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Elements of Electronics (312309)

Preface

The primary focus of any engineering laboratory/field work in the technical education
system is to develop the much needed industry relevant competencies and skills. With this in
view, MSBTE embarked on this innovative ‘K’ Scheme curricula for engineering diploma
programmes with outcome-based education as the focus and accordingly, relatively large
amount of time is allotted for the practical work. This displays the great importance of
laboratory work making each teacher; instructor and student to realize that every minute of
the laboratory time need to be effectively utilized to develop these outcomes, rather than
doing other mundane activities. Therefore, for the successful implementation of this outcome-
based curriculum, every practical has been designed to serve as a ‘vehicle’ to develop this
industry identified competency in every student. The practical skills are difficult to develop
through ‘chalk and duster’ activity in the classroom situation. Accordingly, the ‘K’ scheme
laboratory manual development team designed the practical to focus on the outcomes, rather
than the traditional age old practice of conducting practical to ‘verify the theory’ (which may
become a byproduct along the way).

This laboratory manual is designed to help all stakeholders, especially the students,
teachers and instructors to develop in the student the pre-determined outcomes. It is expected
from each student that at least a day in advance, they have to thoroughly read through the
concerned practical procedure that they will do the next day and understand the minimum
theoretical background associated with the practical. Every practical in this manual begins by
identifying the competency, industry relevant skills, course outcomes and practical outcomes
which serve as a key focal point for doing the practical. The students will then become aware
about the skills they will achieve through procedure shown there and necessary precautions to
be taken, which will help them to apply in solving real-world problems in their professional
life.

This manual also provides guidelines to teachers and instructors to effectively
facilitate student-centered lab activities through each practical exercise by arranging and
managing necessary resources in order that the students follow the procedures and precautions
systematically ensuring the achievement of outcomes in the students.

Elements of Electronics course provides a platform for students to understand
working of active components such as Diode, BJT, MOSFET, JFET and circuits likerectifier,
oscillator, regulators and digital electronics circuits. It is one of the foundation course, which
is required for students to understand working of complex electronic circuits and systems
suitable in electrical engineering applications. It also gives information about rectifiers,
filters, different oscillator circuits, voltage regulator and digital circuits with their
applications for effective functioning in the field of electrical engineering.

Although best possible care has been taken to check for errors (if any) in this
laboratory manual, perfection may elude us as this is the first edition of this manual. Any
errors and suggestions for improvement are solicited and highly welcome.
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Programme Outcomes (POs) to be achieved through Practical

Following programme outcomes are expected to be achieved through the practical of the
course:

PO1. Basic and Discipline specific knowledge: Apply knowledge of basic mathematics, science
and engineering fundamentals and engineering specialization to solve the engineering problems.

PO2. Problem analysis: Identify and analyse well-defined engineering problems using codified
standard methods.

PO3. Design/ development of solutions: Design solutions for well-defined technical problems
and assist with the design of systems components or processes to meet specified needs.

PO4. Engineering Tools, Experimentation and Testing: Apply modern engineering tools and
appropriate technique to conduct standard tests and measurements.

POS5. Engineering practices for society, sustainability and environment: Apply appropriate
technology in context of society, sustainability, environment and ethical practices.

PO6. Project Management: Use engineering management principles individually, as a team
member or a leader to manage projects and effectively communicate about well-defined
engineering activities.

PO7. Life-long learning: Ability to analyse individual needs and engage in updating in the
context of technological changes.
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List Relevant Skills

The following industry relevant skill of the competency “Use electronic components
and circuits in electrical equipment and systems” are expected to be developed in the
student byundertaking the practical of this laboratory manual.

Identify the electronic component.

Test electronic component

Select the electronic component of proper value as per the requirement.
Mount the electronic component on breadboard as per circuit diagram.
Test the circuit for the given application.

Compare the observed output with the expected output.

N g b~ v Dd R

Find faults and trouble shoot the given circuit.
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Practical- Course Outcome matrix

Course Outcomes (COs):

COL1 - Identify various electronic components

CO2 - Use semiconductor diodes in different applications.

CO3 - Use semiconductor transistors in different applications.

CO4 - Use different types of Oscillators as per requirement

COS - Test operation of regulated power supply.

. CO | CO | CO CcO CcO
S. No. Practical Outcome 1 > 3 n 5
1. Identification of Active and Passive ~ B B B B
Components and DMM handling
2. Measurement of amplitude, time period V ) ) ) )
and frequency of given signal on CRO
Check the performance of PN Junction -
3. diode - v - -
4. Check performance of Zener diode - v - - -
5. Test the performance of photo diode by - N - - -
varying the light intensity as well as the
distance of the light source
6 Construct and Test the half wave ) N i i i
rectifier
7. Prepare and Test the half wave - N, - - -
rectifier with LC filter/ & filter.
8. Build and Test the full wave rectifier ~ N ) ) _
using two diodes
9 Construct and Test the full wave N
' Bridge rectifier on bread board using i ) ) )
four diodes
10. | Use LC/ =t filter with full wave rectifier _ N . . -
to measure ripple factor
11 Prepare and Test the full wave rectifier N
" | on bread board using IC KBU 808 with B ) ) )
filter.
12. | Build clipper circuit and observe the - N - - -
waveforms.
13. Construct clamper circuit and - N . . .
observe waveforms
14. | ldentify and select transistors for given . ; N ) ;
application using datasheets
15. | Build and Test the performance of BJT in - - v - -

CB mode
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16.

Construct and test the circuit for BJT in
common emitter configuration

17.

Test the performance parameters of BJT
as Switch

18.

Check the performance of FET drain
Characteristics

19.

Test the performance of FET transfer

characteristics and calculate
transconductance

20.

Measure the frequency of given Oscillator
Circuit

21.

Find out faults at different stages of
regulated DC power supply

22.

Trouble shoot given DC regulated power
Supply

23.

Build and Test the performance of Zener
voltage regulator for given voltage

24,

Construct and Test the performance of
Positive voltage regulator using 78 XX,
three terminal IC for given voltage.

25.

Prepare and Test the performance of
Dual voltage regulator using 78XX and
79XX ,three terminal IC for given voltage.

26.

Test the performance of IC 723 as
Regulator.

Maharashtra state Board of Technical Education (‘K” Scheme)
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10.

abrwn

N o

Guidelines to Teachers

Teacher should provide the guideline with demonstration of practical to the
students with all features.

Teacher shall explain prior concepts to the students before starting of each practical
Involve students in performance of each experiment.

Teacher should ensure that the respective skills and competencies are developed in
the students after the completion of the practical exercise.

Teachers should give opportunity to students for hands on experience after the
demonstration.

Teacher is expected to share the skills and competencies to be developed in the
students.

Teacher may provide additional knowledge and skills to the students even though
not covered in the manual but are expected the students by the industry.

Finally give practical assignment and assess the performance of students based on
task assigned to check whether it is as per the instructions.

If practical is in two parts -Part | and Part 11 it should be conducted in two weeks.
Teacher is expected to refer complete curriculum document and follow guidelines
for implementation.

Instructions for Students

Listen carefully the lecture given by teacher about course, curriculum, learning
structure, skills to be developed.

Organize the work in the group and make record of all observations.

Students shall develop maintenance skill as expected by industries.

Student shall attempt to develop related hand-on skills and gain confidence.
Student shall develop the habits of evolving more ideas, innovations, skills etc.
those included in scope of manual

Student shall refer technical magazines, IS codes and data books.

Student should develop habit to submit the practical on date and time.

Student should well prepare while submitting write-up of exercise

Maharashtra state Board of Technical Education (‘K” Scheme)
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Content Page

List of Practical’s and Formative Assessment Sheet

sr. _ PageNo. Date of Date o_f Assess I_Dated Rgmarks
No Practical perfor submi ment sign. of (if any)
Outcome mance ssion | marks(25) teacher
1. | Identification of Active and Passive 1
components and DMM handling.
2. | Measurement of amplitude, time period 7
and frequency of given signal on CRO
3. | Check the performance of PN Junction 15
diode.
4. | Check performance of Zener diode. 24
Test the performance of photo diode
S. . PRI - 34
by varying the light intensity as well
as the distance of the light source.
Construct and Test the half wave
6. e 44
rectifier.
7 Prepare and Test the half wave 59
" | rectifier with LC filter/ &t filter
Build and Test the full wave rectifier
8. . . 60
using two diodes
9 Construct and Test the full wave 68
" | Bridge rectifier on bread board
using four diodes
Use LC/ & filter with full wave
10. oo . 75
rectifier to measure ripple factor.
11 Prepare and Test the full wave rectifier 83
*| on bread board using IC KBU 808 with
filter.
12, Build clipper circuit and observe the 88
waveforms.
13 Construct clamper circuit and 95
" | observe waveforms.
Identify and select transistors for
14.| . P . 103
given application using datasheets
15. | Build and Test the performance of BJT 110
in CB mode
16. | Construct and test the circuit for BJT in 119
common emitter configuration.
17. | Test the performance parameters of BJT | 127
as Switch
18. | Check the performance of FET drain 135

Characteristics

Maharashtra state Board of Technical Education (‘K” Scheme)
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19.

Test the performance of FET transfer

characteristics and calculate
transconductance

144

20.

Measure the frequency of given
Oscillator circuit

152

21.

Find out faults at different stages of
regulated DC power supply

161

22.

Trouble shoot given DC regulated
power supply

166

23.

Build and Test the performance of Zener
voltage regulator for given voltage

172

24,

Construct and Test the performance of
Positive voltage regulator using 78 XX,
three terminal I1C for given voltage

181

25.

Prepare and Test the performance of
Dual voltage regulator using 78 XX and

79XX ,three terminal IC for given
voltage

189

26.

Test the performance of IC 723 as
Regulator

198

Total

e To be transferred to Proforma of CIAAN-2022
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Practical No.1: Identification of Active and Passive components

Vi

and DMM handling

Practical Significance

In industries, to build any hardware, it is necessary to identify
electronic component, their terminals, ratings and packaging. Depending on
application appropriate components need to be selected for better
performance. In this practical student will identify active and passive
electronic components on the basis of physical verification and basic
knowledge about the components. Multimeter is used to verify the
component ratings.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems’.

Course Level Learning Outcome
Identify electronic components used electronic circuits.

Laboratory Learning Outcomes

To identify active and passive electronic components in a given circuit
1. Identify active and passive components in given circuit.
2. Measure the rating of given resistors on Digital Multimeter (DMM).
3. Test Diode and LED on Digital Multimeter.

Relevant Affective Domain related Outcomes
1. Handle components and instruments with care.
2. Work in team.

Minimum Theoretical Background

Passive Component: The device or component which do not require
external source for their operation are called Passive Component. A passive
component does not provide any power gain to a circuit.

Example: Resistor, Capacitor and Inductor.

Active Component: The device or components which required external
source for their operation are called Active Component. An active
component may provide power gain to a circuit.

Example: Diode, Transistor and Integrated Circuit (IC).

Maharashtra State Board of Technical Education (‘K> Scheme) 1
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VIl Practical setup in Laboratory

(a) Sample

Figure 1.2: Digital Multimeter (DMM) for component testing

(b) Actual setup used in Laboratory

Maharashtra State Board of Technical Education (‘K> Scheme)
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211 Required Resources/apparatus/equipment with specifications
Sr. e . i
NO Instruments/Components Specification Quantity
1 Multimeter 3 Y -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
2 | Electronic Components Resistor, Capacitor, Inductor, Asp per

PN junction diode, Zener diode, LED, BJT,
FET, Integrated circuit.

requirement

IX Precautions to be followed
1. Care should be taken while handling terminals of components.
2. Select proper range and mode of ammeter and voltmeter.
3. Connect probes of measuring instrument tightly to terminals of a

component.

X Procedure

A) Component Identification:
1. Identify each terminal of the given component.
2. Select the proper range and position of various knobs of multimeter to
test the given component.
3. Observe the value of the given component on the multimeter meter.
4. Compare the obtained value with its theoretical value.
B) Resistance measurement:
1. Set DMM range switch to € meter.
2. Connect the probes to the two leads of the resistor.
3. The value indicated on the display is measured as the value of resistor.
4. Compare the value with colour code value of resistor.

Maharashtra State Board of Technical Education (‘K> Scheme)
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C) Capacitance measurement:
1. Set DMM on correct range of capacitance.
2. Measure the value of capacitor inserting capacitor in appropriate volt
provided on meter.
D) Diode testing:
1. Set DMM range switch to 2 meter.
2. Connect the positive lead to the anode and negative lead to cathode.
Note forward resistance of diode.
3. Reverse the polarity of diode and note down reverse resistance of diode.
E) Transistor testing:
1. Set DMM range switch to hfe range.
2. ldentify the lead of transistor in hfe socket which labeled as E.B.C.
3. Note the value indicated on display.
X1 Observation Table

Table 1: Measure Value of Passive component

Component Measured Value Theoretical Value

1) Resistor 1)
2)
3)

2) Inductor 1)
2)
3)

3) Capacitor 1)
2)
3)

Table 2: Measure Value of Active component

Diode Type Forward Resistance Reverse Resistance
1N4001
By126
Transistor Type Maximum DC power gain (hfe)

BC148 (NPN)

BC157 (PNP)

Maharashtra State Board of Technical Education (‘K> Scheme) 4
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X1l Result

X111l Interpretation of results

XV Practical related Questions
1. Sketch the given components and label them.
2. Specify the multimeter range suitable for measuring a 10K< resistor.
3. Give stepwise procedure to test continuity of wire with the help of
multimeter.

[Space for answers]
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XVI1 References/Suggestions for further Reading
1. https://www.youtube.com/watch?v=81080YPK5TQ
2. https://www.youtube.com/watch?v=fEP6fgy Cio
3. https://www.youtube.com/watch?v=9hE6Ua68XdE

XVIl Assessment Scheme

Performance Indicators Weightage

Process related (15 Marks) 60%
1 | Handling of the components 10%
2 | Identification of component 20%
3 | Measuring value using suitable instrument 20%
4 | Working in team 10%
Product related (10 Marks) 40%
1 | Calculate theoretical values of given component 10%
2 | Interpretation of result 05 %
3 | Conclusions 05 %
4 | Practical related questions 15 %
5 | Submitting the journal in time 05%

Total (25 Marks) 100%

Names of Student Team Members
o

2
B
4

Marks Obtained

Dated Signature of

Teacher

Process Product Total
Related(15)| Related(10) (25)

Maharashtra State Board of Technical Education (‘K> Scheme)
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v

VI

Practical No.2: Measurement of amplitude, time period and frequency of

given signal on CRO

Practical Significance

In industries, for manufacture and maintenance of electronic circuits,
measurement / testing are a prime requirement. The various parameters are to
be tested with utmost accuracy and precision. For this purpose, testing
instruments like CRO are used. Through this practical, student will be able to
handle CRO efficiently for measuring amplitude, time period and frequency
of a given input

Industry / Employer Expected Outcome
This practical is expected to develop the following skill for the industry: ‘Use
electronic components and circuits in electrical equipment’.

Course Level Learning Outcome
This practical is a prerequisite to achieve various course outcomes.

Laboratory Learning Outcome
Measure amplitude, time period and frequency of given signal on CRO

Relevant Affective Domain related Outcomes
1. Handle equipment carefully.
2. Follow safety practices.

Minimum Theoretical Background

CRO: A Cathode Ray Oscilloscope is a type of electronic and measuring
instrument that allows observation of constantly varying signal voltages,
usually as a two-dimensional plot of one or more signals as a
function of  time. Other  signals (such as Temperature/sound or
vibration) can be converted to voltages and displayed.

A graticule with a 1 cm grid enables one to take measurements of voltage
and time from the screen. The graph, usually called the trace, is drawn by a
beam of electrons striking the phosphor coating of the screen making it emit
light, usually green or blue.

Oscilloscopes use high voltages to create the electron beam and these remain
same time after switching off. For your own safety do not attempt to examine
the inside of an oscilloscope, An Oscilloscope is a test instrument which
allows observing the shape of the electrical signals by displaying the graph of
voltage against time on its screen.

Signal generator:

A Signal generator is electronic test equipment used to generate different
types of waveforms over a wide range of frequencies. Signal generators

Maharashtra State Board of Technical Education (‘K> Scheme) 7
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are capable of producing the following types of repetitive waveforms as
shown in figure 2.1 and 2.2

Sine wave:

A Signal generator will normally have the capability to produce a standard
Sine wave output. This is the standard waveform that oscillates between two
levels with a standard sinusoidal shape.

Sine wave

1.00 A
0.75 A
0.50 A
0.25 4
0.00

—0.25 1 \

—0.50 A

sin(time)

Amplitude

—0. 75

—1.00

Figure 2.1: Sine Wave
Square wave:

A square wave consists of a high and low level.

AT
1.5+
(=]
= 5
LE
'E 0 =
=
a T
E
m-1.0
-1.54 - 1 10 15 20
o time (ms)

Figure 2.2: Square Wave
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VIl Practical setup in Laboratory

(a)Sample

POVWER i
ontett £ | XY T TIME! D ATINORM

vpos | VOLTI DN VOLTS ¢ DN v-pas I

INVERT

L-MAG Cal mumusu'r
i .n:v I
q v
Oscilloscope | 2 [l TESTER

-

1
w
CH Wil DUAL==A0D e @_,
|—Trmw| @HDQ

Figure 2.3: Front Panel of CRO

Figure 2.4: Front Panel of Function Generator

Cathode Ray O=scilloscope

Function Generator

/1 ¢ Ch -1

Figure 2.5: Connecting Function Generator to CRO
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(b) Actual setup used in Laboratory

VIII Required Resources/apparatus/equipment with specifications
Sr. No Instruments/Components Specification Quantity
1 CRO 0-20MHz, Dual trace 1
2 Function Generator 0-1 MHz 1
3 Connecting wires Banana plugs 4
IX Precautions to be followed
1. An Oscilloscope should be handled gently to protect its fragile vacuum
tube.

2. Never advance the Intensity control so far that an excessively bright spot
appears. Bright spots imply burning of the screen. A sharp focused spot
of high intensity (great brightness) should never be allowed to remain
fixed in one position on the screen for any length of time. It may cause
damage to the screen.

Maharashtra State Board of Technical Education (‘K> Scheme) 10
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X Procedure
Sine Wave
A) Measurement of Amplitude:
1. Make the connections as per the figure 2.5

2. Put the CRO on a single channel mode and bring the CRO into operation
by adjusting the trace of the beam to a normal brightness and into a thin line.
3. Now apply the sinusoidal wave of different amplitudes by using signal
generator.

4. Note down the vertical division scale.

B) Measurement of Frequency:
1. Make the connections as per the figure 2.5

2. Put the CRO on a single channel mode and bring the CRO into operation
by adjusting the trace of the beam to a normal brightness and into a thin line.
3. Now apply the sinusoidal wave of different frequencies by using signal
generator.

4. Note down the horizontal division scale by observing difference between
the two successive peaks of the waveform.

Square Wave:

A) Measurement of Amplitude:

1. Make the connections as per the figure 2.5

2. Put the CRO on a single channel mode and bring the CRO into operation
by adjusting the trace of the beam to a normal brightness and into a thin line.
3. Now apply the square wave of different amplitudes by using signal
generator.

4. Note down the vertical division scale.

B) Measurement of Frequency

1. Make the connections as per the figure 2.5

2. Put the CRO on a single channel mode and bring the CRO into operation
by adjusting the trace of the beam to a normal brightness and into a thin line.
3. Now apply the square wave of different frequencies by using signal
generator.

4. Note down the horizontal division scale by observing difference between
the positive transitions of two successive waveforms.

Maharashtra State Board of Technical Education (‘K> Scheme) 11
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Xl Observation Table
Table 1: Measure Value Sine and Square Waveform
Signal Vertical | Volts/div | Amplitude | Horizontal | Time | Time | Frequency
Division (V) v) division / div | period (2/T)
(cm) e | O] @ | ¢
Sine
Waveform
Square
Waveform
X1l Result
1. Amplitude of Sine Wave is............cooiiiiiiiiiiiiiii.
2. Amplitude of Square Wave is .........ccooeviiiiiiiiiiiiiinnnn.
3. Frequency of Sine Wave iS........ccevvviiiiiiiniiiiiiniinnenn..
4. Frequency of Square Wave is ..........coovviiiiiiiiiiiinnnnn.
X1l Interpretation of results
X1V Conclusions and recommendation
XV  Practical related Questions

1.

4.

State maximum frequency and voltage measurement capacities of the

oscilloscope in your laboratory.

State procedure to measure voltage exceeding the voltage limit of the

CRO.

Write the function of AC/DC input coupling push-button switch on

CRO.

If time period of sine wave is 1mS, calculate the frequency.

Maharashtra State Board of Technical Education (‘K> Scheme)
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[Space for answers]

XVI1 References/Suggestions for further Reading
1. https://www.youtube.com/watch?v=Lanpw4Ry8xc
2. https://www.youtube.com/watch?v=kh-ollf4e3Y
3. https://www.youtube.com/watch?v=yQiYDGVUHgA

Maharashtra State Board of Technical Education (‘K> Scheme) 13
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XVII Assessment Scheme
Performance Indicators Weightage
Process related (15 Marks) 60%0
1 | Proper connection of electrical circuit and Handling of instrument 20%
2 | Taking proper readings 20%
3 | Calculation of amplitude and frequency. 20%
Product related (10 Marks) 40%
1 | Interpretation of Result & conclusion 20%
2 | Practical related questions 10%
3 | Completion and submission of experiment in time 10%
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained Dated Signature of

Teacher

Process Product Total
Related(15)| Related(10)] (25)

Maharashtra State Board of Technical Education (‘K> Scheme) 14
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VI

Practical No.3: Check the performance of PN Junction diode

Practical Significance

PN Junction diode is used in industries as well as in domestic
applications such as current protection circuits, wave shaping circuits and in
rectifier of DC Power Supplies. For these applications diode selection plays
a vital role. In this practical, students will draw V-1 characteristics of the
given diode to understand diode behavior with respect to change in applied
voltage.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: *Use electronics
components and circuits in electrical equipment.’

Course Level Learning Outcome
Use semiconductor diodes in different applications.

Laboratory Learning Outcomes

Test V-1 characteristics of PN Junction diode to:

1. Check PN junction Diode in forward bias.

2. Plot the V-I characteristics of PN junction diode and determine cut-in
voltage.

Relevant Affective Domain related Outcome
Handle components and equipment carefully.

Minimum Theoretical Background

A PN Junction Diode is one of the simplest semiconductor devices,
and it has the characteristic of passing current in one direction only. If a
suitable positive voltage (forward bias) is applied between the two ends of the
PN junction, it can supply free electrons and holes with the extra energy they
require to cross the junction, as the width of the depletion layer around the PN
junction is decreased.
Static resistance (Rs) of a PN junction diode is a ratio of forward voltage (V)
to the forward current (Ig).

Rs = VH/Ig Where, Rs =Static resistance of the component

Dynamic resistance (Rq) of a PN junction diode is a ratio of small change in
forward voltage (A VF) to small change in forward current ( A IF).

Rda = (A VE)/ (AlF) Where, Rq =Static resistance of the component

Maharashtra State Board of Technical Education (‘K> Scheme) 15
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Figure 3.1: Diode and its symbol

VIl Practical setup in Laboratory

(a) Sample
1K0 I
+ TN
L A
S
(0-200mA)
.
1'5 A2+ A = U
©30 V) = IN4007 X G 0.20V)
K e

4

Figure 3.2: Circuit diagram of diode in forward

(b) Actual circuit diagram used in Laboratory

(c) Actual practical set up used in Laboratory

Maharashtra State Board of Technical Education (‘K> Scheme)
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VI Required Resources/apparatus/equipment with specifications
Sr. e .- .
NO Instruments/Components | Specification Quantity
1. | Multimeter 3% -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
2. | DC Regulated power Variable DC power supply 0- 30V, 2A, 1
supply SC protection, display for voltage and
current.
3. | DC Voltmeter 0-20 V 1
4. | DC Ammeter 0 - 200 mA 1
5.. | Diode IN4007(or any another equivalent 1
diode)
6. | Resistor 1KQ(0.5watts/0.25watts) 1
7. | Bread board 5.5CMX 17CM 1
8. | Connecting wires Single strand Teflon coating (0.6mm As per
diameter) requirement
IX  Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.
2. Connect voltmeter and ammeter with correct polarities as shown in the circuit
diagram.
3. Connect voltmeter and ammeter with correct polarities as shown in the circuit
diagram
X Procedure

No gk WD

axis and I on Y- axis.

. Connect the circuit as shown in figure 3.2
Switch ON the power supply.
Record the voltage Vrand current I¢ in the observation table
Increase the input voltage in step of 0.1 V
Again, record the voltage Vrand current Ig in the observation table.
Repeat steps 4 to 5 till input voltage is reached to 1V.
. Plot the graph for the forward bias characteristics of diode by taking Vr on X-

8. Calculate the static resistance at a particular point, on the characteristics.
9. Considering two points on the plotted graph, calculate dynamic resistance.

Maharashtra State Board of Technical Education (‘K> Scheme)
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X1 Observation Table

Table 1: Measurement of Ve and I¢

Sr. No. VE (volts) Ir (MA)

© [0 | N |0 (0| b~ W N [k

[EEN
o

Calculations:
Calculate static resistance at particular point

Rs=Vr / Ir where, Rs =Static resistance of the component

Calculate dynamic resistance

Ri= AVe/ Al where, Rd =Dynamic resistance of the component

X1l Results
1. Static resistance of given diode=..............cccccevrrnnnn.
2. Dynamic Resistance of given diode =............ccceee..
3. Knee Voltage of given diode=.............cccccevervriirrenen.
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X1l Interpretation of results

XV Practical related Questions
1. List important specification of diode.
2. Find out the voltage across silicon diode at knee voltage.
3. Find out the voltage across germanium diode at knee voltage.
4. If in reverse biased condition input voltage across the diode in increases

then what is the effect on electric field of diode?

[Space for answers]
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XVI1 References/Suggestions for further Reading
1. https://www.youtube.com/watch?v=Fwj_d3uO5g8

2. https://www.youtube.com/watch?v=qu9reCzzrco

3. https://www.youtube.com/watch?v=Nds60Qrd6k40

XVIlI Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%0
1 | Proper connection of electrical circuit 20%
2 | Handling of instrument 10%
3 | Taking proper readings 20%
4 | Working in team. 10%
Product related (10 Marks) 40%o
1 | Calculate theoretical value of given component. 10%
2 | Interpretation of Result & conclusion 05%
3 | Practical related questions 15%
4 | Completion and submission of experiment in time 10%
Total (25 Marks) 100%

Names of Student Team Members

1.

2
3. .
4

Marks Obtained

Dated Signature of

Teacher

Process
Related(15)

Product
Related(l0)

Total
(25)
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\ A
VISHAY.

1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1N4006, 1N4007

www.vishay.com

Vishay General Semiconductor

General Purpose Plastic Rectifier

/

DO-41 (DO-204AL)

PRIMARY CHARACTERISTICS

Iy 10A
Vern 50V, 100V, 200V, 400V, 600V,
800V, 1000 V
IFsm (8.3 ms sine-wave) 30A
IFsi (square wave tp =1 ms) 45 A
VE 11V
IR 5.0 pA
T, max. 160 °C
Package DO-41 (DO-204AL)
Circuit configuration Single

FEATURES
¢ Low forward voltage drop

* High forward surge capability

* Solder dip 275 °C max. 10 s, per JESD 22-B106 RoHS

s Material categorization: for definitions of COMPLIANT
compliance please see www.vishay.com/doc?99912

¢ Low leakage current

TYPICAL APPLICATIONS

For use in general purpose rectification of power supplies,
inverters, converters, and freewheeling diodes application.

MECHANICAL DATA

Case: DO-41 (DO-204AL), molded epoxy body

Molding compound meets UL 94 V-0 flammability rating
Base P/N-E3 - RoHS-compliant, commercial grade
Terminals: matte tin plated leads, solderable per
J-STD-002 and JESD 22-B102

E3 suffix meets JESD 201 class 1A whisker test

Polarity: color band denotes cathode end

MAXIMUM RATINGS (T4 = 25 °C unless otherwise noted)
PARAMETER SYMBOL | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1N4005 | 1N4006 | 1N4007 | UNIT
Maximum repetitive peak reverse voltage Veam 50 100 200 400 600 800 1000 \
Maximum RMS voltage VRus 35 70 140 280 420 560 700 v
Maximum DC blocking voltage Ve 50 100 200 400 600 800 1000 v
Maximum average forward rectified current | 10 A
0.375" (9.5 mm) lead length at Ta = 75 °C FAY) :
Peak forward surge current 8.3 ms single half | 30 A
sine-wave superimposed on rated load FSM
Non-repetitive peak forward ﬂ &
surge current square waveform th=2ms IFsm 35 A
Ta=25°C (fig. 3) tb=5ms 30
Maximum full load reverse current, full cycle I 30 A
average 0.375" (9.5 mm) lead length T_ = 75 °C RAY) H
Rating for fusing (t < 8.3 ms) 12t (0 3.7 Als
Operating junction and R o
storage temperature range Ts, Tsta 50to +150 c

Note

() For device using on bridge rectifier application
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\ A
visHAy, _ 1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1N4006, 1N4007

www.vishay.com

Vishay General Semiconductor

ELECTRICAL CHARACTERISTICS (T = 25 °C unless otherwise noted)

PARAMETER TEST CONDITIONS | SYMBOL | 1N4001 ’ 1N4002 } 1N4003 [ 1N4004 | 1N4005 ‘ 1N4006 | 1N4007 | UNIT
Maximum instantaneous

forward voltage 10A v 11 ¥
Maximum DC reverse current Ta=25°C n 50 uA
at rated DC blocking voltage Ta=125°C 50

Typical junction capacitance | 4.0V, 1 MHz Cy 15 pF

THERMAL CHARACTERISTICS (T, = 25 °C unless otherwise noted)

PARAMETER SYMBOL | 1N4001 ‘ 1N4002 ‘ 1N4003 ‘ 1N4004 | 1N4005 ‘ 1N4006 | 1N4007 | UNIT
Raya 50
Typical thermal resistance °C/W
Ry 25
Note

(1) Thermal resistance from junction to ambient at 0.375" (9.5 mm) lead length, PCB mounted

ORDERING INFORMATION (Example)

PREFERRED P/N UNIT WEIGHT (g) | PREFERRED PACKAGE CODE | BASE QUANTITY DELIVERY MODE
1N4004-E3/54 0.33 54 5500 13" diameter paper tape and reel
1N4004-E3/73 0.33 73 3000 Ammo pack packaging

RATINGS AND CHARACTERISTICS CURVES (Tx = 25 °C unless otherwise noted)

10 T e TT T

= T TTTTTT
< 60 Hz Resistive T,=55°C
c or Inductive Load T 8.3 ms Single Half Sine-Wave
L o8 £ 5 '\\
3
¢} \ g ™N
B 0.2"x 02" \ 3 \\\
£ 06 (5.0 mm x 5.0 mm) % 20 S
3 Copper Pads = N
& @ \
T is)
S 04 S 15 ™
£ \ £ N
<] g ™~
i \ v NN
& o2 3 10
@ @ )
9 0.375" (9.5 mm) Lead Length t
<
oL 1 | ]
0 25 50 75 100 125 150 175 1 10 100
Ambient Temperature ("C) Number of Cycles at 60 Hz
Fig. 1 - Forward Current Derating Curve Fig. 2 - Maximum Non-repetitive Peak Forward Surge Current
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VI

Practical No.4: Check performance of Zener diode

Practical Significance

In industries, Zener diode is widely used as voltage references and as
shunt regulators to regulate the voltage across circuits. Zener diodes are also
used in over voltage protection circuits and switching applications. Zener
diode is suitable for surge suppression circuits, for device protection, for
clipping, clamping circuits and especially as peak clippers.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronics
components and circuits in electrical equipment’.

Course Level Learning Outcome
Use relevant diode in different electronic circuits.

Laboratory Learning Outcome
Check the performance of Zener diode in forward and reverse biasing.

Relevant Affective Domain related Outcomes
Handle components and equipment carefully.

Minimum Theoretical Background

Zener diode is formed by combining highly doped P and N
semiconductor materials. It works on the principle of Zener breakdown and is
normally operated in reverse breakdown region. In reverse breakdown region,
high current flow through the diode leading to high power dissipation.

The Zener breakdown occurs when the electric field across the junction
produced due to the reverse voltage is sufficiently high, this breaks covalent
bonds. Thus, large numbers of carriers are generated which causes a more
current to flow. This mechanism is called as Zener breakdown. After Zener
breakdown the reverse current increases sharply. Zener resistance of a Zener
diode is a ratio of reverse Zener voltage to the reverse Zener current.

Anode (+) ’ I Cathode (-)

Figure 4.1: Symbol of Zener diode
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VIl Practical setup in Laboratory

(a) Sample

+ _
AT, @
1.0khm
{0-200mA)
+
+ . A LTECAA
0-20
0-30)V ?— Vs - l ~ 0209
Figure 4.2: Zener diode in forward bias
+ -
- +
b Y. 104735, Vi
(0-30v) N (0-20V)
+ k l -

Figure 4.3: Zener diode in reverse bias

(b) Actual Circuit Diagram used in Laboratory

Maharashtra State Board of Technical Education (‘K> Scheme)
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(c) Actual Experimental set up used in Laboratory

VIl Required Resources/apparatus/equipment with specifications
i:; Instruments/Components | Specification Quantity
1. | Multimeter 3 Y -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
2. |DC Variable DC power supply 0- 30V, 1
Regulated power supply 2A, SC protection, display for voltage
and current.
3. | DC Voltmeter 0-20 V 1
4. | DC Ammeter 0 -200 mA 1
5. | Bread board 5.5CM X 17CM 1
6. | Diode 1N4735 (or any another equivalent 1
diode)
7. | Resistor 1KQ (0.5watts/0.25watts) 1
8. | Connecting Single strand Teflon As per
wires coating (0.6mm diameter) requirement

Maharashtra State Board of Technical Education (‘K> Scheme)
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IX Precautions to be followed

1.

2.

X

NOoOORWONE

8.
9.

Do not switch ON the power supply unless you have checked circuit
connections as in figure 4.2
While doing the practical do not exceed the input voltage of the diode beyond
the rated voltage of diode as given in datasheet. This may lead to damaging
of the diode Connect the circuit as in figure 4.2
Connect voltmeter and ammeter with correct polarities as shown in the circuit
diagram
Procedure
Connect the circuit as in figure 4.2
Switch ON the power supply.
Record the voltage VVrand current Ir in the observation table
Increase the input voltage in step of 0.1 V
Again, record the voltage Vrand current Ir in the table 1.
Repeat steps 4 to 5 till input voltage is reachedto 1 V.
Plot the graph for the forward bias characteristics of diode by taking Vr on X-
axis and Ir on Y- axis.
Connect the circuit as shown in figure 4.3
Vary input voltage gradually in steps of 1V up to 12V.

10. Record the corresponding readings of VVr and Ir.in the observation table 2.
11.Plot the graph for the reverse bias characteristics of Zener diode by taking Vr on

X-axis and Ir on Y-axis.

X1 Observation Table

Table 1: Measurement of Ve and I¢

Sr. No. VE (volts) Ir (MA)

© |0 N e 0|~ W IN P

=
o

Maharashtra State Board of Technical Education (‘K> Scheme) 27




Elements of Electronics (312309)

Table 2: Measurement of Vs and Ir

Sr. No. VR (volts) Ir (MA)
1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
Calculations:
Rz = VF/Ie
Rz = VRr/IR

X1l Results
1. Zener breakdown voltage=............c.cccevevverrennnne.
2. Forward resistance of zener diode =..................

X111 Interpretation of results

XV Practical related Questions
1. Determine maximum and minimum value of Zener current if value of
series resistance is 1K, load resistance is 2K and input varies from 10V
to 30V. Zener voltage is 5 V.
2. lIs it possible to operate normal PN junction diode in breakdown
region? Justify your answer Give reason.
Maharashtra State Board of Technical Education (‘K> Scheme) 28
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3. State the effect on voltage across zener diode and current flowing
through it, when reverse voltage across it is more than breakdown
voltage.

4. ldentify the portion of Zener diode characteristics suitable for voltage
regulation applications.

[Space for answers]

XVI1 References/Suggestions for further Reading
1. https://www.youtube.com/watch?v=itzPT3UCII
2. https://www.youtube.com/watch?v=XhQqtdTIRus
3. https://www.youtube.com/watch?v=mtjnStAF8Y(g
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XVII Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%
1 | Proper connection of electrical circuit 20%
2 | Handling of instrument 10%
3 | Taking proper readings 20%
4 | Working in team. 10%
Product related (10 Marks) 40%
1 | Interpretation of Result 10%
2 | Conclusions 05%
3 | Practical related questions 15%
4 | Completion and submission of experiment in time 10%
Total (25 Marks) 100%

Names of Student Team Members

1.

2
3. e,
4

Marks Obtained

Dated Signature of

Teacher

Process
Related(15)

Product
Related(l0)

Total
(25)
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1N4728 THRU 1N4764

ZENER DIODES

DO-41 Glass
}
gl i
& |
= |
= gl I max.| 0.102 (26)
e |
; Cathode
= e —
g Mark
= |
o |
o .
o
=]
; _|j|max. | 0.034(086)
B

Dimensions in inches and (millimeters)

FEATURES

+ Silicon Planar Power Zener Diodes

+ For use in stabilizing and clipping circuits with
high power rating.
’J
+ Standard Zener voltage tolerance is £10%. Add S
suffix “A” for £5% tolerance. Other Zener voltages and
tolerances are available upon request.

+ These diodes are also available in the MELF case with type
designation ZM4728 thru ZM4764

MECHANICAL DATA

Case: DO-41 Glass Case
Weight: approx. 0.35 g

MAXIMUM RATINGS

Ratings at 25°C ambient temperature unless otherwise specified.

SYMBOL VALUE UNIT

Zener Current (see Table “Characteristics”)
Power Dissipation at Tamp = 25°C Ptot 1.0 Watts
Junction Temperature T 175 °C
Storage Temperature Range Ts - 65to +175 °C
Characteristics at Tamb = 25 °C

SYMBOL MIN. TYP MAX. UNIT
Thermal Resistance

R - - 1700 *C/W

Junction to Ambient Air thJA
Forward Voltage Vi _ _ 192 Volts
atlF =200 mA )
NOTES:

(1) Valid provided that electrodes at a distance of 10mm from case are kept at ambient temperature

Maharashtra State Board of Technical Education (‘K> Scheme) 31



Elements of Electronics (312309)

1N4728 THRU 1N4764

ELECTRICAL CHARACTERISTICS

Ratings at 25°C ambient temperature unless otherwise specified.

i i i M Maximum :
N;;nr::ral c::rsetnt Maximum Zener impedance reverse loakage current c?::rrg :t ':IE ﬁ;l'l’lgt‘o"r‘
voltage® current?
at Zzr at at
Izt at Izt Z7K IzK IR at VR Ta =25°C
Type vz v IzT mA O O mA HA \") IR mA Izm mA
1N4728 33 76 10 400 1.0 100 1 1380 276
1M4729 36 69 10 400 1.0 100 1 1260 252
1N4730 39 64 9 400 10 50 1 1190 234
1N4731 43 58 9 400 10 10 1 1070 217
1M4732 47 53 8 500 1.0 10 1 970 193
1N4733 51 49 7 550 10 10 1 890 178
1N4734 56 45 5 600 1.0 10 2 810 162
1M4735 6.2 41 2 700 1.0 10 3 730 146
1N4736 68 37 35 700 10 10 4 660 133
1M4737 75 34 4.0 700 05 10 5 605 121
1N4738 82 31 45 700 05 10 6 550 110
1N4739 9.1 28 5.0 700 0.5 10 7 500 100
1M4740 10 25 7 700 0.25 10 7.6 454 91
14741 11 23 8 700 0.25 5 8.4 414 83
114742 12 21 9 700 0.25 5 9.1 380 76
1MN4743 13 19 10 700 0.25 5 9.9 344 69
1NA4744 15 17 14 700 025 5 14 304 61
1M4745 16 15.5 16 700 0.25 5 12.2 285 57
1N4746 18 14 20 750 025 5 137 250 50
1N4747 20 12.5 22 750 0.25 5 15.2 225 45
1M4748 22 1.5 23 750 0.25 5 16.7 205 41
1N4749 24 105 25 750 025 5 18.2 190 38
1M4750 27 9.5 35 750 0.25 5 20.6 170 34
1N4751 30 85 40 1000 025 5 228 150 30
1N4752 33 7.5 45 1000 0.25 5 25.1 135 27
114753 36 7.0 50 1000 0.25 5 274 125 25
1N4754 39 6.5 60 1000 025 5 297 115 23
1N4755 43 6.0 70 1500 0.25 5 327 110 22
1MN4756 47 55 80 1500 0.25 5 35.8 95 19
1N4757 51 50 95 1500 025 5 388 90 18
1M4758 56 4.5 110 2000 0.25 5 426 80 16
1N4759 62 40 125 2000 025 5 47 1 70 14
1N4760 68 3.7 150 2000 0.25 5 51.7 65 13
114761 75 3.3 175 2000 0.25 5 56.0 60 12
1N4762 82 30 200 3000 025 5 62 2 55 11
1MN4763 91 2.8 250 3000 0.25 5 69.2 50 10
1N4764 100 25 350 3000 025 5 76.0 45 9
NOTES:

(1) The Zener impedance is derived from the 1KHz AC voltage which results when an AC current having an RMS value equal to 10% of the Zener current (IzT or Izk)

is superimposed on IzT or Izk. Zener impedance is measured at two points to insure a sharp knee on the breakdown curve and to eliminate unstable units
(2) Valid provided that electrodes at a distance of 10mm from case are kept at ambient temperature

(3) Measured under thermal equilibrium and DC test conditions
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Practical No.5: Test the performance of photo diode by varying the light intensity

VI

as well as the distance of the light source

Practical Significance

In industry and domestic applications, photodiode is used in
applications of photo detectors like charge-coupled devices, photoconductors,
and photomultiplier tubes. These diodes are used in consumer electronics
applications like smoke detectors, compact disc players, and televisions
remote controls. Photodiodes are frequently used for exact measurement of
the intensity of light in industry applications. These diodes are much faster
and more complex than normal PN junction diodes and hence are frequently
used for lighting regulation and in optical communications.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronics
components and circuits in electrical equipment’.

Course Level Learning Outcome
Use relevant diode in different electronic circuits.

Laboratory Learning Outcome
Build the circuit for Photodiode and observe the change in current with
change in light intensity of the source.

Relevant Affective Domain related Outcome
Handle components and equipment carefully.

Minimum Theoretical Background

A photodiode is a two terminal PN-junction diode that is operated in
reverse biasing the junction and then illuminating it by light energy to
produce electric current. It is also called as photo-detector/light
detector/photo-sensor. These diodes are designed to work in reverse bias
condition, it means that the P-side of the photodiode is connected with the
negative terminal of the battery and N-side is connected to the positive
terminal of the battery. This diode is very sensitive to light, so when light
falls on the diode it changes light into electric current.

4

Anode w‘/ Cathode

Figure 5.1: Symbol of Photo Diode
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Figure 5.2: Photo Diode
Photo Current (Is): It is the reverse current produced due to thermally
generated electron-hole pairs in depletion region due to incident light. Photo
current is proportional to light intensity as light intensity increases
photocurrent increases.
Dark Current: A reverse current flows when no light is incident on the

device.
Bewvarse vollep l
5 - 3 2 1 5
T T T T T hi
Jark
1,080 Iy T
!iﬂ 1Sy E-II_I—
& 5o
Dtk — = S s =00 -
o et I“tll-.-d-u }Ei
2,508 lux 7-“7-_ ggi
===

Figure 5.3: Plot of Vg verses V¢

VIl Practical setup in Laboratory

(a) Sample

1K

% _ LAMP ]
AC 230V “g 12v :@ ;x \D Ve —
— +

w

Figure 5.4: Photodiode practical setup

[+
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(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIl

Required Resources/apparatus/equipment with specifications

Sr.

No Instruments/Components | Specification Quantity
1 |DC Variable DC power supply 0- 30V, 1
Regulated power supply 2A, SC protection, display for voltage
and current.
2. | Multimeter 3 Y2 -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
3. | Transformer Step down 9-0-9 V, 500mA 1
4. | DC Voltmeter 0-20V 1
5. | DC Ammeter 0-200mA 1
6. | Photodiode BPW 34 or equivalent any other 1
photodiode
7. | Lux meter/ Optical 3000 Lumens, Battery-operated 1
power meter hand-held type
8. | Light Source Portable lamp mounted on stand 1
9. | Breadboard 5.5CM X 17CM 1
10. | Resistor 2.2KQ,1.1 KQ (0.5watts) 1 each
11. | Connecting Single strand Teflon As per
wires coating (0.6mm diameter) requirement
IX  Precautions to be followed

1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.
2. While doing the practical do not exceed the input voltage of the diode
beyond the rated voltage of diode as given in datasheet. This may lead to
damaging of the diode.
3. Connect voltmeter and ammeter with correct polarities as shown in the

circuit diagram.
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X Procedure

Test performance of photo diode by varying the light intensity.

1. Select the component as per circuit diagram.

2. Make the connections as per circuit diagram.

3. Apply the reverse voltage, and measure the current when light is not

incident.

Increase the reverse voltage and light intensity in step and note down the

photocurrent.

5. Change the light intensity and repeat the steps.

6. Plot the graph of reverse voltage (negative X-Axis) Vs reverse photo current
(negative Y-Axis) for various light intensity.

e

Test performance of photo diode by varying distance of the light

source.

1. Select the component as per circuit diagram.

2. Make the connections as per circuit diagram.

3. Apply the reverse voltage, and measure the current when light is not
incident.

4. Keep the input voltage constant at which we get sufficient light intensity and
vary the distance of light source from photo diode in step and note down
the photocurrent.

5. Plot the graph of reverse voltage (negative X-Axis) Vs reverse photo current

(negative Y-Axis) for various light intensity.

X1 Observation Table

Table 1: Measurement of Photodiode current when light intensity is varied

Light No Light Condition (Lux Low Light Condition High Light Condition
Intensity meter reading ---) (Lux meter reading ---) (Lux meter reading ---)
VR Ip VR Ip VR Ip
Sr. No. (Volts) (UA) (Volts) (uA) (Volts) (uA)
1. 2
2. 4
3. 6
4. 8
5. 10
6. 12
7. 14
8. 16
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Table 2: Measurement of Photodiode current when distance is varied

Light Position | Position 11 Position 111
Intensity No Light Condition Low Light Condition High Light Condition
(Distance of light source | (Distance of light source | (Distance of light source
incm ---) incm ---) incm ---)
VR Ip VR Ip VR Ip

Sr. No. (Volts) (uA) (Volts) (uA) (Volts) (uA)

1. 2

2. 4

3. 6

4. 8

5. 10

6. 12

1. 14

8. 16

Calculations:

X1l Results
AN U BN =ttt eeeeeeenesennnees

X1l Interpretation of results
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XV Practical related Questions
1. State the working principle of photodiode.
2. Write specification of photodiode used in above experiment.

3. Is photocurrent in photodiode, depends on wavelength of incident
light?

[Space for answers]
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XVI1 References / Suggestions for further Reading
1. https://www.youtube.com/watch?v=SFc673IEyQA
2. https://www.idconline.com/technical_references/pdfs/electron

ic engineering/Photo Diode.pdf

3. https://www.youtube.com/watch?v=rNoHLOumplk

XVIlI Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%
1 | Proper connection of electrical circuit 20%
2 | Handling of instrument 10%
3 | Taking proper readings 20%
4 | Working in team. 10%
Product related (10 Marks) 40%
1 | Interpretation of Result 10%
2 | Conclusions 05%
3 | Practical related questions 15%
4 | Completion and submission of experiment in time 10%
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained

Dated Signature of

Teacher

Process
Related(15)

Product
Related(10)

Total
(25)
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SIEMENS

Silizium-PIN-Fotodiode

NEU: in SMT und als Reverse Gullwing

Silicon PIN Photodiode

NEW: in SMT and as Reverse Gullwing

BPW 34
BPW 34 S
BPW 34 S (E9087)

Q
&
__ 54 3
Cathode marking 49 Chip position
4.0 4.5 ©(< o
3435 37 i %l 4;3 27 Yy
* | ﬁ!Fo pap "
0.6 i 0.6 i «
04 05 @—l 04 :
™ 03 0.2 N : ’/’
08" 0..5 | L
5.08 mm "l
spacing
n BPW 34
it Photosensitive area
— 2.65 mm x 2.65 mm
Approx. weight 0.1 ¢ GEQ06643
Male in mm, wenn nicht anders angegeben/Dimensions in mm, unless otherwise specified.
Wesentliche Merkmale Features
® Speziell geeignet fur Anwendungen ® Especially suitable for applications from
im Bereich von 400 nm bis 1100 nm 400 nm to 1100 nm
® Kurze Schaltzeit (typ. 20 ns) ® Short switching time (typ. 20 ns)
® DIL-Plastikbauform mit hoher ® DIL plastic package with high packing
Packungsdichte density
® BPW 34 S/(E9087): geeignet fur ® BPW 34 S/(EQ087): suitable for
Vapor-Phase Loten und IR-Reflow vapor-phase and IR-reflow soldering
Léten (JEDEC level 4) (JEDEC level 4)
Anwendungen Applications
® Lichtschranken fur Gleich- und ® Photointerrupters
Wechsellichtbetrieb ® IR remote controls
® |R-Fernsteuerungen ® Industrial electronics
@ Industrieelektronik @ For control and drive circuits
® ‘Messen/Steuern/Regeln”
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Practical No.6: Construct and Test the half wave rectifier

I Practical Significance
AC power is more efficiently and economically transmitted. The
majority of electrical equipment, devices work on DC power. It becomes
necessary to convert AC power into DC power. In half wave rectifier single
diode is used. The current flows in only one direction through diode. So, it is
unidirectional device.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronics
components and circuits in electrical equipment’.

Il Course Level Learning Outcome
Use diode in different rectifier and filter.

IV  Laboratory Learning Outcome
Construct and test half wave rectifier on breadboard.

\Y4 Relevant Affective Domain related Outcome
Handle components and equipment carefully.

VI Minimum Theoretical Background
Rectifier: - It is a circuit, which converts AC supply into the Pulsating
DC supply.
Rectifier

Half wave Rectifier
(Required only 1 diode)

Full wave Rectifier

CenFre lapped Bridge type
(Required 2 diode) (required 4 diode)

Figure 6.1: Classification of Rectifier

Half wave Rectifier: DC or average output voltage of half wave rectifier is
Vm/n as the output current flows only for half the cycle of input signal.
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Af Vimax OR Imax
o g e
= Vdc or Idc
| SAGS, WA N W 4
l ZX X 4%
wt

Msm?x
Half wave Rectifier ¢ -
Rectified output Voltage/Current

V
| X ZX 3X 4%
(AT
Vemax == ===
Input Voltage Waveform ] _ Wagdtorm
Figure 6.2: Half wave Rectifier
VIl Practical setup in Laboratory
(a) Sample
- |
O V'l + 0 +
AC A\—[ Diode - f}_f\
Input Vs i
o Q-
<

Figure 6.3: Circuit diagram of Half wave rectifier

(b) Actual Circuit Diagram used in Laboratory

(c) Actual Practical set up used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications

il:)' Instruments/Components Specification Quantity

1 | Transformer Step down 9-0-9 V, 500mA 1

2. | Digital 3 Y2 -digit display with AC and DC 1

Multimeter voltage measurerru_ant and C_urrent _

measurement facility and Diode testing
facility.

3. | CRO 25 MHz, dual trace, 15 MQ input 1
impedance

4. | Bread board 55CM X 17CM 1

5. | Diode 1N4007 (or any other equivalent diode) 1

6. | Resistor 1KQ/10KQ(0.5watts/0.25watts) 1

7. | Connecting wires Single strand Teflon coating (0.6mm As per
diameter) requirement

IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.
2. While doing the practical do not exceed the input voltage of the diode
beyond the rated voltage of diode as given in datasheet. This may lead to
damaging of the diode.

X Procedure

. Make the connection as per the circuit diagram shown in figure 6.3

2. Connect the CRO probe across the Secondary and measure the Vp-p
appearing across the diodes.

3. Now connect the CRO probes across the resistance R and measure the peak
value of output voltage (Vm).

4. Observe the waveform on CRO and draw it on graph paper.

5. From the measured peak value of output voltage (Vm), calculate the average or
dc value of output voltage (\Vdc).

6. Connect the DMM across the R and measure the de voltage.

7. Compare the value calculated in step 5 with the value measured in step 6.

8. Tabulate the readings in Tablel.

 —
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X1 Observation Table
Table 1

Type of Rectifier output | Vdc Calculated | Vdc measured Comment

Rectifier on CRO (using formula | (using DMM)
(Vm) Vdc = (Vm / m)

Calculations:
Calculate VVdc using Formula:
Vdc = (Vm/ m)

X1l Results
DC output voltage of Half wave rectifier
1. Calculated Vgc (CRO)=..ccoiiiiiiieiiiiieeeei e \Y4
2. Measured Vac (DMM)=.......ccooviiiiiiiiiiiiiiieeeiiiee \Y4

X111 Interpretation of results

XV Practical related Questions
1. Repeat the experiment for silicon diode of different specification.
2. Draw and explain the operation of half wave rectifier.
3. If Vac =2 V, what will be the value of V.

[Space for answers]
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XVI1 References / Suggestions for further Reading
1. https://www.electrical4u.com/half-wave-rectifiers/
2. https://www.youtube.com/watch?v=3pw40e-W4el
3. https://www.youtube.com/watch?v=9xoByZ9qyPo

XVIlI Assessment Scheme

Performance Indicators Weightage

Process related (15 Marks) 60%0

1 Proper connection of electrical circuit 20%

2 Handling of instrument 10%

3 Taking proper readings 20%

4 Working in team. 10%

Product related (10 Marks) 40%

1 Calculation of theoretical value 10%

2 Interpretation of Result and Conclusions 10%

3 Practical related questions 15%

4 Completion and submission of experiment in 05%
time

Total (25 Marks) 100%
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Names of Student Team Members

A

Marks Obtained Dated Signature of

Teacher

Process Product Total
Related Related (25)
(15) (10)
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1N4001G/L - TN4007G/L

ms“‘ 1.0A GLASS PASSIVATED RECTIFIER

" N €C O R P O R ATED

Features

e Glass Passivated Die Construction

Diffused Junction | A B A |
High Current Capability and Low Forward
Voltage Drop - ‘ n
Surge Overload Rating to 30A Peak [ I ]
Plastic Material - UL Flammability + T
Classification 94V-0 i Cc
Mechanical Data DO-41 Plastic A-405
Case: Molded Plastic L Min P M | M) Max
e Terminals: Plated Leads Solderable per . 2540 | — |2540| —
MIL-STD-202, Method 208 B 4.06 | 521 | 410 | 5.20
Polarity: Cathode Band c 071 | 0.864 | 0.53 | 0.64
Weight: DO-41 0.30 grams (approx) D | 200 | 272 | 200 | 270
A-405 0.20 grams (approx) All Dimensions in mm

Mounting Position: Any

Marking: Type Number “L" Suffix Designates A-405 Package
No Suffix Designates DO-41 Package

Maximum Ratings and Electrical Characteristics @ Ta=25°C unless otherwise specified

Single phase, half wave, 60Hz, resistive or inductive load.
For capacttive load, derate current by 20%.

Peak Repetitive Reverse Voltage Varm

Working Peak Reverse Voltage Vawm 50 100 200 400 600 800 1000 A

DC Blockmg Voltage VR

RMS Reverse Voltage VRRMS) 35 70 140 280 420 560 700

Average Rectified Output Current

(Note 1) @Tp=75C| © 1.0

Non Hepetltlve Peak Forward Surge Current

sm e half sine-wave superimposed on rated load IFsm 2L &
EC Method)

Forward Voltage @ IlF=1.0A| VFm 1.0 A

Peak Reverse Current @Ta= 25°C I 5.0 A

at Rated DC Blocking Voltage @Ta=125°C| 'AM 50 H

Reverse Recovery Time (Note 3) ter 2.0 ps

Typical Junction Capacitance (Note 2) Cj 8.0 pF

Typical Thermal Resistance Junction to Ambient Raua 100 K/wW

Operating and Storage Temperature Range T, Tsta -65 to +175 °C

Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.
2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.
3. Measured with |[F = 0.5A, Ir =-1A, Iy = 0.25A.
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Practical No.7: Prepare and Test the half wave rectifier with LC filter/ « filter

I Practical Significance
The filter converts the pulsating DC into pure DC. The
electronic reactive elements like capacitor and inductor are used
for filtering.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use
electronic components and circuits in electrical equipment and
systems’.

Il Course Level Learning Outcome
Use semiconductor diodes in different rectifier and filter.

IV  Laboratory Learning Outcomes
Test half wave rectifier with LC/ = filter on Breadboard:
1. Prepare the circuit for Half Wave Rectifier with LC filter/ pi (n)
filter using PN junction Diode.
2. Observe and draw input-output waveforms for sinusoidal wave.

\Y4 Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow all safety precautions

VI Minimum Theoretical Background

The capacitor used in "C" filter reduces the ripple voltage,
but causes the diode current to increase. This large current may
damage the diode and will further cause heating problem and
decrease the efficiency of the filter. On the other hand, a simple
series inductor reduces both the peak and effective values of the
output current and output voltage. So, the combination of both the
filter (Land C), forms a new filter called the L-C filter which will
have a good efficiency, with controlled diode current and enough
ripple removal factor. The voltage stabilizing action of shunt
capacitor and the current smoothing action of series inductor filter
can be combined to form a perfect practical filter circuit.

Half wave rectifier without filter capacitor converts AC
voltage into pulsating DC voltage. Filter capacitor is used to obtain
smooth DC voltage.
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Rectifier Pi Filter

Figure 7.1: Concept of filter

VIl Practical setup in Laboratory

(a) Sample
L1
' o1
AC LC
—
nv Iy 3
Y Choke 10k | ) ) )
DC OQutput

(Filtered)

c1 10pF R
Filter | r E
R =

Figure 7.2: Half wave rectifier (HWR) with LC filter

- S
AC
Half L [ r—
i Wave Cy CoERL + +
n Rectifier T T . : :
DC Output
© -© Load (Filtered)
[ ——]
Filter

Figure 7.3: Half wave rectifier (HWR) with 7 filter

(b) Actual Circuit Diagram used in Laboratory
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(c) Actual practical set up used in Laboratory

VIl Required Resources/apparatus/equipment with specifications

i:;)’ Instruments/Components Specification Quantity

1 | Transformer 12-0-12V AC, 500 mA 1

2. | Multimeter 3 Y% -digit display with AC and DC voltage 1
measurement and Current measurement
facility and Diode testing facility.

3. |C.R.O. 25MHz, Dual trace, 15MQ input impedance 1

4. | Resistor 10KQ, 0.5 Watt. 1

5. | Diode Silicon 1N4007 1

6. | Capacitor 10pF (Electrolytic) 2

7. | Inductor 10H 1

8. | Bread board 55CM X 17CM 1

9. | Connecting wires Single strand Teflon coating As per

(0.6 mm diameter)

requirement

IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.
2. While doing the practical do not exceed the input voltage of the diode beyond
the rated voltage of diode as given in datasheet. This may lead to damaging of

the diode.
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X Procedure
1. Connect the circuit of rectifier with LC / = Filter on bread board as shown in
figure 7.2
2. Connect the primary side of the transformer to AC mains and the secondary
side to rectifier input.
Before switching ON power supply, check the connection.
Record peak voltage across load resistor using CRO.
Calculate the DC output voltage and peak to peak ripple voltage.
Calculate the ripple factor.
Repeat the steps 1 to 6 for figure 7.3
Observe and draw the waveforms across LC/ « filter on graph paper.

© N kW

X1 Observation Table
Table 1

Type of Peak Voltage Vdc=Vm/n Peak to peak Ripple factor=
Rectifier Vin (volts) ripple voltage Vr/Vdc

(volts) Vr (volts)

Full wave
rectifier
with LC

filter

Full wave
rectifier
with = filter

Calculations:

X1l Results
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X1l Interpretation of results

XV Practical related Questions
1. State the required PIV rating of diode if transformer voltage of 24V.
2. Give the mathematical relationship between rms input AC voltage and
DC output voltage in half wave rectifier with and without filter
capacitor.

[Space for answers]

XVI1 References/ Suggestions for further Reading
1. https://www.elprocus.com/half-wave-rectifier-circuit-working-principle-
and-characteristics-2/
2. https://www.youtube.com/watch?v=QGawHsg4NpQ
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XVIl Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%o
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Calculation of theoretical value 10%
2 Interpretation of Result 05%
3 Conclusions 05%
4 Practical related questions 15%
5 Completion and submission of experiment in 05%
time
Total (25 Marks) 100%

Names of Student Team Members

1.

2
B s
4

Marks Obtained

Dated Signature of

Teacher

Process Product Total
Related Related (25)
(15) (10)
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1N4001G/L - 1N4007G/L
DrCOES

ImncoRPORATED. 1.0A GLASS PASSIVATED RECTIFIER

Features

Glass Passivated Die Construction

Diffused Junction A B A
High Current Capability and Low Forward D n
Voltage Drop n
Surge Overload Rating to 30A Peak e —— ——
Plastic Material - UL Flammability ]: - Bl
Classification 94V-0 LS c
Mechanical Data DO-41 Plastic A-405
e Case: Molded Plastic Dm0 My Mpoc ) Sk M ek
Terminals: Plated Leads Solderable per S s UN N el
MIL-STD-202, Method 208 B 4.06 | 5.21 410 | 5.20
+ Polarity: Cathode Band C 0.71 | 0.864 | 0.53 | 0.64
s  Weight: DO-41 0.30 grams (approx) D 200 | 272 | 200 | 270
. A_4D§_ 0.20 grams (approx) All Dimensions in mm
s Mounting Position: Any
e Marking: Type Number “L” Suffix Designates A-405 Package
No Suffix Designates DO-41 Package
Maximum Ratings and Electrical Characteristics @ Ta=25"C unless otherwise specified
Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
Characteristic Symbol 1G.|f“ IGULM 12?332 13?333 12,.IGULU : 12‘,4(235 12{6”'_1]5 12?337 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwm 50 100 200 400 600 800 1000 \
DC Blocking Voltage Vr
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700
Average Rectified Output Current
(Note 1) @Ty=75°C| 0 1.0
Non-Repetitive Peak Forward Surge Current
8.3 ms IFsm 30 A
sm le half sine-wave superimposed on rated load
EC Method)
Forwarcl Voltage @ IF=1.0A] Vrm 1.0 A
Peak Reverse Current @Ta= 25°C I 5.0 A
at Rated DC Blocking Voltage @Ta=125°C| 'AM 50 H
Reverse Recovery Time (Note 3) trr 2.0 s
Typical Junction Capacitance (Note 2) Cj 8.0 pF
Typical Thermal Resistance Junction to Ambient ReJa 100 KW
Operating and Storage Temperature Range T, Tsta -65 10 +175 °C

Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.
2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.
3. Measured with I = 0.5A, Ir =-1A, |y = 0.25A.
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Vi

Practical No.8: Build and Test the full wave rectifier Using two diodes

Practical Significance

Electric power is usually transmitted in AC form. However
certain application needs DC power supply such as electronic
appliances. A rectifier is an electronic device that converts an
alternating current into a direct current by using one or more P-N
junction diodes. Hence, AC mains need to be rectified using
rectifier when DC power is required.

Industry / Employer Expected Outcome

This practical is expected to develop the following skill: ‘Use
electronic components and circuits in electrical equipment and
systems’.

Course Level Learning Outcome
Use semiconductor diodes in different rectifier and filter.

Laboratory Learning Outcomes

Test full wave rectifier using wo diodes on Breadboard:

1. Build the circuit for Full Wave Centre Tapped Rectifier using
PN junction Diode.

2. Observe and draw input-output waveforms for sinusoidal wave.

Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow all safety precautions

Minimum Theoretical Background

Rectifier is an electronic device used for converting AC into pulsating DC
and this process is known as Rectification. Like the half wave circuit, a
full wave rectifier circuit produces an output voltage or current which is
pulsating DC Full wave rectifier utilizes both the cycle of input AC
voltage. Two diodes are used in full wave center tapped rectifier. A center-
tapped full wave rectifier circuit consists of a center-tapped transformer,
two diodes, and a resistive load. The center-tapped transformer has a wire
connected at the center of its secondary winding, which divides the input
AC voltage into two halves. The diodes are connected in parallel to each
other, with the load connected at the center tap of the transformer. During
the positive half of the input cycle, one diode conducts (forward bias)
while the other diode is non-conducting (reverse bias).
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This allows current to flow through the load. In the negative part of the
cycle, the diodes change their job. The one that was allowing electricity to
flow now stops, and the one that was blocking it begins to allow it
through. This is unlike a half-wave rectifier that uses only one part of the
cycle. Using both parts in a full wave rectifier improves its performance
and ensures more efficient conversion of the wavy input into a smooth
output.

VIl Practical setup in Laboratory

(a) Sample
T Tlln- D1 T+
Vi Ry Vo
22V AC J' i i
L'P Supply T dk o
Vin
iz
* i D2

1M 4001

Figure 8.1: Full wave rectifier (FWR) without filter

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications

ili)l Instruments/Components Specification Quantity

1 | Transformer 12-0-12V AC, 500 mA 1

2. | Multimeter 3% -digit display with AC and DC voltage 1
measurement and Current measurement
facility and Diode testing facility.

3. | C.R.O. 25MHz, Dual trace, 15MQ input impedance 1

4. | Resistor 10KQ, 0.5 Watt. 1

5. | Diode Silicon 1N4007 1

6. | Bread board 55CM X 17CM 1

7. | Connecting wires Single strand Teflon coating As per
(0.6 mm diameter) requirement

IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.
2. While doing the practical do not exceed the input voltage of the diode beyond
the rated voltage of diode as given in datasheet. This may lead to damaging of
the diode.

X Procedure

1. Connect the circuit for Center Tapped Full wave rectifier on breadboard as
shown in Figure 8.1

2. Connect the primary side of the transformer to AC mains. Connect the CRO
probe across the secondary and measure the Vsp.p appearing across diode.

3. Measure the peak value of output voltage (Vm) across the resistance.
4. Draw input and output waveforms of full wave rectifier.

5. Calculate the average or dc value of output voltage.

Using DMM measure the DC voltage at the load resistance R\.

Compare the value calculated instep5with the value measured in step 6.

© N o

Tabulate the readings in Tablel.
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X1 Observation Table

Table 1

Rectifier Vdc Calculated

Type of | Output : Vac Measured
using Formula

rectifier on (using (using DMM) Comment

CRO(Vim) Vdc=2Vm/n)

Calculations:
VdCZZVm/ﬂ:

X1l Results
1. Vaccalculated=....................... \V/

X111 Interpretation of results

XV Practical related Questions

1. Calculate frequency of waveform obtained at the output of full wave

rectifier

2. Compare half wave and Full wave rectifier based on output waveforms

obtained in Laboratory.
3. State need of rectifier

[Space for answers]
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XVI1 References/Suggestions for further Reading
1. http://nptel.ac.in/courses/
2. www.electronics-tutorials.ws > Diodes

XVIlI Assessment Scheme

Performance Indicators Weightage

Process related (15 Marks) 60%0

1 Proper connection of electrical circuit 20%

2 Handling of instrument 10%

3 Taking proper readings 20%

4 Working in team. 10%

Product related (10 Marks) 40%

1 Calculation of theoretical value 10%

2 Interpretation of Result 05%

3 Conclusions 05%

4 Practical related questions 15%

5 Completion and submission of experiment in 05%
time

Total (25 Marks) 100%
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Names of Student Team Members

1.

2
3.
4

Marks Obtained Dated Signature of
Teacher
Process Product Total
Related Related (25)
(15) (10)
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1N4001G/L - 1N4007G/L
DrCOES.

INCORPORATERD 1.0A GLASS PASSIVATED RECTIFIER

Features

* Glass Passivated Die Construction

Diffused Junction | A B A \
High Current Capability and Low Forward
Voltage Drop £ n
Surge Overload Rating to 30A Peak ] I —
Plastic Material - UL Flammability R Bl
Classification 94V-0 5 c
Mechanical Data DO-41 Plastic A-405
Case: Molded Plastic D My 8 e S| M M e
e« Terminals: Plated Leads Solderable per C B2 DR R, 0B
MIL-STD-202, Method 208 B 406 | 521 | 410 | 5.20
* Polarity: Cathode Band c 0.71 | 0.864 | 0.53 | 0.64
s Weight: DO-41 0.30 grams (approx) D 200 | 272 | 200 | 270
A-405 0.20 grams (approx) All Dimensions in mm

* Mounting Position: Any

Marking: Type Number “L” Suffix Designates A-405 Package
No Suffix Designates DO-41 Package

Maximum Ratings and Electrical Characteristics @ Ta=25C unless otherwise specified

Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Characteristic Symbol 1GN?§E1 12?332 1&?333 12?334 12‘,4335 1('!,;4&6 12?337 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage Vewm 50 100 200 400 600 800 1000 A
DC Blockmg Voltage VR
RMS Reverse Voltage VRRMS) 35 70 140 280 420 560 700
Average Rectified Output Current
(Note 1) @Ta=75C| © 1.0
Non-Repetitive Peak Forward Surge Current
8. 3ms
sm le half sine-wave superimposed on rated load IFsm 30 A

EC Method)

Forward Voltage @lF=1.0A| Vem 1.0 A
Peak Reverse Current @Ta= 25°C | 5.0 A
at Rated DC Blocking Voltage @Ta=125°C| 'AM 50 H
Reverse Recovery Time (Note 3) trr 2.0 Hs
Typical Junction Capacitance (Note 2) Ci 8.0 pF
Typical Thermal Resistance Junction to Ambient Ruua 100 Kw
Operating and Storage Temperature Range T, Tsta -6510 +175 °C

Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.
2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.
3. Measured with [ = 0.5A, In =-1A, Ir = 0.25A.
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Practical No.9: Construct and Test the full wave Bridge rectifier on bread

VI

board using four diodes

Practical Significance

Bridge Rectifier is a type of Full Wave Rectifier that uses four diodes
to form a close-loop bridge. The diodes conduct in pairs through each
positive and negative half cycle, leading to no wastage of power. It is used
for converting an alternating current (AC) input into a direct current (DC)
output. Bridge rectifier is widely used in power supply circuit.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”’.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

Laboratory Learning Outcomes

Test full wave bridge rectifier on Breadboard:

1. Construct the circuit for Full Wave Bridge Rectifier using PN
junction Diodes.

2. Observe and draw input-output waveforms for sinusoidal wave.

Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

Minimum Theoretical Background

A single-Phase Bridge Rectifier is constructed using four Diodes D1,
D2, D3, and D4, connected in a closed loop configuration that forms a bridge.
The four diodes labeled D1 to D4 are arranged in “‘series pairs” with only two
diodes conducting current during each half cycle.

During the positive half cycle of the supply,
diodes D1 and D2 conduct in series while diodes D3 and D4 are reverse
biased and the current flows through the load as shown below.

During the negative half cycle of the supply,
diodes D3 and D4 conduct in series, but diodes D1 and D2 switch “OFF” as
they are now reverse biased. The current flowing through the load is the same
direction as before.

As the current flowing through the load is unidirectional, so the voltage
developed across the load is also unidirectional the same as for the previous
two diode full-wave rectifier, therefore the average DC voltage across the
load is 0.637 Vmax.
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VIl Practical setup in Laboratory

(a) Sample

M E

N

Figure 9.1: Full wave bridge rectifier

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications

Sr. e . .

NO Instruments/Components Specification Quantity

1 | Transformer 12-0-12V AC, 500 mA 1

2. | Multimeter 3% -digit display with AC and DC voltage 1
measurement and Current measurement
facility and Diode testing facility.

3. | C.R.O. 25MHz, Dual trace, 15MQ input impedance 1

4. | Function Generator 0-2 MHz with Sine, square and triangular 1
output with variable frequency and
amplitude.

5. | Resistor 10KQ, 0.5 Watt. 1

6. | Diode Silicon 1N4007 4

7. | Bread board 55CM X 17CM 1

8. | Connecting wires Single strand Teflon coating As per
(0.6 mm diameter) requirement

IX Precautions to be followed

1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

2. While doing the practical do not exceed the input voltage of the diode beyond
the rated voltage of diode as given in datasheet. This may lead to damaging of
the diode.

X Procedure

1. Connect the circuit for Full wave bridge rectifier on breadboard as shown in
Figure 9.1

2. Connect the primary side of the transformer to AC mains and the secondary

side to rectifier input.

Before switching ON power supply, check the connection.

Switch ON the power supply and connect the CRO to the load resistor.
5. Measure the peak voltage Vm (peak voltage) across load resistor.

W

X1 Observation Table
Table 1

Sr. No. Rectified output across R

(Vm)
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Calculations:

X1l Results

X1l Interpretation of results

XV Practical related Questions
1. Write the formula of peak inverse voltage for center tapped full wave
rectifier and bridge rectifier.
2. In a bridge rectifier circuit what happens if one of the diodes is shorted?
3. Compare between half wave rectifier, full wave rectifier and bridge
rectifier on the basis of output waveform

[Space for answers]
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XVI1 References/ Suggestions for further Reading

1. http://nptel.ac.in/courses/

2. http://www.circuitstoday.com/full-wave-bridge-rectifier.

3. https://www.electrical4u.com/bridge-rectifiers/

XVIlI Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%o
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Calculation of theoretical value 10%
2 Interpretation of Result 05%
3 Conclusions 05%
4 Practical related questions 15%
5 Completion and submission of experiment in 05%
time
Total (25 Marks) 100%

Names of Student Team Members
.

2
B
4

Marks Obtained

Dated Signature of

Teacher

Process Product
Related Related
(15) (10)

Total
(25)
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1N4001G/L - 1N4007G/L
DrOOES

INcoRPORATER D 1.0A GLASS PASSIVATED RECTIFIER

Features

Glass Passivated Die Construction

Diffused Junction A B A
High Current Capability and Low Forward D
Voltage Drop + n
Surge Overload Rating to 30A Peak — 1
Plastic Material - UL Flammability ]: - Bl
Classification 94V-0 5 c
Mechanical Data DO-41 Plastic A-405
e Case: Molded Plastic Dm0 Min ) Menc ) MMM ek
2540 | — | 2540 | —

Terminals: Plated Leads Solderable per
MIL-STD-202, Method 208

+ Polarity: Cathode Band

s  Weight: DO-41 0.30 grams (approx)
A-405 0.20 grams (approx)

s Mounting Position: Any

e Marking: Type Number “L” Suffix Designates A-405 Package
No Suffix Designates DO-41 Package

4.06 5.21 4.10 5.20
0.71 | 0.864 | 0.53 0.64
2.00 2.72 2.00 270
All Dimensions in mm

o0 m| >

Maximum Ratings and Electrical Characteristics @ Ta=25"C unless otherwise specified

Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Characteristic Symbol 1GN?§E1 1&4&2 1&?333 12?384 12‘,4(235 12?(236 13?337 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwm 50 100 200 400 600 800 1000 A
DC Blocking Voltage Vr
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700
Average Rectified Output Current
(Note 1) @Ta=75C| 0 1.0
Non-Repetitive Peak Forward Surge Current
8.3 ms
sm le half sine-wave superimposed on rated load IFsm £ &

EC Method)

Forwarcl Voltage @ IF=1.0A] Vrm 1.0 A
Peak Reverse Current @Ta= 25°C I 5.0 A
at Rated DC Blocking Voltage @Ta=125°C| 'AM 50 H
Reverse Recovery Time (Note 3) trr 2.0 s
Typical Junction Capacitance (Note 2) Cj 8.0 pF
Typical Thermal Resistance Junction to Ambient ReJa 100 KW
Operating and Storage Temperature Range T, Tsta -65 10 +175 °C

Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.
2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.
3. Measured with I = 0.5A, Ir =-1A, |y = 0.25A.
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Scale
X-axis

Y-axis
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VI

Practical No.10: Use LC/ = filter with full wave rectifier to measure

ripple factor

Practical Significance

A filter circuit is one which removes the AC component present in the
rectified output and allows the DC component to reach the load. The
electronic reactive elements like capacitor and inductors are used for
filtering.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

Laboratory Learning Outcomes

1. Build the circuit for Full Wave Rectifier using PN junction Diode with
LC/Pi filter Measure dynamic resistance of a given diode.

2. Calculate ripple factor for given set up.

Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

Minimum Theoretical Background

A filter circuit consists of passive circuit elements i.e.,
inductors, capacitors, resistors, and their combination. The filter action
depends upon the electrical properties of passive circuit elements. For
example, an inductor allows the D.C. to pass through it. But it blocks A.C.
On the other hand, a capacitor allows the AC to pass through it. But it
blocks the D.C.

In the inductor filter, the ripple factor is directly proportional to the
load resistance. On the other hand, in a capacitor filter, it varies inversely
with the load resistance. Hence if we combine the inductor filter with the
capacitor the ripple factor will become almost independent of the load
filter. It is also known as inductor input filter, choke input filter, L input,
or LC-section.

In this circuit, a choke is connected in series with the load. It offers
high resistance to the AC components and allows the DC component to
flow through the load. The capacitor across the load is connected in
parallel which filters out any AC component flowing through the choke.
In this way, the ripples are rectified and a smooth DC is provided through
the load.
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Inductive reactance formula:
XL =2=nfL, where f is the frequency and L is the inductance.

VIl Practical setup in Laboratory

(a) Sample

Figure 10.1: Full wave rectifier with LC filter

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications

Sr. e . .

NO Instruments/Components Specification Quantity

1 | Transformer (centre tapped) 12-0-12V AC, 500 mA 1

2. | Multimeter 3 Y2 -digit display with AC and DC voltage 1
measurement and Current measurement
facility and Diode testing facility.

3. |C.R.O. 25MHz, Dual trace, 15MQ input 1
impedance

4. | Function Generator 0-2 MHz with Sine, square and 1
triangular output with variable
frequency and amplitude.

5. | Resistor 10KQ, 0.5 Watt. 1

6. | Capacitor 1.00mF(electrolytic capacitors) 1

7. | Inductor 1nH 1

8. | Diode Silicon 1N4007 2

9. | Bread board 55CM X 17CM 1

10. | Connecting wires Single strand Teflon coating As per

(0.6 mm diameter)

requirement

IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

2. While doing the practical do not exceed the input voltage of the diode beyond
the rated voltage of diode as given in datasheet. This may lead to damaging of

the diode.

X Procedure

1. Connect the circuit for Full wave bridge rectifier on breadboard as shown in

Figure 10.1

2. Connect the primary side of the transformer to AC mains and the secondary

side to rectifier input.

o 01 bW

. Record peak voltage across load resistor using CRO.

. Calculate the DC output voltage and peak to peak ripple voltage.

. Calculate the ripple factor.

. Observe and draw the waveforms across LC filter on graph paper.
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X1 Observation Table

Table 1
Vdc=2V Peak to _
Peak Voltage m/r peak ripple Ripple
Type of Vm (volts) voltage factor=Vr/Vdc
Rectifier (volts) Vr(volts)
Full wave
rectifier
Calculations:

X1l Results

X111 Interpretation of results

XV Practical related Questions
1. Repeat the above experiment using L filter and comment on ripple factor.
2. Write the formula for calculating capacitive reactance.
3. Calculate the inductive reactance of a 3.00 mH inductor when 60.0 Hz and
10.0 kHz AC voltages are applied

[Space for answers]
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XVI1 References/ Suggestions for further Reading
1. https://www.elprocus.com/half-wave-rectifier-circuit-working-principle-and-
characteristics-2/
2. http://nptel.ac .in/courses /117103063/4

XVIl Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Calculation of theoretical value 10%
2 Interpretation of Result 05%
3 Conclusions 05%
4 Practical related questions 15%
5 Completion and submission of experiment in 05%
time
Total (25 Marks) 100%o
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Names of Student Team Members

1.

2
3.
4

Marks Obtained Dated Signature of
Teacher
Process Product Total
Related Related (25)
(15) (10)
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1N4001G/L - 1N4007G/L
DrOOES

INcoRPORATER D 1.0A GLASS PASSIVATED RECTIFIER

Features

Glass Passivated Die Construction

Diffused Junction A B A
High Current Capability and Low Forward D
Voltage Drop + n
Surge Overload Rating to 30A Peak — 1
Plastic Material - UL Flammability ]: - Bl
Classification 94V-0 5 c
Mechanical Data DO-41 Plastic A-405
e Case: Molded Plastic Dm0 Min ) Menc ) MMM ek
2540 | — | 2540 | —

Terminals: Plated Leads Solderable per
MIL-STD-202, Method 208

+ Polarity: Cathode Band

s  Weight: DO-41 0.30 grams (approx)
A-405 0.20 grams (approx)

s Mounting Position: Any

e Marking: Type Number “L” Suffix Designates A-405 Package
No Suffix Designates DO-41 Package

4.06 5.21 4.10 5.20
0.71 | 0.864 | 0.53 0.64
2.00 2.72 2.00 270
All Dimensions in mm

o0 m| >

Maximum Ratings and Electrical Characteristics @ Ta=25"C unless otherwise specified

Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Characteristic Symbol 1GN?§E1 1&4&2 1&?333 12?384 12‘,4(235 12?(236 13?337 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwm 50 100 200 400 600 800 1000 A
DC Blocking Voltage Vr
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700
Average Rectified Output Current
(Note 1) @Ta=75C| 0 1.0
Non-Repetitive Peak Forward Surge Current
8.3 ms
sm le half sine-wave superimposed on rated load IFsm £ &

EC Method)

Forwarcl Voltage @ IF=1.0A] Vrm 1.0 A
Peak Reverse Current @Ta= 25°C I 5.0 A
at Rated DC Blocking Voltage @Ta=125°C| 'AM 50 H
Reverse Recovery Time (Note 3) trr 2.0 s
Typical Junction Capacitance (Note 2) Cj 8.0 pF
Typical Thermal Resistance Junction to Ambient ReJa 100 KW
Operating and Storage Temperature Range T, Tsta -65 10 +175 °C

Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.
2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.
3. Measured with I = 0.5A, Ir =-1A, |y = 0.25A.
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Practical No.11: Prepare and Test the full wave rectifier
on bread board using IC KBU808 with filter

I Practical Significance
The filter converts the pulsating DC into pure DC. The electronic
reactive elements like capacitor and inductors are used for filtering. KBU
808 are a single-phase bridge rectifier IC.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems.

Il Course Level Learning Outcome
Use semiconductor transistors in different applications.

IV  Laboratory Learning Outcomes

Prepare the circuit for full wave rectifier using IC KBU 808 with filter.

\Y4 Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

VI Minimum Theoretical Background

The KBUBS8O08 is a bridge rectifier integrated circuit that is commonly used in
power supply applications to convert alternating current (AC) into direct
current (DC)
Features of KBU808

e Surge overload rating 200 amperes peak.

e ldeal for printed circuit board.

e Reliable low-cost construction utilizing molded plastic technique.

e Plastic Passivated chip junctions.

e Lead-free parts meet ROHS requirements.

e UL recognized file # E321971.

e Suffix "-H" indicates Halogen-free part, ex. KBU8005-H.

VIl Practical setup in Laboratory

(a) Sample
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4

=

R B R

Figure 11.1: IC KBUS808

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory

VIl Required Resources/apparatus/equipment with specifications
Ero' Instruments/Components Specification Quantity
1. | Variable DC power supply | 0-30V, 2A, SC protection, display for
voltage and current 1
2. | Transformer 9-0-9VAC,500mA 1
3. | Digital Multimeter 3 %2 -digit display with AC and DC voltage 1
measurement and Current measurement
facility and Diode testing facility.
4. | IC KBU 808 IF=8A, VF=1V 1
5. | Bread board 55CM X 17CM 1
6. | Connecting wires Single strand Teflon coating As per

(0.6 mm diameter)

requirement
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IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.
2. While doing the practical do not exceed the input voltage of the diode beyond the
rated voltage of diode as given in datasheet. This may lead to damaging of the
diode.

X Procedure

1. Keep DMM on diode test mode.

2. Connect the positive terminal of DMM to pin no.4 and the negative terminal of
DMM to pin no.3 of IC 808 observe the drop on DMM of IC 808 observe the
drop on DMM.

3. Connect the negative terminal of DMM to pin no.4 of IC 808 DMM and
connect the positive terminal of DMM to pin no.3 of IC 808 observe OL(no
drop) on DMM

4. Repeat above steps for pin no.1 and Pin no.2 of IC 808 note down the drop and
no drop on DMM.

5. Connect the positive terminal of DMM to pin no.4 of IC and connect negative
terminal of DMM to pin no.1 of IC note down the double diode drop on DMM

X1 Observation Table
Table 1

Sr. No. Pin connection Output on DMM

Drop between pin no.3 and 4

Reverse drop between pin no.4 and pin no.3

Drop between pin no.2 and pin no.1

Reverse drop between pin no.1 and pin no.2

Drop between pin no.1 and 4

© ok jw N e

Reverse drop between pin no.4 and pin no.1

X1l Results

X111 Interpretation of results
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XV Practical related Questions
1. Repeat the above experiment for Schottky diode and comment on voltage
drop.
2. List features of IC KBU 808.
3. List the applications of IC KBU 808

[Space for answers]

XVI1 References/ Suggestions for further Reading
1. http://nptel.ac.in/courses/
2. www.electronics-tutorials.ws > Diodes

XVIlI Assessment Scheme

Performance Indicators Weightage

Process related (15 Marks) 60%0

1 Proper connection of electrical circuit 20%

2 Handling of instrument 10%

3 Taking proper readings 20%

4 Working in team. 10%

Product related (10 Marks) 40%

1 Calculation of theoretical value 10%

2 Interpretation of Result 05%

3 Conclusions 05%

4 Practical related questions 15%

5 Completion and submission of experiment in 05%
time

Total (25 Marks) 100%
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Names of Student Team Members
o

2
B e
4

Marks Obtained Dated Signature of

Teacher
Process Product Total
Related Related (25)
(15) (10)
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VI

Practical No.12: Build clipper circuit and observe the Wave forms

Practical Significance

A clipper is a device that limits, removes, or prevents some portion of
the waveform (input signal voltage) above or below a certain level. In other
words, the circuit which limits positive or negative amplitude, or both is
called a clipping circuit.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

Laboratory Learning Outcomes
1. Build/Test positive Clipper circuit.
2. Build/Test negative Clipper circuit.

Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

Minimum Theoretical Background

A clipping circuit consists of linear elements like resistors and non-
linear elements like junction diodes or transistors, but it does not contain
energy-storage elements like capacitors. Clipping circuits are used to select
for purposes of transmission, that part of a signal wave form which appears
above or below a certain reference voltage level. Thus, a clipper circuit can
remove certain portions of an arbitrary wave form near the positive or
negative peaks. Clipping may be achieved either at one level or two levels.
Clipper has two types:

1. Series Clipper: In this configuration the diode is connected in series

with the load.
2. Parallel Clipper: In this configuration the diode is connected in parallel

with the load.

In a series positive clipper, a diode is connected in series with the
output, as shown in Fig 12.1. During the positive half of the input voltage,
terminal A is positive with respect to B. These reverse biases the diode and it
acts as an open switch Therefore all the applied voltage drops across the
diode and none across the resistor.
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As a result of this there is no output voltage during the positive half
cycle of the input voltage. In a series negative clipper, a diode is connected in
a direction appositive to that of a positive clipper Fig 12.2 shows the circuit
of a negative clipper. During the positive half cycle of the voltage, terminal
A\ is positive with respect to terminal B There for the diode is forward biased
and it acts it as a closed switch. As a result, all the input voltage appears
across the resistor as shown in Figl2.2 During the negative half cycle of the
input voltage, terminal B is positive with respect to the terminal A.
Therefore, the diode is reverse biased and it acts as an open switch, thus there
IS no voltage drop across the resistor during the negative half cycle as shown
in the output waveform.

VIl Practical setup in Laboratory

(@) Sample
- A D g
=R b\ """"""" e @ i< * FV :
g Time — =4 Time
0 =
N s 8 v
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[=] -v (=]
® ]
L &
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Figure 12.1: Circuit diagram of Positive Clipper.
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Figure 12.2: Circuit diagram of Negative Clipper.

(b) Actual Circuit Diagram used in Laboratory
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(c) Actual practical set up used in Laboratory

VIIl Required Resources/apparatus/equipment with specifications
Sr. T :
NE) Instruments/Components | Specification Quantity
1 | Digital Multimeter 3 ¥ -digit display with AC and DC 2
voltage measurement and Current
measurement facility and Diode testing
facility.
2. | DC Regulated Variable DC power supply 1
power supply 0- 30V, 2A, SC protection, display for
voltage and current.
3. | Cathode Ray Dual Trace 20Mhz. 1 5Mega ohm Input 1
Oscilloscope impedance
4. | Function Generator 0-2 MHz with Sine, square and triangular 1
output with variable frequency and
amplitude.
5 | Diode IN4007 (or any other Equivalent diode) 1
6. | Resistor 1KQ (0.5watts/0.25watts) 1
7. | Bread board 55CM X 17CM 1
8. | Connecting wires Single strand Teflon coating (0.6mm) As per

requirement
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IX Precautions to be followed
1. Care should be taken while handling the terminals of components.
2. Select proper range and mode of Ammeter and voltmeter.
3. Connect wire tightly while building circuits.
4. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram

X Procedure
1. Make the connections on bread board as per circuit diagram as shown in
figureno.12.1 and 12.2
2. Connect the function generator at the input and apply sine wave to the input
of circuit (8Vp-p).
3. Observe the input and output waveforms on CRO and draw it on the graph
paper.
X1 Observation Table

Table 1: Measurement of Positive clipper

Sr. No. Input Voltage Output Voltage Comments
Vin(V) Vout (V)

Table 2: Measurement of Negative clipper

Sr. No. Input Voltage Output Voltage Comments
Vin(V) Vout (V)

X1l Results

X111 Interpretation of results

Maharashtra State Board of Technical Education (‘K> Scheme) 91




Elements of Electronics (312309)

XV Practical related Questions
1. Draw the input and output waveforms. (For positive Clipper circuit)
2. Draw the input and output waveforms and find out the difference between
input and output voltage. (For negative Clipper circuit)
3. List the different types of clipper circuit.

[Space for answers]

XVI1 References / Suggestions for further Reading
1. http://www.expertsmind.com/learning/combination-clipper-assignment-help-
2. 7342873667.aspx
3. https://www.youtube.com/watch?v=Mvmfqg28ZnY
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XVIl Assessment Scheme
Performance Indicators Weightage
Process related (15 Marks) 60%
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Calculation of theoretical value 10%
2 Interpretation of Result 05%
3 Conclusions 05%
4 Practical related questions 15%
5 Completion and submission of experiment in 05%
time
Total (25 Marks) 100%0

Names of Student Team Members

Marks Obtained

Dated Signature of

Teacher

Process
Related
(15)

Product
Related
(10)

Total
(25)
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VI

Practical No.13: Construct clamper circuit and observe waveforms

Practical Significance

A Clamper circuit can be defined as the circuit that consists of a diode,
a resistor and a capacitor that shifts the waveform to a desired DC level
without changing the actual appearance of the applied signal. Clampers can
be constructed in both positive and negative polarities. Clamper essentially
adds a DC level to the AC output signal; clampers are commonly used in
analog TV receivers.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”’.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

Laboratory Learning Outcomes
1. Construct and Test Positive Clamper Circuit
2. Construct and Test negative Clamper Circuit

Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

Minimum Theoretical Background

A clamper is an electronic circuit that changes the DC level of a signal
to the desired level without changing the shape of the applied signal. In other
words, the clamper circuit ADDS positive or negative DC level. The DC
component is simply added to the input signal or subtracted from the input
signal. A clamper circuit adds the positive dc component to the input signal
to push it to the positive side. Similarly, a clamper circuit adds the negative
dc component to the input signal to push it to the negative side.

Positive clamper

If the circuit pushes the signal upwards then the circuit is said to be a
positive clamper. When the signal is pushed upwards, the negative peak of the
signal meets the zero level. The positive clamper is made up of a voltage
source Vi, capacitor C, diode D, and load resistor RL. In the Figure 13.1
diagram, the diode is connected in parallel with the output load. So the
positive clamper passes the input signal to the output load when the diode
is reverse biased and blocks the input signal when the diode is forward biased
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During negative half cycle:

During the negative half cycle of the input AC signal, the diode is
forward biased and hence no signal appears at the output. In forward biased
condition, the diode allows electric current through it. This current will flows
to the capacitor and charges it to the peak value of input voltage Vm. The
capacitor charged in inverse polarity (positive) with the input voltage. As
input current or voltage decreases after attaining its maximum value -Vm, the
capacitor holds the charge until the diode remains forward biased.

During positive half cycle:

During the positive half cycle of the input AC signal, the diode is reverse
biased and hence the signal appears at the output. In reverse biased condition,
the diode does not allow electric current through it. So, the input current directly
flows towards the output.

Negative clamper
During positive half cycle:

During the positive half cycle of the input AC signal, the diode is
forward biased and hence no signal appears at the output. In forward biased
condition, the diode allows electric current through it. This current will flow
to the capacitor and charges it to the peak value of input voltage in inverse
polarity -Vm. As input current or voltage decreases after attaining its
maximum value VVm, the capacitor holds the charge until the diode remains
forward biased.

During negative half cycle:

During the negative half cycle of the input AC signal, the diode is reverse
biased and hence the signal appears at the output. In reverse biased condition,
the diode does not allow electric current through it. So, the input current
directly flows towards the output.

VIl Practical setup in Laboratory

(a) Sample

Input waveform l

Figure 13.1: Circuit diagram of Positive clamper.
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Figure 13.2: Circuit diagram of Negative clamper.

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications
Sr. e . .
NO Instruments/Components | Specification Quantity
1 | Digital Multimeter 3 Y -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
2. Cathode Ray Dual Trace 20Mhz. 1 5Mega ohm Input 1
Oscilloscope impedance.
3. | Function Generator 0-2 MHz with Sine, square and triangular 1
output with variable frequency and
amplitude.1MHz, Multi waveform output
4. | Diode IN4007(or any other equivalent diode) 1
5. | Resistors 1 KQ (0.5watts/0.25watts 1
6. | Capacitor 1uf  (or any other capacitor value) 1
7. | Bread board 55CM X 17CM 1
8. | Connecting wires Single strand Teflon coating (0.6mm) As per

requirement

I1X Precautions to be followed

Connect wire tightly

wh =

Care should be taken while handling the terminals of components.

while building circuits.

connections as per the circuit diagram.

X Procedure

Do not switch ON the power supply unless you have checked the circuit

1. Make the connections on breadboard as per circuit diagram as shown in figure

13.1 and 13.2

2. Apply sine wave as input of 8V peak to peak to the circuit.
3. Observe and draw the input and output waveforms from CRO.

X1 Observation Table

Table 1: Positive clamper circuit

i Output
Sr. No. Vin(volts) Vout (Volts) b Comment
Waveform
1.
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Table 2: Negative clamper circuit

Output

Sr. No. Vin(volts) Vout (Volts) Waveform

Comment

X1l Results

X111 Interpretation of results

XV Practical related Questions
1. Repeat the above experiment for input voltage 6 volt peak to peak and 2 volt
peak to peak.
2. Repeat the above experiment for 4 volt peak to peak and observe output and
input.
3. Compare between clipper and clamper circuit

[Space for answers]
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XVI1 References/ Suggestions for further Reading
1. http://www.expertsmind.com/learning/combination-clipper-assignment-help-
7342873667.aspx
2. https://www.youtube.com/watch?v=Mvmfqg28ZnY
3. https://www.youtube.com/watch?v=VMquoQBbjFQ

XVII Assessment Scheme

Performance Indicators Weightage

Process related (15 Marks) 60%0

1 Proper connection of electrical circuit 20%

2 Handling of instrument 10%

3 Taking proper readings 20%

4 Working in team. 10%

Product related (10 Marks) 40%

1 Calculation of theoretical value 10%

2 Interpretation of Result 05%

3 Conclusions 05%

4 Practical related questions 15%

5 Completion and submission of experiment in 05%
time

Total (25 Marks) 100%
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Names of Student Team Members

1.

2
3.
4

Marks Obtained Dated Signature of
Teacher
Process Product Total
Related Related (25)
(15) (10)
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Scale
X-axis

Y-axis
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Practical No.14: Identify and select transistors for given application

using datasheets

I Practical Significance
In industry, transistor has wide range of applications. Transistors are
semiconductor devices used for applications like amplification of voltages,
current and are also used in oscillator circuits and switches. In digital circuits
they are used as switches. It is used in electronic equipment, computers,
televisions, mobile phones, audio amplifiers, industrial control, and radio
transmitters.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems.

Il Course Level Learning Outcome
Use semiconductor transistors in different applications.

IV  Laboratory Learning Outcomes
1. Identify the terminals of the PNP and NPN transistor for TO-5, TO-220,
TO-66.
2. Selection of transistor for different parameters as maximum voltage, current
and switching speed.

V Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

VI Minimum Theoretical Background

A transistor has two PN junctions (a combination of two diodes
connected back-to-back), one junction is forward biased and the other is
reverse biased. The forward biased junction has a low resistance path where
as a reverse biased junction has a high resistance path. The weak signal is
introduced in the low resistance circuit and output is taken from the high
resistance circuit. Transistor has two junctions and 3 terminals, made of three
layers of N and P type materials. The three regions are emitter, base and
collector. There are 2 types of BJT (i) PNP and (ii) NPN.

An NPN transistor is composed of two N-type semiconductors
separated by a thin section of P type. However, a PNP transistor is formed by
two P-sections separated by a thin section of N-type as shown in Figure 14.1.
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Figure 14.1: Symbol and construction of NPN and PNP transistor

Identifying Transistor Terminals:

The transistors are available with various packages in the market. Consider
about the T0-5, TO-220& TO-66 package. Keep the transistor such that the
flat surface is facing towards you as shown in the figure 14.2(a),(b),(c).

Figure 14.2: (a) TO5, (b) TO220, (c)TO66

Remember the following points:

1. The transistor internally has two diodes (NPN=N-P-N=NP Junction +PN
Junction and PNP= P-N-P= PN Junction +NP Junction) i.e. Emitter to base
is one PN Junction (diode) and Base to collector another PN junction
(diode).

2. In the diode mode, the multimeter will show the voltage when we connect
the positive probe of the multimeter to the anode of the diode and negative
probe to the cathode.

3. If the multimeter positive probe is connected to the cathode of the diode and
the negative probe to the anode, then it will not give any voltage (showing
zero).

Steps to identify the PNP type transistor using DMM
1. Keep the DMM in the resistance mode.
2. Keep the positive probe to the pin-1(Emitter) of the transistor and connect
the negative probe to the center pin (Base).You will see some resistance in

the DMM.
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3. Similarly connect the negative probe to the center pin (Base) with respect to
the pin-3 (collector). You will see some resistance in the DMM.

4. It will ensure that it is a PNP transistor. The logic behind this is in PNP
transistor Emitter(E) P type material Equivalent to anode of diode.

5. The diode Base(B) N-type material-Equivalent to cathode of the Diode
Collector(C) - P type material - Equivalent to anode of the diode

6. If the multimeter positive probe is connected to anode and negative probe is
connected to cathode, then it will show resistance. If the connections are
interchanged it will not show any value.

Steps to identify the PNP type transistor using CRO
1. By operating CRO in component testing mode.
2. Keep the knob on xy mode of CRO and observe the patterns on CRO screen.

3. If the pattern is as given in text box The transistor terminals are in

-l Forward bias (low resistance)

4. If the pattern is as given in text box The transistor terminals are in

-l Reverse bias (high resistance)

VIl Practical setup in Laboratory

(a) Sample

Figure 14.3: Connection of transistor testing using DMM

(b) Actual practical setup used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications
Z:)' Instruments/Components | Specification Quantity
1 | Digital Multimeter 3 ¥ -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
2. | Cathode Ray Dual Trace 20Mhz. 1 5Mega ohm Input 1
Oscilloscope impedance
3. | Transistors Power Transistors 2N2955(NPN) 1
2N3055(PNP),TO-5,TO-220,TO-66.
4. | Bread board 55CM X 17CM 1
5. | Connecting wires Single strand Teflon coating (0.6mm) As per

requirement

IX Precautions to be followed

N =

Procedure

»wn e X

Care should be taken while handling the terminals of components.
Select proper range in Digital Multimeter.

Set the multimeter to its ohms range.

Measured the resistance between base and emitter.
Measured the resistance between base and collector.
Measured the resistance between emitter and collector.
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X1 Observation Table

1.Testing of PNP terminal resistance using Multimeter
a) Resistance between emitter and baseRBE =
b) Resistance between Collector and base RCB=
c) Resistance between Collector and Emitter RCE=
2. Testing of NPN terminal resistance using Multimeter
a) Resistance between emitter and base RBE=
b) Resistance between Collector and base RCB=
c) Resistance between Collector and Emitter RCE=

X1l Results

1. From the values of RBE, RCB and RCE on DMM the transistor is

identified

2. From CRO pattern the transistor is identified as
X1l Interpretation of results

XV Practical related Questions
1. List the specification of transistor.
2. Name five different types of transistors.
3. Draw the symbol of NPN & PNP transistor.

[Space for answers]

Maharashtra State Board of Technical Education (‘K> Scheme)




Elements of Electronics (312309)

XVI1 References/ Suggestions for further Reading
1. https://www.allaboutcircuits.com/textbook/semiconductors/chpt-4/meter-
check-transistor-bjt/
2. http://www.electricalbasicprojects.com/how-to-identify-npn-and-pnp-
transistor-using-multimeter/

XVIlI Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%0
1 Handling of the components 20%
2 Identification of component 10%
3 Measuring value using suitable instrument 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Interpretation of Result 10%
2 Conclusions 05%
3 Practical related questions 10%
4 Completion and submission of experiment in 15%
time

Total (25 Marks) 100%0

Names of Student Team Members

0

2

T

o
Marks Obtained Dated Signature of
Teacher
Process Product Total
Related Related (25)
(15) (10)
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Practical No.15: Build and Test the performance of BJT in CB mode

I Practical Significance
Transistor is a basic building block of modern electronic circuits.
Nearly every electronic circuit contains at least one or more types of
transistors. A transistor is a semiconductor device used to amplify or switch
electronic signals and electrical power. In this practical student will plot the
characteristics of NPN transistor in input and output mode for CB
configuration and calculate current amplification factoro.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”.

Il Course Level Learning Outcome
Use semiconductor transistors in different applications.

IV  Laboratory Learning Outcomes
Test the performance of BJT in CB mode:
1. Build the circuit for BJT in common base configuration.
2.Plot input and output characteristics of common base configuration

\Y4 Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

VI Minimum Theoretical Background
Input Characteristics:

In common base configuration, Emitter is the input terminal and
collector is the output terminal and base connected as a common terminal for
both input and output. The CB configuration is used in applications where
low input impedance is required.

This curve gives the relationship between input current (Ig) and input
voltage (Ves) for constant output voltage (Vcg) by varying Ves for constant
Ve it may be noted that below knee voltage current is very small. Beyond the
knee voltage, the emitter current (Ig) increases with small increase in emitter
to base voltage Veg for constant Vcg. As the collector to Base voltage is
increased above 1V, the curve shifts upwards.

Input characteristics may be used to determine the value of common base
transistor AC input resistance ri. It is the ratio of change in emitter to base
voltage (A Veg) to resulting change in emitter current (Ig) at a constant

collector to base voltage (Vcg).
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ri= AVEeB
A IeVep=.
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Figure 15.1: Input characteristics in CB

Output Characteristics:

This curve gives the relationship between output current (lg) it and output
voltage (Vcg) for a constant emitter current (Ig).

The output characteristics are divided into three regions:

Cut off region: Transistor act as OFF State switch

Saturation Region: Transistor act as ON State switch

Active Region: Transistor acts as amplifier.

Output characteristics may be used to determine the value of common base
transistor a.c. output resistance r. It is the ratio of change in collector to base
voltage (A Vcg) to resulting change in collector current (A Ic) at a constant
emitter current (Ig).

ro= AVce

AlcTg-. ...
E' A P Active Region
= 50 . It = 50mA
=
- le = 40mA
3- It = 30mA
5- le = 20mA
7 = 10mA
3- k=1
o] Cut off region le = OmA
O I -1 22! -3 -4 .5 g >

Collector Base Voltage Vcs (Volt)
Figure 15.2: Output characteristics in CB
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VIl Practical setup in Laboratory

(a) Sample
I BC 107 I¢
RE - /If\ + E ¢ - : + RC
1.0kOhm lk‘-—J 1 .0kOhm
(0-200m4) = . (0-200m4)
— A4 - : +
Vee _— EB N ( Y *
0-30V)y 2 — (0-20%) @j} V:) (u.z%av) ;7‘ Vee
+ + - T (030V)

Figure 15.3: Circuit diagram of BJT in CB mode.

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications
Sr. I :
N:J Instruments/Components | Specification Quantity
1 | Digital Multimeter 3 Y -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
2. | DC Regulated Variable DC power supply 2
power supply 0- 30V, 2A, SC protection, display for
voltage and current.
3. | DC Voltmeter 0-20 V 2
4. | DC Ammeter 0 -200 mA 2
5. | Transistor BC107 or any other equivalent 1
6. | Resistor 1KQ (0.5watts/0.25watts) 2
7. | Bread board 55CM X 17CM 1
8. | Connecting wires Single strand Teflon coating (0.6mm) As per

requirement

IX Precautions to be followed
1. Care should be taken while handling the terminals of components.
2. Select proper range and mode of Ammeter and voltmeter.
3. Connect wire tightly while building circuits.
4. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram

X Procedure
Part |

Input characteristics:

1. Connect the circuit as shown in figure 15.3

2. Keep output voltage Vce= 0V by varying Vcc.
3. Vary Veg in step of 0.1V from Oto 1Vand note down the corresponding

emitter current lg.

4. Repeat above procedure (step 3) for Vcg=4V.

Part Il

Output characteristics:

1. Connect the circuit as shown in figure 15.3

2. Keep input current Ie = 0 mA by varying Vee-

3. Vary VCB in step of 1V from 1 to 10 V and note down the corresponding
collector current Ic.

4. Repeat above procedure (step 3) for Ie= 10 mA
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X1 Observation Table

Table 1: Input Characteristics

Sr. No. Vg =0V Vg =4V
Ves (V) Ie (MA) Ves (V) le (MA)
1.
2.
3.
4,
5.
6.

Table 2: Output Characteristics

Sr. No. Ie (MA)=0 Ie (MA)=10mA
Veg(Volts) Ic(mA) Ve (Volts) Ic(mA)

© |0 |k~ WD

Calculations: (from graph)
1. Input resistance ri:
2. Output resistance ro:
3. Current amplification factor a.:

X1l Results

X111 Interpretation of results
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X1V Conclusions and Recommendation

XV Practical related Questions
1. Repeat the same experiment using PNP transistor.
2. State the early effect. Have you observed early effect in your experiment?

[Space for answers]

XVI1 References/ Suggestions for further Reading
1. https://www.electrical4u.com/transistor-characteristics/
2. https://www.youtube.com/watch?v=NMD4KECE-7I
3. https://www.electronicshub.org/common-base-amplifier/
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XVIlI Assessment Scheme

Performance Indicators Weightage

Process related (15 Marks) 60%

1 Proper connection of electrical circuit 20%

2 Handling of instrument 10%

3 Taking proper readings 20%

4 Working in team. 10%

Product related (10 Marks) 40%

1 Calculation of theoretical value 10%

2 Interpretation of Result 05%

3 Conclusions 05%

4 Practical related questions 15%

5 Completion and submission of experiment in 05%
time

Total (25 Marks) 100%0

Names of Student Team Members

Marks Obtained Dated Signature of

Teacher

Process Product Total
Related Related (25)
(15) (10)
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"_I SGS-THOMSON

MICROELECTRONICS

BC107
BC108

LOW NOISE GENERAL PURPOSE AUDIO AMPLIFIERS

DESCRIPTION

The BC107 and BC108 are silicon planar
epitaxial NPN transistors in TO-18 metal case.
They are suitable for use in driver stages, low
noise input stages and signal processing circuits
of television reveivers. The PNP complemet for
BC107 is BC177.

TO-18

INTERNAL SCHEMATIC DIAGRAM

Co(2)
(1)
B
Fo(3)
SCREE10
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
BC107 BC108
Veeo |Collector-Base Voltage (I = 0) 50 30 \4
Veceo |Collector-Emitter Voltage (Ig = 0) 45 20 \%
VEso Emitter-Base Voltage (Ic = 0) 6 5 \%
Ic Collector Current 100 mA
Ptot Total Dissipation at Tamb € 25 °C 0.3 w
at Tcase S 25 °C 0.75 w
Tstg Storage Temperature -55 to 175 °c
T) Max. Operating Junction Temperature 175 °c
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Scale
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Practical No.16: Construct and test the circuit for BJT in common emitter

configuration

Practical Significance:

A BJT is commonly used as an amplifier. Common Emitter (CE) mode is the
universal mode of operation for a BJT. All types of amplifications can be
performed using CE mode with suitable biasing. Common-emitter amplifiers
are also used in radio frequency circuits.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

IV  Laboratory Learning Outcomes
Test the performance of BJT in CE mode:
1. Construct the circuit for BJT in common emitter configuration.
2. Plot input and output characteristics of common emitter configuration

\Y4 Relevant Affective Domain related Outcomes
1. Handle components and equipment with care.
2. Work in team.

VI Minimum Theoretical Background
CE is the most frequently used configuration in practical amplifier circuits,
since it provides good voltage, current, and power gain. The input is applied
across the base- emitter circuit and the output is taken from the collector-
emitter circuit, making the emitter "common" to both input and output. CE
configuration provides a phase reversal between input and output signals.

VIl Practical setup in Laboratory

(a) Sample
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I R
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+

;7‘ Veo
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Figure 16.1: Circuit diagram of BJT in CE mode.

(b) Actual Circuit Diagram used in Laboratory

(c)Actual practical set up used in Laboratory
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VIl Required Resources/apparatus/equipment with specifications
Sr. S :
N:J Instruments/Components Specification Quantity
1 | Digital Multimeter 3 ¥ -digit display with AC and DC 1
voltage measurement and Current
measurement facility and Diode testing
facility.
2. | DC Regulated Variable DC power supply 2
power supply 0-30V, 2A, SC protection, display for
voltage and current.
3. | DC Voltmeter 0-20V 2
4. | DC Ammeter 0-200 mA, 0-200 pA leach
5. | Transistor BC107 or any other equivalent 1
6. | Resistor 1KQ,100KQ (0.5watts/0.25watts) leach
7. | Bread board 55CM X 17CM 1
8. | Connecting wires Single strand Teflon coating (0.6mm) As per

requirement

IX Precautions to be followed

1.
2.
3.
4.

Care should be taken while handling the terminals of components.

Select proper range and mode of Ammeter and voltmeter.

Connect wire tightly while building circuits.

Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

X Procedure
Input characteristics:

1.
2.
3.

4.
5.
6.

Connect the circuit as shown in Figure 16.1

Set VcE at constant voltage (2V) by varying Vcc.

Vary the input voltage Vee in steps of 0.1V from OV up to 1V and
record the corresponding value of Ig in observation table.

Repeat the above steps 2 and 3 by keeping Vce at 5V, and 10V.
Sketch the characteristics from the recorded readings.

At suitable operating point calculate input resistance (Ri).

Output characteristics:

1.
2.
3.

Connect the circuit as shown in Figure 16.1

Set Ig constant at 10pA by varying Vas.

Vary the output voltage Vcc in steps of 1V from 0V upto 10V and record
the corresponding value of Vce and I¢ in observation table.
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4. Repeat the above steps 2 and 3 by keeping Ig at 20pA and 30pA.
5. Sketch the characteristics from the recorded readings and calculate output
resistance (Ro).

Xl Observation Table

Table 1: Input Characteristics

Sr. Vce=2V Vee=5V Vee=10V
NO- ] Veew) le (LA) Vee (V) le (UA) Vet le (LA)
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Table 2: Output Characteristics
Ig=10pA Ig=20pA I=30pA
Sr.
No. Vce(V) Ic(mA) Vce(V) Ic(mA) Vce(V) Ic(mA)
1.
2.
3.
4.
5.
6.
7.
8.
0.
10.
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Calculations: (from graph)
1. Inputresistance Ri: ...............

2. Output resistance Ro: ..............

3. Current amplification factor a..: ...............

X1l Interpretation of results

XV  Practical related Questions

1. Repeat the same experiment using PNP transistor.

2.  State current gain of the transistor in CE configuration. Find out DC
current gain you obtain in this practical?

[Space for answers]
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XVI1 References/Suggestions for further Reading
1. https://www.electrical4u.com/transistor-characteristics/

2. https://www.eeequide.com/ce-transistor-characteristics/

3. https://www.youtube.com/watch?v=KynKHr2cXagk

XVIlI Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Calculation of theoretical value 10%
2 Interpretation of Result 05%
3 Conclusions 05%
4 Practical related questions 15%
5 Completion and submission of 05%
experiment in time
Total (25 Marks) 100%

Names of Student Team Members

H W N

Marks Obtained

Dated Signature of

Teacher

Process Product Total
Related Related (25)
(15) (10)
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"_I SGS-THOMSON

MICROELECTRANICS

BC107
BC108

LOW NOISE GENERAL PURPOSE AUDIO AMPLIFIERS

DESCRIPTION

The BC107 and BC108 are silicon planar
epitaxial NPN transistors in TO-18 metal case.
They are suitable for use in driver stages, low
noise input stages and signal processing circuits
of television reveivers. The PNP complemet for
BC107isBC177.

TO-18

INTERNAL SCHEMATIC DIAGRAM

Co(2)
(1)
B
Fo(3)
SC0E810
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
BC107 BC108
Veceo |Collector-Base Voltage (Il = 0) 50 30 vV
Vceo |Collector-Emitter Voltage (Is = 0) 45 20 vV
VEso Emitter-Base Voltage (Ic = 0) 6 5 A"
lc Collector Current 100 mA
Ptot Total Dissipation at Tamp € 25 °C 0.3 w
at Tcase € 25 °C 0.75 w
Tstg Storage Temperature -55 to 175 °c
Tj Max. Operating Junction Temperature 175 °c
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Vi

Practical No.17: Test the performance parameters of BJT as Switch

Practical Significance

BJT can be operated in three regions: cut-off region, active region and
saturation region. When BJT is used as a switch, only two regions cut- off
and saturation are used. In saturation region transistor acts as ON state
switch. In cut-off region, transistor acts as OFF state switch. In this practical
only two points of DC load line while using BJT as a switch.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”’.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

Laboratory Learning Outcomes

Test BJT as switch on Breadboard:

1. Test the performance parameters of BJT as Switch.
2. ldentify Cutoff and saturation regions.

Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow all safety precautions

Minimum Theoretical Background

If the circuit uses the BJT transistor as a switch, then the biasing of the
transistor, NPN or PNP is arranged to operate the transistor at the both sides
of the V-I characteristics curves shown in figure 17.1

1c Saturation Region
(transistor “fully-ON")

When Vee =0

Ve
Ic=

\ Q-point

40 (active region)

. \ Cut-off Region
\ (transistor “fully-OFF~)

20 4

10 § Ie =0

Ves (V.

o HE 2 3 a 5 6 ca (V)
Veeisa When lc =0
Vce =Vcc

Figure 17.1: Output characteristics of BJT
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From the above characteristics it is found that, the shaded area at the bottom
of the curves represents the Cut-off region and the shaded area to the left
represent the Saturation region of the transistor.

Cut-off Region: The operating conditions of the transistor are zero input base
current (Ig=0), zero output collector current (Ic=0), and maximum collector
voltage (Vce) which results in a large depletion layer and no current flowing
through the device. Therefore, the transistor is switched to “Fully-OFF
State”.

Saturation Region: In this region, the transistor will be biased so that the

maximum amount of base current (Ig) is applied, resulting in maximum
collector current (Ic=Vcc/RL) and then resulting in the minimum collector-
emitter voltage (Vce ~ 0) drop. At this condition, the depletion layer becomes
as small as the possible and maximum current flowing through the transistor.

Therefore, the transistor is switched “Fully-ON State”.

VIl Practical setup in Laboratory

a) Sample
@) P _‘M’_/l Th
( 9
A AT
Ib ;
S'f' 10K : i 7 12v
—— ¥ gl . ] A Q" e
sl —_—
7 Vce
%ﬁv

Figure 17.2: Circuit diagram of BJT as a switch

(b) Actual Circuit Diagram used in Laboratory
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(c) Actual practical set up used in Laboratory

VI Required Resources/apparatus/equipment with specifications
Zz Instruments/Components Specification Quantity
1 | Digital Multimeter 3 % -digit display with AC and DC 1
voltage measurement and  Current
measurement facility and Diode testing
facility.
2. | DC Regulated Variable DC power supply 2
power supply 0- 30V, 2A, SC protection, display for
voltage and current.
3. | DC Voltmeter 0-20V 1
4. | DC Ammeter 0 -200 mA, 0 - 200 pA 1 each
5. | Transistor BC107 or any other 1
equivalent
6. | Resistor 1KQ and 10KQ (0.5watts/0.25watts) 1 each
7. | Bread board 55CM X 17CM 1
8. | Connecting Single strand Teflon coating (0.6mm) As per
wires requirement
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IX Precautions to be followed
1. Care should be taken while handling the terminals of components.
2. Select proper range and mode of Ammeter and voltmeter.
3. Connect wire tightly while building circuits.
4. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

X Procedure
1. Connect circuit as shown in figure 17.2
2. Adjust collector supply Vcc = +12V and base supply Ves=+5V.
3. Use base voltage supply switch instead of switch shown in the circuit
diagram.
4. Measure Ig, Ic and Vce when switch is OFF (It will be zero).
5. Now apply base voltage +5V.
6. Measure Ig, Ic and Vce.

X1 Observation Table

Table 1
Switch
Condition VBB Is Vce Ic
VBB: ov
Switch OFF
Vgg= +5V
Switch ON

X1l Results

X111 Interpretation of results
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XV Practical related Questions

1. List types of BJT available in your laboratory.

2. Find out the ratio of collector resistance to base resistance while
designing transistor switch. State the effect of saturation on transistor
operation.

3. Draw output waveform when following waveform is applied at the
base circuit.

[nput waveform applied at base:

45V
:
______ oo ot REONG o =5 22

[Space for answers]

XVI1I References / Suggestions for further Reading
1.  https://www.electronics-tutorials.ws/transistor/tran_4.html
2. https://www.build-electronic-circuits.com/transistor-as-a-switch/
3. https://www.youtube.com/watch?v=0XY9zUSulkg
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XVII Assessment Scheme

Performance Indicators Weightage

Process related (15 Marks) 60%o

1 Proper connection of electrical circuit 20%

2 Handling of instrument 10%

3 Taking proper readings 20%

4 Working in team. 10%

Product related (10 Marks) 40%

1 Calculation of theoretical value 10%

2 Interpretation of Result 05%

3 Conclusions 05%

4 Practical related questions 15%

5 Completion and submission of experiment in 05%
time

Total (25 Marks) 100%

Names of Student Team Members
s

2
B
4

Marks Obtained

Dated Signature of

Teacher

Process Product
Related Related
(15) (10)

Total
(25)
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Lvy SGS-THOMSO
Y/ ricRoELECTRON! @’g

BC107
BC108

LOW NOISE GENERAL PURPOSE AUDIO AMPLIFIERS

DESCRIPTION

The BC107 and BC108 are silicon planar
epitaxial NPN transistors in TO-18 metal case.
They are suitable for use in driver stages, low
noise input stages and signal processing circuits
of television reveivers. The PNP complemet for
BC107 isBC177.

TO-18

INTERNAL SCHEMATIC DIAGRAM

Co(2)
(1
B
FO(3)
SCCEE1Q
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
BC107 BC108
Vceo |Collector-Base Voltage (I = 0) 50 30 vV
Vceo |Collector-Emitter Voltage (Is = 0) 45 20 V
VEgo Emitter-Base Voltage (Ic = 0) 6 5 vV
Ic Collector Current 100 mA
Piot Total Dissipation at Tams € 25 °C 0.3 w
at Tcase € 25 °C 0.75 w
Tsig Storage Temperature -55 to 175 °c
T Max. Operating Junction Temperature 175 °c
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VI

Practical N0.18: Check the performance of FET drain Characteristics

Practical Significance

The field-effect transistor (FET) is a transistor that uses an electric
field to control the electrical behavior of the circuit. JFETs are known as
unipolar transistors since they involve single-carrier-type operation. Field
effect transistors have very high input impedance at low frequencies.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”’.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

Laboratory Learning Outcomes

Test the performance of FET in common source mode:

1. Build the circuit for FET in common source configuration.

2. Plot characteristics for drain to source voltage Vps verses drain current Ip
for different Values of Vs

Relevant Affective Domain related Outcome
Handle components and equipment carefully.

Minimum Theoretical Background

Junction Field Effect Transistors are a type of FETs (high input impedance
devices) which have three terminals namely Source (S), Gate (G) and Drain
(D). These devices are also called voltage-controlled devices as the voltage
applied at the gate terminal determines the amount of current flowing in-
between the drain and the source terminals.

N-channel JFET

N-channel JFET has its major portion made of N-type semiconductor. The
mutually- opposite two faces of this bulk material form the source and the
drain terminals. There are two relatively-small P-regions embedded into this
substrate which are internally joined together to form the gate terminal. Thus,
here, the source and the drain terminals are of N-type and the gate is of P-
type.

P-channel JFET

P-channel JFET has its major portion made of P-type semiconductor. The
mutually- opposite two faces of this bulk material form the source and drain
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terminals. There are two relatively-small-regions embedded into this substrate
which are internally joined together to form the gate terminal. Thus, here, the
source and the drain terminals are of p-type while the gate is of n-type.

D

oS
N-Channel JFET P-Channel JFET

Figure 18.1: Symbol of JFET

Drain Characteristics:
The curve is divided into following regions:

Ohmic Region: In this region drain current increases linearly with the increase
in drain to source voltage, obeying ohm's law.

Curve AB: In this region drain current increases at the inverse square law rate
with the increase in drain to source voltage. It is because of fact that with
increase in drain to source voltage, drain current increases. This in tum
increases reverse bias voltage across gate to source junction. As a result,
width of depletion region increases reducing effective width of channel.

Pinch off Region: This is also called saturation region. In this region drain
current remains almost constant and at its maximum value

Breakdown Region: In this region drain current increases rapidly as the drain
to source voltage is also increased. It happens because of breakdown of gate
to source junction due to avalanche effect.

Gate Channel
16 i Jusnection
| Pinch ofF of Active EeakDicram
Pargrsiars Fl,l

‘_E ¥ =05V
- V =+0V
2
E
E V=1V
o]
B Vae2 V¥
a

-.-E--n'
l W m=d [

av. B 17 1% ol M

Dirain Source Voltage W In Volts —=

Figure 18.2: Drain characteristics
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VIl Practical setup in Laboratory

(a) Sample

Figure 18.3: Circuit diagram of common source JFET

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory

Maharashtra State Board of Technical Education (‘K> Scheme)
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VIII Required Resources/apparatus/equipment with specifications

Zro' Instruments/Components Specification Quantity

1. | Variable DC Power 0-30V, 2A, SC protection, display for 1
Supply voltage and current

2. | DC Voltmeter 0-20V 2

3. | DC Ammeter 0-200mA 1

4. | JFET BFW10, BFW15 or equivalent JFET 1

5. | Connecting wires/ Single strand 0.6mm Teflon As per
probes coating requirement

6. | Bread Board 55CM X 17CM 1

IX Precautions to be followed
1.Care should be taken while handling terminals of components.
2.Select proper range and mode of ammeter and voltmeter.
3.Connect wires tightly while building circuit.
4.Show the connections to course faculty and then switch ON the power

supply.

X Procedure

. Connect the circuit as shown in figure 18.3

. Fix gate to source voltage (Vgs) at OV.

. Increase drain to source power supply and note down drain to source voltage
(Vbs) and drain current (Ip).

4. Increase gate to source de power supply so that voltmeter connected to gate
and source terminal show 1V.

. Now repeat above procedure and note down drain to source voltage and drain
current by increasing drain power supply.

. Take readings for 3 to 4 gate voltage values and tabulate it.

. Plot a graph of Vps verses Ip for various values of Vgs.

W N -

(93]

~N O
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X1 Observation Table

Table 1
Sr. Vas=........ V VaGs=....... V Ves=......... V
No. | Vps (V) Io (MA) Vs (V) Ip (MA) Vs (V) Io (MA)
1
2.
3.
4.
o.
6.
Calculations:
Drain dynamic Resistance:
A VDS
rd= --------——----
AID
X1l Result
1. Drain dynamic Resistance (rd)= .........ccccecvvvveeeenn.

XI1l Interpretation of result

XV  Practical related Questions
1. Justify ‘Field effect transistor called as unipolar transistor’.
2. Write the Part number and manufacturer of given JFET.
3. Write the steps to identify terminals of given JFET.
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[Space for answers]

XVI1 References/Suggestions for further Reading
1. https://www.youtube.com/watch?v=21 8YNVgbEw
2. https://www.electronicshub.org/junction-field-effect-transistor/
3. https://www.analog.com/en/resources/glossary/jfet.html
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XVIl Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Calculation of theoretical value 10%
2 Interpretation of Result 05%
3 Conclusions 05%
4 Practical related questions 15%
5 Completion and submission of experiment 05%
in time
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained

Dated Signature of

Teacher

Process
Related
(15)

Product
Related
(10)

Total
(25)
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SNew gﬂuy Semi-C onductor Ep'toc{uqf;. ﬂm

20 STERN AVE.

SPRINGFIELD, NEW JERSEY 07081

US.A.

MAXIMUM RATINGS

TELEPHONE: (973) 376-292;
BFW10 (212) 227-600!
BFW11 FAX: (973) 376-896(

TO-72 (TO-208A)

3 Gate
H 4
maf@?:m
3
2
Al

Rating Symbol Valus Unit
Drain-Source Voltage Vps 30 Vdo 1 Source
Drain-Gele Voltoge Vog 30 \de
Reverse Gale-Source Voltage VGSR - 30 Vdo JFET
Forward Gats Current 1GF 10 mAde VHF/UHF AMPLIFIER
Tolal Device Dissipation @ Ta = 26°C Pp 300 mw
|_Derate above 26°C 1.71 mW/oC N-CHANNEL — DEPLETION
op g and g Ty, Tatg |-66to +150 *c
Te Range
ELECTRICAL CHARACTERISTICS (T = 26°C uniess otharwise notad.)
[ Characteristio [ Symbol | Min | Typ [ Max | unh |
OFF CHARACTERISTICS
Gate-Source Breskdown Voltage Vier)ass 30 - - Vde
{ig = 10 pAde, Vi 0)
Gata-Source Cutofl Voltage BFW1TO VGs[ot) —_ —_— 8 vide
{Vpg = 16 Vde, Ip = 0.5 nAde) BFW11 ]
Gata Revarse Current 658 e -_ Q.1 nAde
1V = 20 Vde, Vpg = 2]
Gate-Source Voltage vGs 2 - 7.5 Vdo
|__VDS =~ 16 Vdo, 1y = 400 pAdc} BFW10
Gate-Source Voltage vGs 1.28 -~ 4 Vide
{Vps = 15 Vde, Ip = 50 pAde) BRI
ON GHARACTERISTICS
Zeto-Gate \ﬁollm Drain Current BFWI0 | nss l 8 ] - J 20 ' mde |
Vi = 15 Wdc, Vgs = 0) arwii 4 — 10
SMALL-SIGNAL CHARACTERISTICS
Forward Transadmittance B8FWI0 Yis EX - 8.5 mmhos
IVpg = 15 Wde. Vgg = 0. f = 1 kHz) BFW11 3.0 — 6.5
Output Admittance BFVI0 You — - 86 pmhos
{VDg = 16 vdo. Vgg = 0. f = 1.0 kHz} arw1 - — 5O
Input Capagitance Cigz — - 5.0 BF
(Vps = 16 Vdo, Vgg = 0 Vde, f = 1.0 MHz)
Reverse Transfer Capacitance Crgs . - 0.8 3
Vps = 16 Vde, ViGg - 0 Vde, f = 1.0 MHz)
Forward Transadmittance Yie 3.2 —_ bl mmhos
(m =16 Vdc. Vgg = 0. f = 200 MHz)
Equlva(lnl Noise Voltage &n - == 75 YRz
2§=15W6.Vg§-0.i—25m)
Noise Figure NF - - 2B ]
(Vps = 16 Vdc, Vgg = 0 V. see Figures 1. 2, 3

FIGURE 1 100 MHz snd 400 MMz NEUTRALIZED TESY CIACUIT

+18v

Adjust Vg lar NOTE:
ip= B0 mA

Vgg< 0 Vonhs

LY 17 turne, {spprox, — depsnds upon cireult layout) AWG ¥28
snameled copper wire, clow wound on 9/32* ceramic coil
form. Tuning provided by & powdersd ron slug.

L2  41/2 wans, AWG #16 snsmaled copper wirs, 5/167 lang,
3/8" 1.D. [AIR CORE),

L3  3-1/2 turns, AWG #1Benameled coppar wira, 1/87 long,
358" 1O, {AIR COREL

Tha nois tourcs it » hot-cold body
{AlL typs 70 or squivalent] with &
tast ruceiver [AIL typs 138 or egulvalent).

IR

L2

L3

Refl VALUE

Designation | 100 MHz | 400 MHz
(=] 7.0 pF 1.8 pF
c2 1000 pF 17 pF
ca 3.0 pF 1.0 pF
c4 1-12 pt* 0.8-8.0pF
ca 1.12pF | 0.8-8.0pF
<8 {.0018 4F | 0.007 4F
c7 00016 uF | 0.001 4F
L1 A.0MH* | 024
L2 0.16uH* | 0.03pH "
L3 0,14 4H* | 0.022uH""

& turns, lapprox. — depends upon circuit layout) AWG #24
snamalad coppar wire, ciom wound an 7/32" caramic cail
farm. Tuning provided by an sluminum 1lug.

1 turn, AWG #18 snamaled copper wite, 3/8" 1.D. (AIR
CORE).

1/2 trn, AWG #16 ansmaled copper wire, 1/4" L.D. {AIR
CORE),

Maharashtra State Board of Technical Education (‘K> Scheme)

142



Elements of Electronics (312309)

Scale
X-axis

Y-axis

Maharashtra State Board of Technical Education (‘K> Scheme)

143




Elements of Electronics (312309)

VI

Practical N0.19: Test the performance of FET transfer characteristics and

calculate Transconductance

Practical Significance

The field-effect transistor (FET) is a transistor that uses an electric
field to control the electrical behavior of the circuit. JFETs are known as
unipolar transistors since they involve single-carrier-type operation. Field
effect transistors have very high input impedance at low frequencies.

Industry / Employer Expected Outcome

This practical is expected to develop the following skill: “Use
electronic components and circuits in electrical equipment and
systems’.

Course Level Learning Outcome
Use semiconductor transistors in different applications.

Laboratory Learning Outcomes
Test the performance of FET in common source mode:
1. Build the circuit for FET in common source configuration.
2. Plot characteristics for Gate to source voltage Ves verses drain current
Ip and calculate transconductance.

Relevant Affective Domain related Outcome
Handle components and equipment carefully.

Minimum Theoretical Background

Junction Field Effect Transistors are a type of FETs (high input impedance
devices) which have three terminals namely Source (S), Gate (G) and Drain
(D). These devices are also called voltage-controlled devices as the voltage
applied at the gate terminal determines the amount of current flowing in-
between the drain and the source terminals.

Gate/ Transfer Characteristics:

It gives relationship between drain current (Ip) and gate to source voltage
(Vgs) for a constant value of drain to source voltage (Vps).
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Ipss

Vps Constant T
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'

—
o

-3
g VGS

Figure 19.1: Transfer characteristics
VIl Practical setup in Laboratory

(a) Sample

®
==

=]
o

t

1T 37

Figure 19.2: Circuit diagram of common source JFET

(b) Actual Circuit Diagram used in Laboratory
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(c) Actual practical set up used in Laboratory

VIl Required Resources/apparatus/equipment with specifications

Zz Instruments/Components Specification Quantity
1. | DC Power Supply 0-30V, 2A, SC protection, display for 2
voltage and current.

2. | DC Voltmeter 0-20VvV 2

3. | DC Ammeter 0-50mA 1

4. | JFET BFW10, BFW15 or equivalent JFET 1

5. | Bread Board 55CM X 17CM 1

6. | Connecting wires/ Single strand 0.6mm Teflon As per

probes

coating

requirement
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IX Precautions to be followed
1.Care should be taken while handling terminals of components.
2.Select proper range and mode of ammeter and voltmeter.
3.Connect wires tightly while building circuit.
4.Show the connections to course faculty and then switch ON the
power supply.

X Procedure
1.Connect the circuit as shown in figure 19.2
2.Set drain to source voltage to 1V, vary gate to source voltage (Ves)
in steps and note down corresponding drain current (Ip).
3.Repeat the procedure for different set values of drain voltage and
keep the record of gate to source voltage and drain current.
4.Plot a graph of gate to source voltage verses drain current for
different set values of drain to source voltage.
5.A graph will be in second quadrant as gate to source voltage is negative.

X1 Observation Table

Table 1
Sr. VDs= ... V VbDs=......... V VDs= ........ VvV
No. | Vas (V) Io (MA) Vs (V) Io (MA) Vs (V) Ip (MA)
1
2
3
4
5
6
Calculations:
Transconductance:
Alp
gm= -------—-—-———-—-
A Vs
X1l Result

1. Transconductance (gm)= .......ccccceeeeiieerenenn.
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X1l Interpretation of results

XV Practical related Questions
1.1s FET a unipolar or bipolar device? Give reason.
2.Explain the term Drain in FET.
3.Give advantages of FET over BJT.
4.List any two JFET available in your laboratory and give its specifications.

[Space for answers]
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XVI

References / Suggestions for further Reading

1. http://www.electronics-tutorials.ws/transistor/tran5.html
2. http://www.circuitstoday.com/characteristics-of-jfets
3. https://www.youtube.com/watch?v=h9WIHNVHZ84

XVII Assessment Scheme
Performance Indicators Weightage
Process related (15 Marks) 60%o
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Calculation of theoretical value 10%
2 Interpretation of Result 05%
3 Conclusions 05%
4 Practical related questions 15%
5 Completion and submission of experiment 05%
in time
Total (25 Marks) 100%

Names of Student Team Members

H W N

Marks Obtained Dated Signature of

Teacher

Process Product Total
Related Related (25)
(15) (10)
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HNew gsucy Semi-C onductor Epwcluata, ﬂna

20 STERN AVE.
SPRINGFIELD NEW JERSEY 07081
US.A,

TELEPHONE: (973) 376-2922
BFW10 (212) 227-8005
BFW11 FAX: (973) 376-8960

TO-72 (TO-208A)

3 Gate
o Cisa .
Valus Unit it
30 Vdc 3 24T 1 8auree

MAXIMUM RATINGS
Rating Symbol
Drain-Source Voltage Vps
Drain-Gele Voltage Vpg 30 \de
Roverse Gate-Source Voltage VGSR - 80 vdeo JFET
Forward Gate Current 'GE 10 mAde VHF/UHF AMIPLIFIER
Total Device Dissipation @ Ta = 26°C Pp 300 W
|._Derate above 26°C 1.7 mw/°C N-CHANNEL ~ DEPLETION
‘Operating and Storage Junction T4, Tatg | =66 to +150 *C
Range

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otharwiss natad.)

[ Characteristio [ Symeol | Min_ | Typ | Max | Unh |
OFF CHARACTERISTICS
Gate-Source Breakdown Voluge ViBr)ass 30 - . Vde
(g = 10 pAde, Vq;_
Gata-Source Cutoff Voltage BFW1TO V@s(oty —_ —_ 8 Vide
{Vpg =15 Vdc, Ip = 0.5 nAdc) BFWI11 ]
Gale Revarse Currant 658 - = 0.1 nAde
Vas = 20 Vde, Vpg = 0)
Gate-Source Voltage vGs 2 - 7.6 Vde
\Vpg = 15 Vde, Ip = 400 pAde} BFW10
Gate-Source Voltaga vgs 1.28 - 4 Vde
\Vpg = 15 ¥de, Ip = 60 pAdo) BFW1T
ON CHARACTERISTICS
Ztru Gate Voltage Drain Current BFW10 | Inss I 8 - 20 ' made
=15 Vde, Vgs = 0) AFW11 4 — 10
SMAI.l.-BIBNAL CHARACTERISTICS
Forward Transadmiitance BFWI0 ¥is as - 8.6 mmhos
Vps = 16 Vdo. Vgs = 0.1 = 1 kHz) BFWI11 3.0 — 6.6
Qutput Admittance BAMIO You —_ _— 86 pmhos
{VDg = 16 Vdo, VGG = 0.1 = 1.0 kHa) __BFWI1 - — ]
Input Capatitance Ciss - - 6.0 BF
[Vps = 16 Vo, Vgs = 0 Vdo, f = 1.0 MHz)
Reverse Transfer Capacitance Crgs — - [+X-] pF
| _IVpg = 16 Vde, Vgg = “‘"‘"f‘ 1.0 MHz)
Forward Transadmittanc Yis 3.2 - el mmhos
{ = 16 Vide, Vi -U.l-ZODMH:)
Eguivalent Noisa Voltage an - bl 78 YRz
| VDS = 16 Vds. Vgg = 0, f = 25 Hz}
Noise Figure NF - - 26 da
Vpg =16 le:.!gf 0V, see Figures 1, 2, 3)
FIGURE T 100 MHz and 400 MHz NEUTRALIZED TESY CIRCUIT
VALUE
Designation | 100 MHz 400 MHz
ct 7.0 pF 1.8 pF
1000 pF 17 pF
ca 2.0 pF 1.0 pF
1-12pF | 0.8-8.0pF
cs 112pF | 0.8-8.0pF
c8 C.0016uF | 0.001 pF
&7 00016 xF | 0.001 UF
L1 A0uH | DM
Adjust Vgg | NOTE: Tha noi ot it s hotcold body =2 CAGaH" | 0.03pH "
far t - tource it s
g™ wn‘n': {AIL typs 70 or squivalent} with & L3 Q.14 pH* | 0.022 pH*"
V5g< 0 Vohe o5t ruceiver LAIL typs 136 or squivalent).

SLY 17 turng, (8pprox, — depends upon circult layout) AWG #28 **L1 & turns, [approx. — depends upon cireult layout) AWG #24
snamalsd copper wire, closs wound on 8/32" ceramic coll snamalod coppar wire, ciow wound on 7/32" ceramic cail
form. Tuning pravided by & powdersd Ko siug. form. Tuning provided by an sluminum slug.

L? 4-9/2 twns, AWG #1B snamaled conper wirs, 5/167 inng, LZ 1 turs, AWG 16 anamaled copper wire, 3/8" 1D, [AIR
/8" 1.D. (AIR CORE), CORE].
L3 3-1/2 turns, AWG #18 enameled coppar wira, 1787 leng, L3  1/2 turn, AWG #18 snamaled copper wire, 174" 1.0. (AIR
CORE),

/8" 1.0. {AIR CORE}.
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VI

Practical No. 20: Measure the frequency of given Oscillator circuit

Practical Significance

An oscillator is an electronic circuit for generating AC signal voltage
with a DC supply as the only biasing requirement. The frequency of the
generated signal is decided by the circuit elements. An oscillator requires an
amplifier a frequency selective network and positive feedback from the
output to the input. The Barkhausen criteria for sustained oscillator is A =1,
where A is gain of the amplifier and B is the feedback factor.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems’.

Course Level Learning Outcome
Use different types of Oscillators as per requirement.

Laboratory Learning Outcomes

1. Build the circuit and measure the frequency of given LC Oscillator
circuit.

2. Build the circuit and measure the frequency of given RC Oscillator
circuit.

Relevant Affective Domain related Outcomes
Handle components and equipment carefully.

Minimum Theoretical Background

In the RC phase shift oscillator, the required phase shift of 180° in the
feedback loop from the output to input is obtained by using R and C
components, instead of tank circuit. Here a common emitter amplifier is used
in forward path followed by three sections of RC phase network in the reverse
path with the output of the last section being returned to the input of the
amplifier. The phase shift @ is given by each RC section ®=tan"1 (1/mwrc). In
practice R-value is adjusted such that @ becomes 60°. If the value of R and C
are chosen such that the given frequency for the phase shift of each RC
section is 60°. Therefore, at a specific frequency the total phase shift from
base to transistors around circuit and back to base is exactly 360° or 0°. Thus,
the Barkhausen criterion for oscillation is satisfied. The three section RC

network offers 180° phase shift and the B of;—r_} . Hence for unity gain

feedback, the gain of the amplifier should be 29. The phase shift oscillator is
particularly useful as audio frequency generator.
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1

The frequency of oscillation is given by f = o

Hartley oscillator is an LC oscillator. It has LC tank circuit for frequency
selection. LC oscillators are preferred for higher frequencies. VVoltage divider
bias is used for the amplifier in CE configuration. Amplifier section provides
180° phase shift. The tank circuit provides another 180° phase shift to satisfy
Barkhausen criteria. Re is bypassed by Cgp to prevent AC signal feedback and
thus to improve the gain of the amplifier. Frequency of oscillation is
determined by the resonant circuit consisting of capacitor C and inductors L1
and L2.

1
im.Leg.©

Itisgiven by f = Hz.

Where Leq = L1+L2. The output voltage appears across L1 and feedback
voltage appears across L2. So, the feedback factor of the oscillator is given by

=L Thi i ifi ionis A = =
B = .7 This means that the gain of the amplifier section is A = —.

T /\
I/ U

- T -

Figure 20.1: Sinusoidal output

VIl Practical setup in Laboratory

(a) Sample
VCC 12V
R, | % 1 uF Output
47 KQ “—J_” Vo
c 0.01 puF _ c 0.01 pF
Q

Figure 20.2: Circuit diagram of RC Phase Shift Oscillator
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Ve 10 W
l
Ry é Re
1.8 KO
47 k0 Ce 1pF Output
1L
Ce 1pF al g a Vo
r—ii 195
Ly 2 | ©
Rz I g internal
Re Ce — L2 capacitor
10 Ko 560 Q i of IFT
1 pF .
primany
side of IFT

Figure 20.3: Circuit diagram of LC (Hartley) Phase Shift Oscillator

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIII Required Resources/apparatus/equipment with specifications

zro' Instruments/Components Specification Quantity

Multimeter 3 Y -digit display with AC and DC voltage 1
1. measurement and Current measurement

facility and Diode testing facility.

2. |CRO 0-25MHz, Dual Trace 1
3. | DC Power supply 0-12V 1
4. | Resistor 470 Q, 47 Q, 560Q2 1 each
5. | Resistor 4.7KQ, 10 KQ, 1.8 KQ 2 each
6. | Capacitor 0.01pF,1pF, 22uF (Electrolytic) 1 each
7. | Variable resistor — 10 KQ 1

Potentiometer
8. | Transistor BC 548, BF 195 1 each
9. | Bread Board 55CM X 17CM 1
10. | IFT - 1
11. | Connecting wires Single strand Teflon coating As per

(0.6mm diameter)

requirement

IX Precautions to be followed

1.Care should be taken while handling terminals of components.

2.Connect wires tightly while building circuit.
3.Show the connections to course faculty and then switch ON the power supply.

X Procedure
Part |

RC Phase Shift Oscillator

1. Test the components and assemble the circuit on a breadboard as shown in

figure 20.2

O W

Part 11
LC (Hartley) Oscillator

Connect the output of the circuit to an oscilloscope.
Adjust the 10 KQ pot and observe the output.
Measure the frequency and amplitude of the output.
. Sketch the output waveform on graph paper.

1. Test the components and assemble the circuit on bread board as shown in

figure 20.3

2. Measure and verify the DC biasing conditions of the transistor.

3. Connect the output to oscilloscope
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4. Observe and measure the amplitude and time period of the output.
5. Calculate the frequency of oscillation.

6. Adjust the core of IFT to get a desired frequency if necessary.

7. Sketch the output waveform on graph paper.

X1 Observation Table
Table 1- RC Phase Shift Oscillator

Sr. No. Amplitude (V) Time (ms) Frequency (KHz)

Table 2- LC (Hartley) Oscillator

Sr. No. Amplitude (V) Time (ms) Frequency (KHz)

Calculations:

X1l Interpretation of results
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XV Practical related Questions
1. Give the conditions for oscillation.
2. Difference between RC oscillator and LC oscillator?
3.  Write down the application of RC phase shift oscillator.

[Space for answers]
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XVI1 References / Suggestions for further Reading
1. https://circuitdigest.com/tutorial/rc-phase-shift-oscillator
2. https://www.electronics-tutorials.ws/oscillator/hartley.html
3. https://www.youtube.com/watch?v=akgoYmkaiSc

XVl Assessment Scheme
Performance Indicators Weightage

Process related (15 Marks) 60%0
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%o
1 Interpretation of Result & Conclusion 15%
2 Practical related questions 15%
3 Completion and submission of experiment 10%

in time
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained

Dated Signature of

Teacher

Process Product
Related Related
(15) (10)

Total
(25)
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by BC546/D

Amplifier Transistors

NPN Silicon

MAXIMUM RATINGS

COLLECTOR

BASE

1

3
EMITTER

BC546, B
BC547,A,B,C
BC548, A, B, C

BC | BC | BC
Rating Symbol 546 547 548 Unit CASE 29-04, STYLE 17
Collector—Emitter Voltage Vego | 65 | 45 | 30 | vdc TO-92 (TO-226AA)
Collector—Base Voltage VcBO 80 50 30 Vdc
Emitter—Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Tp = 25°C PpD 625 mwW
Derate above 25°C 50 mW;,C
Total Device Dissipation @ T = 25°C PpD 15 Watt
Derate above 25°C 12 mW/;,C
Operating and Storage Junction Ty, Tstg —55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RaJA 200 “CW
Thermal Resistance, Junction to Case RaJc 83.3 “C/wW
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Characteristic Symbol Min Typ Max Unit
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage BC546 V(BR)CEO 65 — — Vv
(Ic=10mA, Ig=0) BC547 45 — —
BC548 30 — —
Collector—Base Breakdown Voltage BC546 V(BR)CBO 80 — — v
(Ic = 100 pAdc) BC547 50 — —
BC548 30 — —
Emitter —Base Breakdown Voltage BC546 V(BR)EBO 6.0 — — A
(lg=10uA Ic=0) BC547 6.0 — —
BC548 6.0 — —
Collector Cutoff Cumrent IcESs
(WcE=70V,VRg =0) BC546 — 02 15 nA
(Vce=50V,VBe=0) BC547 — 0.2 15
(VWCg=35V,VBe =0) BC548 — 0.2 15
(VGE =30V, Tp = 125°C) BC546/547/548 — — 40 HA
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Practical No. 21: Find out faults at different stages of regulated DC
power supply

| Practical Significance

Today almost every electronic device needs a DC supply for its
smooth operation and they need to be operated within certain power supply
limits. This required DC voltage or DC supply is derived from single phase
AC mains. A regulated power supply can convert unregulated an AC
(alternating current or voltage) to a constant DC (direct current or voltage). A
regulated power supply is used to ensure that the output remains constant
even if the input changes. A regulated DC power supply is also called as a
linear power supply; it is an embedded circuit and consists of various blocks.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems’.

Il Course Level Learning Outcome
Test operation of regulated power supply.

IV  Laboratory Learning Outcomes
1. Test the voltages &waveforms at various Test points of regulated dc
power supply.
2. ldentify the various faults in the Regulated DC power supply

\Y4 Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow safety practices.
3. Maintain tools and equipment.
4. Follow ethical practices.

VI Minimum Theoretical Background
Testing of regulated DC power supply is used to troubleshoot the
power supply. Testing is use to solve and eliminate the causes of fault.
These faults cause voltage and current instability. Which can have a
significant impact on equipment? The aim of a DC power supply is to
provide the required level of DC power to the load using an AC supply at
the input. The DC power supply consists of following major
components/circuits:
i. Input transformer: The input transformer is a step down
transformer.
ii. Rectifier: The rectifier converts AC to pulsating DC.

Maharashtra State Board of Technical Education (‘K> Scheme) 161



Elements of Electronics (312309)

1i. Filter: It removes ripples.
Iv. Voltage Regulator: It provides a constant output voltage
irrespective of change in line and load voltage.

VIl Practical setup in Laboratory

(a) Sample
Fgsinat e
V\ W JIr:mi‘
-
+
-
To AC line :::;Z; Rectifier Filter Regulator ¥our | Load
o— >
A s N
L —_—

Figure 21.1: Block diagram of Regulated power supply

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VI Required Resources/apparatus/equipment with specifications

r. S :
Eo Instruments/Components Specification Quantity
Multimeter 3 Y -digit display with AC and DC voltage 2
1. measurement and Current measurement
facility and Diode testing facility.
2. | CRO 0-25MHz, Dual Trace 1
3 DC Power supply 0-30V, 2A, SC protection, display for 2
' voltage and current.
4. | Bread Board/Trainer kit |55CM X 17CM 1
IX Precautions to be followed
1. Before connecting the plug to the mains check, the insulation of wires.
X Procedure
1. Use trainer kit of regulated DC power supply.
2. ON the AC supply.
3. Create faults at different stages, compare the observed output voltage with
the expected output voltage at that stage and comment on the values
X1 Observation Table
Table 1- Observe output voltage and fault
Sr. Create fault Expected Observed Output [Comment Related
No at Stage Output Voltage Voltage to Observed fault
1.
2.
3.
4.
5.

XI1 Results
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X1l Interpretation of results

XV Practical related Questions
1. Measure the voltages at given different stages given in observation table
using DMM.
2. List the different blocks of a regulated DC power supply.

[Space for answers]
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XVI1 References / Suggestions for further Reading
1. https://www.electrical4u.com/requlated-power-supply/
2. https://commons.wikimedia.org/wiki/File:Practical Regulated Power Supply

Components.

XVl Assessment Scheme
Performance Indicators Weightage
Process related (15 Marks) 60%0
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%o
1 Interpretation of Result & Conclusion 15%
2 Practical related questions 15%
3 Completion and submission of experiment 10%
in time
Total (25 Marks) 100%

Names of Student Team Members

Dated Signature of
Marks Obtained
Teacher

Process Product
Related Related
(15) (10)

Total
(25)
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ViI

Practical No. 22: Trouble shoot given DC regulated power supply

Practical Significance

Troubleshooting of an electronic circuit is a process of having a
special outlook on components that comes out with remedies to repair it.
The unexpected behavior exhibited by the circuit is due to improper
locating or soldering of components, component damage due to aging,
faults, over heat, and so on.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”.

Course Level Learning Outcome
Test operation of regulated power supply.

Laboratory Learning Outcomes
Rectify the various faults in the Regulated DC power supply.

Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow safety precautions.

3. Follow ethical practices

Minimum Theoretical Background
Troubleshooting is a form of problem solving, often applied to repair
failed products or processes on a machine or a system. It is a logical,
systematic search for the source of a problem in order to solve it, and make
the product or process operational again.
Troubleshooting approach consists of the following:
Stepl- Physical Observation (Locating different electronic component in
different section)
Step2- Define Problem Area
Step3- Identify Possible Causes
Step4- Determine Most Probable Cause
Step5- Test and Repair.

Practical setup in Laboratory

(a) Sample
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q z %23£K11W
AC IN L,
D1
SA 56 OHM MW T R3
bridge § 10K Vout
e a1 1w
K T 1000urF 2N3054
S0V ;:CS
+| c2z g‘ slggrm gée’u':
;_1OOUFISOV
Figure 22.1: Regulated power supply
(b) Actual Circuit Diagram used in Laboratory
(c) Actual practical set up used in Laboratory
VI Required Resources/apparatus/equipment with specifications
Sr. e . .
No Instruments/Components Specification Quantity
Multimeter 3 ¥ -digit display with AC and DC voltage 1
1. measurement and Current measurement
facility and Diode testing facility.
2. |CRO 0-25MHz, Dual Trace 1
3 DC Power supply 0-30V, 2A, SC protection, display for 1
' voltage and current
4. | Bread Board 55CM X 17CM 1
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IX Precautions to be followed
Before connecting the plug to the mains check, the wires are properly insulated.

X Procedure
1. For trouble shooting of given power supply follow the given flow chart:
Follow the given flowchart for troubling shooting the given power supply.
2. Do the physical observations of different section of the given power supply.
3. Draw the circuit diagram of the given power supply and mark test point as
per the flowchart.
4. Go on testing each section of given circuit from input side to output side and
test output. Record the voltage and sketch waveforms at all check points in the
table.
5. Compare the voltage value at given point with expected value, check wave
form at given point and then identify the fault in given supply.

I
_ | CheckMain cord =ma
™ fusc of poecr
TRANSFOR hofn]
MER Cheock the transformcs
OLUTFUT OE o
OR NOT 7
CHECK VOLTAGE AT
OUTFUT OF RECTIFER
RECTIFIER I
OLUTPLT =
. Cheock the dindcs of
OE O o rectifere
NOT?
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L N —

NO
I CHECEFILTER
& I COMPONENTS. —
TES
CHECE VOLTAGE AT OUTPUT
OFREGULATOR
BEGULATO NO
m # Check the BEGULATOR
S IC.ZENER DIODE
YES
Test is not OK
PERFORM LOATD REGULATION . POWER SUFPLY IS
TEST AND OESERVE » FAULTY.
WAVEFORM ON CRO
POWER SUFPLY IS OK

END 4

X1 Observation Table
Table 1- Observed Waveform

Sr. No. Test Points Standard Measured Observed waveform
value value

© || |w D F
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X1l Results

X1l Interpretation of results

XV Practical related Questions
1. Repeat the experiment with different faults.
2. List the different steps to trouble shoot DC regulated power supply.
3. State the need of DC regulated power supply.

[Space for answers]
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XVI

References / Suggestions for further Reading
1. https://www.electrical4u.com/requlated-power-supply/

5. http://www.circuitstoday.com/requlated-power-supply

XVl Assessment Scheme
Performance Indicators Weightage

Process related (15 Marks) 60%0
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%o
1 Interpretation of Result & Conclusion 15%
2 Practical related questions 15%
3 Completion and submission of experiment 10%

in time
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained

Dated Signature of

Teacher

Process Product
Related Related
(15) (10)

Total
(25)

Maharashtra State Board of Technical Education (‘K> Scheme)

171



https://www.electrical4u.com/regulated-power-supply/
http://www.circuitstoday.com/regulated-power-supply

Elements of Electronics (312309)

VI

Practical No. 23: Build and Test the performance of Zener voltage

regulator for given voltage

Practical Significance
Zener diode is a silicon semiconductor with a p-n junction that is

specifically designed to work in the reverse biased condition. When forward
biased, it behaves like a normal signal diode, but when the reverse voltage is
applied to it, the voltage remains constant for a wide range of currents. Due
to this feature, it is used as a voltage regulator in D.C. circuit.

Zener Breakdown: There is a limit for the reverse biasing voltage.
Reverse biasing voltage can increase until the diode breakdown voltage
reaches. This reverse biased voltage is called Zener Breakdown voltage. At
this stage, maximum current will flow through the Zener diode.

Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic

components and circuits in electrical equipment and systems’.

Course Level Learning Outcome
Test operation of regulated power supply.

Laboratory Learning Outcomes
1. Build Zener voltage regulator for given voltage.
2. Calculate load and line regulation.

Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow safety precautions.

3. Follow ethical practices

Minimum Theoretical Background
The function of a regulator is to provide a constant output voltage to a
load connected in parallel with it in spite of the ripples in the supply voltage
or the variation in the load current and the zener diode will continue to
regulate the voltage until the diodes current falls below the minimum IZ
(min) value in the reverse breakdown region. It permits current to flow in the
forward direction as normal, but will also allow it to flow in the reverse
direction when the voltage is above a certain value - the breakdown voltage
known as the Zener voltage. The Zener diode specially made to have a
reverse voltage breakdown at a specific voltage.
Its characteristics are otherwise very similar to common diodes. In
breakdown the voltage across the Zener diode is close to constant over a
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wide range of currents thus useful as a shunt voltage regulator. The purpose of
a voltage regulator is to maintain a constant voltage across a load regardless of
variations in the applied input voltage and variations in the load current. A
typical Zener diode shunt regulator is shown in Figure 23.1. The resistor is
selected so that when the input voltage is at VIN (min) and the load current is
at IL (max) that the current through the Zener diode is at least 1z (min). Then
for all other combinations of input voltage and load current the Zener diode
conducts the excess current thus maintaining a constant voltage across the
load. The Zener conducts the least current when the load current is the highest
and it conducts the most current when the load current is the lowest.

a) Line Regulation

In line regulation, series resistance and load resistance are fixed, only input
voltage is changing. Output voltage remains the same as long as the input
voltage is maintained above a minimum value.

Line regulation is the ability of a power supply to maintain a constant
output voltage despite changes to the input voltage, with the
output current drawn from the power supply remaining constant. It is
desirable for a power supply to maintain a stable output regardless of
changes in the input voltage. The line regulation is important when the input
voltage source is unstable or unregulated and this would result in significant
variations in the output voltage. Percentage of line regulation can be
calculated by

AV,
Line Regulation = - 100
ine Regulation AV o

1

b) Load Regulation

Load regulation is the measure of the ability of a power supply to maintain a
constant output voltage despite changes in output current or load. A good load
regulation ensures that the power supply will deliver a required and stable
voltage to the circuit or system. Ideally the load regulation should be zero
meaning that the supply’s output voltage is independent of the load and
remains the same throughout.

When choosing a power supply, it is important to pay attention to the
load regulation as specified in the data sheets. The power supply should be
able to supply a constant and reliable power to within the specified load
current range. The load regulation is not a fixed number but rather presented
as a percentage.

ViNL — VEL

Load regulation= 100
VL
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VIl Practical setup in Laboratory
(a) Sample

+
Re
— AW

-
e

pe—Vs —f

|+

Vin

Figure 23.1: Zener diode Shunt Regulator
(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIII Required Resources/apparatus/equipment with specifications

Ero. Instruments/Components Specification Quantity

Digital Multimeter 3% -digit display with AC and DC voltage 1
1. measurement and Current measurement

facility and Diode testing facility.
) Variable DC power supply | 0-30V, 2A, SC protection, display for voltage 1
' and current.

3. | DC Voltmeter 0-20V 1
4. | Diode 1N4733(or any other Equivalent Zener diode) 1
5. | Variable Load Resistor 0 -10KQ(Rheostats/potentiometers) 1
6. | Resistor 1KQ(0.5watts/0.25watts) 1
7. | Bread Board 55CM X 17CM 1

IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.
2. While doing the experiment do not exceed the input voltage of the diode beyond
the rated voltage of diode. This may lead to damaging of the diode.
3. Connect voltmeter and ammeter in correct polarities as shown in the circuit

diagram.

X Procedure
Part |
Line Regulation:

1. Connect the circuit as in figure 23.1.

2. Keep load resistance fixed value; vary DC input voltage from 5Vto 15V.

3. Record the output voltage as a load voltage with high line voltage 'V HL 'and
as a load voltage with low line voltage "VLL' in the observation table.

Part 11
Load Regulation:

1. Keep input voltage constant say 10V, vary load resistance value.

2. Record no load voltage "W/ NL.' for maximum load resistance value and full
load voltage "WVFL.' for minimum load resistance value.

3. Calculate load regulation as per formula.

4. Sketch the graph for recorded readings.
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X1 Observation Table

Table 1- Measurement of Vin and Vz

Line Regulation

Load Regulation

(RL constant) (Vin constant) Vin=IO (V)
Sr. No. IL=10 (mA)
Input Output Load Output
voltage voltage Vz(VOLTS) | current IL(mA) |voltage Vz(VOLTYS)
Vin(VOLTS)
1.
2.
3.
4,
o.
6.
Calculations:

Percentage of line regulation=

Percentage of load regulation=

X1l Results

Load Resistance

Output voltage
Vz(VOLTS)

Load current

IL(MA)

RL minimum

RL maximum

X1l Interpretation of results
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XV Practical related Questions

1. Repeat the above experiment different Zener diode.
2. Differentiate between PN junction & Zener diode.
3. Draw Zener diode as a voltage regulator.

[Space for answers]

XVI1 References /Suggestions for further Reading
1. https://www.youtube.com/watch?v=n56b6-j0r4
2. https://www.youtube.com/watch?v=jG2Y AtTWxv
3. https://www.youtube.com/watch?v=mfGEODPzTmc

XVII Assessment Scheme

Performance Indicators Weightage
Process related (15 Marks) 60%0
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Interpretation of Result & Conclusion 15%
2 Practical related questions 15%
3 Completion and submission of experiment 10%
in time
Total (25 Marks) 100%
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Names of Student Team Members

i
2
B
A, e eeiiiiiieiiirereiiaeeeenas
Dated Signature of
Marks Obtained
Teacher
Process Product Total
Related Related (25)
(15) (10)
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CDZFH6.2B

Zener Diode (AEC-Q101 qualified) ® Data sheet
Outline
Pp 100 mwW VMAZ S00023
(1)
:21'

Feature Inner Circuit

High rediability

Small mald type

(2] u—ﬂrn {n (1)Cathode
(Z\anode

® L

Application Packaging Specification

Voltage regulation Facking Embossed Tape

Reed Size{mm 180

@ Tapng Width{my 8

Structure Basic Crderng Unl{pes) 8000

Silicon Epitaxial Planar Taping Code TZRA
@ ‘c Mg G

Absolute Maximum Rating (T3=25 )
— Parameter Symbol Limits Unit
Fower disipation Po 100 iy
Junchion lerperature Ti 150 ‘:
Storage lenperalure Tty 55 150 =
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Practical No. 24: Construct and Test the performance of Positive
voltage regulator using 78XX, three terminals IC for given

VI

voltage

Practical Significance

In industry and domestic appliances three terminal regulators are used.
They give fixed output voltage making these useful in a wide range of
applications. One of these on-board regulations, eliminating the
distribution problems associated with single point regulation. Use of 78xx
will help students to acquire necessary practical skills related to
regulators.

Industry / Employer Expected Outcome

This practical is expected to develop the following skill: ‘Use electronic

components and circuits in electrical equipment and systems”’.

Course Level Learning Outcome
Test operation of regulated power supply.

Laboratory Learning Outcomes
1. Construct the circuit for Positive voltage regulator using 78 XX IC.
2. Calculate load and line regulation.

Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow safety precautions.

3. Follow ethical practices

Minimum Theoretical Background

IC78XX is positive series of regulators. For ICs with in the78xx
family, the xx is replaced with two digits, indicating the output voltage for
example; the 7805 has a 5-volt output, while the 7812 produces12 volts.
The LM78XX series of three terminal regulators is available with several
fixed output voltages making them useful in a wide range of will allow
over 1. OA load current if adequate heat sinking is provided. Current
limiting is included to limit the peak output current to a safe value. Safe
area protection for the output transistor is provided to limit internal power
dissipation. If internal power dissipation becomes too high for the heat
sinking provided, the thermal shutdown circuit takes over preventing the
IC from overheating.

Voltage Range are LM7805C 5V; LM7812C 12V; LM7815C
15V.The LM79XX series of 3-terminal regulators is available with fixed
output voltages of 5V,8V,12V, and15V. These devices need only one
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external component, i.e. compensation capacitor at the output. The

LM79XX series is packaged in the TO-220 power package and is capable

of supplying 1.5A of output current. In LM78xx LM

indicate the
manufacturer name.

VIl  Practical setup in Laboratory
(a) Sample

Plastic Package
TO-220(T)

OuTPUT
GND —= O GND

[ wnruT

TL/H/TT46-3
Top View

Order Number LM7805CT,
LM7812CT or LM7815CT

Figure 24.1: Pin diagram of IC78XX

INPUT T—l LM7BLXX & DuUTPUT
c1*

I czli
0.33uF T — 0.01uF

Figure 24.2: IC78XX as positive voltage regulator

(b) Actual Circuit Diagram used in Laboratory

(c) Actual practical set up used in Laboratory
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VIII Required Resources/apparatus/equipment with specifications
Ero. Instruments/Components Specification Quantity
Digital Multimeter 3 Y -digit display with AC and DC voltage 1
1. measurement and Current measurement
facility and Diode testing facility.
2. | DC Voltmeter 0-20V 1
3 IC7805,7812,7815 LM78L05 with tolerances of £5% over 1 each
' the temperature range.
4. | Variable Load Resistor 0 -10KQ(Rheostats/potentiometers) 1
5 Capacitors 0.01uF,0.33uF,2.2uF,1puF(ceramic 1 each
' capacitor)
6. | Bread Board 55CM X 17CM 1

IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

X Procedure
1. Connect circuit on General Purpose Bread boards.
2. Apply unregulated DC power supply.
3. Measure input voltage with voltmeter or Multimeter.
4. Measure output voltage with voltmeter or Multimeter.

Part |

Line Regulation:

1. Connect the circuit as in figure 24.2

2. Keep load resistance fixed value; vary DC input voltage from 5Vto 15V.
3.Record the output voltage as a load voltage with high line voltage "V HL 'and as a
load voltage with low line voltage "VIN' in the observation table.

Part 11

Load Regulation:

1. Keep input voltage constant say 10V, vary load resistance value.

2. Record no load voltage "VNL' for maximum load resistance value and full load
voltage "VFL' for minimum load resistance value.

3. Calculate load regulation as per formula.

4. Sketch the graph for recorded readings.
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X1l Observation Table
Table 1- Positive voltage regulator using IC78XX
Sr. No IC Used Input DC Voltage Output DC Voltage
1. 7805
2. 7812
3. 7815
Table 2- Measurement of Vin and Vz
Line Regulation Load Regulation
(RL constant) (Vin constant) Vin=10(V)
Sr. No. IL=10 (mA)
Input Output Load Output
voltage voltage Vz(VOLTS)| current IL(mA) | voltage Vz(VOLTS)
Vin(VOLTYS)

1.

2.

3.

4,

5.

6.

Calculations:

Percentage of line regulation=

Percentage of load regulation=
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X1l Results

Load Resistance Output voltage Load current
Vz(VOLTYS) IL(mA)

RL minimum

RL maximum

X111 Interpretation of results

XV Practical related Questions

Note: Below given are few sample questions for reference. Course faculty must
design more such questions so as to ensure the achievement of identified CO.
1. List the three terminal of IC 78xx voltage regulator.
2. List voltage options are available in 78xx voltage regulator.
3. List any two advantages of IC 78xx

[Space for answers]

XVI1 References /Suggestions for further Reading
1. www.alldatasheet.com/datasheet-pdf/pdf/9037/NSC/LM78XX.html
2. www.cedmagic.com/tech-info/data/Im78xx.pdf

Maharashtra State Board of Technical Education (‘K> Scheme) 185



http://www.alldatasheet.com/datasheet-pdf/pdf/9037/NSC/LM78XX.html
http://www.cedmagic.com/tech-info/data/lm78xx.pdf

Elements of Electronics (312309)

XVII Assessment Scheme
Performance Indicators Weightage
Process related (15 Marks) 60%0
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Interpretation of Result & Conclusion 15%
2 Practical related questions 15%
3 Completion and submission of experiment 10%
in time
Total (25 Marks) 100%
Names of Student Team Members
g
2
S
A, it

Marks Obtained

Dated Signature of

Teacher

Process Product
Related Related
(15) (10)

Total
(25)
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1

SEMICONDUCTOR ®

LM78XX fre ®®

3-Terminal 1 A Positive Voltage Regulator

' ™ ' =
Features = g
o Output Voltage Range 5 to 24V 3% -
e Output cument up to 1A - — . .,’ o,
¢ No external components required i PeQ7 [
o Internal thermal overioad protection f | W ! | )
e Internal short-circuit current limiting = <Ll
o Output transistor safe-area compensation | U _ﬂ .
e Output voltage offered in 4% tolerance e dau
TO-220M-1
L ) L Unit : (mm) -

Standard Application Circuit
Inpet

A common ground s required between the input and the

output voltages. The input voitage must reman typically
2.0V above the output voltage even during the low point on

Output
o IN ouT 10
78xx the Input npple voltage.
. . c2
i

-

XX = these two digits of the type number indicate voltage.

== 033 GNDTAB * = Cin is required if regulator is located an appreciable

I distance from power supply fiter.

= 2 ** = Co is not needed for stability; however, it does improve
L transient response.

Absolute Maximum Rating (Ta = 25°C unless olherwise noted)

Parameter Symbol Limit Unit
Vour=5~18V 35
Input Voltage Vorr=24V Ve m v
Output Current bour Internal Limited
Power Dissipation Po Internal Umited
Operating Junction Temperature T, 0~4125 'C
Storage Temperature Range Tara -65~+150 °C
Thermal Resistance - Junction to Case JO-220 Re . D oW
1TO-220 5
TO-220 50 z
Thermal Resistance - Junclion to Ambient 1T0.220 R&.. 50 cw

Note: Absolute maximum ratings are those values beyond which damage to the device may occur.
Functional operation under these condition is not implied.
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Practical No. 25: Prepare and Test the performance of Dual voltage
regulator using 78XX and 79XX, three terminal IC for given voltage

I Practical Significance

In industry and domestic appliances three terminal regulators are used.
They give fixed output voltage making these useful in a wide range of
applications. One of these is on board regulation, eliminating the
distribution problems associated with single point regulation. 78xx series
of voltage regulators are most commonly used to provide a stable output
voltage from a slightly higher input voltage. And 79xx series of voltage
regulators perform in pretty much the same way but they are intended to
output a negative voltage.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”’.

Il Course Level Learning Outcome
Test operation of regulated power supply.

IV  Laboratory Learning Outcomes
1. Prepare the circuit for Dual voltage regulator using 78 XX and 79XX IC.
2. Calculate load and Line regulation.

\Y4 Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow safety precautions.
3. Follow ethical practices

VI Minimum Theoretical Background

IC78XX is positive series of regulators. For ICs with in the78xx family, the
xx is replaced with two digits, indicating the output voltage for example;
the7805 has a 5-volt output, while the 7812 producesl2 volts. The
LM78XX series of three terminal regulators is available with several fixed
output voltages making them useful in a wide range of will allow over
1.0A load current if adequate heat sinking is provided. Current limiting is
included to limit the peak output current to a safe value. Safe area protection
for the output transistor is provided to limit internal power dissipation. If
internal power dissipation becomes too high for the heat sinking provided,
the thermal shutdown circuit takes over preventing the IC from overheating.
Voltage Range are LM7805C 5V; LM7812C 12V; LM7815C 15V.where
LM indicate the manufacturer name.
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The LM79XX series of 3-terminal regulators is available with fixed output
voltages of 5V, 8V, 12V, and 15V.These devices need only one external
component, i.e. compensation capacitor at the output. The LM79XX series
is packaged in the TO-220 power package and is capable of supplying 1.5A
of output current. The third pin is ground. The purpose of the first and

second pins of these two types of ICs is different:

I.The first and second pins of 78xx voltage regulator ICs are used for

connecting the input and ground respectively.

II.The first and second pins of 79xx voltage regulator ICs are used for

connecting the ground and input respectively.
Examples

7805 voltage regulator IC produces a DC voltage of +5 volts.
7905 voltage regulator IC produces a DC voltage of -5 volts.

[ [ —
B

1 [ j =
Ty st COruatpuat

Necsatiwvwe

=
Ty >t

Ww o ltase

[ I
=

=
COuuatput

theoryCIRCUIIT . .corm

Recculator

WwWoltage Regulator 1C Pimnowut

Positive v oltage Regulator 7S

A ER DO

I

=

h .

.-

Figure 25.1: Pin diagram of 1IC78XX and 79XX

VIl  Practical setup in Laboratory
(a) Sample

in IC1

]

Out

1 7812

IS}
-

2200uF C3 |100n
Bridge ——

O

+12 Volt

s
220uF

0 VoIt

‘I Rectifier
{ ;

220 Volt AC

c2 C4 1100n

220 0uF

1

2 IC 2

c6
220uF

12 Volt

L

In 7912

Figure 25.2: Dual voltage regulator

|
|
|
|

O

Out
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(b) Actual Circuit Diagram used in Laboratory

(c)Actual practical set up used in Laboratory

VI Required Resources/apparatus/equipment with specifications
r. e :
ilo Instruments/Components Specification Quantity
Digital Multimeter 3 Y -digit display with AC and DC voltage 1
1. measurement and Current measurement
facility and Diode testing facility.
2. | DC Voltmeter 0-20V 1
IC7805,7812,7815 LM78LO05 input voltage tolerances of +5% 1 each
3. over the temperature range and Output
current of 100mA.
IC7905,7912,7915 Thermal, short circuit and safe are a 1 each
4 protection, High ripple rejection,1.5A output
' current, 4% tolerance on preset Output
voltage.
5. | Capacitors 2200uF,220uF (Ceramic capacitor) 4
6. | Transformer 9-0-9VAC,500mA 1
7. | Bridge rectifier 100V,2A 1
8. | Bread Board 55CM X 17CM 1
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IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

X Procedure

Select components and test it with multimeter.

1. Mount components on bread board as per circuit diagram.

2. Connect dc power supply at the input.

3. Connect multimeter at the output.

4. Vary input voltage by varying DC supply till constant output voltage is obtained.
5. Note down the corresponding output voltage.

6. Tabulate input and output voltage in observation table.

7. Plot a graph of input dc voltage versus output voltage.

8. Measure output voltage with voltmeter or Multimeter

Part |

Line Regulation:

1.Connect the circuit as in figure 25.2

2. Keep load resistance fixed value; vary DC input voltage from 5Vto 15V.
3.Record the output voltage as a load voltage with high line voltage "V HL 'and as a
load voltage with low line voltage "VIN' in the observation table.

Part 11

Load Regulation:

1. Keep input voltage constant say 10V, vary load resistance value.

2.Record no load voltage "VNL' for maximum load resistance value and full load
voltage "VFL' for minimum load resistance value.

3.Calculate load regulation as per formula.

4. Sketch the graph for recorded readings.

X1 Observation Table

Table 1- Positive voltage regulator using IC78XX

Sr. No IC Used Output at positive DC Output at negative DC
Voltage Voltage
1. 7805
2. 7812
3. 7815
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Table 2- Negative voltage regulator using IC79XX

Sr. No. IC Used Output at positive Output at negative DC
DC Voltage Voltage
1. 7905
2. 7912
3. 7915
Table 3- Measurement of Vin and Vz
Line Regulation Load Regulation
(RL constant) (Vin constant) Vin=IO (V)
Sr. No. IL=10 (mA)
Input Output Load Output
voltage voltage current IL(mA) | voltage Vz(VOLTS)
Vin(VOLTS) Vz(VOLTYS)
1.
2.
3.
4.
5.
Calculations:
Percentage of line regulation=
Percentage of load regulation=
X1l Results

Load Resistance

Output voltage
Vz(VOLTS)

Load current
IL(MA)

RL minimum

RL maximum
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X1l Interpretation of results

XV Practical related Questions

Note: Below given are few sample questions for reference. Course faculty must
design more such questions so as to ensure the achievement of identified CO.
1. Draw the pin configuration of IC 78xx & 79xX.
2. List the different applications of voltage regulator IC 78xx family.
3. List features of IC 78xx and 79xx.

[Space for answers]

XVI1 References /Suggestions for further Reading

1. Www.alIdatasheet.com/datasheef-pdf/pdf/9037/NSC/LM78XX.htmI
2. www.cedmagic.com/tech-info/data/lm78xx.pdf
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XVII Assessment Scheme
Performance Indicators Weightage
Process related (15 Marks) 60%0
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Interpretation of Result & Conclusion 15%
2 Practical related questions 15%
3 Completion and submission of experiment 10%
in time
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained

Dated Signature of

Teacher

Process Product
Related Related
(15) (10)

Total
(25)
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] THINKI

SEMICONDUCTOR ®

LM78XX fre B0

3-Terminal 1 A Positive Voltage Regulator

' ™ G ~N
Features s J
R TP (el ¥ X !
e Output Voltage Range 5 to 24V ' 017 J
e Output curentup to 1A = ot
o No extemal components required { v Pofr
o Internal thermal overioad protection ! ‘ }
o Internal short-circuit current limiting -
o Output transistor safe-area compensation i
e Output voltage offered in 4% tolerance
TO-220M-1
q ) L Unit : (mm) ]
Standard App lication Circuit A common ground is required between the input and the
Input Output output voltages. The input voltage must reman typically
TN out 2.0V above the output voltage even during the low point on
78xx g the Input npple voltage.
. %t L " XX = these two digits of the type number indicate voitage.
033uF GND/TAB * = Cin is required if requlator is located an apprecable

distance from power supply filter.
** = Co is not needed for stability; however, it does mprove
transient response,

c2
T

1

Absolute Maximum Rating (Ta = 25°C unless otherwise noted)

Parameter Symbol Limit Unit
VOJI=5‘18V 35
t Volta Vv v
S Vour=24V . 40
Qutput Current lour Internal Limied
Power Dissipation Po Internal Limited
Operating Junction Temperature T, 0~+125 ‘C
Storage Temperature Range Tara -65-~+150 *C
Thermal Resistance - Junction to Case TO-220 RO . 2 ‘W
ITO-220 5
Thiviial Rsalatasio - Smcloh & ADEN.  F— ) e W
ermal Resistance - Junction to ien 70220 1A 50
Note: Absolute maximum ratings are those values beyond which damage to the device may occur.
Functional operation under these condition is not implied.
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Practical No. 26: Test the performance of IC 723 as Regulator

I Practical Significance
Voltage regulators are used to compensate for voltage fluctuation in
main power as well as load current variation. VVoltage regulators are used
in industries as well as in domestic applications such as Air Condition,
TV, and Refrigerators in order to protect them from fluctuating input
voltage. IC 723 is a general purpose, extremely versatile voltage regulator
IC, which can be used for making various types of regulated power

supply.

1 Industry / Employer Expected Outcome
This practical is expected to develop the following skill: ‘Use electronic
components and circuits in electrical equipment and systems”’.

Il Course Level Learning Outcome
Test operation of regulated power supply.

IV  Laboratory Learning Outcomes
1. Build LOWY/High voltage regulator circuit using 1IC LM723.
2. Calculate load and Line regulation.

\Y4 Relevant Affective Domain related Outcomes
1. Handle components and equipment carefully.
2. Follow safety precautions.
3. Follow ethical practices

VI Minimum Theoretical Background
The723 voltage regulator is commonly used for series voltage regulator
applications. It can be used as both positive and negative voltage regulator.
LM723 IC can also be used as a temperature controller, current regulator
or shunt regulator and it is available in both Dual-In-Line and Metal Can
packages.
The IC 723 is a general purpose, extremely versatile voltage regulator IC,
which can be used for making various types of regulated power supplies
such as:
a. Positive Voltage Regulator
b. Negative Voltage Regulator
c.  Switching Regulator
d. Foldback Current Limiter
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NC| 1 Q 14 | NC
Current Limit| 2 13 | Frequency Compensation
Current Sense| 3 12| v+
723

Inverting Input| 4 11| Ve
Non Inverting Input| 5 10 |Vout
vref| 6 g |Vz

V-[ 7 8 |NC

Figure 26.1: Pin diagram of IC LM723
Block diagram of IC 723

Includes, voltage reference source, error amplifier, a series pass transistor
and a current limit transistor all are include din14pin DIP package. It has
temperature compensated 6.2V Zener, which is biased with constant
current source. A reference voltage amplifier generates the precise
reference voltage in between 6.8 to 7.5 V. The output of error amplifier
drives the series pass transistor Q1 to give output voltage. Transistor Q2 is
connected internally to provide short circuit current limiting.

T eo

Frequency

Unreg. input

fnwverting

Ermror

W
b o™
Mon-inverting
input

Figure 26.2: Block diagram of IC LM723

VIl  Practical setup in Laboratory
(a) Sample

BO 1%

Figure 26.3: Circuit diagram of 1C723
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(b) Actual Circuit Diagram used in Laboratory

(b) Actual practical set up used in Laboratory

VI Required Resources/apparatus/equipment with specifications
r. e :

ilo Instruments/Components Specification Quantity

Digital Multimeter 3 Y% -digit display with AC and DC voltage 1
1. measurement and Current measurement facility

and Diode testing facility.

Variable DC power supply | 0-30V, 2A, SC protection, display for voltage and 1
2. current.
3. |IC723 LM723 1

Resistor 1.2KQ, 560 Q,3.9 KQ, 6
4. 15 KQ,0.15Q/5W,10KQ

Variable resistor

5. | Capacitor 100pF,100Nf,100uF,2200uF. (Ceramic capacitor) 4
6. | Transistor 2N3055, BD135 2
7. | Bread Board 55CM X 17CM 1
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IX Precautions to be followed
1. Do not switch ON the power supply unless you have checked the circuit
connections as per the circuit diagram.

X Procedure

Select components and test it with multimeter.

. Mount components on bread board as per circuit diagram.

. Connect dc power supply at the input.

. Connect multimeter at the output.

. Vary input voltage by varying DC supply till constant output voltage is obtained.

. Note down the corresponding output voltage.

. Tabulate input and output voltage in observation table.

. Plot a graph of input dc voltage versus output voltage.

. Measure output voltage with voltmeter or Multimeter

Part |

Line Regulation:

1.Connect the circuit as in figure 26.3

2. Keep load resistance fixed value; vary DC input voltage from 5Vto 15V.

3.Record the output voltage as a load voltage with high line voltage "V HL 'and as a

load voltage with low line voltage "VIN' in the observation table.

Part 11

Load Regulation:

1. Keep input voltage constant say 10V, vary load resistance value.

2. Record no load voltage "VNL' for maximum load resistance value and full load
voltage "VFL' for minimum load resistance value.

3. Calculate load regulation as per formula.

4. Sketch the graph for recorded readings.

0O NO Ol WDN P

X1 Observation Table

Table 1- Measurement of Vin and Vz

Line Regulation (RL constant) Load Regulation (Vin constant)
IL=10(mA) Vin=10 (V)
Sr. No. Input voltage Output voltage Load current Output voltage

Vin(VOLTS) Vz(VOLTS) IL(MA) Vz(VOLTS)
1.
2.
3.
4.
5.
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Calculations:

Percentage of line regulation=

Percentage of load regulation=
X1l Results

X111 Interpretation of results

XV Practical related Questions

Note: Below given are few sample questions for reference. Course faculty must design
more such questions so as to ensure the achievement of identified CO.

1. State the difference between low voltage and high voltage regulator?

2. List the various protection circuits used in voltage regulator?

3. Sate the function of current limiting in IC 723?

[Space for answers]
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XVI1 References / Suggestions for further Reading

1. https://www.youtube.com/watch?v=veXShWaCliA
2. https://www.youtube.com/watch?v=tNqT7vCDswk
XVII Assessment Scheme
Performance Indicators Weightage
Process related (15 Marks) 60%0
1 Proper connection of electrical circuit 20%
2 Handling of instrument 10%
3 Taking proper readings 20%
4 Working in team. 10%
Product related (10 Marks) 40%
1 Interpretation of Result & Conclusion 15%
2 Practical related questions 15%
3 Completion and submission of experiment 10%
in time
Total (25 Marks) 100%

Names of Student Team Members

Marks Obtained

Dated Signature of

Teacher

Process Product
Related Related
(15) (10)

Total
(25)
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