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Abstract

The main idea of this project is the use of solar cell in order to convert the sun light

encray inlo eleetrical encrgy, and use this electrical energy in lamp lighting.

I'his idea cun be achieved by using three contrpl crreutts, [irst eireuit using & motor to
control the solar cell position to the largest intensity of light, second circuil Lo charge

A hatterv, third circuit to control the hulb operabion.

The main reason for the work of such a project that alternative source ol energy. has

not been implemented. would not hurt the environment, and reduce the Hinancial

burdens of the State.
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Chapter One

Introduction
I'his chapter containg the vision ol all project contents such as project goals, hlock
diagram, solar cells, DC motors, light dependent resistor, control circuits,
While the next chapters contain more details about project parts.

1.1 Project goal

I'he anm of this project 18 o build an alternative source system to produce hght

energy,

1.2 project advantages

¢ This project is one of good implementation to renewable cnergy investment.
» Lhis project enables the eloctrical enerzy cumpany Lo consume with optimal
¢lectrical energy used for light at mehls,

1.3 Block diagram

I he following block diagram shows the parts of automatic lighting system using

solar cells with aufomatic sun light detection system project.




| ¢ i b
| ' GFE']ET - Bulg I_l r-:
i SyASEEeT Centraller b HOREY IL"rlnrrf“IIE»r EEQ £

T :

B0 mictor Senaor '8

——_————— —
=L g

I

Figure 1.1: Block diagram of automatic lighting system using solar cells with

autnmatic sun lighl detection system prisjecl.

I'he tollowing steps summarize the work principle for the project and desenbe the

1sstics of each block in the block diagram:

The-Sun fight affect the sensor A" (2 LI sensors | that connected with a de
motor motion controller

Fhe DC motor rorates the solar cell into the direetion of largest liph
intensity,

The solar cell is connceted with a battery charger to charge the bartery.

Fhe battery is connectad with the motor o supply it with the voltage nesded

10 rotate it

The Sun light affect on the dark activated sensor (sensor 'B') that connected

with a bulb controller.
The bulb controller. conuol the aperation of the bulb

due to dav and night.




1.4 time plane

Tablel.1: The time planning

EAFNERAN AR

T ~Time(week) 12 8 ‘ 9 |1 ‘ 1 12 13|14 15]
Tasks —~-_ | | |

~ Building and S %{5 rm% :ﬁ;%% _;1 ‘ \ \ ‘ ‘

testing the system 3 ',, :
L "% % T T ?f T

Writing final | \ %ﬁ “} I‘E;; o b
i e e
project report ‘ l | ,%E RS

1.5 Project budget

Table 1.2: projeet budget

Component | Cost |[NIS] |
| solar cell 1300
Batlery 70
100

(“harger controller

DC bulb 0

| V% 200

R T ot S 7
4 power transistory and 2N2222 transistor 23

| 4 dindes 8
Resistors and potentiometers 15

D raotor

| Limit switch
2 Relays 24
ILDR P
2 OP-amp B

Total cost




1.6 =salar cells

This section delines the solar cells: also will mention the tvpes of silicon solar
cell
Silicon solar cell will used in this project: more details about it and its work

principle will be mention in the next chapter.

1.6.1 What are Salar Cells?

Solar cells are devices which convert solar ensrgy dircetly into electrical
energy. cither dircclly via the photovoltaic effect. or indirectly by first

converting the salar cnergy o heal or chemieal energy.

The most common form ol solar cells are hased on the photovoltaie (PV) effect
in which light falling on & two laver semi-conductor device produces a
photovoltage or potential difference between the layers. This vollage is capable
of driving a current through an external circvit and thereby producing wselul

work.

1.6.2  Types of silicon solar cells

There are dilferent lypes of silicon solar cells: the following points deseribe these

lvpes:

v Single ervstal silicon solar cells,




s Polverystalline silicon solar cells.

*  Amorphous silicon cells.

1.7 DC mator

This section mentions and describes the Lypes ol de motors.

More details about it will be mentioned in the next chaprer.

1.7.1  Types of DC motors

Permanent magnel de motor s used in this project.
More details about it will be mentioned in the next chapler.

There are many tvpes of de¢ motors; some of these types are mentioned below:

The separatcly excited de motor.

I3

The shunt de motoer,
3. 'I'he series de motor.
4, The compounded de molor.

I'he permanent-magnet de motor (PMDC): PMDC motor 1s a de molor

L

whose poles are made of permancnt MAZNCIS.

T'his type of motors applied in low power systenis.

Advantages of the permanent-magnet de mators

There are many advantages W PMDC. some of these advantages arc

describe below:

3




¢ Since the PMDC motors do nat require an external field circuit, they

do not have the ficld circuit copper losses associated with other de

mctors.

* Because no field windings are required in PMDC motors, they can

he smaller than other de motors.
Disadvantages of the permanent-magnet de motors
There are a one disadvantages to PMDC motors mentioncd below:

* Permanent magnets cannot produce as high a flux as an externally
supplied shunt ficld, so a PMDC motor will have a lower induced
lorque per ampere of armature current than a shunt motor of the
same size and construetion. But in this project the lower induced

torgue is not a problem.

1.7.2 Conclusion

Aller this vision of DC motor types; in this project we will use a PMDO motor

because il huy the minimum losses and small enough so it deesn't take a wide space.

1.8 Light dependent resistor (LDR)

An LDR is an input transducer (sensor) which converls brightness (light) 10
resistance. Tt is made from cadmium sultide (CdS) and the resistance decredses
as the brightness of light falling on the LDR increases. The T.DR pieture shown
in Fig 1.2

C o R R T T T PR RT 1T W PR N Rt gy Sy |



Typical valucs for a standard LD

»  Darkness: maximum resistance, about 1M,

»  Very bright Light: minimum resistance about 10082,

IFigure 1.2: LIDR picture

More details about LDR will be mentioned in the next chapter. where the projeet

team makes an experiment about the charactenstics for LDR.

|




1.9 Control Circuaits

This project has many control eircuils, these cireuits are describe below:

|. Controller circuit: convert the light energy coming frem sun to an

clectrical energy in order Lo charze the butlery and then light a bulb.

l'o scc this cireuit go to page 47

7. Splar tracking system cireuit: control the de motor rotation that will

cotate the solar cell to the direction of largest intensity lght.

To see this circuit 2o o page 45

3. Bulb control civeuit: contral the operation of the bulb.

'T'o sce this circuit go to page 49




Chapter Two

Solar cells and Light dependent resistor

This chapter has tow parts. the ficst one will talk about the basic information of
solar cells and i1s types. The second one will talk about the light dependent resistor
(LDR) and its circuits.

2.1 Intreduction to solar cells

The alternative energy sources are not free of pollution in general. There is muny
options that have less onvironmental damage than the conventional energy

sources.| 1|

The best wehniques thar hamess the sun's energy, by using solar cells that dircetly
convert solar radiation into clectrical energy. Its emergy source is free and

inexhaustible. clean and remnants or withoul notice [ 1]

Solar cells convert sunlight energy directly into cleetrical energy and are made of
semiconducting materials, When sunlight is absorbed by these materials, the selar
enerey knocks electrons loose from their atoms, allowing the clectrons to flow

through the material to produce electrical current. This pracess of converling light

energy (photens) o clectrical enerpy (voltage) is called the photovoltaie (PV)
effeet.[1]




2.2 Solar cell history

Although practical solar cells have only been available since the mid 1950s.
scientific investigation of the photoveltaic cffeet stared in 1839, when the French
scientist. Henri Becquerel discovered that an electric current could be produced by

shining & light onto certain chemical solutions.[2]

The effect was first observed in a solid marterial (in this casc the metal selenium) in
1877, This material was used for many vears [or light meters, which only required
very small amounts of power, A deeper understanding of the seientific principles.
provided by Linstein in 19035 and Schottkv in 1930, was required before efficient
solar cells could be made, In 1954 Chapin, Pearson and Fuller developed a silicon
solar cell that converled 6% ol sunlight {alling onto it into eleetrical enerzy, and
this kind of cell was used in specialized applications such as orbiling space

salellites from 1958, [2]

Today's commercially available silicon solar cells have efficiencies of converting
about 18% of the sunlight fa2lling onto them into. electrical energy, at a fraction of
the price of thirly vears ago. There iz now a varicty of methods for the practical
production of silicon solar cells (single crvsial. pelyerystalline. amorphous). as well
as solar cells made from olher materials (copper indium diselenide, cadmium

telluride, etc) [2]

HE




2.3 Solar cell working principle

To understand the operation af a PV cell, it 15 important 10 consider both the nature
of the material and the nature of sunlight. Solar cells consist of two types of
material. aften p-type silicon and n-type silicon. Light of certain wavelengths is
able o 1onize the atoms in the silicon 2nd the intemal field produced by the junction
separates some of the positive charges ("holes") from the negative charges
(electrons) within the photovoliaic device. The hales are swept into the positive or
p-laver and the electrons are swept into the negative or n-layer. Although these
oppositc charges are attracted to cach other. most of them can only recombine by
passing through an external circuit outside the material becauss of the inlernal
potential energy barrier. Therefore. if a circuit 1s made, power can be produced
from the cells under illuminarion as shown in Fig 2.1, since the free electrons have
1o pass through the load to recombine with the positive holes.[3]

A tvpical solar cell consists of a glass or plastic cover, an antireflective layer. o
front contact to allow electrons to enter a eircuit, 8 back contaet to allow them to
complete the cireuil, and the semiconductor lavers where the clectrons begin and
complete their journey[2]. as shown in Fig 2.1

s bight
Antietlection coating

Transparand adliesive
Clover plagg— ¢

Elutons

¢ SFrent contact  Cwrent  «

. Snbetrate

N-Pype semiccivdicter — i
]-'—'E':.'pe enncondnctor + L Hack contaét

Figure 2.1: T he Photovoltaie Effeet in a Solar Cell
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2.4 Silicon solar cell types

Solar cell could be distinguished into three cell types according to the type of

crvstal: monocrystalling, polverystalline and amorphous:

¢ Single erystal silicon solar cells (monocrystalline): Ihis lype cannol
currently converl more thun 25% of the solar energy into electrical cnergy,
because the radiation in the infrared region of the electromagnetic spectrum
does not have enough energy W separate the positive and negative charges

in the maretial. as shown in Fig 2.2 [4]

Figure 2.2 Single crystal solar cells

» Polyerystulline silicon selar eells: This type has efficiency ol less than

20%, significantly cheaper to produce than single crvstal cells, as shown in

Fig 2.3 4]




Tioure2 3: Polyerystaliine solar cells

e Amorphous silicon cells: This Lype made by depositing silicon onto A ulass
substrate from a reaclive s such as silane (Silly). Since armorphous silicon
cells have no crvstal structure at all, their officiencics are presently ouly

abaut 10% due to significant internal encrgy losses. as shown in Fig 2.4 {4]

Figure2.4: Amorphous solar cells

An important feature of PV cells is that the voltage of the cell daes not depend on
s size, because romains lairly constant with changing light intensity, Howeyer, the
current in a deviee is almuosl direcily proportional o light intensity and size.
Therefure, when people want & cOmMpAre different sized cells. they reeord the

currens density, or Amperes per Square Centimeter of cell area, ay shown in Fig 2.3

[4]
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Figure2. 5: Single-junction solar cell current (1)/voltage (V) curves

The power outpul of a solar cell can he increased yuite effcetively by using a
wacking mechanism to keep the PV device directly facing the sun, or by
concentrating the sunlight using lenses or mirrors. However. there are limits to this
srocess, due to the complexity of the mechanisms, and the need to cool the cells.
Ihe current output is relatively stable at higher temperatures, but the voltage is

reduced, leading to a drop in power as the cell temperature is increased. |3 ]

2.5 PV Panels

As single PV cells have a working voltage of about 0.5 V. they arc usually
connected together in serics (positive to negative) Lo provide larger voltages. Panels
are made in a wide range of sizes for different purposes. They generally fall into

one of three basic calepories:

14




Low voltage/low power panels: these pancls arc made by connecting
between 3 and 12 small segments of amorphous silicon PV with a total area
of a few squarc centimeters for vollages between 1.5 and 6 V and outpurs of
g few mill wans. Although cach of these pancls is very small. the total
production is large. They are used mainly in watches, clocks and caleulators,
cameras and devices for sensing light and dark. such as night lights,

Small panels of 1 - 10 watts and 3 - 12 'V, with arcas from [0Dem” to
1000em™: these panels are made by either culting 100em2 single or
polyerystalline celis into pieces and joining them in series, or by using
amorphous silicon panels. The main uses are for radios. toys, small pumps,
electric fences and trickle charging of balteries,

Large pancls, ranging from 10 to 60 watts, and generally cither 6 or 12
volts, with areas of 1000em” to S000em™; these pancls are usually made by
connecting from 10 to 36 lull-sized cells in series. They are used either
separately for small pumps and caravan power (lights and refrigeration) or
in arrays to provide power for houses, communications pumping and remote

area power supplies (RADP'S).

2.6 PV Panel Selection

The selection of the PV panel took according to the available budget.

A 40 watt KO0 'V mullicrystal panel from Kyocera was chosen, At a conservalive

output of 28 watts, the panel, over a period of & hours will provide 224 waits to the

battery.

15




1his is sulficient to fully recharge the battery daily and make vp for days of low

solar irradiance. A converston rating sof 70% (40 = 28) is conservative for design

purposes.

- HADIANCE: ABILE, 1o /m®

Currond A}
Curreni (i)

Volikge (V]

I'igure 2.6: KC40 Electrical Characteristios

The PV panel is a simple eleetrical device and given anv two of three variahles, the
third variable can be derived using the graphs in Figure 2.0, The three variables ars
panel temperature. pancl voliage, and output current. I'he peak power current varies
with solar isolation and thus using the panel output current in a maximal power
point tracking (MPP1) algorithm would require sensing solar irradiance. This can
be done, bul would require mounting multiple sensors on the pancl to accurately
measure lhe irradiance onto the panel and would unnccessarily complicate the
{eedback controller.

The maximal power voltage. unlike the cwrent. is constant regardless of irradiance.
As shown on the right of Fipure 2.6, the “knee” of each curve occurs 4l 16.0 volis,
At that point, a rectangle drawn by extending « line from the point 1o gither axcs has
the maximum area. The area is | * V which ig power. The peak power voliage

changes with pancl temperature. The ambient temperature does not vary nearly as

16




fasl as solar ambience (clouds moving) and serves as a stable paramcter for the

conirpller:

2.6.1 Main Power Converter

the PV pane! can be connected directly to the baitery and a charging current will
Jow. The magnitude of that current will be based solely on solar intensity. Worst
case, and as a defiult, this is indeed what takes place in this design. However when

the panel is conneeted direetly (o the battery, the panel valtage drops down 1o the

batlery voltage and power transfer from the panel is reduced and not oprimized.

Looking at Iigure 2.6, the maximum power provided by the panel is at 16.9 volfs
where a current of 235 amps vields 40 watts, [1 the voltage is reduced to 12.5 volts,
a current of 2.4 amps will still flow but the 40 watt drops 1o 30 watts. In an effort o

maximize the power translerred o the baltery, a charpe cantroller was used,

2.7 Conclusion

After the previous vision of solar cell working principle and silicon solar cell tvpes:
thus project will use the multicrystal silicon solar cell because its high effiviency.

suitability and availability,

2.8 LDR Strueture

The LDR is made from a erystal structure malerial and utilizes its photoconduchive

praoperties. The most commaon erystal is Cadmium Sulfide.




21.8.1 Introduetion to light structure

This discussion of photoeleciric phenomena requires a basic knowledge of the

properties of light, [6]

Light Response means that the white light 15 a "mixture" of light rays comhned
together. Liach of these rays has its own wavelength and il is their wavelengths

variation that performs the rainbow colors, [6]

The light, as the sound, is a combinalion of lones varying in wide range of
frequencics. Each tone has its own frequency. In the same way. the light can be
describe as mixture of colors, wnes. as each one can be define by his own

wavelength. |6]

Comparing two white light sources, [or example- a regular incandescent lamp and a
fluoreseent lamp. shows that their visible light color in not the same. The
explanation for this result is that the combination ol color tones of each source

differ, another color lwne 15 more dominant, [6]

Irom now. we cun use the terminelogy "Light Wavelength” or "Light frequency”
instead of "Tone".
The wavelength is specified as a function of frequency according to its relation to

light velocity and is given by the following equation:

=00
Where:

18




+= light wavelength
€= light veloeity in space (300,000 km/second)
F = light frequency

The light can be divided, according to its wavelength, into three calegoTies:

I, Ultravinlet light- Below 0.4 pm.

I

Visible light- between 0.4 pm to 0.7 pm.

(]

Infrared light- over 0.7 um,

Light wave shorter than violet Hght or longer than red light waves, do not register in
the human eye. Of the various types of LDRS in use, the most sensitive 1o visible

light rays are the cadmium sulfide (CdS) photoconductive LDR. |6]

2.8.2 The LDR Features

the principle of LIDR work is that the Resistance varying as funetion of

MNumination and Doping. [6]

In LDR devices, the ¢rystal is treated or doped with impurity. Iis photoconductivity
15 obtained as lunclion of the carriers (clectrons) energized bv the light falling on

the sensitive surface of the LDR. [6]

At darkness, withoul illumination talling on the LDR, the carriers are nol energized

which mean- high resistance. Under illumination. the light encrpizes the carriers,

which means — lower resistance, [6]




Froject team makes an cxperiment on LDR. by connecting a circuit as shown in

Fagure 2.7

Figure 2.7: LDR. resistance

ihe lamp and LDR are connected infernally in the same box. So by chanping input
voltage (V ), the voltape (V) across R1 will change, At different values of ¥V,

caleulate the current through R1 (5 ) by using the lollowing equation:
L=V /R

This current 1. s eyual to the lamp current. Now by using a digital multimerer

connected with the LDR; i1s resistance can be taken, [6]

The results of the experiment shown below;

Il Table 2.1: Measurement ol LDR resistance

Vew) | 025 | 05 [075 ] 100 [ 125 [ 1.50 | 1.75 | 2.00 2.25
| Tygmay | 0217 [ 0.735 | 1 2 T o 6 7 9
_ R(®) | 1150 | 680 | 503 | 406 | 348 310 | 2R3 | 265.5 2495

L] |

The LDR resistance may vary from martcrial to material, but in general. the curves

shape will always remain the sume (25 shown in figure 2.8), [6]
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Figure2 §: Resistance/light infensity characteristic of the LDR

In clectronies cireuits when LDR is used, its symbol will dppear as shown in Tig

2.9, and its picture s used in devices shown in Fig 210 [7]

Figure2.¥: LD symbol




Figure 2.10: LIOR picture

2.8.3 LDR circuits

ihere are just two ways of constructing the voltage divider. with the LDR at the

top, or with the LDR al the hottom as shown in Figure 2,1 1;

Yout i

— P —— A

Fig 2.11: LDR circuits
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Now find out how o choose a sensible value for the fixed resistor in a voltage

devider circuil. |7)

Hemember the formula lor caleulating F

(R L]

R R

Fout =V, =
I:ilrl‘

2.8.4 Summary of the LDR features

The sensitivity of the LDR depends on several factors such as: photoconduetive
malerial. reception arega of the incident light, wavelength distribution of the incident
light and the impurity level. The main disadvantage of' the LDK 15 1ts slow response.
The rise time of a typical TLDR is of approximately 0.1 sccond. which is 1oo slow

for many applications, such as computers and dipital communications. But in this

project the slow rise time is not a problem, [6]




Chapter Three

DC motors

3.1 Introduction

Lhe direct current (I3C) moator is one of the first machines devised to econvert
slectrical energy to mechanical energy, The DC Motor has many advanlages over
other motors which arc generally the reason for its choice: lirstly the simple lorgue
control . Then the fact that the power supply of a DC motor connecls directly to the
amature of the motor allows for precise voltage control, which is necessary with

wryue control applications. [8]

OC motors perform hetter than other motors on miost traction equipment. Thev are
also used for mobile cquipment like carts; DC molors are convenientlv portable and

well suited to special applications, such as industrial, [8]

Permunent magnetic (PMDC) convert clectrical energy into mechanical CTIRrgY
through the interaction of two mugnetic fields. A permancnt magnetic assemhbly
produces one field; an electrical current Nowing in the motor windings produces the
ather field. These two fields result in a torque which to rotale the rotor. As the rotor

s, the current in the windings is commutated Lo produce a continuous torque

oulput. |R]




The Leld is supplied by PM maotor, as its name implies. In operation, the PM motor
statar flux is always constant. In practice. this means that the speed-torgue and

speed-armature vollage curves are linear, [8]

One major advantage of PMDC motors is thal they requirs no field current. This
fuct means that there will be a considerable saving in energy over equivalent
wound-pole machines during a typical machine life time. Although permaneri-
magnet matcrizls tend o be expensive, the size of a permanent-magnet ficld pole
may be much less than that of the equivalent wound pole. This means that the
overall size of the machine is reduced. The reduction in the cost ol other materials
compensiles, at least in part. lor the magnet cost In small machines there is

definite cosl advantage in permancent magnet field poles. [8]

I'he mugnetic ficld of (PM) motars is gencrated by permancul magnels so na power
15 used to create the magnetic ficld structure. The “stator™ magnetic flux remains
essentially constant at all levels of armature current and, therelure. the speed versus
torque curve of the PM molor s linear over an extended range. In general the

PMDC motor is churacterized by the following: [8]

I'he DC motor is casier than other motors in control processes.

I'hey produce their maximum torque at zero speed.

» They produce sero torque at their maximum spead.

* They develop their maximum power at 50% of their maximum speed.

* AL 50% of maxumum speed, thev produce 50% ol their maximum torque,
* Al maximum power. they are no more than 50% efficient.

® lhey require no field current and saving enerey during the lifs time.

.
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3.2 Electrical Model

Eleetrically. permanent magnet brushed DC motors ean be modeled as a series of
three basic electrical components: a resistor, an inductor, and a source of eleetro-
motive foree (EMT), or voltage (Figure 3.1),

This voltage source is commonly called the “back-EMF” of “counter EMEF.” The
ariging of the resistive and inductive components are easy to see. The resistor in the
maodel is 1 resull of the finite resistance per unit length of wire nsed Lo construet the
coils in the armature. The inductor is u result of coils of wire that make up the

armature windings. All eoils af wire act as inductors,

I

|

| 3

Resiator Back EMF
I

Sl e R S50

e Ingobmr o0 o

Figure 3.1: Flectrical Model of a Permanent Magnet Brushed DC Motor

3.3 Characteristic Constants for Permanent Magnet Brushed
DC Motors

AS a motor turns faster, more back-EMT is generated since the coils in the armature
are moving faster through the stator’s magnetic feld. '| he magnitude of the hack-
LM is related 1o the rotational speed Lhrough a constant K, called the speed
constant or voltuge constant,

F-F o cqu.3.]




Where E = back-EMF

r

. = speed canstant }
it red
§

» = rotational speed [ ::z.";'s]

Duanlities like the motor’s physical dimensions. the pumber of tarns in the coil
windings, and the magnetic flux density of the stator all contribute to the value of
K.

In this development, we will ignore, for the moment, the non-ideal mechanical and

elecirical losses associated with the motor/generator operation. The largest of the

elTects we will assume are nepligible in this discussion is the torgue reguired o

overcome friction in the motor. Because ol [riction. the lorque penerated by the
molor may be freated as being made up of two terms: [rictional orque and vsable

targue (or torgue that is available at the motor’s output shaft and may be used o
drive a load):

g =4 +1 eqi.3.2

For now, we assume Tp=0. For most motors this is a reasonahle first
approximation. If the losses are neghpible, then the mechanical power into the
generator, 1o |, wall coual the clecirical power out. ¥
P=El=To #qu.3.3
We can combing Ba 31 with Tod 2 w vield
E ol =Ta equ.d.A
Which can be simplified to:
=K1 cqu. 3.

I he constant can be expressed equivalently with units of

vorliy | Newdlon = meter

= Or |
L radians | Ampere

gec and




To minimize confusion, we treat the constant in Eq.3.5 as different and call it Ky,
the torque constant.

The motor’s physical dimensions, (he number of turmns in the coil windings, and the

magneiic thux density of the stator all contribute fo the value of Ky, Jusl as they did

with K. With the substitution of K+ for
I'=K_{
Where:

K.. Fq.3.5 takes on its more cotnmon farm:

cyu.d.6
T=toryue [N o m]
KT~ torque constant LN 'm-|
|
I= current [4]
I'his distinction between ¥ rand K. is particularly useful in that numerically Ky =

Feiclians
| " seoord

; . ofrs
K. when compatible units are used (e.g..| ——"7 ard [

Newtorr e pieter -‘
Ampere




3.4 Charucteristic Equations for Constant Voltage

To more fully understand the torque and speed chanicterislics of a molor we can

start by examining what goes on when we place the motor into a cirenit with

driving voltage as shown in figure 3.2,

Maotor

-—-l—r-'-_lﬁ

Hesistox BEaclk EMF

Incductor

| — - 2 e 1

Figure 3.2: DC Motor circuit with dri ving voltage

We can use Kirchoff's laws to write a loap equation to describe the steady-state

current flow in this cireuit,
V= IR+ K o equ. 3.9
Where: V = voltage {If ]
I'= current [d]

R = resistor of motor coils Q]

Fe
K. = vultage constant

red
o |

_ s
= rotational spaed [ras]
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L he voltage drap across the motor’s coils has an IR term, as vou would normally
expect, plus the cffects of the back-1EMF generated by spinning the motor,

expressed in the term Kem.

By substituting Eq. 3.6 into Eq, 2.9, we can develop an expression relating lorque 1o

speed.

¥ _——‘r f+ K. mw
P 2

F— T R=K.@
K,

g=t K g |ed/] cqu.3.10
K! ﬁa"Ks /=

Lg. 3.10 shows that, for a given voltage V. torque and specd for a motor are lincarly
related. Oficn. this is graphically represented with a plot showing a family of lines
relating T vs. @ for several constant valugs of voltage. V. Figure 3.3 shows a Lypical

cxample.

e

Tso Tg3
_.____+ ‘i‘

Figure 3.3: Typical Torgue vs, @ Curves for a Permnent Magnet Brushed
DC Mator




I'here are a few aspeets of Figure 3.3 that we should identitv and label. The first is
the v-inlercept of each line. This is the maximum speed that the motor can achicve

fora given vollage, which occurs for the idealized case where there is no torque
E

generated. This is called the “no-load speed,” wrillen as ©y; . and is the I_ term
K

in Eq. 3.10, Thus, fora permanent magnel brushed DC motor:

Wy = —:; l'? ﬂ'd/l equ.3.11

The slope of the line given by Lg. 3.10 is the multiplier on T, which is . Rj.' . The

slope term is also given it own svmbol, Ry, and is called the “speed regulation
constant™;
" rad
K " 3
Rijy = i E— equ.3.12
K. K Nem

¥ i

By substituting @y and Ry into Eg. 3.10 we get an expression that is more casily

identified as that ol a straight line:
'
T lm‘f gJ equ.3.13

I'he x-intercept of the constant-voltage ling represents the case where @ =0, which

w=ew, —K,

occurs when the motor is stalled. This 15 the point at which torque, and therefore
currenl, arc maximized. This is called the “stall torgue.” and given the svmbol

Tsraps or Ts. The corresponding “stall current™ is given the s¥mbol Ispayy of le

Itf'we set ® =0 in Eq. 3.13; we can alsn express Teray ) as:

M=oy — R T

FAdd

£y

w
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Recalling from Eq. 3.11 that ey = -::

I_)

= T [.N -m} equ.3. 14
e

v

Then, recalling from by, 3.12 that R,, = KR.ET and then simplifving gives:

F=e
Vs =—1 f l-"'f'- . !'h’] cgu3.13

Simplifying further using Ohm’s Law. we ance again obtain Fq. 3.6

T=K.! [V e m] cqu.3.6

3.5 Power Characteristics

For the purposes of this discussion. mechanical power s defined as P = e
Recall from I'q. 3.2 that overall motor lorgue is made up of a [mction torgque term
and & usable torgue term, so the full expression for motor power output hecomes:
P=To=(1,+T, b [7] equ.i. 16

For this discussion, we will assume that the friction tarque s relatively small and
may be salely neglecied. Again, for most motors this s 4 reasonable [irst
approximation. ITowever, for any of these discussions, the effects of frictional
tarque may be cxplored by carrying the Ty term in the equations through and

redeveloping the results.

As with the relationship between torque and speed. a motor’s forgue and power
characleristics are usually presented graphically for lines of constant voltage, and

drawn as a family of curves. Figure 3.4 shows a typical family of curves for a




representative motor. The power output characteristic is parabolic in shape. having

amaximum at ¥%Tpay [or a given voltage.

= M

Figure 3.4: Typical Torque vs. Power Output Curves [or a Permanent Magnet
Brushed DC Motor

To undersiand the shape of the curve and the position of the peak value, start from
the statement that P = Ter By substituting Fq. 3.13 for «, this can be rewritten as:

P=10,, —&,T) [w] cqu.3.17

I'hen, by combining terms and substituting @y, = ;,— from Eq. 3.11. we arrive at

&

an expression relating power {o torgue:

¥ .
P= ;L_—RMT‘ [W] equ.3.18
Taking the derivative of Eg. 3.18 with respect 1o torqus and seiting the results cgual
to 0 yields the point of maximum power. The results of that exercise are that

maximum pawer autput for a permanent magnet brushed DC molor oceurs when




=g Tecar

We can make use ol this by starting with g, 3,18, and substituting T — ' Tgpa

=

e r,.. = T from Fq. 3,14 to develop u relationship between Py ax and
applied vollage:
ya :
I’I‘ AL =y e R-” ( V 1
1 2K, 2R, K, )
Substituting R,, = ———— from Fg. 3.12 gives:
7
TG .4 rfirl-’ l
Hal K,,- . 2R ,J M L 2R v

Finally. simplifving this gives the result:

SN (5
= — @ W equ.3, 19
LR RS i ';I-K‘RJ [ ] q
These results show that Pyay is proportional © V2. since the term | 4HrE is a

.

censlant for a given motor,

This is an important resull: the mechanical power autput of permanent mugnet
brushed DC motors changes as the square of the applied voltage. Changes in
voltage huve o substantial impact on a motor’s power autput,

3.6 DC Motor Efficicney

An additional quantity of preat interest is that of motor efficiency. 11. In this

analysis. efficiency is defined as the ratio of mechanical power produced by the

manor to electrical power consumed by the motor:
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-F:'.l.','_-' . T:'_ e ir‘l’ ! r" }"ﬂ

= - equ.3.20
P VI ¥l o '

i?:

The general equation for motor cfficiency is stated above in Fq.3.20. We can restaie
Vousing Ohm's Law as [ollows:
=18 ] equ.3.21

Since V, Ic and R are all constarts. Substituting this back inlo the Py term of

Eq. 3.20 gives:

(Tr =] Tj h?
_Ir =

IR

Substituting the expression for @ from Eg.3.10 gives:

And replacing total motor tarque produced T,, = K,/ (eq.3.6)and V — [ R
(eq.3.21) pives:

"

(LR K.IR

(k;2-1,) J
X KX,

g I.1K |

Simplifving this gives:

A o i
(&, 7 ﬂfﬁﬁ-m
o T =
i I.AR
The Irictional torque term. Tw may also be expressed as:

ir,.=K1, ["'. -mJ equ. 3,22

Since the na-load current, Iy . is the amount of current required 10 overcome the
farce of friction only, without generating any additional useful loryue — the
definition of the no-load condition, Substituting this into our expression for

elficiency results in the following:




Finally. since K, =K, in consistent units, efficiency can he expressed as:

Ut NiR-)

¥ I.IR

€qu.l.23

equ.3.24

With Eq. and 1%q.3.24, we have cxpressions fur efficiency only as functiong of
motor current (1), no-load current ¢ In ), and stall current (Is). In order to find the
current that results in the bperating point of maximum cfficiency. take the

derivative of 1ig,3.23 with respect to current (1), set the results equal to ) und solve
for [,

ey _ 7@

Tayff o equ.3.25
Substituring the result in £g.3.25 back into Eq.3.24 gives us the expression for

maximum efficiency we were after:

N (A g

. ={1-
*I} AL : _1;'" -‘r;'l.-'.". ‘l' & A J X J

Simplifying this gives the more compact result:




—

i
By =11

|
II'.

2 N equ.3.26
\ 7

-

Recalling from Eq.3.22 that Tr= K Iy and V = IR from Fg.3.21, we can rewrile

3.24 in terms that will allow us to dravw a few additional

conclusions:
LR
Pleiv =( l_--l.IIE’ F_’] equ.i2y

This expression for maximum etficiency shows that increases in friction deerease

cllicieney, as do increases in resistance.

3.7 Conclusion

The PMDC motor used in this project; because it has high stability in position

control, Also its smaller size and lower losses.

Lk
|




Chapter four

Batteries

4.1 Introduction

In science and technology, a battery is a device that stores chemical energy and
makes it available in an electrical form, Baneries consist of eleetrochemical devices

such as one or more galvanic cells. |Y)

4.2 Buttery eoncepts

It consists of one or more voltaic cells, each of which is composed of two half cclls
connected it series by the conductive electrolyte. The battery comsists of one ar
more voltaic cells in series, each cell has a posilive terminal and a negative
terminal. and these do not touch cach other but are immersed in a solid or liguid

eleetrolvie. [9]

The electrolyte is a conductor which connects the halfcells together. It also
contains ions which can react with chemicals of the electrodes. Chemieal enerey is
converted into electrical energy by chemical reactions that transier charge hetween
the electrode and the clectrolvie at their interface. Such reactions ure called

faradaic. und arc responsible for current flow through the cell, Ordinary, non-

charge-transierring (non-faradaic) reactions also occur at the clectrode-electralyie

o




mterfaces. Non-faradaic reactions are one reasen that voltaic cells (particularly the

lead-aeid cell of ordinary car batteries) "run down" when sitting unused. [9]

Voliaic cells. and batteries of voltaic cells, are rated in valts. the SI unit of
electromotive lorce, The voltage across the terminals of g batlery is known as its
terminal voliage. I'he terminal voltage of 4 hattery that is neither charging nor
discharging (the open-circuit voltage) equals ilx electromotive force (eml). The
terminal voltage of & battery that is discharging is Icss than the em!. and that of a

battery thai is charging is greater thun the emf 9]

The simplest characterization of battery would give its emf {voltage), its internal
resistance, and ils capacity. In principle. the energy stored by 4 battery cquals the

product of its em( and its capacily. [9]

4.2 Battery capucity

Since the voliage of a batter is relatively constant. the capacity of a battery 1o slore
encrgy is often expressed in lerms of the total amount of charge able to pass
throngh the device. This is expressed in ampere hours. where one Ah equals 3600
coulombs. If a baliery can pump charges for one hour at a rate of one coulomb/sec
ar onc ampere (1 A). it has a capacity of 1 A+, The more electrolyte and clectrode
material in the cell, the greater the capacity of the cell. Thus a tiny cell has much
less cupacity than a mueh larger cell, even il both rely on the same chemical
reactions (e.g. alkaline cells), which produce the same terminal voltage, Because of
the chemical reactions within the cells. {he capacity of a battery depends on the
discharge conditions such as the magnitude of the current, the duration of the
current, the allowable lerminal voltage of the battery, temperature. und other

luctors. [9]
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Battery manufucturers use a standard method 1o determine how 10 rate their
balleries, [he battery is discharged al a constant rute of current over a fixed period
of time. such a5 10 hours or 20 hours, down 10 a set 1erminal voltage per cell. So a

100 ampere-hour battery is rated 1o provide 3 A for 20 hours at room femperatuse,

| M“IN

The efficiency of a battery is different ar different discharge rates, When
discharging at low rate. the battery's energy is delivered more efficiently than at

“ugher discharge rates, This is known as Peukert's Law. [9)

44 Electrical component for cell versus batrery

e cells inoa batterv can be connected in parallel. series. or in both, A parallel
~mbination of cells has the same vollage as a single cell. hut can supply a higher
“urrent (the sum of the currents fram all the cells). A series combination has the
“me current rating as a single cell but its voltage is the sum of the voltages ol all
= eells. Most practical elecirnchemical hatieries, such as 9 volt flashlight {torch)
“stteries and 12V automobile (car) butterics. have several calls connected in serics
wide the casing, Parallel drrangements sufter from the problem that. if one cell
~ecnarges faster than its neighbor. current will flow from the Lull cell to the empry
- wasting power and possibly capsing overheating. Even worse. if one cell
wwomes short-circuited due to an internal falt, ils neighbor will be (oreed 1o
~=charge its mavimum current inlo the faulty cell, leading ta overheating and
ssibly explosion. Cells in parallel are therefore usually fitted with an electronic
uit to protect thom against these problems. In both series and parallel types. the

=72y stored in the battery is equal to the sum of the energies stored in all the cells,

ey can be simply modeled os a perfect voltage source (i.e. one with zero

=mal resistance) in series with a resistor The voltage source depends mainly un
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the chemistry of the battery, not on whether it is empty or full. When a batlery runs
down, its internal resistance increases. When the baltery is conneeted to a load (e.g.
a light bulb), which has its own resistance, the resulling voltage across the load
depends on the ratio of the battery's internal resistance 1o the resistance of the Toad.
When the battery is fresh, its internal resistance is low, so the voltage across the
loud is almost cqual o that of the batrerv's internal voliage sourec. As the battery
runs down and its internal resistance increases, the vollage drop across its internal

resistance increases, so the voltage at its terminals deercases, and the hattery's

ability to deliver power to the load decreases. [9]




Chapter Five

Control circuits

5.1 Introduetion

There are many control eircuits can be used i all the parl of this project, Eael

circnit used in this project shown in next sections with details.

5.2 Solar trucking system circuit

This eircuit containg many electronic components (as shown in F 1g 5.1 such as:
= Light dependent resistor {(L.DR),
Rl1. k2
* Operational Amplifier (op-amp 741}
U1, 112
® NPN Transistors (BD243) 01, Q3
= PNP Trunsistors (BD244) Q2. (4
& Resistars (R3. R4, P|. P2y
Diodes (D1. D2, D3, D4),
H-Bridge.



&
%
g5

I'igure 5.1: solar fracking system

The DC moter connected to the solar cell in order to ratate it 1o the largest inlensity

of light.

When there is the same illumination light on the two LDRs then the output voltage
trom the two comparators is the same, so that the moltor stay without rotations.

But when the sun moves, then the illumination light will be different on the two
LDRs. so that the ouput voltage of the comparators will change causing the motor
to rotale clock-wise or counter clock-wisc.

P1. P2 used to control the sensitivity in order to make the motor without rotation
when the illumination lights the same on R1 and R2.

Il there is an illumination light on R1 more than R2. then the outpur voltage on Ul
will rise and Q1-04 will work causing the motor to ratate.

And if there is an illumination light on R2 more than R1. then the output voltage on

U2 will rise and Q2-03 will work causing the motor to rotate in the other dircetion.
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3.3 Solar charge controllers

In photovoltaic solar sysiems lead hatter! ¢s are oflen used for strong selar current,
These batteries have 1o be protected against overcharging and over discharging. The
solsum controller 5.0 fultill both tasks in one device.

Figure 5.2 shows the solsum con troller,

Figure 5.2: solsum controller 5.0x%

5.3.1 Overcharge protection

When the batlery excesds the final charge valtage. it starts to gas, Ay this process is
lemperature dependent, the final charge voltage is adapted automatically to the
ambient temperature by a buill-in sensor., Strong gassing leads to an electrol yle loss
and finally to the destruction of the battery. The battery is however not charged
completely when the final charge voltage is reached, so that the current flow should
not be interrupted. The charge controller therefore reduces the current flow mnto the
battery just as much as that the final chirge voltuge is not execeded, This procedure
is called "TU-charging" which is considered 1o be especially fast and wentle. I'he
reduction of current flow is etfected by very guick, lemporary short-circuiting

(pulse width modulation) of the solar 2UNErator,
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3.3.2 Over discharge protection

I'he batteries have to be protected from nver discharge. as it would be destroved
otherwise, Therefore the charge contraller protects the battery [rom over discharge
by disconnecting the loads when the voltage falls below the final char ge voltage,
Adler the batlery has been recharged by the solar generator and the reconncetion
voltage is reached. the users are ALdin reconmnection,

Wear-resistant MOSFIT transistors are uscd for the over discharge protection in

this charge controllers.

5.3.3 Displays

The controller contains & green and a LED which can champe its color fom red vis
vellow to green in ten dilTerent colors, The green LED is on as soon 4= there is
energy from the module, When the controller starts to limit the charge current. this
L.ED is Nushing. The LED which can change its color shows the voltage by its
color. Before the toad is switched off. this LED starts 1w Nash Fast, When the laad 15

switched ofl. this LED flashes slowly.

5.3.4 Sources of errors

I, Inversion o hatrery polarity: the fuse blows, it has to be replaced by the

sane (vpe,

(]

Inversion oI’ module polarity: this is 10 be avuided.

Lk

Inversion of the polarity of the load: the uscrs (lLights, radio 2te.) can be

damaged before the fuse blows. A huge energy quantity is stored in the
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battery. In the case of a short cirenit, this energy can be set free within a
shart time and a fire al the place of the short ¢ircuit can be caused because

ol heal

5.3.5 Safety Features
= Over vollage protection by integrated varistor,
« Wrong polarity protection at Battery and Module.
* Buill-in fuse.
+ Electromically shor circuil protected.
* Voltage-display by changing colar
red 118V
vellow to red-vellow 123V

rreen 128V

5.3.6 Charging Functions

= Shunt regulator - (ast and gentle charging,

= ‘| ime-delayed over discharge protection.

= Temperature compensation by buill-in sensor,
= Automalic voltuge adaptation.

= Schottky diode,

* MOSTET switch.

« LED- digplay of charging function.

Table 5.1 shows the technical specifications ol the charger conuroller ( solsum 5.0)

which vsed in this project.
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Table 5.1: technical specifications for the solsum charger controller

Technical Specifications

Solsum 5.0*%

Max. Charge Current at 50° C 5A
Load Current at 50° C =
Connection Terminal (fine/single wire) 2.3mm*?
Weight 108 g
Protection P22
Dimensions 85x98x34 mm

Ambient Temperature

257 C bis 50° C

| System Voltage

12724 W

For 24 V Systems voltages are to be doubled™ No load disconnection, Snly

Tused with 6,348

The virenit here contains many electronic components that charge a batterv (as

shown in Fig 5.3) such as:

* Integrated circuit atonic ( programmed I

* Resistors

+ Bartery

®  Solar cell

*  Bulb( asa load)

e MOSFET switches (11 and T2)
M

I 4

-

i
L}
."j'— -4 atondioId

L+

At

Figure 5.3: controller circuit




The solar cell give an output voltage, this voliage ener to the controller to charge
the battery with a constant voltage and te turn on the bulb. The controller here

protect the batrery from over discharging by using a Wear-resistant MOSFET

transistors. also proteet the baitery from over charging by using a pulse-width-

modulated shunt controller which guarantees guick and gentle charging of the
hattery.

For installation the contraller see fipure 5.4

]

= =

©

Consumss

Figure 5.4: connection of the solsum with the other devices.

5.4 Bulb contral circuit

This circuit has many eleclronic components (a8 shown in Fig 3.3) such as:
s NI'N Transistor (Q2ZN2222)
o Photoresistor (LDR)
« Pulb
Resistors

Relay




Figure 5.4: Bulb contrel circuil

The base resistance (10k) and the resistor connected with the ground adjust the
trigger 'on’ level,

When there is illuminaticn light on the LDR, its resistance will be small, so that the
hase voltage will be enough Lo turn the transistor 'on', according to that the collector
current will change the stare of relay from normally close to epen, now the bulb
hecome 'off'.

When there is no illumination light on the LDR, ils resistunce will become hig, so
that the base voltage will be not cnough (small), therefore the transistor will turn ofT
and the collector current will be small, so that the relav back to normally close state,
thus make the light 'on’

Voltage divider rule: ey —

l.h.'l..l-."n [ \.--.l-r.r Jal u!-l-vl. .1
Patoekine Pelpicihpic poiversityg t1
*rL {Pri) 1|
¥

Vasee — Vee* R (ILDR) = 2 he Lb1ary  duiesudl ==

R (LDR) - (R3/R2) |z o L0 3 éb....

- _J_l.-.l... I_o-n_

-___,,.J




5.5 Simulation

T'he block diagram of the project parts shown below in figure 3.5

Vi [Eaael Ve EEEEEE veo | e
L pethimmeney T Load
"1 controller By -

{ 2
| e s, i e e | ey

igure 5.5: block diagram of the project parts

Lach part of this block diagram has an input / output voltage and current, so the

pawer can be measured and also we can know the efficiency of each part.

Uhe first of all is the solar cell, so according to the following characteristic curve we

can get the current (T1), voltage (V1), power (*1) and efficiency.




According to practical simulation, we get the following simulation characteristics:

»  When there is un irradiance cqual 1000w/m® on the solar cells:

i
25 T s R | i |
%%Eiﬁ s  SEE T 2l
N %{
» s
E 1.5 e
e 1
| S
e
1 2 F 4 & 6 7 8 101112151418
V1 (V)

Figure 5.6: The curve between 11 and V1 ‘

n 13 4 5678 9101112131413
¥1 (V)

Fig 5.7 The curve belween 12 and V2
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12345678 9101112131415
V3 (V)

Fig 5.8; The curve between 13 and V3

From these curves, power curves can be obtained as shown below:

Il {A)

. e
I8 1920 21 212 23 24 35 26 IF 2R 29 34 31
Pl {V¥)

Fig 5.9: Curve between P1 and T
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Fig 5.10: Curve between P2 and [2

P3 (W)

Fig 5.11: Curve herween P3 and I3
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* When there is an irradiance equal 300wim® on the solar cells:
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Fig 5.14: The curve between 12 and V3

From these curves, power curves can be obtained as shown below:

1 {A)

14 1% 1o 17 1% 18 20 21 22 23 Zd 25 2h
P1 (W)

Fig 5.15: Curve between P1 and 11
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| P2 (W)

Fig 5.16: Curve between PRand 12

15 (A)

P3 (W)

Fig 5.17: Curve between P3 and I3



When there is an irradiance equal 600w/m’ on the solar cells:
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Fig 5.18: The curve between 11 and V)
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Fig 5.19: T'he curve between 12 and V2




A1 2345678 9101112131415
V3 (V)

Fig 5.20: The curve between I3 and V3

From these curves, power curves can be obtained as shown below:

11 12 13 1 15 16 17 18 19 20
Pl (W)

Fig 5.21: Curve between P1 and 11
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56 Recommendations

From the knowledge of our projeet we recommanded that any other team wiint to

work on this idea to ry 10 2ol & solar o) with more better fratures like the power.

The imadianee must be knewn, sowe rocommicnded thas the sther team must know

il from the weather deparbment
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HIGH EFFICIENCY
MULTICRYSTAL
PHOTOVOLTAIC
MODULE

TYPICGAL OUTFUT 20 Wp

HIGHLIGHTS OF KYOCERA PHOTOVOLTAIC MODULES

Kyocera's advanced c2ll processing technology and astomated praduction faciliies have produced & Inghiy
gif ciant multlerystal shatovoliaio modules

The conversion efficiancy of the Kyooere solar cell is over 18%.

These cells are ancapsuiaied betwesn a tempered glass cover and an EVA poltan: with PVF back shesel o provida
maximum proeteclion frem 1he saveras! enviranmental canditions

The enlire laminate Is installed in an anadized aluminum frame to provide stroctural strength and 2ace of Installation

APPLICATIONS

8 Microweve/Radic repeater statlons ®Pumping syslems for vrigation, rural watsr sup-
@ Elecinification of vilagas in remote areas plies and livestock watering
& Medical facilities in rural areas ® Aviation obstruction lights
®Fowor aource for summer vacation homes 8 Cathodic proteclicn systoms
S Emergency communicalion systams ®[esalination systams
®\Weler guality and environmenta data manitaring ® Facraational vehicies
ayslams #Rallroad signals
® Mavigation lighthaugas, and ocean buays #5ailbcat charging systems

SPECIFICATIONS

B Electrical Specifications | Physical Specifications KAMHE: oe)
MOOEL K4 -
Maximum Power | 40 Watis
Misimum Power Vollage ®abolls e RN
WMaximum Power Surtest 2.3 Amps _-| | o
Qoen Cirguil ‘uf_rilagf- 21.5 Volts B i 1 =] ]:lj E
Snon-Circuil Curren! 24BAmps g | ] M- ® e
Length E28mm (3.7 { = ¢
Vidin G32mm (25.7n. ) : ‘!7-
.-F',lp_ﬁ"l" i Adrmar (2000} .
Weight 6.0kg {13.2ke.)

Mole Thes mecinel speclicobons aeg unoer wsk conasions & irEdiancy of
PRAN et Epetntior of T Sar magy and ol empemye o 20

fyboora rescres tha Hani e meEity IRaLs apasilaations withau nolice




s

ELECTRICAL CHARACTERISTICS

Cument-Yaltage charactsristics of Photovoltaic Module Cument-Voltage cheractsristics of Photovoltale Module
4C40 at verious cell temperatures KIC40 at varlous Inadiencs levels

3 IARADIANCE: AMLE, ThW/m? = CELL TEMP. 25%C

L‘ JOO0W / m®

. " )
2 £ .
E 2 BO0Wm*
]
2 k O

% 1 400/ m? . \

200N /me
0 o \
a 10 20 an 0 10 e} 20
Voitzga V) Vekmge (W)

QUALITY ASSURANCE

“yocera multicrystal pholovoltaic modules exceed government specifications for the following tests

# Thermal cycling tost ® Mechanical, wind and twist lcading fest
# Thermal shock test @ Sall migl test

® Thermal/Freeszing and high humighy cycling test ® Light and watsr-sxposure test

# Electrical igolation leal ® Field exposura et

® Hail [mpact test

T contac] our offics o cbmin deeslls witheut hostistion,

KYOCERA CORPORATION & KYOCERA (HOMGE KONG) LTD,
= KYOTO KARASUMA OFFICE Totmamtd i Tove Y
BOLAR ENERTY CEVISION Phorsic JES TERIET Tidadio: [ FALIRG|
P ka2 moali- B s,
NYES | E‘.ﬁm e 8O0, Japen & KYOCERA [I'mE KOMG) LTD. TAIPE! BRANCH
PG SR Tl HCTE ) SRR
T it e S Min Choan € o Teoat Tawan
® KY'OCERA AMERICA INC. Phome: 7110016 TESECH Talax: 124 KVOCETW
P (BGTE 2047 Tasnt [T Srca0 ® KYDCERA (HONG KONG) LTD. SINGAPORE BRANCH
w COTRE. ICS GmbH e T, s 8
(] FINECERAM e
Tritz Mo Sl 107, B-T5T30 Esslingen, ER.G, Frone: STTI00 Tale: 20735 Tabeton 20IB408
Prees (OTTQEEEATT Tl [DTHEIE0ME0

T conients of this culdog e sublect ko chengs withaul pror natics for further improvement, {Recycled Papar)




DISCRETE SEMICONDUCTORS

DATA SHEET

2N2222; 2N2222A
i NPN switching transistors

Product specificatiaon 1897 May 29
Supersedes data of September 1994
File under Discrete Semiconductors, SC04

Philips
Semiconductors

PHILIPS




Philipz Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
FEATURES PINNING
* High current [max. 800 ma) PIN DESCRIPTION ]
* Low voltage (max 40V, 1 ﬁmltlﬂ’ i
2 baza
APPLICATIONS _ 3 collecior, connected o casa
* Linear ampification and switching.
DESCRIPTION g
NPN switching transistor in a TO-18 matal package, :“\;"1 ' % _{z—_—
PNP camplemant: 2N2807A \2es) — @
B

]

1

Fig.1 Simplified cutline (TO-18) and symbo!

QUICK REFERENGE DATA

SYMBOL | PARAMETER CONDITIONS MIM. WA, UNIT
_'J;B;;. collector-base voliage cpan emitler
2NZ322 Gl b
ENZIP08 - 75 W
T:Ec colector-emittar velizge open base
2N2I22 A0 )
ZN22E0oA - A0 W
I colaclor current (D) - BOO maA
Py tola! power dissicalion Toamh =25 VG - 500 my
P DC current gain =10 mA Vg =10V 78 -
= | transition Iraquency h: =20 mA; Vg = 20 V. f= 100 Mz
2M2222 250 - M-z
ENZ27EA a00 MHz
= turm-off time I = 150 MA; lon = 15 A, lsor = —16 mA | = 250 ns |

THHT May 29 2




Fhilips Semiconductors

NPN switching transistors

Produst specification

ZN2222; 2N2222A

LIMITING VALUES
In aceordance with the Absoluls Maximum Rating System (IEC 134)
SYMBOL PARAMETER CONDITIONS MIN. MAaX. UNIT
Vi coliecior-base valtaga apen armiller
2N2es2 - 1] i
ZMNZZTZA = 5 T,
Veeo collector-smitter voltaga open basa
ZNZzZaz - ao
EMZEIIN - 40
Yeag emitter-bass voltage open callector
2N2I32 = 5 W
ZNZ2Z22A = ; G W
I collector currant (D) 8OO ] |
It peak eolleclor currant = RO |
T peak base clurren e 200 o5
Pl tolal power d:ﬁsipauun Tamn =20 "5 - ba 118} vy
y At - 12 w
_EE slorage temperatiing ~B5 +150 o
T junction temperature 20 s
Timb operaling ameient lemperalure —&5 +1E0) e G
THERMAL CHARACTERISTICS
SYMEOL | PARAMETER CONDITIONS VALUE UNIT
Flth j-a thermal realsiﬁnm_ﬁT:-Mjunc:TiDn lo-ambient |infres air 50 KW
Ry -!..,-“ ;I']E-"I'nal resistance from [unction 10 casea 148 AN

1557 May 28




Philips Semicenduclors Product specificalion

NPN switching transistors 2N2222; 2N2222A
CHARACTERISTICS
Tj = 25 *C unless ntharwise spaciilas
SYMEOL PARAMETER CONDITIONS MIN. | MAX. URNIT
'_cm collector cut-efl currend I
NI | I 00 W e = KAV = 10 na,
. Ie = 0; Voz = 50 Vi Tarrn = 150 °C - 10 [uA
" collector cut-ofl current
EMERA Iz =0 V=62V 10 i,
-~ I = 0; Ve = 60 V; Tama = 150 °C - |10 |mA
| leec emitter cut-off current =0 ¥ga =3V = 10 e
[ heg | OC current gain le=01 mbA Ve =10V a -
le =1 mA; Vee =10V [sa |= =
o= 10 m&; Ve = 10V 75
.= 150 mA; Vg = 1 V: nole 1 50 i
I = 130 mA Ve =10V nete 1 100 300
.hpE CC elrrant gain g = 1_|:.I ma; \.I';_;E-= WV Ty =-567C
2N2222 as |
hre BC current gain Iz = 500 mA! Vep =10V nola 1
2M2222 a0 =
2NPREZA | 40 =
: Veraa { collector-emiller saturation voltags
2MZ2222 l: = 150 mAy, [g =15 m&; note 1 - 400 my
¢ = 500 mA; |g = 50 mA; nole 1 - |18 |v
ViEsat collecior-emitter =aturation voltage
2N2222A o= 150 mA; [g= 15 mA: note 1 = 300 |(mV
le: = 500 mA | = 50 mA; note 1 - 1 v '
Vereas base-emitler saluralion wolizge -
2M2222 (= 150 mA |g = 15 méA; nola 1 - 13 v
|l = 800 MAL 1g = 6D meas node —~ 28 W
W Rz base-emillar saluralion volizge
2MEZZRA =150 mi&; g = 15 mA; nole 1 0.6 1.2 W
le= 600 mA: g =50 mA: nole 1 & \
B cdllactor capacitanca le=iy=0; Vepg =10V, T=1 MHz - 8 pF
16 amilter capaciiance [le=1e=0; Vea =500 my; f= 1 MHz
2INZZ22A = K BF
I f transiion frecuency ln= 20 mb Vep =20, T= 100 MHz
2NZ2EZ 250 - M=z
| EMZRI2A 300 - & [ Iz_
£ |noise figure = 200 pA; Vg =5V, Rg =2 kit; I
o224 f=1hkHez BE=200Hz 4 48

1887 May 29 4




Philips Semicenductars Product specification

NPN switching transistors 2N2222; 2N2222A
SYMEOL PARAMETER CONDITIONS | MIN. | Max. | uniT
Switching times (between 10% and 90% levels); s=2 Sig.2
P [ luirm=on fime loon = 150 MBS lgg =15 mMA; lgar= 15 mi | - 35 i
L dalay tims o 10 &

1 nsc time i 25 fis

Lo lum-cif tima - 250 ns

I storage tima = 200 ns

L | fal time | = 50 ne |
Note

1. Pulsetest L= 300 ps. 8= 0.02

tiraki? r Yo iprobe)
GECI!IEi..!’.I’.:Fr Il:';eﬂn a ﬁga;ﬂhﬂm
L]
B3 |
LIt e[ CuT

V=25V T=Mpus & Waw |, =<3 ns
F1 =241k Y #3250 Rg = 326 Lk R = 1680{E
VYo =26 Vi Vo= 200 Y,

Ceslisecspa Input mpedaree & - BL O,

Fig.2 Test clreull for switching times.

1897 Mey 29 5




Philips Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
PACKAGE QUTLINE
Matal-can cylindrical single-ended package; 2 leads 30T18M13
S Ay =~ Geabng piEnd
-
j * /'-:\\\'.- :"—u, = il W Ai B lj
-~ - = Ty \HL & ¥
¥ A _}’: :1 e, o | 1 ;
A s ——s
LR e SC e 5 | il |
i i &
LT o ol R AR i
L'\,\.%a' _// : l
""._‘_\_‘:_"'"_- b ¥ .
E— 4"’ B2 - i ] T L 1
i} 5] bl VISR
{ | | i i i i |
| sl
CIMENS IOKSE [millimatre dimansisns are darlvad fram tha ariglnel inch dimensiara)
UNIT A a b n | i " L l w | @
= T B3 | oiT | BAS | ara | ws | 11| 5a | A
M ave | 2H ) 0sv | so0| wms | ose| o |2y | 00| 4
| : REFERENCES -
DUTLINE ELRCFEAN
VEREION e T = ————  PROJECTION ISSUE (34 TE
| SOTIAMS BT hpe 3 TR -._—f_gr 3 o e
— | o ~ i

1997 Nay 29 C




Philips Samiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
DEFINITIONS
Data sheet status
Clb_cptivc specificalion Thiz data shest cont;ins target or goal specilications for product develapment
Fraliminary specification This dals shest contains preliminary data; supplemantary data may be pubished aler
Broduct specification Thi: data shaet contains final product specifications, i

Limiting values
Limiting values given are in accordanes with the Absoiute Maximum Rating System (IFC 434}, Stress above one or

mere of the limiling valuas may cause permanent damage 1o e devics. These arae strece ratlnos o4l and aperation
of the davice al these or at any olher conditions above those given in the Characternstics seclions of the spacification
15 not implied. Expesure to limiting values for extended periods may affect device reliability

Application information

| Wherz application information is given, itis advisory and dees neot form part of the specifisatian.

LIFE SUPPORT APPLICATIONS

Mhese products are not designed for use in life support appliances, devices. or syslems whare malfunction of thase
products can ressonably be expected to result In persanal injury. Philips cuslomers using or selling these products for
uss in such applications do so at thair own risk and agree la fully incemnity Philips for any damages resulling from such
Maroper use or =ala.

1907 May Z9 ’




Philips Semiconductors —
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@ Designed for Complementary Use with tha
BD244 Series

65 W at 25°C Case Temperature
6 A Continuous Collectar Current

10 A Peak Collector Current

Customer-Specified Selections Avallable

BD243, BD243A, BD243B, BD243C
NPN SILICON POWER TRANSISTORS

JUNE 1873 - REVISCD MARCH 1857

TO-220 FACKAGE
{TOP VIEW)

R

oo e s O

E< ==== 3

Pin 2 i In edecinical contact wih th miounting buse

MDA
2bsolute maximum ratings at 25°C case temperature (unless otherwise noted)
RATING  SYMBOL VALUE UNIT
i | EDpa3 m
¥ 7
Cullegricr-gmilter voltags '.-HH: =100 &3 EE:E; Viezh _II-|[_| W
BCZa3C 115
E B3 45
Callsctar-canither volepge {1z = 30 mA) g;i:;: Yepn _1;: b
BOIFRS 1040
* Ermifter nase voliage Yo E—— 1 v
TCINNLOUS eotlector curtenl = R A
Pesy collector cumen (Eae Neke 1) M= 10 2
- Conlinuous bage current s 3 =
- Coalincons devics cissipation & (or Delow) 23°C case lensparatime (sees Mote ) Pt RE W
Saninuous device cissination at (o below] 25 C free & terperatune (386 Note J) Pl A | e
nsamped Inductive load enmgy (sea Mo 4) Tekl=" B2 5 il
'J':erﬁh-n-!'q juncfinn temporature r2nge T S5 o +150 =
Siotage lmpersts mnga Tz S5t +i50 =
23 teperaiure 3.2 i fmm cass for 10 secemds Iy 2o I o

WOTES: 1. This value applicd lar L < 0:3 ms gty oyca < 10%

1a.ra

Vagor =0, Ry =01 L0 Vipm = 20 W,

FRODUCT INFORMATION

| T Power
Saton @ autent a2 of subicston duly. Products corfarm 18 speclfsations n accordancs ! H H ':]' I-l al r ﬂ H S

S e o Sewir (i val U slardand Wamarty, Frodison jsessing does mol
ey [nolude testing of alf parsrslers

Dzrale lingzily o 150°C case temperarure of the rate of 0.52 WiEG
Derale lineary o 150°C free ai-temperaiuie al the ratle of 16 mWIC.
s eatingy is-based on the copabdily ef Ine fransistor 10 operate saiely in g direuit off L =20 mil, gz = 04 A Rg-= 1001




40243, BD243A, BD243B, BD243C
N SILICON POWER TRANSISTORS

NS LT - REVISED MARGH 18397

wectrical characterlstics at 25°C case temperature

PARAMETER TEST CONDITIONS AN TYF | MAX
BRZ43 25 '
Collector-wmitizr SlE45A &0
v = 3 mA | i
hrsasdown voliege i i ED243H &0
lgee Nota 51
BD243C

V.= E5Y - BO243
Collacior amitbar Vep= TOW BO2ads,
Cul=0T currant Veg= HOW Ar2238

Vg = 118 ] L300 i
Eollectar Gu-oif Ves= 30V z= BOZ4TEATR
cuerant 'f';:_; = GBIV - ANZA3EZ4R0
Erritter cuf-wff
oairrent
Faramire surrent Vep= 4%
lizarishar ratio Mrp= AW
Coliedicr-amitar
2alUsation voltaga
Bage-armiMar

Ver= &YW

(38 Notes 5 and &)

fre 1A b= (508 Motes 5 and &)

wailare Vee= 4V [ (s=2e holes 5 ans /)

Small signad forwsand
currant ransfas ratio
Simel signal fonwand ) |
Vgs= 10V Iy = L& & f=1 MH=z 2
GUment e fer retio = |

Vige = 10V l=B5A 1=1kHz 20

3. These piiaimaters mist be measured uslitg pulsa lachniques, t, =300 ps duly cydle e 2T
These paemetars 0105t b messured using valtaga-sansi 19 centasts separaie from the current carrping contscls

Sermal characteristics

PARAMETER
Juncfion lo case thefral nesisanca
Juricdian ta freeale thenal resistanoe

“=sistlve-load-switching characteristics at 25°C case temperature

FARAMETER TEST EONDITIONS | MIN | TYP

“n  Tom-on fime .-1A Iggom =04 A e = 0-1 A | 03

tars Torn-oll e Mazam= 37V H =200 =20 ps do= 2% 1

~ vulisge and cumen; values stown gre nom nal; exact values vary Shgtibly with fransistor parametars,
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- BD243, BD243A, BD243B, BD243C
NPN SILICON POWER TRANSISTORS

JUNE 1873 - HEVIEED MARCH 10iy

TYPICAL CHARACTERISTICS

TYPICAL DC CURRENT GAIN COLLECTOR-EMITTER SATURATION VOLTAGE
Ve VS
COLLECTOR GURRENT BASE CURRENT
1600 = TESERAL it e . . T
Vg ma v i ! : = = om i 28 120 i I, =230 ma f
Te =28°G i & lo= 1A
1, = 300 ps, duty cycis < 2% Eﬂ Fa il |.-= A ]
[ =l = |
£ I | Il E z.-"‘ r"/, ‘J-;"'I': R Ak N
1' :; 10 E 10 f" al l“.r .
- . = =1
| : == 3 ! X
B = = 5 I .
o { = ¥ “-
g s 4
% oy Z \ .
jre Y =] M e
r 10 = 2 01 - I . |
: S e
|
10 | D01 | L -
01 10 10 0-001 @01 -1 1= 10
I. - Collector Current - A |, - Besa Currant - &
Figure 1. Figure 2.
BASE-EMITTER VOLTAGE
Ve
COLLECTOR CURRENT
o : r'&kﬂr
V=4V ‘ | | |
T, =265°C | |
. 1 : H
‘ T
5
=] 10 | T |
(s | ‘ |
ool il
w
: L[] |
&
'E 03 | |
= ‘ /- |
07 — | . !
| | -v1‘ﬂ ‘ ‘ |
i _{’f-’,’( Pl | | Jil |
01 10 10

|- Collector Currant - A

Figure 3.
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BD243, BD243A, BD243B, BD243C
NPN SILICON POWER TRANSISTORS

{UNE 1973 REVISED MARCH 1947

MAXIMUM SAFE OPERATING REGIONS

MaxXIMUM FORWARD-BIAS
SAFE OPERATING AREA
100 L
—— 1, =300 s, d = 04 =108,
Z o= Tms, d=0.1=10%"
At = 10 ms, 6501 = 10%
T it D Operation

RnGRa3all

e
[=]

E!:"

I - Calleamor Current - &
=}
ﬂ. n
i 1

i | L]
= BD243 : :
BD2434 _ |
BDZ43B
BD243C
e L] |
14 10 100 1000
V.. - Collsctor-Emittar Voltags - V
Figure 4.
B e
THERMAL INFORMATION
MaXIMUM POWER DISSIPATION
Vs
CASE TEMPERATURE
80 113633~8
= T
E 21
5 &0
AN
: i
30
E <
3 5 N
]
(8
10
[ . i
a 26 60 75 100 126 160

T, - Casn Temparature - *C

Figure 5.
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] BD243, BD243A, BD243E, BD243C
' NPN SILICON POWER TRANSISTORS
& JUNE 1873 - REVISER MARGH 1aa7
-y

MECHANICAL DATA

TO-220

3-pin plastic flange-mount package
This singla-in-line package consists of a circult mounted on a lsad frame and encapsulated within a plastic
compound  The compound will withsland soldering temperature with no deformation, and sircuil performance

characteristies will remalin stable when operaled in high humidity conditions. Leads requirs ro additional
cleaning or processing when usead in scldered assembly.

TO220
4,70
4,20 o
1 398 10.4 132
o — ——=— —
X \\\ 10.0 295 123 N
254
sesNote B . f
i 1 \\ & [
: = . 6.6 RIHEY i) o
T &0 |
| —— ¥ 1590
14 558
N |
sag Note C 2 ! 51
s | 35
. =
1 _ B |
!
, : H
| | J 14,1
| 12,7
Lal 1_ T.-Tn
0.87 o 107
0,61 ("
|1 diz\l-u'lr'a v
.74 064
B -—
2.34 3 0,41
5,28 350
= 4,88 7
E..f
VERSIGN 1
ALL LINEAR DIMENSIONE IN MILLIMETERS
WOTES: A The contre-gmis in electrical contect with Ine maunling 156, MON =

)

B. Mounting tab cornes profie according to package varsion,

G Tyoical fixing hoe cantte atand off heicht acoording o package version
Varsion 1, 18,0 mim, Messian 2, 178 mm

INNOVATIONS
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30243, BD243A, BD243B, BD243C
NPN SILICON POWER TRANSISTORS

SUNE 1872 - REVIBEED MARCH 1007

“

IMPORTANT NOTICE

“ower [nnovations Limited (PI) reserves the right to maks changes to its products or to disconlinue any
semiconduclor praduct or service withoul nolive, and advises its custamers 1o verify, befare Flacing orders, that the
riarmation being relied on is current,

=l warrants periormance of its semconductor products to the specifications epplicable at the time of sale in
accordance with PI's standard warranty. Testing and other quality control techniquas are utilized (o the exient P
“B8mE netessary o supparl this wamanty. Specific testing of all parameters of each device s nal necassarly
sarormed, except as mancated by governmant requirements.

=l accepls no laoility for applications assistance, customer procuct cesign, software parfermancs. or infringsimen
=f patents or services describad harein. Nor s any licensg. cither express or implied, granted under any patent
“ght, copyright, design right, or other intellectual praperty right of Pl covering or ralaling o any combination,
machine, ar procass in which such semiconcuctor products or services might be or are used.

I SEMICONDUCTOR PRODUCTS ARE NOT RESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE
JITABLE FOR USE IN LIFE-SUPPORT APFLICATIONS, DEVICES OR SYSTEMS.

-
=

Copyright @ 1887, Power Innevatians Liritad
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SEMICONCUSTOR .
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BD244/A/B/C

Medium Power Linear and Switching
Applications A |

* Lommemantis BO243, 02434, Blz43g 2nd BOZ43C respentively
1 -z |

1 Bame 2 Collector 3 Emitter

PNP Epitaxial Silicon Transistor |

Absolute Maximum Ratings Tg=2B7C unlass stherwise nord

| - @”ﬂr Parametor - Value ST |
Veme Collect=r Buse Vniage ‘|~ —
-4

BD24s ;
Bo2q44 < BC | W
| 3012440 -1 . v
| ] —— - BLE440 - 104 | ' |
| "."’."_.: o Ca eclo-Emitier o Leryje | S
BDza4 - i |
| BOF 444 50 W
nb244p e |
| . | _‘_ - ap - AMR44C | - 100 v
Vegn Emittar-Base Volispe -5 I W |
| I Callzator Curmnt (D) [ B A
b “Coleetsr Curond (P es) | -1E [ A
e | Basze Current _—I— — e | A |
| P Gollectar Dissipaliyn (T =250 B5 W o |
L <unmtion Temgeraturs 150 g
| _ Vo | Slorage Temperalurs I -65 - 150 L] '
Electrical Characte ristics TgTeb U unless cterwise noted |
_51.-mb|:-| Parameler | Test Conditlen Min. Tvp. Mex. | Units
Vesgisus) | o Coliecis-Emires Sl..ls.hauunﬁ Veinge |
‘ SLz44 ls == 30mA g =0 -25. | | | v
BO2444 | - &0 | W
| BO2448 = | i
BO24dE | -160 v |
T.- Colizctor Cusaf Currant Dzdd 2440 | 'UJ:_;E S le=0 | | o7 | s
BOE44E2440 Vie=-80M lg=n | 0 s |
kx| | Collecter Gi-of Cumem - 80222 ' A5 Vo= 0 | | | -cd ™,
| Bz | B0V Vae=g -tk | o,
BO224n | =B V=1 | | -4 iy |
- Bhader =00V Woz=0 | 04 | ma
'ena | Emifter Cas-off Carrrary SV l=0 | | [ mA
g | *BC Cumat Gan | e J an | ' - |
| | =4 fo= 15 | |
e plzat) | *Coileice-Eminer Saturston Vosge | g = B lg=-1A | | il |
| Vadan) | - Bese e on Voitsga | Voz=-aV iz - 88 | 2 |
" P Tt FYW 4005, 0y Cyos 2% Prilsed . = L= =
-2 =
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Typical Characteristics
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Package Demensions
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TRADEMARKS

The foliowing are ‘egesensd and uinegistered rademarks Frirchild Samticonductan owns o is authonized ia 1se and =
rl intended @ be Ak exhaustive i of 8 sucn racemarks
ACEy™ HiGeG™ SuperSTT™-8
Behomiege ™ ISOPLANARTY SyncFET™
CoolFET ™ MICTROWIRE™ TinylLogic™
CROSSVOLT™ T T UHC™
E‘CMOS™ PowerTrench® VCX™
FACT™ QFET™
FACT Quijet Seriga™ Qs™
FAST® Qulet Serigs™
FASTr™ SuperSOT™-3
GTO™ SuparsSOT™.5
DISCLAIMER

FAIRCHILE SEMICONDUCTOR RESERVES THE RIGHT TO MAKE SHAMGES WITHOUW! FURTHER NOTICE TO ARY
FROQUCTS HEREIN TO IMPROVE RELIABILITY. FUNCTION 0OR DESIGHN FAIRCHILD DOES HOT ASEULE ANY
LIABILITY ARISING QUT OF THE APPLICATION DR UAE OF ANY SRODUCT DR SIRGUIT DESCRIBED HEREN
NEITHER DCES IT CONVEY ANY LICEMNSE LINDER TS PATENT RIGHTS, NOR [HE BICHTS OF OTHERE

LIFE SUPPORT POLICY

FAIRCHILD'S PROJUCTS ARF NOT AUTHORIZED FOR USE AS CHRITICAL COMFONENTS IN LiIFE BLUPPORT
DEVICEER OR SYSETTMS WATHOUT THE EXFRESE WRITIEN APPROVAL BF FAIRBCHILD SEMISONDUCTOR
NTERNA [TUNAL.

A5 i fearein

1 Life support devices or svslems aré devices o syslams 2. A oritical comasnent |s-any comsorent ol @ e suppt

wrich, (a) are nianced for sirgical imelend inbe the body dovica or systern whose faiiie 1o porlonm oEn B
ur (b suponTor s e, ar o) whose falune oo petionm rsasarably expentas 1o caaso Hhe f2ilue of the life suppot
WEN DroCarly teead racoondanos wih instrocons lor uss devica or eyatesy orto affect ifs salely o elfechveness

provided in the @beling, can bs reesonably sspecies o
resuit in-gignificant injuny mothe used

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datashoet ontificstion Product Status Definition
Achances |Tlarmetion Formabve o In This dalashest crntains the design speciflcat ons for
Diesgr procuct develnomant. Speclficatione may =hange in

EMY mannar withoul mosics

Fralisningny Firgt Proguetion Thiz catsaneel cortsire prelirinany dsta and
Fipplemenizary dats will be nublished a° = lae dote
Fairchild Saminnnducisr reseryes the right 1o mase
chandee ac sy tme withaot nofiozin arder toimprove
dadigr |
Mo ldentificstion Mesg Full Praductior This datasheel comtzing final spacifications . Fairchils
Samicordutter ressrvas e nght ko make changes ar
ary e wdatioul ok in order o improve Eesign

Obsolets Mo In Froduahas This ralasheel conlmins apacifications ar 3 predust
el has boen diaconunuead by T'aichilic samicanguches
The datasheel 15 prinled fof ivforence mlGrmation oniy
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FAIRCHILD

SEMICOMNDLIC TR

LM741
Single Operational Amplifier

www.fairchildsemi.cam

Features

Short circalt prolzction
Eseellznt temperature smbiligy
tnizmal {Fequencs compensation
HEgh Input vollaye fange

Hull of oitset

Description

Thee T M7 serics are peneral Parpase vperational amplif
ers. It s intended fir 4 wide range of analog appheations.
Thiz hiph grin aned wids mange of operating vilisgs provide
superior perfinmines in interpaton suiming smplitier, dnd
general feedback applicaions,

B-0IF
1 ‘
B-50P

Internal Block Diagram

v o OFFEET
e MULL

Rew, 1.0.1

L3001 Fairzhild Samiconducin Comporation




LM7T4

Schematic Diagram

1-——_1
|N|..'|\)—I':-'_'|- | <
LSy o | -—.—|—

| ]
u:t‘l—.—k’#—-
| r ar
B

2s K
DFFSET O -

HULL D —3

s

Absolute Maximum Ratings (Ta = 25°C)

Parameter symbel Value Unit
Supply Vehage Voo 118 v
Ciffzrential input Vollage VIDIFF) 30 W
Inpt Wallage W i 1-;'3_ v

_'flﬁxm Short Circuit Curalion - Indéfinita -

Pawer Cls=ipation Fo R0 m\A
Operslicg | emperatire Range
LM741C TOFR 0-+70 C
LM7410 40 ~ +85
Slorage Temperature Range 75 &~ + 150 L
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Electrical Characteristics
VMoo =18V Ves = - 15V TA = 2570, unless otharwise speactfiad)

LMT41CILMT A1
Parametear Symbaol Conditions Unit
= Min. | Typ. | Max.
: Res 0L - £0 6.0
Input Offsel valage Vi i £ = mV
| Re=5002 - . -
Inpul Cffsel Vokiage Wiai | Nree o N (15
Adjustrreni Range VioR) | Voo =24V - L15 - I
Inpul Gfsal Current 1o - - 20 204 s
Inout Biag Current lgas 5 a0 500 il
Input Resistance (Nofe!) R Voo =20V D3 | 20 - 75
Inpul Volisge Ranga Vi - *12 | 13 = W
Nipape =
AT I gt
Large Signal Veltage Gain Gy A BRI Wi
VEE =15V o) 200
Vorep =10y | ¥ | 200
Cutpul Shorl Gircut Current LTy | - - a5 B ma |
i Voo =120V | RLx1oKD = - = |
: RL=2Ka | 7 2
Cutpul Valiage Swing VGIP-P) | =t ! ¢ |
. Vog=ciav | Riz10Ks: +iZ | =14 -
[ | RizZK0 0 | #13 |
_ Ro<10KG, Vom = +13V 0 | oo | ' '
Common Maode Rejecticn Ratio CMRR il uB
Re=bid, Vom =212V - - -
Voo = 218V e Voo = 15V
Re=5010) |
Power Supply Rejectian Ratia PSRR e : a8
VEs =18V i VeS = #1565V 2 o8 [
10K 2| ]
Transieni Rize Time TR : : - ga | Hs
Unity Gain
Ragponse Owarshoor 05 : 1C 2 "
Eandwidth B - - - . MHz
| Slew Rate SR | Unity Gain - | os Vias
' Supply Current e RL= ==L} - | =) 2.8 [T,
ok = =t
Powar Consumplion Pe - cc vy
| VEC=£1av a0 il
gt

1. Susraniesd by design.




LM

Electrical Characteristics

( OC sTATO*C Voo =£15V, uniess otharwise spacifiad)
The following specification apply over the range of 050 = Ta < =70%C for the LM741C: and tha 40°C = TA = +867C

for the LM741|
e LM7A1CILMTAY]
Parameter Symbol Conditions o it
Min. | Typ. | Max.
| Rg=5011 = : 2
inpul Offzat \Voltage W iy
¢ g ©  [Rsziok2 J 2 HEEE
Inpul Ciffset \Vollage Drift AMIGIAT = - 17 e
Input Offset Curram o g 300 | rA
input Cffset Current Tiift ANGIAT - na g |
input Bias Curment IBias E - 0.8 LA,
input Resizlance (Notet) Ri Vier = <20V - - MLl
input Valtage Ranga ' K", (R - 2 | 213 \
| | Re=10KG = Z =
Ves =20V RZH.'L},
Cutput Vollage Swl Youp- I [ : x : W
r - 3 S ., | R8=10K0 P12 | 114
Yoo =18V f———
Ro=2 K +10 +13 | -
Cutpul Short Circyit Current Isc - 10 - 40 i,
Ra=10KG, Vioum = 12V 70 80 -
Comman Mode Rejaction Ratio CMRR = e dB
Recsll), Vop = L12y - - B
: 1 ; 'U,:,: = 120 HSEEG’Q = =
FPower Supply Rejection Ratla FSRR _— dB
PRl hhele to 25V Re<10KD 77 | 88 | -
Voo =420V, - .
Voipp = 164
. Voo =215V :
‘v gl Wil i o i ! - wim
Large Signal Voiltage Gain Gy Rg=2K1l VP, Py = 110V 16 . i
Voo =+15Y, ) g
VaiR-Fy = =2V

Maole:
1, Guareniesd by desan




LM741

Typical Performance Characteristics
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Flgure 1. Culput Reslstance vs Fraquency Figure 2. Input Resistance and Input
Capacitance vs Frequency
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™
i
I
a
:
2w
Al o T i - T i - o =
CEEE TR U & TR TR [,
Figurs 5. Input Offset Current vs Ambient Temperature Flgure 6. Input Resistance vs Ambient Temparature




LT

Typical Performance Characteristics (continued)

Figure 7. Normatized DC Parameters va
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Typical Performance Characteristics (continued)
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Mechanical Dimensions
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Ordering Information

i Product Number |  Package Cperating Temperature
LM721CN B-Dip :
0~ + 7050
LM741CM a-50P
LMT41IM B-DIP =40 - + B5°C
DISCLAIMER

FAECHILD SEMICOMDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHGUT FURTHER MOTICE 70 ANY
PROCUCTS HEREIN TO IMPROVE RECIARILITY, FUNCTICN O OESIGN. FAIRCHILD DCES NOT ASSLUIME AMNY
LIABILITY ARISING DUT OF THE APFLICATION OR USE OF ANY PREDJCT R CIRCIUNT DESCRIBERD HEREIN, MEITHER
COES iT COMVEY ANY LICENSE LINDER 1T PATENT SIGHTS NOR THE RIGHTS COF OTHERS

LIFE SUPPORT POLICY

FAIRTHILD'S FRODUCTS ARE NOT AUTHORZED FOR USE AS CRITICAL CONMPORMENTS I LIFE SUPPORT DEVIGES
DR SYEToMS WATHOUT THE EXPFRESS WEITTEM APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMIZONDUCTOR
CORPORATION. As used honzin:

A critical component in any companent of & life support

1 Life suppon devices or systams are devices or gyslarms
whizh, (2! gre ntendes for surgical ilmplant mlo e body, davics ar Bystem whosa ‘ailure 10 perfonm wan be
ar (&) support or susialn (e, and (o whose failure o reasonably expeciad lo caues the fallura of tha e support
perform whnen gropery wsed in sccordencs wils device or syslem, arin sfecl s =afety or efeclivencss.
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