frequency

The preheat frequency is programmed with timing resistors RT and RPH, and
timing capacitor CT. The timing resistors are connected in parallel internally for the
duration of the preheat time. The preheat frequency is therefore given as:

1

Sfma= - [Hertz] or
2:.Cp+( M:,zow )
Ry + Rpy
1
(ma )&
1.12-C; -
RPH= T fPH [Ohms]

1
- -—————-3333
R (I.IZ-CT-fPH )

3.7.4 Step 4: Program Preheat Time

The preheat time is defined by the time it takes for the capacitor on pin CPH
to charge up to 13 volts (assuming Vcc = 15 volts). An internal current source of
4.3pA flows out of pin CPH. The preheat time is therefore given as:

tpu =Cpy. 3.02¢6 [Seconds] or

Cpa=tpu.0.331e-6 [Farads]
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3.7.5 Program Maximum Ignition Current

The maximum ignition current is programmed with the external resistor RCS
and an internal threshold of 1.25 volts. This threshold determines the over current
limit of the ballast, which can be exceeded when the frequency ramps down towards
resonance during ignition and the lamp does not ignite. The maximum ignition
current is given as:

Ln= 3}-5-5- [AmpsPeak]  or  Rcs= i‘zs [Ohms]

S IGN
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components that are used in electronic ballast circuit such as Line filter, fluorescent

tube and IR2156 IC.

D1N4007
10mH 1N4007
L8 | D13
1 ~vvvn2 ] iR g;lu
’—w— o
10mH i D1N4007] D1N40O7 |
D12 D14 =

c3
10u

Figure 4.01: Simulation circuit test direct from main source 240VAC
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Figure 4.02: Waveform result from figure 4.1
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Figure 4.03: Simulation circuit analysis after EMI Filter
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Figure 4.04: Waveform result from Figure 4.03

From the simulation results, the waveforms from figure 4.02 and figure 4.04
are look like the same but they have a little bit different at the early waveform where

the waveform in figure 4.02 have more noise than figure 4.04.

32
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D1N4007
10mH 1N4007
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Figure 4.05: Simulation circuit after full bridge rectifier without electrolytic

capacitor
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Figure 4.06: Waveform result from Figure 4.5 shows the non-smooth DC signal
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D1N4007
10mH 1N4007
D13
1L vvvn2 4o
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VAMPL = 339V 1
FREQ = 50Hz| 10mH D1N4007] D1N4Q07
D12 D14 v
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Figure 4.07: Simulation circuit with smoothing capacitor in rectification stage
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Figure 4.08: Waveform result from Figure 4.07 shows the smooth DC signal

From the figure 4.06, it shows that the DC waveform is not smooth because it
looks likes sinusoidal waveform AC signal. The waveform in figure 4.08 shows the
smooth DC signal when the electrolytic capacitor is applied. Unfortunately, the full
circuit of my project cannot be simulate because the controller IC ballast, IR2156 is
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not exist in orcad library and also have no other equivalent components to replace
that IC,

4.3 Hardware Testing

4.3.1 Circuit testing

This circuit can be tested by using multimeter and power scope. Our target is
the 18W T8 type of fluorescent lamp will be light up without flicker during starting

condition and no need for starter to on the tube.

Figure 4.09: Circuit testing for filtering stage.




Figure 4.10: Waveform result for figure 4.09 from power scope

The data that I obtain from Figure 4.09 as shown in the table below:

Table 4.1: The data analysis from power scope in figure 4.09

Period 19.95 ms
Frequency 50.13 Hz
Peak-peak 508V
Rise time 378.5 us
Mean 170 mV
Pos width 9.990 ms
Max 254V
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Figure 4.12: Waveform result for figure 4.11 from power scope

From the result above, the output voltage from power scope after rectifying
stage is about 344VDC. When the circuit is tested with multimeter, the output
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voltage was about 332V. The output voltages were different because of resistant

existence in multimeter.

4.3.2 Full Circuit analysis

The full circuit picture after constructing as shown in figure 4.13 below

Figure 4.13: Full circuit picture before connected to 18W fluorescent lamp

The full circuit above designed based on PCB layout in Orcad 9.2 software as
shown in figure 4.14
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***** %D

Figure 4.14: Layout of the PCB by using OrCAD Layout

After finishing circuit design, the circuit test can be making by connecting the
full circuit with 18W fluorescent lamp. The result obtained as shown in Figure 4.15.

Figure 4.15: Damage at the components (in the circle)
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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.
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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
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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,
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Recommended Operating Conditions
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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.

154

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
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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
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Timing Diagrams
Normal operation
vee
15.8%
Weios
LS
voc 7|
WD
TEY M .q—-‘y’_.«»“"‘
CPH e
b ‘ / ,:‘m
FREQ i 4
HO 3
Lo
cs " A% Thresho:s
o 4 o SverCuman Threshow
o= UYL Db e o4 Aun + e
! 7 \
.«f ! N\
’ 3
- P ,._.% e e ,.m..w.} ity g s . -
RT | | i 3 RT | N 8 RT i
el C W WU L renl 1 W W LU | P | P P |
R e 1 L e [ 1 P 1 P s | e P | B ]
cT /’ﬂr’ i e 5:'/ 1 oT VT T T T /M i hy/ /"'M
wol IV 1 ] wo| i H | HER! HO
o i AL o o i
/ ; ’ / 4 ; / /1
cs |- | { cs - £ - cs -
j L«"'{ j m‘! ,1; ;"} ,y/ ./j -




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,
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APPENDIX D
IRF720 DATASHEET
[IOR] IRF720
Rp
S ¥ SU——
. — 7&\ DUT.
~ j -"\Vap
3.9
2.5 \\

< | AN T
§ 2.0 ™ Fig 10a. Switching Time Test Circuit
3.5
2 e Vos
g " N 0w N/ \ [
B \ { |
0.5 - | { t
\ e LA
" £ E 100 2= 150 ‘}as-—fi_ J_m_: ;.,; m\_;;-»
Tc. Case Temperature (°C) tyony % Tdioly T
Fig 9. Maximum Drain Current Vs. - Fig 10b. Switching Time Waveforms
Case Temperature
10

Therma! Response (Zgi0)
|

X "'? I 11 ' § i g; )
0.¢ ] . - i 3 rhe - )
Al x SINGLE PULSE I l'wl l F‘g
< T (THERMAL n&?{ﬂ&mﬂ:::
! I R
1 it i )
b L’ i woves:
: - A1, DUTY FACOR, Dti1/t2
“m"t?l % Ml = Peak Ty=Pom % Zthic * Tc
1w 1o 107 1w a.1 1 10

t1, Rectangular Pulse Duration {seconds}
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vaytpioobtain  YOSD &\
DAULT.
) .
- ::.. Vop
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f FYy |
Fig 12a. Unclamped Inductive Test Circut
Viempss
o 1 e
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Vps / \
/ }
/ \
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Fig 12b. Unclamped inductive Waveforms
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Fig 13a. Basic Gate Charge Waveform
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Fig 12¢. Maximum Avalanche Energy
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Fig 13b. Gate Charge Test Circuit
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Vgs, Drain-to-Source Voltage {voits)
Fig 2. Typical Output Characteristics,

Vps, Drain-to-Source Voltage {volis)
Fig 1. Typical Output Characteristics,

Ip, Drain Current (Amps)
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Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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Tos = OV. 7 = DFR
Ciss = Cgs * Cgae Cus SHOSTED

{{Crss * Cga
u;hcﬁﬁ?cw
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N Cyss
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Vps. Drain-to-Source Voltage {volis)
Fig 5. Typical Capacitance Vs,
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Igp. Reverse Drain Current {Amps)
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Vsp, Seurce-to-Drain Voltage (volis)

Fig 7. Typical Source-Drain Diode
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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
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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} &




