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ABSTRACT

There is a need for the applications of photovoltaic (PV) system in Malaysia, due to
the rising of world oil prices. Malaysia is well endowed with non - renewable and
renewable energy source. Bulk of our electricity demand is met by the use of fossil —
fuel based electrical power plants. TNB’s current energy generation mix is
approximately 35% coal, 34.7% natural gas and 18.26% hydro with the remaining
12.1% from oil, gas and diesel for a combined installed capacity of 10481 MW. A
shift towards alternative energy such as solar energy, one of the abundant energy in
Malaysia, is essential. There are many initiatives have been initiated in moving
towards the development of solar energy in Malaysia. Use of PV in harnessing solar
energy to generate electricity is a proven technology, but the utilization of PV is not
optimized. PV cell is expensive and the efficiency of PV is relatively low. A good
tracking system is crucial in order to optimize PV performance in generating
electricity. Thus, in this project the focus is in designing a system that will track the
sun for better PV performance. A hybrid tracking system is introduced in this project,
where it consists of two controlling methods. The automatic controller system will
control the motion of the tracker in East — to — West direction, while the manual
system will control North — to — South motion. As a conclusion, this project offers
simple yet practical system that can help to improve the efficiency of the PV related

system.



ACKNOWLEDGEMENTS

Alhamdulillah, all praises be to Him for succeeded me in completing my Final Year
Project for two semesters. Without His blessing, the project is impossible to be

completed.

First of all, I would like to express my deepest- gratitude to Dr Balbir Singh Mahinder
Singh for his guidance, concern and attention in helping me completing the project.
His understanding and quality — based policy urged me to give the best to achieve the
goals of the project.

My appreciation also goes to Electrical and Electronic Engineering Laboratory
technicians for bundles of information and assistance in accomplishing this project.
They are Ms Siti Hawa bt Tahir, Mr Musa Yusof, Mr Azhar and Mr Isnani. Not to
forget Mechanical Engineering Workshop technicians, Mr Jani and Mr Zailan.

During the project completion, there are numbers of assistance that have received
from. Their advice, ideas and support had become the most valuable experience and I
really appreciate it. They are Mr Erwan Darusis, Mr Saiful A’ee, Mr Timothy Thum,
Ms Yurahafzan Yusoff, Ms Nurul Fasya, Ms Maizatul Niza and Ms Wan Norakamal.

Last but not least, my friends, course mates and family who have been supporting me

throughout the project period.

vi



TABLE OF CONTENTS

LIST OF TABLES ..ottt rereie e eresconsassrsesssssesasseasarsnssssesssiessssnsstsssssnessensstrassass ix
LIST OF FIGURES.......oeotitirrtetrretrrcteesnsenisessosesesssssssnsss s asssrssassassssstassssaesssssncorssssnses X
LIST OF ABBREVIATIONS ...t sssssss s ssss st sssssssassssscosssssses xi
NOMENCLATURE .....cvctiteteretisreesecssesceessisassnesssesssssensanssssasessassestanentsssnssssnsassssen Xii
CHAPTER 1 INTRODUCTION ..ottt s sssss s ssscsssssssnsnses 1
1.1 Background of Study .......ccovriiireeeeciinnieircrss st 1

1.1.1 S0lar ENEIZY..ccovvercererreicriinencmsinsese s s e e sensns 1

1.1.2 Photovoltaic (PV)..eeececrcormreniinnccrinicerrssssesesse s sncnans 2

113 TYPES OF PV ettt e et 4

1.2 Problem Statement... .. cccveerreernrnitisnssssnssssnessnsssssesesresessonsssssessonns 5

1.3 Objective and Scope of StuAY ...cocvvvieriirnis 6

CHAPTER 2 LITERATURE REVIEW AND THEORY ...t 7
2.1 Solar Radiation outside the Earth Atmosphere ........coooemeieneiniencnes 7

2.2 Solar Radiation at the Earth’s Surface........ccccocovmmiinnininnnnicnnnee 8

2.3 Solar Radiation GEOMEIIY .....cveeveveerireerrecrrecssrisiensrssnssesessesseesenees 9

2.4 Angle of Incidence for Tracking Mechanism...........cooeiinincnnnne 12

241 MOAE Lot bbb e 12

242 Mode IL....oooereiieccrireee e e 13

243 MOode IIL.....oooeeeeeereecee et s 13

2A4AMOE IV ..ttt s 14

A5 MOGE V ceeerreeiricsesresesecrstssestesesesseresse s asbosssbesssessanssssssnans 14

2.5 Global Radiation Separation Method .........cccooovvvevrriveiciiniinnnn, 15

2.5.1 Extraterrestrial Solar Radiation on Horizontal Surface ......... 15

2.5.2 Monthly Mean of the Daily Diffuse Radiation...................... 16

2.5.3 Monthly Mean of the Hourly Diffuse Radiation.................... 16

2.6 Hourly Solar Radiation on Tilted Surface.........ccccovorervirnennnnnne. 17

2.7 SLEPPEr MOLOT.....civeenienrerrrecercsisresintsie et s re s s s ssas s snns 17

2.7.1 Principle of Operation........ceimicciinvnnnncssnscennesnee e 18

2.8 PIC 16FB4.....eier et is s s s s e s es 19

CHAPTER 3 METHODOLOGY AND PROJECT WORK ...t 21
3.1 Procedure Identification ..........c.cccovveinieinrimniiinincee e 21

vii



3.1.1 Literature Review/ TREOTY ...cccccrereemmreireniririssssesmssssssensanssnaes 21

3.1.2 Research and Analyses on the Theoretical Component......... 21

3.1.3 Selection of Tracking Mode ..ccvceeinevinniiincceeinieiinnns 23

3.1.4 Basic Concept of the SYStem .....cvereceeiceriinicverennecnsinreeee 28

3.1.5 Development of the Circuit of the System and the

PLOSTAMMING ...covvirerrsesmrnsnisnrnranranssrsssnessmsisssoosssesiasanssssnsseesansanes 29

3.1.6 Fabrication and Verification of Prototype ........cecvevereerecssennane 31

CHAPTER 4 RESULTS AND DISCUSSION ....ccvviirartaeesnensenceiians w33
4.1 Experimental Analysis ....ciceereeneissiarssnmsnissscss st 33

4.1.1 Stand — Still MOde ....cccererecrierrrrsre e ssemnsnennsnesssssnsreras 33

4.1.2 Solar tracking SYSIEM......cicvvivrrsrsermerssesssssssisnsssnsisassassssanscies 35

CHAPTER 5 CONCLUSION AND RECOMMENDATION ........cooeiisinisniirmannse 37
REFERENCES ..o ovievivereesesersassenseras seserssstsnssssssssessosssensasssassnas siansssssassssssussassassssnsbsasn 39
APPENDICES. ....cveeieeevevirssassmemsistsssssessessssssssssssssssssensassssnassssersaasessssrssasstesssssssssseses 41
Appendix A Gantt Chart ........cececovirsssssrececsssssinsins st 42

Appendix B Source code Sample........coueiecnnmserinssnnnininiissi s 44

Appendix C Specification Sheet For PICI6F84........ccoomeiverccnirnninnn. 46

Appendix D Specification sheet for TIP 120 cucvnieveviivininnicnninn 66

Appendix E Specification sheet for 4050N hex buffe........ccccovrrvrinnne 70

Appendix F Photo gallery.........venmiinininsseescnniennisesssanessnsnnnns 76

viii



LIST OF TABLES

Table 1 Values of beam radiation after separation method............cocvenmneceiniinncnans 25
Table 2 Comparison of tracking modes ...........oeveveriimeriennnnne i 27
Table 3 Step sequence (full step) of the stepper MOLOT ....cverenviceinriiiiine 31
Table 4 Output voltage of the PV array over a period of time........cccovcrevcvnveiciinnanicns 34
Table 5 Output voltage of the PV array over a period of e ..., 35

X



LIST OF FIGURES

Figure 1 The PV effect in solar cell (Reslab, 2000)....c..c.ccumeiiiinneienisinininnines 3
Figure 2 Single crystal solar cells in panel (Reslab, 2006) .........ccocvrvcinninninnniiirinniens 4
Figure 3 Polycrystalline solar panel (Reslab, 2006)........coccovmincninmnnncniinninins 4
Figure 4 Thin — film solar panel (Reslab, 2000) ........ccocvniiiniieiiins 5

Figure 5 Schematic representation of (i) Mechanism of Absorption and Scattering ,
and (ii) Beam and Diffuse Radiation Received at the Earth’s Surface (Sukhatme,

1996) ...veruerucererernssemesaressssassassas st s s bR RS n s 9
Figure 6 Schematic of representation of solar geometry (Alata, 2004) ...........ocoennec i1
Figure 7 Complete rotation of a stepper motor (Images Si Inc., 2006).............oceennee. 18
Figure 8 Half stepping process of a stepper motor (Images Si Inc., 2006} ................. 19
Figure 9 Block diagram of the microcontroller (Passagen, 2006) ..........cooovvverrinnnn. 20
Figure 10 Flow chart for procedure identification ... nieinsinnnns 22
Figure 11 The tracking mode module flowchart for optimization...........cceecvvvinnns. 23
Figure 12 The design concept of the tracker ... 28
Figure 13 Schematic of the stepper motor driver board.........ccocomvernmnnnicrniiiisienienes 30
Figure 14 Hybrid solar tracker .......coococvvireisiminnnnnisss e 32
Figure 15 Voltage variation over time with stand — still mode..........ocvoeirvninnnenn 34
Figure 16 Voltage variation over time with solar tracking system ...........cccovcriveence. 35



LIST OF ABBREVIATIONS

Abbreviation Description

CwW Clockwise

EEPROM Electrically Erasable Programmable Read Only Memory
PV Photovoltaic

RAM Random Access Memory

N North

S South

E East

W west

xi



NOMENCLATURE

Symbol Description and Reference

pm Micro meter

°c Degree Celcius

CH, Methane

CO Carbon monoxide

CO, Carbon dioxide

E Equation of time

h hour

H Monthly mean of the daily global solar radiation
Hy Daily horizontal extraterrestrial solar radiation
H, Monthly mean of the daily extraterrestrial
H, Monthly mean of the daily diffusion radiation
I Beam or direct radiation

I, Hourly mean beam radiation

I; Diffuse radiation

1, Hourly mean diffuse radiation

I, Hourly mean global radiation

Lext Extraterrestrial radiation

Lgtopal Global radiation

I Solar constant

K—r Monthly average clearness index

kJ Kilo Joule

Lioe Local meridian of the location

Ly Standard meridian for the local time zone

m’ Square meter (dimension or area)

MJ Mega Joule

MW Mega watt

n Number of days

Xii



nm Nano meter

NO, Nitrogen dioxide
rads radians
R, Ratio of beam radiation on a tilted surface to the radiation on a

horizontal surface

Ry Ratio of diffuse radiation on a tilted surface to the radiation on a
horizontal surface

t Standard time

ts Solar time

\Y Volt

w Watt

Greek Symbol Description and Reference

B Slope of the plane

a Altitude angle

O Solar altitude angle

¥y Surface azimuth angle

Vs Solar altitude angle
Declination angle

7 Angle between an incident beam of flux I; and the normal to
plane surface

6; Angle of incidence

o, Zenith angle

W Hour angle

s Sunset hour angle

Xiii



CHAPTER1
INTRODUCTION

The use of solar energy in daily activity is nothing new. As an example in 1830s,
British astronomer John Herschel used a solar collector box to cook food during the
expedition to Africa. Now, people are trying to use the sun’s energy for a lot of things
including generating electricity (Smith, 1995).

1.1 Background of Study

In this section, a brief introduction to solar energy technology will be explained

especially photovoltaic (PV).

1.1.1 Solar Energy

The Farth’s surface receives so much solar energy from the sun everyday, thus
making it as an inexhaustible source of energy. The power from the sun that is
intercepted by the earth is about 1.8 x 10'' MW, which is many thousands of times
larger than the present consumption rate on the earth of all commercial energy
sources (Sukhatme, 1996). Thus, solar energy could supply all the present and future
energy needs for the world. This makes it onc of the most promising renewable

CNergy sources.

There is a considerable interest, research effort and funding in this field. This
worldwide interest is attributed to a variety of factors such as search for new energy
due to heavy pressure on conventional fuels, simplicity, cleanliness and direct
conversion into electricity. Regarding these beneﬁts, Malaysia is now moving
towards this solar resoutce. In the Eighth Malaysian Plan, renewable energy was
announced as the fifth fuel in the new five fuel strategy in the energy supply mix. It is
targeted that renewable source will able to contribute 5% of the country’s total
electricity demand (KTKM, 2005).



Solar energy is used in two primary forms. One of it is thermal solar, where the heat
of the sun is used to heat water or other working fluid, which later drives turbines or
other machinery to create electricity. Such application of thermal are water heating,
space heating, power generation space cooling and refrigeration and etc. Another
form is photovoltaic, where it generates or produces electricity directly without any
moving parts. Photovoltaic is the example which produces electricity directly from
the sun. Photovoltaic conversion is useful for several reasons. Conversion from
sunlight to electricity is direct; therefore, mechanical generator systems are
unnecessary. The modular characteristic of photovoltaic energy allows arrays to be

installed quickly and in any size required or allowed.

1.1.2 Photovoltaic (PV)

PV captures the sun’s energy and converts it to electricity. Today there is more study
being done on solar PV systems. The wide acceptance and utilization of the PV cells
or arrays in generation of electricity depends on reducing the cost of the power
generated and improving the energy efficiency of PV systems. A major advantage of
PV cells is it can directly convert the solar radiation into electricity using PV effect
without going through a thermal process. This can reduce cost on the equipment or
setup of the system. Besides that, PV is reliable, modular and maintenance free and
therefore, suitable even in isolated and remote areas. In addition, PV is quiet, benign,
compatible with almost all environments, responds instantaneously with solar

radiation, and have an expected lifetime of 20 years (EERE Energy, 2005).

There are a lot of studies being done on the method of tracking the sun using PV. In
Malaysia, government has invested about RM 4.9 million for PV projecis (KTKM,
2005). The installation of solar PV cells in the country is done mainly in rural areas,
where there is difficulty in setting up the electricity cables or it is used by individual

in their private homes.

A photovoltaic cell is usually made from silicon alloys. The silicon has dopant atoms
introduced to create a p-type and an n-type region and thereby producing a p-n

junction. This doping can be done by high temperature diffusion or ion implantation.



Actually, there are many other methods of doping silicon. The introduction of dopants

into silicon can be done during the deposition of the films or layers (Reslab, 2006).

To understand the operation of a PV cell, both the nature of the material and the
nature of sunlight need to be considered. PV cells consist of two types of material,
often p-type silicon and n-type silicon. Light of certain wavelengths is able to ionize
the atoms in the silicon and the internal field produced by the junction separates some
of the positive charges (holes) from the negative charges (electrons) within the
photovoltaic device. The holes are swept into the positive or p-layer and the electrons
are swept into the negative or n-layer. Although these opposite charges are atiracted
to each other, most of them can only recombine by passing through an external circuit
outside the material because of the internal potential energy barrier. Therefore if a
circuit is made as in Figure 1, power can be produced from the cells under
illumination, since the free electrons have to pass through the load to recombine with
the posttive holes (Reslab, 2006).

oad

current T

, nype
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Figure 1 The PV effect in solar cell (Reslab, 2006)



1.1.3 Types of PV

Silicon solar cells are made using single crystal (monocrystalline) wafers,

polycrystalline wafers or thin films.

Single Crystal Silicon Cell

Single crystal silicon cells are thin wafers about 300pm in thickness, sliced from a
large single crystal ingot which has been grown at around 1400 °C, which is a very
expensive process. The silicon must be of very high purity and have a near perfect

crystal structure (Reslab, 2006).

Figure 2 Single crystal solar cells in panel (Reslab, 2006)

Polvcrystalline Silicon Cell

Polycrystalline wafers are made by a casting process in which molten silicon is
poured into a mould and allowed to set. Then it is sliced into wafers {(Figure 2). As
polycrystalline wafers are made by casting they are significantly cheaper to produce,
_but not as efficient as single crystal cells. The lower efficiency is due {o imperfections

in the crystal structure resulting from the casting process (Reslab, 2006).

LT

Figure 3 Polycrystalline solar panel (Reslab, 2006)



Thin — Film Silicon

Amorphous silicon, one of the thin film technologies, is made by depositing silicon

onto a glass substrate from a reactive gas such as Silane (SiH4). This type of solar
cell can be applied as a film to low cost substrates such as glass or plastic. Other thin
film technologies include thin multicrystalline silicon, copper indium
diselenide/cadmium sulphide cells, cadmium telluride/cadmium sulphide cells and
gallium arsenide cells. There are many advantages of thin film cells including casier
deposition and assembly, the ability to be deposited on inexpensive substrates or
building materials, the ease of mass production, and the high suitability to large

applications (Reslab, 2006).

it - ¥

Figure 4 Thin — film solar panel (Reslab, 2006)

1.2 Problem Statement

Solar energy has been commercialized ever since there was a need for alternative
energy sources, Our country has invested a lot of money in solar project especially for
those projects that use PV (NST, 2005). However, the utilization of PV in the project
is not optimized. Currently, all the solar tracking systems that are being applied are in
stand — still mode regardless to the position of the sun. Example of project that
utilized PV was set up in Pulau Pemanggil, Johor (NST, 2005). It used static PV to
track the sun. PV becomes less efficient when its position is not directly facing the
sun. To overcome the problem, an active solar tracker is introduced where the system
can follow the sun’s track from its rising to its setting. It will keep the PV cell facing
the sun all the times. Therefore, the system can get better input from the sunshine and

the PV performance can be better.



1.3 Objective and Scope of Study

The objectives of this project are:
1. To study and do modeling on solar geometry — sun’s path
2. To build prototype of solar tracker
3. To mount PV on the solar tracker
4. To verify the tracker PV assembly performance under actual local

meteorological conditions.

There are several aspects that need to be focused on this project. The divisions of the
project components are as foliows:
1. The study on solar radiation on earth, basically focus on Malaysia solar
radiation.
2. The study on the tracking modes that can be used in this project.

3. The development of the system and its main components.



CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 Solar Radiation outside the Earth Atmosphere

Solar radiation is the electromagnetic radiation emitted by the sun, where most of the
radiation is in the broadband solar radiation wavelength region of 280 nm to 4000
nm. The region of the spectrum that is visible to all of us is in the wavelength range
of about 380 nm to 720 nm (Serway & Beichner, 2000). Solar radiation which can be
converted to useful energy lies between 0.3 pm and 3.0 um (Garg & Prakash, 1997).

Energy flux that is received from the sun outside the earth’s atmosphere is essentially
constant. The solar constant I, is the rate at which energy is received from the sun on
a unit area perpendicular to the rays of the sun, at the mean distance of the earth from
the sun (Sukhatme, 1996). The average intensity of solar radiation that is reaching the
upper atmosphere is about 1353 W/m’. However, based on subsequent measurements,
a revised value of 1367 W/m? has been recommended (Frolich & Brusca, 1981). The
difference between the two values is only 1%.

The earth revolves around the sun in an elliptical orbit having a very small
eccentricity, and with the sun at one of the foci. Therefore, the distance between the
sun and earth varies a little throughout the year. Because of this variation, the
extraterrestrial flux also varies. The value of extraterrestrial radiation can be
calculated by Equation (2.1) (Sukhatme, 1996),

o 2.1)

L, = Isc(l +0.033c05-00" J

365

where n is the day of the year.



2.2 Solar Radiation at the Earth’s Surface

Solar radiation is received at the earth’s surface in an attenuated form because it is
subjected to the mechanisms of absorption and scatterings as it passes through the
earth’s atmosphere. Absorption occurs in the presence of ozone, water vapor and
other gases (like CO,, NO,, CO, O, and CHy), while scattering occurs due to all
gaseous molecules as well as particulate matter in the atmosphere. The scattered
radiation is redistributed in all directions, some going back into space and some
reaching the earth’s surface.

The atmosphere on the earth surface is often classified into two broad types — an
atmosphere without clouds and an atmosphere with clouds. In the former case, the
sky is cloudless, while the latter is partially or fully covered with clouds. It is obvious
that less attenuation takes place in a cloudless sky. Consequently maximum radiation

is received on the earth’s surface under the condition of cloudless sky.

Solar radiation received at the earth’s surface (in line with the sun) is known as beam
or direct radiation, I;. The radiation received at the earth’s surface from all parts of
the sky’s hemisphere (after being subjected scattering in the atmosphere) is called as
diffuse radiation, I;. So the sum of the beam and diffuse radiation is referred to as

global radiation.

1 Gl

0

bt = 1y T 1y (2.2)
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Figure 5 Schematic representation of (i) Mechanism of Absorption and
Scattering , and (ii) Beam and Diffuse Radiation Received at the
Earth’s Surface (Sukhatme, 1996)

2.3 Solar Radiation Geometry

Identifying location of the sun relative to earth at all times during the day is the basic
concept that is used in sun tracking systems. The rotation of earth around itself causes
the sequence of day and night. Solar time is based on the apparent angular motion of
the sun across the sky. At solar noon, the sun crosses the meridian of the observer,
and this is used in all the sun — angle relationships, while the local time is determined
according to political time zones and other approximations. The difference between
the mean solar time and true solar time is called the equation of time, Equation (2.3)
(M.Alata, 2004),

E =1229.2(0.000075 + 0.001868cos B —0.032077sin B

. (2.3)
-0.014615cos 28 - 0.04089sin 2B)

where

B=(n—1)i6ﬂ and 1<n<365
365



To convert the local standard time to solar time, Equation (2.4) (Alata, 2004) is used

(.t =ML, L, )+E (2.4)

where ¢, is the solar time, t; is the standard time, Ly is the standard meridian for the
local time zone and L;,. is the local meridian of the location. The hour angle, @ is the
angular rotation of the sun to the east or west of the local meridian due to the rotation
of the earth about its polar axis {(morning negative and afternoon positive). o is given
by Equation (2.5) (Alata, 2004)

o =15(¢, -12) (2.5)

The energy flux of beam radiation on a surface with any orientation can be obtained
from the knowledge of flux either on a surface perpendicular to the sun rays or on a
horizontal surface. If @ is the angle between an incident beam of flux [; and the
normal to a plane surface, then the equivalent flux falling normal to the surface is

given by 7, cos& . The angle 0 can be related by a general equation to ¢ the latitude, &

the declination, ¥ the surface azimuth angle, © the hour angle and # the slope.

Latitude (¢ ): The latitude of a location is the angle made by the radial line, joining

the given location to the center of the earth, with it’s projection on the equatorial
plane. The latitude is positive for northern hemisphere and negative for southern

hemisphere.

Declination (3): Angle that is made by the line joining the centers of the sun and the
earth and its projection on the equatorial plane. This declination angle is due to the
rotation of the earth about its axis which makes an angle of 66.5° with the plane of it’s
rotation around the sun. The declination varies from a maximum value of 23.45° on
June 21 to a minimum value of — 23.45° on December 21. To find the angle of

declination Equation (2.6) (Alata, 2004) 1s used,

10



(2.6)

5= 23.55in(360 284 *")

Zenith (8): It is the angle between the sun’s ray and perpendicular line to the

horizontal plane.

Altitude (a): It is defined as the angle between the sun’s ray and its projection in a

horizontal plane. Also a=90-6;.

Solar altitude angle (a;): It is the angle between the sun’s ray and its projection in a

horizontal plane. Usually a = a;.

Slope (f): It is the angle in the horizontal plane, between the line due to the south
and the projection of the normal to the surface (inclined plane) on the horizontal

plane.

Solar azimuth angle (ys): It is the angle in a horizontal plane, between the line due

south and the projection of beam radiation on the horizontal plane.

Angle of incidence (&) : It is the angle between beam radiation on the surface and the

normal to that surface.

Folar Axis

@;a Zenith N
veitral t ) Y [ ———

Fux from

& ‘Llu' s

Eapuaieer

Figure 6 Schematic of representation of solar geometry (Alata, 2004)
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Tn general, the angle of incidence is shown in Equation (2.7) (Sukhatme, 1996),

cos, = sing(sind cos B + cosdcos y coswsin B) + cos p(cosdcoswcos f @7
—sind cos ysin #) + cosdsin y sin @sin '

2.4 Angle of Incidence for Tracking Mechanism

Afier understand the solar angles, especially the angle of incidence, the most suitable
tracking mode is choose and will be implemented later. Basically there are five modes

of tracking available. All of the modes will be discussed in the next section.

A plane or plate (PV array) is oriented with its focal axis pointed either in the east —
west or the north — south direction. In the east — west orientation, the focal axis is
horizontal, while in the north — south orientation, the focal axis may be horizontal or

inclined. The various tracking modes are as follows.

2.4.1 Model

The focal axis for this mode is east — west and horizontal. The PV is rotated about a
horizontal E — W axis and adjusted on daily basis. This is done so that the solar beam
is normal to the PV plane at solar noon on that day. In this mode, the plane is an
imaginary surface with either y = 0®ory= 180°. The case of v = 0° occurs when (¢ —
8) > 0, while the case of y = 180° occurs when (¢ — 8) < 0. So to find the slope, p of

the plane, the condition at solar noon (@ = 0°, 8 = 0°) is substituted into Equation
(2.7). Thus yields Equation (2.8) and (2.9) (Sukhatme, 1996),

B={($-5) for y=0° 2.8)
and B =(0-¢) for y=180° 2.9)

So the angle of incidence for both cases are as in Equation 2.10 (Sukhatme, 1996),

cosd = sin’ & + cos’ Scos @ (2.10)

12



242 Modell

For this second mode, the focal axis is still east — west and horizontal. But then the
PV array is now rotated about a horizontal E — W axis and adjusted continuously so
that the solar beam makes the minimum angle of incidence with the plane at all times.
In this mode also the plane is an imaginary surface with either y = 0° ory=180". In
order to get 6 minimum, right hand side of Equation (2.7) is differentiated with
respect to 8 and equates it to zero. The equation yields as in Equation (2.11) and
(2.12) (Sukhatme, 1996),

tan(¢ — B) = tand/ cose for y=0° (2.11)
and tan(¢ + B) = tanS/ cosw for y=180° (2.12)

Equation (2.11) and (2.12) can be used to find the slope of the plane. Equation (2.11)
is used if the magnitude of v, is less than 90°, while Equation (2.12) is used if the
magnitude of y; is greater than 90°. So for both cases, the angle of incidence is as in
Equation (2.13) (Sukhatme, 1996),

cos8 = {1 - cos’ Ssin’ o) (2.13)

2.4.3 Modelll

The focal axis is north — south and horizontal. The plane is rotated about a horizontal
N — S axis and adjusted continuously so that the solar beam makes the minimum
angle of incidence with the plane all the time. For this type of mode, the surface
azimuth angle y = +90° before noon and — 90 after noon. Thus before noon Equation
(2.7) becomes

cos@ = (singsin S + cosgcosd cosw)cos S + cosd sinwsin f (2.14)

To find minimum 0, right hand side of Equation (2.14) (Sukbhatme, 1996) is
differentiated with respect to B and equates to zero. The equation become as in
Equation (2.15) (Sukhatme, 1996),
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= tan“[ cosdsinw } 2.15)

singsin & + cosgcosd cosw

The expression of the corresponding minimum angle of incidence is obtained by
substituting Equation (2.15) in Equation (2.14) giving Equation (2.16) (Sukhatme,
1996),

cos@ = \/(sin¢ sin & + cosgcosd cos@)’ +cos’ Ssin’ @ (2.16)

After noon, with y = - 90°, the slope equation is given by Equation (2.17) (Sukhatme,
1996),

B= tan“l[ —¢osdsinw ] 2.17)

singsin & + cos@cosd cos@
The expression for angle of incidence remains the same.

244 ModelV

The focal axis is north — south and inclined at a fixed angle equal to the latitude. Thus
it is parallel to the earth’s axis. The plane is rotated about an axis parallel to the
earth’s axis at an angular velocity equal and opposite to the earth’s rate of rotation
(15° per hour). It is adjusted such that at solar noon the plane is an inclined surface
facing due south. Thus, by substituting # = ¢ and @ = 0 in Equation (2.17), yields
Equation (2.18) (Sukhatme, 1996),

cosf = cosd (2.18)

245 ModeV

The focal axis is north ~ south and inclined. The plane is rotated continuously (but not
at a constant angular velocity) about an axis parallel to the focal axis, as well as about
a horizontal axis perpendicular to this axis, and adjusted so that the solar beam is
normally incident on the plane at all times. In this situation, angle of incidence, cos &

= [, It is easy to show that at solar noon, § = | ¢—d|.

14



2.5 Global Radiation Separation Method

Usually, the solar radiation data obtained from the local meteorological department is
the global or total solar radiation. The data is measured for horizontal surfaces and
includes both direct and diffuse radiation. Direct or commonly referred to, as beam
radiation is one of the components of global radiation, besides diffuse radiation. In
the performance analysis of a tracking mechanism, it is important to separate the

beam radiation from diffuse radiation.

251 Extraterrestrial Solar Radiation on Horizontal Surface

Earlier, Equation (2.1) gave the value of I, the extraterrestrial solar radiation that
would be received by a surface if there were no atmosphere. In the calculation of
daily solar, radiation, it is necessary to have the extraterrestrial solar radiation arriving
on a horizontal surface to be integrated for daily solar insolation. The following
Equation (2.19) gives the daily horizontal extraterrestrial solar radiation obtained for
the period from sunrise to sunset (Klein, 1977).

H,= 27490.9Ia,[cos¢ cosdsin®@, +[813i0a)s sin¢sin6j] (2.19)

Here the angle o is the sunset hour angle and is obtained when the zenith angle 6,
equals to 90°. Equation (2.20) gives the expression for zenith angle 6,, which will be
used to derive Equation (2.21) by using 6, equals to 90° (Goswami ef al., 2000).

cosO, = cosdcospcosm +sindsing (2.20)
®, = cos” —tangtan & (2.21)

The monthly mean of the daily extraterrestrial solar radiation Ho is obtained by using
n and & for the mean day of a particular month. Once the value of H, is obtained,
together with the horizontally measured monthly mean of the daily global solar

radiation H, the monthly average cleamness index can be determined by using
Equation (2.22) (Rabl, 1985).
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(2.22)
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2.5.2 Monthly Mean of the Daily Diffuse Radiation

To estimate the fractions of global horizontal solar radiation that is beam and diffuses,
Equation (2.23) that was developed by Page (1961) can be used. The correlation is
used to estimate the monthly mean of the daily diffuse radiation, for latitudes between
40° N and 40°S.

H, =(1.000-1.130K,)H (2.23)

The estimated value of Hg is based on H, which is the measured value for monthly

mean of daily global horizontal radiation.

2.5.3 Monthly Mean of the Hourly Diffuse Radiation

The last step in obtaining the desired hourly mean diffuse solar radiation is by using
the correlation developed by Liu & Jordan (1960). The correlation is given as
Equation (2.24) and uses the hour angle ® as well as sunset hour angle o, (Liu &
Jordan, 1960).

_11H,|  cosw-cosa,

I
¢ 84

7T (2.24)
sinw, ———w, cosw,
63

Once the hourly mean diffuse solar radiation is determined, the hourly mean beam
solar radiation I, can be obtained by using a simple relationship as given by Equation
(2.25), where Is is the measured hourly mean horizontal global radiation (Magal,
1990).

I=I-1 (2.25)
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2.6 Hourly Solar Radiation on Tilted Surface

Since the global solar radiation provided by the local meteorological department is
measured horizontally, there is a need to calculate the hourly radiation on tilted
surfaces. This is essential for the purpose of designing a solar thermal device and to

carry out performance analysis of the whole system.

The geometric factor Ry that is the ratio of beam radiation on a tilted surface to the
radiation on a horizontal surface will be useful to calculate the amount of solar
radiation that is received by the tilted surface of solar collectors. The evaluation of Ry,
involves the angle of incidence 0 and zenith angle 8;. The relationship betwcen thesc

two angles is given in Equation (2.26) (Liu & Jordan, 1961).

R, =589 (2.26)
cosd,

The diffuse component of solar radiation also uses a factor Rq to calculate the diffuse
radiation on tilted surfaces. The factor Ry is defined as the ratio of diffuse radiation on
a tilted surface to diffuse radiation on a horizontal surface. The value of Ry can be
obtained by using Equation 2.27 (Liu & Jordan, 1961).

_l+cosp

R, 5

(2.27)

2.7 Stepper Motor

For applications where precise measuring of a motors position is critical, stepper
motor is the best choice. Stepper motors operate differently from other motors; rather
than voltage being applied and the rotor spinning smoothly, stepper motors turn on a
series of electrical pulses to the motor's windings. Each pulse rotates the rotor by an
exact degree. These pulses are called steps, hence the name "stepper motor” (Images
Si Inc., 2006).
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2.7.1 Principle of Operation

Stepper motors consist of a permanent magnet rotating shaft, called the rotor, and
electromagnets on the stationary portion that surrounds the motor, called the
stator. Figure 7 illustrates one complete rotation of a stepper motor. At position 1, we
can see that the rotor is beginning at the upper clectromagnet, which is currently
active (has voltage applied to it). To move the rotor clockwise (CW), the upper
electromagnet is deactivated and the right electromagnet is activated, causing the
rotor to move 90 degrees CW, aligning itself with the active magnet. This process is
repeated in the same manner at the south and west electromagnets until we once again

reach the starting position (Images Si Inc., 2006).
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Figure 7 Complete rotation of a stepper motor (Images Si Inc., 2006)

In the above example, motor with a resolution of 90 degrees is used for demonstration
purposes. In reality, this would not be a very practical motor for most applications.

The average stepper motor's resolution - the amount of degrees rotated per pulse -- is
much higher than this. For example, a motor with a resolution of 5 degrees would
move its rotor 5 degrees per step, thereby requiring 72 pulses (steps) to complete a
full 360 degree rotation (Images Si Inc., 2006).
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The resolution of some motors may be double by a process known as "half-
stepping”. Instead of switching the next electromagnet in the rotation on one at a
time, with half stepping you turn on both electromagnets, causing an equal attraction
between, thereby doubling the resolution. In Figure 8 it shows that in the first position
only the upper electromagnet is active, and the rotor is drawn completely to it. In
position 2, both the top and right electromagnets are active, causing the rotor to
position itself between the two active poles. Finally, in position 3, the top magnet is
deactivated and the rotor is drawn all the way right. This process can then be

repeated for the entire rotation (Images Si Inc., 2006).
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Figure 8 Half stepping process of a stepper motor (Images Si Inc., 2006)

2.8 PIC 16F84

PIC16F84 perfectly fits many uses, from automotive industries and controlling home
appliances to industrial instruments, remote sensors, electrical door locks and safety
devices. It is also ideal for smart cards as well as for battery supplied devices because

of its low consumption (Matic, 2005).

In Figure 7 it shows a simplified block diagram of the interior of the microcontroller.
Basically in PIC 16F84 it works a lot with this four main blocks. The first block is the
program memory. It contains the programs that have been written. The program is a
set of instruction that the microcontroller will perform as desired. The software

(instructions) will be written in a computer and then programed (burned) into the
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"program memory". This memory is an EEPROM memory which can be rewritten
thousand times (Passagen, 2006).

The next block is the REGISTER and RAM box. It contains all the internal registers
and a small RAM memory where data can be stored temporary. The RAM memory is
not large about 64-128 byte. For example, a program loop is made, and then a
variable is needed to change value each time the loop runs and then use that variable
to define the RAM address for it to hold the counter value. The content in the
Register and RAM-info will disappear when the power is off (Passagen, 2006).

There is another memory which will work the same as the RAM and that is the
EEPROM-memory. This is a small memory where it can read and write data, but the
data will not disappear when the power is off. Next time when the power is on, user
can go into this memory and fetch the data again. For example, if there is a code lock
alarm, a right code is needed to deactivate the alarm. The right code is stored in the
EEPROM and just compares the actual pressed keys with the value in the EEPROM.
The alarm code can be changed by rewriting the key in the EEPROM (Passagen,
2006).

The last box is the port of this circuit. The port is the input and output pins of the
actual circuit. The pins can be defined as either inputs or outputs. By writing or

reading to the port, each pin can be controlled as desired (Passagen, 2006).

Microcontroller

I

REGISTER EEPROM PORTS

PROGRAM
MEMORY

il
Y

RAM

Figure 9 Block diagram of the microcontroller (Passagen, 2006)
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CHAPTER 3
METHODOLOGY AND PROJECT WORK

3.1 Procedure Identification

This project will go through the steps as shown in Figure 4 given on next page.
Basically this project will start with research and studies conducted based on journals,
books and articles obtain from both resource center and internet. Later on, a suitable
tracking mechanism is chosen and the basic concept of the system is designed. From
the design of the system, each part of the system needs further research and studies.
After that, all the circuit design and programming language is going to be developed.
Lastly, when all analysis of the system has been completed, the prototype fabrication
will be started.

3.1.1 Literature Review/ Theory

In this initial stage of the project, it involved extensive literature research on the topic
of the project and its entire related subject. These involve performing research on the
subject by various means such as books, journals, magazines and websites. A good
understanding on the subject matter to the topic is really crucial so that the project can

run smoothly.

3.1.2 Research and Analyses on the Theoretical Component

For this second stage, after understanding all the theory, analysis needs to be done.
The analysis is done by conducting a few hands on works such as experimental
activities. The experimental activities are necessary in order to develop understanding
on the subject matter that related to the topic. Besides that, analysis has also been

done to verify the theory that has been studied earlier.
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Figure 10 Flow chart for procedure identification
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3.1.3 Selection of Tracking Mode

There are steps to select the most appropriate tracking mode. The {flow of the process

is as follows.

Tracking Modes

Mode H

Mode 1 s
[cosf) = /(sin ¢sin & + cos ¢ cos & cos @)’ +cos? 4 sin? m|

[cos @ = sin® & + cos* & cos o}

L |

Mode ITI l Only one tracking J Mode IV ModeV

;(———*). mode can be selected
Fﬂsg: 1—cos’§sm1m| at any one time [cos 8 = cos 8] [cos 8 =1]
Tracking Mode Selected v Angle of incidence £ calcnlated

Is there a need to try
& different tracking
mode?

_ cos @ I+cos g
cos & a= 2

z

I NO

Angle of incidence 8 calculated

Figure 11  The tracking mode module flowchart for optimization

For the tracking mode module flowchart, it must be utilized together with the
meteorological data processing module. Below are the steps on how to compare and

evaluate each mechanism using the meteorological data.

Comparison of Tracking Mechanisms

An analysis has been done to calculate the beam radiation that would fall on one
square meter of the aperture plane. It is done for each mechanism. For this analysis,
data from the solar radiation for Ipoh is made use. The solar radiation data is obtained
from the local meteorological department. It shows the global or total solar radiation
in Ipoh area. In order to proceed with the analysis, separation methods for global
radiation need to be done. By using Equation (2.19) to Equation (2.25) the calculation
for the separation of the global radiation is done. Sample of the calculations are as

follows.
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On 2" of August, n = 214. From Equation (2.6),
284 + n)

S = 23.55&1(360
6 =1765°

From Equation (2.21), the sunrise hour angle
@, = cos” (—tangtan 5)

@, = cos” (—tan4.57°tan17.65°)

@, =91.45°=1.596 rads

By using I, = 1353 W/m’,

I =1]1+0.033cos 0 ]
365

I,=13912 W/m'

From Equation (2.19),

H o =2749091, [cosgzﬁcos& sina, + (% @, singsind H

H, =366674 kJ/m®

Therefore, from Equation (2.22),

tel
I
=

iy

1.38M
36674k

K, =0.038

K, =

From Equation (2.23),
H,=(1.000-1.130K,)H
H, =[1.000-1.130(0.038)]1.38M

H,=132 MJ/m" -day
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For time 0700 hours, from Equation (2.24),

- 11H, COS@ — COS @,
1, =
84

sin@, — La)s cosa,
T 630

I,=213 k//im’-h

Therefore, the beam radiation can be obtained by using Equation (2.25),

G"fd

o

I, =0.19M —27.3k

1,=162.7 kJ/m’ —h

I, =452 W/m’

The same calculation is done for other hours as well. So, the hourly beam radiation

for the 2™ August is as in Table 1.

Table 1 Values of beam radiation after separation method

Time (h) Ip (W/m) Time (h) Tp (W / m°)
0600 0.00 1300 552.8
0700 45.2 1400 580.6
0800 163.9 1500 594.4
0900 4194 1600 561.1
1000 522.2 1700 199.7
1100 550.0 1800 11.1
1200 766.7 1900 0.00

After getting the beam radiation values, the comparison of the tracking mechanism is
done. By using Ipoh as the base station (4° 34’ N, 101° 06" E) and Kuala Lumpur as
reference station (3° 08 N, 101° 41" E), the calculations are as follows.
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On 2™ August 2005, at 1000 h and p = 0°,

cos@, =singsind +cosgcosd cos@
cos@, =sin4.57°sin17.65° + cos4.57°cos17.65° cos(37.35)
cosd, =0.7792

For tracking mode I, from Equation (2.10),

cosd =sin’ & +cos’ Scos®
cos@ =sin’17.65 +cos* 17.65¢c0837.35
cos@ = 0.0919 + 0.9081(0.7949)

cos@ =0.8137

Therefore, tilt factor r, for the plane, from Equation (2.26)

_ . cosf _ 08137
*cosh, 0.7792

=1.0443

Beam flux incident normally on plane =1I,r,

=522.2x1.0443

=54533 W/m*

Similar calculation is continued for the other tracking modes. The following results

are obtained for all the modes.
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Table 2 Comparison of tracking modes

LAT (h) Tyts (W / m”)

Mode I Mode II Mode III Mode IV Mode V
0600 0.00 6.00 0.00 0.00 0.00
0700 42.37 115.16 335.18 627.49 350.46
0800 210.78 227.20 459.19 686.18 477.33
0900 481.41 488.66 719.73 709.47 744.53
1000 585.97 587.59 698.75 686.18 720.13
1100 613.58 613.76 640.51 627.49 658.52
1200 838.97 838.88 823.12 805.40 845.25
1300 619.18 619.24 607.96 594.88 624.30
1400 648.06 648.25 677.88 664.07 696.90
1500 661.58 685.71 77235 777.41 815.86
1600 633.44 519.72 1025.25 939.04 986.14
1700 248.99 269.03 547.70 542.57 569.45
1800 27.75 43.60 127.58 127.14 133.42
1900 0.00 0.00 0.00 0.00 0.00
Total 5612.00 5656.80 7435.20 7262.46 7622.30

From Table 2, it shows that the maximum total is obtained with mode V. This is as

expected since mode V involves two — axis tracking and gives normal incidence. The

other modes involve continuous one — axis tracking or one daily adjusted and give

lesser totals. The resulis obtained are obviously dependent on the latitude of the

location, the day of the year and the input radiation data. In reality, modes IL, III and

IV are the most preferred and not V. This is due to its complexity of providing motion

about two axes, though it gives the maximum total of beam radiation. As for this

project, mode IT has been selected because of its simplicity and also practicability.
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Figure 12 The design concept of the tracker
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So for the design of the tracker, the author proposed to have a hybrid type of tracker.
In this hybrid design, it will have two — axis tracking mode. One axis will be
controlled automatically and the other axis is controlled manually. By having this
type of tracker, the maximum power point tracking can be optimized and also the cost
saving can be done here. Besides that, the tracker can have two — axis tracking mode
without having the complexity in controlling both axis automatically. In this design,
the automatic part will control East — West motion of the motor while the manual
part, for North — South.

For the automatic part, the heart of the system is the microcontroller. There will be a
motor controller in between the microcontroller and motor. The microcontroller will
give a signal to the motor controller. Then, the motor controller will give instruction
to motor to rotate how many degrees corresponding to the position of the sun at that

hour. The PV array will be attached to the motor gear system.

3.1.5 Development of the Circuit of the System and the Programming

At this stage, the programming of the microcontroller is developed. The program will
help to control the motion of the motor according to the movement of the sun. There
is a driver circuit for the stepper motor. This circuit is functioning as an interface of
the motor with microcontroller. So, the driver circuit will drive the motor when a

signal is received from the microcontroller.

- Stepper Motor Driver Board

A simple circuit is designed for the driver board. Though it is simple it is able to drive
the stepper motor well. Figure 13 shows the schematic of the circuit. From this ﬁguré,
it shows that the PIC’s output lines are first buffered by a 4050 hex. This hex inverter
buffer is needed in order to maintain 5V supply along the line. Without this buffer,
the circuit may have a larger voltage drop and cause less current to energize the coil
of the stepper motor. Then, the hex inverter buffer is connected to an NPN transistor.
The transistor that is being used is TIP 120, which is actually a NPN Darlington. The
TIP120’s acts like switches, activating one stepper motor coil at a time. Due to a
inductive surge created when a coil is toggled, a standard IN4001 diode is usually

placed across the transistor, providing a safe way of dispersing reverse current
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without damaging the transistor. Sometimes this diode is known as a snubbing diode.
The TIP 120 transistors do not need an external snubbing diode since they have a

built in diode which is not shown in the schematic.
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Figure 13  Schematic of the stepper motor driver board

Development of the program

Before developing the program, it is essential to understand the movement of the
motor. The motor has 4 coils that are used to cause the revolution of the drive shaft.
Each coil must be energized in the correct order for the motor to spin. To make sure
the correct coil is energized, it is essential to figure out the step sequence of the
motor. The correct step sequence is crucial so that the motor can rotate accurately.
Each of the sequence turns on only two transistors at a time. For stepper motor with

7.5 degree/ step, the step sequence (full step) is as below.
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Table 3  Step sequence (full step) of the stepper motor

h Coils
Step no. A B C D

1 ON OFF ON OFF
2 OFF ON ON OFF
3 OFF ON OFF ON
4 ON T OFF OFF ON

Later on, the program of the controller is developed. The C language is used for the
programming. This language is simple to develop compared to assembly language,
which needs a lot of initialization. The program for controlling the motor is attached

in Appendix B.

In this program, the motor is programmed according to the movement of the sun’s
path during day light. From the research that has been done before, it is found out that
the sun is moving about 15 degree every hour. Therefore, to make the motor to have
an approximate movement as the sun, it is programmed to rotate about 0.3 degree
each minute. The rotation of the stepper motor is vital since it will determine how
accurate is the tracker to track the sun’s position that later can lead to a better
efficiency for the PV. Besides that, the motor is programmed to have a bi —
directional movement, so that the motor can rotate either in forward or backward
manner. Hence the motor can reverse to its original position the next day to operate

all over again.

3.1.6 Fabrication and Verification of Prototype

This is the last stage of the project. Before fabrication is done, the functioning of the
program and the circuit is necessary. If both criteria are not met, then it will agitate
the fabrication of the prototype. When the fabrication is done, the prototype
performance is verified by doing experiment under actual local meteorological

conditions. Figure 14 shows the overall of the hybrid solar tracker prototype.
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CHAPTER 4
RESULTS AND DISCUSSION

In this chapter, results and findings of this project is going to be discussed. The
results are obtained from the experimental analysis that has been done to observe the
performance and efficiency of the PV under actual meteorological condition. Besides

that, the experiment is also meant for verification and evaluation for the prototype.

4.1 Experimental Analysis

An experiment has been conducted by using the PV array. This experiment is meant
to observe the variation of voltage that is going to be provided by the PV over a
period of time. For this experiment the performance and efficiency of the PV is
compared in two conditions. One is using the solar tracking system that has been

fabricated in this project and the other condition is in stand — still mode.

4.1.1 Stand - still Mode

This experiment is conducted by fixed the position of the PV array and let it stay
under the sun over a period of time. It was conducted from 1300 hours to 1500 hours.

The results are as follows.
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Table 4 Output voltage of the PV array over a period of time

Time (hours) Voltage (V) Time (hours) Voltage (V)
1300 9.051 1408 8.243
1316 9.024 : 1406 8.168
1324 8.945 1424 8.137
1320 8.945 1432 8.098
1340 8.915 1440 8.011
1348 8.937 1448 8.197
1356 8.929 1456 7.998

Voltage(V) vs Time(hows)
95
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=
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Timethours)
[— voitage{V) vs Timethours} |

Figure 15 Voltage variation over time with stand — still mode

From the results of the experiment, what can be observed is that as the time goes by,
the output voltage of the PV array becomes less. This is because the PV array is fixed
at one angle, and as the time goes by, the sun has moved to a different angle. So there
isn’t any direct beam from the sun to the array anymore. So it is understood that to get

a maximum voltage, direct beam between the sun and the PV array is necessary.
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4.1.2 Solar tracking system

This experiment has been conducted simultaneously with the stand — still mode

experiment. The results of the experiment are as follows.

Table 5 Output voltage of the PV array over a period of time

Time (hours) Voltage (V) Time (hours) Voltage (V)
1300 9.051 1408 9.045
1316 9.024 1406 9.039
1324 8.989 1424 8.998
1320 9.011 1432 9.007
1340 9.051 1440 9.018
1348 9.027 1448 9.001
1356 8.929 1456 8.979

Voltage(v) vs Time(houwrs)
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Figure 16 Voltage variation over time with solar tracking system
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From the table and also the graph, it shows that the position of the PV array do effect
the voltage reading. It is cleared that when the position of the sun’s beam and PV
array are always perpendicular (direct sun’s beam on the PV array), the array gives a
constant value of voltage output which is around 9.000 V. This is due to the value of
angle of incidence, 0 with the normal of the plane. When both the sun’s beam and the
PV array are in perpendicular the angle of incidence is equal to zero and value of cos
0 = 1. So from this experiment, it is known that direct beam radiation on the PV array

give a constant maximum voltage.

Therefore, what can be concluded from both experiments is that the output voltage of
the array really depends on the angle of incidence of the sun with the normal of the
plane. When the angle of incidence is getting larger, it indicates that the position of
the PV and the sun’s beam is not perpendicular anymore and can cause deficiency on
the performance of the PV. Hence, it is verified that the efficiency and the

performance of the PV is better when it is integrated with a solar tracking system.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

This project is a very interesting project. It gives a lot of experiences and knowledge
in probiem solving and troubleshooting skills. In addition, this project also gives a
real practice on how to conduct an engineering project. Other than tha, this project
has lots of values since it can improve the utilization of renewable energy, which is
now being one of the hottest issues in Malaysia. Therefore, this project is beneficial to

the country in developing renewable energy technology.

From this project, it is known that there are several mechanisms can be used for
designing a PV tracking system. After doing the analysis and research, 1 — axis
tracking system has been chose. In 1 — axis tracker, it will move according to East —
West axes. It is chosen because of its simplicity and practicability for this project.
However, research has show that 2 — axis tracking system will give better
performance in tracking the sun. Due to its complexity and also cost saving purposes,
it is not going to be implemented for this project. To make the design of the tracker
more efficient, a hybrid tracking system is introduced. It will consist of two
controlling method. First is the automatic control for East — West motion, and second
is the manual control for North — South motion. For the automatic part, the system is
mainly controlied by using the microcontroller (PIC 16F84). All the control functions
are loaded into this PIC and the system is running according to the program. As for
the manual part, the solar tracker is manually controlled by adjusting the position of
the PV monthly. Instead of tracking in 1 - axis only, now the tracker can function
such as a 2 — axis tracking system. By implementing this system, cost of the tracker
can be reduced and also the complexity is less compared to automatic two — axis

controlier.

For project enhancement, a few changes to the system can be made. One of it is the

integration of the system with the computer interface. This can be done via serial port
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or parallel port of the computer. The computer can be used to monitor the angle of the
motor in order to make sure the position of the sun’s ray and the PV array is always in
perpendicular. Besides that, the computer also monitors the output voltage of the PV

and even does some adjustment to the solar tracker angle.

Improvement to the project also can be done by placing a feedback path to the
system. Feedback system can improve the control performance of the tracker. This
system makes use of an output of a system in deciding the way to influence an input
to the system. A sensor can be introduced to the tracker system and later, output of

the sensor is then feedback to system and used to control the movement of the tracker.

Other than the above suggestions, the project can be augmented by implementing the
two — axis system. This requires more number of motors and also other components.
In addition to that, the system also getting more complex to develop, but the

efficiency of the PV will be greatly improved.
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APPENDIX A
GANTT CHART
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APPENDIX B
SOURCE CODE SAMPLE

#Hinclude <16184.h>
#USE DELAY(CLOCK=4000000)
#FUSES XT, NOWDT, NOPROTECT, NOPUT
char a, b, n, m;
void main()
{
set tris_b(0x00);
a=input (PIN_AO0);
b=input (PIN_Al),
while(1)
{
if(a==1) //forward path
{
for(n=1;n<=600;n++)
{
output_high (PIN_B1); // step 1
output_low (PIN_B2);
output_high (PIN_B3);
output_low (PIN_B4);
delay ms (60000);

output_low (PIN_B1}); // step 2
output_high (PIN_B2);

output_high (PIN_B3);

output_low (PIN_B4);

delay ms (60000);

output_low (PIN_B1); !/ step 3
output_high (PIN_B2);

output low (PIN_B3);

output_high (PIN_B4);

delay_ms (60000};

output_high (PIN_B1); /1 step 4
output low (PIN_B2);
output_low (PIN_B3);
output_high {PIN_B4);
delay_ms (60000);
}

H

elseif (b==1) //backward path

{

for(m=1;m<=600;m++)

{
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output_high (PIN_B1);
output_low (PIN_B2),
output_low (PIN_B3);
output_high (PIN_B4);
delay _ms (60000);

output_low (PIN_B1);
output_high (PIN_B2);
output_low (PIN_B3);
output_high (PIN_B4);
delay _ms (60000);

output low (PIN_B1);
output_high (PIN_B2);
output_high (PIN_B3);
output_low (PIN_B4);
delay _ms (60000);

output_high (PIN_B1);
output_low (PIN_B2);
output_high (PIN_B3);
output_low (PIN_B4);
delay_ms (60000);

45
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SPECIFICATION SHEET FOR PIC16F84

46



MicrOoCHIP

PIC16F8X

18-pin Flash/EEPROM 8-Bit Microcontrollers

Devices Included in this Data Sheet:

« PIC16F83

« PIC16F84

« PIC16CR83

+ PIC16CR84

« Extended voltage range devices available
(PIC16LFBX, PIC16LCREX)

High Performance RISC CPU Features:
+ Only 35 single word instructions to learn
« All instructions single cycie except for program
branches which are two-cycle
» QOperating speed: DC - 10 MHz clock input
DC - 400 ns instruction cycle

Program Data |Data Max.

Device |Memory RAM | EEPROM |Freq
(words) {bytes) | (bytes} | (MHz)

PIC16F83 ]512 Flash 36 54 10
PIC16F84 {1 KFlash 68 84 10
PIC16CRS3 | 512 ROM 36 64 10
PIC16CRB4 [ 1 K ROM 68 64 10

+ 14-bit wide instructions

» 8-bit wide data path

= 15 special function hardware registers

Eight{evel deep hardware stack

« Direct, indirect and relative addressing modes

Four interrupt scurces:

- External RBU/INT pin

- TMRO timar overflow

- PORTB<7:4> interrupt on change

- Data EEPROM write complete

+ 1000 erase/write cycles Flash program memory

= 10,000,000 eraselfwrite cycles EEPROM data mem-
ory

« EEPROM Data Retention > 40 years

Peripheral Features:

« 13 IO pins with individuat direction control

+ High current sink/source for direct LED drive
- 25 mA sink max. per pin
- 20 mA source max. per pin

+ TMRO: 8-bit imer/counter with 8-bit
pragrammable prescaler

Pin Diagrams

PDIP, SOIC

RA2 o1 - RA1
RA3 -—[}2 7] =—= RAG
RAMTOCKI «+—+[13 = o 16]]=——OSCI/CLKIN
MCIR—=[]4 § & 5[] oscockouT
Vag ~e[]5 3 & t4{]=—vop
RBOMNT -—=[16 3O & 13[—R87
Rat =17 Q 12[] =—» RB6
REZ =[] 8 11[]=—= RBS
RB3 <19 10{] =—= RB4

Special Microcontroller Features:

+ In-Circuit Serial Programming (JCSP™) - via two
_pins (ROM devices support only Data EEPROM
programming)
Power-on Reset (POR)
Power-up Timer {(PWRT)
Oscillator Start-up Timer (OST)
+ Watchdog Timer {WDT) with its own on-chip RC
oscillator for reliable operation
= Code-protaction
* Power saving SLEEP mode
« Selectable oscillator options
CMOS Flash/EEPROM Technology:
+ Low-power, high-speed technology
« Fully static design
« Wide operating voltage range:
- Commercial: 2.0V to 6.0V
- Industrial: 2.0V to 6.0V
« Low power consumption:
- <2 mA typicai @ 5V, 4 MHz

- 15 pA typical @ 2V, 32 kHz
- < 1 pA typicatl standby current @ 2V

© 1998 Microchip Technology Inc.

DS30430C-page 1
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PIC16F8X

10 GENERAL DESCRIPTION

The PIC16F8X is a group in the PIC16CXX family of
low-cost, high-parformance, CMOS, fully-static, 8-bit
microcontrollers. This group contains the following
davices:

« PIC16F83

« PIC16F84

« PIC16CR83
+ PIC16CR84

All PICmicro™ microcontrollers employ an advanced
RISC architecture. PIC16FBX devices have enhanced
core features, eight-level deep stack, and multipie
internal and exdernal interrupt sources. The separate
instruction and data buses of the Harvard architecture
allow a 14-bit wide instruction word with a separate
8-hit wide data bus. The two stage instruction pipeline
allows all instructions to execule in a single cycle,
except for program branches {which require two
cycles). A total of 35 instructions (reduced instruction
sel) are available. Additionally, a large register set is
used to achieve a very high performance level.

PIC16F3X microcontrollers typically achieve a 2:1 code
compression and up to a 4:1 speed improvement (at 20
MHz) over other 8-bit microcontroliers in their class.

The PIC16F8X has up to 68 bytes of RAM, 64 bytes of
Data EEPROM memory, and 13 1O pins. A timer/
counter is also available.

The PIC16CXX family has special features fo reduce
external components, thus reducing cost, enhancing
system reliability and reducing power consumption,
There are four oscillator options, of which the singte pin
RC oscillator provides a low-cost solution, the LP
oscillator minimizes power consumption, XT is a
standard crystal, and the HS is for High Speed crystals.
The SLEEP (power-down) mode offers power saving.
The user can wake the chip fram sleep through several
external and internal interrupts and resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

The devices with Flash program memory allow the
same device package to be used for prototyping and
production. In-circuit reprogrammability allows the
code to be updated without the device being removed
from the end application. This is useful in the
development of many applications where the device
may not be easily accessible, but the prototypes may
require code updates. This is also useful for remote
applications where the code may nead to be updated
{such as rate information).

Tahble 1-1 lists the features of the PIC16F8X. A simpli-
fied block diagram of the PIC16F8X is shown in
Figtire 3-1.

The PIC16FBX fits perfeclly in applications ranging
from high speed automotive and appliance motor
control to low-power remote sensors, electronic locks,
security devices and smart cards. The Flash/EEPROM
technology makes customization of application
programs (transmitier codes, motor speeds, receiver
frequencies, security codes, etc.) extremely fast and
convenient, The small footprint packages make this
microcontrofler series perfect for all applications with
space limitations. Low-cost, low-power, high
performance, ease-of-use and /O flexibility make the
PIC16F8X very versatile even in areas where no
microcontrolier use has been considered hefore
{e.g.. imer functions; serial communication; capture,
compare and PWM functions; and co-processor
applications).

The serial in-system programming feature {via two
pins) offers flexibility of customizing the product after
complete assembly and testing. This feature can be
used to serialize a product, store calibration data, or
program the device with the current firmware before
shipping.

1.1 c ibili

Those users familiar with the PIC16C5X family of
microcontrollers will realize that this is an enhanced
version of the PIC16C5X architecture. Please refer to
Appendix A for a detailed list of enhancements. Code
written for PIC16C5X devices can be easily ported to
PIC16F8X devices (Appendix B).

1.2 Development Support

The PIC16CXX famity is supported by a full-featured
macro assembler, a8 software simulator, an in-circuit
emulator, a low-cost development programmer and a
full-featured programmer. A “C" compiler and fuzzy
logic support tools are also avallabie.

© 1998 Microchip Technology Inc.

DS30430C-page 3
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PIC16F8X

m it
TABLE 1-1 PIC16F8X FAMILY OF DEVICES
Clock Maximum Frequency 10 10 10 10
e of Oparation {(MHz)
Flash Program Memory 512 — 1K —_
EEPROM Program Memory — — — -
Memary ROM Program Memory — 512 — 1K
Data Memory {bytes) 36 36 68 68
Data EEPROM (bytes) 64 64 64 64
IS Timer Module(s) TMRO TMRO TMROQ TMRO
Interrupt Sources 4 4 4 4
U0 Pins 13 13 13 13
GECICICENNN Vollage Range (Volts) 2.0-6.0 2.0-6.0 2.0-6.0 2.0-6.0
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
S0IC soIc SOIC SOIC

All PICmicro™ Famify devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high O current capa-
bifity. All PIC16FBX Family devices use serial programming with clock pin RB6 and data pin RB7.

DS30430C-page 4
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PIC16F8X

20 PIC16F8X DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements the proper device option can be selected
using the information in this section. When placing
orders, please use the “PIC16F8X Product
Identification System™ at the back of this data sheet to
specify the correct part number.

There are four device “types” as indicated in the device
number.

1. F, as in PIC16FB4, These devices have Flash
program memory and operate over the standard
voltage range.

2. LF asin PIC16LF84. These devices have Flash
program memory and operate over an extended
vollage range.

3. CR, as in PIC16CR83. These devices have
ROM program memory and operate over the
standard voftage range.

4. LCR, as in PIC16LCRB4. These devices have
ROM program memory and operate over an
extended voltage range.

When discussing memory maps and other architectural
features, the use of F and R also implies the LF and
LCR versions.

21 Flash Devices

These devices are offered in the lower cost plastic
package, even though the device can be erased and
reprogrammed. This allows the same device to be used
for prototype development and pilot programs as well
as production.

A further advantage of the electrically-erasable Fiash
version is that it can be erased and reprogrammed in-
circuit, or by device programmers, such as Microchip's
PICSTART® Plus or PRO MATE® 1l programmers.

22  Quick-Tumnaround-Production (QTP)
Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who choose not to program a
medium to high quantity of units and whose code
patierns have stabilized. The devices have all Flash
locations and configuration options already pro-
grammed by the factory. Certain code and prototype
verification procedures do apply before production
shipments are availabie.

For information on submiiting a QTP code, please
contact your Microchip Regional Sales Office.

23  Serialized Quick-Turnaround:
Production (SQTP™™ ) Devices
Microchip offers the unique programming service
where a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random

or sequential.

Serial programming allows each device to have a
unique number which can serve as an enfry-code,
password or 1D number.

For information on submitting a SQTP code, please
contact your Micrachip Regional Sales Office.

24  ROM Devices

Some of Microchip's devices have a comesponding
device where the program memory is a ROM. These
devices give a cost savings over Microchip's traditional
user programmed devices (EPROM, EEPROM).

ROM devices {PIC16CR8X) do not allow sertalization
information in the program memory space. The user
may program this information into the Bata EEPROM.

For information on submitting a ROM code, please
contact your Microchip Regionatl Sales Office.

© 1998 Microchip Technology Inc.

DS30430C-page 5
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PIC16F8X

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16CXX family can be
attributed to a number of architectural features
commonly found in RISC microprocessors. To begin
with, the PIC16CXX uses & Harvard architeciure. This
architecture has the program and data accessed from
separate memories. So the device has a program
memory bus and a data memory bus. This improves
bandwidth over {raditioral von Neumann architecture
where program and data are fetched from the same
memory (accesses over the same bus). Separating
program and data memory further allows instructions
to be sized differently than the 8-bit wide data word.
PIC16CXX opcodes are 14-bits wide, enabling single
word instructions. The full 14-bit wide program memory
bus fetches a 14-bit instruction in a single cycle. A two-
stage pipeline overlaps fetch and execuiion of instruc-
tions (Example 3-1). Consequently, all instructions exe-
cute in a single cycle except for program branches.

The PIC16F83 and PIC16CR83 address 512 x 14 of
program mennory, and the PIC16F84 and PIC1G6CR84
address 1K x 14 program memory. All program mem-
ory is internal.

The PIC16CXX can directly or indirectly address its
register files or data memory. All special function
registers including the program counter are mapped in
the data memory. An orthogonal (symmetrical)
instruction set makes it possible to carry out any oper-
ation on any register using any addressing mode. This
symmetrical nature and lack of ‘special optimal
situations’ make programming with the PIC16CXX
simple yet efficient. In addition, the learning curve is
reduced significantly.

PIC16CXX devices contain an B-bit ALU and working
register. The ALU is a general purpose arithmetic unit.
it performs arithmetic and Boolean functions betwaen
data in the working register and any register file.

The ALU is 8-bits wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-cperand instructions,
typically one operand is the working register
{W register), and the other operand is a file register or
an immediate constant. In single operand instructions,
the operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALL may
affect the vaiues of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the STATUS register. The C and DC bits
operate as a borow and digt bomow out bit,
respectively, in subtraction. See the SUBLW and SUBWF
instructions for examples.

A simplified block diagram for the PIC16F8X is shown
in Figure 3-1, its comesponding pin description is
shown in Table 3-1.

@ 1988 Microchip Technology Inc.

DS30430C-page 7
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T —
FIGURE 3-1: PIC16F8X BL OCK DIAGRAM
13 DataBus g,
Flash/ROM <=7~ Program Counter 7 EEPROM Data Memary
Program
Memory I U;
PIC16FB3/CRE3 RAM EEPROM
512 x 14 File Registers L
PICT6FB4/CRE4 B PICIEF83/CRB 0 ) Data Memory
x4 PIC16FB4/CR84
68x8 t
5,  Direct Addr TMRO
RAATOCKI
8,
Power-u
Il qwer P 110 Ports
Instruction Osillator =
Decode & K——> | Start-up Timar
Conirol
Powar-on RA3:RAQ
Reset
Timin, Watchdog RB7:RB1
Generalion [ Timer
OSC2ACLKOUT MCIR  vop, vss
OSC1/CLKIN
DS30430C-page 8 @ 1998 Microchip Technology Inc.
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—————— e E—
TABLE 3-1 PIC16F8X PINOUT DESCRIPTION
Pinbame | D | SOC '1’;'2 '?I;”: Description

OSCI/CLKIN 16 16 ) ST/CMOS ¥ Oscillator crystal inputiextemal clock source input.

GSC2/CLKOUT 15 15 (o} _— Osciltator crystai output. Connects to crystal or resonator in crystal
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which
has 1/4 the frequency of OSC1, and denctes the instruction cycle
rate.

MCIR 4 4 P ST Mastar clear {reset) input/programming voltage input. This pin is an
active iow reset {o the device.
PORTA is a bi-directional I/Q port.

RAO 17 17 1o TTL

RA1 18 18 o TTL

RAZ 1 1 1o TTL

RA3 2 2 ie] ERIN

RA4TOCKI 3 3 10 1) Can also be selected to be the clock input to the TMRO

timerfcounter. Output is open drain type.

PORTB is a bi<directional /O port. PORTB can be software pro-
grammed for internal weak pull-up on all inputs,

RBOANT 6 6 vo | TTLST RBOANT can also be selected as an external intesrupt pin.

RB1 7 7 Ho T

RB2 8 8 1 TTL

RB3 9 ) 1o TTL

RB4 10 10 o] TTL Interrupt on change pin.

RBs ik 11 1o TTL Interrupt on change pin.

RES 12 12 o | TTLST Interrupt on change pin. Serial programming clock.

RB7 13 13 o | TTLST® Inferrupt on change pin. Serial programming data.

Vss 5 § P —_ Ground reference for logic and VO pins.

VoD 14 14 P — Positive supply for logic and YO pins.

Legend: = input O = output 170 = Input/Output P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffar is a Schmitt Trigger input when configuned as the externad interrupl.
2: This huffer is a Schmitt Trigger input when used in serial programming mode.
3 This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

& 1998 Microchip Techrology Inc. DS30430C-page 9
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3.1 Clocking Schemefinstruction Cycle

The clock input {from GSC1) is internally divided by
four to generate four non-overiapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Internally, the
program counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched intc the instruction register in Q4. The
instruction is deccded and executed during the
following Q1 through Q4. The dlocks and instruction
execution flow is shown in Figure 3-2.

FIGURE 3-2:. CLOCK/INSTRUCTION CYCLE

32  Instruction Flow/Pipelining

An “instruction Cycle” consists of four Q cycles {Q1,
Q2, Q3 and Q4). The instruction fefch and execute are
pipetined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycie. However, due to the pipelining, each instruction
effectively executes in one cycle. f an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
{Example 3-1).

A fetch cycie begins with the Program Counter (PC)
incrementing in Q1.

In the exscution cycle, the fetched instruction is tatched
into the “Instruction Register” in cycle Q1. This
instruction is then decoded and executed during the
Q2, @3, and Q4 cydles. Daia memory is read during Q2
{operand read) and written during Q4 {destination
write).

Q| Q2 | Q3 |4 ] 01| Q2 | Q3 | Q4 o Q2| Q3 | Q4
l | I

08sC1 {_\_/_\_/_\_/_\_{'_\_JI/_\_/_L_F_/_\__FL/_\_'
(> 10 At M\ I\

az | S / \ i ~ \ | Internal
Qs | —\ L ] Y J [ ghaze
a4 4, " "} 1
FC I( PC X [=oT%] K PCi7 ]
OSC2/CLKOUT [«___/'—'—L__.____..I'_'—j\.___..___.l—|
{RC mode)
Faich INST (LY
|_55u‘1_"€r‘($5(>te N 1 Fefgh INST {PG+1} |
I Exscuta INST (PC) % éﬂﬁ ﬁ%g) l

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

Ali insiructions are single cycle, except for any

1. MOVLW 55h | Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. CALL SUB_1 Fetch 3 Execute 3

4. BSF  PORTA, BIT3 Fetch 4 " Flugh

instruction is “lushed™ from the pipeline while the new instruction is being fetched and then executed.

Fetch SUB_1| Execute SUB_1

program branches, These take two cycles since the fetch

DS30430C-page 10
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4.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F8X, These
are the program memory and the data memory. Each
block has its own bus, so that access to each block can
oceur during the same oscillator cycle.

The data memory c¢an further be broken down into the
general purpose RAM and the Special Function
Registers {SFRs). The operation of the SFRs that
control the “core” are described here. The SFRs used
to control the peripheral modules are described in the
section discussing each individual peripheral module.

The data memory area also contains the data
EEPROM memory. This memory is not directly mapped
into the data memory, but is indirectly mapped. That is,
an indirect address pointer specifies the address of the
data EEPROM memory to read/write. The 64 bytes of
data EEPROM memory have the address range
Oh-3Fh. More details on the EEPROM memory can be
found in Section 7.0.

4.1 Program Memory Organization

The PIC16FXX has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. For
the PIC16F83 and PIC16CR83, the first 512 x 14
(000Ch-01FFh)  are
(Figure 4-1). For the PIC16F84 and PIC16CRS84, the
first 1K x 14 (0000h-03FFh) are physicafly imple-
mented (Figure 4-2). Accessing a location above the
physically implemented address will cause a wrap-
around. For example, for the PIC16F84 locations 20h,
420h, 820h, C20h, 1020h, 1420h, 1820h, and 1C20h
wili be the same instruction.

The reset vector is at 0000h and the interrupt vector is
at 0004h.

e~
FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK -
PIC16F83/CRE3
I PC<12:0> |
CALL, RETURN 13,
RETFIE, RETLW 7
Stack Leval 1
Stack Lavel 8
K Reset Vector 0000h
= Peripheral Interrupt Vector | 0004n
Q
E
3
3” ¢
S
X FFh
iFFFh
physically  implemented
FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK -
PIC16F84/CRB4
| PC<12:0> ]
CALL, RETURK 13,
RETFIE, RETLW 7
Stack Level 1
Stack Level §
F Resat Vector 0000h
Peripheral Intermupt Vector | 0004h
P G
£g
23
E &
o
ha 3FFh

1FFFh

@ 1998 Microchip Technology Inc.
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42  Data Memory Qrganization

The data memory is partitioned into two areas. The first
is the Special Function Registers (SFR) area, while the
second is the General Purpose Registers (GPR) area.
The SFRs control the operation of the device.

Portions of data memory are banked. This is for both
the SFR area and the GPR area. The GPR area is
banked to allow greater than 116 bytes of general
purpose RAM. The banked areas of the SFR are for the
registers that control the peripheral functions. Banking
requires the use of control bits for bank selection.
These control bits are located in the STATUS Register.
Figure 4-1 and Figure 4-2 show the data memory map
organization.

Instructions MOVWF and MOVE can move values from the
W register to any location in the register file ("F”), and
vice-versa.

The entire data memory can be accessed either
directly using the absolute address of each register file
or indirectly through the File Select Register {FSR)
(Section 4.5). Indirect addressing uses the present
value of the RP1:RPOQ bits for access into the banked
areas of data memory.

Data memory is partitioned into two banks which
contain the general purpose registers and the special
function registers. Bank 0 is selected by clearing the
RPO bit (STATUS<5>). Setting the RPO bit selects Bank
1. Each Bank extends up to 7Fh (128 bytes). The first
twelve locations of each Bank are reserved for the
Special Function Registers. The remainder are Gen-
aral Purpose Registers implemented as static RAM.

421 GENERAL PURPOSE REGISTER FILE

All devices have some amount of General Purpose
Register {GPR) area. Each GPR is 8 bits wide and is
accessed either directly or indirectly through the FSR
{Section 4.5).

The GPR addresses in bank 1 are mapped to
addresses in bank 0. As an example, addressing foca-
tion OCh or BCh wili access the same GPR.

4.2.2  SPECIAL FUNCTION REGISTERS

The Special Function Registers (Figure 4-1, Figure 4-2
and Table 4-1) are used by the CPU and Peripheral
functions to control the device operation. These
registers are static RAM.

The special function registers can be classified into two
sets, core and peripheral. Those associated with the
core functions are described in this section. Those
related to the operation of the peripheral features are
described in the section for that specific feature.

DS30430C-page 12
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e i i nss s
FIGURE 4-1: REGISTER FILE MAP - FIGURE 4-2: REGISTER FILE MAP -
PIC16F83/CR83 PIC16FB4/CR34
File Address File Address File Address File Address
ooh | Indirect addrt | indirectaddr{!! { 8o 00k | indirect addr.{* ] indirect adar!® [ 50N
01h T™MRO OPTION 81h 01h TMRO OPTION #ih
02h PCL PCL 82n 02h PCL PCL 82h
03h STATUS STATUS 83h 03h STATUS STATUS 83h
04h FSR FSR 84h 04h FSR FSR 84h
05h PORTA TRISA B85h 05h PORTA TRISA 85h
06h PORTB TRISB 86h 06h PORTB TRISB §6h
07h 8Th O7h 87h
08h EEDATA EECON1 B8h 08h EEDATA EECONT 88h
0%h EEADR EEcONzt 8oh 0%h EEADR EECON2(Y 89h
0Ah PCLATH PCLATH 8Ah 0Ah PCLATH PCLATH BAh
0Bh INTCON INTCON 8Bh 0Bh INTCON INTCON B8Bh
ach 8Ch 0Ch 8Ch
36
general ¢ Mapped )
rpose ACCOSSEs
g isters in Bank O B8
General Mapped
Purpose (accasses)
2Fh AFh ragisters in Bank 0
30h B0h )
K. 4Fh CFh
ks 50h DOR
TFh FFn 7Fh ﬁ FFh
Bank 0 Bank 1 Bank 0 Bank 1
[ Unimplemented data memory location; read as '0". ] Unimplemented data memory location; read as 0.
Note 1: Nota physical register. Note 1: Nota physical register.

© 1998 Microchip Technoiogy Inc.
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TABLE 41 REGISTER FILE SUMMARY

Value on Value on sl

Acddress | Name eu7 aite BitS Bit4 Bit3 8it2 Bit 1 Bitd Power-on | other resats
Reset (Note3)
Bank 0

[T INDF Uses contents of FSR to address daia memory (nof a physical register) | ~--- ——-— | --=- ----
Oth TMRO 8-hit real-time clock/counter HEHH KOO [ vuuu uuvau
02h PCL Low order B bits of the Program Counter (PC) 0000 0D0QO { OGOO 0000
o |smus® | we | Ret | RO | TO | P6 | z | oc | c | ooox x| 000g quuu
04h FSR Indirect data memory address pointer O KK KHEH | uwum vuun
05h PORTA — — — RA4TOCKI RA3 RA2 RA1 RAQ ---x ook | ---u iU
06h PORTB RBT RB6 RBS RB4 RB3 RB2 RB1 RBOJINT | 3omex spooe | nuuu uuuu
1749 ) . | Unimpletmented location, reasdas' ] emee e f e s
08h EEDATA EEPROM data register oo 006K | uuuu uuun
0Sh EEADR EEPROM address register OOCE oMK | uuau uuun
0Ah PCLATH - — — | writ buffer for upper 5 bits of the PC () ——-0 oooe | ---0 vage
0Bh INTCON GE | EEIE | TOIE INTE | RBIE [ TOIF | INTF | RBIF | 0000 a0ox | 0000 000u
Bank
80h INDF Uses contents of FSR 10 address data memofy {nol a physicalregister) ] ---- ~--- |} ---- ----
sth | OFTION- | REPU | NTEDG | Tocs TOSE PsA | Ps2 | ps1 | psp | 13T 131f| 1111 11l
82h PCL Low order 8 bits of Program Counter (PC) 0000 0090 | 0000 000D
g |smws® | me | Rm | RO | T | Fb | z | bc | © | o001 e | ooog quu
84h F8R Indirect data memory addrass painter { rrkx otk | uvuue unuu
85h TRISA e " — ] PORTAdata direction register —e-1 1311 | ---1 3212
B6h TRISB PORTB data direction register 1111 1111 | 1111 1311
B87h , | Unimplemented location, readas® | cmmmoemen ] ores oo
88h EECONt — T =1 — | EeF | wrerR] WREN | WR | RD ---0 x000 | ---0 g000
89h EECON2 EEPROM controf ragister 2 {not 8 physical registery — } mmme emoo | oo e
DAh PCLATH  |° — — — | Write buffer for upper 5 bits of the PC (1) ---0 0000 | ---0 0890
0Bh | INTCON GE | ecE | ToE INTE | RBIE | TOF | INTF | RBIF | ogoe ooox | uooo 0oou

Legend: x = unknown, u = unchanged. - = unimplemented read as '0', g = value depends on condition.

Note 1: The upper byle of the program counter is not divecily accessible. PCLATH is a sleve regisier for PC<12:8>. The contents
of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> is never trans-
forred to PCLATH.

The T63 and PD status bits in the STATLIS register are not affected by a MCLR reset.

Other {rion power-up) resets include: external reset through MCLR and the Watchdog Timer Reset.

DS30430C-page 14 © 1998 Microchip Technology Inc.

58



4221  STATUS REGISTER

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bit for
data memory.

As with any register, the STATUS register can be the
destination for any instruction. If the STATUS register is
the destination for an instruction that affects the Z, DC
or C bits, then the write to these three bits is disabled.
These bits are set or ¢leared according to device logic.
Furthermore, the TO and PD bils are not writable.
Therefore, the result of an instruction with the STATUS
register as destination may be different than intended.

For example, CLRF STATUS wili clear the upper-three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu (where u = unchanged).

PIC16F8X

Only the BCF, BSF, SWAPF and MOVWF instructions
should be used to alter the STATUS register (Table 9-2)
because these instructions do not affect any status bit.

Note 1: The iRP and RP1 hits (STATUS<7:6>) are
not used by the PIC16F8X and should be
programmed as cleared. Use of these bits
as general purpose R/W bits is NOT
recommended, since this may affect
upward compatibility with future products.

Note 2: The C and DC bits operate as a borrow
and digit bormow out bit, respectively, in
subtraction. See the SUBLW and SUBWF
instructions for examples.

When the STATUS register is the
destination for an instruction that affects
the Z, DC or C bits, then the write to these
three bits is disabled. The specified bit(s)
will be updated according to device logic

Note 3:

FIGURE 4-1: STATUS REGISTER (ADDRESS 03h, 83h)
BANVD Bw-0 RW-0 R-1 R1 Ri-x RAW-x Biw-x
T"wme T ret [T Rro | 10 | 70 | z ]| pc | ¢ | [R=Readablebit

bit? bito | W =Writable bit

Lk = Unimplementad bit,
read as ‘0"

- n = Value at POR reset

bit7:  IRP: Register Bank Select bit (used for indirect addressing)

0= Bank 0, 1 {00h - FFh)
1=Bank 2, 3 (100h - 1FFh)

hit 6-5:
00 = Barnk 0 (00h - 7Fh)
1 = Bank 1 (80h - FFh)
10 = Bank 2 {100h - 17Fh)
11 = Bank 3 (180h - 1FFh)

bit 4 TO: Time-out bit

0 = AWDT time-out occurred

bit 3: PD: Power-down bit

0 = By execution of the SLEEP instruction

bit 22 Z:Zero bit

bit 1:

order bit of the source register.

The IRP bit is not used by the PIC16F8X. IRP should be maintained clear.
RP1:RP0: Register Bank Select bits (used for direct addressing)

Each bank is 128 bytes. Only bit RPQ is used by the PIC168F8X. RP1 should be maintained clear.

1 = After power-up, CLRWDT instruction, or SLEED instruction

1 = After power-up or by the CLRWDT instruction

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

DC: Digit carry/borrow bit (for ADDWF and ADDLW instructions) {For borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No camry-out from the 4th low order bit of the result

C: Carry/bomow bit (for ADDWF and ADDL instructions)

1 = A carry-out from the most significant bit of the result occurred

0 = No carry-out from the most significant bit of the result occurred

Note:For borrow the polarity is reversed. A subtraction is executed by adding the two's complement of
the second operand. For rofate (RRE, RUF) instructions, this bit is icaded with either the high or low

@ 1998 Microchip Technology inc.
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4222 OPTION_REG REGISTER

Note:
The OPTION_REG register is a readable and writable

When the prescaler is assigned to
the WDT (PSA = '1"), TMRC has a 1:1

register which contains various control bits to configure prescaler assignment.,
the TMRO/WDT prescaler, the external INT interrupt,
TMRO, and the weak pull-ups on PORTB.
FIGURE 4-1: OPTION_REG REGISTER {ADDRESS 81h)
RW-1 RIW-1 RIW-1 RIW-1 RAW-1 RAW-1 RW-1 R/W-1
{ 7"BPU [INTEDG] Tocs | TOSE | PSA | Psz | Pst | PS0 | |R =Readablo bit
bit7 bitp [W =Writable bit
U = Unimplemented bit,
read as ‘0’
- i = Valye at POR reset
bit7:  RBPI: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled (by individual port latch values)
bit 6: INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBOANT pin
bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCK! pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-fow transition on RA4/TOCK] pin
0 = Increment on low-to-high transition on RA4/TOCK] pin
bit 3: PSA: Prescater Assignment bit
1 = Prescaler assigned to the WDT
0 = Prescaler assigned to TMRO
bit 2-0: PS2:PS0: Prescaler Rate Select bits
BitValue TMRO Rate WDT Rate
000 1:2 1:1
og1 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
211 1:256 1:128
DS30430C-page 16 @ 1998 Microchip Technology Inc.
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m—
4223 INTCON REGISTER _
i Note: Interrupt flag bits get set when an interrupt
The INTCON register is a readable and writable . condition accurs regam’ess of the state of
register which contains the various anable bits for all " its cormesponding enable bit or the globat
interrupt sources. - enable bit, GIE (INTCON<7>).

FIGURE 4-1:  INTCON REGISTER (ADDRESS 0Bh, §Bh)

RW-0 RWO RWO RWO  RWD RW-0 RW-0 RW-x

[ eE [ emE | ToE | INTE | RBIE | ToF | INTF_| RBIF | [R =Readable bit
bit7 bito [W = Writable bit
U = lnimplemanted bit,
read as 0’
- n =Value at POR reset

hit7:  GiE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables ali interrupts

Note: For the operation of the interupt struchure, please refer to Section 8.5.

bit 6:  EEIE: EE Write Complete interrupt Enable bit
1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

bit 5:  TOIE: TMRO Qverfiow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4: INTE: RBO/INT Interrupt Enable bit
1 = Enables the RBO/INT interrupt
0 = Disables the RBO/INT interrupt

bit 3: RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 22 TOIF: TMRO overfiow interrupt flag bit
1 = TMRO has overflowed {must be cleared in software)
0 = TMRO did not overflow

bit 1: INTF: RBO/INT interrupt Flag bit
1 =The RBU/INT interrupt occurred
0 = The RBU/INT interrupt did not occur

hit 0: RBIF: RB Port Change Interrupt Flag bit

1 = When at least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

® 1998 Microchip Technology Inc. DS30430C-page 17
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43 r: P P

The Program Counter (PC) is 13-bits wide. The low
byte is the PCL register, which is a readable and
writable register. The high byte of the PC {PC<12:8>} is
not directly readable nor writable and comes from the
PCLATH register. The PCLATH (PC latch high) register
is a holding register for PC<12:8>, The contents of
PCLATH are transferred to the upper byte of the
program counter when the PC is loaded with a new
value. This occurs during a CALL, GOTO or a write to
PCL. The high bits of PC are loaded from PCLATH as
shown in Figure 4-1.

FIGURE 4.1: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 B 7
PCI | J INST with PCL
POLATH<A0> L== ALU result
PCLATH
PCH PCL
12 1110 8 7
pel |
%PCMTH«& L‘z' Opcode <10:0>
PCLATH

431 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
ta the program counter (ABDDWF PCL). When doing a table
read using a computed GOTQ method, care should be
exercised if the table location crosses a PCL memory
houndary (each 256 word block). Refer to the application
note “Implemeniing a Table Read” (AN556).

432 PROGRAM MEMORY PAGING

The PIC16F83 and PIC16CR83 have 512 words of pro-
gram memory. The PIC16F84 and PIC16CR84 have
1K of program memory. The CALE and GOTO instruc-
tions have an 11-bit address range. This 11-bit address
range allows a branch within a 2K program memory
page size. For future PIC16F8X program memory
expansion, there must be another two bits to specify
the program memory page. These paging bits come
from the PCLATH<4:3> bits (Figure 4-1). When doing a
CALL of a GOTo instruction, the user must ensure that
these page bits (PCLATH<4:3>) are programmed to
the desired program memory page. f a CaLL instruc-
tion {or interrupt) is executed, the entire 13-bit PC is
“pushed” onto the stack (see next section). Therefore,

manipulation of the PCLATH<4:3> is not required for
the return instructions {which “pops” the PC from the
stack).

Note: The PIC16F8Xignores the PCLATH<4.3>
hits, which are used for program memory
pages 1, 2 and 3 (080Ch - 1FFFh). The
use of PCLATH<4:3> as general purpose
R/W bits is not recommended since this
may affect upward compatibility with
future products.

44  Stack

The PIC16FXX has an 8 deep x 13-bit wide hardware
stack {Figure 4-1). The stack space is not part of either
program or data space and the stack pointer is not
readzahle or writable.

The entire 13-bit PC is “pushed” onto the stack when a
CALL insfruction is executed or an interrupt is acknowl-
edged. The stack is “popped” in the event of a RETURN,
RETLW or & RETFIE instruction execution. PCLATH is
not affected by a push or a pop operation.

Note: There are no instruclion mnemaonics
called push or pop. These are actions that
occur from the execution of the CarLy,
RETURN, RETEW, and RETFIE instruc-
tions, or the vectoring to an interrupt
address.

The stack operates as a circular buffer. That is, after the
stack has been pushed eight times, the minth push over-
writes the value that was stored from the first push. The
tenth push overwrites the second push (and so on).

If the stack is effectively popped nine times, the PC
value is the same as the value from the first pop.

Note: There are no status bits to indicate stack
overflow or stack underflow conditions.

DS30430C-page 18
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——————
45  [Indirect Addressing; INDF and FSR

Registers

The INDF register is not a physical register. Address-
ing INDF actuafly addresses the register whose
address is contained in the FSR register (FSR is a
pointer). This is indirect addressing.

EXAMPLE 4-1: INDIRECT ADDRESSING

* Register file 05 contains the value 10h

» Register file 06 contains the value OAh

» Load the value 05 into the FSR register

= A read of the INDF register will retum the value of
10h

+ Increment the value of the FSR register by one
(FSR = D6)

+ Aread of the INDF register now will return the
value of 0Ah.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly resulls in a
no-operation (although STATUS bits may be affected).

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 4-2.

EXAMPLE 4-2: HOW TO CLEAR RAM
USING INDIRECT
ADDRESSING
movlw 0x20 ;initialize pointer
movwf FSR i to RAM
NEXT clrf INDF ;clear INDF register
incE FSR ;inc pointer
btfgs FSR,4 ;all done?
goto  NEXT ;NO, clear next
CONTINUE

: :YES, continue

An effective 9-bit address is obtained by concatenating
the 8-bit FSR regisfer and the IRP bit (STATUS<7>), as
shown in Figure 4-1. However, IRP is not used in the
PIC16FBX.

FIGURE 4-1: DIRECT/INDIRECT ADDRESSING
Direct Addressing indirect Addressing
RP1RPO 6 from opcode 0 IRP 7 (FSR) 0
e ~ ™~ g
bank select location select bank select location select
| I 30 o1 10 11 <J
m,,L oon
notused | not used
1 '
OCh
Addresses
Data k™ L L map back
Memory 3 30n 1}
y to Bank 0
4Fn @
50 @
7Fh . 7Fh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: PIC16F83 and PIC16CRS3 devices.
2. PIC16F84 ang PIC16CR84 devicas
3 For mamory map detail see Figure 4-1,
@ 1998 Micrachip Technology Inc. D330430C-page 19
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5.0 VOPORTS

The PIC16F8X has two ports, PORTA and PORTB.
Some port pins are multiplexed with an alterate func-
tion for other features on the device.

5.1 PORTA an A Regi

PORTA is a 5-bit wide latch. RA4 is a Schmitt Trigger
input and an open drain output. All other RA port pins
have TTL input tevels and full CMOS output drivers. All
pins have data direction bits (TRIS registers) which can
configure these pins as output or input.

Setting a TRISA bit (=1) wilt make the corresponding
PORTA pin an input, i.e., put the corresponding output
driver in a hi-impedance mode. Clearing a TRISA bit
{(=0) will make the corresponding PORTA pin an output,
i.e., put the contents of the cutput laich on the selected
pin.

Reading the PORTA register reads the status of the pins
whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. So a write
to a port implies that the port pins are first read, then this
value is modified and written to the port data latch.

The RA4 pin is muttiplexed with the TMRO clock input.

FIGURE 5-1: BLOCK DIAGRAM OF PINS

RAI:RAD
Data
bus
D Q
WR VDD
sl =D,
Data Latch ’-@
TLHE | v
L D Q
WR V55
TRI
L ck L al—+
TRIS Latch L v
input
) buffar
RDTRIS
EN
ROPORT | D‘ |
Note: I/Q pins have protection diodes to VDD and Vss,

EXAMPLE 5-1: INITIALIZING PORTA
CLRF PORTA ; Initialize PORTA by

; setting output
; data latches
; Select Bank 1
; Value used to
initialize data
; direction
; Set RA<3:0> as inputs
; RA4 as outputa
; TRIBA«7:5> are always
; read as *‘0°*.

BSF STATUS, RPO
MOVLW O0x0QF

MOVWF TRISA

FIGURE 5-2: BLOCK DIAGRAM OF PIN RA4

Data
bus

PORT oK a _D_1 5 RAZ pin

Data Latch
Vss
- Q
WR
IRIS KT |4
Schmit
TRIS Latch Trigger K?
input
:l buffar
RO TRIS
Q D
EN

RD PORT | D‘-‘

-« TMRO clock input

Mote: ¥O pin has protection diodes 1o Vs anly,

© 1998 Microchip Technology Inc.
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TABLE 5-1 PORTA FUNCTIONS
Name Bit0 Buffer Type Function
RAQ bit0 TTL Inputfoutput
RA1 hit1 TTL Inputfoutput
RA2 bit2 TTL input/output
RA3 bit3 TTL Input/output
RA4/TOCKI bit4 ST Input/output or external clock input for TMRO.
Qutput is open drain type.

Legend: TTL = TTL input, ST = Schmitt Trigger input
TABLE 52 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Vafue cn
Address | Name Bit7 | BiHE | Bits Bit4 Bits | Br2z | Bit1 | Bit0 | Powenon | Valueonal
Resst
Gn | PORTA = — | RAATOCK) | RA3 | RAZ | RAT | RAD | - -x wom | --—u wuuy
86n | TRISA — _ — TRISAR | TRISAS | TRISAZ | TRISA1 | TRISAD | - -1 11131 | ---3 1111

Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0. Shaded celis are unimplemsnted; read as 0

DS30430C-page 22 © 1998 Microchip Technology Inc.
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NPN EPITAXIAL

TiP120/121/122 DARLINGTON TRANSISTOR
MEDIUM POWER TRANSISTOR
SWITCRING APPLICATIONS 70-220
» Complementary to TIP125/126/127
ABSOLUTE MAXIMUM RATINGS
Characterist: TIF120 Symbol Rating Unit
Collector-Base Voltage : TIP121 Veao 50 v
:TIP122 80 v
100 v
Collector-Emitter Vaitag' 1 120 | Veeo
(TIP121
60 v
:TIP122 80 v
100 v .
Emitter-Base Voiage Veso 5 v 1.Base 2.Collector 3.Emitter
Collector Current {DC) te 5 A
Collector Current {Pulse} le 8 A
Base Current (OC) la 120 mA
Collecior Dissipation {Tx=25°C) Pe 2 w
Collecter Dissipation (T=25°C) Pc 65 w
Junction Temperature Ta 150 °C
Storage Temperature Tors -65 ~ 150 °C
ELEGTRICAL CHARACTERISTICS (1. =25°C)
Characteristic Symbol Test Conditions Min Max Unit
Collector Emitter Sustaining V_'?!_|;1-20 Veeo(sus) Iz = 100mA, Ig=0 6 v
TP 80 v
1 TIP122 100 v
Coflector Gutoff Current ~ * 10120 |y, Ve =30V, 150 2 | ma
(TIP121 - -
R Vee=40V, lp=0 2 mA
S TIP120 Vee= S0V, 5= 0 ¢ | mA
Collector Cutoff Cument TIP121 lcan Vep=60V, =0 1 mA
) Ve = SOV, |E= 0 1 mA
S22 Vep = 100V, le= 0 1] ma
Emitter Cutoff Current fego Vee=5V, =0 2 mA
* DC Cumrent Gain bee Vo= 3V, lc=0.5A 1000
Vee= 3V, fc= 3A 1000
* Collector Emdtter Saturation Voltage Vep(sat) lc=3A, Is= 12mA 20 v
I = 8A, ls= 20mA 4.0 v
* Base Emitter On Voltage Veelon) Vee= 3V, ic=3A 25 1
Output Capacitance GCon Vee= 10V, le=0,f= 0.1MHz 200 pF
*Pulse Test: PW<300s, Duty Cycle<2%
I Rev. B.1
FAIRCHILD
]
SEMICONDLICTOR w

18589 Fakrchikd Semlconductor Corporation
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TRADEMARKS

The following are registerad and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™
CoolFET™ MICROWIRE™
CROSSVOLT™ POP™
E’*CMOS™ PowerTrench™
FACT™ Qs™
FACT Quiet Series™ Quiet Series™
FAST® SuperSOT™-3
EASTr™ SuperSOT™-8
GTO™ SuperSOT™-8
HiSeC™ Tinyl.ogic™
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUGTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or
systerns which, (a) are intended for surgical implant inio
the body, or (b} support or sustain life, or {c} whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected 1o result in significant injury to the
user.

2. A ciritical component is any component of a life
support device or sysiem whose failure o perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

PRODUCT STATUS DEFINITIONS
Dafinition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or
in Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later dete.
Fairchitd Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datashest Is printed for reference information only.
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APPENDIX E
SPECIFICATION SHEET FOR 4050N HEX
BUFFER
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YTOROLA
AICONDUCTOR TECHNICAL DATA

ax Buffers/Logic-Level

ywn Converters
jh—Performance Silicon—-Gate CMOS

e MC54/74HC4049 consists of six inverting buffers, and the
4/74HC4050 consists of six noninverting buffers. They are identical in
it to the MC14049UB ang MC14050B metal-gate CMOS buffers. The
:e inputs are compatible with standard CMOS outputs; with pullup
tors, they are compatible with LSTTL outputs.
e input protection circuitry on these devices has been modified by
nating the V¢ diodes to aliow the use of input voltages up to 15 volits.
, the devices may be used as logic—-level translators that convert froma
voltage to a low voltage while operating at the low-voliage power
ly. They allow MC14000-series CMOS operating up'to 15 volts to be
‘aced with High—-Speed CMOS at 2 to 6 volts. The protection diodes to
i are Zener diodes, which protect the inputs from both positive and
tive voltage transients.
utput Drive Capability: 10 LSTTL Loads
utputs Directiy Interface to CMOS, NMOS, and TTL
perating Voltage Range: 2o 6 V
w Input Current: 5 pA
igh Noise Immunity Characteristic of CMOS Devices
| Compliance with the Requirements Defined by JEDEC Standard
0. 7A
hip Complexity: 36 FETs or 9 Equivalent Gates (4049)

24 FETs or 6 Equivalent Gates (4050}

LOGIC DIAGRAMS
HC4049 HC4050

{INVERTING BUFFER) {NONINVERTING BUFFER)
A >c 2_vo Y > 2_vo
At >c v a2 > 4w
A2 >c S v o > LA
Yy > LR a3 > LI
L > 2y L > 2.,
a1 > LI pg 4 > 5_ 15

PIN1=Vgg

PINS = GND

PINS 13, 16 = NO CONNECTION

MC54/74HC4049
MC54/74HC4050

J SUFFIX
CERAMIC PACKAGE
CASE 620-10

N SUFFIX
16 PLASTIC PACKAGE
CASE 648-08

D SUFFIX
1% SOIC PACKAGE

1 CASE 751B-05

ORDERING INFORMATION

MCSAHCX XXX Ceramic
MC74HCXXXXN Plastic
MC74HCXXXXD SOIC

PIN ASSIGNMENT
Vo] 1o 16 [} NC
Yo} 2 15 [} Y5
M3 14145
vl 4 13 JINC
M5 12 va
v2[] 6 11 1 ;4
my7 1013
GND[| 8 aflas

NC = NO CONNECTION

FUNCTION TABLE
A Y Qutputs
Input | HC4049 | HC4060

L H L
H L H

torola, Inc. 1995
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:64/74HC4049 MC54/74HC4050

(IMUM RATINGS*
1bot Parameter Value Unit
s« | DC Supply Voltage {Referenced to GND) ~05t0+70 v
in DC Input Voitage (Referenced to GND) -15to+ 18 \
ut | DC Output Voltage (Referenced to GND) ~D5toVee+05) V
n DC input Current, per Pin 20 mA
ut | DC Quiput Current, per Pin +25 mA
C DC Supply Current, Vo and GND Pins +50 mA
D Power Dissipation in Still Alr, Plastic or Ceramic DIPt 750 mw
SOIC Packaget 500
tg | Storage Tamperature ~65to+ 150 °c
L Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260
{Ceramic DIF) 300

imum Ratings are those values beyond which damage to the device may occur.

ctional operation should be restricted to the Recommended Operating Conditions.

ating — Plastic DIP: ~ 10 mwW/°C from 65° to 125°C

Ceramic DIP: - 10 mW/°C from 100° to 125°C
SOIC Package: ~ 7 mW/°C from §5° to 125°C

This device contains circuitry to
protect the inputs against damage
due to high static voltages or electric
fields referenced to the GND pin,
only. Extra precautions must be
taken to avoid applications of any
voltage higher than maximum rated
voltages to this high-impedance
circuil. For proper operation, the
ranges GND = Vjp = 15V and
GND = Vgt = Voo are recom-
mended.

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or Vo).

igh frequency or heavy load considerations, see Chapter 2 of the Motorola High—-Speed CMOS Data Book (DL129/D).
'OMMENDED OPERATING CONDITIONS

nbol Parameter Min | Max | Unit
ce DC Supply Voltage (Referenced to GND) 2.0 6.0 v
fin DC Input Voltage (Referenced to GND} 0 |VvVeo | V
to 15
out DC Output Voltage (Referenced to GND} 0 Vee | V
A Operating Temperature, All Package Types -55 |+125 | °C
< Input Rise and Fall Time Vec=20V| 0 1000 | ns
{Figure 1) Vee=45V| 0 | 500
Voo=60V| 0 400
ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vee -55to
mbol Parameter Test Conditions v 25°C = 85°C | < 125°C | Unit
Vin Minimum High-Leve! Input Vout=Veoc-01V 20 15 15 15 v
Voltage loutl = 20 pA 45 3.15 3.15 3.15
6.0 42 4.2 42
viL Maximum Low-Level input Vout=0.1VorVge~01V 20 0.3 03 0.3 v
Voltage Houtl = 20 pA 45 03 09 09
6.0 12 1.2 1.2
a4 | Minimum High-Level Output Vin = Vil 20 1.9 19 19 v
Voltage ligutl < 20 pA 45 44 44 44
6.0 5.9 59 59
Vip=VIHOFVIL Jfoutl =40mA [ 45 3.98 3.84 3.70
loutl = 52mA | 6.0 548 5.34 5.20
oL Maximum Low--Level Output Vin=ViH or VL 20 01 0.1 0.1 v
Voltage [Foutl = 20 pA 4.5 0.1 0.1 0.1
6.0 01 0.1 0.1
Vin=VIHOIVIL oyl = 4.0mA | 45 0.26 0.33 040
lloutl = 52mA | 6.0 0.26 0.33 0.40
lin Maximum input Leakage Current | Vi, = Vo or GND 6.0 101 +1.0 +1.0 A
Vin=15V 6.0 0.5 5.0 50
ce Maxdmum Quiescent Supply Vin=15Vor GND 6.0 2 20 40 pA
Current {per Package) lout = 0 pA

E: Information on typical parametric values can be found in Chapter 2 of the Motorola High—-Speed CMOS Data Book (DL129/D}.

OROLA
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MC54/74HC4049 MC54/74HC4050

:LECTRICAL CHARACTERISTICS (G| = 50 pF, Input t = tr = 6 ns)

Guaranteed Limit

vee - 55 to
mbol Parameter ‘ v 25°C <= 85°C | =125°C | Unit
s Maximum Propagation Delay, nput A to Qutput Y 20 85 105 130 ns
ML (Figures 1 and 2) . 45 17 21 26

6.0 14 18 22
LH: Maximum Qutput Transition Time, Any Qutput 20 75 95 10 ns
rHL (Figures 1 and 2) 45 15 19 22

6.0 13 16 19
Sin Maximum input Capacitance 10 10 10 pF

5
For propagation delays with loads other than 50 pF, see Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129/D).
Information on typical parametric values can be found in Chapter 2 of the Motorota High-Speed CMOS Data Book (DL 129/D).

Typical @ 25°C, Ve =50V
PD Power Dissipation Capacitance {Per Buffer)* 2 pF

d to determine the no-load dynamic power consumption: Pp = Cpp Vcczf + lee Vee. For load considerations, see Chapter 2 of the
aola High-Speed CMOS Data Book (DL129/D).

—Vge
INPUT A
GND

OUTPUTY
L
Figure 1a. Switching Waveforms (HC4049} Figure 1b. Switching Waveforms {HC4050)
TEST PQINT
QUTPUT
DEVICE
UNDER .
TEST I G
* Includes alf probe and jig capacitance
Figure 2. Test Circuit
3 MOTOROLA
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»564/74HCA4049 MC54/74HC4050

LOGIC DETAIL

HC4049
(1/6 of the Device)

D

HC4050
{1/6 of the Device)
N D
A Y
L~
TYPICAL APPLICATIONS
LSTTL to Low-Voltalge HSCMOS High-Voitage CMOS to HSCMOS
5V PI\ ' > 3V Vop' st Y0
> { >c P %: o ourT IN o OUT
LSTTL HC4049 HC DEVICE STANDARD HC4049 HC DEVICE
DEVICE HC4050 CMOS HC4050

E: To determine the noise immunity for the LSTTL to low-voltage *Table 1. Supply Examples

configuration, use Eq. 1 and Eq. 2:

(TTL) VOH - (CMOS)Viy  Eq.1 VoD Vce

(TTL) VoL - (CMOS) Vi Eq.2 15V 2v

For the supply levels shown: 12V 5Y

24-3(75%)=24-225=0.15V

0.4-3 (15%) = 0.4 — 0.46 = 0.05V 12V 3v

Therefore, worst case noise immunity is 50 mV,

Far supply levels greater than 4.5 volts use

the 74HCTO4A for direct interface to TTL outputs.

'OROLA 4
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MC54/74HC4049 MC54/74HC4050

QUTLINE DIMENSIONS
J SUFFIX
CERAMIC PACKAGE
= CASE 62010 \OTES:

1% 9 ISSUE V 1. DIMENSIONING AND TOLERANGING PER

ANST Y94 5M, 1982,
E:1 2. CONTROLLING DIMENSION: INCH,
3. DIMENSION L TO CENTER OF LEAD WHEN
1 d FORMED PARALLEL,
o L B o

INCHES | WALIMETERS |
i DI ! WIN M
=T ——_ll—'L / b om0 T ome T b 70
—_ Al .
SEMIIG : N K / = Toxel — T 5
PLANE i 30t | 0020 | 0.38 [ 050

0.050 BSC 1.27 BSC
f N 0,055 | 0065 140 | 165
M 0100 BSC 231B5C

l T 1 B3] 0.
J e 15PL K g.s 5 1;5 1; 22?
D16 [$o2s0010® 7] 8D} A
[©]025000)®{T[ AG®| N T I
N SUFFIX
- PLASTIC PACKAGE NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSE
[ 4 P ] e R L .
16 o] % ISSUE R 3. DIMENSION L TO CENTER OF \EADS WHEN
b B FORMED PARALLEL.
P } 4, DIMENSION B DOES NOT INGLUDE MOLD FLASH,
3 5. ROUNDED CORNERS OPTIONAL,
ML BJ & H:’JUL‘::' Y| TNCAES T WILIMETERS |
F L L 'Ek!" 740 | 0,770 | 18.80 | 19.55
] B Toxolo2]| 635] 685
_{S C 0445 0475 ] 380 [ 444
B o015 ] 0024 | 039 ¢ 053
1 | SEATING . F [ ooao]{oom| 02} 177
" | 1‘ ) PLANE g 0,100 BSC, 254 BSC,
— - 0,050 BSC) 12785C
H -K J—»H-—- M J Fnoo8 | oot5 ] 0211 038 ]
G K 1otpf neag| 2803 330 )
—mile— D 1BL T"—-‘-Q-%!f-—%ﬁ-»-lgﬂ 7107;_
[Slo250010 @[T A@ | 5 | 502 oMol o511 161
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05

ISSUE J NOTES:

1Hs H H H H H H_H T 1. emgl:ﬂ?l:)gﬁ;:lGANDTOLERANmNGPERANSI

. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSIONS A AND B DO NOT BNCLUDE
MOLD PROTRUSION.

B~ e

[-B] ps

MAXIMUM MOLD PROTRUSION 0,15 (0.008)

@ e |025(0010)®| B® | PER SIDE
5. DIMENSION D DOES NOT INGLUDE DAMBAR
_H _H H H_H PROTRUSION. ALLOWABLE DAMBAR
s — b PROTRUSION SHALL BE 0.127 {0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONCITION.

RLLIRETERS NCHES

MIN | WAX | WN
9.80 | 10.00 | 0.386
3.80 | 4.00 | 0.150

5

B

|

g

gp

el P
K ‘ l-—Rxw\/

| |_{ c {j%’% 035 0:49 o:uu !
se.\ms ‘-] L_ ~" L9 o oo
PLANE D 16PL

l$|o.25(o.016)® HIESIEG)
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gm
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APPENDIX F
PHOTO GALLERY

ScienceWorkshop® 750 Iy

Polycrystalline photovoltaic (PV) The tracker part

Experiment Setup Data Studio
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