DEVELOPMENT OF SOLAR FLUORESCENT LAMP

MOHD HAFIZUDDIN BIN ABDUL RAZAK

UNIVERSITI MALAYSIA PAHANG



UNIVERSITI MALAYSIA PAHANG

BORANG PENGESAHAN STATUS TESIS*

JUDUL: DEVELOPMENT OF SOLAR FLUORESCENT LAMP

SESI PENGAJIAN:__2006/2007

Saya MOHD HAFIZUDDIN BIN ABDUL RAZAK ( 870815-03-5167)
(HURUF BESAR)

mengaku membenarkan tesis (Sarjana Muda/Sarjana /BekterFalsafah)* ini disimpan di
Perpustakaan dengan syarat-syarat kegunaan seperti berikut:

1. Tesis adalah hakmilik Universiti Malaysia Pahang (UMP).

2. Perpustakaan dibenarkan membuat salinan untuk tujuan pengajian sahaja.

3. Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran antara institusi
pengajian tinggi.
**Sjla tandakan (V)

(Mengandungi maklumat yang berdarjah keselamatan
SULIT atau kepentingan Malaysia seperti yang termaktub
di dalam AKTA RAHSIA RASMI 1972)
TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

TIDAK TERHAD

Disahkan oleh:

(TANDATANGAN PENULIS) (TANDATANGAN PENYELIA)
Alamat Tetap:
LOT 818 KAMPUNG MACHANG BUBOK RUHAIZAD BIN ISHAK

16400 PERINGAT KOTA BHARU ( Nama Penyelia )
KELANTAN

Tarikh: 24 NOVEMBER 2009 Tarikh: : 24 NOVEMBER 2009

CATATAN: * Potong yang tidak berkenaan.
faid Jika tesis ini SULIT atau TERHAD, sila lampirkan surat daripada pihak
berkuasa/organisasi berkenaan dengan menyatakan sekali tempoh tesis ini perlu
dikelaskan sebagai atau TERHAD.
. Tesis dimaksudkan sebagai tesis bagi ljazah doktor Falsafah dan Sarjana secara
Penyelidikan, atau disertasi bagi pengajian secara kerja kursus dan
penyelidikan, atau Laporan Projek Sarjana Muda (PSM).



“I hereby acknowledge that the scope and quality of this thesis is qualified for the

award of the Bachelor Degree of Electrical Engineering (Power System)”

Signature

Name : RUHAIZAD BIN ISHAK

Date : 24 NOVEMBER 2009




DEVELOPMENT OF SOLAR FLUORESCENT LAMP

MOHD HAFIZUDDIN BIN ABDUL RAZAK

This thesis is submitted in fulfillment of the
requirements for the award of the Bachelor Degree of
Electrical Engineering (Power System)

Faculty of Electrical & Electronic Engineering
Universiti Malaysia Pahang

NOVEMBER 2009



“All the trademark and copyright use herein are property of their respective owner.
Reference of information from other sources are quoted accordingly; otherwise the

information presented in this report is solely word of the author,”

Signature
Author :MOHD HAFIZUDDIN BIN ABDUL RAZAK
Date :24 NOVEMBER 2009




Dedicate to my beloved family and friends
who always give me a courage to finish this thesis

Also to those people who have been supportive through all this time.
Thank you for the kindness and advices that have been given.

God Bless you all,
—amin-



ACKNOWLEDGEMENT

First of all, 1 would like to thank God for his bless towards myself. Without
his blessing | could not be able to finish my final year project. My project title is
“Development of Solar Fluorescent Lamp”. | able to complete this project in time of
the requirement of the degree of Bachelor Engineering (Electric Power System).

Secondly, 1 would like to thank to all people had assisted me either directly or
indirectly in completing my final year project. My special thank to Mr. Ruhaizad B.
Ishak, my intelligent supervisor for the project whom had given her support,
knowledge, advice and also guidance that | need. He had been guiding me from the
beginning of the project until the final thesis has been done. With his support, | had
learned a lot of knowledge regarding to this project, many thing that I can use in my
future especially the experience in making this project. Without him, | not expect that
I will finish this project same as the University requirement. Thank again to Mr.
Ruhaizad.

A million thank also to other lecturers who had teach and helped me in
completing this project. Not to forget, | would like to thank to all my friends in
support and their co-operation especially my roommates. They had never hesitated to
help me in sharing and discuss about this project. May God bless them always,
Amin.

Last but not least, my very special thank to my beloved parents and also to all

my siblings who had given me a support while | was struggling with this project.



ABSTRACT

Solar cells are common examples in this category of electricity generation.
They are also known as photovoltaic cells. A combination of individual PV cells
forms the Photovoltaic module. A collection of photovoltaic modules, which are tied
together with a wire and are so designed to install it in a field readily, is known as
photovoltaic panels or simply solar panels. The installation includes the photovoltaic
modules, an inverter, a battery all linked to each other with a wire.

Since this technology is still new in Malaysia especially in UMP. The using
of solar as electric source is limited. So, in this case, | need to develop a system that
uses solar panel as a basic supply for the Fluorescent Lamp. This project is mainly
concerned in design a charger that uses solar as source to charge the battery 12 V.
This project also designs the inverter from 12VVDC to 240VAC. The inverter could
be supply power to the load that we use in this project. The load is a Fluorescent
Lamp. This project will be divided into two main parts which are hardware design
and software development. The hardware includes the charger and the inverter. The
charger will take the energy from the solar source and store it in battery. After that
the battery will give supply to the inverter circuit to convert the direct current into
alternating current. The most important thing in this project is to convert direct
current DC into alternating current AC. By using suitable controller, it will change
from square wave into sine wave. The controller can produce the waveform that we
need. Lastly when we get the suitable power, voltage and current, we connect it to

the Fluorescent Lamp as a load in this project.



ABSTRAK

Sel suria adalah salah satu kategori dalam penghasilan elektrik. la juga
dikenali sebagai sel fotovoltan. Kombinasi satu sel PV akan menghasilkan module
fotovoltan. Pengumpulan modul, merangkumi bersama satu rekabentuk yang hendak
dipasang dikenali sebagai panel fotovoltan atau dengan erti kata lain panel suria.
Pemasangan akan dilengkapi dengan panel suria, satu penyongsang, satu bateri and
akan disambung dengan satu wayar.

Walaubagaimanapun, teknologi ini masih baru di Malaysia terutamanya di
UMP. Penggunaan suria elektrik agak terhad. Jadi dalam hal ini, saya perlu mencipta
satu sistem yang menggunakan panel suria sebagai pembekal utama untuk lampu
Fluorescent. Projek ini akan tertumpu pada mencipta pengecas dari sumber suria
untuk mengecas bateri 12 V. Projek ini juga mencipta penyongsang dari 12 NDC
kepada 240 VAC. Penyongsang ini akan membekalkan kuasa kepada beban yang
digunakan. Bebennya adalah lampu Fluorescent. Projek ini akan terbahagi kepada
dua bahagian iaitu “hardware design” dan jalan kira untuk penggunaan kuasa.
“Hardware” akan merangkumi pengecas dan juga penyongsang. Pengecas akan
mengambil kuasa daripada suria dan menyimpannya kedalam bateri. Selepas itu
bateri akan membekalkan kuasa untuk litar penyongsang supaya menukar arus terus
kepada arus ulang alik. Apa yang paling penting dalam projek ini adalah untuk
menukar arus terus DC kepada arus ulang alik AC. Dengan menggunakan pengawal
litar yang sesuai, ia akan menukar “square wave” kepada “sine wave”. Akhir sekali,
bila dapat nilai kuasa, voltan dan arus yang sesuai, sambungkan ia kepada lampu

Fluorescent sebagai beban dalam projek ini.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Solar panel described two types of devices that collect energy from the sun. It
is solar photovoltaic modules and solar thermal collector. Solar photovoltaic modules
are use solar cells to convert light from sun into electricity. Solar cells are common
examples in this category of electricity generation. An electric power can be
converting from one form to another by using electronic devices. The function of the
electronic circuit by using semiconductor devices is to switching and modifying or

controlling a voltage. It will convert electrical energy from one form to another form.



1.2 Background

Normally power electronic systems consist of two parts. It is power processor
and power controller. Power process that handle power transfer from input to output
and power controller that tell how the process need to do to get the output compared

to input. It is shown in Figure 1.1.

In order to save energy from common use (TNB), we use another source to
get the electricity. For example, use energy from solar. By using this energy, we just
get the direct current DC. Is not suitable to our equipment that using alternating
current AC. That means we need to converts DC to AC power by switching the DC
input voltage (or current) in a pre-determined sequence so as to generate AC voltage
(or current) output. By convert the input direct current DC to alternating current AC,
it is suitable to our equipments. Figure 1.2 shown the inverter that converting DC

input to AC output.

Application of power electronic range from low-power conversion
equipment, for examples AC devices. Convertion of DC input from the battery to get
AC output is shown in Figure 1.2. This DC-AC converter is also specifically
classfied as a inverter. In order to get the power in AC, the power need to follow the
specification of the equipment that we use. The voltage must be 240V at no load and
not less than 220V at load. The frequency must be 50-60Hz. Lastly we need to
consider the output power for the load. Therefore, this project is assigned as to
design and build a suitable inverter for the load that we used. The load is Fluorescent
Lamp. The power that load needed is about 5-20W. in order to get the pure sine
wave, we need to add the filter circuit after we get the full wave of square wave.
After passing the filter circuit, the output will change in sine wave. The block

diagram of the filter is shown in Figure 1.3.
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1.3  Objectives

The main point of this project is to store the energy from the sun into the
battery and to convert the DC voltage to AC voltage by using power electronic
devices. In order to achieve the single phase AC voltage, it is required to design and
create the suitable inverter for the load by using the source from the sun energy.
Besides that, it is the objective of this project also to design and build the solar
charger that can taking energy from the sun and store it into the battery 12V. To
achieve all the objectives of this project, a lot of work must be consider before the

project done. There are as stated below:

I. To develop a system that uses solar panel as a basic supply
ii. To design a suitable inverter to integrate with low power load

iii. To apply all the theory has been studied practically

14 Scopes

In this project, it will be focus on two parts; it is the hardware development
and calculation of power consumption. The main scope of this project is to generate
electricity from the sun energy (solar panel) and then store it to battery (12Vdc) by

control with charger circuit.



For this project, the power consumption will be calculated manually. The
battery used only 12V in constant voltage. After that the inverter produced only
suitable for the load. The load in this project is Florescent Lamp and the inverter

must be turn on the lamp after the control circuit is on.

In addition to this project, the external switches to control and protect the

system from damage or short circuit. There are as stated below:

i.  Generate electricity from the sun energy (solar panel) and then store it
to battery (12VDC) by control with charger

ii.  Onlyused 12V battery in constant voltage to supply to the inverter
iii.  The inverter that will be used is 12DC-240AC/5-20W
iv.  Get stabilized voltage for used at lower voltage devices

v.  Additional circuit for control the system work properly.



15 Problem Statement

Today, the system that using the solar panel as a source for the fluorescent
lamp is very hard to found, especially at the bus stop. In easy word is no installation
of solar fluorescent lamp at bus stop in Malaysia. Today, technology is very
important and very useful to us. So we need to find way to improve ourselves. For
example, generate the electricity using energy from the sun light. That we call is the
solar photovoltaic modules. Because of that, we not hope electricity from TNB only

but we can make it ourselves.

That’s why this system is designed. The problem here is we cannot produces
constant supply for the load, so the charger needs to be design to store the energy to
the battery. The output will stable when supply from battery is constant. Normally,
the inverter is very hard to design because the input in DC and the output is AC, it is
easy to burn. So the component must be suitable for higher temperature and higher
efficiency. Nowadays, a lot of product used for DC load only, but this system is

designed for load in AC

1.6  Thesis Organization

There are all five chapters being structure in this thesis and every chapter will
elaborate in details about this project. Chapter 2 is about the literature review. The
data and the theory will be taking from this part before move to the next chapter.
Chapter 3 is all about the methodology. This chapter will be discussing about the
flow or the method that applied into this project. All detail explanation about the
project in this chapter. Chapter 4 is displaying the result and discussing about the
project after all the circuit finish. Chapter 5 in overall will discuss about the
conclusion and summary of the project. This chapter also states the problem and

recommendation for the project.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In order to perform this project, literature review has been made from various
sources like journals, books, articles and others. All of this will be references for this
project and also make idea to produce suitable circuit or inverter for the charger and
also the inverter. A review of the article was performed to identify studies that
relevant to the topic. A combination of the following keywords was used to identify
relevant material. The Solar Fluorescent Lamp concept is integrated the solar

charger, battery, inverter and the sensor to switch ON the fluorescent lamp.



2.2 Solar Energy

A solar energy and electric lighting system wherein when the solar energy is
available as in the day-time, it is utilized for lighting through conventional electric
lamps, but when no solar energy is available the lamp are turned on [2]. Using the
light sensor to detect weather no solar energy or not. The solar power source is
suitable for powering outdoor advertising signs. Generally, the solar power source
has application in any environment where the constant power source was desired [3].

It is suitable to apply to bus stop.

2.3 Solar Panel

Solar panel which is also known as photovoltaic is a device that receives the
energy from the sun and then converts it to electrical energy. Solar panel has several
types according to their size and output. It will produce DC voltage [4]. Its output
which is 17Vdc 5A must be store to a battery. The present invention relates to means
for concentration solar energy on solar cells, optimizing the utilization of solar
energy [5]. Outdoor solar energy lamp with luminescence efficiency relates to lamp,
and more particularly to an outdoor solar energy lamp that uses environmental solar
energy as power source and has luminescence function to prolong lamp lighting [6].
By using the environmental source we get to generate the electricity and give the

supply to the fluorescent lamp.



2.3.1 Solar Panel Specification

Model Sunmodule SW80 mono/RSE
Rated Max. Power, Pmax(W) 80(£5%)
Open Circuit Voltage, Voc(V) 21.9
Rated Voltage, Vrated(V) 17.5
Short Circuit Current, Isc(A) 5.00
Rated Current, Irated(A) 4.58
Maximum System Voltage, (V) 715AC

Table 2.1: Solar Panel Specification

24 Battery

Nowadays maintenance-free lead-acid batteries are common in vehicles,
inverters and UPS systems. If the battery is left in a poor state of charge, its useful
life is shortened. It also reduces the capacity and recharge ability of the battery [13].

We use the lead-acid battery in this system or project because it is suitable to use for

the inverter system.




2.4.1 Battery Specification

YLASH,YF
LEAD-ACIT

Figure 2.1: Battery

A lead-acid battery is a electrical storage device that uses a reversible
chemical reaction to store energy. It uses a combination of lead plates or grids and an
electrolyte consisting of a diluted sulphuric acid to convert electrical energy into
potential chemical energy and back again. The electrolyte of lead-acid batteries is
hazardous to your health and may produce burns and other permanent damage if you

come into contact with it.

Voltage is an electrical measure which describes the potential to do work.
The higher voltage will risk to you and your health. Systems that use voltages below
50V are considered low-voltage and are not governed by an as strict (some might say
arcane) set of rules as high-voltage systems.

Current is a measure of how many electrons are flowing through a conductor.
Current is usually measured in amperes (A). Current flow over time is defined as
ampere-hours (a.k.a. amp-hours or Ah), a product of the average current and the
amount of time it flowed. Lastly, Power is the product of voltage and current and is
measured in Watts. Power over time is usually defined in Watt-hours (Wh), the
product of the average number of watts and time. Your energy utility usually bills
you per kiloWatt-hour (kWh), which is 1,000 watt-hours[17].



2.4.2 Acid Lead Specification

Model Lead Acid 12V 7Ah
Battery Technology Lead Acid
Energy Storage 7 Ah
Output Voltage 12V
External Depth/Length/Width 65mm/97.5mm/151mm
Weight 2,65 kg

Table 2.2: Acid Lead Specification

25  Charger

The function of the charger circuit is to regulate the power flowing from a
photovoltaic panel into the rechargeable battery. The energy from the sun will be
taking and store it into the battery 12V. The charger will be charge the battery in
certain time in order to make the battery full back. After the battery full, battery can
be use for the inverter circuit. The goal of the circuit design was to make a charge
controller with analog simplicity, high efficiency and reliability. A medium power

solar system can be built with 12V solar panel up to 10 Amp [16].




25.1 TLC2272
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Figure 2.2: TLC2272
A TLC2272 is an operational amplifier IC and it can make a comparator
either the voltage can flow trough it or not. Depend on this type the function in the
charger circuit is to on and activated the transistor to allow the charge into the
battery. This IC also makes the comparator based on the trigger oscillator to make

the solar turn on and off.

2.5.2 IRF9Z34N
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Figure 2.3: IRF9Z34N
A IRF9Z34N is a power mosfet or rectifier. When the transistor on, this
mosfet will pass trough the voltage to the battery in high voltage. In other word this

device can step up the voltage or current.



2.5.3 Voltage Regulator 78L05
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Figure 2.4: Voltage Regulator 78L05
A voltage regulator is an electrical regulator designed to automatically
maintain the voltage level. This device can step up or step down the voltage to the

value that we need.

2.6 DC and AC Current

In the world today there are currently two forms of electrical transmission,
Direct Current (DC) and Alternating Current (AC), each with its own advantages and
disadvantages. DC power is simply the application of a steady constant voltage
across a circuit resulting in a constant current. A battery is the most common source
of DC transmission as current flows from one end of a circuit to the other. Most
digital circuitry today is run off of DC power as it carries the ability to provide either
a constant high or constant low voltage, enabling digital logic to process code
executions [7]. The idea is use the DC supply from the battery and any devices that
used today is in AC current. In this project, charge the battery by using the solar

panel.



2.7 Inverter

Lastly this statement are taken from futures planning of a company that
produce the solar energy product and equipment, collect sunshine by solar panel
directly to DC power, through the solar charge controller to charge the battery
adjustably. Via DC to AC inverter, the energy which stored in the battery will be
used in AC220V/110V loading [14]. This statement gives me more confident to

make this project. That is Solar Fluorescent Lamp.

2.7.1 Modified Sine Wave

A modified sine wave is similar to a square wave but instead has a “stepping”
look to it that relates more in shape to a sine wave [8]. The waveform is easy to
produce because it is just the product of switching between 3 values at set
frequencies, thereby leaving out the more complicated circuitry needed for a pure
sine wave. The modified sine wave inverter provides a cheap and easy solution to
powering devices that need AC power. It does have some drawbacks as not all
devices work properly on a modified sine wave, products such as computers and
medical equipment are not resistant to the distortion of the signal and must be run off

of a pure sine wave power source.



2.7.2 Pure Sine Wave

Pure sine wave inverters are able to simulate precisely the AC power that is
delivered by a wall outlet. Usually sine wave inverters are more expensive then
modified sine wave generators due to the added circuitry [9]. In order to use the
equipment today, we need to consider all the specification of the equipment. The
output from the inverter must be suitable for the load. This can be seen in Figure 2.1,

which displays how a modified sine wave tries to emulate the sine wave itself.
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Figure 2.5: Modified Wave



2.8 Fluorescent Lamp

Portable Fluorescent Lamp and inverter there for , and more particularly to a
fluorescent lamp operated on high-frequency alternating current produced from
battery direct current by a transistor inverter [10]. Transistor inverter use to convert
DC to AC in high frequency and supply to the fluorescent lamp. There are many
applications where it is desirable to have a light source that is capable of operating
from a convenient dc power source, such as battery. The incandescent lamp is often

used as a means of converting electrical power from a battery into light power [11].

Fluorescent lamp lighting device more particularly to such a lighting device
of the type in which a fluorescent lamp is lit with a dc power source [12]. By using
12V battery we supply to the fluorescent lamp after invert the current from dc to ac
by inverter. Fluorescent lamp may be controlled in accordance with the amount of
ambient light incident, or falling upon, at least a part of area in which the fluorescent
lamp is located [13]. The suitable device to detect light is the light sensing detector

and applies this to the project to switch ON the fluorescent lamp automatically.

A fluorescent lamp lighting arrangement with an integral motion detector and
light sensing detector for controlling the light intensity of fluorescent lamp [14]. But
in this project we use the light sensing detector for switching the fluorescent lamp.
Light control fluorescent lamp and more particularly to a compact type fluorescent
lamp which can be automatically turned on and off in accordance with the brightness
of external environment and a light control circuit integrated therewith [15]. This

statement will be produce into this project.



2.8.1 Fluorescent Lamp Specification

Type Cool Daylight (Screw-in)
Power 8/9 Watt
Voltage 220-240V AC
Frequency 50Hz

Table 2.3: Fluorescent Lamp Specification

2.9 Summary

In this chapter, a new idea is found for designed the suitable circuit for this
project. All of the selecting devices were shown in this chapter. Few methods have
been discovering to relate it to the researcher’s study. In the next chapter will present

the concept, framework and all about this project completely.




CHAPTER 3

METHODOLOGY

3.1 Introduction

In this chapter, will discuss about the project flow and also explain everything
about the circuit that use in this project. Like before, in this project is divided by two
parts. It is the hardware design and the calculation about the power consumption.
There are several steps to be applied in designing a charger and the inverter. The
relevant information is gathered through literature review. First of all, define the
solar panel that suitable for this project. After get the solar panel, collect the data to
design the charger hardware. After collect the data, testing the circuit either the
circuit can transfer the solar energy to the battery. After the circuit complete, the
circuit of inverter has been design after collect the data and analysis. If necessary,
test the circuit by using the software OrCad P-Spice and make the comparison about
the circuit. A lot of circuit has been tried into the software. Lastly, develop the
hardware according to the design. Figure 3.1 shows the block diagram of the
methodology that has been applied. Figure 3.2 shows the overall flow chart of this

project.



SUNLIGHT SOLAR CHARGER
:> 12VDC 5A :>

SWITCHING INVERTER BATTERY
DEVICE <: 5-20W <: 12VvDC

FLUORESCENT
LAMP 17W

Figure 3.1: Block Diagram of the System
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Figure 3.2: Flow Chart of the Project



3.2 Literature Review and Background Study

In this project, basic knowledge about the circuit design is obtained from the

literature review. All the circuit of charger and inverter is obtained trough it. It same
like the chapter before. From the study, the related information is discussed with the
project supervisor. It is to make sure that the project can proceed to the next level.
So, there are two circuit has been design. It is the charger circuit and the inverter

circuit.

3.3 Theoretical Design

This part is very important to make sure that the circuit can be proceeding.
After that the project is started. In this part, the ideas are combined and then discuss

implementation details specific to the research.

3.3.1 Power Supply

First of all, the charger circuit needs to interface with the basic or common
power supply. It is the solar panel. The solar panel is collected the sun energy and
transfer to the charger circuit. The charger is collected the energy and store it into the
battery until the battery full of charge. The connection between the solar panel and
the charger will be shown in Figure 3.3. The current will be flow to the charger
circuit and the charger directly connects to the battery. There take several times to
make the battery full charge. The solar panel will be a power supply to the charger
circuit and after this the battery will be a power supply to the inverter. The

calculation about the sizing solar panel will be show below.



Figure 3.3: Connection Solar Panel to Charger

Your location:

26300 Gambang, Pahang, Malaysia

Using data from Kuantan (AFB) weather station

Min. solar irradiation per day 3.58 kWh / m*
Average solar irradiation per day 5.19 kWh / m?
Max. solar irradiation per day 5.97 kWh/ m?

Table 3.1: Solar Irradiation Information

Energy usage (per day) 0.075 kWh
Maximum (Peak) load 15W

Power from other sources (wind, hydro, 0 Ahadayatl12V
etc)

Table 3.2:

Energy




System voltage 12V

Current required 7Ahat12V

(factoring loss)

Solar Panels 2 x Suntech Solar Panel 20Watt 12Volt Multi-crystalline)
Solar Charge 1 x Morningstar Sunguard 12Volt 4.5Amp Regulator
Controller

Inverter 1 x Selectronic 200Watt 12volt True Sinewave Inverter

Days of battery backup | 7 days

Battery depth of 20 %

discharge

Battery bank required | 260 Ah

(factoring loss) 2 x Trojan Flooded Lead Acid Battery 6V 260Ah

Table 3.3: Solar System

Calculation:

Sizing Solar Panel

Let say,
5 hour peak sunshine for Malaysia

Solar panel input = 90/5 hour peak sunshine
= 18 Watt

Select solar panel and regulator

Solar panel in lab = 80Watt*

Unit of Solar =18/80 ...... solar panel input divide by solar panel used
=0.225 unit
=1 unit

Short Circuit Current, Isc = 5.00A*
Regulator need to handle 5.00A Isc

This calculation will be combining with others to get the sizing of the battery used.




3.3.2 Charger

In this part, everything about the charger will be discussed completely. How
it work and also how the charger can charge the battery in several time. Like stated
before, the charger is taken several time to charge the battery. The charger required a

DC input to charge the DC battery. In this project the acid lead battery has been used.

P Faned
oGO
o0
Q00

Connection Diagram

Fuse Swrtch+
S G
Device(s)

Battery

Figure 3.4: Basic Connection of Charger

In the charger circuit show in Appendix, the PV Panel directly connects to the
charger circuit and the current will control by using the 10 Amp fuse. The flow of
voltage and current in this circuit has been control by using semiconductor devices.
The output for this circuit will be connecting to the lead acid battery 12V. The
capabilities of the battery depend on what type used. It will be shown in calculation
after this part. After that charge, the battery connects parallel with the load. The load
in this project used for the inverter. Inverter used for convert the DC current to AC

current. The details explanation about the charger circuit will be shown below.



Refer to the Appendices A, it shows the circuit diagram of the solar charger.

That circuit acts as a medium power DC between the PV and the battery.

From that circuit Diode D1 prevents reverse night time current flow from the
battery back to the PV panel. When the PV voltage is high enough to charge the
battery, zener diode D2 conducts and turns on transistor Q2. Q2 switches the power
for the rest of the circuit on. IC2 provides a 5 volt regulated voltage to power the

comparator circuits. It also provides a reference voltage for comparator 1C1a.

When the battery voltage is below the desired full voltage and needs
charging, comparator IC1a turns on and activates Q1 and Q3, this allows the solar
charging current to flow into the battery. Note that Q3 is a P-channel mosfet, this
allows the circuit to be wired with a common ground for the solar panel and battery.

The solar current loop is drawn in heavy lines on the schematic.

When the battery reaches the full charge point, IC1a operates as a comparator
based schmidt trigger oscillator, it switches the solar current off and on. The
switching causes the battery voltage to oscillate a few tens of millivolts above and
below the desired set point. A rail-to-rail op-amp is required for proper operation,

741 style op-amps will not work in this circuit.

The red/green charging/full LED is driven between the output of ICla and
IC1b. IC1b has an inverted version of the IC1a signal. Pin 5 of IC1b only needs an
approximate center point to work as an on-off comparator. It is connected to the

varying IC1a pin 2 so that it does not require another reference divider circuit.

The resistors and thermistor on the input side of 1C1a form a resistive bridge
circuit that is used to compare the battery voltage to a reference voltage coming from
IC2/R8/R9. The potentiometer adjusts the voltage point around which the circuit will
oscillate on full charge. Resistor R7 adds positive feedback to 1Cla for a schmidt
trigger characteristic. The thermistor provides thermal compensation, as the

temperature goes down, the full voltage goes up.



The equalize switch, Sla, forces the circuit on for intentional overcharging.
Switch S1b and R1 can be used to select a different float voltage range, typically R1
should be greater than 1M.

Figure 3.5: Charger Circuit

3.3.3 Battery

Battery is the power supply in direct current. The type battery used in this
project is Acid Lead 12V 7Ah. It is depend on the load use. If the load used the large
current, the battery must be replaced. For example using 12V 40Ah or something
more than that. The important thing here is the voltage must be 12V only and the
ampere per hour is depending on the load. The ampere per hour (Ah) means the
charge in the battery decrease and sold in one hour if used it straightly. For example

if the battery use is 7Ah, the battery sold if current use 7 Amp straightly in one hour.



Calculation:

Sizing Battery
Load = 40Wh per day
Ampere hour per day = total load per day divide by Rated Voltage*
=40/17.5
=2.29 Ah
Energy loss = 20%
Ampere hour per day = 2.29 + 20%
= 2.75Ah per day
Battery required = 2.75/0.2 Energy loss
= 13.75Ah x 7 days backup no sun light
= 96.25 Ah for a week

Selected of battery = 12V 40Ah Lead Acid Battery
Unit of battery = 3 units

3.3.4 Inverter

Inverter is the important part in this project. It is convert the direct current DC
from the battery to the alternating current AC. The DC wave is in straight line and
need the device that can be convert the wave into the square wave. Firstly, the wave
will be divided to two waves. It is the half square wave. The second half wave could
not be same with the first half wave. There need to shift in 180 degree. After both
wave produced, the waves will be combine to get the full wave square wave. It is
very difficult to get both of waves because there is more interruption to the wave.
Because of that, there push to tried more than one circuit of inverter and make the
comparison of the result. There have 5 inverter circuits has been tried and will be

shows after this.

3.3.4.1 DC/AC Pure Sine Wave Inverter

This inverter actually uses concepts of Pulse Width Modulation PWM. First
of all, the input DC will be divided in two parts. First part is to produce the Sine
Wave reference and the second part is to produce Triangle Wave reference. After that
the reference sine wave will be trough to the non-inverting amplifier to get the square

wave. The reference triangle wave will go to the summing to separate the wave into



two parts. It is positive and negative part. After that, the square wave will be
combining with the low frequency square wave from the input reference in MOSFET
Driver 1. Then the triangle will be combining with the sine wave reference in
MOSFET Driver 2. Actually the combination will be produced the Pulse Width
Modulation and after trough the snubber circuit, there will get the full wave sine. To
get pure sine wave for this circuit, it added filter circuit to filter the wave if having
the interruption after through the Power Mosfet. Refer to the result; the pure sine
wave could not be produced because the Driver is very sensitive with the
interruption. Because of that this circuit could not be precede in this project. The

basic connection shows in Figure 3.6 below.
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Figure 3.6: Basic Connection Pure Sine Wave Inverter



3.3.42 12VDC Fluorescent Lamp

In this part, the inverter produced the square wave and suitable for low power

load only. It designs for the fluorescent lamp only. By using the 555 Timer, it can

produce the square wave by using the suitable or correct device. The special thing

about this IC is it can vary the frequency. And for this inverter the frequency is 50

Hz. There have the calculation about the time duration and the frequency. But this

circuit could not be proceeding because the current produce is very low. The square

wave is produced but the output from this circuit is very low power. When the load is

connecting, the load will blinking and the maximum load reach to 3 Watt only. The

circuit diagram of this part shows below complete with calculation of time duration

and frequency.

Calculation for 555 Timer:

The frequency of operation of the astable circuit is

dependent upon the values of R1, R2, and C. The

frequency can be calculated with the formula:

f=1/(0.693 x C x (R1 + 2 x R2))
f=1/tort=1/f

The total period (t) is t1 + t2 (See Figure 3.7)

Duty Cycle,

D =tl/t = (R1 + R2) / (R1 + 2R2)

From that we get t1 and t2,

t1 = 0.693(R1+R2) C
t2=0.693 xR2 X C

ﬂ] I o

HI[Y)

|- capacitor
i voltage

W3 [+¥) (pins 6. 2)

Figure 3.7: Time Duration Wave
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Figure 3.8: Circuit Diagram for 12VDC Fluorescent Lamp

3.34.3 DC to AC Inverter

This inverter is same concept with the previous inverter. It uses the 555
Timer as a controller. But in this part, the output of 555 Timer will be divided into
two parts. It for the power mosfet before go to the transformer. But this circuit also
could not be proceeding because the output from the transformer also low power.
The load happen same with previous inverter. The calculation of the duty cycle and
frequency same with the previos inverter and the circuit diagram shows in Figure 3.9

below.
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Figure 3.9: Circuit diagram for DC to AC Inverter



3.344 Mosfet Power Inverter

This inverter has 2 IC that using comparator concept. LM358 consist of two
independent, high gains, internally frequency compensated operational amplifier.
The output from this amplifier will go to the CD4001 to separate into two parts.
Expected output from this CD4001 is square wave and then go to power mosfet to
step up the voltage or current. The output from the power mosfet will connect to the
reverse transformer to step up voltage from 12V to 220/240VAC. But the result
from this circuit could not be proceeding because no output detected from LM358.
But all the circuit will be make comparison after this. The circuit diagram of this part
shows in Figure 3.10 below.
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Figure 3.10: Circuit Diagram for Power Mosfet Inverter



3.345 Power Inverter

In this inverter consists gatable astable multivibrator. This CD4047 used
because the output from this IC will be square wave. There is a lot of connection.
The external at Pin 1, 2, 3 will be the important part because it will be decided either
this 1C will be function or not. But this multivibrator is very sensitive and the output
will be 50% loss. It depend on type of the CD4047.after get the output from CD4001,
it will go to the Power Mosfet IRF540 because the output must be step up before
trough to the reverse transformer. From this circuit, it will give the result but some
modification was made for the connection and devices. The circuit diagram shows in

Figure 3.11 below.
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Figure 3.11: Circuit Diagram for Power Inverter



Calculation:
Inverter

Efficiency = 80%
Load = 48Wh per day

48/0.8 = 60Wh per day
Inverter Power = 60/5hours
=12 Watt

Selected of inverter for 25 Watt
Reason: To apply with another appliance and to decrease power losses

Figure 3.12: Inverter Circuit



3.3.5 Load

The load in this project is Fluorescent Lamp. There is several type of this
lamp. The power consumption of this lamp also has many. The calculation about this
load will be shows after this. The table for the type of this lamp will be shows below.
But for this project, the load will use is Fluorescent Lamp 5-20 Watt only. The most
important part in this project is the inverter. If the inverter can produce suitable
power for the output, the load will be no matters. The load specification in this

project will be show in Table 3.3 below.

Type Philip Cool Daylight Lamp
Power 8/9 Watt
Voltage 220-240V AC
Frequency 50Hz
Current 33.33mA

Table 3.4: Lamp Specification

Figure 3.13: Actual Load Used




Calculation:

Total load per day

Load lamp = 8W
Unit= 2
Total power =2 x 8 x 5 hour per day
= 80Wh per day
Energy loss =20%
=20/100 x 80
=16 Wh

Total load power = Total power + 20% Energy loss
= 96Wh per day

This calculation will be combining to the previous calculation to get the quantity of

the battery used in this project.



CHAPTER 4

RESULT AND ANALYSIS

41 Introduction

This chapter discuss about all the result obtained and the limitation of the
project. This includes all the result from hardware and also the calculation about the

output power. All the related result will be include also in this chapter.

4.2 Hardware Design

The hardware in this project is divided by two parts. It is the charger circuit
and inverter circuit. In Figure 4.1 below shows the complete hardware. It is include

also the control circuit. The control circuit design to control the overall circuit.

The control circuit will be switching devices to all the function in this project
hardware. Switch 1 will be control the charging and using of the battery. Switch 2 is
to control the AC input to the load directly. Switch 3 is to control the DC input to the
inverter and the load will be function by using the DC current. The relay will be a

protection control. To make sure that the input for the load in one source only. When



the DC input, the AC input will be cut of and when the AC input, the DC input will
be cut off automatically. Switch 4 is standby mode for the inverter. When this switch
on, the output from the inverter will be use for the load. Refer Appendix A and B for

the circuit diagram of Charger and Inverter.

|

Control Circuit
~1

Battery

Switch 4

Figure 4.1: Complete Hardware



Label Notification

Battery 7Ah acid lead battery

Switch Control the incoming solar through the charger circuit
Switch 2 Direct AC from TNB ( Socket Outlet )
Switch 3 Control either use Inverter or direct AC from TNB
Switch 4 Turn On the output from the Inverter

Relay Change the output either use Inverter or direct from TNB

Transformer Reverse Transformer from 12-240 AC

Table 4.1 : Notification Circuit Label

Inverter Circuit Charger Circuit

Figure 4.2: Charger and Inverter Circuits




4.3 Result and Discussion

Data result from the Inverter:

Reading Duration (Hours) “Voltage (Volt)
1 0 1251
2 1 11.53
3 2 11.04
4 3 8.81
5 4 3.98

This result showed the voltage drop of the 7Ah battery. The load used for this
result is 8 Watt Philips Lamp. When the voltage decrease to 3.98 V, the lamp will be
turn off. It shown the voltage from the battery could not support anymore. The
inverters need 12 VDC in order to get the output 240 VAC. Theoretically the voltage
can stay till 10 hours and 27 minutes, but practically the battery can support below

than 4 hours. It is because the battery is not in full charge and the power loss in the

circuit.

Table 4.2: VVoltage Drop for 8 Watt Load




Reading Duration (Minutes) Voltage (Volt)
1 0 12.06
2 15 11.85
3 30 11.64
4 45 11.46
5 60 11.23
6 75 9.81
7 90 9.10
8 105 6.52
9 118 5.46

Table 4.3 showed the voltage drop of the 7Ah battery. The load used for this
result is combination 2 lamps and the combination power is 17 Watt. When the
voltage decrease to 6.52 V, one of the lamps (9 Watt) will be turn off. It shown the
voltage from the battery could not support for high load. Another lamp still on
because the output from the inverter still produces enough voltage only for one load
(8 Watt). Theoretically the voltage can stay below than 4 hours, but practically the
battery can support below than 2 hours. It is because the battery is not in full charge
and the power loss in the circuit. In order to get more hour, increase the capacity of

the battery. More current can produce from the battery, its more hour lamp will be

turn on.

Table 4.3: Voltage Drop for 17 Watt Load




Data result from the Charger:

Reading Duration (Minutes) Voltage (Volt)
1 0 3.50
2 5 8.37
3 10 10.64
4 15 11.75
5 20 11.97
6 25 12.16
7 30 12.50
8 35 12.65

Table 4.4: Charging Battery
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Figure 4.3: Reading During Charging




Result from the Inverter:

Figure 4.4 Output Signal from CD4047

Figure 4.4 showed the difference wave between two Channels of the
Oscilloscope. Output wave for Channel 1 is upper side and the output for Channel 2
is lower side. This figure showed the same output produced by IC CD4047. The
frequency, period, peak to peak voltage, maximum voltage and minimum voltage is
nearest each other. From theoretically, the frequency can be calculated by using the
period produced. The maximum voltage must be 120 V but in practically get 122 V.
But the minimum voltage showed in figure is -2 V, and when 122-2V, we get 120 V.
It’s same with theoretically calculation. Actually the output frequency of this circuit
can be control change the value of the Resistor or Capacitor at CD4047 used and the

calculation will be shown below.



Calculation:
Frequency, f=1/T
T=440RC
C=0.01uF
R =350 kQ - 450kQ
If used, R =350 kQ
T = 4.40 (350k)(0.01u) = 0.0154 s
f=1/0.0154 = 64.93 Hz
If used, R =450 kQ
T = 4.40 (450k) (0.01u) = 0.0198 s
f=1/0.0198 = 50.51 Hz
Note: 4.40 is the constant for Astable Mode Design, and constant for Monostable
Mode Design is 2.48.

Thus, the resistor can use in this circuit CD4047 is 350 kQ connected series with

variable resistor 100 kQ in order to get variable frequency.



Figure 4.5: Output Voltage from Power Mosfet

Figure 4.5 showed the reading output voltage from the IRF540 Power Mosfet
by using Digital Multimeter. Actually the result shown 12 V for AC current
produced. Output from the CD4047 will be trough the power mosfet to step up the
current before go trough the Transformer. Transformer used in this project is 240-12

VAC, but the transformer connects reversely in order to step up the voltage.

Figure 4.6: Output Signal from Transformer



Figure 4.6 showed the output voltage produced by inverter. The left hand side
picture shown the wave at maximum voltage and the right hand side picture shown
the wave at minimum voltage. Actually the signal in same Channel of Osciloscope
but the signal could not see when combine both of it. That’s why the result showed in
two side. It is because the signal produced in high duration time. To get the signal
with the figure, change the multiple of the probe into 10X not 100X. Adjust the
duration untill get the wave same like the figure shown. But the wave produced is not
pure sine wave because the output produced from the CD4047 is square wave only.
The CD4047 is function to shift the input signal by 180 degree and separate it into
two output of square wave. Then the signal will be combine by using the power
mosfet IRF540 to get the full square wave. By using reverse Transformer, the voltage
will be step up from 12 VAC to 240 VAC. Figure below will show the output from
the Transformer connected with Socket Outlet and the reading voltage produced by

the inverter.

Figure 4.7: Output Voltages Produced



Figure 4.8: Reading at Low Voltage Transformer

Figure 4.9: Reading at High Voltage Transformer

Figure 4.10: Reading for Input DC



4.4 Calculation

In this part, calculation about the illumination of the lamp produced.
Illumination is the light falling of the surface, which also called incident radiation.
But some of the value must be assuming in order to get that illumination. For
example the area that we need to installed this lamp. The lumen is the flow of light
which is radiated from the source. The lumen will be showed at the lamp itself or at
the lamp specification. The important thing is the percent of the light reach the
surface or the working plane. This value also we need to assume in order to get the
illumination. Two lamps are use is 2U Screw-in Fluorescent Lamp 8Wattand the
Lumen of the lamp is 435 lumen.

Assume: Length = 5 m, Width = 3 m and 90% output lamp reach to the surface area.

Total lumen output =2 x 435 lumen
=870 lumen
Light reaching surface =90% x 870
=783 lumen
Surface area =5mx3m
=15 m’
Thus,
IHlumination, E = Incident light/Surface area
=783/12
=52.2 =52 lux

From that calculation, we know that this project suitable for area that need the
illumination about 50 Lux only. Refer to Appendix G, the suitable area is living

room, bedroom and garage.



45 Discussion

The whole circuit that had been constructed shows in Figure 4.11. All the
circuit combines into that figure. The charger reading shows in the Table 4.3 and
Figure 4.3 showed the reading of the charger during charging condition. All output
reading shows in figures above. The result here is the square wave, not the pure sine
wave. The Figure 4.11 below will show the inverter can generate suitable output for

the load to turn on in stable. Both of the lamps showed in that figure will be on when

the switch at the socket outlet turn on.

Figure 4.11: Complete Hardware Produced



CHAPTER 5

CONCLUSION AND FUTURE WORK

51  Summary of the Project

The charger and the inverter circuit have been discussed in previous chapter.
The theory about all the circuit has been discussed and the result shows everything
about this project. The inverter circuit is most important thing in this project. A lot of
inverter circuit has been show and their relative advantages and disadvantages also

have been discussed.

The inverter in this project acts like a heart because the controller CD4047 is
very sensitive. The result is fully depending on that controller. If the signal not
produced at pin 10 and 11, the inverter will be not produced for the output. In order
to get the suitable value at the output, make sure the CD4047 is not burn and the

important things here is do not connect the battery in wrong polarity.

The load used in this project is two pieces screw-in fluorescent lamp cool
daylight 8 and 9 Watt. It is also call the Energy Saving Lamp. The duration of the
load will be stay by using 7Ah acid-lead battery same like | said before and it shown

in the result above.



Through this project, the ability of the inverter to convert the DC current to
the AC current has been done. The charger can take the sun energy from the sun and
store into the battery. The DC current could be converting to the AC current by using
the inverter. The load used in this project also suitable with the main title of this

project. For the conclusion, this project is achieving all the objectives.

5.2 Future Recommendation

The future recommendation for this project is more studies about the related
information especially to the other candidates. There is maybe some modification for
the circuit to make this project look more interesting and flexible for the other users.
The recommendation is suggested is:

i.  Change the controller CD4047 for the inverter into the other type or other

controller that more efficient and more stable than this controller.

ii.  Design the other inverter that can produce more power than inverter in this

project and flexible with more than one load.

iii.  Resize the size of the hardware so it is more interesting, reasonable, and

compact and make it easy for all users.

iv.  Use larger battery if want to use larger load.



5.3 Commercialization

In this part, this project can be commercialized if adding several devices. For
example change the large capacity of the battery in order to get more hour of lamp to
on. This project can be installed to our home but the inverter produced low power.
To solve this problem, do not connect the load more than three load depend on the
power used. Let say we want to installed it for 36W electronic fluorescent lamp, we
need larger battery and it necessary only for one load. Refer to result that we get in
this project, if used 8W load the battery can generate in four hours and if used 17W
load the battery can generate only two hours. This happen because use 7Ah battery.
If use 40Ah battery, it can generate power for more load. For the conclusion better

installed this hardware for lower load only.



54  Component List

The total components and the prices for Cascaded Multilevel Inverter is

summarized in the Table 5.1.

Components/devices Specifications Quantity Price (RM) | Total (RM)
MOSFET IRF540 2 3.50 7.00
IC CD4047 1 3.50 3.50
IC TLC2272 1 3.00 3.00
Transistor 2N3904 1 1.50 1.50
Voltage regulator LM7805 1 2.50 2.50
Variable Resistor 100k 2 1.50 3.00
Resistor 2.2k 1 0.0 0.30
Resistor 10k 1 0.10 0.10
Resistor 100k 5 0.10 0.50
Resistor 750 2 0.10 0.20
Resistor 180k 1 0.10 0.10
Resistor 200k 2 0.10 0.10
Resistor 300k 1 0.10 0.10
Resistor 47M 1 0.10 0.10
Resistor 100 1 0.10 0.10
Resistor 1k 3 0.10 0.30
Resistor 22k 1 0.10 0.10
Resistor 3.3k 1 0.10 0.10
Resistor 4.7k 1 0.10 0.10
Capacitor 0.1uF 6 0.15 0.90
Capacitor 0.01uF 3 0.15 0.45
Capacitor 47uF 1 0.15 0.15
Zener diode 12v 1 2.00 2.00
Schottky diode 90SQ045 1 4.00 4.00
LED - 4 0.50 2.00
Fuse 10A 2 1.00 2.00
Connecter - 8 1.00 8.00
Heat sink - 2 1.00 2.00




IC base 8 foot 1 0.50 0.50

IC base 14 foot 1 0.50 0.50
Vera board - 2 3.50 7.00
Wire jumper - 0.3m 2.00 1.00
Wire - 0.2m 0.50 1.00
Switch - 5 3.00 15.00
Relay - 2 1.50 3.00
Socket Outlet 3 Pin 1 1.50 1.50
Lamp Screw-in 2 7.00 14.00
Total 87.70

Table 5.1: List of component
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APPENDIX A
Circuit Diagram for Charger



Sl i ERS

On:Equalize &
Float Voltage Set

Il
djust) )Z EHIE _R'Q' i
b/ 3 FES\?_
™ T
3 ! Eaﬂﬂ‘j
c8 ‘%"
Battary L : =
Temperalure : Red: Charging

Sersor Grean; Float Valage Reached



APPENDIX B
Circuit Diagram for Inverter
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TLC227x, TLC22TxA
Advanced LinCMOS™ RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLCTR0G - FEBRUARY 1007 - REVISED MAY 2004
_———

# Output Swing Incledes Both Supply Rails # Low Input Offset Voliage

* LowNaise.. 9nVIVAZ Typatf=1kiz 330 uV Max at T =25°C

¢ Low Input Bias Current. .1 pA Typ # Macromodel included

#  Fully Specified for Both Si and % Performance Upgrades for the TS272,
Spl!r]tr-ium]rmﬁqﬁm i T5274, TLC272, and TLC274

¢ Common-Mode Input Voltage Range * Available in Q-Temp Automotive
Includes Negative Rail HighRtel Automotive Applications

® High-Gain Bandwidth ... 2.2 MHz Typ Configuration Confrol ! Print Support

alification to Automotive Standards
* High Slew Rate... 36 Viis Typ o

description MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

The TLCZI7Z and TLCZIT4 are dual and i
quadruple operational ampifiers from Texas SRR WNTAGE
Instruments. Both dewices exhibit railoai
output perfonmance for ncreased dynamic Enge
in singe- o splitsupply applications. The
TLCXITx famidy offers 2 MHz of bandwadth and
3 Vs of slew rate for higher speed applications.
These devices offer comparable ac

while having better noise, input offset woitage, and
power dssipaton fhan  edsting  CMOS
operationa ampifiers. The TLCZITy has a noise
voltage of 9 MVWHz two tmes lower than
The TLC2Z7x, exhibifing high input impedance
and low noise, 5 excellent for small-signal
conditicning fior high-impedance soumes, such as
pieznebecinic ransducers. Because of the micmo-
power dissipation levels, these devices work well DR e O
in hand-held momforng and remote-sensing

appications. In additon, the raikosal ouput Voo - Supely Vollge ~V

feature, with single- or split-supplies, makes this

family a great choice when interfacing with analog-to-digital converters [ADCs). For precision applications, the
TLCZ T family is available with a maxmum nput offset woltage of 850 pV. This family is fully charactenzed
at5Vand 15V

The TLCZIT24 also makes great upgrades to the TLCIT24 or TSZ724 in standard designs. They offer
increased output dyniamic range, lower nofse voltage, and lower input offset woitage. This enhanced feature st
allowrs them to be used in @ weder range of appicabons. For apphications that require higher output drive and
wider input voltage range, see the TLV2432 and TLV2442 devices,

If the design requires single amplifiers, see the TLVZ2121031 family. These devices are single rail-o-ral
operational ampifiers in the S0T-23 package. Their small size and low power consumption, make them ideal
fior high density, batteny-powered equipment.

'ul.mrpl = Ma e wrnes Panh S0 Peak Cutned Volages = W

Pizase be awars that an Important notice conceming analabifty, standard wamanky, and use In criical applications of
Tews Instruments semiconducior products and disclaimers therein appears o he end of Tis data shest

Ahianced LinCAMOS |5 a irademart: of Teras insiruments.
T o O Y YL T PN Vo 0 T e R e

FROICTEN AT, pmain b area o 8 i i Cromyright © 20, lari imirumashs inceponiied

i e R TR

ll.l‘-:-ll. Laiis I S}T[{Eljx?ﬂs -[5 :'::-f:-":i?.ﬂru{:: :lhl|I
N&T EN

POGT TICE DON QEEIC] ¥ DALLAD, TINAD TE385 1



TLC227x, TLC2TxA

H T™
Advanced LinCMOS™ RAIL-TO-RAIL
SLOS MU = FESRLARY 108 =~ HEVISELD MAY 2004
TLCZ7E AVAILABLE OFTIONS
PACKAGED DEVICER
Vipmax | smaLL CERAMIC CERAMIC CERAMIC
:
" MC | oymmet LEe P ma{;‘-::ur “;:,JF: FLAT PACK,
0] ¥ ) )]
T e - - TLCT2ACP | TLC2Tzacew -
“ | 2smv |TczTXD - - nerxP |ncomeerw -
B0V | TLCIITZAID - - TLCZITIAF = -
15my |TLCzTD - - 2P |neomew -
-4 B 1250
w0y | TLCZITZACD - - TLCITZACPW -
15my | TicmTzaD - - - TLCZT2aPN -
_copwp o | EAW | TLCZRTZAND | TLCIZTIAMAK | TLCZTINAKG | TLG2ITZANF _ TLCZIT2AML
15mv |nczrup |orars |ToeauG | oo jile=air.
TThe D packages ars avaliabie bipad and rasied. Add R suff b the device bype e, TLG2I7200R)
3 The P package bt avalabie taped and nesied, Add R suffy b the device type (20, TLOZITIPWRL
5 Cohips ave tesied st 257
TLC2974 AVAILABLE OFTIONS
PACKAGED DEVICES
T Vigmax | sman cERaMIC | cERAMIC | PLAITIC Tsa0pt CERAMIC
ATIEC | ouTUNET LCE DIP P ) FLAT PACK
0] [F¥) W M W]
ropmeg | BN |Te2nAco _ _ TLoZTaACH | TLoariacew _
“ | 25mv |Tuc2zraco TLoZTcN | caracew
B0V | TLCZZTAND 2 L TLCD7aAN | TLoZanr 5
15my | TLCZT4D TLoZTaN | iczrarw
-ATC 16T
w0y | TLCIZT4ACD:
15my | TLCZZR4ED = = o = =
_epowp gy | BOH | TGN | TLCZTAMFK | TLCIITAAA | TLOZITAMMN 2 TLCIITANMN
15my |TCZraMD | TLCZTAWFK | TLCZZTAM | TLCZZTAMM TLCzIrans

I The P\ package b5 avalatés bped and resisd,
§iChips are tested at 25°C,

TThe D packages are avallabie bipsd and rezied. Add R suff 5o device type (2.0, TLOZIT4CDR)
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TLC2Tx, TLC22TxA

Advanced LinCMOS™ RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS
L 100 ~ FESRUARY 1007 - REVISED MAY 2004
TLCET2 TLCETS TLCZTS
0, 33, F. OR PW PACKADE 0,4 N, DR W PACKAGE FE PACKAGE
goaimy 2
1DUT[1U5]U|;.|;.+ 1|:ﬂJT[1""'14]ﬁ|:|L.IT Eodog
iN-[z  7[2our WN-[z 13l am-
N:[[2  &[am- 1N:]]3 92] 4N+ e, A0 4w+
Vop-BND[ e s[3Ms Vppeld  n[lVgp- i ol e
AN+[z o] AN+ T 15[] Voo-
HH'[E ‘3]3|N' NC 7 15[ NC:
w0ty sl 3our M+ [] 8 14 3+
N3
==
TLCZ2TZ = _-\?.'
UPACKAGE Y B8
NG (TOF VIEW]
1IN
NC HE [ 1 ™ 1of] KC
1N+ tourllz sl Voo
s 13 s2our
1[+  702IN-
Vpp GOz s[] 2+
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TLC27x, TLC227xA
Advanced LinCMOS™ RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

51O vROG ~ FEBRLARY 1607 - REVISED MAY 2004
_——

absolute maximum ratings over operating free-air temperature range (unless otherwise nnted}lt

Supply voltage, Ve (see Mote 1) av
Supphywditage. Vnn- (seeMole 1) .o L -av
Diffierential input voltage, Vip (see Nete2) ... 18V
Input voltage range, V) [any mput see Mate f) .. Vpp-- 0.3 Vio Voo,
et e plamyiopul) L e e T +hma
R By L R +50 m&
kel ament o V<t e i e s S S S +50 mA
Tokal UMt O OF VD= e +50 mA
Duration of shor-crewit curment at {or below) 26°C (seeMote 3) . ... ... uriimibed
Package thermal impedance, 84 (see Motes 4 and 5): D package (Bpin) _.................. 97 1°CAY
D package (Mpin) ................... 88270

ke ... .oooiieiiomnnna s TO.TCW

Ppackage: .. il BAECW

PW package (Bpin) ................... 1480

PW package (14pm) .................. HrCw

Package themmal impedance, 8)p (see Motes 4 and 5); FKpadtage ........................... 5.6PCW
dpaddage o 15.1°CA

Upadage .. oo 1470w

Uperating free-ar temperafure range, Ty, Cosuffix . 0FC o TO0FC
Elbmling:, L il A sl -40°C o 125°C

sl s e R A -55C i 125°C

Shorage temMPE@irE FNDE . ..o -35°C i 150FC
Lead temperature 1,8 mm (111 inch) from case for 10 seconds: O, N, Por P package . ... ... 280:C
Lead temperature 1,6 mm (116 inch) from case for 80 seconds: JorUpackage . ........... ... 300-C

TMMMImmmwmrmmmmbMW.Mm siress rafings only, and
funictional opsraton of Te device at Tese or any offer conditions beyond those indicated under “recommenided aperaiing condtions” Is mot
Impled. Exposure to ahsolute-masimurrrated condbions for exiended periods may affect device relabiEy
NCTEE: 1 Al voliage vales, except diferential voltages, ars with respect fo thee midpoint betwesn Vno. and Voo —
2 Diferenial voitnges are ab [N+ with respect o -, Excasshe cument wiil fiow Fingut |5 brought beow Vop-- 03V
3. The oulpat may be shoted to effver supply. Temperature andior supply woltages must be Imied fo ensure thal Te madmum
dzsipaiion raing ks not excesded
4 Maximum power dssipation 15 a function of T jima, Bjs, and Ty, The marmem alowabie power dissipafion 2 any alowabie
ambient temperatne |5 Py = (T ima) - Tyl 4. Cpemiing &t the absoiute mavimum T of 150°C can afect rdabisy.
5. The package hemal impedance |5 calcuiated in accomiance with JESD 51-T (plasiic] or MIL-STD-283 Method 101 2 iceamic).

recommended operating conditions

I SUFF | BUFFIX @ JUFFIX M TUFFE

MIH MY WH WAL | MW WA | W mm |
Supply vokge, Vg £23 :B | 22 8 | 422 18 | 222 8 v
T votage, V), Vng- Vope=15] Vom-  vppe-15|Vppo  Ymoe-1E{vop- vppe-1E] W
Comon-mode rputvolage, Vic | VDD~ Vop+-15] Voo~ Vo= -15| Voo~ Moo=-15|voo-  voo+-15] v
Opemtrg fesar mmpemar= Ty [ 0 ] S - 1% T T
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TLC227x, TLCZ2TxA

Advanced LinCMOS™ RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

BLOGTE = FEERUARY 1087 = REVISED MAY 2004
T —— =Ty

TLC2ET2C electrical characteristics at specified free-air temperature, Vpp = 3V {unless otherwise

noted)
TLCETI TLC2ITZAG
PARAMETER TEET CONDITION Tt UNIT
MK TIF MAL| MIN TIF MAX
=0 W =0 W 30
Vip  Iputofest voimge g.w
o Ful rangs ¥ 150
Temperadure coeifoent =T .
B0 of gt ofset vatage BTG : z A
ek Pzt voimge
ong-tem ot =0 oo 0.0 i
e bt 4]
=0 05 & 15 &
i ofest e oA
o m Full rangs I o
i =0 ] T B
e oA e Ful range o m| ™
. we |ome r:.-:_: LT h:",:'f
Vg Commormote o | _ oy N 12 5mY 2 v
oiagE i T oo
b T 15
or= - A =0 155 ]
TC | 485 43 4B5 443
High-tevel ouput L= -2 4
Vou — - Ful range | 485 488 v
- T =0 | 45 & 335 455
=i m
'oH Fulmange | 435 435
Vig=25Y,  IoL=SOpA | =T T L0
T 1E Lk Il L
VoL lowewlodpdwbge| = YT Ful range 1 05| v
=0 03 15 15 15
Vig=25Y, g =SmA
I o Ful range 1% iz
=c | 5 % T
Large-sional qeerental |Vigm25y,  |AL= iR : i
A Fulmngs| 15 5 i
wlage mpeton |V 1V iDAY
R=imE | ¢ 175 s
Dfierereal mput . " = 4
R =0 10 0
Comman-mode npu S, 12 ani2
y =0 10 0 0
Commor-mode nput [, o
i -iiHz  Fpackag =0 B B oF
Ciomed-oop oulpat 2t ; T .
T m UM, Al =0 140 g 0
Commartmode Vi=0WinZly I o TE 7 75
CMRR rejaciion mio Vigm 25 Re=E00] Ful rang= ﬁ E =
B o0 [ -
i VDO= 44V 8 UVIC= VD02, |2 ol e m
by <A o foad Fulmnge| 80 80
v sl .
Sy s Vg=25Y,  Nohbad — s |
7 C =l ) m
bo Seoy o Ful rangs 3 3
TFal rmange s 0°C o 70°C
FReferencad 0OV

NOTES: Typical walees e basad on the input offsst volage shift cbssnsed through 1632 hoors of operading e st af Ta = 1507C. evirapoiaied
o T, = 25°C using the Arrhenius squation and assuming an actiasion energy of 196 &4
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CO4047B Types
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CD40478 Types

STATIC ELECTRICAL CHARACTERISTICS ({CONTINUED)
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IRF540, RF155405M

28A, 100V 0.077 Ohm, N-Channel Power Features
MOSFETs —
These a7 H-Channe enhancement moge slicon gats . - 00770
power el effect Tansistors. They e advanced power o o AT
MOSFETs deskgned, testad, and quarantesd bo withetand 3 + Single Puise Alanche Enemy Rated
s;)Eu:i‘.’EﬁIB.E l:ITErEfI;'p'!nﬂE:HEHm ava anche mode « Manosenond mrﬂ SFH!{E
of ooeration. &1l of ese power MOSFETS ar designad for .
appications such 36 SARCING FEQUIIDTS, SHRCIING " FE A,
cOmeErOrs, motor drivers, reiay drivers, and drivers for high + High Input Impadance
power Dipolar Safiching translstors requinng high spaed and . robded itk
'.;':ﬁ’g;‘;”;mm e e e e - TEI4"Gudeines for Sciding Suracs Maurt
AT I i [V b

Components to PC Boars”
Formeny deveiopmental type TAIT421,

Symbol
Ordering Information
PART HUMEER PACKABE ERAND
FFsa0 TO-ZTAE IRFE0
RF1E50EM TO-2534E RFIES40EM
NOTE: 'iihen omering, uss e e part nuser, Addthe suffy 2ARD
cbtain the TO-25348 voriant In the fape and resd, Le, RF1S540EMEA.
Fackaging
JEDEC TOu22048 JEDEC TO-2B34E
SOURCE
NHEN
GATE ATE NSk IL:T-:-HHI'-‘.'I

BIAIN [FLANG I’-'
i o

SOUMCE

ENNE Tarzhle Semizondumor Doponyion

APz, B Gha e B



IRF540. RF1554058

Absolute Maximum Ratings 7, =25 Unless Ofnerwize Specifieg

UHITE
Drain io Sourre Ereakdown Volage (Mot 1) . ... ......olll v
Drain io Gate Volage (Rlos = 200} (RoE 1), .. ..o \ W
Conbinuous: Dealn Cument .. ............... i A
Tam PG e A
Puised Drain Caurend (Mol 3] ... ... A
Gl o Bouree Wolbsge . ... ... v
i Power Dissipation ... ........... ¥ W
Dissipation Deraing Rachor . ... coovvvmannvnnnianis WS
Singie Puiss Avaianche Enesgy Raling (Moled). .. ... FET S 3 md
Operating and Storage Temperatrs . ... ..., i Tata = c
Naximur Temperature for Solderng
Leads at 00630 (1.6mm) from Case for 10s. . . b H
Package Sody for 105, See Techbrief 334, . . T

CAUTAON. Shenarr above hose idfed @ "Absciufe Macimum Melogs” may ciuoe permasen demege & B deveor. iz i @ elmas anfy aeding e openation of B
devics ! Frem of ary olber concifions sbhovae fose ndice’ad' o Y cpsslionsl necianr of iy peciicabon s nod mplad

NOTE:
1. Ty= 2008 T 15T,

Electrical Specifications 7, =25, Unisss Ctvewise Epectfes

PARAMETER SYMEOL TEST COMDITIONS MM | TR | max [umme
Cran to Souce Bressdown Vomage. | BWnas | Ip= 2500A, Yge = 0V Figure 10) mw| - | - v
Gate (o Thres-oad Yatags Vgt | Vs~ Vos lp= 2504 2 | -] & | ¥
Tero Gate Voge Drain Cument ks | Vpe= %V, Vgg =V B I T
¥ = L5 ¥ Fiated BV, Vg = OV, T = 150°G - = | o
On-Sabe Drairy Cument (Kiote 23 Iniowsy Vg, * sy ¥ Poossmi) M ¥ = 10V (Figure 7) 2 - A
Gate to Eouree Leatage Comen lgzg | Yoz =220 - | - |+ | na
Drai: i Source On Resisince o 2) | Mgy | 1= 17A Vg = 10V (Piares 8,51 - oma|pom | @
Sorward Transconductance (Note 21 B |Voa:EV, o= 17A PR 12) g7 [ 1| - 8
Turm-On Dy Time Laoh | oo 50V, Ip = 288, Ry = 240, R, = 1,701 S e = | =
At Time | et - |m || om
Exsentiafy repsndent of Cparating
TumrCAT Delay Time LioFr Temparahse i an =1} n
=3 Tme § -l e |-
ot Gate Crage DgToT) | Ve = ¥V, I = 284, s = 0.8 ¥ Rated Bz, YRR
{Gake o Sowce = Date 1o Drain) Ifogr, = 1.5mA [Figure 13) Gate Charge s Exsentally
o i e % Independent of Cparatng Terperature T ol =
Gate to Drain "Ml Charge Ol B IETH B
irpd Capaciiance iz | Voo m 25V, Yge = IV, T= ThEHZ - |weE| - | #
et Capaciance Cpeg | FaMr™) - = - | =
Fverss Transter Capackance Cras - Jm| - |
rema Dran ructance Ly | Messred Froethe ModfedMOSFETSymenl | - | 35 | - | oM
Corsact Serewon T To | Showing e Intamal
{Cander of Die Devices inductances
Meamred Froen e Drin ? - [as| - | m
Lizaed, Grre (0250} from ,_D'\\I
Fackage in Canter of D
nEmal Soue Induchrce Le | MessredFromthe Bl | - s - | m
Souree Lead, Gmm b/
[0.25m) From Header ko
Eource Bonding Fad 8
Thermal Rasstnce ARcdionio Case | Fgye - | - | 1= | ow
Thermal Sasisonce Jncton 0 Ariiert | Fajs | Fres A Cpemton - | e | o
Fuis | RFIESDSM Mownid on FR-4 BoardwithMinimum | - | - | &2 | Cow
Woemtng Fag

ENNG Farchl Semicondumor Copodwdon AP, R Sl s



IRF540, RF155405M

Source to Drain Dicde Specifications

FARAMETER LTMBOL TEAT CONDITIONS WiN | TVF | MAx [unms
Contnuous Source by Drein Cument &y |Modfed MOSFET Symbo R ER
Puise Source i Drain Curent lagyg | rwing the inegra =] - |m]| A
ke 3 Reverse P-N Juncion

Diocie

Source o Drain Diiode 'Vokage [Note 2) Vo |Ty=25°C, lag = 2T W = OV (Figure 13) BN
Reverse Recovery Time fy  |Ti=25%C, lap = 284, diagidt= 1004 M [ [0 | =
Reverss Recovery Crame O |Ty= 2500, lup = 284, dlgpyit= 100AS 2 1m || e
MOTES:

Z Fulse fest puse widi< 300ys, duty cyde < 2%.
3. RepeiSve ratng: pulse wid Imied by mamum junction fempenaiurs, See Transient Themal Impadance cune (Figune 3}
4. gy = 25, statng T, = 25°C, L 4300H, Ay = 2500, peak gz = 254,

Typical Performance Curves Unies Ofemwse Specfe
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International
TGR Reclifier

PO -0.14858

IRFOZ34N

« Advanced Process Technology
« [ynamic dvidt Rating

« 175°C Operating Temperature
 Fast Switching

« P-Channel

Fully Avalanche Rated

Description

Fifth Generation HEXFETs from Intemational Rectfier
ufilize advanced processmng fechnigues to achisve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in 3 wide vanety of applications.

The T0-220 package is universally preferred for all
commercia-ndustnial applicatons at power dissipation
levels to approwimately 50 waits. The low themmal

HEXFET® Power MOSFET

Vpss =-65V
RDS{nn] =0.100

lp=-19A

resistance and low package cost of the TO-220 To-Z0A8
confribute to s wide acceptance throughout the
indusry.
Absolute Maximum Ratings
Parameter Max. Units
lp @ Te = 25°C Continuows Draln Cumen?, Vs & -10V -19
To @ Tp=100°C | CominuoUs Dral CUment, Vs @ -10V BT A
b Puisad Drain Current -6
Py @T.=25"C | Power Dissipation Ed W
Linear Derating Facior 0.45 WrC
Vs FalE-to-3aurce Voitage 10 [
Exs Shngle Puise Avalanche Enengy 130 mJ
[ Avalanche Cumeni -0 A
Es Repefitlve Avalanche Energy B.8 mJ
duiot Peak Diode Recovery dvidt -5.0 Vins
T; Cparating Junciion and 5 o+ 175
Tara Siorage Temperalire Range "
Soldering Temperature, for 10 seconds 300 {1.6mm from case |
Mourting torque, &-32 o7 M3 scew 10 1bfIn 1. 14-m)
Thermal Resistance
Parameter Typ. Max. Units
Rai: Junction-to-Case —_ 22
Racg Case-0-Sink, Fiat, Greasad Surface 0.50 — "W
Ra Junclion--AmEent — 3

Br2aeT



IRF9Z34N

Infernational

Rectitier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Paramater Min. | Typ. | Max. |Units Condltlons
Varpss | Dran-o-Source Breakoown Votage | 55 | — | — | V | Vgg = OV, Iy =-250pA
WppeziAT, | GIEROOWN VO3 Temp. Cosmoent | — |-0.05 T'C | Reference 1o 25°C, Ip = - 1M
Roge | GU30C OMAN-0-GOUMCE ON-REEsante | — | — |10 | & | Veg =10V, Ip =104
Voem | Gale Threshald Vorage — [0 | ¥ | Vpg = Vgs, I = -Z50pA
T Forward Transconducianca =, _ 8 Vog = 25V, I = -10&
: — [ —] = Vo = <53V, Vigs = OV
fose it ieiboon i o —T—{=a| ™ vz;-q:v. uz-w,T_-m-c
o Gate-lo-Source Forwand Leakage —[—[m] . [Vee-20v
i Gate-do-Gource Reverse Leakage — [ —1-102 Vi = <20V
Qg Tatal Gate Charge — | —1 35 Iy = -104
[0, Galelo-G0Ure Charge — [— 78 | nC | Vpg=-4v
Oy Gatedo-Draln "Miller”) Charge — [ —1 1 Vg =-10V, See Fig. 6 and 13
Ty Tum-0n Delay Tme — 13 [— Voo = 26V
L Rise Time e I el
m Tum-Df Delay Time — 30 [— Ry =130
t Fall Time — a1 [— Ry = L6, See Fig. 10
L Irtemal Drain Induciance ol g T '
» EEH TR = ([P and nﬂi:eri’.dlsmr:m:’. "
i Input Capacitance — |60 — Vog =DV
G il Quiput Cagaiiance — [280] — | pF | Vos=-25v
Cni Reverse Transter Caparitance — | 1an|— [ = 10MHz, Se2 Fig. 5
Source-Drain Ratings and Characteristics
Parametsr Min. Tﬂ]. Max. [Units Conditions
s Contnunls Soure Cumet WOSFET symoal
{Body Diode) =, 4 | snowng the
] Putsed Spurce Cumani - Ir!'.Eng reversa
Body Dicde) s v N 00 JUnction diods.
Vin Diode Forward Volage —[—1-18] v [T=25"C. 1 =108, Ve = OV
s Reverse Recovery TIme — 5| & | ne | Ty=25°C.1p=-104
Qg Reverse RecoveryChame — 110 160 | nC | dudt = -100As
[ Forward Tum-0n Time Intrinsic Lum-on tme s negigible (fum-on & dominated by L+
Hotes:

Repetitive rating; pulse width Imed by
max. Junchion temperature. | Seefig. 11)

Starting T, = 25°C. L = 3.5mH
R = 2500, lag = -10A. [See Figure 12)

lgg & -10A, IR < -200ANE, Vrp & Vignpes.

T,5 175°C

1) Puise width < 300ps; duty cyck < 2%.
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Standard Illumination Table



ES IKR
Sandard | Standard |  Position
Service | illumi- ol Colour
GENERAL BUILDING illumi- nance medsure: | Appearan- Notes
AREAS nance minl ce of light
Lux Lux
—
HOMES
Garages 50 50 Floog Intes- Nluminance mist be
mediate |50 — 1009, above. PO
recommendations {or |y
[HOME OLD PEOPLES) Pariculasstentions "y,
paid to avoid glare ang i,
reveal steps and obstiviyiy,,,
isated for (e MW by
i oe throy
suir e, Bl W,
————
INDOOR SPORTS AND
RECREATIONAL BUILDING
MULTI PURFOSE SPORTS
HALLS
Ahletics, baskeshall, w 0 lnstr | For tome sports sid |
bowls, Judo gympastics, meat of | or localized 1'@,-;“! is I‘.Il:lllu
beckeyball T 3 Floor Warm | pel in i W Pralarpgy
Arrange swilching 19 iy
nlhnuﬂm! ApPrOpisle §y
acuvity.
BADMINTON COURTS ELY 100 Floor . Avoid glare from VR g
lighting.
BILLIARD ROOMS
General 100 150 Floar
Tabie special
lighting
CARD ROOMS M) a0 cable =
oo b Mot Rt R -5 -,
requi lumiinap
SWIMMING POOL required, ACEss 16 ihinayes
- . |must be considercd Wigy,
TOP FOOL S waler and fuminance musi he I'H-'Ilh'l
level i avoid ﬂ:lm 10 Wwiiig
Speciator areas 150 150 seared ' “:‘.;: h; fd’h;.m‘;:lm
level waler surface,
Club recreational 0 200 wiler "
level
GENERAL
Changing rooms showers, 150 150 Floar i
cookers rooMms
TABLE TENNIS
Club ) 100 Takhle i
top
Recreational 0 0 " .




IES

Standare JKR
GENERAL BUILDING Service | Standard Poaition Colour
AREAS illmi- illumi- | of measur-| Appearan- Notes
nance nance ement ee al light
LUX LuXx
Shelven 150 Yenicle s
plane al
lowest
shelf
Reception general 0 200 working -
plane
Enquiry desk 0a 0 Desk i
Lsboratories i 300 Bench ”
Openting theatre suits i) 400 Troliey Irter- | Hose proof luminaires maybe
penenal height mediste | mogquired.
of Warm
Operating area - - Special lighting
Recovery room and infensive H0-50 Bedhead Inier 400 LUX 1o be available on hed
care unity miediate for supervision oaly
or warm
Xy department radio. 50} 500 ench Inter- | Dimming required
diaggnestic and rooms fluors mediate
COpy 0T Warm
HOSFITAL
Radio therspy rooms Wil wn Poaition Imter- | Decorations required
of meawr- | medinie
ement o Wam
Denial surgeries Special lighting
HOMES
Living rooms genera] 1] £ working Inter- | Tn ofl home sress, afienfion
planr mediate | should be green o the Fighting
nf warm | of room swrison. Lomimance
shoobd be wlected and posi
tiomed 10 pve Accumads a
compromne between  sfiractiee
sparkle snd sreymied
Cowmal reading 150 150 = i plae. Dememng is wseful for
Sewing and dam et ey i
ng ingsriadies L un g " tioeal mirmor lighting requi
Desk and protuged in . Additinnal mirror
lighting required Enclossd
Bedrooms general 5 ) Floor : heminaines should he wsed
Bedlead Kitchen 150 150 Bed g
Kitchen working aress
Bathrooms 100 10 Floaor ,
Hall and landings 150 150 Flonr *
Stair {11} 1 Tread i High leminance apacing
shauld he swreened from view
when awending or dewending
vir
Workshops 3K ) Bench '




