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INTRODUCTION TO ELECTRONICS

ELECTRONICS

The branch of engineering which deals with current conduction/transfer through a medium like vacuum,
gas or semi-conductor is known as Electronics.

The word ELECTRONICS device its name from electrons present in all materials and specially in
metallic device.

ELECTRONIC SIGNAL

There are three types of Electronic Signals: -
e ANALOG SIGNAL.
e DIGITAL SIGNAL
e HYBRID SIGNAL

ANAL.OG
These are the electronic signal which has variations, As shown in the pictiure, (0 reach at the peak
value of this sine wave form signal has tc travel between several hoints (Va'lue). Se we can say that this
type of signal has variation. It is widely used in transmission.

GCR

Analog works on the principal of measurement method like; length, oreadth, rotation, electric effects
etc. A computer, which works on analog prinicipal is called analog computer. It's accepts signal
(Electronics Pulse) as input These types of computer are used ini engineering and scientific.
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Analug Signal

Topics Based On Analog Electronics

Resistor.

Current and Voltage
Ohm'’s law & Power.
Capacitor & Inductor
Transformer.
Semi-Conductor.
Diode.
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DIGITAL

These are the electronic signal, which has accurate value, or fix result. There are only two types of
value it has. It can be either high (1) or low (0).

OR
A computer, which works on digital computation, is called digital computer. It accepts alphabets &
number as input. Digital computer is much faster than analog computer and far accurate. These types
of computer are used in field of education & business for example personal computer.

Note: -Analog is a variable signal but digital has a result if you give variable input, there is fix
result. Computer used digital signal
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Digital Signal
Topics Based On Digital Electronics

Number System Conversion
Binary Addition & Subtraction
Gates

Multiplexer & Demultiplexer
Flip-Flop

Shift Register

Counter

VVVVVVYVYY

HYBRID
It is generally refer as combination of hoth. It means znalcg and digital. These types of computer are
used in coalmines and ICU in & hospital.
It gives reading in mixed mcde. Example, heart beat aralyzer.



ANALOG TOPICS

CHAPTER 1°" : CURRENT & VOLTAGE

CURRENT

The flow of electrical charge from one point to another is called current.
OR

The flow of free electrons from one point to another point is called current.

Unit of current is Ampere (A)
It is denoted by ‘I’ and Ammeter is used to measure the currezi.

INSULATOR
Any substance, which doesn’t allow the passage of current through itself.

Ex - Rubber, Wood, Paper, Plastics etc.

CONDUCTOR
Which allow the flow of the current through itself?

Ex - All metal are known as Conductor. Pure metals like gola are proved to be a good
conductor.

Types of Current: -
e Alternating Current
e Direct Current

Alternating Current
In an alternating current the electron first flow in one direction and then in the other, i.e they
alternate. 'Thie current starts fromn. zero, rises to a maximum in one direction, falls to zero again
before becoming a maxnium in the opposite direction and then rises to zero once more.
Alternating Current periodically changes its direction of flow, in other words - It is the current
which flowing in both direction or we can say in other wards that the AC flow first in the
Positive direction & then Negative direction.
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AC Sine waveform
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Why AC is used?
e Alternating current is used when a large amount of power or electrical energy is
required.
AC is used as primary source of electrical power.
It can be easily transmit from one point to another point.
It is much easier to generate and transmit A.C. than D.C., through generator.
An AC voltage can be easily transformed to higher or lower voltages through
transformer.



e AC can be easily converted into D.C.

e Itissafe than D.C.

e AC is used to transmit information from one point to another.
e It is cheaper than D.C.

(Note: -D.C. can be also generating through generator but it is tough and lengthy process
as compare to generate AC.)

Basic Terms Related to A.C.

Cycle
One positive Alternation and one negative alternation means one cy<le.

) /N
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One cycle

0
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Frequency
Total number of cycles completed in ene second is called irequency ot AC sine wave form. ‘F’
denotes it. Frequency=cycle/second

Unit - Hz (Hertz)

F=1T

ANNANYANA VA
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Frequency

Ex: - if time period of a sine wave forms are 20ms, than find the frequency of the AC sine
wave form.
Ans.  F=1T

=1/20ms

=50 Hz

Period or Time Period
The time taken to complete one cycle is called time-period of AC sine wave form. It is
measured in seconds and the latter ‘T’ represents it.

Unit -Second

T=1/f

EX: - Four cycles are produces in one second. Find the time period of AC sine wave form.
Ans. 1/4 Second



Peak Value

Peak value is the maximum height from the X-axis- (horizontal line). One cycle has two-peak
value called positive peak value and negative peak value? In the following picture positive
peak value is +5v and negative peak value is -5v

+5
\/\ $ +V Peak Value
g o
\J -V Peak Value
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Peak to peak Value (Vpp)

The total height or value of a (sinusoidal) sine wave torm between its peak values is called
peak-to-peak value.
Vp=Vp+Vp=2Vp

Average Value
Average value can be determined by taking a large no. of instantaseons value which occur
during the alternation and computing tneir Average value. The Average value of a full cycle of
a sine wave=0.

Average Value = 0.636 x Vp

Effective value or R.M.S. Vaiue (Root means square vaiug)

An alternating current that will produce the same amount produce as Direct current that was a
value of 1 Ampere is conscidered to have an effective value of 1 Ampere. In other words, a
direct current of 1 Ampere ir equivalent to an AL, which has an effective value of 1 Ampere as
for as their ability to produce heat to consider.

Effective Value = 0.707 X \p

Direct Current
Direct Current flows in only one direction and has steady or constant value. Cell and batteries
produce D.C. voltages and currents.

+

Direct Current

How to Measure Current?
¢ Open the circuit.
e Attach Ammeter to the circuit.
e Close the circuit and note down the value that is display in the Ammeter’s screen. A
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Note: -To measures the current we have to connect the Ammeter in series to the circuit.

Electromotive force (EMF)
It is the force, which sets electrons in motion. This force is a natural result of Columbus low. It
is measured in a closed loop circuit.
OR
A battery can supply the force needed to cause a current to flow 1n a wire. we say the battery
produces an electromotive force because of the chemical action which occurs ins/de it.
It is measured in volts (V) by connecting voltmeter across the battery.

Potential Difference

Potential means the capability of doirg work. If the switch is closed current flows and useful
work is done whether a battery is connected into a circuii or not, it has the potential of doing
work. Potential difference is the difference of poizntials between two points. Unit-Volts.

Voitage

Voltage is the force, which tend: to 1uove electron froni one terminal to another terminal.

The measurement of potential ditferences or electromotive force is known as voltage but it
doesn’t mean that potential difference and electro motive force is the exactly same things. It is
measured in Volt (V) and voltmeter ic used te measure voltage. To measure the voltage
Voltmeter is connected acrass the circuit.

%

]

Voltmeter

OHM’S LAW & POWER

Ohm’s Law

Ohm’s low is the most important and most basic low of electricity and electronics. It defines
the relationship between the three fundamental electrical quantities: Current, Voltage and
Resistance. Sir Albert ohm puts this law forward.
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Ohm’s law state that current is directly proportional to voltage and inversely proportional to
resistance.

The source of voltage is the battery. Voltage is the force, which forces current to flow.
Therefore, the higher the voltage, the higher the current and, the lower the voltage, the lower
the current. This assumes that the resistance remains constant. However, as we have seen that
the resistance also determines the current, resistance is the opposition to current flow.

Practical Table
Current = Voltage/Resistance vV 1 2 3 3
AMP = Volt/Ohm I 0.1 10.2 0.3 0.2
R 16 110 10 15

To Find Voltage
Q.1  Ifcircuits have two Resistances in parallel of 10K Duectly each aiid current Inversalyis
5AMP. Find the voltage.

Solution
V=1IR
V=5Ax10k
V=50V

To Find Current
Q.1 If circuit having 50V voltage and 10k£2 of resistivity. Find out that how much current
will flow in the circuit.
Solution
I=V/R =>50V/10kz —=>

Power
The rate at which work is done is called power in 2nother words.
Power refers to the amount of work done ir a specific length of time. Power is directly
propo:rional ic both, voltage and current.

The power of an apnliance is the rate at which it changes energy from one form to another, i.e
energy change per second.

Unit=Watt (w)
Power = Voltage X Current

Watt = Volt X Amp.
Power is the product of voltage and current.

Wattage
It is the maximum handling capacity of equipment of power.

EX. Voltage = 50V, Resistance = 10k ohm, Find Power V=IR
Solution
Power = VI
I=V/R =>50/10 =>5Amp.
Power = 50x5 => 250W
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Hence, the power of this circuit we have to get the current first, than after are able to find the
power. But according to ohm’s low

W=IR
Ex-1=5A,R =10 Find Power
Solution Power = VxI
Power = IR x 1
=R =5"x10
=500W
Chapter 2"%: RESISTOR
Objectives

e About Resistor and its property.
e How to find the value of a Resistor.
e How many types of Resistor.

Resistor

The resistor is the simplest, most basic electrcnic component. Iz an electronic circuit, the
resistor opposes the flow of electrical current through itself. It accomplishes this by absorbing
some of the electrical caergy applied to it, and then dissipating that energy as heat. By doing
this, the resistor provides a means o limiting or controlling the amount of electrical current &
devides the voltage in any <lectronics circuit.

Every substance has soime kind of propeity due to which it apposes the flow of current. The
opposition of current flow is known as Resistuivity or Resistance.

Resistor is a device that opposes the flow of current.
The job done by ihe resisiors done by the resistors include directing and controlling current,
making changing currenis produce changing voltages and obtaining variable voltage from the

fixed ones

Resistance is the property of a resistor; due to which it appose the flow of current. ‘R’ denotes
it and the unit is Ohm (Q)

It is of two main type:-those with fixed values and those with variable values.

Fixed Variable
NN
OLD %
Y 1— A?L
NEW

— oo
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Shape

Ohmmeter is used to measure the value of a resistor. We always keep the lead of ohmmeter at
ohm range to measure the value of a resistor.

Resistivity of some substance

Substance Resistivity (in ohms)(Mil Foot)
Silver 9.9
Copper 10.4
Gold 15.3
Aluminum 17.0
Iron 58.0
Steel 100.0
Nichrome 669.0
Glass ]016
Conductance

The ease with which a substance allows current to flow tiirough it is called conductance and it
is reciprocal of Resistor. ‘G’ denotes it

G="»

Unit-Mho (Moe)

Cross-Sectional Area
The thickness or diameter of a conductor dstermines it’s cross sectional Area.

Resistance
The leingth, the cross-sectional area and the resistivity of a material determine Resistance.

Tolerance

The first three colour bands of a revistor indicate the initial value and the fourth band represent
the tolerance rating. It may be defined as the amount of variation allowed from a standard,
accuracy, etc.

For example:
If a resistor which value is 100 + 5% Qits mean the value of the resistor can be varied from
95Q to 105Q2. Any value between 95Q to 105Q can be the value of the resistor.

Value of Resistor
There are two methods to find the value of a Resistor-

e With the help of color-coding.
e With the help of Ohmmeter.



Colour coding table of a Resistor
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Color 1 Band 2"Band | 3™Band 4™ Band
Number Number Multiple Tolerance.
Black 0 0 100 =1 ----
Brown 1 1 10l =10 +1%
Red 2 2 102 =100 +2%
Orange 3 3 103 =1000 +3%
Yellow 4 4 104 =10000 + 4%
Green 5 5 105 = 100000 -—--
Blue 6 6 106 = 1060000
Violet 7 7 107 = 10000000
Gray 8 8 108 =100000000 B
White 9 9 107 = 1000000000
Gold — — 10-1 =01 j_S%
Silver 102 = 0.01 | £10%
No Band _— — 10-3 = 0.001 ‘ +20%

Starting with the color band or stripe ciosest to one end of the resistor, the bands have the
following significance: The first two bands give the two significant digits of the resistance
value. The third gives a decimal mulplicr, which is some power of 10, and generally simply
defines how many zeroe: to aad after the significant digits. The fourth band identifies the
tolerance rating of the tesistor. If the fourth band is missing, it indicates the original default
tolerance of 20%. The bands may take cn colors according to the following figure and table:

Color Significant Digits Multiplier

(1and 2)

©)

(4)

Tolerance

Standard resistors may be obtained in values ranging from 0.24f1 to 22 Mega ohms
(22,000,00082). However, they are not available in just any value; only the following
combinations of first and second significant digits are used:

10 1112 13 15 16 |18 |20 |22 |24 |27 30 |33 36 39 43 |47 51 56 62 68 75|82 91

*

*

*

*

*

*
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All values above may be obtained in 5% tolerance, while the boldface entries are
available in 10% tolerance. Only the ones marked with an asterisk (*) are available in 20%
tolerance, and you probably won't be able to find even them on today's market.

IMPORTANT NOTES

1. Black Gold Silver & No Colour Never Comes in first band

2. Gold and Silver always Comes after Second band

3. Always Gap between 3™ band and 4™ band

4. Any Resistor has been Min. 3 Colour and maximum. 6 Colour.

— T

v
GAP

5 Band Resistor
Brown Black Black Brown Sold

1 0 0 x10' + 5%
=100x 10 +5%
= 1000r + 5%
= lkr +5%
6 Band Resistor
Red Red Black Brown Gold Red

=220x 10"+ 5x 2w

= 2200r+5x2w

=22Kr+5x2w

6" Band indicate Power Rating of the Rezister
Rrown - 1w

Red -2w
Procedure to find ine colour Ccading of Resistor
Ex 0.5r +-5%
ISt 2nd 3rd 4th

Green Black Silver Gold

Ex- Ir +10%

Brown Black Orange gold
Ex- 10K +5r

Brown Black Orange Gold

1

Silver colour is must in forth band of Resistor if the Resistance is less then 1Q
Gold colour is must in forth band of Resistor if the Resistance is less then 10Q2
Black colour is must in forth band of Resistor if the Resistance is less then 100Q2



e Brown colour is must in forth band of Resistor if the Resistance is less then 1KQ
e Red colour is must in forth band of Resistor if the Resistance is less then 10KQ
e Black, Gold, Sliver & No Band are never be 1% Band.

Procedure to find the value of a Resistor
Ex1. The color-coding of a resistor is
Brown, Black, Red, Gold.
Then find the value of the resistor.
Solution: -

Brown, Black, Red, Gold.
= 1 0 X102 +5%Q
=> 10X 100+ 5% Q
=> 1000 + 5% Q or 1IKQ + 5%

Ex2. The color-coding for a Resistor is Rec. Red, Red, and Gold; find the velue.
Solution: -

Red, Red, Red, Gold.
= 2 2 X102+ 5%0
=> 22X 100+ 5%
= 2200 Q + 5% or 2.2KQ+ 5%,

Ex3. 1 IN 11 1\
Solution: -
Brown Red Yellow Gold
1 2 x 104 +5%

= 1.20,000€2=120KQ

Ex4. Red Red Red Red
Solution: -
2 2 x 102 +5%
=220002=2.2KQ

Type Of Resistor

e Carbon composition

13

These are made from a mixture of carbon (a conductor) and clay (a non-conductor),
which is pressed and molded into rods by heating. Values range form a few ohms to

10MQa typical tolerance is + 10% and ratings are from 0.125W to 1W. Although their

stability is poor, they are cheap but ‘noisy’ i.e. loudspeaker of audio equipment.

e Carbon film

A film of carbon is deposited on a ceramic rod and protected by a tough insulating

coating. Values, ratings and cost are similar to the carbon composition type but

tolerances are better (e.g. +5 %) and stability very good.
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Metal oxide

These offer high stability over a long period of time. Tolerance is + 3 % and rating
typically 0.5W. Their construction and appearance is similar to the carbon film type, tin
oxide replacing carbon.

Wire-wound

Low tolerance (i.e. high accuracy), high stability resistors such as are used in good
quality multimeters are of this type. Those with large power rating (e.g. over 2W) are
also wire-wound. Values range from a fraction of an ohm up to about 25kQdepending
on the length and diameter of wore used Physically, they tend to be large in size.

Variable Resistors

Variable resistors used as volume and other controls in radio and TV sets are usually
called ‘pots’. They consist of an incomplete circular track of eimtiier a fixed carbon
resistor for high values and low power (upto2W) or a fixed wire-wound resistor for
high powers.

Maximum values range from a few oiims to several mega ohms, common values are
10kQ, 50kQ, 100kQ2, 500kQ2, 1mQ

Uses.

There are two ways of using a variable resistor. It may be used as a rheostat to control the

current in a circuit. T can also act as a potential or voitage aivider to obtain any voltage
from zero to the maximum voltage of the supply by rotaiing the spindle (clockwise).

CONSTRUCTION OF RESISTORS

The traditicnal construction of ordinary, low-power resistors is as a solid cylinder of a

carbon compesition material. This material is of an easily controlled content, and has a well-
known resistance to the flow of eiectrical current. The carbon cylinder is molded around a pair
of wire leads at either end to provide electrical connections. The length and diameter of the
cylinder are controlled in order io define the resistance value of the resistor — the longer the
cylinder, the greater the resistance; the greater the diameter, the less the resistance. At the same
time, the larger the cylinder, the more power it can dissipate as heat. Thus, the combination of
the two determines both the final resistance and the power rating.

RESISTANCE MATERIAL

| ‘
END " WIRE

CAaP
sSPIRAL GROOVE LEAD

A newer, more precise method is shown to the left. The manufacturer coats a cylindrical

ceramic core with a uniform layer of resistance material, with a ring or cap of conducting
material over each end. Instead of varying the thickness or length of the resistance material
along the middle of the ceramic core, the manufacturer cuts a spiral groove around the resistor
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body. By changing the angle of the spiral cut, the manufacturer can very accurately adjust
the length and width of the spiral stripe, and therefore the resistance of the unit. The wire leads
are formed with small end cups that just fit over the end caps of the resistor, and can be bonded
to the end caps.

With either construction method, the new resistor is coated with an insulating material such
as phenolic or ceramic, and is marked to indicate the value of the newly finished resistor.

HIGH-POWER RESISTOR

High-power resistors are typically constructed of a resistance wire (made of nichrome or
some similar material) that offers resistance to the flow of elccuicity, but can still handle large
currents and can withstand high temperatures. The resistzace wirc is wrapped around a ceramic
core and is simply bonded to the external connection points. These resistors are physically large
so they can dissipate significant amounts of heat, and they are designcd ic be able to continue
operating at high temperatures.

These resistors do not fall under the rule ¢f selecting a power rating of dcub.e the expected
power dissipation. That isn't practical with power dissipations of 20 or 5 watts or more. So
these resistors are built to withstand the high temperatures that they will produce in normal
operation, and are always given plenty of physical disiance from other components so they can
still dissipate all that heat harm]zssly.

CHECKING PROCEDURE OF PeSISTOR

Low Power Resistor

Step :- 1) Find out the Value by Colour Code.
2) Then Set the Muliimeter as per value at ohm Scale.

Condition :-
OK — if Multimeter show deflection but not full —
OPEN — If Multimeter not show any deflection. ( Digital -1)
SHORT - If Multimeter show full deflection (Digital — 0.0)

To find the resistance with the help of Multimeter.
e Set the multimeter at ohm range.
e Touch the multimeter probe to both side of the resistor.
e Look at the screen of multimeter and note down the value.
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CHAPTER 3%P : CAPACITOR

CAPACITOR
A Capacitor is an electrical device for storing electrical energy by accumulating electrons on a
metallic surface.

This electrical charge can then be released in the form of a current into the circuit. Capacitors
are important components used in radio, TV and other electronic and electrical circuits.

In its simplest form capacitor consists of into two-matatic surface speared by an insulating
material, which may be air, gas, liquid or solid. This materiai repeating the two plates of a
capacitor is call dielectric.
OR

It is a device, which stories electrical charge by means of electrs static ficid. Capacitance is the
property of a circuit or device, which enable it to store elecirical charge by means of electro-
static field. So, we can say that capacitor is a device that is used store electrical charge or
energy and its property are called capacitance.

The basic unit of capacitance is the farad, named after British physicist and chemist Michael
Faraday (1791 - 1867). For you physics types, the basic equation for capacitance is:

C=q/V,
where:

C is the capacitance in farads.
q is the accumulated charge in couiombs.
V is the voltage differsnce between the capacitor plates.

Verbally, a capacitance of one farad will exhibit a voltage difference of one volt when an
electrical charge ot one coulomb is moved from one plate to the other through the capacitance.

To help put this in perspeciive. one ampere of current represents one coulomb of charge
passing a given point in an elecirical circuit in one second.

In practical terms, the farad (f) represents a extremely large amount of capacitance. Real-world
circuits require capacitance values very much smaller. Therefore, we use microfarads (pf) and
picofarads (pf) to represent practical capacitance values. The use of the micro- and pico-
prefixes is standard. 1 pf=1x10°f and 1pf=1x 10° uf. Sometimes you will see the
designation pufin place of pf; they have the same meaning.

Like resistors, capacitors are generally manufactured with values to two significant digits. Also,
small capacitors for general purposes have practical values greater than 1 pf and less than 1 pf.
As a result, a useful convention has developed in reading capacitance values. If a capacitor is
marked "47," its value is 47 pf. If it is marked .047, its value is .047 pf. Thus, whole numbers
express capacitance values in Pico farads while decimal fractions express values in microfarads.
Any capacitor manufactured with a value of 1 uf or greater is physically large enough to be
clearly marked with its actual value.
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A newer nomenclature has developed, where three numbers are printed on the body of
the capacitor. The third digit in this case works like the multiplier band on a resistor; it tells the
number of zeros to tack onto the end of the two significant digits. Thus, if you see a capacitor
marked "151," it is not a precision component. Rather, it is an ordinary capacitor with a
capacitance of 150 pf. In this nomenclature, all values are given in picofarads. Therefore you
might well see a capacitor marked 684, which would mean 680000 pf, or 0.68 pf.

1

Symbo{

Sub names of Capacitor

e Filter
e Condenser

Consiruction
A Capacitor consists of two metal plates repeated by unknown conducting material called
dielectric metal foil is used for plates, oil. glass, ceramic, paper or same other types of insulator
is used.

We have said that an clectiical current car only flow througn a closed circuit. Thus, if we
break or cut a wire in a circuit, that circuit is opened up, and can no longer carry a current. But
we know that there will bs a small eicctrical field between the broken ends. What if we modify
the point of the break so that the area is expanded, this providing a wide area of "not quite"
contact?

The figure to the right shows two metal plates, placed close to each other but not touching.
A wire is connected to each plate as shown, so that this construction may be made part of an
electrical circuit. As shown here, these plates still represent nothing more than an open circuit. A
wide one to be sure, but an open circuit nevertheless.
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Now suppose we apply a fixed voltage across the plates of our consiruction, as shown to the
<1~

left. The battery attempts to push electrons onto the negative piaie (blnc i the figure), and pull
electrons from the positive plate (the red one). Because of tiie large surface arca between the
two plates, the battery is actually able to do this. This action in turn produces an electric field
between the two plates, and actually distorts the motions of the electrons in the inolecules of air
in between the two plates. Our construction has been given an electric charge, such that it now
holds a voltage equal to the battery voltage. If we were to disconnect the battery, we would find
that this structure continues to hold its charge — until semething comes along to connect the

two plates directly together ard allow the structure to discharge itself.

Because this structare nas the capacity to hold an electrical charge, it is known as a
capacitor. The area o: the two plates and the distance between them determines how much of a
charge it can hold. Large plates clese tcgether show a high capacity; smaller plates kept further
apart show a lower capacity. Even the cut ends of the wire we described at the top of this page
show some capacity to hoeld a charge, aithough thac capacity is so small as to be negligible for
practical nurposes.

The electric fieid between capacitor plates gives this component an interesting and useful
property: it resists any change in voltage applied across its terminals. It will draw or release
energy in the form of an clectric cutrent, thus storing energy in its electric field, in its effort to
oppose any change. As a result, the voltage across a capacitor cannot change instantaneously; it
must change gradually as it overcomes this property of the capacitor.
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A practical capacitor is not limited to two plates. As shown to the right, it is quite
possible to place a number of plates in parallel and then connect alternate plates together. In
addition, it is not necessary for the insulating material between plates to be air. Any insulating
material will work, and some insulators have the effect of massively increasing the capacity of
the resulting device to hold an electric charge. This ability is known generally as capacitance,
and capacitors are rated according to their capacitance.

It is also unnecessary for the capacitor plates to be flat. Consider the figure below, which
shows two "plates" of metal foil, interleaved with pieces of waxed paper (shown in yellow).
This assembly can be rolled up to form a cylinder, with the edges of the foil extending from
either end so they can be connected to the actual capacitor leads. The resulting package is small,
light, rugged, and easy to use. It is also typically large encugh to have its capacitance value
printed on it numerically, although some small ones do stili usc color codes.

The schematic symbol for a capacitor, shown below and to thc right of the rolled foil
illustration, represents the two plates. The curved line specifically represcuts the outer foil when
the capacitor is rolled into a cylinder as most or them are. This cair become important when we
start dealing with stray signals which might interfere with the desired behavior of a circuit (such
as the "buzz" or "hum" you often hear in an AM radio when it is placed near fluorescent
lighting). In these cases, the outer foil can sometimes act as a shield against such interference.

3t
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An alternate construction for capacitors is shown to the right. We start with a disc of a
ceramic material. Such discs can be manufactured to very accurate thickness and diameter, for
easily-controlled results. Both sides of the disc are coated with solder, which is compounded of
tin and lead. These coatings form the plates of the capacitor. Then, wire leads are bonded to the
solder plates to form the structure shown here.

The completed construction is then dipped into another ceramic bath, to coat the entire
structure with an insulating cover and to provide some additional mechanical protection. The
capacitor ratings are then printed on one side of the ceramic coating, as shown in the example
here.

Factors determine capacitance

e Area of two metal plates (A)
It is directly proportional to capacitance. If we increase the are2 oi iwo metal plates of a
capacitor than capacitance will also increased and as we decrease the area of two metal
plates, than capacitance will also reduce.
Cox A
e Distance between two metal piates (d)
It is inversely proportional to capacitance. When we increase the distance between two
metal plates. Its capacitance will reduce and vie versa.
C=1/4

Types of Capacitor
e Polarized
e Non-Polarized

e Variable
. . Not used in Computer Hardwarz
Special

Polarized
e It has separate ncgative and positive terminals.
Mostly used to store D.C.
Can be checked by meter.
Value above 1 pf.
Cylindrical shape.

There are two types of Polarized Capacitor and both can be used in one another place.

Tantalum Electrolytic
e Small Size Big Size
e Costly (double than electrolyte) Cheaper than tantalum
e Durable (10 to 15 yrs.) Not so durable 5 to 7 yrs.
e +Ve sign on the surface of capacitor -Ve Sign on the surface of capacitor
e Just like a pea seeds as shown in picture. ~ Shape like a cylinder.

Non-Polarized
e Mostly used to pass AC.
e Check by applying AC
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e Value below 1uf, .1uf, .2uf
e Flat shape
e There is no specific positive or negative pin.

Types of non-polarized capacitor
e (Ceramic Disk
e Ceramic Flat
e Mica
e Paper Symbol

Testing Of “Capacitor”
Testing of Polarized Capacitor
We can test it with multimeter.

Conclusion:
OK > Meter will show 2 kick & come back tc the initial position.
Leakage > Meter will show a kick and come back & again sta‘t rising.
Short > Meter shows full defleciion or meter goes but come back.
Open > Meter show no deflection or (Meter poiit c2iinot be move)

Testing of non-polarized:
e Not fully tested in Multimeter.
e Conclusion:

In multimeter, No deflection.
Pass the AC - 100% right when: pass the AC Current.

PROPERTY OF CAPACITOR . Higher the frequency lower thw reactance & lower the
frequency higher the reactance.
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CHAPTER 4™ : INDUCTOR

One characteristic of electricity is that as current flows it generates a magnetic field. The
greater the current, the stronger the magnetic field it generates. However, this magnetic field is
generally small and weak, an can't be used for very much. Indeed, most of the time it doesn't
have a noticeable effect on anything less sensitive than a small compass needle. Is there a way
we can intensify this field so we can experiment with it and study its properties?

— - | — —

In the figure to the right, electrons are movirg through a wire fronu left to right, as shown by
the blue arrows. This motion of electrically ckarged electrons generates a circular magnetic field
around the wire, and extending along the entire lengih of the wire, as indicated by the green
lines. The direction of the magnetic lines of force shown here is upwaids on the "front" side of
the wire, and downwards behind it.

You can always determine the direction of the magnetic field by applying the Left Hand
Rule: Grasp the wire in your left hand, with your thumb pointing along the wire in the direction
of electron flow. Your fingers will cur! arcand the wire, pointing in the direction of the
magnetic field.

Note: Under the original assumptions of conventicnal current, this was stated as the Right
Hand Rule, because current carriers were acsumed to be positive. Since we are using the more
modern electron current specifications, we musc switch to a Left Hand Rule to correctly
describe die direction of the magnetic field.

If we have two wires close together, with the same current flowing through them but in
opposite directions as shown to the left, the magnetic field between the two wires will be the
sum of the two separate fields, and therefore will be stronger than the field around a single wire.
However, this doesn't help much — adding a third wire must reinforce one of these two, but
oppose the other. Hamm. Maybe we can make use of this phenomenon, but clearly it won't
work by itself.
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On the other hand, if we put two wires next to each other with each one carrying the same
amount of current in the same direction (see the figure to the right), an interesting phenomenon
occurs. The magnetic fields between the two wires oppose each other aind cancel out, but the
overall field around both wires together is strengthened. Adding more wires in this manner
enhances this effect, making the overall magnetic iield still sironger.

Is there an easy way to accomplish this?

i

—

The figure to the left show:s a wire that has been wrapped into a spiral structure, forming a
coil. This structure combines both effects of adjacent, current-carrying wires discussed above.
The magnetic field through the middle of the coil is directed from left to right, and is highly
intensified. This magnetic field gives the coil some interesting and useful properties, which we
will cover in detail when we discuss the behavior of coils in an electrical circuit.

The property conferred on this component by the concentrated magnetic field is known as
inductance. The effect of inductance is to oppose any change in current through itself. It does
this by generating an EMF across its terminals, which opposes the applied voltage. As a result,
the current through an inductance can only change gradually; it cannot change instantaneously
as it could with only resistors in the circuit. The coil will store or release energy in its magnetic
field as rapidly as necessary to oppose any such change.
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The unit of inductance is the Henry (H). By defirition, cne Henry is that amount of
inductance that will cause a counter EMF of 1 volt to be geuerated when the current changes at
a rate of 1 ampere/second. Practical values of inductance range from 2 fow micro henrys (uH)
up to tens of henrys.

The image to the right shows a few typical, commercially available coils. Tte large one to
the left is mounted on an iron core to help concentrate the magnetic field and thas augment the
inductance of the component. It has ar inductance of 1 henry. To its right is 2 small coil with a
movable core made partly of powdered iron. This ailows tire core to be adjusted to set the
precise value of inductance, which is on the order of 30 nricrohenrys (uH). In the foreground is
a 50 millihenry (mH) coil, consisiing of multiple layers o1 wire wrapped on a non-magnetic
core.

Each of these devices can be purchased directly, and each of them has practical applications

in electronics.
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The schematic symbols to the right represent inductors, or coils. Symbol A is used for a
basic inductor with only air anywhere in the magnetic field. Symbol B shows an inductor with a
core made of powdered iron (known as ferrite). Such a core helps to concentrate the magnetic
field somewhat, and so increases the effective inductance of the coil. Symbol C shows a
laminated iron core. This kind of core concentrates the magnetic field greatly, and therefore
increases the effective inductance even more than a ferrite core.

As you can see, in each case the symbol itself suggests the multiple turns of wire that form
the coil.

Inductance

Inductance is defined as the propriety of the current, or A Coil which opposites any changes in
flow of current. Coil is a wire, the wire wrapped wound a object called be coil. The object
called is core.

Its measuring Unit is Henry (H)
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“L” denoted coil.

The main factor that determine the Inductance of a Coil are:
e The number of turns in the coil.
e The core material used.

Work
e Some voltage dropped.
o Filter the current.
e Delay current.

Property of Coil
Higher the Frequency, Higher the Reactance.

Used of Coil
e Used in Printer Head
e Used in Filtration

Difference between capacitor & coil zabout filtration

Capacitor Coil
Higher frequency Allow to go Do not allow (Stay)
Low frequency | Do not zilow (Stay) Allow to go

Main Instruction
e Anarea occupiea by electric lities of force cailed electric field.
e In a wire where is more electric field. That pall in non-as south pall and another one is
non-as north pall.

e Mutual Inducticn
e When we transfer as wire into coil than electric magnetic field present around the coil
together and due to it magnetic field because stronger by a coil.

Types of coll
e Jron Core Coil
e Farad Core Coil
e Air Core Coil
e Carbon Core Coil
e Brass Core Coil

Testing of Coil

Deflection of probe depends upon the length and diameter.
OK > Its show some deflection

OPEN > No defection

Short > Full deflection.
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CHAPTER 5" : TRANSFORMER

Transformer
Transformer is a device that is used to transfer electronic signals (Current, voltage or power)
from one circuit to another without any direct communication medium.

Transformer consists of two or more coil wound on the same care. The coil to which the input

voltage applied is called the primary winding and the other coil in which the voltage is induced
due to changing magnetic flux are called secondary winding.

Symbo! & Shape

°

In transformer, there is a transfer of electrical energy irom one on more coils to another
through the magnetic flux linkages

Transformers as electric coriporients

In electric systems transfornrers rave the task to adapt voltages and amperages so that they
correspond to the respective requireiments.

If e.g. a high electric power of 500MW should be wransported over a conductor with a voltage
of 230V, very high amperages would result:

I=P/U
I=500MW / 230V
I=2200000A

In order to realise this, line cross sections of several square meters would be necessary. For this
reason, one normally transports electric powers P with high voltages U and low amperages I.

Transformer structure

A transformer consists of an iron core with two coils. These two coils have different
numbers of windings. If an alternating current of U1 is applied to the primary winding (coil
1), a magnetic power flow occurs in the iron core of the transformer. The magnetic power
flow induces (produces) an alternating current U2 in the secondary coil (coil 2). This
alternating current depends on the ratio of the number of windings (N1 and N2) of the two
coils.

Diagram 39: Structure of a transformer
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The voltages in a transformer depend on the number ot windings of ine ccils. The amperages
of a transformer depend inversely on the number of windings aid the voitages.

Because an inductor operates by building a magnetic field around itself. we can take a
second inductor and place it inside thc sarne magnetic field. This gives us a transformer. In the
case of the circuit shown to the rigat, thie two solid lines between the symbols of the two coils
indicate that the coils are wrarped around an iron core. The iron serves to concentrate the
magnetic field and to help ruake sure that the field fully envelopes both coils. This greatly
increases the inductance of eacl: coil as weli as the magnetic coupiing between them.

Because the transformer is buili withi the two coiis ot wire wound around the commmon
core, each coil is sometimes also callea a "winding " The winding to which the original voltage
is applied is designated the primary winding, while the other winding is designated the
secondary winding. A transformer can have multiple secondary windings, but except for a very
special circumstance, it only has one primary winding.

That special cuicumstance has to do with power transformers designed to operate from
houshold line voltage in either North America (120 volts, 60 Hz) or Europe (240 volts, 50 Hz).
These transformers have two primery windings each rated at 120 volts. They are connected in
parallel for a 120 volt system, or 1n series for a 240 volt system. Thus, each winding serves as
half of the required primary winding. This arrangement makes it possible to use that piece of
equipment in many different places in the world without requiring special adapters.

Remember that any inductor consists of a coil of wire. We can count the number of turns of
wire that make up that coil. When a voltage appears across the coil as a whole, that voltage is
shared equally by the individual turns of wire in the coil. Thus, if a coil contains 1200 turns of
wire and has a voltage of 120 volts across it, each individual loop or turn of wire has 0.1 volt
across itself.

Another point to keep in mind is that the inductor itself generates this voltage in its effort to
prevent the current through the coil from changing. The changing magnetic field induces that
voltage and shares it across the entire coil. Therefore, that same magnetic field also induces the
same voltage in each turn of the secondary winding or windings.
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Thus, if our example transformer has a secondary winding of 100 turns, it will generate
a total voltage of 10 volts across itself. This will be the voltage appearing across the resistor.

Types of transformer
e Stop down Transformer
e Step up transfer
e Main TX’MAR

Stop down Transformer

A step down transformer consists of two coils wound on the same care. The coil to which the
input voltage applied is called the primary winding and the other coil in which the voltage is
induced due to changing magnetic flux is called secondary winding.

In the step down transformer primary winding lengthier than secondary winding. In this
TX’MAR input voltage applied high and output induced low voltage due to changing magnetic
flux and become of secondary winding number of turn less than the priinary coil.

Step up transfer

A Step up transfer consists of two coils wound ¢n the same care. The coil to which the input
voltage applied is called the primary wincing and the other coil in wirich the voltage is induced
due to changing magnetic flux are called secondary winding.

In the step up transfer secondary winding lengtiier than primary winding. In this transformer
input voltage applied low and output indvced high voltage due to changing magnetic flux and
because of secondary coils number of true more they primary coil.

Main X’MAR

Main or multi X’MAR. The TX’MAR wiich give vary voltage with the single input is called
multi X’MAR. It give then rulti outpuis because 1 the output will be have attach tap coil at
several rlace & get such multi output or diiferent voltage.

J
&
®

Multi Transformer

In our discussions of inductors in series and in parallel, we noted that the mutual
inductance between coils could have a profound effect on the total inductance, depending on
how much of the magnetic field of each coil overlaps the other coil. However, it is also
possible to have two coils with interacting magnetic fields, but not connected electrically in the
same circuit. The question then is, how does such a construction behave?

Before we address that question, however, we must consider that the amount of interaction
between coils is not fixed. Therefore we must introduce the concept of coupling between coils.
Coupling is the extent to which the magnetic field of each coil overlaps the other coil.
Coupling can range from 0% (no interaction at all) to 100% (full interaction). In practice,
100% coupling is not possible, as some of the magnetic field will remain outside of the
opposite coil. However, we can get close to it.
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Qualitatively, coils with more than 50% coupling are said to be tightly coupled, while
coils with less than 50% coupling are loosely coupled.

The schematic symbol for an iron-core transformer is shown to the right. It shows two
coils sharing a common iron core. Because of the core, coupling between the two coils is as
close to 100% as it can get. This is the standard arrangement for power transformers.

It is also possible to have two coils with a ferrite core, or witix no core at all. These are still
transformers and have the same basic properties. Only ‘heir design and construction varies, in
accordance with their intended application.

S
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Because the two coils are not eiectrically connected, or:ly the magnetic field between them
has any effect here. Thereiore, let's takc a look at what the magnetic field does.

In this circuit, the left-hand coil in the transfcrmer is connected to the source of energy.
Therefore, it is known as ths primary or prirmiary winding of the transformer. ("Winding"
because the coils are wound around the core.) The right-hand coil receives energy
magneticaily, so 1t is known as tie Secondary winding.

As long as switch S is opeiy, the battery is not connected to the left-hand winding and no
current flows. Therefore, therc is no magnetic field around either coil of the transformer, and
nothing happens.

When the switch closes, current begins to flow through the primary winding. This creates
an expanding magnetic field around the primary winding, which also affects the secondary
winding. The expanding magnetic field induces a voltage across the secondary winding, which
causes current to flow through resistor R. The magnitude of the current depends on the induced
voltage and the value of R, in accordance with Ohm's Law.

As switch S remains closed, the circuit current eventually reaches its maximum value and
remains there, no longer changing. Therefore the magnetic field stops expanding and remains
constant. Since the induced voltage in the secondary winding depends on a changing magnetic
field, that has now ended and no current flows through resistor R.

Finally, when switch S is opened again, current stops flowing through the primary. The
magnetic field collapses as it induces a voltage in both windings that tries to keep current
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flowing. Therefore current again flows through R, this time in the opposite direction from
when S was first closed.

Once the magnetic field has completely collapsed, all current stops flowing, and the circuit
remains in its original quiescent state as long as S remains open.

Since a transformer only works with changing currents, you may be wondering why we
would even use a circuit like this one. However, there's a very practical application that people
use every day. The number of turns of wire in the secondary does not have to be the same as
the number of turns in the primary, and indeed generally is not the same. If the secondary has
more turns of wire, it will step up the voltage generated in the secondary winding (and use up
the energy in the magnetic field faster). This makes for 2 easy way to generate the high-
voltage impulse needed to fire the spark plugs in your car's engine. It requires only a very
slight adaptation of the above circuit to accomplish this.

Transformer Losses
Core losses: - In copper losses we basically dcal with the loss of current of was‘age of current
due to the material around which the wire is wound
1) Eddy Current Loss: -When A.C flows to winding, a changing megnetic field is
stabilizing in the core. As the field expands and ccustruct it induced a voltage into the core.
The induced EMF causes eddy current to flow which results 1m: reduction of power. This can be
controlled by using thin metal sheets for the core instead c¢fblock of metal.

2) Hysteresis Losses:-I* is the loss occurs dize to the core of the transformer. Because due to
which there is the formation of loops of ¢lectric field the stop the flow of current.

Copper Loss:-In copper 19ss we basically deal with the loss caused by the A.C. resistance of
copper wire in primary ana secondarv winding as cuvirent flows through this resistance. Some
power dissipates in the fcrm of heat. And increasing the size of the copper wire in the winding
can reduce it.

External Losses:- As the magnetic field expands and contracts around the transformers it
often cuts an exteinal conductors. If a current is introduced into the conductor, some power is
loosed from the transforiners these losses can be reduced if transformers are placed in housing
to prevent magnetic field from cscaping.

CHAPTER 6™ Semi-Conductor

Semi-Conductor
A semi-conductor is a material that is higher a conductor has an insulator but can be
chemically altered to be either one.

OR
It is a tetravalent element, which has four valence electron and its acts as an insulator at normal
room temperature.
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The atom which has four electrons in its valence shall and its conducting lines between
conductor and insulator. Ge and Si are mostly used as Semi-Conductor.
Ges; 2,8,18,4 Valence Electrons.
Siy 2, 8,4 Valence electron.

Atomic Structure of Silicon Atom.
Valence Shall - The outer most shell of an atom is known as valence shell.

Elements: -

1.Trivalent Element ;-which has three valence electrons (Conductor)
2.Tetravalent Element: -which has four valence electrons (Conductor)
3.Penta-valent Element: -which has five valence electrons (Conductor)

Co-Volant Bond
It is form due to sharing of electrons.

Types
There are two types of Semi-Conductor
e Intrinsic semi-conductor. (Pure semi-conductor)
e Extrinsic semi-conductor. (Impure semi-conductor)

Intrinsic Semi-Conductor
There is the semi-conductor. which is free froin impurity.

Conduction in Intrinsic Semi-Canducior
The electrical characteristic of semi-conductor materials is iighly dependent upon temperature.
It’s conductivity increase with temperavure.

Holes

When an electron breaks away from a co-valeut bond, an open space or valency exits in the
bond. The space that was praviously occupied by the electron is generally referred to as a Hole
and it has positive charge, because it represents the absence of electron. It increases by
increasing the temperature.

Current Flow

Current flow in a semi-conductor consists of both electrons and holes. The holes function like
positively charged particles while the electrons are actually negatively charged particles. The
holes and electrons flow in opposite directions and number of electron hole pair produced with
in a material increases as the temperature of the material increases. Since, the number of
electron-hole pairs in the material determines the amount of current flow in a semi-conductor

Extrinsic semi-Conductor
The semi-conductor, which is free from purity, is called extrinsic semi-conductor.

Types of Extrinsic
e N-type Semi-Conductor.
e P-type Semi-Conductor.

N-types semi-conductor-
Arsenic (As-33) 2, 8, 18, 5 (Pentavalent element)
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Impurity Ration
Semi-Conductor: Impurity.
1 Million: 1.

When a pure semi-conductor material is doped with semi-conductor electron (As), some of the
atoms of semi-conductor are replaced by Arsenic Atom. The Arsenic atom replaces one of the
semi-conductor atom and share four of its valence electrons with adjacent atom in a covalent
bond. However, the fifty electrons is not a part of covalent bond and can be easily free from
atoms. The Arsenic atom denotes a free electron to the crystal. Actually there is a large no. of
Arsenic atom in a crystal. So there are many free electrons in the semi-conductor. This material
is called N-type semi-conductor, Because of the large no. of free electrons in the structure. The
electrons being in majority are referred to as majority czirier by the notes, which are in
minority carrier.

Charge Carrier
e Free electrons due to impurity (As) s
e Positive immobile icon (As+)
e Electrons due to increase in teiperature.
e Holes due to increase in terperature.
“Electrons are majority carrier anc holes are minority carrier.”

P-types semi-conductor
Gallium (Ga31) 2,8, 18, 5

When a pure semi-conductor maierial is doped with a trivalent element (Ga), some of the
atoms of semi-conductor ere replaced by Ga Atom each trivalent atom share its valence
electrons with three adjac=nt atom in the semi-conductor. The four tetravalent atoms should not
share a covalent bond, because of missing elecirons. This creates holes in the crystal. A large
number of hoies are present in the semi-conductor, because of trivalent atoms. These holes
accept electicns from other atoms. When a hole is filled by an electron of another moves from
one covalent bond ic another in apposite direction of electrons. The holes being in majority are
referred to as majority cariier and e'ectrons are called minority carrier.

Charge Carrier00

e Holes due to impurity (Ga)

e Negative immobile icons (Ga)

e Electrons and holes due to increase in temperature.
“Majority carrier are holes and majority carrier are electrons”.
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CHAPTER 7™ DIODE

Diode

Diode is a very important component. It’s made by semi-metal also called semi-conductor.
They are two type metal silicon & germanium. Their functions are converting AC to DC.
Anode give positive to Cathode & Cathode give negative to Anode.

+ o + N -
V1

Shape Symbol

We've seen that it is possible to turn a crystal of pure silicon into a medciately good electrical
conductor by adding an impurity such as arsenic ¢r phosphoius (for an N-type semiconductor)
or aluminum or gallium (for a P-type semiconducior). By itself, however, a single type of
semiconductor material isn't very useful. Useful applicaiions start to happen only when a single
semiconductor crystal contains both P-tvpe and N-type regions. Here we will examine the
properties of a single silicon crysta! which is half N-type and nalf P-type.

Consider the silicon crsta! represeinted to the rignt. Half is N-type while the other half is P-
type. We've shown the two iypes separated sligntly, as if they were two separate crystals. The
free electrons in the N-type crystal are represented by small black circles with a "-" sign inside
to indicate their polarity. The holes in the P-ivpe crystal are shown as small white circles with a
"+" inside.

In the real world, it isn't possible to join two such crystals together usefully. Therefore,
inserting different impurities into Jdifferent parts of a single crystal can only create a practical
PN junction. So let's see what happens when we join the N- and P-type crystals together, so
that the result is one crystal with a sharp boundary between the two types.

You might think that, left to itself, it would just sit there. However, this is not the case. Instead,
an interesting interaction occurs at the junction. The extra electrons in the N region will seek to
lose energy by filling the holes in the P region. This leaves an empty zone, or depletion region
as it is called, around the junction as shown to the right. This action also leaves a small
electrical imbalance inside the crystal. The N region is missing some electrons so it has a
positive charge. Those electrons have migrated to fill holes in the P region, which therefore has

-

s
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a negative charge. This electrical imbalance amounts to about 0.3 volt in a germanium
crystal, and about 0.65 to 0.7 volt in a silicon crystal. This will vary somewhat depending on
the concentration of the impurities on either side of the junction.

Unfortunately, it is not possible to exploit this electrical imbalance as a power source; it doesn't
work that way. However, we can apply an external voltage to the crystal and see what happens
in response. Let's take a look at the possibilities.

+!

Suppose we apply a voltage to the outside ends of our PN crystal. We have two choices. In this
case, the positive voltage is applied to the N-type material. In response, we see that the positive
voltage applied to the N-type material attracts any free eiecirons towards the end of the crystal
and away from the junction, while the negative voltage appiied to tiie P-type end attracts holes
away from the junction on this end. The result is that all available current carriets are attracted
away from the junction, and the depletion region grows correspondingly larger. There is no
current flow through the crystal becarse all available curient carriers are attracted away from
the junction, and cannot cross. (We arc here consiaering an ideal crystal -- in real life, the
crystal can't be perfect, and some leakage current does flow.) This is known as reverse bias
applied to the semiconductor crystal.

-
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Here tic applied voltage polarities have been reversed. Now, the negative volatge applied to
the N-type end pushes electrens towards the junction, while the positive voltage at the P-type
end pushes holes towards the iunction. This has the effect of shrinking the depletion region. As
the applied voltage exceeds the intcrnal electrical imbalance, current carriers of both types can
cross the junction into the opposite ends of the crystal. Now, electrons in the P-type end are
attracted to the positive applied voltage, while holes in the N-type end are attracted to the
negative applied voltage. This is the condition of forward bias.

Because of this behavior, an electrical current can flow through the junction in the forward

direction, but not in the reverse direction. This is the basic nature of an ordinary semiconductor
diode.

It is important to realize that holes exist only within the crystal. A hole reaching the negative
terminal of the crystal is filled by an electron from the power source and simply disappears. At
the positive terminal, the power supply attracts an electron out of the crystal, leaving a hole
behind to move through the crystal toward the junction again.

In some literature, you might see the N-type connection designated the cathode of the diode,
while the P-type connection is called the anode. These designations come from the days of
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vacuum tubes, but are still in use. Electrons always move from cathode to anode inside the
diode.

One point that needs to be recognized is that there is a limit to the magnitude of the reverse
voltage that can be applied to any PN junction. As the applied reverse voltage increases, the
depletion region continues to expand. If either end of the depletion region approaches its
electrical contact too closely, the applied voltage has become high enough to generate an
electrical arc straight through the crystal. This will destroy the diode.

It is also possible to allow too much current to flow through the diode in the forward direction.
The crystal is not a perfect conductor, remember; it does exhibit some resistance. Heavy
current flow will generate some heat within that resistance. I ihe resulting temperature gets too
high, the semiconductor crystal will actually melt, again destroying its usefulness.

Types of diode
e Low power
Low power diode work is low voltage circuit. Work on minimum 5Samp. Used in
SMPS, mostly used in Bridge rect:fying max voltage is 150 valt.

e High Power Diode
Its work on high voltage bigger in size. Work on 5 te 10 arap no used in computer. Its
use wherever above 150v (548, 538).

e Short-key Diode
Works on minimura 25 amp, maximum no limit ased in SMPS costly, +5v.

e Gun Diode
Werk on 10, 000v or: 10 Kv. Used in Moaitor as EHT.

e Photo Diode
It emits infra red lighi [can’y see open eyes] used in remote, floppy drive etc. [work as a
remote].

e LED (Light Emitting Diode)
Used in indicate works a 5 mill volt to 10 mill volt. LED comes in several color including
red, green and white.

e Zener Diode
5 tol10v available in mkt. Its work on particular voltages. Its special types of diode

it’s provided constant voltage. Its always find with capacitor or resistance Denoted on
its body z always.

Structure and function of photodiodes and phototransistors

Photodiodes and phototransistors are so called optoelectric devices or components.



They make use of a semiconductors characteristic that the material resistance is reduced
if the semiconductor material is illuminated/lit up. During the illumination of the
material electrons free themselves from their connections through the influence of the

energy of light.

In connection with other electronic components this characteristic of photodiodes and
phototransistors can be used for various control and regulation tasks (e.g. gas flame
control, light-dependent switches, sensors, etc....)..

Diagram: Characteristic curve and circuit symbol of a vectifier diode
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Diagram :Two photo resictors (on the left side without case and on the right side with
case, 1cady for installation)

Checking

Meter RX1 Diode
Red Positive Negative Black
Black Negative Positive Red

36
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OK It wills shows one side deflection in meter
Short It will full deflection
Open No deflection.

Rectifier circuits

Overview

" T/\ \ /x"j S
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As we have noted when looking at the Elements of a Power Supply, the purpose of the
rectifier section is to convert the incoming ac tfrom a transformer or other ac power source to
some form of pulsating dc. That is, it cales current that tiows alteraately in both directions as
shown in the first figure to the right, and modifies it s¢ that the output current flows only in one
direction, as shown in the second and third figures below.

The circuit required to de this may bc nething more than a single diode, or it may be
considerably more comolex. However, zil rectifier circuits may be classified into one of two

categories, as follows.

AWA

/

Half-Wave Rectifiers. An easy way to convert ac to pulsating dc is to simply allow half of the ac
cycle to pass, while blocking current to prevent it from flowing during the other half cycle. The
figure to the right shows the resulting output. Such circuits are known as half-wave rectifiers
because they only work on half  of  the incoming ac wave.

AVAVAVA
_//\.'j \/I/\\/ \'L

Full-Wave Rectifiers. The more common approach is to manipulate the incoming ac wave so that
both halves are used to cause output current to flow in the same direction. The resulting waveform
is shown to the right. Because these circuits operate on the entire incoming ac wave, they are

known as full-wave rectifiers.
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Rectifier circuits may also be further clasified according to their configuration, as we will

see below.

The simplest rectifier circuit is nothing more than & diode connected in series with the ac
input, as shown to the right. Since a diode passes current in only one direction, only half of the
incoming ac wave will reach the rectifier output. Thus, this 1s a basic half-wave rectifier.

The Half-Wave Rectifier

The orientation of the diode matters; as shown, it passes only the positive half-cycle of the
ac input, so the output voltage contains a positive dc component. If the dicde were to be
reversed, the negative half-cycle would ve passed instead, and the cdc comporent of the output
would have a negative polarity. In eitber case, the DC component of the output waveform is
vp/mt = 0.3183v,, where v, is the peak voltage output from the transformer secondary winding.
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It is also quite possible to use two half-wave rectifiers together, as shown in the second
figure to the right. This arrangement provides both positive and negative output voltages, with
each output utilizing half of the incoming ac cycle.

Note that in all cases, the lower transformer connection also serves as the common
reference point for the output. It is typically connected to the common ground of the overall
circuit. This can be very important in some applications. The transformer windings are of
course electrically insulated from the iron core, and that core is normally grounded by the fact
that it is bolted physically to the metal chassis (box) that supports the entire circuit. By also
grounding one end of the secondary winding, we help ensure that this winding will never
experience even momentary voltages that might overload the insulation and damage the
transformer.
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The Full-Wave Rectifier

=k

While the half-wave rectifier is very simple and does work, it isn't very efficient. It only
uses half of the incoming ac cycle, and wastes all of the energy available in the other half. For
greater efficiency, we would like to be able to utilize both halves of the incoming ac. One-way
to accomplish this is to double the size of the secondary winding and provide a connection to
its center. Then we can use two separate half-wave rectifiers on alternate half-cycles, to
provide full-wave rectification. The circuit is shown to tae right.

Because both half-cycles are being used, tite DC component cf the outpat waveform is
now 2vy/m = 0.6366v,, where v, is the peak voltage output from half the transior ner secondary
winding, because only half is being used at a tine.

This rectifier configuration, like the half-wave 1ectifier, calls for cne of the transformer's
secondary leads to be grounded. in this case, howevet, it is the center connection, generally
known as the center tap on the seccndary winding.
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The full-wave rectifier can still be configured for a negative output voltage, rather than
positive. In addition, as shown to the right, it is quite possible to use two full-wave rectifiers to
get outputs of both polarities at the same time.

The full-wave rectifier passes both halves of the ac cycle to either a positive or negative
output. This makes more energy available to the output, without large intervals when no energy
is provided at all. Therefore, the full-wave rectifier is more efficient than the half-wave
rectifier. At the same time, however, a full-wave rectifier providing only a single output
polarity does require a secondary winding that is twice as big as the half-wave rectifier's
secondary, because only half of the secondary winding is providing power on any one half-
cycle of the incoming ac.

Actually, it isn't all that bad; because the use of both half-cycles means that the current drain on
the transformer winding need not be as heavy. With power being provided on both half-cycles,
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one half-cycle doesn't have to provide enough power to carry the load past an unused half-
cycle. Nevertheless, there are some occasions when we would like to be able to use the entire
transformer winding at all times, and still get full-wave rectification with a single output
polarity.

The Full-Wave Bridge Rectifier
Fa'al
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The four-diode rectifier circuit shown to thie right serves very nicely to provide full-wave
rectification of the ac output of a single iransformer winding. The diamicnd contiguration of the
four diodes is the same as the resistor cenfiguration in a Wheatstone viidge. In fact, any set of
components in this configuration is identified as some sort of bridge, and this rectifier circuit is
similarly known as a bridge rectifier.

If you compare this citcuit with the dual-polarity full-wave rectifier above, you'll find that
the connections to the diodes are tiie some. The only chauge is that we have removed the center
tap on the secondary winding, and used the negative output as our ground reference instead.
This means that the transformer secondary is never dircctly grounded, but one end or the other
will always be close to ground, through a forward-biased diode. This is not usually a problem
in modern circuits.

To understand how the bridge rectifier can pass current to a load in only one direction,
consider the figure to the right. Here we have placed a simple resistor as the load, and we have
numbered the four diodes so we can identify them individually.

During the positive half-cycle, shown in red, the top end of the transformer winding is
positive with respect to the bottom half. Therefore, the transformer pushes electrons from its
bottom end, through D3 which is forward biased, and through the load resistor in the direction
shown by the red arrows. Electrons then continue through the forward-biased D2, and from
there to the top of the transformer winding. This forms a complete circuit, so current can
indeed flow. At the same time, D1 and D4 are reverse biased, so they do not conduct any
current.
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During the negative half-cycle, the top end of the transformer winding is negative. Now,
D1 and D4 are forward biased, and D2 and D3 are reverse biased. Therefore, electrons move
through DI, the resistor, and D4 in the direction shown by the blue arrows. As with the
positive half-cycle, electrons move through the resistor from left to right.

In this manner, the diodes keep switching the transformer connections to the resistor so
that current always flows in only one direction through the resistor. We can replace the resistor

with any other circuit, including more power supply circuitry (such as the filter), and still see
the same behavior from the bridge rectifier.

Filter circuits
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Overview

As we have already scen the rectifier circuitry takes the initial ac sine wave from the
transformer or other source and converts it to pulsating dc. A full-wave rectifier will produce
the waveform shown to the right, while = half-wave rectifier will pass only every other half-
cycle to its output. This may be good enough for a basic battery charger, although some types
of rechargeable batterics siill won't like it. In any case, it is nowhere near good enough for
most electronic circuitry. We need a way io smooth out the pulsations and provide a much
"cleaner" dc power source for the load circuit.

To accomplisii this, we need to use a circuit called a filter. In general terms, a filter is any
circuit that will remove some paits of a signal or power source, while allowing other parts to
continue on without significant bindrance. In a power supply, the filter must remove or
drastically reduce the ac vaiiaticas while still making the desired dc available to the load
circuitry.

Filter circuits aren't generally very complex, but there are several variations. Any given
filter may involve capacitors, inductors, and/or resistors in some combination. Each such
combination has both advantages and disadvantages, and its own range of practical application.
We will examine a number of common filter circuits on this page.

A Single Capacitor

AVAVAVA
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If we place a capacitor at the output of the full-wave rectifier as shown to the left, the
capacitor will charge to the peak voltage each half-cycle, and then will discharge more slowly
through the load while the rectified voltage drops back to zero before beginning the next half-
cycle. Thus, the capacitor helps to fill in the gaps between the peaks, as shown in red in the
first figure to the right.

Although we have used straight lines for simplicity, the decay is actually the normal
exponential decay of any capacitor discharging through a load resistor. The extent to which the
capacitor voltage drops depends on the capacitance of the capacitor and the amount of current
drawn by the load; these two factors effectively form the RC time constant for voltage decay.

WA A N A v

As a result, the actual voltage outpui from this combination never drops to zero, but rather
takes the shape shown in the seccad figure to the right. The blue portion of the waveform
corresponds to the portion of the input cycle where the rectificr provides current to the load,
while the red portion shows when the capacitor provides current io the load. As you can see,
the output voltage, while not pure dc, has much iess variation (or 1pple, as it is called) than the
unfiltered output of the rectifier.

A half-wave rectitier with a capacitor filter will onlv recharge the capacitor on every other
peak shown here, so the capacitor will discharge considerably more between input pulses.
Nevertheless, if the output 7oltage from the filter can be kept high enough at all times, the
capacitor filter is sufficieat tor many kinds of ioads, when followed by a suitable regulator
circuit.

RC Filters

g

In order to reduce the ripple still more without losing too much of the dc output, we need
to extend the filter circuit a bit. The circuit to the right shows one way to do this. This circuit
does cause some dc loss in the resistor, but if the required load current is low, this is an
acceptable loss.

To see how this circuit reduces ripple voltage more than it reduces the dc output voltage,
consider a load circuit that draws 10 mA at 20 volts dc. We'll use 100 pf capacitors and a 100Q2
resistor in the filter.
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For dc, the capacitors are effectively open circuits. Therefore any dc losses will be in
that 100Q2 resistor. For a load current of 10 mA (0.01 A), the resistor will drop
100 x 0.01 = 1 volt. Therefore, the dc output from the rectifier must be 21 volts, and the dc loss
in the filter resistor amounts to 1/21, or about 4.76% of the rectifier output. This is generally
quite acceptable.

On the other hand, the ripple voltage (in the USA) exists mostly at a frequency of 120 Hz
(there are higher-frequency components, but they will be attenuated even more than the 120 Hz
component). At this frequency, each capacitor has a reactance of about 13.26Q2. Thus R and C2
form a voltage divider that reduces the ripple to about 13% of what came from the rectifier.
Therefore, for a dc loss of less than 5%, we have attenuated the ripple by almost 87%. This is a
substantial amount of ripple reduction, although it doesn't remiove the ripple entirely.

If the amount of ripple is still too much for the particular load circuit, additional filtering or
a regulator circuit will be required.

LC Filters
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While the RC filter shown above helps to reduce the ripple voltage, it introduces excessive
resistive losses when the load current is significant. To reduce the ripple even more without a
lot of dc resistance, we can replace the resistor with an inductor as shown in the circuit diagram
to the right.

In this circuit, the two capacitors store eneigy as before, and attempt to maintain a constant
output voltage between input peaks from the rectifier. At the same time, the inductor stores
energy in its magnetic field, and releases energy as needed in its attempt to maintain a constant
current through itseif. This provides yet another factor that attempts to smooth out the ripple
voltage.
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CHAPTER 8™ TRANSISTOR

Transistor
Transistor is a three clement semi-conductor device formed by placing two P-N semi-
conductor junctions back to back.

Three terminals

Base (B) = Voltage Amp (Input)
Collect (C) = Power Amp (Output)
Emit (E) = Current Amp

Emit is Emitter, Collect is collector

By Width = F>C>B
By more electron = C>B>E
E+B=C
E*B=C

While a single PN junction is useful, it also has its limitations. It can either conduct current or
not, but can't really control how much current it will conauct.

So what happens if we add a second junction? Can we play around with that idea and see

where it goes?
EL‘ . -E

B

A basic two-junction semiconductor must necessarily have one type of region sandwiched
between two of the other type. To the right is an example of a semiconductor device consisting
of a narrow P-type region between two N-type regions. For reasons we will see shortly, the
three regions are designated the emitter (E), base (B), and collector (C), respectively. In
modern versions of this device, the emitter region is heavily doped with the appropriate
impurity, while the base region is very lightly doped. The collector region has a moderate
doping level so it will have a low internal resistance.

We have shown a device consisting of N, P, and N regions in order, but there is no reason not
to build equivalent devices in P, N, and P order instead. In fact, it is often very useful to have
both types of devices available.

With no electrical voltages applied, of course, this semiconductor will of course just sit there
and do nothing. So let's move forward and see what happens when we apply bias voltages to
the device.
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Diagram: Doping sequence P - N - P (= PNP-Transistor):
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To the left we see the same semiconductor device as atove, with a small forward bias applied
to the emitter-base junction, and a larger reverse bias applicd to the collector-base junction. As
we will see, these are the normal operating conditions of this device.

Since we already know how a single-junction device, the diode, behaves, we would normally
expect the base voltage to be about 0.65 to 0.7 volt posiiive with respect to the emitter, and to
have electrons move from emitter to base, and leave the device at thai point. With the collector
junction reverse biased, we would expect no current to 1low thiough that junction.

But a funny thing happens inside the base region. The forward bias on this junction does
indeed attract electrons from the emitter iito the base, but there the forward momentum of the
electrons carries them across mosi of tiie base region and into the depletion region around the
collector junction. From there, the higlier positive collector voltage attracts these electrons
across the collector junction and into the collecter region. (Remember that the electrons are
minority current carriers within the P-type pase region, and can therefore cross the reverse-
biased junction as a leakage current.)

A smaii amouni of current does still leave the device through the base contact, but most of the
current is diverted tirough the collector instead. In this way, the small base bias current
controls the much iarger collector current. If a small varying current is applied to the base
along with the bias, the coilector current will vary to a much greater degree. Thus, this device
can not only be used to control a varying signal; it can amplify that signal as well.

Because of the way this device operates to transfer current (and its internal resistances) from

the original conduction path to another, it's name is a combination of the words "transfer" and
"resistor:" transistor.

Diagram : Doping sequence N - P - N (= NPN-Transistor)
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It's also quite possible to build a transistor with the region types reversed, as shown to the right.
In this case, holes will be drawn from the emitter into the base region by the forward bias, and
will then be pulled into the collector region by the higher negative bias. Otherwise, this device
works the same way and has the same general properties as the one described above.

To distinguish between the two types of transistors, we refer to them by the order in which the
different regions appear. Thus, this is a PNP transistor while the device described above is an
NPN transistor.

Function of transistor
e Which used to amplifier the signal.
e Transistor work same processor if due have frequency or cycle than give high
frequency and cyc<le.

Types ef Transistor

e High Frequency Transisior
Its use in high ckt. Its vave always in left side before the number Denote F [DF546]. Its
have number of NPIN an PNP.

e Power Frequency Transistor
It’s used in power ckt. Its have heat sink because its very heat able transistor. It has in so
many designed some are there.

e MOSFET (Metal Oxide Semi-Conductor Field Effect Transistor)
It is used in monitor. It is available in 3, 5, 7 Terminal Bigger in size.
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First, we note that the main ingredient of the channel is silicon. It can be a p-type or n-type
channel; it is still mostly silicon. Next, we take note that siiicon dioxide is simply glass, which
is a good insulator. So we can form a thin layer of silicon dioxide along one surface of the
channel, and then lay our metal gate region down over the zlass. The result is shown to the left.

This device is sometimes known as an insulated-gate field effect transistor, or IGFET. More
commonly, noting the construction of the gate, it 1s called a metal-oxide-sem iconductor FET,
or MOSFET.

With no voltage applied to the gate (G) electrode, the channel really is just a semiconductor
resistance, and will conduct current according to the voltage applied between source (S) and
drain (D). There is no pn junction, 50 there is no depletion region.

How to find PNP anc NPN transictor
e PNP
It deflection cornes by comnion red probe enly

e NPN
it acflection comes by common block probe only.



SOME COMMON REPRESENTATION SYMBOLE

Structure, function and symbols of electrical components
Frequently used symhols (selection)
1. Direct current 12 -_ Conchactor that is
——= | installed under oy o
2 Slterniating ourrent 19 Conductor installed on
e /77 the plaster
3 Direct o alternating 20 Conductor installedin
Ll cueet etit 7’F— the plaster
4 Setles connecton 21 Insdated conductor
-— o ingtall s din = pipe
5 - Parallel connection o0 Fix line soomection
A _—
& P Delta conmection 23 Fem avable line
_ CIMLech oo
7 /L\ - cotiie ctiof 2 —||— Crosshigzwidiot
cofiiect on
o - Litie, getierally o5 - Litie tuns wprards
9. P |Line, flexitle I - Line runs dowrnesds
10 | |Mumber of conductors | 27 1 Cyaund, generally
11 Ll C oncductor oe _i_) Protective ground
L2 ideritifi catinn ?;
12 Lz Cnater cotudoctor g J- AT
13 | w Meutal conductor o ( a _ | Voltmeter
14 | e Prmech?g'mmdjng 21 __@._ Lutm th eter
AL -1
15 Trausformer 37 - Resistance, generally
H=+ = =
16 C apacitor 23 Resistance, adjustahle
17 Fuse 34 C il

and
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devices
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25 )e Light, generally 57 Electric device,
E genetally
36 ® Indicatinz lamp, Lamp | 52 % High woltage device
37 Closer 50 E Rectifier
38 Opener &0 Hot water storage
29 — |Change-over switch |51 Instantaneous water
. @ | heater S boiler
Cotection stri Hot water devdice
20 [T o[22 | @—
41 _C Single socket outlet 3 m I | otorage heating device
49 _K Protecting groued fe) —/ Drripping water-
ol et ‘ protected I[P 31
473 3_K Tl ee-wray socket 55 .:I_ | Apray water- e otected,
ol et — Ir 33 1\
EEY T Switch, manualy G Splash water-
AT operated Z‘l protected [P 24
45 | LLT | Relay with tha e 57 & ;"& Tet waics-jroteried, [P
\] closet g N £ 535
A5 I 5 !" Thermrstat, adjustable | 5§32 h’ Woaterpr oof, [P 67
A7 I T T | P:essozaat, adjustatle ) 59 b‘ Presmurized water-
\ 1 . bar | nrotected IP A3
| Rectifier diode Dast-prr otecte
48, —EFI—_ = 70| & |Dustectented
49 E P Photodiod: 71 E’é Dustproof, [P 63
50 E, . 'Thymistor 7 Ex plosi on-pr oof, DIN
A ~ @ 40012
1 PHP-Trans stor 73 Devwvice with protective
@_ E il ati ot
—— Fa
50 | : Ei NPM-Transigor 74 1l Dewice for protective
ldP N\ \ Q stall woltage
53 Gralatis elem et 5. VDE-Test matk
— I_ aecumul ator =
s @ Alternating murent 76 @ Radioprotection mark
motor
The ot CEE-Testmak
o5 @ ee-phaze motor 77 /\E\‘\ &gttt af
a6 @ Direct cwrent motor | 72 Tested security mark
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SOLDERING & DESOLDERING

As the doctor said to the patient, "I've got good news and bad news." The bad news is all
around us-- increasing prices, decreasing skills base, no more Heath kits... and if you want
more, just pick up a newspaper. The good news is that you can still build a lot of useful ham
radio equipment and you don't have to be an electrical engineer to do it. All it takes is the right
tools, knowledge of a few "tricks of the trade," and the will to succeed. Oh yeah-- a bit of
patience helps too! We're going to try to cover the whole topic here in enough detail for you to
pick up a soldering iron and get to work on a real project. First we'll talk about the basics,
things like tool selection and soldering, then we'll move on to middle-to-advanced techniques,
and finally trouble-shooting the finished project and installing it in an enclosure. Along the way
we'll build something useful, I promise. You're going to discover that building is rewarding,
educational, and fun!

Before we start, let's look at a fairly obvious question-- why build somciiuiag when you can buy
it? There are several reasons for building (even if you only necd one)--

. The creativity factor. You have the pleasure and pride of doing something with your
own hands. In fact, it's so rewarding that many of us will build a device even when it is more
expensive than buying it.
. The economic factor. Building is often less erpensive than buying off the shelf.
. The availability factor. Sometimes what you want is simply not available, or available
only as a kit.

. The knowledge factor. If you build it, you will probably be able to fix it if it breaks, or
modify it. You will also gain a better understanding of how that particular type of equipment
actually works.

These rour tactors will influence your decision to build something, and whether to buy a kit or
start from scratch. The project that we will build together can be purchased as a kit or built from
scratch-- virtually everything in this series will relate equally to either approach.

A Disclaimer, of Sorts

I'm in the business. My company, Milestone Technologies, sells some of the tools that I am
going to recommend and also the kit that we're going to do as a project. I'd hate to think that
you would think I'm writing this series to sell stuff, so I will make a point of providing an
alternate source for each of those items that I sell. Making some of these things available to you
from Milestone Technologies is a service which you are free to decline.

A Poor Workman Blames his Tools

A crummy violinist playing a Stradivarius is going to sound like someone scraping a horse's tail
across a cat's gut. A great violinist can make a cigar-box violin sound like a Strad. Or to put it
in more familiar terms, an unskilled ham will have trouble making contacts with a three
thousand dollar rig and a beam on a 100' tower, while a skilled operator can work DXCC on a
home-made QRP rig with a dipole. The point here is that skill is more important than tools--
investing hundreds of dollars in tools and test equipment is not going to make you a good
builder or technician. The value of your tool armory will increase as time goes by, but the basic
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tools for electronic construction are relatively inexpensive, and all of them are available at
your local radio parts store and by mail-order.

Let's talk about a two basic tool kits for electronic construction-- hand tools and soldering tools.

The hand tools are really simple at "entry level" but even basic soldering tools start to get into
areas of complexity, so you may want to read the section on soldering before deciding what to
buy. The recommendations are summarized in table 1, which shows suppliers part numbers for
Radio Shack (RS)™ and Milestone Technologies (MT)2,

Hand tools:

A pair of long nose pliers, for bending the leads on compeienis and holding nuts while you
tightens bolts.

A pair of cutting pliers-- what you are looking for i¢ "flush cutting” pliers rather than the
traditional "dikes" or "diagonal cutting pliers." These are uscd for crttiug wire and trimming
leads on the soldered side of a circuit board, and "dikes" just won't get close enough to the
board.

Screwdrivers-- you will need two large screwdrivers, one with a straight tip ror slotted screws,
the other with a phillips head; and a set of miniature driveis. The mini drivers (often called
"jeweler's drivers") can be bougnt as separate sets for straight and phillips, or as a combination
set.

Hobby knife-- for exanple, a "Stanley" knife, with a razor-sharp blade, for stripping wires and
trimming things.

Multimeter-- for checking voltages, resistances, condnuity, and current. A digital multimeter
with an "audible continuity feature" is great, but you can get by with an inexpensive VOM
(Volt-Ohm-Milliameter).

Magnifiers- - for examining circuit board traces and solders connections. If you can, you should
solder under magnificatich using a magnifying work lamp, but you can start with a hand
magnifier or loupe.

Clip leads-- wires with aligator clips on the ends for making temporary connections.

Sheet Metal Nibbling Tool-- for making large or odd shaped openings in sheet metal, for
example aluminum panels for mounting controls. Much faster and easier than filing.

Soldering tools:

A soldering iron. That's so easy to say, but there's so much more to it! We're talking molten
metal here, in close proximity to delicate electronic components. When you're working on a
printed circuit board you need to apply a precise amount of heat for a reasonably precise
amount of time to a very precise area! Your beginner's tool kit should include a 15-30 Watt
soldering pencil with a fine chisel tip and at least one spare tip. Ultimately you may want to
invest in a "soldering station," but please buy one with temperature control rather than wattage
control (see the section on soldering for details). You will need a much heavier iron (100+
Watts) if you are going to work with coax connectors, but don't try to use it on a circuit board!
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Solder-- it's traditional to start out with a caution that you must use rosin core solder and never
acid core solder, but in practice acid core solder is so hard to find that the warning is almost
superfluous. There are three factors to consider-- metallic content, type of flux (core), and
diameter, and the result is a huge range of solders available on the market. For now, let's leave
it with a recommendation that you start with 60/40 (60% tin, 40% lead) rosin core solder with a
diameter of around .03 inch. This will be fine for almost any kit or project and there's no point
in departing from it until you have a particular reason to do so.

Solder wick-- you will make mistakes. I do, and everyone does. Besides, there will be times
when you want to remove a component for testing, or to substitute a different value. The only
practical way to "unsolder" a connection is with solder wick. You'll scc solder suckers and
other "one hand" desoldering devices, but if they are any use it all it is because you used way

too much solder on the connection to start with

Your "work bench" is important too, although it doesn't have to be elaborate. A kitchen table or
desk will do. Things to consider are light, ventilation, and access to imains power and ground.

When it comes to light, you simply can't have too much. Flourescent light is best for electronic
work because it is "whiter" than incandescent light. Ventilation is particularly important when
you are soldering, because the fumes from the rosin can be irrnating or even harmful over time.
You will need mains pcwer for your soldering iron, and you will often need to connect things to
a good electrical ground (the center ccrew 1 the AC ouilet will do).

Other than that, all you need to worry about is a reasonable amount of clear space, and places
for tools and components. I{ you are using a space that has other purposes (i.e. your kitchen
table) it's easy enough to keeo your tools and components in trays so they can be easily put
aside when ycu are not worring.

Soldering 101

Entire magazine articles, even tooks, have been written about soldering. So how can I hope to
teach you to solder with a few paragraphs and illustrations? Easy. Soldering is not difficult, and
the basics are easily within your grasp if you have the right soldering iron, the right solder, and
a little bit of practice.

Practice is important, so if you are new to soldering please take the time to do some before we
start on the project! You can practice on any old components and a bit of scrap circuit board
material-- or skip ahead to un-soldering, remove a couple of components from a junk circuit
board and re-solder them. Kit suppliers will tell you that 90% of all problems in kit building are
a result of poor soldering-- how can that be if soldering is not difficult? Simple-- carelessness
and ignorance. We'll fix the ignorance problem right now-- carelessness is up to you.

Soldering is a process of amalgamating metals to provide a good electrical connection.
Solder is a mixture (alloy) of two or more metals with a relatively low melting point, that will
flow onto the surface of other metals creating a low-resistance electrical connection. Ordinary
solder is not very strong, and you should never rely on solder alone to hold components
together physically.
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Rule #1: A good mechanical
connectionis is necessary before
you solder!

The mechanical connection should be secure before you apply solder, and the parts should not
be able to move in relation to eachother. The flux is vaporized by the heat of the iron and the
vapors will clean the surfaces of any oxidation (often invisible to the naked eye), allowing the
solder to flow freely onto the metal surfaces.

The purpose of the soldering iron is to transfer heat into the work to be soldered; the solder
should melt upon contact with the work. The iron must be at the correct temperature to do this,
and some elementary principles of thermodynamics are invoived lere.

Rule #2: Strike while the iron is hot!

Fortunately, we don't have to worry absut the details too much-- a 15-20% ircn will heat up to
an appropriate temperature and won't get too hot unaer ordinary circumstances. But let's look at
the basics anyhow, because they wiil help you to understand what is going on, and also
influence your decision to buy a teruperature coutrolled soidering iron later!

The wattage of an iron is @ measure of the pcwer that is used to generate heat. Your soldering
pencil is always running at tiat level of power consumpiion, and it is always generating heat.
The tip has a specific mass which can absorb heat. As long as power is supplied it will continue
to get hotter until it reaches equilivtiuni-- at its maxirium temperature heat will be conducted
away from it (into the suvrrounding air) as quickly as it is generated by the applied power. Heat
will transfer out of the tip more quickly when it is in contact with the work, and the rate at
which that occurs will depend on the size and shape of the tip, the amount of its surface that is
in contact with the work, and the nature of the work (how quickly heat is conducted away from
the point of contact). When vour soldering pencil is sitting idle it very definitely gets much
hotter than required for soldering, but it cools down almost instantaneously when you apply it
to the work, and the applied power sustains the working temperature. When it's idle though, at
higher temperatures, its surface is much more susceptible to corrosion. So turn it off when you
are not actually soldering (for more than five minutes or so). Otherwise, you can expect to
replace or refinish the tip fairly frequently. Leaving it on overnight once will ruin the tip. Once
the tip has been overheated and cannot be tinned (see below) you can file or grind it down and
start over, but it is usually a lot easier just to replace it.

All else being equal, the wattage of an iron is a poor indicator of its performance because it's
main effect is in how quickly the iron will heat up to its maximum equilibrium temperature, or
how fast it will create new heat for transfer into the work, and not necessarily how hot that
temperature will be! That's why the best irons, if somewhat more expensive, are temperature
controlled and not "variable output." I finally worked that out for my self after going through
perhaps a hundred soldering iron tips.

From this point on, I'll be talking about soldering components onto a printed circuit board, but
the principles apply to other soldering such as wire connections to controls.
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Allow the iron to heat until solder flows freely on the tip, "tinning it." This means there
should be a thin, shiny coating of solder on the working surface of the tip-- it should not "ball
up" and drop off. Apply a small amount of solder to the tip and then wipe it off quickly with a
soft cloth or a damp sponge. You can probably do three or four joints in immediate succession
without having to repeat this process, but if you stop soldering to place components on the
board you will need to repeat it.

Here are the steps in soldering a component into a circuit board:

1. Inspect the board and the component leads, and make sure they are clean. Older components
may be oxidized and require cleaning (use fine sandpaper, or scrape with the edge of your
hobby knife). Most circuit boards do not require cleaning before use, but it can't hurt. Wash the
board with soap and water, and use a mild abrasive (Scotch scouring pad for example) or metal
polish only if absolutely necessary. The surface of the tracks shouid Ge shiny and free of
smudges and fingerprints. Some builders (and kit supplicrs) wili recominend cleaning a board
before use and completing it in one session but I have never found this to be necessary-- that's
why there's flux in the solder!.

2. Mechanically install the component. Use your long-nose liers to hend the component's leads
so that they will go straight into the holcs in the board. 'f the spacing permits, hold the lead with
the pliers and bend the end of the lead against the jaws of the pliers. Otherwise, watch what you
are doing and make sure you arc not exerting excessive pulling ‘orce on the lead-- you can
easily ruin a diode or inductor by pulling oz the lead. Check the value before you insert it in the
board. If it is a polarized component such as an electrolytic capacitor, double check the
orientation. If the cornponent isn't pelarized (for exampie a resistor or ceramic capacitor) then it
doesn't matter which way it goes, but it's a good idez to raount it so that you will be able to read
the value later. I usually out resistors in with the tolerance band to the right or bottom
depending on how the resistor is mounted, and capacitors with the value facing me or to the
right (unless they are very close to a larger component, in which case I turn them around). The
aim is simply to make it easy (o see and verify all of the component values after the board is
complete. Before you solder it, RECHECK the value, the orientation, and that it is in the right
holes! In most cagses, the bods of the component should be snug against the component side
(opposite from the "track" or svldering side) of the boards. Obvious exceptions are transistors
and other components which 1igit run hot. Looking at the solder side of the board, bend the
leads outward at about 45 degrees to hold the component in place.

2. Inspect the un-soldered connection. Make sure you know where solder is supposed to
go. For example, if there is a pad for another component very close to where you are
going to solder, you can "memorize" the pad layout and be sure that there is no
unwanted solder "bridge" when you finish the connection. If you don't do this, it's often
hard to tell whether two points should be connected or not.

3. Solder the connection. Tin and wipe the tip of the iron as described above. Apply the tip
to one side of the pad, wedging the tip against the lead where it protrudes from the hole,
Count to three and apply solder to the opposite side of the pad, and it should flow across
the pad, around the lead, and slightly up the lead from the surface of the board. Do NOT
apply the solder to the tip of the iron, as it will melt instantly and may flow onto the
joint without bonding properly.



55

Rule #3: Heat the work, not the solder!

Figure 2 shows a good joint and a bad joint. The bad joint is often called a "cold" joint because
it is most often caused by inadequate heating of the joint. It doesn't just look ugly-- if I can coin
a new term here, it's "electrically ugly," offering no electrical connection between the two
surfaces, or a weak one which is bound to fail, or (worst of all) an intermittent fault.

5. Inspect the soldered connection. Use a magnifying device of some kind, ideally 5-10x power
and make sure the connection is sound and conforms to the iliusuation in figure 2.

Rule #4: Inspect the connection under magnification!

Make sure solder hasn't flowed onto any adjacent pads or tracks. If it has, remove it
immediately (see "unsoldering," below).

6. Trim the component leads. Use your flush cutting vliers and trim at abeuat the point where
the solder has risen up the lead. It is not usually necessary, or even a gocd idea, to trim the leads
of integrated circuits and other devices where the lead protrude only an cigith of an inch or so.

That's all there is to it. And with practice, you won't even need to think about the steps as you
go through them. There are variations and sonie specialized techniques that will be helpful
later, but usually they are celf-cvident, aund we'll mention them when we come to them in the
course of building our project.

When you've soldered 1l tie compeneniz onto the board, check everything again-- component
values, orientations, and above all look for solder bridges and cold joints! When it comes to the
latter two, it may be a good idea to remove excess solder flux from the board, but don't bother
with that unless you really need to-- in my exrerience more problems are caused in the process
of removing flux than are solved by it. If you do need to remove flux, use acetone or a
commercial flux remover, in a Well ventilated area. If you have invested solder with a water
soluble flux, you wili use waicr. of course, but do make sure the board is thoroughly dry before
applying power to it!

Un-Soldering101

For the most part, anything you can do with solder you can undo, if you know what you're
doing. The secret is "solder wick," a fine copper braid impregnated with flux. Used properly, it
can remove virtually all of the solder from a connection and a component, even an integrated
circuit chip, will just fall out. A lot of people seem to have difficulty with it though-- it's one of
those things where it's hard to figure out how to use it by yourself. One big problem is that
solder wick should be marked with a "use by" date! The braid itself can oxidize over time, and
the flux can dry out and fall out of the mesh, making it practically useless. So use fresh solder
wick, and do it like this.
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1. Make sure the soldering iron is hot. De-soldering requires more heat than soldering, so if you
have an adjustable iron, turn it up. And make sure the iron is tinned-- that film of molten solder
on the tip is essential for heat transfer into the work.

2. Lay the end of the wick on top of the connection that is to be desoldered, and press the iron
firmly into the wick. Hold in place (you'll want to hold the wick by its container, or at least six
inches from the end) and watch for solder to appear in the wick. When solder is has been drawn
about half an inch from the end of the wick remove the iron and the wick.

3. Cut the used end of the wick off, about a quarter inch awove the point at which solder is
visible. Solder has not been drawn up that far, but the flux has boiled out.

4. Repeat steps 2 and three until the component is {ree. It will usuaiiy take two or more
applications for each lead. Keep in mind that where circuit board hsics are plated through,
solder has flowed down from the track side of the board aind as a result there will be more
solder to remove than on a simple single-sidea board.

If you have trouble, remember that the two secrets are iresh solder wick, and plenty of heat!

To repair (remove) a solder bridge, apply the wick to the bridgz and the solder should be
removed from the board between the twe pads-- you may need to resolder the connections,
though.

Next month we'll build cur project-- in the mear tine you can get your tool kit together,
practice soldering, and order a kit. It's the VM-110 AC Voltage Monitor from Electronic
Rainbow , and if you don't want to order the kit you can find most of the parts pretty easily-- a
list will he printed next menth along with the schematic. The VM-110 kit costs $10.95 and you
can or-fer the complete kit cr just the circuit board from Electronic Rainbow, or the complete
kit from Milestone Technologies

Table 1A: Basic Hand Toolst:

Item Supplier Price  |Part Number
Long Nose Pliers RS 3.99 64-1844
Cutting Pliers RS 399  64-1833
Screwdriver, reversible RS 2.69 64-1950
Jeweler's driver combo set RS 479  64-1959
Hobby Knife RS 1.49  64-1805
Magnifying Glass RS 5.99 63-848

OR Jeweler's Loupes Set(3) MT 7.95 35450
Multimeter, 8-Range Analog RS 14.99 22-218

OR Multimeter, 14-Range Analog MT 9.95 30812

Clip Lead Set (10) mini aligator RS 3.99 278-1156
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Sheet-metal Nibbling Tools RS 10.99 64-823
OR Heavy Duty Nibbling Tool MT 9.95 00539
Table 1B: Basic Soldering Tools

15-Watt Soldering Iron RS 7.99 64-2051
Replacement Tip for Above RS 0.99 64-2052
Solder, 60/40 rosin core .032" 2.50z RS 3.79 64-005
Desoldering Braid RS 2.29 64-2090

DEVICES COMES IN FRONT OF YOU WHILE TESTING

Using a Multimeter

A multimeter is used to make various electrical measurements. such as AC and DC voltage,
AC and DC current, and resistance. It is called a multimeter because it combines the functions
of a voltmeter, ammeter, and ohmmeter. Multimeters may also have other furctions, such as
diode and continuity tests. The descriptions and pictures that follow are specific to the Fluke
73 Series III Multimeter, but other mult:meters are similar.

Important note: The most commonr mistake when using a multimeter is not
switching the test leads when switching between current sexising and any other type
of sensing (voltage, resistance). It is critical that the test leads be in the proper
jacks for the meesurement you are making.

Safety Information

e Be sure the test leads and rotary switch are in the correct position for the desired
measurement.

e Never use ihe meter 1fthe meter or the test leads look damaged.

e Never measure resistance in a circuit when power is applied.

e Never touch the probes 0 a voltage source when a test lead is plugged into the 10 A or
300 mA input jack.

e To avoid damage or injury, never use the meter on circuits that exceed 4800 watts.

e Never apply more than the rated voltage between any input jack and earth ground (600
V for the Fluke 73).

e Be careful when working with voltages above 60 V DC or 30 V AC rms. Such voltages
pose a shock hazard.

e Keep your fingers behind the finger guards on the test probes when making
measurements.

e To avoid false readings, which could lead to possible electric shock or personal injury,
replace the battery as soon as the battery indicator appears.
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Input Jacks
Yoits, Ohms, Diode Test

izamps Common Terminal

The black lead is always plugged into the common terminal. The red lead is plugged into the
10 A jack when measuring currents greater than 300 mA, the 300 mA jacl- when measuring
currents less than 300 mA, and the remaining jack (V-ohms-diode) for all other measurements.

Range
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The meter defaults to autorange when first turned on. You can choose a manual range in V AC,
V DC, A AC, and A DC by pressing the button in the middle of the rotary dial. To return to
autorange, press the button for one second.

Automatic Touch Hold Mode

The Touch Hold mode automatically captures and displays stable readings. Press the button in
the center of the dial for 2 seconds while turning the meter on. When the meter captures a new
input, it beeps and a new reading is displayed. To manually force a new measurement to be
held, press the center button. To exit the Touch Hold mode, turn the meter off.

Note: stray voltages can produce a new reading.
Warning: To avoid electric shock, do not use the Touch Hold to determine if a

circuit with high voltage is dead. The Touch Hold mode will not capture unstable
or noisy readings.
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AC and DC Voltage
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Turn off the power and discharge all capacitors. An external voltage across a component will
give invalid resistance readings.
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Continuity Test

—
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This mode is used to check if two points are electrically connected. It is eiten used to verify
connectors. If continuity exists (resistance less than 210 ohms), the beeper sounds
continuously. The meter beeps twice if it is in the Touch Hold mode.

Current

Warning: To avoid iijury, do not atteript a currert measurement if the open circuit
voltage is above the rated voliage ¢t the meter.

To avoid blowing an input fuse, use the 10 A jack until you are sure that the current
is less than 300 mA.

Turn off power to the circuit. Break the circuit. (For circuits of more than 10 amps,
use a cuirent claip.) Put the meter in series with the circuit as shown and turn power
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DIGITAL

CHAPTER 1™ NUMBER SYSTEM CONVERSIONS

Binary Number System

All digital circuits, instruments and system work with numbers that represent specific
quantities. The actual form of the input and output numbers depends on the applications the
inputs or output may be in analog form despite the digital processing.

The types of numbers w are almost familiar with are decimal numbers. In decimal number
system we combine the digits 0 to 9 in a certain way so that they indicate a specific quantity. In
the binary number system, we use only two digits 0 and 1.These binary digits, or bits
appropriately arranged can also represent any decimal number. All modern digital technique is
based on the binary number system.

The basic distinguishing feature of a number system is its basc or radix. The base indicates the
number of characters or digits used to represent quaniities in that number system. The decimal
number system has a base or radix of 10 because we use the ten digits 0 to 9 o represent
quantities.

The binary number system has a base of 2 since only tire digits or bits 0 and 1 are used in
forming the numbers.

Binery Decimal
0000
0001
00i0
0011
0100
0101
orro
" oitl
1000
1001
1010
1011
1100
1101
1110
1111
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Binary to decimal conversion

Above table lists the binary numbers from 0000 to 1111.for instance, take an example of a
binary number i.e. 1011
In decimal form we can written it as

1 0 1 1  binary form
2 +22+ 2"+ 2° base form
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8 +0 + 2 + 1 decimal equivalent

We can cancel out the value regarding binary ‘0’ and add the remaining value.

Octal Numbers
The base of number system equals the number of digits its uses. The octal number system has
the base of 8. Although we can use any eight digits, it is customary to use the first eight
decimal digits.
0,1,2,3,4,5,6,7

Octal to decimal conversion

In octal number system each digit position corresponds to a power of £ as icllows
8’8°8'8".8"8*8”

Therefore to convert from octal to decimal, multiply cach octal digit by its weigh: and add the
resulting products.
For example octal 23 converts to decirnai as

2(8" +2(8%) = 16+13 = 19.

Decimal to octal conversion
To convert decimal to octai we divide the numker by 8.
For example decimal 129

8 | 139
8| 17 3
I -1

(139)10 = 213)s

Octal to binary conversion
You can convert from octal to binary as follows:Change each octal digit to its binary
equivalent for instance changes octal 23 to its binary equivalent as follows

For example 2 3

Voo

010 011
i.e. (23)s= (101 001),

Binary to octal conversion:



Conversion from binary to octal is a reversal of the foregoing procedures.Simply remember
to group the bits in threes starting at the binary point then convert each group of three to its
octal equivalent.

Binary number 001011.011010

001 011.011 010

001 011.011 010

b

1 3 3 2 =1332

Hexadecimal Numbers

Hexa decimal numbers are used extensively in microprozessor work .to begin with they are
much shorter than binary numbers .this makes them easy o writc and resiicmber .The
hexadecimal number system has a base of 16. Althcugh any i& digiis may be used everyone
uses 0 to 9 and A to F as shown below .

Binary | Decimal |Hexadc'§n?il__
0000
0001
0010
0011
| 0100
0101

0110
0111
1000
1001

1010 10
| 1ol 11
1100 12
1101 13
1110 14

1111 15

Ol n|swin—|o|g
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Hexadecimal to binary conversion
To convert a hexadecimal number to a binary number, convert each hexadecimal to its 4 bits
equivalent using the code given.

For example 9 Af l l

1001 1010 1111

Binary to hexadecimal conversion
To convert binary to hexa follow the table

64
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Conversion of hexadecimal fractions
Write the solution from MSD to LSD: AE;s There will probably be very few times when you
will have to convert a decimal fraction to a hex fraction. If the occasion should arise, the
conversion is done in the same manner as binary or octal. Use the following example as a
pattern: Convert 0.695;¢ to hex: The solution: .B1EB;¢ Should you have the need to convert a
decimal mixed number to hex, convert the whole number and the fraction separately; then
recombine for the solution. Convert the following decimal numbers to hex: Q60. 42:9. Q61.
8310. Q62. 17610 . Q63. 4914. Q64. 0.7214 (four places). The converting of binary, octal, and

hex numbers to their decimal equivalents is covered as a group later in this section.
6Ys

b | b

$.170

6.950

MSD - - By 4—— 11120
x 1o

720

lis 49— 1920
A

S.520)

. S0

E; 4 14.120
_:J'C__ ]'ﬁ.

4,320

N\ T

LSD 4—— By 4 — - 11320

e 1-47 Write the sclution from MSD to LSD: AE ;s There will probably be very few times
when you will have fo convert a decimai fraction to a hex fraction. If the occasion
stiould arise, the conversion is done in the same manner as binary or octal. Use the
followiig example

Binary Additioni & Subiraction

A key requirement of digital computers is the ability to use logical functions to perform
arithmetic operations. The basis of this is addition; if we can add two binary numbers, we can
just as easily subtract them, or get a little fancier and perform multiplication and division.
How, then, do we add two binary numbers?

Let's start by adding two binary bits. Since each bit has only two possible values, 0 or 1, there
are only four possible combinations of inputs. These four possibilities, and the resulting sums,
are:

0+0=20
0+1=1
1+0=1

1+1=10
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Whoops! That fourth line indicates that we have to account for two output bits when we add
two input bits: the sum and a possible carry. Let's set this up as a truth table with two inputs
and two outputs, and see where we can go from there.

INPUTS OUTPUTS

A

B |CARRY SUM
Well, this looks familiar, doesn't it? The Carry

0 0 0 output is a simple AND function, and the Sum is an
Exclusive-OR. Thus, we can use two gates to add these

! 0 ! two bits together.
0 0 1
1 1 1

Binary subtraction

It is also quite possible to use this circuit for binary subtraction. IT 2 negative number is applied
to the B inputs, the resulting suri will actually be the difference between the two numbers.

INPUTS OUTPUTS
A | B |CARRY SUM

0 0 ! 0
0 1 1 0
1 0 1 0
i 1 0 1

In a modern computer, the adder circuitry will include the means of negating one of the input
numbers directly, so the circuit can perform either addition or subtraction on demand. Other
functions are commonly included in modern implementations of the adder circuit, especially in
modern microprocessors.
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CHAPTER 2"° GATES

Logic Gate

While each logical element or condition must always have a logic value of either "0" or "1", we
also need to have ways to combine different logical signals or conditions to provide a logical
result.

For example, consider the logical statement: "If I move the switch on the wall up, the light will
turn on." At first glance, this seems to be a correct statement. However, if we look at a few
other factors, we realize that there's more to it than this. In this example, a more complete
statement would be: "If I move the switch on the wall up zid ihe light bulb is good and the
power is on, the light will turn on."

If we look at these two statements as logical expressior.s and use logicai ierminology, we can
reduce the first statement to:

Light = Switch

This means nothing more than that the lizht will follow the action ¢f the switch, so that when
the switch is up/on/true/1 the light will also be on/true/i. Conversely, if the switch is
down/off/false/0 the light will also be off/false/0.

Looking at the second version of the statement, we have a slighily more complex expression:
Light = Switch and Bulb and Power

Normally, we use symbols rather than words to designate the and function that we're using to
combine the separate variables of Swiich, Rulb, and Power in this expression. The symbol
normallv used is a dot, which ‘s the same symbo! used for multiplication in some mathematical
expressions. Using this symbol, our three-variable expression becomes:

Light = Switch s5ulb #Power

When we deal with logical circuits (as in computers), we not only need to deal with logical
functions; we also need some special symbols to denote these functions in a logical diagram.
There are three fundamental logical operations, from which all other functions, no matter how
complex, can be derived. These functions are named and, or, and not. Each of these has a
specific symbol and a clearly defined behavior, as follows:

AND Gate
The output is available only when all the input an available i.e. the output is a logical I when
all input one at logical.

A output
Input _r:_' F—— Y aB-v

Symbol of AND Gate Truth Table Of AND Gate




A |B|Y
0 |0 |0
TRUTH TABLE 0O |l |0
True value or condition of gates called truth table. 1 0 [0
OR 1 |1 |1
Truth Table Show the true value or condition of gates.
Function of AND Gate
Case-1 A=0,B=0than Y =0
If both input is low than output is also low.
Case-11 A=0, B=1 than Y = 0 or A=1, B=0 than Y=0.
If the one input is low than output is low. Gate
Case-II1 A=1, B=1 than Y=1
If both input is high than output is high.
Ok Gate
The output is available, if any one or more inputs are available.
Truth Table O1T OR Gate
A |B|Y
A autput 0 10 |0
Input — || r— 0 |1 |1
B A+B=Y 1 |0 |1
Symbol of Ok Gate 1 J1 J1
Function of OR Gate
Case-l A=0,B=0thanY =0
If both input is low than output 1s also low.
Case-l1 A=0, B=1 than Y = 1 or A=1, B=0 than Y=1.
If in which of tath 1nput one input is high than output is high.
Case-l111 A=1, B=1 than Y=1

If both input is high than output is high.

NOT Gate

68

This is one of the Gates, which is essential in any basic set of logic functions. Its function is to

give an output logic state, which is different to the input.
Truth Table Of OR Gate

A Y

A Input E output v 0 11
A=Y 1 |0

Symbol of NOT Gate

Function of NOT Gate

NOT Gate is compliment of each other. If input is high than output is low or input is low than

output is high. So that it's always output opposite the input.
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The logic gates shown above are used in various combinations to perform tasks of any level of
complexity. Some functions are so commonly used that they have been given symbols of their
own, and are often packaged so as to provide that specific function directly. On the next page,
we'll begin our coverage of these functions.

While the three basic functions AND, OR, and NOT are sufficient to accomplish all possible
logical functions and operations, some combinations are used so commonly that they have
been given names and logic symbols of their own.

We will discuss three of these on this page. The first is called NAND, and consists of an AND
function followed by a NOT function. The second, as you mignt expect, is called NOR. This is
an OR function followed by NOT. The third is a variation of the OR function, called the
Exclusive-OR, or XOR function. As with the three basic legic functiciis, cach of these derived
functions has a specific logic symbol and behavior, which we cair summarize ac follows:

Universal Gates
The NAND Gate

The NAND gate implements the NAND function, which is
exactly inverted from the AND function you already
examined With the gate shown to the left, both inputs must
have logic 1 signals applied to them in order for the output to
ve a logic 0. With eitlier input at logic 0, the output will be
heid to iogic 1.

The circie at the output of the NAND gate denotes the logical

n. _|‘ et ___inversion, just as it did at the output of the inverter. Also in
o——  0:1=1 the figure to the left, note that the overbar is a solid bar over

II' L both input values at once. This shows that it is the AND
function itself that is inverted, rather than each separate input.

As with AND, there is no limit to the number of inputs that
may be applied to a NAND function, so there is no functional
limit to the number of inputs a NAND gate may have.
However, for practical reasons, commercial NAND gates are
most commonly manufactured with 2, 3, or 4 inputs, to fit ina
14-pin or 16-pin package.
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The NOR Gate

The NOR gate is an OR gate with the output inverted. Where
the OR gate allows the output to be true (logic 1) if any one or
more of its inputs are true, the NOR gate inverts this and
forces the output to logic 0 when any input is true.

In symbols, the NOR function is designated with a plus sign
(+), with an overbar over the entire expression to indicate the
inversion. In logical dizgramas, the symbol to the left

I]designates the NOR gate. As expected, this is an OR gate

with a circle to designate the inversion.

The NOR function can have any iwuinber of inputs, but
practical coramercial NOK gates are mostily limited to 2, 3,
and 4 inputs, as with other gates in this class, to fit in standard
IC packages.

Special Gate

The Excluzive-OR, or XOR Gate

The Exclusive-OR, or XOR function is an interesting and
useful variation on the basic OR function. Verbally, it can be
stated as, "Either A or B, but not both." The XOR gate
produces logic 1 output only if its two inputs are different. If
the inputs are the same, the output is logic 0.

0®1=1The XOR symbol is a variation on the standard OR symbol. It

consists of a plus (+) sign with a circle around it. The logic
symbol, as shown here, is a variation on the standard OR
symbol.

Unlike standard OR/NOR and AND/NAND functions, the
XOR function always has exactly two inputs, and
commercially manufactured XOR gates are the same. Four
XOR gates fit in a standard 14-pin IC package.
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The three derived functions shown above are by no means the only ones, but these form the
basis of all the others. On the next page we will look at how the XOR function is derived. Then
we will begin our look at practical applications for logic gates in various combinations, to see
just how these simple gates can be combined to perform every possible operation in a
computer.
On the previous page we stated that the Exclusive-OR, or XOR function can be described
verbally as, "Either A or B, but not both." In the realm of digital logic there are several ways of
stating this in a more detailed and precise format. We won't go here into such devices as Truth
tables and graphic representations. We will stick with the more complete verbal statement,
"NOT A and B, or A and NOT B."

The circuit required to implement this description is shown bciow:

AE+AB-AD3

e DE1=1

r

P> s

B

@l

The practical problem with the circuit above is that it contains three different kinds of gates:
AND, OR, and NOT. Wtile this illustraies a practical application using all three of the basic
gate tyres, it is cumbersome to construct on a printed circuit board.

There are cominvercial packages that contain four XOR gates, but often only a single XOR
function is wanted in a given application. What is also wanted is a way to create that function
with a single IC package.

This can easily be done with a single quad two-input NAND gate, as shown in the circuit
below:
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ADB

Ba

DE1=1

B(A+B)=A+B

} ACA+B)=-A+B
A-B=A+B

There are many ways in which the simple logic gates we nave ex2inined can be combined to
perform useful functions. Some of these circuits produce outputs that are only dependent upon
the current logic states of all inputs. These are calied combinational logic circuits. Other
circuits are designed to actually remember the past states of their imputs, and to produce
outputs based on those past signals as v.ell as the current siates of theii inputs. These circuits
can act in accordance with a sequence of input signals, and arc therefore known as sequential
logic circuits.

In these pages, we will look first at combinational circuits. Then we will move on to sequential
circuits. If you wish to skip immeadiateiy to sequential ciccuits, use the navigational links at the
top of this page to select the type of circuit you would like to examine.



73

CHAPTER 3RD FLIP-FLOP

Although the internal circuitry of latches and flip-flops is interesting to watch on an individual
basis, placing all of those logic symbols in a diagram involving multiple flip-flops would
rapidly generate so much clutter that the overall purpose of the diagram would be lost. To avoid
this problem, we use the "black-box" approach. This is actually just one step further that the
"black-box" approach we used in specifying logic gate symbols to represent specific clusters of
electronic components — now we are using one symbol to represent a cluster of logic gates
connected to perform a specific function.

Some typical flip-flop symbols are shown below:

I o o
- -
—HK Q 1R Q

As you have no doubt noticed, the symbols above are nearly identical — only the inputs vary.
This is typical of the "black-box" epproach. However, there is one other variation, as shown to
the right.

In each of the symbols above, the clock input is marked by the small angle, rather than by the
letters CLK. That little angle marker actually provides two pieces of information, rather than
one. First, of course, it marks the clocking input. Second, it specifies that these are edge-
triggered flip-flops. The D latch shown to the right uses a rounded marker for the clock input.
This signifies that the clock level, not the clock edge, controls the circuit. In fact, the symbol to
the right would normally be used for the D latch circuit shown separately. If we change that
rounded input to a sharp angle, it would indicate an edge-triggered master-slave D flip-flop.

Any of these symbols may be modified according to their actual use within the larger circuit.
For example, if only the Q output is used, it may well be the only output shown. Some flip-
flops incorporate master preset or reset inputs, which bypass the clock and the master section of
an edge-triggered flip-flop and force the output to an immediate known state. This is often used
when a circuit comprised of many flip-flops is first powered up, so that all circuits will start in a
known state.
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It is very seldom that a flip-flop will actually be used alone. Such circuits are far more useful
when grouped together and acting in concert. There are two general ways in which flip-flops
may be interconnected to perform useful functions: counters and registers. When we're done
with individual flip-flops, we'll go on to counters and then look at registers

R-S Flip-Flop
To adjust the clocked RS latch for edge triggering, we must actually combine two identical
clocked latch circuits, but have them operate on opposite haives of the clock signal. The
resulting circuit is commonly called a flip-flop, because its sutput can first flip one way and

then flop back the other way. The clocked RS latch is also sometimes called a flip-flop,
although it is more properly referred to as a latch circuit.

The two-section flip-flop is also known as a master-slave ilip fiop, because the input latch
operates as the master section, while the output section is slaved to the master during half of

each clock cycle.

The edge-triggered RS NAND flip-{lop is shown below.

F'

CLK

““Pf’“} ) :

_l\l).o—

The edge-triggered RS flip-flop actually consists of two identical RS latch circuits, as shown
above. However, the inverter connected between the two CLK inputs ensures that the two
sections will be enabled during opposite half-cycles of the clock signal. This is the key to the
operation of this circuit.

If we start with the CLK input at logic 0 as initially depicted above, the S and R inputs are
disconnected from the input (master) latch. Therefore, any changes in the input signals cannot
affect the state of the final outputs.

When the CLK signal goes to logic 1, the S and R inputs are able to control the state of the
input latch, just as with the single RS latch circuit you already examined. However, at the same
time the inverted CLK signal applied to the output (slave) latch prevents the state of the input
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latch from having any effect here. Therefore, any changes in the R and S input signals are
tracked by the input latch while CLK is at logic 1, but are not reflected at the Q and Q' outputs.

When CLK falls again to logic 0, the S and R inputs are again isolated from the input latch. At
the same time, the inverted CLK signal now allows the current state of the input latch to reach
the output latch. Therefore, the Q and Q' outputs can only change state when the CLK signal
falls from a logic 1 to logic 0. This is known as the falling edge of the CLK signal; hence the
designation edge-triggered flip-flop.

D-Flip Flop

The edge-triggered D flip-flop is easily derived from its RS counterpzii. The only requirement
is to replace the R input with an inverted version of the S input, which theichy becomes D. This
is only needed in the master latch section; the siave remains unchaiged.

One essential point about the D flip-flop is that when the clock input falls to iogic 0 and the
outputs can change state, the Q output always takes cn the state of the D inprit at the moment of
the clock edge. This was not true of the RS and JK 1lip-flops. The RS master section would
repeatedly change states to match the input signals while the clock line is logic 1, and the Q
output would reflect whichever input most recently received an active signal. The JK master
section would receive and holc an input tc tel! it to change statc, and never change that state
until the next cycle of the clock. This behavior is not possible with a D flip-flop.

The edge-triggered D NAND flip-ilop ic shown below.

" O Dy

0 P | ~— R ~—
: 6 L
>c

—.

/
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COUNTER

In our initial discussion on counters (A Basic Digital Counter), we noted the need to have all
flip-flops in a counter to operate in unison with each other, so that all bits in the output count
would change state at the same time. To accomplish this, we need to apply the same clock
pulse to all flip-flops.

However, we do not want all flip-flops to change state with cvery clock pulse. Therefore, we'll
need to add some controlling gates to determine when each flip-ficp is allowed to change state,
and when it is not. This requirement denies us the use of T flip-flops, but does require that we
still use edge-triggered circuits. We can use either RS or JK flip-flcps ior this; we'll use JK
flip-flops for the demonstrations on this page.

o

Siates Count
To determine the gates reguirec at each flip-flop input, let's start by DiCIB A
drawing up a truth table for all states of the counter. Such a tableis o | o o |0
shown to the right.

0 0 011
Looking first at oatput A, we note that it must change state with
every input clock pulse. Therefore, we could use a T flip-flop here if 0 [0 |1 0 2
we wanted to. We won't do so, just to make all of our flip-flops the 00 113
same. But even with JK flip-flops, 2ll we need to do here is to
connect hoth the J and K. inputs of this flip-tlop to logic 1 inorderto | o (1 |0 0 4
get e correct activity.

0 /1 01 5
Flip-flop B is a bit more complicated. This output must change state
only on every other input clock pulse. Looking at the truth table 01 j1joje
again, output B must be ready to change states whenever output Ais | (1 (1 1 7
logic 1, but not when A is a logic 0. If we recall the behavior of the
JK flip-flop, we can see that if we connect output AtotheJand K ' 1 |0 0 0 8
inputs of flip-flop B, we will see output B behaving correctly. 1 lolo 11 1o
Continuing this line of reasoning, output C may change state only 010 10
when both A and B are logic 1. We can't use only output B as the
control for flip-flop C; that will allow C to change state whenthe |1 [0 |1 |1 11
counter is in state 2, causing it to switch directly from a count of 2
to a count of 7, and again from a count of 10 to a count of 15—not | 1 |1 10 [0 |12
a good way to count. Therefore we will need a two-input AND gate 111001 13

at the inputs to flip-flop C. Flip-flip D requires a three-input AND
gate for its control, as outputs A, B, and C must all be at logic1 |1 1 |1 |0 14
before D can be allowed to change state.

The resulting circuit is shown in the demonstration below.
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A B C D
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S - - >
o L{k a}— k. al— Lk al— Lk al—

When we started our look into counters, we noted a lot of applications involving numeric
displays: clocks, ovens, microwave ovens, VCRs, etc. These apriications require a decimal
count in most cases, and a count from 0 to 5 for some digits in a clock display. Can we use a
method of gating, such as we used above i the svnchronous binary counter, to shorten the
counting sequence to the appropriate extent.

Ring counter (shift register counter)*

A ring counter is defined as a lcop of bitable devices (flip-flops) interconnected in such a
manner that only one of the devices may bec in a specified state at one time. If the specified
condition is HIGH, Figure 3-26, view A, shows a typical four-stage ring counter. This
particular counter is composed of -S F'Fs. J-K FFs may v= used as well. Notice that the output
of each AND gate is input to the R, or reset side, of the ncarest FF and to the S, or set side, of
the next FF. The Q output of each FYI’ is applied to the B input of the AND gate that is
connected to its own R input. Figure 3-26. —-Rirg counter: A. Logic diagram; B. Timing
diagram. The circuit input may be normal CJ.K pulses or pulses from elsewhere in the
equipment that would indicate some operation has been completed. Now, let’s look at the
circuit cperationn and observe the signal flow as shown in figure 3-26, view B. For an initial
condition, let’s assume that the output of FF1 is HIGH and that the input and FF2, FF3, and
FF4 are LOW. Unacr thesc conaitions, lamp A will be lit; and lamps B, C, and D will be
extinguished. The HIGH ficm FF1 is also applied to the B input of AND gate 1. The first input
pulse is applied to the A input of each of the AND gates. The B inputs to AND gates 2, 3, and
4 are LOW since the outputs of FF2, FF3, and FF4 are LOW. AND gate 1 now has HIGHs on
both inputs and produces a HIGH output. This HIGH simultaneously resets FF1 and sets FF2.
Lamp A then goes out, and lamp B goes on. We now have a HIGH on AND gate 2 at the B
input. We also have a LOW on AND gate 1 at input B.
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Ripple counter (asynchronous)*

H
Q J Q dJ LF ] Ji— a J
CLE < CLK< CLE < CLE—|
FF4 FF3 FF2 FF1
K— K— K— K—
© (8) @)
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d ; ! rd 1
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Four-stage ripple counter: A. Logic diagram; B. Timing diagram.

Assume that A, B, C, and D are lamps and that all tlie FFs are reset. The lamps will all be out,
and the count indicated will be 0000,. The negative-going pulse of clock pulse 1 causes FF1 to
set. This lights lamp A, and we have a count o1 0001,. The negative-going pulse of clock pulse
2 toggics FF1, causing it to reset. This negative-going input to FF2 causes it to set and causes
B to light. The count after two clock pulses is 00102, or 219. Clock pulse 3 causes FF1 to set
and lights lamp A. The setting of FF1 does not affect FF2, and lamp B stays lit. After three
clock pulses, the indicated count is 0011,. Clock pulse 4 causes FF1 to reset, which causes FF2
to reset, which causes FF3 to set, giving us a count of 0100,. This step shows the ripple effect.
This setting and resetting of the FFs will continue until all the FFs are set and all the lamps are
lit. At that time the count will be 1111, or 1519. Clock pulse 16 will cause FF1 to reset and
lamp A to go out. This will cause FF2 through FF4 to reset, in order, and will extinguish lamps
B, C, and D. The counter would then start at 0001, on clock pulse 17. To display a count of
1610 or 10000,, we would need to add another FF. The ripple counter is also called an
ASYNCHRONOUS counter. Asynchronous means that the events (setting and resetting of
FFs) occur one after the other rather than all at once. Because the ripple count is asynchronous,
it can produce erroneous indications when the clock speed is high. A high-speed clock can
cause the lower stage FFs to change state before the upper stages have reacted to the previous
clock pulse. The errors are produced by the FFs’ inability to keep up with the clock.

Synchronous Counter*

High-frequency operations require that all the FFs of a counter be triggered at the same time to
prevent errors. We use a SYNCHRONOUS counter for this type of operation. The
synchronous counter is similar to a ripple counter with two exceptions: The clock pulses are
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applied to each FF, and additional gates are added to ensure that the FFs toggle in the proper
sequence. A logic diagram of a three-state (modulo-8) synchronous counter is shown in figure
3-24, view A. The clock input is wired to each of the FFs to prevent possible errors in the
count. A HIGH is wired to the J and K inputs of FF1 to make the FF toggle. The output of FF1
is wired to the J and K inputs of FF2, one input of the AND gate, and indicator A. The output
of FF2 is wired to the other input of the AND gate and indicator B. The AND output is
connected to the J and K inputs of FF3. The C indicator is the only output of FF3.

CLK | 1

AND | |

i i
EEZ \) |

T

1
T

| i

COUNT| 000 | 001

Three-stage synchronous counter: A. Logic diagram; B. Timing Diagram.

During the expianation cf this circuit, you should follow the logic diagram, view A, and the
pulse sequences, view R. Assume the following initial conditions: The outputs of all FFs, the
clock, and the AND gate are 0; the J and K inputs to FF1 are HIGH. The negative-going
portion of the clock pulse will be used throughout the explanation. Clock pulse 1 causes FF1 to
set. This HIGH lights lamp A, indicating a binary count of 001. The HIGH is also applied to
the J and K inputs of FF2 and one input of the AND gate. Notice that FF2 and

*topic not in syllabus
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SHIFT REGISTER

REGISTERS A register is a temporary storage device. Registers are used to store
data, memory addresses, and operation codes. The number of stages they contain or
normally refer to registers by the number of bits they will store. Registers are also
used in the transfer of data to and from input and output devices such as teletypes,
printers, and cathode-ray tubes. Most registers are constructed of FFs and associated
circuitry. They permit us to load or store data and to transfer the data at the proper
time.

Shift registers are a type of sequential logic circuit, mainly for storage of digital data.
They are a group of flip-flops connected in a chain so that ine output from one flip-flop
becomes the input of the next flip-flop. Most of the regisiers possess no characteristic
internal sequence of states. A common clock drives all the flip-flops, and all are set or
reset simultaneously.

In this chapter, the basic types of shiit registers arc studied, such as Serial In -
Serial Out, Serial In - Parallel Out, Paranel In - Serial Out, Parallel Iri - Parallel Out,
and bi-directional shift registers.

PARALLEL REGISTERS Paraliel registers are aesigned to receive or transfer all bits
of data or information simultznecusly. A 4-bit parallel register is shown in figure 3-28.
The data inputs are A, B, C, and D. The FFs store tihe datz until it is needed. AND
gates 5, 6, 7, and 3 are the transfer gates.

o (% l:': D
READ IN |

g o
; . \r /
| :FFI = \L_ :FFZ = —l .:I—lz'-FS 5 K-H °

el | [ [ — |[F

FF4

READ ODUT

SENICENGENC

Figure 3-28. —Four-bit parallel register.

The term register can be used in a variety of specific applications, but in all cases it
refers to a group of flip-flops operating as a coherent unit to hold data. This is different
from a counter, which is a group of flip-flops operating to generate new data by
tabulating it.

In this context, a counter can be viewed as a specialized kind of register, which counts
events and thereby generates data, rather than just holding the data or changing the
way it is handled. More commonly, however, counters are treated separately from
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registers. The two are then handled as separate concepts which work together in
many applications, and which have some features in common.

The demonstration circuit below is known as a shift register because data is shifted
through it, from flip-flop to flip-flop. If you apply one byte (8 bits) of data to the initial
data input one bit at a time, and apply one clock pulse to the circuit after setting each
bit of data, you will find the entire byte present at the flip-flop outputs in parallel format.

Serial In - Serial Out

A basic four-bit shift register can be constructed using icur D flip-flops, as shown
below. The operation of the circuit is as follows. The regisier is first cleared, forcing all
four outputs to zero. The input data is then applied sequentially to the D input of the
first flip-flop on the left (FFO). During each clock pulse, one bit is transmitted from left
to right. Assume a data word to be 1001. The least cignificant bit oi the data has to be
shifted through the register from FFO to FF3.

_ FFD FF1 FF? EF3 '
Data input DEFQ Da—.vrg 'D?Q DEH Q‘I_Dﬂnutput
= H> ‘
( 7 | Le? | L8] |lar
CLK — N . : | CLEAR
(FFO [ Fri | vF2 [ Fra)
CLEAR | O [0 [0 |0

In order to get the data out of the register, they must be shifted out serially. This
can be done destructively ar non-desiructively. For destructive readout, the original
data i< lost and at the ena of the read cycie, all flip-flops are reset to zero.

nooo

LFFO [ FFT [ FF2 [ FF3
[T [0 [ 0 [ 1 |oooo

To avoid the loss of data, an arrangement for a non-destructive reading can be done
by adding two AND gates, an OR gate and an inverter to the system. The construction
of this circuit is shown below.

RAY control Dc

3@7 FFO | FF1 | FF2 | FF3 | Outputdata

CLk

Input data
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The data is loaded to the register when the control line is HIGH (ie WRITE). The
data can be shifted out of the register when the control line is LOW (ie READ). Thisis
shown in the animation below.

WRITE | FFO [ FF1 | FFZ | FF3
1mo1 ] o a 1] a

Serial In - Parallel Out

For this kind of register, data bits are entered serally in the same manner as
discussed in the last section. The difference is the way in which the data bits are
taken out of the register. Once the data are stored, each bit 2ppears on its respective
output line, and all bits are available simultaneously. A cornstruction of a four-bit
serial in - parallel out register is shown beiow.

Gy
Input data
C'—EJ.’:

CLEAR

In the animation below, we can see how the four-bit binary number 1001 is shifted to
the Q outputs of the register.

CLEAR | Q0 | 01 | 02 | O3
moT ] o 1] a 1]

Parallel In - Serial Out

A four-bit parallel in - serial out shift register is shown below. The circuit uses D flip-
flops and NAND gates for entering data (ie writing) to the register.
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Lo 1 b2 03
WRITE
SHIFT :D N |
: i [~
Bl b & g g Output data
CLK L= L= [= [=
bl ’7 b ’7 b ’7 a B
CLEAR —

DO, D1, D2 and D3 are the parallel inputs, where DO is the most significant bit and D3
is the least significant bit. To write data in, the mode control line is taken to LOW and
the data is clocked in. The data can be shiffed wher: the imode conirol iine is HIGH as
SHIFT is active high. The register perforris right shift opgcraiion on the application of a
clock pulse, as shown in the animation beiow.

|ft:u a1 | 92 urq
CLEAR D [0 | 0 | 0|

Parallel In - Parallel Out

For parallel in - paralle! out shift registers, all data bits appear on the parallel outputs
immediately following the simuhanecus entry ci thz data bits. The following circuit is a
four-bit parallel in - parallel out shiit register constructed by D flip-flops.

iD.;. oy D i
'D?ﬁn {u_ D* g D* g
CLEAR T T T |
CLK
@ @y = Gy

The D's are the parallel inputs and the Q's are the parallel outputs. Once the
register is clocked, all the data at the D inputs appear at the corresponding Q outputs
simultaneously.

BI-Directional Shift Resister

Registers in which data is entered or taken out in series form are referred to as BI-Directional
Shift Resister, since bits are shifted in the flip-flop with accurence of clock pulses either in the
right direction or in left direction

IC — 74295 A is a bi-directional shift register.



Universal Shift Resister

A register is said to be universal shift register, if it can be operated in all the four possible
modes and also as a bi-directional shift register.

IC-74194 is a universal register.

85
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DECODER
to — 16 Decoder :

A decoder is simpler to a demultiplexer, with one exception — there is no data input. The only
inputs are the control bit ABCD.

The subscript of the high out put always equals the decimal equivalent of ABCD. For this
reason the circuit is sometimes called a binary — to decimal decoder. Because it has 41 / Ps
lines and 16 O/P Lines the circuit is known as a 4 line — 6 to — 14 line decoder.

B C
A
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*Low the first is active : Second is inactive.
* High the first is inactive : second is active
BCD — to — decoders :

BCD is an abbreviation for binary — coded decimal. The BCD code expresses each
dight in a decimal number by its nibble equivalent for instance, decimal number 429 is
changed to its BCD from as follows :

4 2 9

100 0011 1001
To anyone using the BCD code 01000011 1001 is equivzieni to 429

The subscript of the high output always equals the decirnal equivalent of the I/P BCD digit,
for this reqson, the circuit ip also called a BCD — to -- decimalconv<iici.\
7445 —

1-7 |O/Ps, 12131415 8 138
9-11 AB CD GND VCC
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Encoder and Parity generator :

Encoders :
It is a logic device which converts active I/P signal to coded out put signal. It is also called
decimal to BCD encoder.

Exclusive or gate :
It has a high O/P only when an odd number of I/Ps is high. In other words ,the O/P is a

one only when the I/ps are different.

Parity Generator Checkers :
Parity :
Combination of bits used to check the error in data tranmission Types :

a. Odd Parity
b. Even Parity
Parity Checkers :

It is a device use to check *he rarityh of a bits. Exclusive or gate is used for parity
checking because they produce ar. O/P I when che I/P has an odd numbers of 1’s

Parity Generator :

It is a device used to generator a parity (ypes :
a. Odd Parity Cencrator
b. Even Parity Generator
Odd parity generator :

It’s functicn is to generate odd parity only even through the I/P is oaa or even.

Case -1

If we give odd parity-
Ex-01110101, so ex-or produces an O/P 1, but the invertor produces a 0, so that the final the
result is 9 bit O/P — 001110101

Case - 11

If we gives even parity —
Ex-0100,0001,s0 Ex-or gate produce an O/P 0, the invertor
Produces a 1, so that the final 9 bit O/P is 10100, 0001
Note — It is also odd numbers.

Even parity generator :

It’s function is to generator even parity
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Case -1

If we give odd parity.
Ex-01110101, so ex-Or gate produce on O/P I, So that the final 9 bit O/P is 101110101.

Note — it is even number
Case Il

If we give even parity —
Ex-0100,0001, so x-Or gate produce an O/P 0, final O/P — 00100,0001.

Application :

Because of the transients noise and other disturbances. 1-bit error suuietimes occure when
binary data is transmitted over telephone lines or other comniuzication paith. One way to
check for errors is to use an odd parity generator at the tranniitting end and an odd parity
checker at the receiving end . If no 1-bit errorz occur: in transmission , the received data will
have odd parity . but if one of the transmitted bis is changed by noise or any other
disturbance, the received data will hawve e¢ven parity.



