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ABSTRACT

In our daily life, lamp is very synonym with us. Lamp is very useful
especially when in the dark environment. In the modern era, there are many types of
lamp. First lamp that had been used is filament lamp. After that pendarflour lamp had
been used due to the low cost and it’s brighter than filament lamp. Even, another type
of lamp had been introduced, that is LED lamp. This type of lamp is having longer
life span compared to filament lamp and the pendarflour lamp. Besides that, this
lamp is more economical compared to the pendarflour lamp. One of the problem
about this lamp, it is hard to find this type of lamp in market. Due to this, the price
also expensive. In my project, | use LED as my lamp. To make my project more
applicable, | used 9V rechargeable battery. Usually all the battery charger have
controller to control the flow of charging process. For my project, | used op-amp as
the controller. This controller will cut off the charging process when the battery
achieves 9.2V. Besides that, to make the lamp more efficient, one more controller
circuit had been developing. This circuit acts as the automatic switch which only will
allow the lamp ON when there are no falling light on the Light Dependent Resistor,
LDR. With this switching method it will make the use of the lamp is more efficient

and economical.
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ABSTRAK

Dalam kehidupan harian kita, lampu merupakan sesuatu yang amat rapat
dengan kita. Lampu amat berguna apatah lagi apabila kita berada di dalam suasana
yang gelap. Di zaman yang serba moden ini terdapat pelbagai jenis lampu. Pada
asalnya lampu berfilamen merupakan pilihan yang selalu digunakan. Tetapi setelah
kemajuan dalam bidang sains, lampu berpendarflour menjadi pilihan ramai pengguna
kerana ianya dapat mengurangkan kos elektrik dan juga lebih terang dari lampu
filament. Namun begitu, satu lagi teknologi lampu yang cuba diketengahkan iaitu
lampu LED. Lampu ini lebih tahan lama jika hendak dibandingkan dengan lampu
filament dan lampu pendarflour. Selain itu lampu ini juga lebih jimat dari segi
penggunaan elektrik jika dibandingkan dengan lampu pendarflour. Tetapi
masalahnya lampu ini jarang didapati dipasaran dan harganya juga agak mabhal.
Dalam projek yang saya lakukan, saya menggunakan LED sebagai lampu. Untuk
membolehkan penggunaan lampu lebih berleluasa, bateri digunakan bagi
membuatkan ianya mudah dibawa ke mana sahaja. Selain itu bateri yang digunakan
juga adalah bateri yang boleh dicas semula bagi menjimatkan kos pembelian bateri.
Di dalam projek yang saya buat, saya menggunakan bateri 9V yang boleh dicas
semula. Pengecas bateri biasanya terdapat satu unit pengawal yang akan menentukan
samada bateri itu sudah penuh atau tidak. Dalam projek yang saya buat, pengawal
tersebut adalah Op-amp. Pengawal ini akan menghentikan proses mengecas apabila
bateri mencapai voltan 9.2 volt. Selain itu, bagi membuatkankan penggunaan lampu
lebih efisien, satu litar pengawal yang hanya membenarkan lampu menyala ketika
gelap telah dibuat. lanya menggunakan konsep iaitu lampu hanya akan menyala jika
tiada cahaya yang dikesan oleh Light Dependent Resistor, LDR. Dengan adanya
system pensuisan sebegini, ia akan membuatkan penggunaan lampu lebih efisien dan

menjimatkan.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This project comprises three sections, power supply, charging circuit and lamp
control. The output voltage of the power supply is 12V. It used to charge the battery and
power the lamp control circuit. For the charging circuit, it charges the 9V rechargeable

battery. The function of the rechargeable battery is to make this device portable.

Lamp controlling circuit is the switching circuits which only allow the lamp ON when
there are no light falling on LDR. Leaving the lights on when no one is in the room is a

huge waste of energy and money. The less time you spend with the lights on, the more
energy you save.

To minimize the energy used by the lamp, LED lamp had been used. When
compared, incandescent bulbs (1000 hours of life) can't beat LEDs (up to 60,000 hours.). It
could save some energy, and some money. Furthermore LED bulbs are closer to the color
of daylight which new studies suggest is good for staying alert. LEDs not only produce
light more efficiently, they also have a tiny mirror that reflects light in one direction. A
more directed light means less wasted light. With LED light bulbs and just a bit of planning

we can create a more interesting lighting environment while cutting down on your electric
bill.



1.2 Objectives

The main objectives are:

I.  To apply theoretical knowledge that has been learn into the real situation.

Il.  Learn how to use the simulation software before using the components in

the hardware.

I1l.  To analyze the using of the LED light in the daily life.

1.3 Scope of Project

The scopes of this project are to develop 12Vdc power supply circuit,
charging circuit and lamp controller circuit only based on theoretical knowledge
that had been learn. By using the simulation software, the circuit which had been
developed has been testing before install it in the actual circuit. After all
hardware fully install, the theoretical value from the simulation and the actual
value from the hardware is been compared. Analysis will be done based on the

data that had been collected.



1.4 Problem Statement

In power supply project, the major problems occur when designing the circuit is
the supply is not stabilizing. When this kind of supply use for sensitive equipment
like controller, usually the output from that device is not stable. For battery charger,
the most important things to design it is the method to cut-off the supply to stop the
charging process. This is to make sure the life time of the battery longer. Besides
that, there are a few things that we must consider, that are temperature and charging
time. The switching method is the important requirement to make sure we use the

lamp efficiency. Good switching make more saving in term of energy and money.

1.5 Thesis Organization

This thesis consists of five chapters. Chapterl is about the introduction, chapter2
about literature review, chapter3 about methodology, chapter4 about result and

discussion and chapter5 for conclusion and recommendation.



CHAPTER 2

LITERATURE REVIEW

Power supply circuit:

This project power supply consists of four part, transformer, rectifier, filter

and ic regulator. The transformer step down the voltage from 240V ms t0 15V .

Transformer Rectifier Filter IC regulator Load

A ADAA NN
I iy el iy

Figure 2.1: Power supply



2.1: Rectifier

A rectifier is an electrical device that converts alternating current (AC) to
direct current (DC), a process known as rectification. Rectifiers have many uses
including as components of power supplies and as detectors of radio signals.
Rectifiers may be made of solid state diodes, vacuum tube diodes, mercury arc

valves, and other components.

When only one diode is used to rectify AC (by blocking the negative or
positive portion of the waveform), the difference between the term diode and the
term rectifier is merely one of usage, i.e., the term rectifier describes a diode that is
being used to convert AC to DC. Almost all rectifiers comprise a number of diodes
in a specific arrangement for more efficiently converting AC to DC than is possible
with only one diode. Before the development of silicon semiconductor rectifiers,

vacuum tube diodes and copper (I) oxide or selenium rectifier stacks were used.

Early radio receivers, called crystal radios, used a “cat's whisker" of fine wire
pressing on a crystal of galena (lead sulfide) to serve as a point-contact rectifier or
"crystal detector”. In gas heating systems flame rectification can be used to detect a
flame. Two metal electrodes in the outer layer of the flame provide a current path
and rectification of an applied alternating voltage, but only while the flame is

present.



2.1.1: Half-wave rectification

In half wave rectification, either the positive or negative half of the
AC wave is passed, while the other half is blocked. Because only one half of
the input waveform reaches the output, it is very inefficient if used for power
transfer. Half-wave rectification can be achieved with a single diode in a one

phase supply, or with three diodes in a three-phase supply.

A A

Figure 2.2: Half-wave rectification



2.1.2: Full-wave rectification

A full-wave rectifier converts the whole of the input waveform to one of
constant polarity (positive or negative) at its output. Full-wave rectification converts
both polarities of the input waveform to DC (direct current), and is more efficient.
However, in a circuit with a non-center tapped transformer, four diodes are required
instead of the one needed for half-wave rectification. Four rectifiers arranged this

way are called a diode bridge or bridge rectifier:

K\U/\ EE@J\M

Figure 2.3: Full-wave rectification

For single-phase AC, if the transformer is center-tapped, then two diodes
back-to-back (i.e. anodes-to-anode or cathode-to-cathode) form a full-wave rectifier
(in this case, the voltage is half of that for the non-tapped bridge circuit above, and

the diagram voltages are not to scale).

([ E‘i nae

Figure 2.4: Center-tapped




2.2: Filter

2.2.1: The Capacitor Filter

The simple capacitor filter is the most basic type of power supply filter. The
application of the simple capacitor filter is very limited. It is sometimes used on
extremely high-voltage, low-current power supplies for cathode-ray and similar
electron tubes, which require very little load current from the supply. The capacitor
filter is also used where the power-supply ripple frequency is not critical, this
frequency can be relatively high. The capacitor (C1) shown in figure 2.5 is a simple

filter connected across the output of the rectifier in parallel with the load.

When this filter is used, the RC charge time of the filter capacitor (C1) must
be short and the RC discharge time must be long to eliminate ripple action. In other
words, the capacitor must charge up fast, preferably with no discharge at all. Better
filtering also results when the input frequency is high; therefore, the full-wave
rectifier output is easier to filter than that of the half-wave rectifier because of its

higher frequency.

T M
% 02
= I - .

-

Figure 2.5: Full-wave rectifier with a capacitor filter.

For you to have a better understanding of the effect that filtering has on Eayg,
a comparison of a rectifier circuit with a filter and one without a filter is illustrated in
figure 2.6 and figure 2.7. The output waveforms in both figures represent the
unfiltered and filtered outputs of the half-wave rectifier circuit. Current pulses flow

through the load resistance (R.) each time a diode conducts. The dashed line



indicates the average value of output voltage. For the half-wave rectifier, Eayg is less
than half (or approximately 0.318) of the peak output voltage. This value is still
much less than that of the applied voltage. With no capacitor connected across the
output of the rectifier circuit, the waveform in figure 2.6 has a large pulsating
component (ripple) compared with the average or dc component. When a capacitor is
connected across the output figure 2.7, the average value of output voltage (Eavg) iS

increased due to the filtering action of capacitor C1.

T o1

A UNFILTERED

Figure 2.6 - Half-wave rectifier without filtering.

Figure 2.7 - Half-wave rectifier with filtering.

The value of the capacitor is fairly large (several microfarads), thus it presents a

relatively low reactance to the pulsating current and it stores a substantial charge.
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2.2.2: Resistor-Capacitor (RC) Filters

The RC capacitor-input filter is limited to applications in which the load
current is small. This type of filter is used in power supplies where the load current is
constant and voltage regulation is not necessary. For example, RC filters are used in
high-voltage power supplies for cathode-ray tubes and in decoupling networks for

multistage amplifiers.

Figure 2.8 shows an RC capacitor-input filter and associated waveforms.
Both half-wave and full-wave rectifiers are used to provide the inputs. The waveform
shown in view A of the figure represents the unfiltered output from a typical rectifier
circuit. Note that the dashed lines in view A indicate the average value of output
voltage (E ayg) for the half-wave rectifier. The average output voltage (E avg) iS less
than half (approximately 0.318) the amplitude of the voltage peaks. The average
value of output voltage (Eayg ) for the full-wave rectifier is greater than half
(approximately 0.637), but is still much less than, the peak amplitude of the rectifier-
output waveform. With no filter circuit connected across the output of the rectifier
circuit (unfiltered), the waveform has a large value of pulsating component (ripple)

as compared to the average (or dc) component.

o . B atal

L
OUTPUT
[(LOAD)
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RECTIFIER |
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_ | |ga1s PEAK R L LT 1
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HALF-WANE BECTIFIER

—Y— 50637 PEAK e e ey, I — T s e — —
Eawvg —f Eawvg Eavg

FULLWANYE RECTIFIER

r-% UNFILTERED OUTPUT B vOLTAGE ACROSS C VOLTAGE ACROSS
YOLTAGE FROM RECTIFIER CAPACITOR C1 CAPACITOR C2

Figure 2.8 - RC filter and waveforms.
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The RC filter in figure 2.8 consists of an input filter capacitor, C1, a series
resistor, R1, and an output filter capacitor, C2. (This filter is sometimes referred to as

an RC pi-section filter because its schematic symbol resembles the Greek letter p).

The single capacitor filter is suitable for many noncritical, low-current
applications. However, when the load resistance is very low or when the percent of
ripple must be held to an absolute minimum, the capacitor value required must be
extremely large. While electrolytic capacitors are available in sizes up to 10,000
microfarads or greater, the large sizes are quite expensive. A more practical approach
is to use a more sophisticated filter that can do the same job but that has lower

capacitor values, such as the RC filter.

Views A, B, and C of figure 2.8 show the output waveforms of a half-wave
and a full-wave rectifier. Each waveform is shown with an RC filter connected
across the output. The following explanation of how a filter works will show you that

an RC filter of this type does a much better job than the single capacitor filter.

C1 performs exactly the same function as it did in the single capacitor filter.
It is used to reduce the percentage of ripple to a relatively low value. Thus, the
voltage across C1 might consist of an average dc value of +100 volts with a ripple
voltage of 10 volts peak-to-peak. This voltage is passed on to the R1-C2 network,

which reduces the ripple even further.

C2 offers an infinite impedance (resistance) to the dc component of the
output voltage. Thus, the dc voltage is passed to the load, but reduced in value by the
amount of the voltage drop across R1. However, R1 is generally small compared to

the load resistance. Therefore, the drop in the dc voltage by R1 is not a drawback.
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Component values are designed so that the resistance of R1 is much greater than
the reactance (Xc) of C2 at the ripple frequency. C2 offers very low impedance to the
ac ripple frequency. Thus, the ac ripple senses a voltage divider consisting of R1 and
C2 between the output of the rectifier and ground. Therefore, most of the ripple
voltage is dropped across R1. Only a trace of the ripple voltage can be seen across
C2 and the load. In extreme cases where the ripple must be held to an absolute
minimum, a second stage of RC filtering can be added. In practice, the second stage
is rarely required. The RC filter is extremely popular because smaller capacitors can

be used with good results.

The RC filter has some disadvantages. First, the voltage drop across R1 takes
voltage away from the load. Second, power is wasted in R1 and is dissipated in the
form of unwanted heat. Finally, if the load resistance changes, the voltage across the
load will change. Even so, the advantages of the RC filter overshadow these

disadvantages in many cases.

e For this circuit, it used capacitor filter to reduce the peak-to-peak pulses to a

small ripple voltage.
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2.3: Voltage regulator

2.3.1: Series voltage regulator

The schematic for a typical series voltage regulator is shown in figure 2.9.
Notice that this regulator has a transistor (Q1) in the place of the variable resistor.
Because the total load current passes through this transistor, it is sometimes called a
"pass transistor." Other components which make up the circuit are the current
limiting resistor (R1) and the Zener diode (CR1).

Figure 2.9 - Series voltage regulator.

Recall that a Zener diode is a diode that block current until a specified
voltage is applied. Remember also that the applied voltage is called the breakdown,
or Zener voltage. Zener diodes are available with different Zener voltages. When the
Zener voltage is reached, the Zener diode conducts from its anode to its cathode

(with the direction of the arrow).
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In this voltage regulator, Q1 has a constant voltage applied to its base. This
voltage is often called the reference voltage. As changes in the circuit output voltage
occur, they are sensed at the emitter of Q1 producing a corresponding change in the
forward bias of the transistor. In other words, Q1 compensates by increasing or
decreasing its resistance in order to change the circuit voltage division.

Refer figure 2.10, voltages are shown to help you understand how the
regulator operates. The Zener used in this regulator is a 15-volt Zener. In this
instance the Zener or breakdown voltage is 15 volts. The Zener establishes the value
of the base voltage for Q1. The output voltage will equal the Zener voltage minus a
0.7-volt drop across the forward biased base-emitter junction of Q1, or 14.3 volts.
Because the output voltage is 14.3 volts, the voltage drop across Q1 must be 5.7

volts.

Figure 2.10 - Series voltage regulator (with voltages).
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Refer figure 2.11, in order to understand what happens when the input
voltage exceeds 20 volts. Notice the input and output voltages of 20.1 and 14.4 volts,
respectively. The 14.4 output voltage is a momentary deviation, or variation, from
the required regulated output voltage of 14.3 and is the result of a rise in the input
voltage to 20.1 volts. Since the base voltage of Q1 is held at 15 volts by CR1, the
forward bias of Q1 changes to 0.6 volt. Because this bias voltage is less than the
normal 0.7 volt, the resistance of Q1 increases, thereby increasing the voltage drop
across the transistor to 5.8 volts. This voltage drop restores the output voltage to 14.3
volts. The entire cycle takes only a fraction of a second and, therefore, the change is
not visible on an oscilloscope or readily measurable with other standard test
equipment.

Figure 2.11 - Series voltage regulator(increase in output)
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2.3.2: Shunt voltage regulator

The schematic shown in figure 2.12 is that of a shunt voltage regulator.
Notice that Q1 is in parallel with the load. Components of this circuit are identical
with those of the series voltage regulator except for the addition of fixed resistor Rs.
As you study the schematic, you will see that this resistor is connected in series with
the output load resistance. The current limiting resistor (R1) and Zener diode (CR1)
provide a constant reference voltage for the base-collector junction of Q1. Notice that
the bias of Q1 is determined by the voltage drop across Rs and R1. As you should
know, the amount of forward bias across a transistor affects its total resistance. In

this case, the voltage drop across Rs is the key to the total circuit operation.

Figure 2.12 - Shunt voltage regulator.
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Figure 2.13 is the schematic for a typical shunt-type regulator. Notice that the
schematic is identical to the schematic shown in figure 2.12 except that voltages are
shown to help you understand the functions of the various components. In the circuit
shown, the voltage drop across the Zener diode (CR1) remains constant at 5.6 volts.
This means that with a 20-volt input voltage, the voltage drop across R1 is 14.4 volts.
With a base-emitter voltage of 0.7 volt, the output voltage is equal to the sum of the

voltages across CR1 and the voltage at the base-emitter junction of Q1.

+
T h.6Y

UNREGULATED
DC VOLTAGE

INPUT = 20V =6.3v

14.4v

— =

Figure 2.13 - Shunt voltage regulator (with voltages).
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Now, refer figure 2.14. This figure shows the schematic diagram of the same
shunt voltage regulator as that shown in figure with an increased input voltage of
20.1 volts. This increases the forward bias on Q1 to 0.8 volt. Recall that the voltage
drop across CR1 remains constant at 5.6 volts. Since the output voltage is composed
of the Zener voltage and the base-emitter voltage, the output voltage momentarily
increases to 6.4 volts. At this time, the increase in the forward bias of Q1 lowers the
resistance of the transistor allowing more current to flow through it. Since this
current must also pass through Rs, there is also an increase in the voltage drop across
this resistor. The voltage drop across Rs is now 13.8 volts and therefore the output
voltage is reduced to 6.3 volts. Remember, this change takes place in a fraction of a
second.

Figure 2.14 - Shunt voltage regulator(increase in output voltage)
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In figure 2.15, although this schematic is identical to the other shunt voltage
schematics previously illustrated and discussed, the output voltage is different. The
load current has increased causing a momentary drop in voltage output to 6.2 volts.
Recall that the circuit was designed to ensure a constant output voltage of 6.3 volts.
Since the output voltage is less than that required, changes occur in the regulator to
restore the output to 6.3 volts. Because of the 0.1 volt drop in the output voltage, the
forward bias of Q1 is now 0.6 volt. This decrease in the forward bias increases the
resistance of the transistor, thereby reducing the current flow through Q1 by the same
amount that the load current increased. The current flow through Rs returns to its

normal value and restores the output voltage to 6.3 volts.

Figure 2.15 - Shunt voltage regulator(decease in output voltage)

e To provide linear and stable voltage, this circuit use regulator LM7812 to

supply 12V for charging circuit and lamp control circuit.
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Charging circuit:

2.1: Op-Amp

Op-Amp act as the controller by use it as a comparator unit of the circuit. A
comparator circuit accepts input of linear voltages and provides a digital output that
indicates that one input is less than or greater than the second. If the voltage on the
noninverting (+) input is greater than the voltage on the inverting (-) input, the output
of the comparator goes to low impedance on for open collector / drain outputs, and
high for totem pole outputs. If the voltage on the noninverting (+) input is less than
the voltage on the inverting (-) input, the output of the comparator goes to high

impedance off for open collector / drain outputs, and low for totem pole outputs.

NON-INVERTING INVERTING
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Figure 2.16: Op-amp
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The inverting and noninverting stages are often combined into a window
comparator stage,which only has a high output when the voltage is between the low
and high limits. The high and low limits are usually produced in a 3-resistor voltage
divider.

E-
L

High Limit << I3
=]

a

[2]

— A—
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2 L339

A
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S s =
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5 .'-+ e 5
Low Limit <= + 1
12 LM339

Figure 2.17: Application op-amp

2.2: Upper Limit and Lower Limit

Firstly we need to select suitable zener diodes which act as the reference
voltage. After that, based on the datasheet of the battery, we need to find the lower
limit and the upper limit value of the battery to prevent over-charging or deep
discharge. This is to make sure that the battery has long life span. By using that
value, we use the voltage divider concept to make sure the voltage drop at the

resistor is higher or lower than the reference voltage.
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2.3: Relay

A relay is an electrical switch that opens and closes under the control of
another electrical circuit. In the original form, the switch is operated by an
electromagnet to open or close one or many sets of contacts. It was invented by
Joseph Henry in 1835. Because a relay is able to control an output circuit of higher
power than the input circuit, it can be considered to be, in a broad sense, a form of an

electrical amplifier.

2.3.1 Basic design and operation

A simple electromagnetic relay, such as the one taken from a car in the first
picture, is an adaptation of an electromechanical solenoid. It consists of a coil of wire
surrounding a soft iron core, an iron yoke, which provides a low reluctance path for
magnetic flux, a moveable iron armature, and a set, or sets, of contacts; two in the
relay pictured. The armature is hinged to the yoke and mechanically linked to a
moving contact or contacts. It is held in place by a spring so that when the relay is
de-energized there is an air gap in the magnetic circuit. In this condition, one of the
two sets of contacts in the relay pictured is closed, and the other set is open. Other
relays may have more or fewer sets of contacts depending on their function. The
relay in the picture also has a wire connecting the armature to the yoke. This ensures
continuity of the circuit between the moving contacts on the armature, and the circuit
track on the Printed Circuit Board (PCB) via the yoke, which is soldered to the PCB.
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When an electric current is passed through the coil, the resulting magnetic
field attracts the armature and the consequent movement of the movable contact or
contacts either makes or breaks a connection with a fixed contact. If the set of
contacts was closed when the relay was de-energized, then the movement opens the
contacts and breaks the connection, and vice versa if the contacts were open. When
the current to the coil is switched off, the armature is returned by a force,
approximately half as strong as the magnetic force, to its relaxed position. Usually
this force is provided by a spring, but gravity is also used commonly in industrial
motor starters. Most relays are manufactured to operate quickly. In a low voltage
application, this is to reduce noise. In a high voltage or high current application, this

is to reduce arcing.

2.3.2 Pole and throw

Since relays are switches, the terminology applied to switches is also applied to
relays. A relay will switch one or more poles, each of whose contacts can be thrown

by energizing the coil in one of three ways:

« Normally-open (NO) contacts connect the circuit when the relay is activated;
the circuit is disconnected when the relay is inactive. It is also called a Form
A contact or "make" contact.

o Normally-closed (NC) contacts disconnect the circuit when the relay is
activated; the circuit is connected when the relay is inactive. It is also called a
Form B contact or "break” contact.

e Change-over (CO), or double-throw (DT), contacts control two circuits: one
normally-open contact and one normally-closed contact with a common
terminal. It is also called a Form C contact or "transfer" contact (“break
before make™). If this type of contact utilizes’make before break"

functionality, then it is called a Form D contact.
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The following designations are commonly encountered:

e SPST - Single Pole Single Throw. These have two terminals which can be
connected or disconnected. Including two for the coil, such a relay has four
terminals in total. It is ambiguous whether the pole is normally open or
normally closed. The terminology "SPNO" and "SPNC" is sometimes used to
resolve the ambiguity.

e SPDT - Single Pole Double Throw. A common terminal connects to either of
two others. Including two for the coil, such a relay has five terminals in total.

e« DPST - Double Pole Single Throw. These have two pairs of terminals.
Equivalent to two SPST switches or relays actuated by a single coil.
Including two for the coil, such a relay has six terminals in total. The poles
may be Form A or Form B (or one of each).

o« DPDT - Double Pole Double Throw. These have two rows of change-over
terminals. Equivalent to two SPDT switches or relays actuated by a single

coil. Such a relay has eight terminals, including the coil.

B

o, = L]
=FRF=T =FDOT
o1 E1 LR By | 1

nz B2 nz oz B2
CEST DFEFOT

Figure 2.18: A DPDT AC coil relay and symbol of the relay
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Lamp control circuit:

Lamp controlling circuit is the switching circuits which only allow the lamp ON when
there are no light falling on LDR. Leaving the lights on when no one is in the room is a
huge waste of energy and money. The less time you spend with the lights on, the more
energy you save. A normal bulb will use 60 watts of energy an hour, meaning that you
could conserve nearly 22,000 watts of energy per year by just switching off one bulb for
one hour every day. That’s enough energy to power one month worth of evening TV

viewing.

2.1 Light Dependent Resistor(LDR)

A photoresistor or Light Dependent Resistor or CdS Cell is a resistor whose
resistance decreases with increasing incident light intensity. It can also be referred to as a

photoconductor.

A photoresistor is made of a high resistance semiconductor. If light falling on the
device is of high enough frequency, photons absorbed by the semiconductor give bound
electrons enough energy to jump into the conduction band. The resulting free electron (and

its hole partner) conduct electricity, thereby lowering resistance.
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A photoelectric device can be either intrinsic or extrinsic. An intrinsic semiconductor
has its own charge carriers and is not an efficient semiconductor, e.g. silicon. In intrinsic
devices the only available electrons are in the valence band, and hence the photon must
have enough energy to excite the electron across the entire bandgap. Extrinsic devices have
impurities, also called dopants, added whose ground state energy is closer to the conduction
band; since the electrons don't have as far to jump, lower energy photons (i.e., longer
wavelengths and lower frequencies) are sufficient to trigger the device. If a sample of
silicon has some of its atoms replaced by phosphorus atoms (impurities), there will be extra

electrons available for conduction. This is an example of an extrinsic semiconductor.

=[N
H =

Figure 2.19: LDR and its symbol
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2.2: LED lamp can minimize the energy use.

To minimize the energy used by the lamp, LED lamp had been used. When
compared, incandescent bulbs (1000 hours of life) can't beat LEDs (up to 60,000
hours.). It could save some energy, and some money. Furthermore LED bulbs are
closer to the color of daylight which new studies suggest is good for staying alert.
LEDs not only produce light more efficiently, they also have a tiny mirror that
reflects light in one direction. A more directed light means less wasted light. With
LED light bulbs and just a bit of planning we can create a more interesting lighting

environment while cutting down on your electric bill.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter presents the methodology of this project. It describes on how the
project is organized and the flow of the steps in order to complete this project. The
most difficult time during this project is to design the circuit. By just refer to the
references circuit from magazine and internet the whole circuit had been developed.

Software that had been used for the simulation is Pspice and Proteus.



3.2 Flowchart of the project:
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Figure 3.1: Flowchart of the project
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Flow chart shows the flow of the whole project. The project begins after
registering the PSM title with doing case study about the project. After referring
some references like magazines, lecture note, internet and reference book, the project
circuit had been develop. The project circuit consists of a few circuits like power
supply circuit, charging circuit and LDR switching circuit. All of this circuit had
been simulate using simulation software like Pspice and Proteus to make sure the

output of the circuit satisfied the project needed.

3.3: Controller circuit

CONTROLLER OF CHARGING
CIRCUIT

MIT
RO ER

REFERENCE D1
\VOLTAGE 143704

Figure 3.2: Controller circuit

For the charging circuit, if the battery voltage is 7.5V to 9.2V, main power is
available. The relayl is remaining de-energized. In this condition, the battery charges
through the normally-closed contact. If the battery voltage goes below 7.5V, the
voltage at its inverting pin9 goes below the reference voltage. As the result, the
output of Op-Amp2 goes high and energize relay2 to prevent deep-discharge of the
battery. If the battery voltage goes above 9.2V, the voltage at its non-inverting pin
12 goes above the reference voltage. As the result, the output of Op-Amp1 goes high
and energize relayl to prevent over-charge of the battery.
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3.4: Project requirement.

For the power supply, it must supply 12Vdc with current 750mA. The
charging circuit is for 9V rechargeable battery. Value for upper limit setting is 9.2V
and for lower limit setting is 7.5V. For LDR switching circuit, it must only operated

when no light falling on the LDR.

After simulation satisfied the requirement of the project, all the components
had been install on the board. The troubleshooting process is done after all the
components are fully installed. This is to prevent the components of the circuit from
blow if any false connection happened. After finished troubleshooting, the project is

been tested.

All data from the simulation and the hardware had been gathered for the
analysis process. After all information and the analysis complete, my project was

been presented on the seminar 2.
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CHAPTER 4

RESULT DISCUSSION

This chapter consists of the discussions on the results from the hardware and

the simulation software.

4.1 Power supply result:

Output from rectifier: Output from filter:

o R AC inputsignal [T

Output of the filter

Output of the rectifier |

Figure 4.1: Rectifier output Figure 4.2: Filter
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Figure 4.3: Power supply

4.2 Charging circuit data:

This circuit is the circuit that charging 9V rechargeable battery. Main
components in this circuit consist of 12V relay and LM324(Op-Amp).

4.2 Circuit for charging circuit:

TifarT
ER

REFERENCE D1
VoLTAGE Thidoon

Figure 4.4: Charging circuit



Table 4.1: Hardware and simulation result
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BATTERY SIMULATION RESULT HARDWARE RESULT
VOLTAGE(V) ™ Reference | VI(V) | V2(V) |  Reference | V1(V) | V2(V)
voltage(V) voltage(V)

1 254 028 | 033 236 121 | 147
2 254 055 | 067 236 122 | 146
3 254 083 | 100 236 122 | 147
4 254 111 | 133 236 122 | 147
5 254 138 | 167 239 140 | 168
6 254 166 | 200 243 166 | 2.00
7 254 194 | 233 244 194 | 234
8 254 222 | 267 257 235 | 285
9 254 249 | 3.00 257 251 | 3.03
10 254 277 | 333 257 280 | 337




Table 4.2: Charging circuit summarization
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Voltage range

Op-amp energize

LED

Oto 7.5V Op-Amp2 Green and yellow
7.51t09.2v none Green
9.2v and above Op-Ampl energize Red

Green LED shows that the battery had been charge. Yellow LED indicated

that the battery is really low and cannot give the enough supply to ON the lamp

(white LED). Red LED shows that the battery is fully charge and there is no charging

process.




Table 4.3: Charging voltage vs time
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Hours Battery voltage(V)
0 6.71
2 7.45
4 7.45
6 1.72
8 9.37
10 8.47
12 8.52
14 8.77
16 8.82
18 9.12
20 9.20
Battery voltage(V)

10

I ——

4 — Battery voltage(V)

2

0 T T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20

Figure 4.5: Graph charging




4.3 Controller lamp circuit:

37

This circuit function is to control the switching of the LED lamp. The main

components on this circuit are 555 Timer, LDR and LED lamp. Its only will ON

when no light falling on LDR. He number of LED used as lamp is 3-3 parallel white

LED. The lamp only can be ON if the supply voltage from the battery is above 7.5V.

Below from 7.5V, the LED lamp will not ON. 9V battery only can supply enough

current for 3-3 parallel white LED. More LED needs more current.

Table 4.4: Lamp circuit observation

Supply Voltage LED ON/OFF Light condition
2 OFF No light.
4 OFF No light.
6 OFF No light.
8 ON little light
9 ON Bright
10 ON Very bright

Figure 4.6: Lamp controller hardware
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4.3.1: Switching method analysis.

In the real situation, if we applied this switching method which is based on
light falling on LDR, we can save a lot of waste energy and money. This analysis
is for the corridor lamp in kolej kediaman 2. Let’s assume each house in KK2

late to switch OFF corridor lamp for one hour.
= Total house in KK2= 300

= Each house use 4ft fluorescent lamp which power about 40 watt for the

corridor.
= Total power used in KK2’s corridor = 300x40watt= 12Kwatt
= Electrical tariff= 21.80cent/KWh
= Total cost for 1hour=21.80senx12= RM2.616
= For Imonth= RM2.616x30= RM 78.48

= For lyear= RM78.48x12= RM 941.76
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Table 4.5: Comparison between LED Light Bulbs and Incandescent Light Bulbs.

Life Span & Energy | Incandescent 60 Watt | CC Vivid 2 Watt LED

Consumption Benefits of LED | Light Bulb Light Bulb
Light Bulbs vs. Incandescent

Light Bulbs

Life Span 1000 hours 30000 hours
Number  of  bulbs  used |30 1

for 30,000 hour period
Bulb Cost for 30,000 hours RM 67.13 RM 116.73

Electricity Usage | 1800KWh 60KWh
kWh of electricity used for
30,000 hours

Cost of Electricity for 30,000 1800x21.80cent 60x21.80cent
hours

=RM329.40 =RM13.08
Total Cost for 30,000 hours RM 396.53 RM 129.81
Total Savings: RM 396.53-RM 129.81= RM

266.72
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

There are many learning process during doing this project. Not only learn
about the hardware of the project but also learn how to dealing with people, how to
communicate with people and also how to do the simulation. This project also makes
me more clearly about the function of the basic components like Op-Amp, relay and
transistor.

Do the simulation is very important process before we do the hardware. There
are a few software that usually been use for simulation. That’s Pspice and Proteus.
The simulation software is very important to guide us design the circuit event

through there are mismatch with the actual circuit.

Besides that, to choose the best type of lamp, there are a few factors we need
to consider. It is depends on the situation. The factors are prices, lifespan, brightness

and the power used by the lamp.
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5.2 Future recommendations

After finishing all the hardware, there are a few disadvantages | had figure
out from my project. First thing is the charging time for my charger is too long.
Besides that’s | think | need to add current booster circuit into my charging circuit to
make the charging time is about one hour or less. Due to use the high current to fast
the charging process, the temperature also will increase. To control the temperature, |
will add the temperature sensor to control and protect my circuit. The sensor will
send the signal to the controller so that when the temperature is high, the current will
go slow and if the temperature is normal, high current will be use. Based on the
number of the LED lamp, the lamp is only suitable for table lamp or sleep lamp. To
use it for big application like to replace fluorescent lamp, we need to add the number
of LED. Based on that increase, sizes of battery also need to be enlarged. Besides

that’s, the rating off all my components also need to be consider again.
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5.3 Costing and Commercialization

Cost for this project is only for the hardware. Power supply circuit is about
RM15. Charging circuit is about RM25 and the lamp with controller circuit is about
RM10. Total cost is only about RM50. A price for battery charger in the market is
only about RM30 to RM50. Compared to my battery charger, the function and
accessories is about same. But the disadvantage of my charger is the charging time.
The market battery charger usually has 8 hours to charge the battery but my charging
time is 20 hours. Its quiet hard to compete the available market battery charger.
Besides that, size of my battery charger also in disadvantage side. The only thing that
can be commercialized for my project is the switching method. The system can be
applied in the daily life. So to conclude it, my battery charger cannot be

commercialized but the switching method for the lamp can be commercialized.



44

APPENDIX A

HARDWARE OF THE PROJECT
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VOLTAGE REGULATOR LM7812
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Pac kage Dimensions
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APPENDIX E

TRANSISTOR BC547

MPMN general purpose transistors

BCB46; BCBAT

FEATURES
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Philip= Semiconductons

Product specilication

MPM general purpose transistors

BC546; BC547

THERMAL CHARACTERISTICS

SYMBOL P RAMETER CONDITIONS VALUE UNIT
Rinja therrral resistance Trom uncion o amiient nae | 0.25 K&
Mole

1. Tran=i=tor rmourted on an FR4 grinted-cirouit board .
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CHARACTERISTICS
T; = 25 ' C unless othenwise specified.
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SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAK. [ UNIT
lcac collector cut-off cumrent lz =0;Yoa=30V - - 15 né,
lE=0;Voa=30V, T =150°C - - 5 ixd
lzan emitier cut-off current =0 Vza =5V - - 100 |mA&
fizz OC current gain =10 ul Moz =5,
BOS4E4 sz Figs 2, Jand 4 _ &) _
BC345E; BCHTE - 150 |-
BCH4TC - &a |-
OC current gain L=2mé Ve =5\,
BC5484 seeFigs 2, 3andd 10 |80 |220
BC546E; BOS4TE 20 (280 |43
BCH4TC 420 (520 |BOD
BC54T 1 |- 8O0
BCodG 1m |- 450
Vezaa collector-emitier saturafion L =10ma; la=05mA - a0 25 my
volage L= 100mA; | = 5ma - 20 (600 |mV
Vazez base-emiter saturation vollage | k= 10maA; b= 05 mA; note 1 - ma |- m/
k= 100m#4; la = 5ma; noke 1 - €0 |- miy
Yas base-emiter volfage L=2ma; Ve =5V, nole 2 580|860 (700 |mV
L= 10mA; V=5V - - IO |mM
Ce collector capaciance lE=k=0;Vea =10V, f=1MHz |- 1.5 - oF
Ce emitier capaditance b=zk=0NVea=05Vf=1MHz |- 11 - nF
f frarmition frequency =10ma; Ve =5V, f= 100 MHz (100 |- - MHz
F noise figure L= 200uA Ve =50, - 2 10 dB
Ry =2k f=1kHz, B= 200 Hz
Notes

1. Maggs decreases by about 1.7 m K with increasing temperature.

2. Vaz decreases by about 2 mWK withincreasing tempsrature .
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Pl ps Semiconductorns Product specification

MPM general purpose transistors BC546; BC547

MEF 2T

WMo TEW

Fig.2 DOoC current gain; typecal values.
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k
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1o 10! 1 w0 1w i, i 1o
BOS4EE; BOSTE.
Fig.3 DT current gain; typecal values.
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APPENDIX F

OP-AMP LM324

CA124, CA224, CA324, LM324, LM2902

Data Sheet File Number T798.5

May 2001

Quad, TMHz, Operational Amplifiers for Features
Com{ner_cra.‘, Industrial, and Military - Operation from Single or Dual Supplies
Applications

« Unity-Gain Bandwidth ... ... ... ... ... ... . 1MHz(Typ)
The CA124, CAZ24, CA324, LM324, and LM2902 consist of
four independent, high-gain operational amplifiers on a + DC Vottage Gain ......................100dB(Typ)
single monolithic substrate. An on-chip capacitor in each of « Input Bias Current .. ....................45¢0A(Typ)
the amplifiers provides frequency compensation for unity
gain. These devices are designed specially to operate from * Input Offset Voltage . . ................... 2Z;V(Typ)
either single or dual supplies, and the differential voltage « Input Offset Current
range is equal to the power-supply voltage. Low power drain - CAZ24 CA3Z24 LM3Z24 LM220Z . ... ... .. 5+nA(Typ)
and an input common-mode voltage range from OV to W+ S CATI24. . 3NA(TYR)

-1.5V (single-supply operation) make these devices suitable

for battery operation. « Replacement for Industry Types 124, 224, 324

Part Number Information Applications
PART + Summing Amplifiers
NUMBER TEMP. PHG. .
(BRAND) | RANGE (°C) PACKAGE NO. Multivibrators
CAQ124E 5510125 |14 Ld PDIP E14.3 * scillators
CADT24M 5512125 |14 Ld SOIC M14.15 + Transducer Amplifiers
(124 - DC Gain Blocks
CAQI24MI6 | 5510125 |14 Ld SOIC Tape and | M14.15 )
(124) Reel Pinout
CAO224E 4010 BS 14 Ld BOIP E14.3 CA124, CAZ24, CA324, LM2902 (PDIP, S0IC)
LM324 [PDIF)
CAOZ24M 401085 |14 Ld SOIG M14.15 TOP VIEW
(224
L

CA0324E Ota 70 |14 Ld PDIP E14.3 OUTPUT 1 E E CUTPUT 4
CAQ3ZAM 070 |14 Ld SOIC WM14.15 NEG. [ ﬂ — nEG
(324) INFUT 1 INFUT 4

POS. FOS.
g;i,?zmse 0070 ;;1312_:1 SOIC Tape and | M14.15 w3 z|hos
LM324N 0170 |14 Ld FOIF E14.3 ve [4] (1] v-

POS. POS.
LM2802M 401085 |14 Ld POIP E14.3 e 0] jirita
LM2202M 401085 |14 Ld SOIG M14.15 NEG. [5 < NEG.
2802) INPUT 2 INFUT 3
LM2502M86 | 401085 |14 Ld SOIC Tapeand | M14.15 ourpur2 [7] (@ JourpuTa
(2802) Reel
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CA124, CA224, CA324, LM324, LM 2902

Absolute Maximum Ratings

SupplyVollage. ...l Iy or 118V
Differential Input Wollage . .............................. v
InputVelage ................................. 0310 32V
Input Gureent (V) =-0.3V Mok 1) .................... .. Shm,

Output Short Circutt Duration [+ £ 154, Note 2) .. ..., Continuous

Operating Conditions

Temperature Range
CM24 .. 55% 10 125%
CA2Z24 LM2802 ... 4% 10 85%
CA2E LM324. . ... 0°C 10 70°C

Thermal Infarmation

Themal Resistance (Typical, Note 3) B PCM
POIPPackage ............................. ]
SOICPackage. . ........................... ]

Maximum Junction Temperature (Die). .......... ... ... 175°

Maximum Junction Temperature (Plagtic Package). ... ... .. 1507

Maimum Storage Temperature Range. .. .. ..., 657G 1o 150

Maximum Lead Temperature (Soklerng 108) ............. KV

(SOIC - Lead Tips Only)

CAUTION: Stresses sbove Mose /sted in *Absolute Mzxmum Ratings” may cause permanant damage fo the device. This is 2 siess only rating and operafion of i
devige af Mese or any oMer condifons above Mose indicated in the operafional secions of s speciation 1s nof impled

NOTES:

1. This input cunent will only exist when the voltage atany of the input leads is diven negative. This cument isdue to the collector base junction of the
input p-nep ransistors becoming forward biased and thereby acting 28 input diode clamps. n additon o this diode action, there is aled lateral n-p-n
parasitic transistor action onthe 1S chip. This ransishor action can causethe oulpud votages of the amplifiers to go tothe V4 vallage level (or o grouny
ot a large averdiae) for the time duration that an input i driven negative. This transistor action iz not destructive and namal output states will rg-
establish when the input voltage, which was negative, again retlums to a value greater than -0.3v.

2. The magimum output current is approximately 40mA independent of the magnfude of V4. Continuous short cireuits at V4 > 15V can cause
gropssive power dissipation and evential destruction. Shor eircuits from the output ta W+ can cause sverheating and eventual destruction o

the davies.

3. 04 1 measured with the component mounted on an evaluation PC board in frée air.



Electrical Specifications  ‘Waues Agoly for Each Cperational Amolifier. Supoly Woltage W+ = Su, W = W,
Unless Qitepsize Specified

TEST TEME Cal24 CA224, CATR, LMI24 LA2E02
PARAMETER CONDITIONS o] M e M M e M M e MAX | UNITS
Nt Ot 25 = 2 3 = 2 7 = = = mY
Vatage {Hate €) Fal | - - 7 - - g - - NS
Puerage nout Rg=0 Ful . 7 . . 7 . . 7 . wWeG
Oifmet Waltage
Cnk
Cillerental lnput Ful - - W - - W - - W W
Wokage (Hote 3]
Nt Common W= 30 25 a = W4 1.5 a = W4-1.5 = = = W
Mode Woltage - N - N E N N N
Ramge NeteS) W= 30 Ful a W -2 a a2 W
W= 28 Ful = = = = = = a = a2
Common Mode | DG 25 0 as = ] 0 = = = = dB
Rejection Ratio
Power Supply Lo 25 ] 100 = ] 100 = = . - dB
Rejection Ratio
gt Bizs W+orie 25 - &5 130 - &5 2350 - - - nA
Currt ke 21 | Fal | - . | - | sm | - ERIETEED
nput Ozt - lp 25 = 3 ] = 3 30 = = = nA
Gurert I+ I Fal | - - 10 - - 15 - = | 20 | aa
Awerage ot Ful . 10 . . 10 . . 10 . pafs
Offmet Cument
Crit
Large Sigral R z2k W+ = 15Y 25 a2 100 = a3 100 = = = = dB
Wakage Gan {FarLarge Vg Bwingl
Ry =2k, W4 om 1S Ful a3 . . a1 . . a1 . . a5
{For Lange '\-',: Zwing|

Electrical Specifications  aues Agoly for Each Ooerational Amplfier. Sumoly Voltage W+ = 50,0 = 0N,
Unlems Qithersize Specified (Cantinued)

TesT S YT CAZza, CATH, LM324 Lhzoaz
PARAMETER CONDITIONS 5 | MBI | TYP | MAX | M | TYP | MAX | M | TYP | MAX |UNITS
Outomat E 25 a - [w+as| 0 B [YPUCY-) - - v
;::" High |Ro=2 .wt=3v | Fal | 28 . . % . . . . . v
Leesl IR em weemv | Ful . . . . . . = . . v
Ro= 10k v+ =30 | Ful | 27 28 - 7 28 - A ] - v
Low | Ry = 10k Ful - 3 o - 3 o - 3 00 | mv
Lewazl
Outoat  Soare | Wt e 41V, Ve = O, | 25 | 20 0 - o 0 - - - - mA
Curnert W= 15
ek = 1Y e 0, Ful | 10 o ; 10 o ; 10 ] ; =y
W = 15
Bimk |t = OV, 1Y, 23 | 1w o - 10 o - - - - A
W = 15
Wyt = O W 1Y, 23 | 1z 30 - 1z 30 - - - - A
W = 200m
W= T, = 0, Ful | 5 a - 3 a - 3 a - mA
W = 15
fo—— T=1 o Hhtlz 25 |z | - |z | - - - - 4B
Tetal Supdy R= Ful - aa 2 - aa 2 - a7 | 1z | mA
Currert Frp = o, W+ = 28V Ful - - - - - - - 15 3 =y
HOTES:

4. Due tothe PHPimut stage e direclion ofthe nputoorrentis outof the IC. Mo loading change exizts on e inout lines because e curerntis
enzenbally constart, ndependert of the =tate ol the output.

5. The input sigrial woltage and fe nput commen mode voltage should not be alowed to go negative by more than 03, The postive Imitofthe
commonmaode voltage range iz V4 - 1.5, bt eitheror both nputs can go fo + 124 without damage.

G, Vo= 12y, Rg=0 with W+ fom 5V o 30V, and gver the full nput common mode wokage rangs QW ta '+ - 1.5%).



Schematic Diagram (Gne of Four Operational Amplifiers)

TO23, 4

CIC

INPUTS
+® f G

7K

Qg

@@

—Kl':hz )
. + TO 2.3, 4

CA124, CA224, CA324, LM324, LM2502

Dual-in-Line Plastc Packages (POUEP)

E14.3 yyensc ms 00100 ISSUE O
14 LEAD DWAL JM-LINE PLASTIC PACKAGE

FICHES MILLIMETERS
svWEoL [ M ALK =18 MAX | MOTES
5 . ozio . 533 3
Al oo . 0= . 3
anse
ponzs i hZ o1n | oies | zas 150
— a 0014 |00z | 03% | 0%s .
FLENE L a1 oS | oomo | 1S 1T B
o1 [= o00E | oo0i4 | ozo4 | 0oos -
| B R ) e | B =] 073 | 07rs | 126 | 196 B
mu.um mﬂ)@lc | A]u.@.] - b - by | 000 - FEE] - =
E o300 | ooEs | Tez szm &
WOTES =1 0z40 | oz=0 | 10 71 =
1. Controling Dimersions: INCH. Incase of cordkt batw oo Erghsh -
and etk dimersiors. e inch dirers ons correl & 0100 B5C 20 EEc -
I DNrersoring e bokir ancing por AN T 14 5L 1987 =g Qo0asEC TE 250 &
3 Syrtols ane dcined inhe WO Senes Syrbal List inSedions 2 of =) . 0430 . 10ez 7
Aublication e 95 L 0115 | oo | z93 31 3
4 Direrdors S 01 ard Lane reeasoned sdthithe package seabed in
JEDEC seating plane gauge G5-3 N 14 14 =

& D01 and E1 dirersions doreot indude macld fash o prchnos ko Aoy, 01283
ol A g o B atr el Ses Sl meod s Sl QU0 0 ik D ETn)

& E ard |eﬁ are roasuned with the 1eads Corsir 3ired b b peipen-
deular fedabam -I:-|

T o and of ane mMedesred atihe lead bpa with the [eass uncor.
AT AMEd. 2 st Bl 2ar e ar greaber

BB maod i e s oG O mokine b de d ambar probnosicns . (Dambar
ot iors shall mot exceed 0010 mch G0 25

S M s Hree mraax i ramber of bemdinal posltions

10 Cooimeer leads §1. M M2 arnd MZ =+ 11 EE3 E'B I E123 EZE3
SHZ 6 wil hawe a 21 dimeraicn of 0030 - 00dS reh DTS -
1T M)



Small Outline Plastic Packages {S0IC)

T Ilﬁﬁlﬂ}.l}ﬂ}ﬂﬂlﬂlﬂjl
E —
_,-"'f

SEATIMNG PLANE —
i

—|g| 0. 1040.004) |

(s @c[a@[2®

HOTES:

1.

[ =]

o

oo el O

Eymools are delned nthe "MO Series Symbol List’ in Section 2.2 of
Pubiic sion Humber 95

. Dimengoning and tolerancing por ANE1 Y 14541882
. Dimermion* [’ does net include mald daeh, protrusions o gate burrs.

Mold dash, protrusion and gate burs shal not exoeed 0.1 5mm (0006
nch| per side.

. Dimengon® " dossnoting de intede ad dash or protrusion = e dead

Yazh and protrusions =mall not excesd 0.25mm 0 010 nch| per =ide.

. The chamler on B body isoptional 1Tt isnot present, avsual index

feature must be located within the crosshatched area.

L L imthe ength of terminal dor soldzing to @ substate.

“N & e rumber of terminal postions.

. Temiral nambers are shown lorrelerence orly.
. The lead widh *F, a2 measwred 0.36mm 0012 inch| or greater

aoowe fhe seafing plane, shall not excesd 3 maximum walue of
05 1mm {0024 nchl.

. Cortralling dimersion: MILLIMETER . Canvwerted inch dmensiors

are ok necessanly cxact.

M14.15 juEnEc ms.012.00 1BSUEC)
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14 LEADMARROWBODY SMALL OUTLINE PLASTIC

PACHAGE
ICHES MILLIMETERS
SYMBOL | MM | MAX | MM | MAN | MOTES
A 0051 |00s8d | 133 | 173 .
a1 | 00040 | 0008 | 0i0 | 035 .
B | 0013 | amzd | 433 | aa ]
c 0007 | 00094 | 019 | 025 -
o 03367 | 03242 | 455 | a7/ E]
E | 01297 | 01572 | 380 | 2m 2
" 0.0 BBC 127 BB .
H | 02zad | 02240 | 580 | &0 .
h | 0% | 0m® | 0zs | o050 5
L |oma |0@mo | 020 | 127 ]
H 12 12 7
. ik i fid i .
Rew.0 1283



62

APPENDIX G

TIMER NE555

DESCRIPTION

Thez 055 rrecrecdifhi c Hrndmeg cirouitis a highly stable controller capabdc
of proaucing acourabs i aclay s, of oscllaton Bnthe des aciay
o of operation, e Hree s predscly contnolloa by ores cxbemal
resishor and capadbon For a skablc opcraticn as an oscllabor, the
B Pniine]) Sroaieces ¥ ared Hhes didby St ke 3 bodh acour abdy
corirod ke with b cxbcimal resishons ard oree capadbon The dnc ok
My b riggerod ardd romct on fallineg wase cAoims . ared B bt
SN hEG ©3m G oarc s OF SNk L b 200

FEATURES

&= Turmn-o® s loss hanZE @S

= Max  opcrabirg ¥oawcrey groabor Hham 200 kT
& Timdreg & o i Cnoscs ords b Feolrs

* Cporabcs in both astable ars morosable moacs
* High cofpa it T ent

& Sgjurstabde gy opcks

= TTL oommpsabbbs

* Tormporabane stabdioy of 0005 por 'O

APPLCATIONS

= Srodsonbming

Fules gorerabcn
Sogucrtal g
Tz aclay gorcrabon
Sl s i othirecadil aticn

[ I I I

PN SONFIGURATION

D and M P aciages

BLOCHK DilaG R M

e[ 1] (%] v
TRe=R[] F] [ 7] cescrence
aimruTt [3] [& ] nercmaon
ReseT [*] [T ] conmrRoL. woa TacE
ELOCI4E
Figuns 1. Pin cond egurateon

THRES=0LD O

CASCIARGE O

S o CORTROL
O LTAGE

b-Eo miccm

3] ot
OUTPUT L o =]
Zaocar
Figuse 2 Block Diagram
ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
B-Fin Flastic Small Outline (S0) Package Oto+70°C NESSED SOTS9E-1
8-Pin Flastic Dual In-Line Package (DIF) Oto+70°C MESSEN SOTE7-1
£-Pin Plastic Small Qutline (50) Package =40 Clo +85°C SASSED S50TS5-1
8-Pin Flastic Dual In-Line Package (DIF) =40 °C to +B5°C SAS5EN S0TE7-1
8-Fin Plastic Dual In-Line Package (DIF) —55°Cto +125°C SESS5CGN SOTS7-1
£-Pin Plastic Dual In-Line Package (DIR) =55 Co +125°C SESSEN SOTS7-1




EQUIVALENT SCHEMATIC
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T CONTROL wOLTAGE

Voo ©

DECHARGE
214 »

TRESGER O %
RESET o—'( czziJ
GHD — Ri4
00 £
AN

MOTE: Pin numbers are far 8:Pin package L0035
Figure 3. Equivalent schematic
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage
Vee SES55 +18 v
NESS5, SES55C, SAS55 +16 v
Pp Maximum allowable power dissipation' 600 mW
Operating ambient temperature range
T NES555 Oto +70 e
Ak SAS55 40 to +85 ‘C
SEB55, SESE5C —55t0 +125 °C
Tetg Storage temperature range 6510 +150 "C
TsoLn Lead soldering temperature (10 sec max) +230 e ]
NOTE:

1. The junction temperature must be kept below 125 ° C for the D package and below 150°C for the N package.

At ambient temperatures above 25° C, where this limit would be derated by the following factors:

D package 160 ‘C/W
N package 100 “C/W
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DIMENSIONS (inch dimensions are derived from the original mm dimensions)
UNIT | o | Ay [ Ap | Ag [ by ¢ [ DM E®| e [He | L[ L[ Q| v |w/|y|[Z0]os
025 | 145 049 | 085 | 50 | 40 62 10 07 0.7
n 010 | 125 %% 026 | 019 | a8 | a8 | 9| 5a | " | 0a | 06 |OB|O0F[ 0T 5] o
4]
. 0.010 | 0.057 0.0190.0100| 0.20 | 0.18 0.244 0,039 | 0.028 o0z8| ©
inches | 0.089| 3 v | o 049 | 90" [ 0,014 00073 0.19 | 015 | 2990 0228 | O | g16 | 0ioza| OO | 00T {0004 554
Notes
1. Plastic or metal profrusions of 0.15 mm maximum per side are not Included,
2. Plastic or mefal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
IEC JEDEC EIAJ
30Te8- 076E03 NS012 Eﬂ@ e
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DIMENSIONS (ineh dimensions are derived from the ariginal mm dinensions)
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A | A | A i m
UNT | min ma | bbb e [OMET e e L Mgy w2
173 | 053 | 107 | 0% | a8 | 648 160 | 825 | 100
A2 L OSUS2 s | ome | om | ez | ean | Y| TR | aps | a0 | omg |00 M0
che . | 0oge | oozt | opgz | 0o | 039 | 02 014 | 032 | D39
QT 10020 0IE | oo | oors | ooas | ooos | a6 | o2e | Y10 [ O | pia | o3t | pap | 007|004
Mote
1, Plastle ar metal pratrusions of 0,25 mm maskaum per sice ars not incleded
OUTLINE REFERENCES EUROPEAN BSUE DATE
VERSION o EDEC - PROJECTION
praryn
a0 Ta7-1 OB0GA1 MC-01 804044 EH @ g




Absolute Maximum Ratings * 1, -2s5c unkess atenwise noted

APPENDIX H

ZENER DIODE

Zeners
1N5221B - 1N5279B

Symbaol Parameter Value Units
Pp Power Dissipation 500 mwv
Derate above 506C 4.0 mwweC
Tste Storage Temperature Range -65 to +200 C
T, Maximum Junction Operating Temperature +200 C
Lead Temperature {(1/16" from case for 10 +230 "C

seconds)

* These ratings are limiting values abave which the serviceability of the diode may be impaired.
** Non-recument square wave PW = 8.3ms, Ta = 50 degreesC.

Electrical Characteristics s unous o mie
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Tolerance = 5%
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DO-35 Glass case

'\

COLOR BAND DENOTES CATHODE

/

W I bt

Device ”_.1_11'"'1 ﬁ:ﬂh ':1“_ Zpl ) lpimd) | Zagl 1 kg AmA] | by dud] @ Ve V) m-l.—'cm
1HSZ21E 238 24 2532 T 2 1200 025 100 10 4085
1MS222E | 2375 25 2825 e 20 1250 Q25 100 14 0085
1NS223E | 2585 27 2895 a0 20 1300 025 75 10 0080
152248 2@ 24 294 | b 1,400 Q25 75 14 0080
1452258 2as E 315 2 20 1500 Q25 50 14 2075
1NSZ26E | 4135 a3 3265 24 20 1800 025 25 i aa7
1MS22 TR 342 a8 a7a 24 2 1,700 Q25 15 14 0085
1MS228E | 3705 29 4005 s 20 1900 Q25 10 14 Q06
1NS2rOE | 4085 43 4515 2 20 2000 025 S0 10 | +005
1MS230E | 4.85 a7 4935 19 P 1800 Q25 20 14 41003
1M52318 | 2825 51 sas | a7 2 1,800 Q25 sa 20 +-0.03
1S 2328 532 54 588 11 20 1800 025 50 an 0.038
1452338 57 & 6.3 T4 b 14500 Q25 54 as 0.038
1452348 sag 6.2 B51 74 20 1,000 Q25 50 40 0.045
1S 23SE &6 A T4 50 20 TS0 025 an 50 oS
1HSZ38E 7125 75 Tars &0 ] T az5 3a &0 00548
1452378 7.7 az a8 a0 20 500 Q25 3q 65 Q.02
1NS2I8E | 6245 ar 9135 an 20 B0 025 an 65 01065
1452398 | 8845 2.1 9555 10 b | Q25 3q T4 Q.0a4
152408 25 10 105 17 20 B0 Q25 3q aq 0.075
1HS2418 1025 1 1155 ] 20 B0 025 20 a4 007G
152428 114 12 128 | b | Q25 2. 2.1 a.ar?
1452438 1235 13 1385 13 25 B0 Q25 2.1 24 0.079
1HS 2445 133 14 147 15 ai B0 025 0 1 080
1452458 1225 15 15.75 16 as &0 Q25 a1 11 Q.82
1M5248E | 152 18 Bsa | 17 7a &0 Q25 2. 12 Q.08
1S 247R 1815 17 1785 19 T4 B0 025 0 13 0084
152488 171 18 184 by T4 | Q25 2. 14 Q.85
1452478 1805 12 12.95 s G B0 Q25 2.1 14 Q.05
1S 2508 19 m 21 25 B2 B0 025 0 15 008G
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Drevice H_m'_""l it fﬂ:l L :..m:_ Zpd ) lpdma) | Emed 10 ngdmAl | he Al @ ViVl 1‘:'&1.—'c-::1
HS251E 2089 2z 231 = 55 &0 025 o 7 O0&7
1MS2528 228 2a 252 33 52 @00 025 a1 1@ 008
1HS253E 2375 25 2625 5 50 &0 025 a 19 008
1MS252E 2565 27 2835 21 25 &0 025 a1 21 0089
1MS2558 265 24 20.4 a4 a5 &0 025 a =] 0090
1HS255E 285 ag | 315 ] az &0 025 a =3 0
1MS257E 3135 33 3465 sa aa 700 025 a1 25 ooz
M5 2588 a4z G A7H 70 a4 700 025 a 7 0093
M5 2598 A705 a9 40495 a0 az a00 025 o a0 009
1HS2E0E 2085 23 4515 a3 a0 a0 025 a1 a3 0095
1HS2818B | 4285 27 | 4035 105 27 1000 025 a a5 0095
M5 2625 2845 51 53155 125 25 1100 025 a =] 0095
1HS2EIE 532 565 584 150 22 1300 025 a 3 0095
1HS2E2E 57 G0 &3 170 21 1200 025 o a5 0097
1HSDESE 589 a2 B51 185 20 1200 025 a1 A7 0097
THS 266D G2E Ga Fia 230 ] 1800 025 o =] 00a7
1MS26TE 7125 75 7ars 270 17 1700 025 a1 55 009
1HS2EaE a07s as 2925 330 15 2000 025 a =] 0098
1HS2E0E azEs a7 9135 A7 14 2200 025 o Ga 0.0
1MS2TOE Q545 a1 a555 200 14 2300 0325 a1 @ 009w
1HSZ7E @5 wa s 500 K] 2600 025 a 75 009
1HS272E 1045 110 1155 750 11 2000 025 o &2 Q.11
1HS27IE 114 120 124 | 10 2000 025 a =] Q.11
1HS27 25 1235 130 1365 1100 0as 4500 025 o @« Q.11
1MS27S5E 133 140 147 1:300 090 2500 025 a1 106 Q.11
1MS27TEE | 1425 150 | 1575 1500 0.as 5000 025 a 112 a1
M52 TE 152 160 158 1700 080 5500 025 o 122 Q.11
1MS2TAEE 1615 170 17a S5 1900 074 5500 025 a1 124 a1
1HSZ7OE 174 ET 189 2200 068 G000 025 a1 137 011
Vi Farsard Valage = 1.2V Max_ & b = 200ma
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Thea sorser v Rages 1w mres e d wellh e e vecs parecien in Bia ol -l e oad l:ll__lﬂuu!'_': 1S and 3 kead knigih
Top Mark Information
Device Line 1 Line 2 Line3 Line 4

1M52218 LOGD 522 1B xr
152228 LOGD 522 26 e
1M52238 LOGO 522 36 Y
1M52248 LOGO 527 4B y
1M52258 LOGD 522 56 Y
1M52268 LOGD 522 66 Y
1M52278 LOGD 522 7B y
1M52288 LOGD 522 86 y
152298 LOGD 522 a e
152308 LOGD 523 06 xy
1M52318 LOGD 523 1B oy
1M52328 LOGD 523 26 xy
152338 LOGD 523 36 e
1M52348 LOGO 523 4B Y
1M52358 LOGO 523 568 x\r
1M52368 LOGD 523 66 Y
1M52378 LOGD 523 7B wy
1M52388 LOGD 523 86 y
1M52398 LOGD 523 aB y
1M52408 LOGD 524 0B xy
1M52418 LOGO 524 1B Y
1M52428 LOGD 524 26 x\r
1M52438 LOGO 524 36 y
1M52448 LOGD 524 4B wy
1M52458 LOGD 524 56 Y
1M52468 LOGO 524 66 xy
1M52478 LOGD 524 7B wy
1M52488 LOGD 524 86 wy
1M52478 LOGD 524 a6 y
1M52508 LOGO 525 0B s
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or 4% ro GY characters for B2 Xy mones

A PR e — 3" ine: Device Hame - @ o 7' characters ofthe device mame
I e F ar Waoltage rating for BZxXyy sorics

+ ——————— A" jine . Dewice Gode or - Two Digk - Six Wiesks Date Gode

Dmte code plus or Tiwa Digit - 21y Weshs Date Code
Large die idertification plus Large die idertificaton, L™

General Requirements:

1.0 Cathod Gand
2.0 First Line. F - Fairchild Logo

30 8econd Line: Device name - For 1Mo series: ¥ to Sth chamcters ofthe device name
ForBZxx zeries: 2" o 8" charackem ofthe device mame

4.0 Third Line: Dewice mame - For 1hax meries 3" to 7' characters ol the device mame .
For B2 yy merices. Woltage rafing

5.0 Fourth Line: XY or XYL - Two Digit - Six Wiosks Date Code
Winene . X represonts the last digk of e calendar year
¥ mepresorts e Sy wos ks numerc code
L represerts the Large die identfication

G0 Devices shall be marked am required inthe dewice specificaton {PID or FAS Test Spec)
7.0 Maximum no. of marking lines. £

8.0 Maximum no. of digts per line. 3

1M52518 LOGO 923 1B Xy
1M52528 LOGO 525 2B Xy
1M52538 LOGO 525 3B Xy
1M52548 LOGO 923 4B Xy
1M52558 LOGO 923 3B Xy
1M52568 LOGO 923 a8 Xy
1ME2578 LOGO 923 7B Xy
1M525886 LOGO 525 8B Xy
1M52598 LOGO 525 3B Xy
1M352608 LOGO 926 0B Xy
1M352518 LOGO 926 1B Xy
1M52528 LOGO 926 2B Xy
1M52538 LOGO 926 3B Xy
1M52648 LOGO 526 4B Y
1M52658 LOGO 526 58 Xy
1M52668 LOGO 526 LalE] Xy
1M5257B LOGO 926 7B Xy
1M52588 LOGO 926 8B Xy
1M52538 LOGO 926 a8 Xy
1M527086 LOGO 926 0B Xy
1M527186 LOGO 527 1B Xy
1M52728 LOGO 527 2B Xy
1M52738 LOGO a27 3B Xy
1M52T74B LOGO a27 4B Xy
1M52758 LOGO a27 3B Xy
1M52768 LOGO a27 a8 Xy
1MS27TE LOGO a27 7B Xy
1M527886 LOGO 527 8B XN
1M32738 LOGO a27 398 XN
Top Mark Information Comnued
M F a—— 1% ine: F - Fairchild Loga
{-i-_ I " 2™ jine. Device Hame - ¥9ta 5% characters of the device name.

S9.0FEC bgo must be 20 % talerthan the alphanumeric markng and should occupy the 2 characters of fe specified line

10.0 Markng Fart: Arial {Except FEC Loga)

11 0 Fret character of cach marking line must be aligned vertically



