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Linear Integrated Circuits (22423)

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 ‘I’ Scheme curricula for engineering diploma
programmes with outcome-base 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 ‘I’ 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.

Operational Amplifier (Op-Amp) is the most versatile Linear Integrated Circuit (1C) used
to develop various application in electronic circuits and equipment. Hence this course is intended
to develop the skills to build, test, diagnose and rectify the Op-Amp based electronic circuits.
This course deals with various aspects of Linear Integrated circuits used in various industrial,
consumer and domestic applications.

Although all care has been taken to check for mistakes in this laboratory manual, yet it is
impossible to claim perfection especially as this is the first edition. Any such errors and
suggestions for improvement can be brought to our notice and are highly welcome

Maharashtra State Board of Technical Education i
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Programme Outcomes (POs) to be achieved through Practical of this Course:

Following programme outcomes are expected to be achieved through the practicals of this course

PO1. Basic knowledge: Apply knowledge of basic mathematics, sciences and basic engineering
to solve the broad-based Electronics and Telecommunication engineering problems.

PO2. Discipline knowledge: Apply Electronics and Telecommunication engineering knowledge
to solve broad-based Electronics and Telecommunications engineering related problems.

PO3. Experiments and practice: Experiments and practice: Plan to perform experiments and
practices to use the results to solve broad-based Electronics and Telecommunication engineering
problems.

PO4. Engineering tools: Apply relevant Electronics and Telecommunications technologies and
tools with an understanding of the limitations

PO5. The engineer and society: Assess societal, health, safety, legal and cultural issues and the
consequent responsibilities relevant to practice in field of Electronics and Telecommunication
engineering.

PO6. Environment and sustainability: Apply Electronics and Telecommunication engineering
solutions also for sustainable development practices in societal and environmental contexts.

PO7. Ethics: Apply ethical principles for commitment to professional ethics, responsibilities and
norms of the practice also in the field of Electronics and Telecommunication engineering.

PO8. Individual and team work: Function effectively as a leader and team member in diverse/
multidisciplinary teams.

PO9. Communication: Communicate effectively in oral and written form.
PO10. Life-long learning: Engage in independent and life-long learning activities in the context
of technological changes also in the Electronics and Telecommunication engineering and allied

industry.

Program Specific Outcomes (PSO) (What s/he will be able to do in the Electronics and
Telecommunication engineering specific industry soon after the diploma programme).

PSOL. Electronics and Telecommunication Systems: Maintain various types of Electronics
and Telecommunication systems.

PSO2. EDA Tools Usage: Use EDA tools to develop simple Electronics and
Telecommunication engineering related circuits.

Maharashtra State Board of Technical Education ii
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List of Industry Relevant Skills

e The following industry relevant skills of the competency ‘Maintain electronic circuits
consisting of Linear Integrated Circuits’ are expected to be developed in students by
undertaking the practical of this laboratory manual.

. Select the appropriate IC with the help of data sheet.
. Testing of the different IC’
. Select the electronic component of proper value as per the requirement.

. Mount the electronic component on breadboard as per circuit diagram.

Compare the observed output with the expected output.

1

2

3

4

5. Test the circuit for the given application.

6

7. Find faults and trouble shoot the given circuit
8

Use of relevant EDA tool for Simulation of analog electronics circuits

Maharashtra State Board of Technical Education iii
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Practical- Course Outcome matrix

Course Outcomes (COs)

a. Use Op-Amp in linear electronic circuits.

b. Use various configurations of Op-Amp for different applications.

c. Troubleshoot various linear applications of Op-Amp for the given specifications.

d. Maintain filters and oscillators used in various electronic circuits.

e. Troubleshoot specified applications using various linear ICs.

Sr. . CO | CO|CO|cCO|CcCOo
No. Practical Outcomes(PrO) a b. C. d. e.

1. | Use relevant instruments to measure input offset
voltage, output offset voltage and common mode | +/ - - - -
rejection ratio (CMRR) of IC741.

2. | Use relevant instruments to measure the Output . . . .

: V

voltage swing parameter of op-amp IC741

3. | Use relevant instruments to determine gain of the
Inverting amplifier and Non Inverting amplifier ) v - - )
consist of IC741.

4. | Build/Test adder and subtractor circuit consist of - N - - -
IC 741.

5. | Build/Test Integrator circuit consist of IC741. - - -

6. | Build/Test differentiator circuit consist of IC741. - N - - -

7. | Build/Test Voltage to Current converter and
Current to Voltage converter circuit consist of IC ) v ) ) -
741.

8. | Build/Test comparator circuit consist of IC741 as
Zero crossing detector and active positive peak - v - - -
detector.

9. | Build/Test Instrumentation amplifier circuit using . ) N a .
IC LM324.

10.| Use relevant instruments to measure the
bandwidth and cutoff frequency of the given first ) - - v -
order low pass Butterworth filter .

11.] Use relevant instruments to measure the bandwidth
and cutoff frequency of the given first order high - - ) v )
pass Butterworth filter .

12.| Use relevant instruments to measure the cutoff . B} N .
frequency of the given notch filter.

13.| Use relevant instruments to measure the frequency
of oscillation of the given RC Phase shift oscillator - ) ) v )
circuit using IC741.

14.| Measure the frequency of oscillation of the given ) 3 \ }
wien bridge oscillator circuit using IC741. )
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15.

Build/Test astable multivibrator using 1C555 for
the given specifications.

16.

Build/Test monostable multivibrator using 1C555
for the given specifications.

Maharashtra State Board of Technical Education
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1.
2.
3.
4.
5.

6.

7.
8.

9.

Guidelines to Teachers

Teacher is expected to refer complete curriculum document and follow guidelines for

implementation

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 practical.
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.

Give practical assignment and assess the performance of students based on task assigned

to check whether it is as per the instructions.

10. Assess the skill achievement of the students and COs of each unit.
11. To achieve the PSO2 certain practical’s can be conducted using EDA Tools.
12. At the beginning Teacher should make the students acquainted with any of the simulation

N o ok

8.
9.

software environment as few practical may be performed using EDA tools.

Instructions for Students

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

Before performing the practical student shall read lab manual of related practical to be
conducted.

For incidental writing on the day of each practical session every student should maintain
a dated log book for the whole semester, apart from this laboratory manual which s/he
has to submit for assessment to the teacher.

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, 1S codes and data books.

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

10. Student should well prepare while submitting write-up of exercise.
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Content Page

List of Practical and Progressive Assessment Sheet

S. . . Page Date of Datg O.f Assessment | Dated sign. Rgmarks

No. Title of the practical No. perrl:?:gma submission marks(25) of teacher (if any)
Use relevant instruments to
measure the input offset
voltage, output offset

1* 1
voltage and common mode
rejection ratio (CMRR) of
IC741.
Use relevant instruments to
measure the Output voltage

2 | swing parameter of op-amp 13
IC741
Use relevant instruments to
determine gain of the

3 | Inverting amplifier and Non | 5
Inverting amplifier consist
of IC741.
Build/Test adder and

4= | subtractor circuit consistof | 33
IC 741.
Build/Test Integrator circuit

5 | consists of IC741. 41
Build/Test differentiator

6 | circuit consist of IC741. 51
Build/Test Voltage to
Current converter and

7 | Current to Voltage 59
converter circuit consist of
IC 741.
Build/Test comparator
circuit consist of IC741 as

8* | Zero crossing detector and 67
active positive peak
detector.
Build/Test Instrumentation

9 | amplifier circuit using IC 76

LM324.
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Title of the practical

Page
No.

Date of
performa
nce

Date of
submission

Assessment
marks(25)

Dated sign.
of teacher

Remarks
(if any)

Use relevant instruments to
measure the bandwidth and
cutoff frequency of the
given first order low pass
Butterworth filter .

10*

86

Use relevant instruments to
measure the bandwidth and
cutoff frequency of the
given first order high pass
Butterworth filter .

11*

96

Use relevant instruments to
measure the cutoff
frequency of the given
notch filter .

12

105

Use relevant instruments to
measure the frequency of
13 | oscillation of the given RC
Phase shift oscillator circuit
using IC741.

114

Measure the frequency of
oscillation of the given
Wien bridge oscillator
circuit using 1C741.

14

123

Build/Test astable multi
vibrator using IC555 for the
given specifications.

15*

130

Build/Test monostable
16 | multivibrator using IC555
for the given specifications.

139

Total

e The practical marked as ‘*’ are compulsory,

e Column 6™ marks to be transferred to Proforma of CIAAN-2017.
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VII

Practical No.1: Use relevant instruments to measure the input offset
voltage, output offset voltage and common mode
rejection ratio (CMRR) of IC 741

Practical Significance

Op-Amps are very popular building blocks in electronic circuits. Op-Amps are used for a
variety of applications such as AC and DC signal amplification, filters, oscillators,
voltage regulators, comparators and in most of the consumer and industrial devices. Op-
Amps exhibit little dependence on temperature-changes or manufacturing variations,
which makes them ideal building blocks in electronic circuits. The performance of above
mentioned circuits depends on various parameters of Op-Amp.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication engineering
problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Test Analog IC-741C.

e Mount the electronic component on breadboard as per circuit diagram.

e Use DC power supply to provide power to the given circuit

Relevant Course Outcome(s)
e Use Op-Amp in linear electronic circuits.

Practical Outcome
e Use relevant instruments to measure the input offset voltage, output offset voltage

and common mode rejection ratio (CMRR) of IC741.

Relevant Affective domain related Outcome(s)

e Follow safe practices.

e Follow ethical practices

e Demonstrate working as a leader/a team member

Minimum Theoretical Background
Operational amplifiers are a direct coupled high gain amplifier usually consisting of one

or more differential amplifier followed by level shifter and output stage. An Op Amp is
available as a single integrated circuit package . There are various parameters of Op-Amp
is to be measured are necessary for faithful amplification. Op-Amp has different
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electrical parameters like differential input resistance, input offset voltage, output offset
voltage and common mode rejection ratio .
Differential input resistance (Ri): It is equivalent resistance measured at either input
terminal with other terminal grounded.
Input offset voltage (Vio):It is the voltage applied between two terminals to Op-Amp to
null Voo. Vio = |Vdcl-Vdc?|
Output Offset voltage(Voo):1t is the output of the Op-Amp when the input terminals are
grounded.
Common mode rejection ratio (CMRR): The ability of differential amplifier to reject a
common mode signal is expressed by its common mode rejection ratio. It is the ratio of
differential mode gain Ay to the common mode Ac. CMRR= Ay/ Acm
It is usually expressed in decibel.(db).
The IC is identified by marking the device Type Number on the face of the IC. This
number is usually
accompanied by the date code, indicating the year and week the device was
manufactured.

Package type

(Mini DIP)

Package Type (Mini DIP)

/ Commercial grade

UATALTC L
Temperature range o to 70°C
Device T |
‘ F 8016 4———————

(OPAMP) Week of'the year

FairChild Year

Figure 1.1 Nomenclature of 1C741

LM741 OP-AMP

offset null 1 . B mot connecied
imerting input 2 — tl T +V
non-imering input 3 " : & output
-V 4 -l (] 5 affset nun

Figure 1.2 Pin diagram of 1C741
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VIl  Practical Circuit diagram :

a) Sample circuit diagram

Ra

Vio= (% V) 741C J Vo

“l, ﬁlr:\é\am_z ‘
o

Y Vee

Figure 1.3Input offset voltage (Vio)

We=+1SV

Figure 1.4 Output offset voltage (Voo)

- W= +15y

Figure 1.5 Common mode rejection ratio (CMRR)
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b) Actual Circuit diagram

c) Sample Experimental set up

d) Actual Experimental set up

Maharashtra State Board of Technical Education
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IX Resources Required

S. No. | Instrument /Components Specification Quantity
1 Variable DC power supply 0- 30V, 2A Dual tracking power 2 No.
' supply
2. Analog IC tester Suitable to test | analog ICs 1 No
3. IC-741C Dual-In-Line or S.O. Package 1 No.
4. Resistors Ra 10KQ, 2 No
5. Potentiometer 10KQ 1 No.
6. Breadboard 55cm X 17cm 1 No.
7 Connecting wires Single strand  Teflon coating | As per
' (0.6mm diameter) requirement
X Precautions to be Followed
1. Ensure proper connections are made to the equipment.
2. Ensure the power switch is in ‘off” condition initially.
3. Ensure the use of proper settings of input DC voltage
Xl Procedure

Procedure for measurement of Input offset voltage (Vio)

1.
2.
3.

4.

5.
6.

Test and mount the 1C741 on the bread board.

Make connections per given circuit diagram.

Connect dual power supply to pin No.7 (+ Vcc) and pin No.4 (- Veggy and DMM to
pin No. 6 shown in figure no.1.1

Apply DC voltage Vdcl and Vdc2, in 1V to 15V range to the two input terminals of
an Op-Amp to get zero output voltage. (Vo = 0V).

Calculate Vio = |Vdcl-Vdc2|

Using DMM measure Vio in between two input terminals (that is between pin No.2
and pinNo.3)

Note: Practically Vio varies in between 20mV to 80mV

Procedure for measurement of output offset voltage (Voo)

1.
2.

3.
4.
5. Adjust 10KQ potentiometer connected in between pin-1 and pin-5 of IC 741 to get

6.

Make the connections as per given circuit diagram.

Connect dual power supply to pin No.7 (+ Vcc) and pin No.4 (- Vegy and DMM to
pin No. 6 shown in figure no.1.2

Ground both input terminals of Op-Amp.

Measure the output voltage using DMM at pin No.6

output voltage equal to OV.
Measure Voo range by varying the potentiometer.

Procedure for measurement of common mode rejection ratio (CMRR)

1.
2.

Make the connections as per given circuit diagram.

Connect dual power supply to pin No.7 (+ Vcc) and pin No.4 (- Vegy and DMM to
pin No. 6 shown in figure no.1.3

Apply common voltage VVcm to both the input terminals of 1IC741.

Measure the output voltage Vocm by using DMM at pin No.6

Maharashtra State Board of Technical Education 5




Linear Integrated Circuits (22423)

5. Calculate Acm=Vocm /Vcem
6. Calculate CMRR =Ad/Acm
Where Ad= A =Large signal voltage gain specified in data sheet.

X1l Resources Used
S. No. Instrument /Components Specification Quantity

SAESR N

X1 Actual Procedure Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations(use blank sheet provided if space not sufficient)

Table No: 1.1 Observation Table for Input offset voltage (Vio)

S.No. Vdcl Vdc2 Vio = |Vdcl-Vdc2|
Volts Volts Volts
1.
2.
3.
4,

Table No: 1.2 Observation Table for Output offset voltage (\Voo)

Sr.No. vVecm Voo
1

2.
3.
4.

Maharashtra State Board of Technical Education
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Table No: 1.3 Observation Table for Common mode rejection ratio (CMRR)

Sr.No. Vcm Vocm Acm Ad=A CMRR=Ad/Ac
1

2.
3.
4.

Ad=A= Large signal voltage gain specified in datasheet
Calculations:

Vem=

Vocm=

Acm=Vocm/Vcm=

Ad=A= Large signal voltage gain specified in datasheet
CMRR=Ad/Acm=

CMRR in dB-20log;0 Ad/Acm=

XVI Results

XVII Interpretation of Results (Give meaning of the above obtained results)

XVl Conclusions and Recommendation

XIX Practical Related Questions (Note: Teacher shall assign batch wise additional
one or two questions related to practical)
1. Using data sheet find the equivalent IC for IC 741
2. Write various parameter values using data sheet of IC 741
3. State different packages available for IC 741
4. State significance of level shifter circuit of IC 741

[Space for Answers]
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XX  References / Suggestions for further reading
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India,3rdedition, 2001,ISBN NO : 81-203-0807-7

o

7409-208-0

7. http://www.ti.com/lit/ds/symlink/Im741.pdf

XXI Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%0
1 Handling of the components 10 %
2 Mounting of component 20 %
3 Measuring value using CRO 20 %
4 Working in team 10 %
Product related:10 Marks 40%
5 Calculate various parameters 10 %
6 Interpretation of result 05 %
7 Conclusions 05 %
8 Practical related questions 15 %
9 Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

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

. Laboratory Manual for Introductory Electronics Experiments, Maheshwari, L.K.;

Anand, M.M.S., New Age International Pvt. Ltd. New Delhi; ISBN: 9780852265543
Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto,
Virginia, USA, ISBN: 978087909222
https://www.youtube.com/watch?v=NEiVSbPYWNE
Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall

K.R.Botkar, Integrated Circuits, Khanna publication,10" edition,2005,ISBN NO :81-
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= No Latch-Up When the Common-Mode Rangeis

Exceeded

2 Applications

= Comparators
. Multivil
ODC Amplifiers

ANOICIED WAY 155EREVIIED DCTOSER 2 E
[u]

LM741 Opesational Amplifier
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= Active F

ilters

oscillations.
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except that the LM741C has their performance
ensured over a 0°C o +70FC temperature range,
instead of -353°C to +123°C.
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6 Specifications
6.1 Absolute Maximum Ratings

zuar cperaling free- sir temperalure range (Lnies cffvernize noted |08

[MILN A UINIT
_ -I-I-_-I-' -I-I-_-I-'.J'. =;_; .
Supply woltage \
LMT4IC =18
Fomer dlssipation S0 i,
Differenilal Ingat woltage 230 W
mipt woltage 15 AH W
ek shicel clronll deraiion Conimmos
LT, LMT4A =50 125
Operafing empemime "G
M7 0 L
M4 LATHA 450
JumcHion bermpermbe yH
LMT4IC 100
FOF package (10 seconds) i W
Soldedng Indcamation
COF or TO99 package (10 seconds) 200 "
Sfomge mpembee. Tey =5 150 "o
. . . 1|
6.7 Electrical Characteristics, |LM741G!
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
TR = 255 = = i
mpit Cffsed wolkage Bz 10EQ
TAMM < TA o TRMEK 75 i
mgit offcad voltage e s I . -
] ustment g TA = 25'C, e =220 W =15 0
Ta = IS i e e
mipa ofisid cumment =18
THIN-<TR TRMAX 200
Ta =I5 50 00 =18
migat [olias Comend
THIN<TR TAMAX 0s P
mpit msisiance TA = I5'C, U5 m =20 W 02 Z W0
mipis ‘yoliage mnge TA = 250 212 213 W
Vim2ASY, VOm2A0 V. AL 1y ooz = 20
Lamgie sigmal rolfage pain = - Wiy
[ s g e ]
AL 10D 212 =14
Ot ‘rolfage swing Vi w25 W
A Ika 10 212
Chafipask skio Clrculk Coenk Th w25 ] T,
Commor-mode peecion o RS 10B0 Voyw=12 V. TEMIN @ TA TAMEK 70 a0 B
Supply wolkage macion mio Vimz WD VE=2SV RS 100, TAMIN TR TRMEK |77 == B
FRise ime 0.3 o
Transleni msponse TA = Z5C, Unity Galn
e il 5%
Sy ke TA = 25", Unity Galn 05 Wie
Supply Cumenk TA = 250 17 1% A
Fones Coms rmpihon VimzlSv, TR = I25'C = 25| ol
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Practical No.2: Use relevant instruments to measure the Output voltage
Swing parameter of Op-Amp 1C741.

Practical Significance

The output voltage swing is the range of voltage that an Op Amp physically provide at its
output. Output Voltage Swing defines how close the op-amp output can be driven to
saturation voltage under defined operating conditions where the op-amp still can function
correctly. To design the preferable amplifier circuit used in industry measurement of
voltage swing is necessary to enhance the performance of amplifier circuit using IC
741.This practical will enables student to measure the output voltage swing of Op Amp
using 1IC741

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Select relevant electronic components IC 741 and resistor value for specified gain

e Mounting of the electronic component on breadboard as per circuit diagram.

Relevant Course Outcome(s)
e Use Op-Amp in linear electronic circuits.

Practical Outcome
e Use relevant instruments to measure the Output voltage Swing parameter of op-amp
IC741.

Relevant Affective domain related Outcome(s)

e Follow safe practices.

e Demonstrate working as a leader/a team member
e Follow ethical practices

Minimum Theoretical Background
The ac output is the maximum unclipped peak to peak output voltage that an OpAmp can

produce. Since the quiescent output is ideally zero, the ac output voltage can swing
positive or negative. This also indicates the values of positive and negative saturation
voltages of the OPAMP. The output voltage never exceeds these limits for a given supply
voltages +V¢cc and —Vee. Fora 741C itis + 13 V.
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VIIl  Practical Circuit diagram:

a) Sample circuit diagram

Figure 2.1 Output voltage swing.

b) Actual Circuit diagram

c) Actual Experimental set up

Maharashtra State Board of Technical Education
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IX Resources Required

I\?é Instrument /Components Specification Quantity
1. | Dual Power supply 0- 30V, 2A Dual tracking power supply 1 No.
2. | 1IC-741C Dual-In-Line or S.O. Package 2 No.
3. | Resistors Ring 1KQ 1 No.
4. | Resistors Rin, 1KQ 1 No.
5. | Function Generator 20MHz 2 No.
6. | Analog IC tester Suitable to test analog IC 1 No.
7. | CRO 20MHz Dual Trace Oscilloscope 1 No.
8. | Breadboard 5.5cm X 17cm 1 No.

9 Connecting wires Single strand Teflon coating (0.6mm | Asper
' diameter) requirement
X Precautions to be followed

1. Ensure proper mounting of IC 741 and Resistor on Breadboard.
2. Ensure proper connection of Circuit
3. Ensure proper Input Voltage and Supply voltage to the Circuit.

Xl Procedure

©CooNoO R WNE

X1l Resources Used

S. No. Instrument /Components Specification Quantity

SAEIRI N

X1  Actual Procedure Followed (use blank sheet provided if space not sufficient)

Assemble the circuit on breadboard as per circuit diagram given in figure number 2.1.
Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-Vge) of IC 741.
Set two function generator to produce a sine waveform of 1V pp amplitude at 1 KHz.
Check the output of the function generator on CRO before applying it as input.
Apply input signal Vinl to pin No. 3 and Vin2 to pin No.2 from function generator.
Vary input voltage Vinl and Vin2 till the output waveform is clipped.
Observe input and output ( pin No. 6) waveforms on CRO.

Note down the reading of peak to peak voltage of output waveform.
Plot the graph for input and output waveforms observed on CRO.
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X1V  Precaution Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 2.1 Observation Table for output voltage swing

Sr. No. Vinl(p-p) Vin2 (p-p) Vo (p-p)

Calculations:

XVI Results

XVII Interpretation of Results (Give meaning of the above obtained results)

XIX Practical Related Questions (Note: Teacher shall assign batch wise additional
one or two questions related to practical)

1. Change the IC 741 and note the output voltage swing.
2. State the value of Vinl and Vin2 for output voltage swing.
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[Space for Answers]
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XX  References / Suggestions for further reading
1. K.R.Botkar, Integrated Circuits, Khanna publication,10" edition,2005,1ISBN NO :81-

7409-208-0

2. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3" edition, 2001,1ISBN NO : 81-203-0807-7
3. Tower’s International data book for OpAmp

XXI1 Assessment Scheme

Performance Indicators Weightage

Process related: 15 Marks 60%0

1. | Mounting of IC 741 and resister on breadboard 10 %
2. | Connection of circuit diagram 20 %
3. | Measuring the values of output voltage for different 20 %

frequency

4. | Working in team 10 %
Product related:10 Marks 40%

5. | Calculate parameter value 10 %
6. | Interpretation of result 05 %
7. | Conclusions 05 %
8. | Practical related questions 15 %
9. | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

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

X-axis -

Y-axis -

20

Maharashtra State Board of Technical Education



Linear Integrated Circuits (22423)

Practical No.3: Use relevant instruments to determine gain of the Inverting

v

\4

amplifier and Non Inverting amplifier consist of 1IC741.

Practical Significance

Op-amps are among the most widely used electronic devices today, being used in a vast
array of consumer, industrial, and scientific devices. Op-amps may be packaged as
components or used as elements of more complex integrated circuits.

The inverting operational amplifier configuration is one of the simplest and most
commonly used op amp topologies.

The non-inverting amplifier configuration is one of the most popular and widely used
forms of operational amplifier circuit.

The op amp non-inverting amplifier circuit provides a high input impedance along with
all the advantages gained from using an operational amplifier.

This practical will enables student to use Op Amp in inverting and non inverting
configuration and find its output.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Select relevant electronic components IC 741 and resistor value for specified gain

e Mounting of the electronic component on breadboard as per circuit diagram.

Relevant Course Outcome(s)
e Use various configurations of Op-Amp for different applications.

Practical Outcome
e Use relevant instruments to determine gain of the Inverting amplifier and Non

Inverting amplifier consist of IC741.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member
e Follow ethical practices
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VIl Minimum Theoretical Background
Inverting amplifier is one in which the output is exactly 180° out of phase with respect
to input(i.e. if you apply a positive voltage, output will be negative). Output is an
inverted(in terms of phase) amplified version of input: Vo= -(Rf/R1) *Vi

Non Inverting amplifier is one in which the output is in phase with respect to input(i.e. if
you apply a positive voltage, output will be positive). Output is an Non inverted(in terms
of phase) amplified version of input. Vo=(1+Rf/R1)*Vi

VIl Practical Circuit diagram:
a) Sample circuit diagram

Ri

AN Vaftage gain
Av = -Rif R1

W
ryes Vout = Av x Vin
o N
' YWout
.
Win G,n) M
B RL
—ae

Figure 3.1 Inverting Amplifier

-VEE

Vit

Figure 3.2 Non Inverting Amplifier
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b) Actual Circuit diagram

c) Sample Experimental set up

Figure 3.3 Inverting amplifier

Figure 3.4 Non Inverting amplifier

Maharashtra State Board of Technical Education
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d) Actual Experimental set up

IX Resources Required

Sr. Instrument / .
No. Components Specification Quantity
1 Dual Power supply 0- 30V, 2A Dual tracking power | 1 No.
supply
2 IC-741C Dual-In-Line or S.O. Package 2 No.
3 Resistors Ry 1KQ 2 No.
4 Resistors Rt 10KQ, 2 No.
5 Function Generator 20MHz 2 No.
6 | Analog IC tester Suitable to test analog ICs 1 No.
7 CRO 20MHz Dual Trace Oscilloscope 2 No.
8 Breadboard 5.5cm X 17cm 2 No.
9 Connecting wires Single strand Teflon coating | As per
(0.6mm diameter) requirement
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X

Xl

X1l

X111

Precautions to be followed
1. Ensure proper mounting of IC 741 and Resistor on Breadboard.

2.

Ensure proper connection of Circuit

3. Ensure proper Input VVoltage and Supply voltage to the Circuit.

Procedure
Inverting amplifier

agrwdE

'—‘©.°°.\‘.°’

Test IC741 with analog IC tester.

Make the point of supply voltage +15V, -15V and Ground on the Breadboard.
Connect pin No. 7 to +15V and pin No. 4 to -15V and pin No. 3 to Ground.

Connect R; and Rfas shown in Figure 3.1

Select Sine wave Vin of (1V, 500 Hz) from Function generator, Check the wave on
CRO.

Apply the selected Sine wave input to pin No. 2.

Keep the amplitude constant and change input frequency from 100Hz to 1MHz.
Measure Vo, 0n CRO from pin No.6 and note down the reading.

Plot graph of frequency versus gain on semi log.

0 Find out band width and cut off frequency from semi log

Non Inverting amplifier

agrwdE

'—‘¢°.°°.\‘.°’

Test IC741 with analog IC tester.

Make the point of supply voltage +15V, -15V and Ground on the Breadboard.
Connect pin No. 7 to +15V and pin No. 4 to -15V and pin No. 2 to Ground.

Connect R; and Rg as shown in Figure 3.2

Select Sine wave Vin of (1V, 500 Hz) from Function generator, Check the wave on
CRO.

Apply the selected Sine wave input to Pin No. 3.

Keep the amplitude constant and change input frequency from 100Hz to 1MHz.
Measure Vi 0on CRO from pin No. 6 and note down the reading.

Plot graph of frequency versus gain on semi log.

0 Find out band width and cut off frequency from semi log

Resources Used

Instrument / . .
S. No. Components Specification Quantity

S Eal I

Actual Procedure Followed (use blank sheet provided if space not sufficient)
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X1V  Precaution Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 3.1 Observation Table For inverting amplifier Vi = 1V pp.

ot Frequeneyn | OUpStVetae | G | Sanings
1. 100Hz
2. 500Hz
3. 1K
4. 3K
5. 6K
6. 10K
£ 20K
8. 30K
9. 40K
10. E0K
11. 60K
12. 0K
13. 0K
14. 90K
15. 100K
16. 200K
17. 300K
18. 400K
10. 500K
20. M

Maharashtra State Board of Technical Education
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Table No: 3.2 Observation Table For Non Inverting amplifier Vi = 1V pp.

Sr. Input Output Voltage,Vo | Voltage Gain Gainin dB
No. Frequency(Hz) (Volts) (A= VolVi) 20 log(Vo/Vi)
L 100 Hz
2. 500 Hz
3. 1K
4, 3K
5. 6K
6. 10K
7. 20K
8. 30K
9. 40K
10. 50K
11. 60K
12. 70K
13. 80K
14. 90K
15. 100K
16. 200K
17. 300K
18. 400K
19. 500K
20. 1M
Calculations:

i. Voltage Gain: Vo/Vi =

ii. Voltage Gain in dB : 20log (Vo/Vi) =

XVI1 Results

Maharashtra State Board of Technical Education
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XVII Interpretation of Results (Give meaning of the above obtained results)

XIX Practical Related Questions (Note: Teacher shall assign batch wise additional
one or two questions related to practical)

1. Draw the nature of output waveform for inverting and non-inverting amplifier which is
shown in figure 3.1 and 3.2 for given sine wave.
2. State the effect of negative feedback in inverting amplifier?
3. Design a non-inverting amplifier for gain =5
4. State the maximum input signal voltage that can be applied in experimental circuit for
linear operation?
[Space for Answers]
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XX  References / Suggestions for further reading
Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto,
Virginia, USA, ISBN: 978087909222

Tower’s International data book for OpAmp
Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3"edition, 2001,ISBN NO : 81-203-0807-7
K.R.Botkar, Integrated Circuits, Khanna publication,10" edition,2005,ISBN NO :81-
7409-208-0

1.

2.
3.

4.

XXI Assessment Scheme

Performance Indicators Weightage

Process related: 15 Marks 60%0

1. | Mounting of IC 741 and resistor on breadboard 10 %
2. | Connection of circuit diagram 20 %
3. | Measuring the values of output voltage for different 20 %

frequency

4. | Working in team 10 %
Product related:10 Marks 40%

Calculate Gain and Bandwidth 10 %

6 | Interpretation of result 05 %
7 | Conclusions 05 %
8 | Practical related questions 15 %
9 | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical No. 4: Build/Test adder and subtractor circuit consist of IC 741.

v

VI

VII

Practical Significance

In adder and subtractor circuit the input signal can be added and subtracted to the desire
value by selecting appropriate values for the external resisters. These arithmetic functions
employed in analog circuits. This circuit can be used to add ac or dc signals. This circuit
provides an output voltage proportional to or equal to the algebraic sum of two or more
input voltage each multiplied by a constant gain factor. This practical will enable student
to add and subtract signals using IC 741

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified
competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Select relevant electronic components IC 741 and resister value for specified gain.

e Mounting of the electronic component on breadboard as per circuit diagram.

Relevant Course Outcome(s)
e Use various configurations of Op-Amp for different applications.

Practical Outcome
e Build/Test adder and subtractor circuit consist of IC 741.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member.
e Follow ethical practices

Minimum Theoretical Background

Adder and subtractor circuit using Op Amp is used to perform arithmetic operations like
addition, subtraction etc. it is always used in close loop mode with negative feedback and
the voltage gain is controlled by external component R1 and Rf when the power supply is
connected there is output even when the two inputs are grounded this is called offset. It
can be made zero by connecting 10KQ POT between pin 1 and 5 and connecting wiper to
pin 4. In inverting configuration of an op-amp if more than one input is given to inverting
terminal then resultant circuits work as summing amplifier or adder.

Vout = -(Rd/ R) * (V1+ V3)

Using a basic differential OpAmp configuration a subtractor can be designed. A
difference amplifier has an output proportional to difference between the inputs. In
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difference amplifier resistors are of same value. Hence gain of difference amplifier is

one.
Vout = (Rf/ R)* (V1 -V2)

VIl Practical Circuit diagram:

a) Sample circuit diagram

R R
\, —AA——MWh
R, +Vec

'Lr
[l

Ve

Figure 4.1 Inverting Adder

Rs¢
R AW
Voo—/NNNA— Ve

‘/i + out

R> -V
R EE

Figure 4.2 Subtractor

b) Actual Circuit diagram
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c) Sample Experimental set up

d) Actual Experimental set up

Figure 4.4 Adder

Maharashtra State Board of Technical Education
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IX Resources Required Inverting Adder and subtractor

Iig'. /é:ré%r;omnggfcs Specification Quantity
1. | Dual Power supply | 0- 30V, 2A Dual tracking power supply 1 No.
2. | 1C-741C Dual-In-Line or S.0O. Package 2 No.
3. | Resistors Ry R; 1KQ 4 No.
4. | Resistors R¢ 1KQ, 2 No.
5. | Analog IC tester Suitable to test analog ICs 1 No.
6. | DMM 0-30V,2A 2 No.
7 | Breadboard 5.5cm X 17cm 2 No.
8 Connecting wires Single strand Teflon coating (0.6mm | As per
diameter) requirement
X Precautions to be followed

1. Ensure the proper value of resistor for specified gain.
2. Ensure proper connections are made to the equipment.
3. Ensure the power switch is in ‘off” condition initially.
4. Ensure the input voltage is in proper value.

XI Procedure
Inverting Adder

ocubkwnE

Test and mount the IC on the breadboard.

Make connection as per circuit diagram.

Connect dual power supply.

Apply input voltages V1 and V2 using regulated power supply.
Connect DMM to the output of circuit pin No.6

Perform offset nulling (Ground both the inputs and measure output on DMM. Adjust

10K Potentiometer Connected between 1 and 5 to get 0 volt at the output)

© o~

Adjust input voltages V1 and V2 using regulated power supply.
Calculate (V1 + V2) and the theoretical output voltage using the formula
Vout = -(Rf/ R) * (V1 + V2)

Note: R=R1=R2

10 Using DMM, measure V0and record it in the observation table
11. Compare theoretical and observed output.
12. Repeat steps 5 and 8 for different values of V; V;,

Subtractor

ok wbdE

Test and mount the IC on the breadboard.

Make connection as per circuit diagram.

Connect dual power supply.

Apply input voltages V1 and V2 using regulated power supply.
Connect DMM to the output of circuit pin No.6

Perform offset nulling (Ground both the inputs and measure output on DMM. Adjust

10KQ Potentiometer Connected between 1 and 5 to get 0 volt at the output)

© o~

Adjust input voltages V1 and V2 using regulated power supply.
Calculate (V1 - V2) and the theoretical output voltage using the formula
Vout = Rf/ R* (V1 - V2)

Note: R=R1=R2=Rf

10 Using DMM, measure VO and record it in the observation table
11. Compare theoretical and observed output.
12. Repeat steps 5 and 8 for different values of V1 V,.

Maharashtra State Board of Technical Education

36




Linear Integrated Circuits (22423)

X1l Resources Used

Sr.
No.

1.

Instrument /Components Specification Quantity

ol AW

X1  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 4.1 Observation Table for Inverting Adder

SR Input (V1+Vy) | Vout=-(R{ R) | Outputvoltage | Practical Gain =
No. Voltage *(V1+ Vy) Vout Vout /(V1+ V)
(volts) (theoretical) (practical)
Vi | V2

1.

2.

3.

4,

5.

Note: Ri1= R,=Rf =R
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Table No: 4.2 Observation Table for Subtractor

SR
No.

Input
Voltage
(volts)

\1 V>

(V1-V2)

Vout = (R¢/ R) * (V1-V>)
(theoretical)

Output
voltage
Vout
(practical)

Practical Gain =
Vout /(V1- V3)

SHESIRIIN

Note: Ri1= R,= R3:= Rf=R

Calculations:

XVI

XVII

Inverting Adder

1. (Vi+Vy) =

2. Vout=-R¢ R* (V1+ V)
3. Practical Gain =Vout /(V1+ V)

Subtractor

1. (V1 -V2) =
2. Vout = R R* (V1-V>)

3. Practical Gain =Vout /(V1- V>)

Results

Interpretation of Results (Give meaning of the above obtained results)
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XIX Practical Related Questions

Can the given adder circuit be used for averaging? If yes, how? Justify

Why it is necessary to null the offset voltage before using the OPAMP?

Draw the circuit diagram of non-inverting Adder.

State the expression for output voltage of non-inverting summing amplifier?

Draw the circuit for the define output equation Vo = 2(V1+ V; + V3)

Suggest the circuit and value of input and feedback resistor for given output equation
Vo =-3(Va- V)

7. State two basic differences between inverting and non inverting averaging amplifier.

ok wbdE

[Space for Answers]
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XX  References / Suggestions for further reading

1. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto,

Virginia, USA, ISBN: 978087909222
2. Tower’s International data book for OpAmp

3. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3"edition, 2001,ISBN NO : 81-203-0807-7
4. K.R.Botkar, Integrated Circuits, Khanna publication,10" edition,2005,1SBN NO :81-

7409-208-0

XXIl Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%0
1 Mounting of IC 741 and proper value of resistor on 10 %
breadboard
2 Connection of circuit diagram 20 %
3 Measuring the values of output voltage for different 20 %
value of input voltage
4 Working in team 10 %
Product related:10 Marks 40%
5 Calculate theoretical value of output 10 %
6 Interpretation of result 05 %
7 Conclusions 05 %
8 Answer to practical related questions 15 %
9 Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical No. 5: Build / Test Integrator circuit consist of IC741

Practical Significance

Operational amplifier can be configured as integration. In an integrating circuit, the
output is the integration of the input voltage with respect to time. An integrator circuit
which consists of active devices is called an Active integrator. An active integrator
provides a much lower output resistance and higher output voltage than is possible with a
simple RC circuit. Integrator circuits are usually designed to produce a triangular wave
output from a square wave input. Integrating circuits have frequency limitations while
operating on sine wave input signals. This practical will enable student to convert the
square wave to triangular wave using IC 741

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Select relevant electronic components IC 741 and resistor and capacitor value for
specified gain

e Mounting of the electronic component on breadboard as per circuit diagram of
integrator

Relevant Course Outcome(s)
e Use various configurations of Op-Amp for different applications.

Practical Outcome
e Build/Test Integrator circuit consists of IC741.

Relevant Affective domain related Outcome(s)

e Follow safe practices.

e Demonstrate working as a leader/a team member.
e Follow ethical practices

Minimum Theoretical Background

An integrator is a circuit that performs a mathematical operation called integration.
Integration is a process of continues additions. The most popular application of an
integrator is to produce a ramp of output voltage which is linearly increasing or
decreasing voltage. It is similar to inverting amplifier circuit except that the feedback is
through capacitor C instead of register Rg, If the input voltage is step voltage then output
voltage will be ramp or linearly changing voltage. Integrators are widely used in ramp or
sweep generator, in filter, analog computer etc.

Vo=-1/RC [V;dt
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VIl  Practical Circuit diagram :
a) Sample Circuit diagram

Ry
— AW
11
I-. i1
1
R1
Vin o ANMN—7#
—. ‘
B
-VEE
Roomp R1”Rf =Ry(as Rp>Ry)

Figure 5.1 Active Integrator

b) Actual Circuit diagram
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c) Sample Experimental set up

Figure 5.2 Active Integrator

d) Actual Experimental set up

IX Resources Required

Sg. /(I:gsr;rgjomngms Specification Quantity
1 Dual Power supply | £ 15 V 2A Dual tracking power | 1 No.
' supply
2. | 1C-741C Dual-In-Line or S.O. Package 1 No.
3. | Resistors Ry 10KQ 1 No.
4. | Resistors R¢ 100KQ, 1 No.
5. | Capacitor Cg 0.01pF 1 No.
6. | Function generator 02 Hz to 2 MHz 1 No.
7. | CRO 0 to 20 MHz 1 No.
8. | Analog IC tester Suitable to test analog IC 1 No.
9. | Breadboard 55cm X 17cm 1 No.
Connecting wires Single strand Teflon coating | As per requirement
10. .
(0.6mm diameter)
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X

Xl

Xl

X1

X1V

Precautions to be Followed

1. Ensure proper connections are made to the equipment.

2. Ensure the power switch is in ‘off” condition initially.

3. Ensure the use of proper settings of function generator and CRO.
4. Insure the proper value of resistor and capacitor.

Procedure

1. Assemble the circuit on breadboard as per circuit diagram.

2. Connect dual power supply to pins No.7 (+Vcc) and pin No.4 (-Vgg) of IC 741.

3. Set the function generator to produce a sine waveform of 1V pp amplitude at 1 KHz
to pin No. 2

4. Check the waveform on CRO before applying it as input.

5. Observe input and output (pin No.6) waveforms on CRO for 1 KHz frequency and
check the phase shift for the given input from function generator and CRO.

6. Vary the input frequency from 100 Hz to 10 KHz keeping input voltage 1V.

Measure the output voltage for each frequency and note the output voltage in

observation table.

8. Plot the graph gain vs. frequency on semi log paper. Calculate gain for different input
frequency in decibels.

~

Resources Used

Instrument /Components Specification Quantity

el IS I

Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XV  Observations and Calculations(use blank sheet provided if space not sufficient)
Table No: 5.1 Observation Table for Integrator Input Voltage Vi=1V pp

Sr. Input Output Voltage, Gain in dB

No. Frequency Vo (Volts) 20 logio(Vo/Vi)
(Hz)

100 Hz

200 Hz

300 Hz

400 Hz

500 Hz

600 Hz

700 Hz

800 Hz

900 Hz

10.| 1K

11.| 2K

12.| 3K

13.| 4K

14.| 5K

15.| 6 K

16.| 7K

17.| 8K

18.| 9K

19.| 10K

© XN O~ W N =

Calculations:

I. Voltage Gain : Vo/Vi

ii. Voltage Gain in dB : 20 logio( Vo/Vi)

iii. 3 dB Bandwidth, B/W = Fy-FL

XVI1 Results

XVII Interpretation of Results (Give meaning of the above obtained results)
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XVIII Conclusions and Recommendation

XIX Practical Related Questions
1. Apply different inputs: sine wave, square wave and triangular wave to the integrator
and observe the output. Draw input and output waveforms on graph paper.
2. Repeat the integrator practical for R1= 10K, Cf = 0.02uf and the input voltage is V
in=4Vpp
3. Can integrator act as low pass filter? Justify your answer with the help of frequency
response.

4. State the effect on output of an integrator circuit for a condition T<R¢Cs? Give reason.

[Space for Answers]
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XX References / Suggestions for further reading

1. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto,

Virginia, USA, ISBN: 978087909222

Tower’s International data book for OpAmp

2.

3. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3"edition, 2001,1ISBN NO : 81-203-0807-7

4. K.R.Botkar, Integrated Circuits, Khanna publication,10" edition,2005,1SBN NO :81-

7409-208-0

XXI Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%
1. | Mounting of IC 741 and proper value of resistor and 10 %
capacitor on breadboard

2. | Connection of circuit diagram 20 %
3. | Measuring value using CRO 20 %
4. | Working in team 10 %
Product related:10 Marks 40%

5. | Calculate theoretical value of output 10 %
6. Interpretation of result 05 %
7. | Conclusions 05 %
8. | Answer to practical related questions 15 %
9. | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

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

VI

VII

Practical No. 6: Build/Test differentiator circuit consists of IC741.

Practical Significance

In differentiator circuit the position of the capacitor and resistor have been reversed and
now the reactance, X¢ is connected to the input terminal of the inverting amplifier while
the resistor, R, forms the negative feedback element across the operational amplifier. The
differentiator circuit performs the mathematical operation of and “produces a voltage
output voltage which is directly proportional to the input voltages rate-of-change with
respect to time”. The faster or larger the change to the input voltage signal, the greater the
input current, the greater will be the output voltage change becoming more of a “spike” in
shape. The input signal to the differentiator is applied to the capacitor. The capacitor
blocks DC content so there is no current flow to the amplifier summing point. Resulting
in zero output voltage. The capacitor only allows AC type input voltage changes to pass
through and whose frequency is dependent on the rate of change of the input signal. This
practical will enable student to convert the square wave to spike wave using IC 741.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Select relevant electronic components IC741, resistor and capacitor value for
specified gain

e Mounting of the electronic component on breadboard as per circuit diagram.

Relevant Course Outcome(s)
e Use various configurations of Op-Amp for different applications.

Practical Outcome
e Build/Test differentiator circuit consist of IC741

Relevant Affective domain related Outcome(s)

e Follow safe practices.

e Demonstrate working as a leader/a team member.
o Follow ethical practices

Minimum Theoretical Background

The differentiator circuit performs the mathematical operation of differentiation i.e. the
output waveform is the derivative of the input waveform. The differentiator may be
constructed from a basic inverting amplifier if an input resistor R1 is replaced by a
capacitor C1 .
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The expression for the output voltage can be obtained as the output VO is equal to RF C1
times the negative rate of change of the input voltage Vin with time. The (-) sign
indicates a 180 phase shift of the output waveform V, with respect to the input signal.
Since the differentiator performs the reverse of the integrator function.

Vo= -RC dv;/dt

VIl  Practical Circuit diagram :

a) Sample circuit diagram

Vin +Vie

-VEE >
Rumlp %RI-

Figure 6.1 Active differentiator

b) Actual Circuit diagram
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IX

c) Sample Experimental set up

Figure 6.2 Active differentiator

d) Actual Experimental set up

Resources Required

l?lg. /CI:rcl)Sr:]r;omngms Specification Quantity
1 Dual Power | 0- 30V, 2A Dual tracking power supply 1 No.
__| supply
2. | 1IC-741C Dual-In-Line or S.O. Package 1 No.
3. | Resistors Ry 82Q) 1 No.
4. | Resistors Rs 1.5KQ, 1 No.
5. | Capacitor Cg 0.01pF 1 No.
6. | Capacitor C; 0.1uF 1 No.
7. | Resistors R, 10 KQ, 1 No.
8. | Resistors Rrom 1.5KQ, 1 No.
9 Function 02 Hz to 2 MHz 1 No
" | generator
10. | CRO 0to 20 MHz 1 No
11, Analog IC tester All analog IC tester 1 No.
12 | Breadboard 5.5cm X 17cm 1 No.
13 Connecting wires | Single strand Teflon coating (0.6mm | As per
diameter) requirement
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X

Xl

Xl

X111

Precautions to be Followed
1. Ensure proper connections are made to the equipment.

2.

Ensure the power switch is in ‘off” condition initially.

3. Ensure the use of proper settings of function generator and CRO.
4. Ensure the proper value of resistor and capacitor.

Procedure

agrODE

No

Assemble the circuit on breadboard as per circuit diagram.

Connect dual power supply to pin No.7 (+Vcc) and pin No.4 (-Vge ) of IC 741.

Set the function generator to produce a sine waveform of 1V pp amplitude at 1 KHz.
Check the waveform on CRO before applying it as input.

Observe input and output waveforms ( at pin No.6) on CRO for 1 KHz frequency and
check the phase shift for the given input from function generator and CRO

Vary the input frequency from 100 Hz to 10 KHz keeping input voltage 1V.

Measure the output voltage for each frequency and note the output voltage in
observation table 5.1

Plot the graph gain vs. frequency on semi log paper. Calculate gain for different input
frequency in decibels.

Resources Used

Sr. No. Instrument /Components Specification Quantity

1.

gl AW

Actual Procedure Followed (use blank sheet provided if space not sufficient)

Maharashtra State Board of Technical Education 53



Linear Integrated Circuits (22423)

XV  Observations and Calculations(use blank sheet provided if space not sufficient)

Table No: 6.1 Observation Table for differentiator Input Voltage Vi=1V pp

Sr. No. Input Frequency Output Voltage, Gain in dB _
(Hz) Vo (Volts) 20 logio(Vo/Vi)

1. 100 Hz
2. 200 Hz
3. 300 Hz
4. 400 Hz
5. 500 Hz
6. 600 Hz
7. 700 Hz
8. 800 Hz
9. 900 Hz
10. | 1K
11. | 2K
12. | 3K
13. | 4K
14. | 5K
15. |6K
16. | 7K
17. | 8K
18. | 9K
19. | 10K

Calculations:

i. Voltage Gain : Vo/Vi
ii. Voltage Gain in dB : 20 log;o( VVo/Vi)
iii. 3 dB Bandwidth, B/W = Fy-F_

XVI Results

XVII Interpretation of Results (Give meaning of the above obtained results)
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XIX Practical Related Questions

1. Apply different inputs: sine wave, square wave and triangular wave to the
differentiator and observe the output. Draw input and output waveforms on graph
paper.

Can the active high pass filter acts as differentiator? Justify

State the effect of time constant on the differentiator waveform?

Draw the output of differentiator if the input is symmetrical triangular waveform?

Eall N

[Space for Answers]
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XX  References / Suggestions for further reading

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3rd edition, 2001,ISBN NO : 81-203-0807-7
2. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto,

Virginia, USA, ISBN: 978087909222
3. Tower’s International data book for Op Amp

XXI Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%
1. | Mounting of IC 741 and proper value of resister 10 %
and capacitor on breadboard

2. | Connection of circuit diagram 20 %
3. | Measuring value using CRO 20 %
4. | Working in team 10 %
Product related:10 Marks 40%

5. | Calculate theoretical value of gain 10 %
6. | Interpretation of result 05 %
7. | Conclusions 05 %
8. | Practical related questions 15 %
9. | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical No.7: Build/Test Voltage to Current converter and Current to
Voltage converter circuit consist of I1C 741.

Practical Significance

In voltage to current convertor the current is proportional to certain voltage, even though
the load resistance may vary, the feedback resistor Rf is replaced by a load resistor
R Voltage to current converter is useful to convert transducer output signal (which is
generally in voltage form) into current.

In current to voltage convertor the current is converted into a proportional output voltage.
The current to voltage used in digital to analog convertor circuit .This practical will
enable student to convert the voltage to current and current to voltage using IC 741

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Select relevant electronic components IC 741 and resistor and capacitor value for
specified gain

e Mounting of the electronic component on breadboard as per circuit diagram.

Relevant Course Outcome(s)
e Troubleshoot various linear applications of Op-Amp for the given specifications

Practical Outcome
e Build/Test Voltage to Current converter and Current to VVoltage converter circuit
consist of IC 741.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member.
e Follow ethical practices

Minimum Theoretical Background

Voltage to current convertor in which load resistor RL is floating .The input voltage is
applied to the non-inverting terminal and the feedback voltage across R1 drive the
inverting input terminal .this circuit also called as current-series negative feedback
amplifier because feedback voltage across R1 depends on the output current lo and is in
series with the input difference voltage Vid.

Current-to-voltage convertor was presented as a special case of the inverting amplifier in
which an input current is converted into a proportional output voltage.
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VI

Practical Circuit diagram :
a) Sample circuit diagram

: V.
= e ()
l— T 15=0

ip=0Omntput cmrent

Vg

Figure 7.1 Voltage to Current converter

'I:"rd: : iIB

Vi

ip=0Output cwmrent

Vg

Figure 7.2 Current to voltage converter

b) Actual Circuit diagram
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c) Sample Experimental set up

Figure 7. 3 Voltage to Current converter

Figure 7.4 Current to Voltage converter

d) Actual Experimental set up
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IX

Xl

Resources Required

S. No. /éré%r;omnggfcs Specification Quantity
1 Dual Power supply | £ 15 V 1 A Dual tracking power | 1 No.
' supply
2 D C Powersupply |0 to 30V 1 A with SC protection | 1 No.
Digital meter
3. IC-741C Dual-In-Line or S.O. Package 2 No.
4. Resistors Ry 1KQ 2 No.
5. Resistors R 1KQ, 1 No.
6. Resistors Ry 3KQ, 1 No.
7. DMM 0 to 20 mA,10V 2 No.
8. Analog IC tester Suitable to test | analog IC 1 No.
9. Breadboard 5.5cm X 17cm 2 No.
10 Connecting wires Single strand Teflon coating | Asper requirement
' (0.6mm diameter)

Precautions to be Followed

1.
2.
3.
4.

Ensure proper connections are made to the equipment.
Ensure the power switch is in ‘off” condition initially.
Ensure the use of proper settings of input voltage.
Ensure the proper value of resistor.

Procedure for voltage to current convertor

1.
2.

3.
4.
5

6.
7.

Test and mount IC 741, resistor on breadboard.

Connect dual power supply to pin No. 7 (+Vcc) and pin No.4 (-Vgg) of IC 741 as
shown in circuit diagram

Connect power supply to input of circuit diagram Vary input voltage in the range of 1
to 5 volt in step of 1 volt.

Vary input voltage in the range of 1 to 5 volt in step of 1 volt.

Measure the corresponding current using Ammeter record reading in the observation
table No.7.1.

Calculate theoretical value of current using lo= (Vo-Vin) /R1.

Compare theoretical current and practical current values.

Procedure for current to voltage convertor

1.
2.

o0k

~

Test and mount IC 741, resistor on breadboard.

Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-Veg) of IC 741 as
shown in circuit diagram

Connect power supply to input of circuit diagram Vary input current in the range of 1
to 5 mA in step of 1 volt.

Vary input current in the range of 1 to 5 mA in step of 1 mA.

Measure the corresponding current using Ammeter.

Measure the corresponding output voltage using voltmeter and record reading in the
observation table no.7.2.

Calculate theoretical value of current using Vo= -IR

Compare theoretical values of voltage and practical values of voltage
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X1l Resources Used

S. No. Instrument /Components

Specification Quantity

SRR N

X1 Actual Procedure Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations(use blank sheet provided if space not sufficient)

Table No: 7.1 Observation Table for voltage to current convertor

Sr.No.

DC Input voltage
(Vin)V

Output current
(lo)mA

Theoretical

Practical

1Vv

2V

3V

4V

g wNE

sV

Calculations:

lo = (Vo-Vin) /R1

Table No: 7.2 Observation Table for current to voltage convertor

Sr.
No.

DC Input current
(lin)mA

Output Voltage
(Vo)v

Theoretical

Practical

ImA

2mA

3mA

4mA

SN N

5mA
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Calculations:

i Vo= -lin*R;

XVI Results

XVII Interpretation of Results (Give meaning of the above obtained results)

XIX Practical Related Questions

1. Design a low voltage DC voltmeter with full scale voltage range of 1 to 10 volt using
IC 741

2. Give output expression for | to V convertor.

3. Give output expression for V to | convertor with floating load

[Space for Answers]

Maharashtra State Board of Technical Education 64



Linear Integrated Circuits (22423)

Maharashtra State Board of Technical Education 65



Linear Integrated Circuits (22423)

XX References / Suggestions for further reading

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3rd edition, 2001,ISBN NO : 81-203-0807-7
2. Electronics Component Handbook; Jones, Thomas H., Reston Publishing, Resto,

Virginia, USA, ISBN: 978087909222.
3. Tower’s International data book for OpAmp.

XXI Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%0
1. | Mounting of IC 741 and proper value of resistor on 10 %
breadboard
2. | Connection of circuit diagram 20 %
3. | Measuring value using CRO 20 %
4. | Working in team 10 %
Product related:10 Marks 40%
5. | Calculate theoretical value of gain 10 %
6. | Interpretation of result 05 %
7. | Conclusions 05 %
8. | Practical related questions 15 %
9. | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical No. 8: Build/Test comparator circuit consist of IC741 as Zero

v

Vi

\41

crossing detector and active positive peak detector.

Practical Significance

A zero crossing detector can be used to measure the phase angle between two voltages.
when an input signal Vin crosses zero volts in positive direction the output VO is driven
into negative saturation. when an input signal Vin crosses zero volts in negative direction
the output VO is driven into positive saturation. This practical will enable student to
measure phase and peak value of input signal using IC 741

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills
This practical is expected to develop the following skills for the industry identified
competency ‘Maintain electronic circuits consisting of linear Integrated Circuits.’

e Select relevant electronic components IC741 and resistor and capacitor value for
specified gain
e Mounting of the electronic component on breadboard as per circuit diagram.

Relevant Course Outcome(s)
e Troubleshoot various linear applications of Op-Amp for the given specifications

Practical Outcome

Build/Test comparator circuit consist of IC741 as Zero crossing detector and active
positive peak detector.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member.
¢ Follow ethical practices

Minimum Theoretical Background

Comparator is a circuit which compare the input signal (Vin) with a reference signal
(Vref.), which are applied at the input terminal and depending on its comparison it gives
the result at the output terminal of Op-Amp. In comparator circuit, when reference signal
(Vref) is given as zero volt i.e. grounded Comparator then acts as a zero crossing
detector. The output changes very rapidly from one saturation level to another level
through zero. This circuit is also called as square wave convertor.
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Square, Triangular, Saw tooth and pulse waves are examples of non-sinusoidal
waveforms. A conventional ac voltmeter cannot be used to measure these sinusoidal
waveforms because it is designed to measure the rms value of the pure sine wave.
Therefore active Peak detector is used to measures the positive peak value of the square
wave input.

VIIl Practical Circuit diagram :
a) Sample circuit diagram

— AMA—]

Figure 8.1 Zero crossing detector

R +V,
—'»w\.—\T\ D1
Reamp o —0
_m_{ —Icp ¢I|: Vo
+ Vs
AD TC R.
vin{ ML ? t

Figure 8.2 Active Peak detector

b) Actual Circuit diagram

Maharashtra State Board of Technical Education 68



Linear Integrated Circuits (22423)

c) Sample Experimental set up

Figure 8.3 Zero crossing detector

Figure 8.4 Active Peak detect

d) Actual Experimental set up
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IX Resources Required

Iig. /éré%r;omnggfcs Specification Quantity
1 Dual Power supply | 0- 30V, 2A Dual tracking power | 1 No.
' supply
2. | 1C-741C Dual-In-Line or S.O. Package 2 No.
3. | Resistors R1 1KQ 1No.
4. | Resistors R2 1KQ 1 No.
5. | Resistors R 10 KQ, 2 No.
6. | Resistors R 10 KQ, 1 No.
7 Resistors Rcomp 10 KQ, 1 No.
8. | Diode IN4007 2 No.
9. | Capacitor 1pf 1 No
10. | Function generator | 02 Hz to 2 MHz 1 No
11. | CRO 0 to 20 MHz 2 No
12. | Analog IC tester Suitable to test analog IC 1 No.
13 | Breadboard 5.5cm X 17cm 2 No.
14 Connecting wires | Single strand Teflon coating | As per
(0.6mm diameter) requirement
X Precautions to be Followed
1. Ensure proper connections are made to the equipment.
2. Ensure the power switch is in ‘off” condition initially.
3. Ensure the use of proper settings of function generator and CRO.
4. Ensure the proper value of resistor, capacitor and diode.
XI Procedure for Zero crossing detector
1. Assemble the circuit on breadboard as per circuit diagram.
2. Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-Vgg) of IC 741.
3. Set the function generator to produce a sine waveform of 1V pp amplitude at 1 KHz.
4. Check the waveform on CRO before applying it as input.
5. Apply input signal Vin from function generator to input pin No.2 and vary upto value
as per variation given in observation table no.8.1.
6. Observe input and output ( pin No. 6) waveforms on CRO.
7. Plot the graph for input and output waveforms observed on CRO.

Procedure for active peak detector

1.
2.
3.

4.
S.

S

Assemble the circuit on breadboard as per circuit diagram.

Connect dual power supply to pin No. 7 (+Vcc) and pin No. 4 (-Vge) of IC 741.

Set the function generator to produce a square waveform of 10V pp amplitude at 1
KHz.

Check the waveform on CRO before applying it as input.

Apply input signal Vin (square wave) from function generator shown in figure no.8.2
to pin No. 3

Observe input and output (pin No. 6) waveforms on CRO.

Plot the graph for input and output waveforms observed on CRO.
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X1l Resources Used

S. No. Instrument /Components Specification Quantity

SRR RN

X1 Actual Procedure Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations(use blank sheet provided if space not sufficient)

Table No: 8.1 Observation Table for Zero crossing detector

Sr. Apply Input Applied Voltage | Difference Voltage, Output Voltage,
No. Voltage (Vin) Vid=V1-V2 (Volts) Vo (Volts)
(Volts)
1. | Vin=0
2. | Vin>0
3. | Vin<0

Table No: 8.20bservation Table for active peak detector

Sr. No. Input Voltage Output
(Volts) Voltage,
Vo (Volts)
1.
2.
3.

XVI Results
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XVII Interpretation of Results (Give meaning of the above obtained results)

XIX Practical Related Questions
1. Apply the given input signal to non inverting terminal of Op Amp and compare it
with inverting zero crossing detectors.
2. Why comparator is sometimes also called as voltage level detector?
3. In given figure no.8.2, connect the diodes D1 and D2 in reverse direction and
observe the waveform.

[Space for Answers]
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XX  References / Suggestions for further reading

1. K.R.Botkar, Integrated Circuits, Khanna publication,10™ edition,2005,ISBN NO :81-

7409-208-0

2. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3" edition, 2001,ISBN NO : 81-203-0807-7

3. Tower’s International data book for OpAmp.

XXI Assessment Scheme

Performance Indicators Weightage

Process related: 15 Marks 60%0

1. | Mounting of IC 741 and proper value of resistor and 10 %
capacitor on breadboard

2. | Connection of circuit diagram 20 %
3. | Measuring value using CRO 20 %
4. | Working in team 10 %

Product related:10 Marks 40%
5. | Calculate theoretical value of gain 10 %
6. | Interpretation of result 05 %
7. | Conclusions 05 %
8. | Practical related questions 15 %
9. | Submitting the journal in time 05%

Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical No0.9: Build / Test instrumentation amplifier circuit using IC

LM324.

Practical Significance

In measuring instruments the output of the transducer is generally a low level signal
which is insufficient to drive the display indicators for displaying Physical quantities like
temperature, pressure, so the Instrumentation amplifier is connected to the output of
transducer through the bridge circuitry to amplify the low level signals in any of the
measuring instruments. In this practical student will assemble IC LM324 as
instrumentation amplifier and observe the amplification of low level signals.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble
instrumentation amplifier.

e Mounting of the electronic components on breadboard as per circuit diagram of
instrumentation amplifier.

e Trouble shoot instrumentation amplifier.

Relevant Course Outcome(s)
e Use various configurations of Op-Amp for different applications.

Practical Outcome
e Build/Test Instrumentation amplifier circuit using IC LM324.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Follow ethical practices
e Demonstrate working as a leader/a team member

Minimum Theoretical Background
Instrumentation amplifier is configured for high input impedance, high CMRR and have

single ended output.

Instrumentation amplifier is used for precise, low level signal amplification where low
noise, low thermal and temperature drifts, high input impedance and accurate closed loop
gain is required.
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Instrumentation amplifier is having adjustable gain.

Output voltage is given by

2R, \R,
- -Iil,'rq_-lil,"f
e Lo (VA

Voue = (1 +

gain
Gain can be changed varying R ..;,, as shown in the Figure 9.4.

IC LM324 is quad Op-Amp.

OUTPUT 4 INPUTA™ INPUT 4" GND INPUT 3" INPUT 3= OUTPUT3

14 13 12 1" 10 9 B

<

D,

1 2 3 4 5 6 7

OUTPUT 1 INPUT 1~ INPUT 1Y vt INPUT 2* INPUT 2~ OUTPUT 2

Figure 9.1 Pin connection diagram of IC LM324

OUTPUT 1 [ : L) 14:I OUTPUT 4
INPUT 1= [ : 13:l INPUT 4~
INPUT 1+ [ 2 12:] INPUT 4+
V+ [ : LM 324 11:] GND
INPUT 2+ [ 2 10:l INPUT 3+
INPUT 2- [ 2 9:] INPUT 3-
OUTPUT 2 [ ; F't:] OUTPUT 3

Figure 9.2 Pin diagram of IC LM324

Figure 9.3 IC LM324

(https://www.xcluma.com/Im324-quad-operational-amplifier-14-pin-dip)
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VIIl  Practical Circuit diagram:
a) Sample Circuit diagram

Note: Use “Rgain” as Variable resistor
Figure 9.4 Circuit diagram of Instrumentation amplifier

b) Actual Circuit used in laboratory

c) Sample Experimental set up

Figure 9.5Instrumentation amplifier

d) Actual Experimental set up
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IX Resources Required

Ii;‘_ Instrument /Components Specification Quantity
Variable DC power supply 0- 30V, 2A Dual 1 No.
L tracking power supply
2. IC-LM324 14 pin, DIP 1 No.
3. Resistors 10KQ, 4 No
4. Potentiometer 1 KQ,10KQ 1 No.
5 Analog IC tester Suitable to test analog | 1 No.
' ICs,
DMM DC VOLTAGE Ranges | 1 No.
6. :200mvV, 2vVv, 20V,
200V
7. Breadboard 55cm X 17 cm 1 No.
Connecting wires Single strand  Teflon | As per
8. coating (0.6 mm | requirement
diameter)
X Precautions to be Followed
1. Ensure proper connections are made as per the given setup.
2. Ensure the power switch is in ‘off” condition initially.
3. Ensure the use of proper settings of input DC voltage.
Xl Procedure
1. Test IC LM324 using IC tester and mount it on breadboard.
2. Make the connections as shown in the Figure 9.4.
3. Apply voltage V.. = +15V and Vzz = —15V using DC power supply to pin no 4 and
pin no 11 respectively, 1; and 5 in the range from 100mvolts to 500mvolts.
4. Measure the output voltage V7,,,. for the given corresponding input voltage, using
DMM.
5. Calculate theoretical and practical gain.
6. Repeat steps from 4 to 7 for different values of 1; and 1, DC input voltage.
7. After the completion of practical switch off the supply, remove the connections and
submit wires and equipment’s.
X1l  Resources Used
Sr. No. Instrument /Components Specification Quantity
1.
2.
3.
4.
5.
6.
7.
8.
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X1  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 9.1 Observation Table for gain of instrumentation amplifier.

DC Input Voltage Input Output Voltage Gain
Sr. i . Difference _ _ . .
No. | Viin mV | V,1in mV V.=V, -V, Practical | Theoretical | Practical | Theoretical
1.
2.
3.
4,
Calculations:
. . . 2R
i. Theoretical output voltage V. = [(l 2 ) ](L - V)
Rgam
.. . . 2 -
ii. Theoretical Gain = [l + %JR—j
. . Wpyt (Practical)
1. Practical Gain = — — - =
ValInput difference]
XVI Results
1. Measured output voltage =.......................
2. Theoretical Gain=...........ccovviieiiieeinnn..
3. Practical Gain = ...,
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XVII Interpretation of Results (Give meaning of the above obtained results)

XVIIlI  Conclusions and Recommendation

XIX Practical Related Questions
1. Repeat the above experiment procedure for V; = 100mV and V, = 0 Volts

2. Find practical output for output given at Vi and V..
3. Explore internet and draw internal diagram of LM 324 IC.

[Space for Answers]
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XX References / Suggestions for further reading

1. https://www.youtube.com/watch?v=1dJ5VP6MidY &feature=youtu.be
2. http://www.ti.com/sitesearch/docs/universalsearch.tsp?searchTerm=LM324#linkld=1&sr

c=top

3. K.R.Botkar, Integrated Circuits, Khanna publication,10" edition,2005,ISBN NO :81-

7409-208-0

XXI1 Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%
1 Handling of the components 10 %
2 Mounting of component 20 %
3 Measuring value using DMM 20 %
4 Working in team 10 %
Product related: 10 Marks 40%
5 Calculate Gain and Theoretical output voltage 10 %
6 Interpretation of result 05 %
7 Conclusions 05 %
8 Practical related questions 15 %
9 Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Product \== Sample & Technical
b Documents #N Software

Folder e e Buy

. {? Texas
INSTRUMENTS

Support &

2 Tools & _
Community

LM124-N, LM224-N
LM2902-N, LM324-N
SNOSC16D ~MARCH 2000—REVISED JANUARY 2015

LMx24-N, LM2902-N Low-Power, Quad-Operational Amplifiers

1

Features

Internally Frequency Compensated for Unity Gain
Large DC Voltage Gain 100 dB

Wide Bandwidth (Unity Gain) 1 MHz
(Temperature Compensated)

Wide Power Supply Range:

— Single Supply 3Vto 32V

— or Dual Supplies +1.5 V to +16 V

Very Low Supply Current Drain (700 pA)
—Essentially Independent of Supply Voltage

Low Input Biasing Current 45 nA
(Temperature Compensated)

Low Input Offset Voltage 2 mV
and Offset Current: 5 nA

Input Common-Mode Voltage Range Includes
Ground

Differential Input Voltage Range Equal to the
Power Supply Voltage

Large Output Voltage Swing0 Vto V' - 1.5V
Advantages:
— Eliminates Need for Dual Supplies

— Four Internally Compensated Op Amps in a
Single Package

— Allows Direct Sensing Near GND and Vgyr
also Goes to GND

— Compatible With All Forms of Logic

— Power Drain Suitable for Battery Operation

— In the Linear Mode the Input Common-Mode,
Voltage Range Includes Ground and the
Output Voltage

— Can Swing to Ground, Even Though Operated
from Only a Single Power Supply Voltage

— Unity Gain Cross Frequency is Temperature
Compensated

— Input Bias Current is Also Temperature
Compensated

Applications

Transducer Amplifiers
DC Gain Blocks
Conventional Op Amp Circuits

3 Description

The LM124-N series consists of four independent,
high-gain, internally  frequency = compensated
operational amplifiers designed to operate from a
single power supply over a wide range of voltages.
Operation from split-power supplies is also possible
and the low-power supply current drain is
independent of the magnitude of the power supply
voltage.

Application areas include transducer amplifiers, DC
gain blocks and all the conventional op amp circuits
which now can be more easily implemented in single
power supply systems. For example, the LM124-N
series can directly operate off of the standard 5-V
power supply voltage which is used in digital systems
and easily provides the required interface electronics
without requiring the additional 15 V power supplies.

Device Information("

PART NUMBER | PACKAGE BODY SIZE (NOM)
LM124-N
CDIP (14) 19.56 mm x 6.67 mm
LM224-N
CDIP (14) 19.56 mm x 6.67 mm
PDIP (14) 19.177 mm x 6.35 mm
LM324-N
SOIC (14) 8.65 mm x 3.91 mm
TSSOP (14) 5.00 mm x 4.40 mm
PDIP (14) 19.177 mm x 6.35 mm
LM2902-N SOIC (14) 8.65 mm x 3.91 mm
TSSOP (14) 5.00 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Schematic Diagram
@

©
P wa w@®

—o
INPUTS ouTPUT

A

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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13 TExas
INSTRUMENTS LM124-N, LM224-N
LM2902-N, LM324-N
www.tl.com SNOSC16D —MARCH 2000-REVISED JANUARY 2015
6.4 Thermal Information .
i R | LM124-N/ | LM324-N/[
. o . . _ LM224-N | LM2902N |
s BERMAL METRIE S “cop ] oisoic N
, . e ; d4PINS lliaapINs B0
Rgya Junction-to-ambient thermal resistance 88 88 °CIW

(1) For more information about traditional and new thermal metrics, see the /C Package Thermal Metrics application report, SPRA953.

6.5 Electrical Characteristics: LM124A/224A/324A

V=50V, D unless otherwise stated

. 1 Lmizea LNMZ24A 0 | IM32AA G
EST CONDITIONS - - - e E— — UNIT
e o | o bt i i MIN TYP.  MAX| MIN TYP MAX | MIN TYP MAX
Input Offset Voltage Ta=25°C@ 1 2 1 3 2 3| mv
Input Bias Current® e OF i Ve =0V, 20 50 0 80 45 100
Ta=25°C
Iings) OF Iy, Vem =0V,
Input Offset Current Ty = 25°C 2 10 2 15 5 30
Input Common-Mode V* =30V, (LM2902-N, > -
Voltage Range®) V=26 V), Tp = 25°C 0 V-15 0 V=15 0 VE=1L5 \2
Over Full Temperature Range,
R_ = On All Op Amps 15 3 15 3 1.5 3
SUpply;Guiront V* =30V (LM2902-N V* = 26 V) A
Vr=5V 0.7 12 0.7 1.2 0.7 1.2
Large Signal V'=15V,R22kQ, 1
Voltage Gain Vo=1V'1o 11 V), To = 25°C 50 100 50 00 25 100 VimV
Common-Mode DC,Ven=0VtoV' =15V,
Rejection Ratio Ta=25°C 70 8o G B5 o) 95 B
Powsr Siubibly V*=5Vto 30V, (LM2902-N,
Rejection Ratio V=5V 026 V), 65 100 65 100 65 100 dB
Ta=25°C
Amplifier-to-Amplifier f=1kHz to 20 kHz, T, = 25°C, 3 v o
Coupling® (Input Referred) 120 120 120 dB
Vi =1V, Vi =0V,
Source 20 40 20 40 20 40 mA
" V=15V, V=2V, Ty =25°C
Qutput V=1V, V=0V,
1 2 10 20 10 20
Current V'=15V, V=2V, Ty =25°C ¢ 0
Sink = VA
Vi =1V, Vb =0V,
12 50 12 50 12 50
V' =15V, Vo =200 mV, Ty = 25°C
e Vr=15Y,
Short Circuit to Ground Ty = 25°CO 40 60 40 60 40 60 mA
Input Offset Voltage See® 4 4 5| mv
Vs Drift Rs=00Q 7 20 7 20 7 30| pvrc
Input Offset Current Ings) = Iin=p Vem =0V 30 30 75 nA

(1) These specifications are limited to =55°C < T < +125°C for the LM124-N/LM124A. With the LM224-N/LM224A, all temperature
specifications are limited to =25°C < T, < +85°C, the LM324-N/LM324A temperature specifications are limited to 0°C < Ta < +70°C, and
the LM2902-N specifications are limited to -40°C < T, < +85°C.

(2) Vo=14V, Rs=0Q with V* from 5 V to 30 V; and over the full input common-mode range (0 V to V* = 1.5 V) for LM2902-N, VV* from 5
Vto26 V.

(3) The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the
state of the output so no loading change exists on the input lines.

(4) The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3 V (at 25°C). The
upper end of the common-mode voltage range is V* - 1.5 V (at 25°C), but either or both inputs can go to 32 V without damage (26 V for
LM2902-N), independent of the magnitude of V*.

(5) Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This
typically can be detected as this type of capacitance increases at higher frequencies.

(6) Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of 15V,
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers.

Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
Product Folder Links: LM724-N LM224-N LM2902-N LM324-N
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Practical No. 10: Measure the bandwidth and cutoff frequency of the given

v

\4

\41

first order low pass (LPF) Butterworth filter.

Practical Significance
A low-pass filter (LPF) is afilter that passes signals with a frequency lower than a
certain cutoff frequency and attenuates signals with frequencies higher than the cutoff
frequency. LPF is used in Audio Applications for Equalization purposes. In medical
instrumentation LPF is used in ECG/EEG to eliminate ambient noise. This practical will
enable student to view LPF exhibit low gain after certain cut off frequency.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble the
first order low pass (LPF)Butterworth filter.

e Mounting of the electronic components on breadboard as per circuit diagram of first
order low pass (LPF)Butterworth filter.

e Trouble shoot first order low pass (LPF) Butterworth filter.

Relevant Course Outcome(s)
e Maintain filters and oscillators used in various electronic circuits.

Practical Outcome
e Use relevant instruments to measure the bandwidth and cutoff frequency of the given
first order low pass Butterworth filter.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member
e Maintain tools and equipment’s

Minimum Theoretical Background

A low-pass filter is a filter that allows signals with a frequency lower than the cut-off
frequency (the frequency at which the output voltage is 70.7% of the source voltage) to
pass through it. It also attenuates those signals whose frequency is higher than the cut-off
frequency. Low-pass filters help in removing short-term fluctuations, and provide a
smoother form of signal. Low pass Butterworth filter is designed to have a flat frequency
response in pass band and stop band. Hence called as flat-flat filter.
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Depending on the Roll of Rate of the LPF it is classified as first order ,second order

filters and so on.
Roll of rate is defined as the rate at which the gain of the filter changes with frequency in
stop band. In First order Low pass Butterworth filter gain roll of at —20dB/decade. In

second order Low pass Butterworth filter gain roll of at —40dE/decade.

Voltage gain
A
A rate of decrease 20 dB/decade
0.707 A~ i.e. Slope - 20 dB/decade
(3 dB down)
e P85S _lg . Stop band —»
band
» frequency
0 fc

Figurel0.1 Frequency response of First order Low pass Butterworth filter
[Courtesy:http://www.eeeguide.com/first-order-low-pass-butterworth-filter/]

Output voltage for First order low pass butterworth filter is given by
Vs Ac

1,:_” - 1 —_}[i)

Where A =1 —‘Z—F

f = frequency of the input signal (Hz)

= - ;c = Cutoff frequency (Hz)

Magnitude of the voltage gain is given by
Vo Ap

T
I':'1:

' JRY:
\II 1+ {fcj
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VIIl Practical Circuit diagram :
a) Sample Circuit diagram

R1 BF
v AAAA:
J_ 10K 10K

-0V 0

R
101

Figure 10.2 C_ircuit diagram of First order Low pass Butterworth filter

b) Actual Circuit diagram

c) Sample Experimental set up

Figure 10.3 First order Low pass Butterworth filter
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d) Actual Experimental set up

IX Resources Required

Sr. Instrument/ Specification Quantity
No. Component
1. | Cathode Ray | 20/30/100 MHz Frequency 1 No.
Oscilloscope (Analog
type)
2. | Function Generator 0-2 MHz with Sine, square and | 1 No.
triangular output with variable
frequency and amplitude
3. | Regulated DC Power | 0-30V, 2Amp SC protection Dual | 1 No.
Supply tracking power supply
4. | Op-Amp IC IC 741C 1 No.
5. | Resistors R;=10KQ, R=20KQ pot, R=10KQ | 2 No.
6. | Capacitor C,=0.01pf 2 No.
7. | Analog IC tester Suitable to test analog ICs, 1 No.
8. | Breadboard 55cm X 17 cm 1 No.
9. | Connecting wires Single strand Teflon coating (0.6 | As per
mm diameter) requirement
X Precautions to be Followed

1. Ensure proper connections are made to the equipment.
2. Ensure the power switch is in ‘off” condition initially.

3. Ensure the use of proper settings of function generator and CRO.

Xl Procedure
Test and mount the IC741 on breadboard.
2. Connect the circuit as per the circuit diagram show in fig 10.2.

1.

3. Applyvoltage V.. = +15Vand V; =

pin no. 4 respectively.

— 15V using DC power supply to pin no 7 and
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Xl

X1l

4.

I

10.

11.

12.

13.

Connect the (1volt peak to peak, 100Hz) sine wave input from function generator
and observe the corresponding output of pin number 6 on CRO.

Measure the output voltage of LPF on CRO for the applied signal as in step 4.

Vary input signal frequency step by step as shown in observation table and note down
the corresponding output voltage.

Repeat step 4 to 6 up to frequency 1MHz.

Calculate gain in decibels using formula: Gain in dB = 20log,, (“ ).

b 1LL‘.”

InRC

Plot the frequency response on semi log paper for frequency on x axis and gain in dB
on y axis.

Find practical cutoff frequency from graph and compare theoretical and practical
cutoff frequency.

Calculate roll-off rate from graph plotted in step 10 by considering any two
consecutive gain values and corresponding frequency values.

After the completion of practical switch off the supply, remove the connections and
submit wires and equipment.

Calculate the cutoff frequency theoretically using formula: F, =

Resources Used

»
Z
154

Instrument /Components Specification Quantity

XN~ WINE

Actual Procedure Followed (use blank sheet provided if space not sufficient)
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X1V  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 10.1 Observation table for Gain of LPF

Input VVoltage in Volts (To be kept Constant),Vi = 1Volt Peak to Peak(Sine Wave)

Sr. Input Output Voltage, Voltage Gain Gain in dB
No Frequency(Hz) Vo (Volts) (A= VolVi) =20 log(VVo/Vi)

1. 100 Hz

2. 200Hz

3. 400 Hz

4, 500 Hz

5. 600 Hz

6. 800 Hz

7. 1KHz

8. 2KHz

9. 4KHz

10. 6KHz

11. 8KHz

12. 10KHz

13. 20KHz

14. 40KHz

15. 60KHz

16. 80KHz

17. 100KHz

18. 500KHz

19. 800KHz

20. 1MHz

Calculations :
I. Cutoff frequency F, = ﬁ = ..KHz
..dB.

ii. AtF,,Gainindb = 20log, (-2 =
¥in

.
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iii. Rollofrate=£= O o (=T ot Lo 1=}

logf—log, i)

iv. Bandwidth=..............................

XVI Results
1. Cutoff Frequency =.......................
2. Rollofrate=.....c.covvvvin..

XVII Interpretation of Results (Give meaning of the above obtained results)

Xvill  Conclusions and Recommendation

XIX Practical Related Questions

1. Design LPF at a cutoff frequency of 1 KHz and pass band gain of 2. Assume
C=001uF.

2. Plot frequency response on semi log graph of the filter designed in question-1 and
calculate practical cutoff frequency.
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XX References / Suggestions for further reading

1. Ramakant A. Gayakwad, Op-Amps and Linear Integrated Circuits, Prentice -Hall
India,3" edition, 2001,ISBN NO : 81-203-0807-7

2. https://youtu.ne/HEMM26YEN-s

XXI Assessment Scheme

Performance Indicators Weightage

Process related: 15 Marks 60%

1. | Handling of the components 10 %
2.| Mounting of component 20 %
3.| Measuring value using CRO 20 %
4. Working in team 10 %
Product related: 10 Marks 40%

5.| Calculate theoretical value of output 10 %
6.| Interpretation of result 05 %
7.| Conclusions 05 %
8.| Practical related questions 15 %
9.| Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical No. 11: Use relevant instruments to measure the bandwidth and

cutoff frequency of the given first order high pass Butterworth filter.

Practical Significance

A High-pass filter (HPF) is afilter that passes signals with a frequency higher than a
certain cutoff frequency and attenuates signals with frequencies lower than the cutoff
frequency. HPF is used in blocking DC from circuitry sensitive to non-zero average
voltages orradio frequency devices. Active High Pass Filtersare used in audio
amplifiers, equalizers or speaker systems to direct the high frequency signals to the
smaller tweeter speakers or to reduce any low frequency noise or “rumble” type
distortion. This practical will enable student to view HPF exhibit high gain after certain
cut off frequency.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble
first order high pass (HPF) butterworth filter.

e Mounting of the electronic components on breadboard as per circuit diagram of first
order high pass (HPF) butterworth filter.

e Trouble shoot first order high pass (HPF) butterworth filter.

Relevant Course Outcome(s)
e Maintain filters and oscillators used in various electronic circuits.

Practical Outcome
e Use relevant instruments to measure the bandwidth and cutoff frequency of the given
first order high pass Butterworth filter.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member
e Maintain tools and equipment’s
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Minimum Theoretical Background
A high-pass filter is a filter that allows signals with a frequency higher than the cut-off

frequency (the frequency at which the output voltage is 70.7% of the source voltage) to
pass through it. It also attenuates those signals whose frequency is lower than the cut-off
frequency. High-pass filters are used for AC coupling at the inputs of many audio power
amplifiers, for preventing the amplification of DC currents which may harm the
amplifier, rob the amplifier of headroom, and generate waste heat at
the loudspeakers voice coil.

Output voltage for First order high pass butterworth filter is given by
V, J'(i)

== Az |/
Vin 1+7(5)

Where 4; = 1 —i—F

f = frequency of the input signal (Hz)

— 1 —
fe= e Cuteff frequency (Hz)

Magnitude of the voltage gain is given by
i
A (=

A

11+ &)
A fe

I

in

Voltage gain
4
Slope +20 dB/decade

A
0.707 A; -+
(3dBdown) |-

«— Stop band—»{e— Pass band —»-
» frequency

0
fe

Figure 11.1 Frequency response of First order High pass Butterworth filter
[Courtesy:http://www.eeeguide.com/wp-content/uploads/2016/09/First-Order-High-Pass-Butterworth-Filter-9.jpg]
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VIIl Practical Circuit diagram :

a) Sample Circuit diagram
By Ry
A
10 10I<
-
Il
L1}
0.01uF
+ -"R
Vin =2 10K
— = 20K POT

Figurell.2 Circuit diagram of first order high pass butterworth filter

b) Actual Circuit diagram

¢) Sample Experimental set up

Fgure 1132 First order high pass butterworth filter
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d) Actual Experimental set up

IX Resources Required
EE. ggggg:\ee?]t{ Specification Quantity
1. | Cathode Ray | 20/30/100 MHz Frequency 1 No.
Oscilloscope (Analog
type)
2. | Function Generator 0-2 MHz with Sine, square and | 1 No.
triangular output with variable
frequency and amplitude
3. | Regulated DC Power | 0-30V, 2Amp SC protection Dual | 1 No.
Supply tracking power supply
4. | Op-Amp IC IC 741C 1 No.
5. | Resistors R;=10KQ, R=20KQ pot, R—=10KQ | 2 No.
6. | Capacitor C,=0.01pf 2 No.
7. | Analog IC tester Suitable to test analog ICs, 1 No
8. | Breadboard 55cm X 17 cm 1 No.
9. | Connecting wires Single strand Teflon coating (0.6 | As per
mm diameter) requirement
X Precautions to be Followed
1. Ensure proper connections are made to the equipment.
2. Ensure the power switch is in ‘off” condition initially.
3. Ensure the use of proper settings of function generator and CRO.
Xl Procedure
1. Test and mount the IC741 on breadboard.
2. Connect the circuit as per the circuit diagram shown in fig 11.2.
3. Apply voltage V.. = +15V and Vzz = —15V" using DC power supply to pin no 7 and
pin no. 4 respectively.
4. Connect the (1volt peak to peak, 100Hz) sine wave input from function generator
and observe the corresponding output of pin number 6 on CRO.
5. Measure the output voltage of HPF on CRO for the applied signal as in step 4.

Maharashtra State Board of Technical Education




Linear Integrated Circuits (22423)

6.

7.
8.

9.

10.

11.

12.

13.

Vary input signal frequency step by step as shown in observation table and note down
the corresponding output voltage.
Repeat step 4 to 6 up to frequency 1MHz.

Calculate gain in decibels using formula: Gain in dB = 20leg,, (—"‘]

1LL‘.’
2nRC
Plot the frequency response on semi log paper for frequency on x axis and gain in dB
on y axis.
Find practical cutoff frequency from graph and compare theoretical and practical
cutoff frequency.
Calculate roll-off rate from graph plotted in step 10 by considering any two
consecutive gain values and corresponding frequency values.
After the completion of practical switch off the supply, remove the connections and
submit wires and equipment.

Calculate the cutoff frequency theoretically using formula: F. =

X1l Resources Used

Sr. No. Instrument /Components Specification Quantity

=

© XN 0~ Wi

X1  Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XV Observations and Calculations (use blank sheet provided if space not sufficient)
Table No: 11.1 Observation table for Gain of HPF

Input VVoltage in Volts (To be kept Constant),Vi = 1Volt Peak to Peak (Sine Wave)

Sr. Input Output Voltage, Voltage Gain Gain in dB
No. | Frequency(Hz) Vo (Volts) (A= VolVi) =20 log(Vo/Vi)
1. 100 Hz
2. 200Hz
3. 400 Hz
4. 500 Hz
5. 600 Hz
6. 800 Hz
7. 1KHz

8. 2KHz

9. 4KHz
10. | 6KHz
11. | 8KHz
12. | 10KHz
13. | 20KHz
14. | 40KHz
15. | 60KHz
16. | 80KHz
17. | 100KHz
18. | 500KHz
19. | 800KHz
20. | 1MHz

Calculations :

i. Cutoff frequency F_ = ,:Rc = e KHE

ii. At F.,Gain in db = 20logy (2] = e reerr v oo dB.
“Vind

iv. ERollof rate = - (oG = i e e e e e Abfdecade

Llogpfy—logofil

XVI Results
1. Cutoff Frequency =...............oe...
2. Rollofrate=........ccovvieiiiiii i,

XVII Interpretation of Results (Give meaning of the above obtained results)
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XVIII Conclusions and Recommendation

XIX Practical Related Questions
1. Design first order HPF at a cutoff frequency of 1 KHz and pass band gain of 1.

Assume & = 0.1uF.
2. Plot frequency response on semilog graph for above designed HPF and calculate
practical cutoff frequency.
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XX References / Suggestions for further reading
1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall

India,3"

edition, 2001,ISBN NO : 81-203-0807-7
2. https://www.youtube.com/watch?v=qzaG8aFKL8k&feature=youtu.be

XXI Assessment Scheme

Performance Indicators Weightage

Process related: 15 Marks 60%0

1. | Handling of the components 10 %
2. | Mounting of component 20 %
3. | Measuring value using CRO 20 %
4. | Working in team 10 %
Product related: 10 Marks 40%

5. | Calculate theoretical value 10 %
6. | Interpretation of result 05 %
7. | Conclusions 05 %
8. | Answer to practical related questions 15 %
9. | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

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

VI

Practical No. 12: Use relevant instruments to measure the cutoff frequency

of the given notch filter.

Practical Significance

A band reject filter produces a sharp notch in the frequency response curve of a system. It
is used for the rejection of a single frequency such as 60Hz power line frequency hum. It
is also used in television transmitters to provide attenuation at the low frequency end of
the channel, to prevent possible interferences with the sound carrier of the next lower
channel. This practical will enable student to view notch filter exhibit low gain for certain
cut off frequency.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Discipline knowledge: Apply Electronics and Telecommunication engineering
knowledge to solve broad-based Electronics and Telecommunications engineering
related problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble
narrow band reject filter.

e Mounting of the electronic components on breadboard as per circuit diagram of
narrow band reject filter.

e Trouble shoot narrow band reject filter.

Relevant Course Outcome(s)
e Maintain filters and oscillators used in various electronic circuits.

Practical Outcome
e Use relevant instruments to measure the cutoff frequency of the given notch filter.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Demonstrate working as a leader/a team member
e Maintain tools and equipment’s
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VIl Minimum Theoretical Background
A band reject filter is also called as band stop filter. In this filter, frequencies are

attenuated in the stop band while they are allowed to pass outside this band.
Band reject filters are classified as wide band reject filter and narrow band reject filter.
The narrow band reject filter is also called as notch filter. Bandwidth of narrow band

reject is very much smaller than wide band reject filter.
Passive band reject filter composed of two T-shaped networks. One T-network made up

of two resistors and one capacitor, while other uses one resistor and two capacitors.
The notch frequency is the frequency at which maximum attenuation occurs, it is given
by
1

F, =

B 2w RC

The passive twin T network has low figure of merit Q. The Q of the network can be
increased by if it is used with voltage follower.

Gain, Y
VN

Bandwidth

Ar=1 1|
0.707AF e S

E
!

Frequency

Figure 12.1 Frequency response of Narrow band reject filter

VIl  Practical Circuit diagram :
a) Sample circuit diagram

R
—AWWA——
C

=0

WL

|1
b

+
Vmg‘? R?22 = 20 ‘Ii

Figure 12.2 Circuit diagram of Narrow band reject filter
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b) Actual Circuit diagram

c) Sample Experimental set up

Figure 12.3Narrow band reject filter

d) Actual Experimental set up
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IX Resources Required

ﬁlrc;. gsx]’g(r;]eer;]t{ Specification Quantity
1. | Cathode Ray | 20/30/100 MHz Frequency
Oscilloscope (Analog 1 No.
type)/DSO
2. | Function Generator 0-2 MHz with Sine, square and
triangular output with variable 1 No.
frequency and amplitude
3. | Regulated DC Power | 0-30V, 2Amp SC protection Dual 1 No
Supply tracking power supply '
4. | Op-Amp IC IC 741C 1 No.
5. | Resistors R=39KQ, 3 No.
6. | Capacitor C=0.01pf 3 No.
7. | Analog IC tester Suitable to test analog ICs, 1 No
8. | Breadboard 5.5cm X 17 cm 1 No.
9. | Connecting wires Single strand Teflon coating (0.6 | As per
mm diameter) requirement
X Precautions to be Followed

1. Ensure proper connections are made to the equipment.
2. Ensure the power switch is in ‘off” condition initially.
3. Ensure the use of proper settings of function generator and CRO.

Xl Procedure

1. Test and mount the IC741 on breadboard.

2. Connect the circuit as per the circuit diagram show in fig 12.2.

3. Apply voltage V.. = +15V and V;; = —15V using DC power supply to pin no 7 and
pin no. 4 respectively.

4. Connect the (10volt peak to peak, 100Hz) sine wave input from function generator
and observe the corresponding output of pin number 6 on CRO.

5. Measure the output voltage of LPF on CRO for the applied signal as in step 4.

6. Vary input signal frequency step by step as shown in observation table and note down
the corresponding output voltage.

7. Repeat step 4 to 6 up to frequency up to 100K Hz.

8. Calculate gain in decibels using formula: Gain in dB = 20log,, [(_“:_" ]

9. Calculate the cutoff frequency theoretically using formula: F, = :;R "

10. Plot the frequency response on semi log paper for frequency on x axis and gain in dB
on y axis.

11. Find practical notch frequency from graph and compare theoretical and practical
cutoff frequency.

12. After the completion of practical switch off the supply, remove the connections and

submit wires and equipment.
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X1l Resources Used

Sr. No. Instrument /Components Specification Quantity

=

QXN 0| Wi

X1 Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 12.1 Observation table for Gain of notch filter

Input Voltage in Volts (To be kept Constant),Vi = 10Volt Peak to peak (Sine Wave)

Sr. Input Frequency Output Voltage, Vo V((lJAI\t:ag/eO/C\s/a};n Gain in dB
No. (Hz) (Volts) =20 log(VVo/Vi)
1. 100 Hz
2. 200Hz
3. 300 Hz
4. 400 Hz
5. 500 Hz
6. 600 Hz
7. 700Hz
8. 800Hz
9. 900Hz
10. 1KHz
11. 1.5KHz
12. 2KHz
13. 3KHz
14, 5KHz
15. 10KHz
16. 20KHz
17. 40KHz
18. 80KHz
19. 100KHz
Calculations :
i. Notch frequency F; = ﬁ =
ii. At F,, ,Gain in db = 20log,, (-2 = ..dB.

XVI1 Results

1.  Notch Frequency =

XVII Interpretation of Results (Give meaning of the above obtained results)

W i.u/
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XVIl Conclusions and Recommendation

XVIII Practical Related Question
1. Design a 400Hz active Notch filter.

[Space for Answers]
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XX  References / Suggestions for further reading

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3rd edition, 2001,ISBN NO : 81-203-0807-7

2. https://www.coursera.org/.../3-4-bandpass-and-notch-filters-PeahQ

3. https://www.youtube.com/watch?v=377vpWIjQ4U

XXl Assessment Scheme

Performance Indicators Weightage

Process related: 15 Marks 60%

1. | Handling of the components 10 %
2. | Mounting of component 20 %
3. | Measuring Fy value using CRO 20 %
4. | Working in team 10 %
Product related: 10 Marks 40%

5. | Calculate theoretical Notch frequency. 10 %
6. | Interpretation of result 05 %
7. | Conclusions 05 %
8. | Practical related questions 15 %
9. | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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v
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VII

Practical No.13: Use relevant instruments to measure the frequency of

oscillation of the given RC phase shift oscillator circuit using 1C741.

Practical Significance

Oscillators are circuits that produce periodic waveforms without any input signal. They
generally use some form of active devices like transistors or Op-Amps as amplifiers with
feedback network consisting of passive devices such as resistors, capacitors, or Inductors.
A RC Phase shift oscillator is an oscillator that generates sine waves. RC Phase shift
oscillator is used for audio frequency generator in the radio receiver. RC Phase Shift
Oscillators are used in musical instruments, voice synthesis and in Global Positioning
System. This practical will enable student to view RC phase shift oscillator generates
oscillations of certain frequency.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

e Engineering tools: Apply relevant Electronics and Telecommunications
technologies and tools with an understanding of the limitations

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble
RC Phase shift oscillator.

e  Mounting of the electronic components on breadboard as per circuit diagram of RC
Phase shift oscillator.

e Trouble shoot RC Phase shift oscillator.

Relevant Course Outcome(s)
e Maintain filters and oscillators used in various electronic circuits.

Practical Outcome
e Use relevant instruments to measure the frequency of oscillation of the given RC
Phase shift oscillator circuit using IC741.

Relevant Affective domain related Outcome(s)

e Follow safe practices.

e Follow ethical practices

e Demonstrate working as a leader/a team member

Minimum Theoretical Background

A RC phase shift oscillator consists of Op-Amps as the amplifying stage and 3-RC
cascaded network as the feedback circuit. The feedback circuit provides feedback voltage
from the output back to the input. This voltage is the input to the Op-Amps. The Op-
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Amps is used in inverting mode, therefore any signal appears at the inverting terminal is
shifted by the 180° at the output. An additional 180° phase shift required for oscillation is
provided by cascaded RC network.

For RC phase shift oscillator the frequency of oscillation is given by

1
F= ——
2y 6RC

At this frequency, the gain A, must be at least 29.

Ay = & =29
-3
Or
F= 294‘?1
VIl  Practical Circuit diagram :
a) Sample Circuit diagram
VCI
t
9"‘?{?"9 as R :
inverting .
ampliﬂer\ VWA
Feedback Network
G +VCC r__._.,__.-/\-__\
C c C
| 11
| 1
Vy
' R R
Vi Feedback

voltage

t _

Figure 13.1 Circuit diagram of RC phase shift oscillator
[Courtesy:http://www.eeeguide.com/wp-content/uploads/2016/09/Sine-Wave-Generators-Using-Op-amp-7.jpg]

b) Actual Circuit diagram
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c) Sample Experimental set up

Figure 13.2 RC phase shift oscillator

d) Actual Experimental set up

IX Resources Required
Islg. Instrument /Components Specification Quantity
Variable DC power supply 0- 30V, 2A Dual tracking power | 1 No.

1 supply

5 Cathode Ray Oscilloscope | 20/30/100 MHz Frequency 1 No.
' (Analog type)

3. Capacitors C=0.1uF 3 No.

4. Potentiometer Re=1MQ 1 No.

5. IC-LM318/LM741 Op Amp Ic 1 No.

6. Resistors R1=33KQ ,R=3.3KQ 4No.

7 DMM DC VOLTAGE Ranges : 200mV, | 1 No.
) 2V, 20V, 200V

8. Analog IC tester Suitable to test analog ICs, 1 No

9. Breadboard 55cm X 17 cm 1 No.

10 Connecting wires Single strand Teflon coating (0.6 | As per

' mm diameter) requirement
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X Precautions to be Followed

1.
2.
3.

Ensure proper connections are made as per the given setup.
Ensure the power switch is in ‘off” condition initially.
Ensure the use of proper settings of CRO and DC Power supply.

Xl Procedure

1.
2.
3.

H©O© Nk

Test and mount the IC 741 on breadboard.
Connect the circuit as per the circuit diagram as shown in figure 13.1 .

Apply voltage V.. = +15V and Vzz = —15V using DC power supply to pin no 7 and
pin no. 4 of IC 741 respectively.

Connect CRO at the output terminals of the circuit (Pin no. 6 of IC 741).

Vary potentiometer to get stable sine wave output.

Observe the sine wave output on CRO.

Measure the frequency of sine wave output on CRO.

Calculate the frequency of sine wave theoretically using formula:F =

Compare theoretical and practical frequency of sine wave output.

21-ERC

. After the completion of practical switch off the supply, remove the connections and

submit wires and equipment.

X1l Resources Used

Sr.

No. Instrument /Components Specification Quantity

© O N o g~ Wi

[EY
©

X1  Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 13.1 Observation table for Frequency of RC phase shift oscillator

. Theoretical
Practical | rrequency(Hz)
Sr.No. | R C | Frequency 1
Hz F= —
2my/6RC
1
Calculations:
Output frequency
F= —
2my6RC
XVI Results
1. Output frequency e T

XVII Interpretation of Results (Give meaning of the above obtained results)

XIX Practical Related Questions

1. Give the values of slew rate of IC: LM 318,LM: 351 and LM:741 (Refer Data sheet)

2. Design a RC phase shift oscillator using Op-Amp for F=1KHz.
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XX References / Suggestions for further reading

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall

India,3" edition, 2001,ISBN NO : 81-203-0807-7
2. http://viabs.iitb.ac.in/vlabs-dev/bootcamp/labs/ic/exp6/exp/simulation.php
3. https://www.youtube.com/watch?v=u4cQIlyEgPA
4. http://www.ti.com/product/LM318-N?keyMatch=LM318&tisearch=Search-EN-

Everything

XXI Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60%
1 Handling of the components 10 %
2 Mounting of component 20 %
3 Measuring value Frequency using CRO 20 %
4 Working in team 10 %
Product related: 10 Marks 40%
5 Calculate Theoretical frequency. 10 %
6 Interpretation of result 05 %
7 Conclusions 05 %
8 Practical related questions 15 %
9 Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Dated signature of

Marks Obtained Teacher

Process Product Total
Related Related (25)
(15) (10)
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i3 TExAs
INSTRUMENTS

wwrw_ti_com

LM118-N, LM218-N, LM318-N

SHOSBSAC —MARCH 1992-REVISED MARCH 2013

LM118-N/Im218-N/LM318-N Operational Amplifiers

Check for Samples: LM118-N, LM218-N, LM318-N

FEATURES

* 15 MHz Small Signal Bandwidth

*+ Ensured 30V/ps Slew Rate

*  Maximum Bias Current of 250 nA

* Operates from Supplies of £5V to £20V
* Internal Frequency Compensation

* Input and Output Overload Protected

* Pin Compatible with General Purpose Op
Amps

Fast Voltage Follower

DESCRIPTION

The LM118 series are precision high speed
operational amplifiers designed for applications
requinng wide bandwidth and high slew rate. They
feature a factor of ten increase in speed over general
purpose devices without sacnficing DC performance.

The LM118 series has internal unity gain frequency
compensation. This considerably simplifies its
application since no external components are
necessary for operation. However, unlike most
internally compensated amplifiers, external frequency
compensation may be added for optimum
performance. For inverting applications, feedforward
compensation will boost the slew rate to over
150V/ys  and almest double the bandwidth.
Owercompensation can be used with the amplifier for
greater stability when maximum bandwidth is not
neaded. Further, a single capacitor can be added to
reduce the 0.1% settling time to under 1 ps.

The high speed and fast settling time of these op
amps make them useful in A/D converters, oscillators,
active filters, sample and hold circuits, or general
purpose amplifiers. These devices are easy to apply
and offer an order of magnitude better AC
performance than industry standards such as the
LM709.

The LM218-N is identical to the LM118 except that
the LM218-N has its performance specified over a
-25°C to +85°C temperature range. The LM318-N is
specified from 0°C to +70°C.

INPUT

Do not hard-wire as voltage follower (R1 2 5 k0)

DuUTPUT

Please be aware that an important nofice conceming availability, standard warmanty, and use in criical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA Information ks cument as of publication dade.
Products conform to specificafons the temms of the Texas
Instruments standard wanznal:i'. ucion processing does not
necessarly Include testing of al parameters.

Copyright © 1998-2013, Texas Instruments Incorporated
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L M118-N, LM218-N, LM318-N BTexas
SNCEE ST —MARCH 1998—-REVIEED MARCH 20132 www oo

F These devices hawe limited bult-in ES0 protecton. The leads should be shored ingether or the device piaced In conductive faam
A28 ourng storage or handling wo prevent elecitetatic damage to Me MOS gates.

Absolute Maximum Ratings!173

Supply Voitage 220V
Power Dissipation = 500 M
Differential input Cumeni ©0 +10 &
Input WVoltage ™1 =150
OARpUE Short-Cincull Durasion ContinuoLEs
Dperating Temperaiure Ranges
I 16-n -S5"C i +125°C
LAZA5-M -25"C o +&5°C
LAI315-N 0°C to +70°C
Sorage Temperaturs Rangs -65C ip +150"C
Lead Tempsaiune (Soldenng, 10 520
TO-23 Package II"C
POIP Package 2E0C
Soldenng Information
Cuz-in-Line Package
Soldering {10 58¢.) 260G
SOIC Package
Wapor Phase (60 sec.) H5C
Infrared {15 5&¢.] 2ATC
ESD Tolerance T 2000V

(1) Refer o RETS118% for LM11EH and LMW1 180 miltary specicaions.

2] I Millary'Aerospace specified devices are requined, plesse contact the Tl Sales OMca/Tisriowtons for avallablity and specHcaions.

3] The maximum junciion iEemperature of the Imi18-n ks 1507 C, the LMZA8-MN Is 110°C, and the LM31E-N s 110°C. Faor g at

elevated temperatunes, Sevices In the LWC package must be derated based on & thenmal resistance of 18070, Juncion to mbient, o

2OFCIW, jJunciion io case. The thermal resisance of the dua-in-ine package |s 100°CAY, Juncon o amident

4] The Inpuis are shunied Wil back-io-back diodes for overvoliage protection. Thesefore, excesshve curment will Ticw I 3 diferenilal input
woilage In exmcess of 1V 5 appiled Detwesn the Inputs unkess some Imiting resistance s ussd

/5] Far voltages Iess han =15V, e abaniute MEnd MU INgut ol = equal o Me suDply voltEge.

% Human mode, 1.5 K In 5enss wim 100 pF. =

Electrical Characteristics ™

Paramaber Condltlcns LMT15-NLMI18-H LS 1E5-N Unlts
Min T¥p Polzm Mim Typ Mz
InpLt CriTset Wollage Ta=25"C 2 4 4 10 iy
Input CriTset Cumant T, = 25°C ] =0 i) 200 A
Input Blas Cument T, = 25°C 120 250 130 s00 A
Input Resistance Ta = 25°C 1 3 0.5 A
Supply Cument T = 25"C 5 =] S 10 ML
Large Signal Voitage Gain T = 2570, Wy = £215%W =] 200 25 200 W
Wear = 210, By =2 ke

Sheww Rabe T:ﬁ' 257G, Vg = 215V, Ay =1 =0 70 o 70 W=
‘Small Sigral Bancwidih Ta = 25°C, Vg = 215 15 15 MHZ
InpLt DﬂEEt"i':"BEE =] 15 k"
InpLut CriTset Cumant 100 30 A

[1) These spacfications apply or £5V = W, S 30V and —55°C s T, = +125°C (I 16-n), —25°C = T, 5 +85"C (LMZ13-M), and 070 s T, =
+707C [LMZ13-M). Also, powear supplies mus! be bypassad wil 0.1 pF disc capacions.

2] Siew rake Is tesied with Ve = £15W. The Im 18-n 15 In 3 unity-gain norHnverting conmmguralion. Vi 16 Thoim 7.5 to +7.50 and
wice yarsa. The slew rates bebtaean —5.0W and +5.0W and wice varsa ane esied and spestied o ex ﬂ:l"-'.']..&
2 Submi Documeniation Feeohack Commont & 19352013, Tewas Instruments Inowponmied

Procuct Folder LInks: LAT76-N LAMZTE-N LMS15-M
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Practical No.14: Measure the frequency of oscillation of the given Wien

bridge oscillator circuit using 1C741.

Practical Significance

Oscillators are circuits that produce periodic waveforms without any input signal. They
generally use some form of active devices like transistors or OPAMPs as amplifiers with
feedback network consisting of passive devices such as resistors, capacitors, or Inductors.
A Wien bridge oscillator is an oscillator that generates sine waves. Wien bridge oscillator
is used in audio and acoustics applications. This practical will enable student to view
Wien bridge oscillator generates oscillations of certain frequency

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

e Engineering tools: Apply relevant Electronics and Telecommunications
technologies and tools with an understanding of the limitations

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble
Wien bridge oscillator.

e Testing of relevant active and passive electronic components required to assemble
Wien bridge oscillator.

e Trouble shoot Wien bridge oscillator.

Relevant Course Outcome(s)
Maintain filters and oscillators used in various electronic circuits.

Practical Outcome
e Measure the frequency of oscillation of the given wien bridge oscillator circuit using
IC741.

Relevant Affective domain related Outcome(s)
e Follow safe practices.

e Follow ethical practices
e Demonstrate working as a leader/a team member

Minimum Theoretical Background

A Wien bridge oscillator is based on a bridge circuit originally developed for the
measurement of impedances. The bridge comprises four resistors and two capacitors. Op-
Amp is used as the amplifying device and the Wien bridge is used as the feedback
element. The Op-Amp is used in noninverting mode that provides a phase shift of 00 and
the phase shift introduced by the feedback network is also 00.
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The feedback network provides gain of 1/3. Hence, the amplifier gain in inverting mode
should be slightly greater than 3.
Under the condition that R1=R2=R and C1=C2=C, the frequency of oscillation is given

by:

_,q_r_, = —_— =
‘ B
That is,
-
1+—=3
R‘l
Or
R. = 2R,

VIl  Practical Circuit diagram :
a) Sample Circuit diagram

5::3::(“ Op-amp noninverting |

wien bridge amplifier

Figure 14.1: Circuit diagram of wien bridge oscillator
[Courtesy:http://www.eeeguide.com/wp-content/uploads/2016/09/Wien-Bridge-Oscillator-1.jpg]

b) Actual Circuit diagram
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c) Sample Experimental set up

Figure 14.2: Circuit diagram of wien bridge oscillator

d) Actual Experimental set up

IX Resources Required
E(r).. Instrument /Components Specification Quantity
Variable DC power supply 0- 30V, 2A Dual tracking power 1 No.
L supply
5 Cathode Ray Oscilloscope | 20/30/100 MHz Frequency 1 No.
' (Analog type)
3. Capacitors C=0.1pF or 1 pF 1 No.
4. Potentiometer 50KQ 1 No.
5. IC-741 Dual-In-Line or S.O. Package 1 No.
6. Resistors R1=12KQ R=3.3KQ 3No.
7 DMM DC VOLTAGE Ranges : 200mV, | 1 No.
' 2V, 20V, 200V
8. Analog IC tester Suitable to test analog ICs, 1 No
9. Breadboard 55cm X 17 cm 1 No.
10 Connecting wires Single strand Teflon coating (0.6 | As per
' mm diameter) requirement
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X Precautions to be Followed

1
2
3

. Ensure proper connections are made as per the given setup.
. Ensure the power switch is in ‘off” condition initially.

. Ensure the use of proper settings of CRO and DC Power supply.

Xl Procedure

1. Test and mount the IC741 on breadboard.

2. Connect the circuit as per the circuit diagram show in fig 14.1.

3. Apply voltage V.. = +15V and Iz = —15V using DC power supply to pin no 7 and
pin no. 4 respectively.

4. Connect CRO at the output terminals of the circuit (Pin no. 6 of IC741).

5. Vary potentiometer to get stable sine wave output.

6. Observe the sine wave output on CRO.

7. Measure the frequency of sine wave output on CRO.

8. Calculate the frequency of sine wave theoretically using formula: F = %w

9. Compare theoretical and practical frequency of sine wave output.

10. After the completion of practical switch off the supply, remove the connections and

submit wires and equipment.

X1l Resources Used

Sr. No. Instrument /Components Specification Quantity

=

QXN 0| Wil

X111 Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 14.1 Observation table for Frequency of Wien bridge oscillator

Practical Theoretical
Sr. R C | Frequency Frequenci/(Hz)
No. Hz F=
2mRC
1
Calculations:
I Output frequency
1
"~ 27RC

XVI Results
1.  Output frequency TR

XVII Interpretation of Results (Give meaning of the above obtained results)

XVIIl  Conclusions and Recommendation

XIX Practical Related Questions
1. Why variable resistance is connected in the feedback of OP-Amp used in Wien bridge

oscillator?
2. Design a Wien bridge oscillator using Op-Amp for F=965Hz.

[Space for Answers]
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XX References / Suggestions for further reading

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3" edition, 2001,1ISBN NO : 81-203-0807-7

2. http://www.eeeguide.com/wien-bridge-oscillator/

3. https://www.youtube.com/watch?v=td3xrkewzHw

XXI1 Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%
10 | Handling of the components 10 %
11 | Mounting of component 20 %
12 | Measuring value Frequency using CRO 20 %
13 | Working in team 10 %
Product related: 10 Marks 40%
14 | Calculate Theoretical frequency. 10 %
15 | Interpretation of result 05 %
16 | Conclusions 05 %
17 | Practical related questions 15 %
18 | Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical no.15: Build/Test astable multivibrator using 1C555 for the given

v

Vi

VII

specifications.

Practical Significance
Astable multivibrator is a rectangular wave generating circuit. It has two quasistable
state. This circuit is used in square wave oscillators, Electrical control panel used for
industrial drives often used Pulse width Modulation (PWM) techniques and astable
multivibrator is one of the active block for PWM.  They are also used in decorative
lighting systems(running LEDs) and timing applications. In this practical students will be
able to construct astable multivibrator on bread board and measure % duty cycle of the
output waveform.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

e Engineering tools: Apply relevant Electronics and Telecommunications
technologies and tools with an understanding of the limitations

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble
Astable Multivibrator.

e Mounting of the electronic components on breadboard as per circuit diagram of
Astable Multivibrator.

e Trouble shoot Astable Multivibrator.

Relevant Course Outcome(s)
e Trooubleshoot specified applications using various linear ICs.

Practical Outcome
e Build/Test astable multivibrator using IC555 for the given specifications.

Relevant Affective domain related Outcome(s)
¢ Follow safe practices.

e Follow ethical practices
e Demonstrate working as a leader/a team member

Minimum Theoretical Background

Astable multivibrator is also called as Free Running Multivibrator. It has no stable states
and continuously switches between the two states without application of any external
trigger. The 1C 555 can be made to work as an astable multivibrator with the addition of
three external components: two resistors (Ra and Rg) and a capacitor (C).

The pins 2 and 6 are connected and hence there is no need for an external trigger pulse. It
will self trigger and act as a free running multivibrator. Output is available at pin-3. Pin 4
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is the external reset pin. A momentary low on this pin will reset the timer. Hence when
not in use, pin 4 is usually tied to Vcc.

The control voltage applied at pin 5 will change the threshold voltage level. But for
normal use, pin 5 is connected to ground via a capacitor (usually 0.01uF), so the external
noise from the terminal is filtered out. Pin 1 is ground terminal.

Charging
Capacitor through R1 and Ra
Voltage
Discharging
| | through Ra

el

1/3 Vec

Output Voltage
— Tp  ie—

fe—TON —of

it STy

Figure 15.1 :Waveforms of Astable multivibrator using I1C 555

[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/Waveforms-in-Astable-mode-of-operation.jpg]

Duty cycle of the astable multivibrator is determined from the values of Ra, Rg and C.
The value of Ty or the charge time (for high output) Tc is given by
Toy = 0693 (R, + R;) C

The value of TOFF or the discharge time (for low output) TD is given by
Torr = 0.693 R,C

Therefore, the time period for one cycle T is given by
T =Toy T Toer =Tz + T

T =0693(R, + 2R;) C
Duty cycle is the ratio of the time Ty during which the output is high to the total time

period T.
The duty cycle % D is given by

%D _ Tox 100
ol = T ( )
R, +R
—_4 5 (100)
R, + 2R,

If T =0693 (R, + 2R;) C, then the frequency f is given by

P 1.45 .
(R, + 2R.)C T
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VIl  Practical Circuit diagram :
a) Sample Circuit diagram

Wk (5 10 = 15W)
i
e ) L
— R
{::‘ 1
iz arge l
= ] -1
=Rz 556 3 u o Austatn
Astable Culput
y = Triggsat
k :
M Threshoid
1 ||

i

5 f

= 0

.,,] :|:'3' =

Figure 15.2 Circuit diagram of Astable multivibrator using 1C 555

b) Actual Circuit diagram

c) Sample Experimental set up

Figure 15.3 Astable multivibrator using 1C555
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d) Actual Experimental set up
IX Resources Required
Elg Instrument /Components Specification Quantity
Variable DC power supply 0- 30V, 2A Dual tracking power
1. supply 1 No.
Cathode Ray Oscilloscope | 20/30/100 MHz Frequency
2. 1 No.
(Analog type)
3. Capacitors C1=0.1pF,C,=0.01 pF 1 No.
4. IC-555 8 Pin, DIP 1 No.
5. Resistors Ra=15KQ and12KQ ,Rg=10KQ 3No.
6 DMM DC VOLTAGE Ranges : 200mV, 1 No
' 2V, 20V, 200V '
7. | Analog IC tester Suitable to test analog ICs, 1 No
8. Breadboard 55cm X 17 cm 1 No.
9 Connecting wires Single strand Teflon coating (0.6 | As per
' mm diameter) requirement

X

Xl

Precautions to be Followed

1. Ensure proper connections are made as per the given setup.
2. Ensure the power switch is in ‘off” condition initially.
3. Ensure the use of proper settings of CRO and DC Power supply.

Procedure

1. Test and mount the IC 555 in breadboard and make the connections as shown in fig.

15.2.

2. Apply DC supply voltage 1., = 51V to pin number 8 of IC555 using DC power

supply.
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3. Observe the output waveform (pin no.3) and waveform across capacitor (pin no. 6) on
CRO.

Measure the Ton, Torr and frequency of output waveform.

Calculate theoretical Ton, Torrand frequency.

Compare theoretical and practical values of Ton, Torr and frequency.

Repeat steps from 4 to 7 for Ra=12KQ

Plot output waveform and waveform across capacitor on graph paper (only for RA =
15KQ).

9. After the completion of practical switch off the supply, remove the connections and
submit wires and equipment.

o N O

X1 Resources Used

Sr. No. Instrument /Components Specification Quantity

1.

© N 0~ Wi

X1 Actual Procedure Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations (use blank sheet provided if space not sufficient)

Table No: 15.1 Observation Table for Duty cycle

Sr Frequency F = 1/T ; Tox
Ra | Ton | Tore | T=Ton+ T : car| o PutyCyele= —~
No. A| TON| TOFF on *+ Torr |5 ctical | Theoretical | - &Y T
1
2
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Calculations :
i. Toy = 0693(R, + R;) C

ii.  T,.r = 0.693R,C

ii. T =T,

Ll TGFF

iv.  Percentage Duty Cycle %D = ‘2 100

1.25
v.  Output frequency / = (Ra+2Rg) € Hz

A

XVI Results
1. Percentage Duty Cycle=........................
2. Output frequency e T

XVII Interpretation of Results (Give meaning of the above obtained results)

XVIII Conclusions and Recommendation

XIX Practical Related Questions
1. Design Astable multivibrator using IC555 for 50% duty cycle.

2. Mount the circuit designed in Q-1 on breadboard and draw observed output
waveforms.

[Space for Answers]
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XX References / Suggestions for further reading

1. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall

India,3"edition, 2001,ISBN NO : 81-203-0807-7

2. K.R.Botkar, Integrated Circuits, Khanna publication,10™ edition,2005,ISBN NO :81-

7409-208-0

3. http://vlabs.iitb.ac.in/vlabs-dev/bootcamp/labs/ic/exp9/exp/theory.php

4., https://www.youtube.com/watch?v=75hYqRtLJTQ

XXI1 Assessment Scheme

Performance Indicators Weightage

Process related: 15 Marks 60%0

1 Handling of the components 10 %
2 Mounting of component 20 %
3 Measuring values of Ton, Torr and Frequency using CRO 20 %
4 Working in team 10 %
Product related: 10 Marks 40%

5 Calculate Theoretical values of Ton, Torr and % Duty cycle. 10 %
6 Interpretation of result 05 %
7 Conclusions 05 %
8 Practical related questions 15 %
9 Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Dated signature of

Marks Obtained Teacher

Process Product Total
Related Related (25)
(15) (10)
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Practical No.16: Build/Test monostable multivibrator using 1C555 for the

v

\4

VII

given specifications.

Practical Significance

A Monostable multivibrator is a pulse generating circuit. It has only one stable state.
Monostable Multivibrator is used in timer, delay line, synchronization circuits in video
communications equipment. . In this practical students will be able to construct
monostable multivibrator on bread board and measure pulse width of the output
waveform.

Relevant Program Outcomes (POs)

e Basic knowledge: Apply knowledge of basic mathematics, sciences and basic
engineering to solve the broad-based Electronics and Telecommunication
engineering problems.

e Experiments and practice: Plan to perform experiments and practices to use the
results to solve broad-based Electronics and Telecommunication engineering
problems.

e Engineering tools: Apply relevant Electronics and Telecommunications
technologies and tools with an understanding of the limitations

Competency and Practical Skills

This practical is expected to develop the following skills for the industry identified

competency ‘Maintain electronic circuits consisting of Linear Integrated Circuits’:

e Testing of relevant active and passive electronic components required to assemble
Monostable Multivibrator.

e Mounting of the electronic components on breadboard as per circuit diagram of
Monostable Multivibrator.

e Troubleshoot Monostable Multivibrator.

Relevant Course Outcome(s)
e Troubleshoot specified applications using various linear ICs.

Practical Outcome
e Build/Test monostable multivibrator using 1C555 for the given specifications.

Relevant Affective domain related Outcome(s)

e Follow safe practices.

o Follow ethical practices

e Demonstrate working as a leader/a team member.

Minimum Theoretical Background

In a Monostable multivibrator a pulse is produced at the output and returns back to the
stable state after a time interval. The duration of time for which the pulse is high will
depend on the timing circuit that comprises of a resistor (Rt) and a capacitor (Cv).

The pulse width of the output rectangular pulse isT,.. = 1.1 R

Maharashtra State Board of Technical Education 139



Linear Integrated Circuits (22423)

Vee

(]
Ll
-
0O
0

«— ToNn —>

Pulse Width

Capacitor Voltage

Output Voltage

Figure 16.1 waveforms of Astable multivibrator using 1C 555

[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/Waveforms-in-Monostable-Mode.jpg]

The 555 Timer is available in 8-pin Metal Can Package, 8-pin Mini Dual in-line Package
(DIP) and 14-pin DIP. The 14-pin DIP is IC 556 which consists of two 555 timers.The 8-
pin DIP is most commonly used. The pin out diagrams of 555 Timer 8-pin package is

shown below.

GND [1]
TRIGGER [2 ]

< ]
o - | DISCHARGE
ss5 |
ETHRESHOLD
—1 CONTROL
- 1 voLTAGE
8-Pin DIP

Figure 16.2 Pin diagram of I1C 555
[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/8-Pin-Dip.jpg]
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Table No: 16.1 Pin Functions of IC555

Pi
- = V0 DESCRIPTION
NO. NAME
1 GND O Ground Reference Voltage
2 Trigger I Responsible for transition of SR flip-flop
3 Output O Output driven waveform
4 Reset I A negativc't pulse on reset will disable or
reset the timer
Controls the width of the output pulse by
5 Control Volt I : : 2
i controlling the threshold and trigger levels
1 Compares the voltage applied at the
6 Threshold I terminal with a reference voltage of 2/3
Connected to open collector of a transistor
7 Discharge I which discharges a capacitor between
intervals.
8 Vee Supply I Supply voltage
[Courtesy:https://www.electronicshub.org/wp-content/uploads/2015/06/table-11.jpg]
VIl Practical Circuit diagram :

a) Sample Circuit diagram

+Vee
o
[
R:
8 4| Reset
+ Trigger 7
0 | I Inpit 2 l
555 3 —Cr
— ' ]
Output 3 1
5
|l -
|
0.01uF

Figure 16.3: Circuit diagram of Monostable multivibrator using 1C555
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b) Actual Circuit diagram

c) Sample Experimental set up

Figure 16.4 Monostable multivibrator using 1C555.

d) Actual Experimental set up
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IX Resources Required

Sr. No. | Instrument /Components Specification Quantity
1 Variable DC power supply | 0- 30V, 2A with SC protection | 1 No.
5 Cathode Ray Oscilloscope | 20/30/100 MHz Frequency 1 No.
' (Analog type)
3. Capacitors C1=0.1pF,C,=0.01 pF 2 No.
4. IC-555 8 Pin, DIP 1 No.
5. Resistors Rr=10KQ and 20KQ 2No.
6 DMM DC VOLTAGE Ranges :|1No.
' 200mv, 2V, 20V, 200V
7. Analog IC tester Suitable to test analog ICs, 1 No
8. Breadboard 55cm X 17 cm 1 No.
9 Connecting wires Single strand Teflon coating | As per
' (0.6 mm diameter) requirement
X Precautions to be Followed
1. Ensure proper connections are made as per the given setup.
2. Ensure the power switch is in ‘off” condition initially.
3. Ensure the use of proper settings of CRO and DC Power supply.
Xl Procedure
1. Test and mount the IC 555 in breadboard
2. Connect the circuit as per the circuit diagram show in fig 16.3.
3. Set trigger pulse from function generator (Use DC Offset and Symmetry controls on
function generator) and observe it CRO.
4. Connect +17. of 5 volt to pin no.8 and trigger signal to pin no.2 of 1C 555.
5. Connect trigger signal to channel 1 and output of IC 555 to channel 2 of CRO.
6. Observe two waveforms on CRO.
7. Measure pulse width Toy, for Rt =10 KQ.
8. Now connect the voltage drop across Ct to channel 1 and output of 1C 555 to channel
2 of CRO and compare the two waveforms.
9. Draw labeled waveforms of input trigger, output at pin no.3 and voltage across
capacitor Ct on graph paper.
10. Calculate the theoretical value of Ton using the formulae and compare with practical

11.
12.

value.

Change the value of Rt =20 KQ and repeat the above procedure.

After the completion of practical switch off the supply, remove the connections and
submit wires and equipment.
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X1l Resources Used

Sr. No. Instrument /Components Specification Quantity

=

© XN 01~ Wi

X1l Actual Procedure Followed (use blank sheet provided if space not sufficient)

XV  Observations and Calculations (use blank sheet provided if space not sufficient)
Table No: 16.2 Observation table for Pulse Width

Sr Rt in Ton
. T

) Theoretical
No. | (KQ) Practical Toy = 1.1 R Cq

Sample calculation:

1.  Pulse width Tgyy = 1.1 RtCr

XVI Results
1. PulseWidth=.......................

XVII Interpretation of Results (Give meaning of the above obtained results)
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XVIII Conclusions and Recommendation

XIX Practical Related Questions
1. Find the range of supply voltage for IC SE555(refer datasheet).

2. Design a Monostable mulivibrator using 1C55 for a pulse width of 1ms
3. State the function of Pin no.4 of IC SE555( refer Datasheets)
4. Explore internet and find other timer IC name them and give their IC number also.

[Space for Answers]
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XX References / Suggestions for further reading

1. K.R.Botkar, Integrated Circuits, Khanna publication,10™ edition,2005,ISBN NO :81-

7409-208-0

2. Ramakant A.Gayakwad, Op-Amps and linear Integrated Circuits, Prentice -Hall
India,3" edition, 2001,ISBN NO : 81-203-0807-7
3. https://www.youtube.com/watch?v=-SbTyRpWadcl

4. http://www.ti.com/product/na555/description?keyMatch=NA555&tisearch=Search-

EN-Everything

XXI1 Assessment Scheme

Performance Indicators Weightage
Process related: 15 Marks 60%0
1 Handling of the components 10 %
2 Mounting of component 20 %
3 Measuring pulse width using CRO 20 %
4 Working in team 10 %
Product related: 10 Marks 40%
5 Calculate Theoretical pulse width. 10 %
6 Interpretation of result 05 %
7 Conclusions 05 %
8 Practical related questions 15 %
9 Submitting the journal in time 05%
Total (25 Marks) 100 %

Name of Team Members

Marks Obtained

Dated signature of
Teacher

Process Product Total
Related Related (25)
(15) (10)
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Product ~ “\ww Sample & Technical 2 Tools & Support &
Folder e e Buy Documents #N Software Community
i3 TEXAS N
e A555, NE555, SA555, SE555
SLFS0221 -SEPTEMBER 1973—-REVISED SEPTEMBER 2014
xx555 Precision Timers
1 Features 3 Description

= Timing From Microseconds to Hours

* Astable or Monostable Operation

e Adjustable Duty Cycle

* TTL-Compatible Output Can Sink or Source
Up to 200 mA

e On Products Compliant to MIL-PRF-38535,
All Parameters Are Tested Unless Otherwise
Noted. On All Other Products, Production
Processing Does Not Necessarily Include
Testing of All Parameters.

2 Applications

e Fingerprint Biometrics
* Iris Biometrics

* RFID Reader

4 Simplified Schematic

8
THRES

2
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These devices are precision timing circuits capable of
producing accurate time delays or oscillation. In the
time-delay or mono-stable mode of operation, the
timed interval is controlled by a single external
resistor and capacitor network. In the a-stable mode
of operation, the frequency and duty cycle can be
controlled independently with two external resistors
and a single external capacitor.

The threshold and trigger levels normally are two-
thirds and one-third, respectively, of Vcc. These
levels can be altered by use of the control-voltage
terminal. When the trigger input falls below the trigger
level, the flip-flop is set, and the output goes high. If
the trigger input is above the trigger level and the
threshold input is above the threshold level, the flip-
flop is reset and the output is low. The reset (RESET)
input can override all other inputs and can be used to
initiate a new timing cycle. When RESET goes low,
the flip-flop is reset, and the output goes low. When
the output is low, a low-impedance path is provided
between discharge (DISCH) and ground.

The output circuit is capable of sinking or sourcing
current up to 200 mA. Operation is specified for
supplies of 5 V to 15 V. With a 5-V supply, output
levels are compatible with TTL inputs.

Device Information("

ART NUMBER |PACKAGE  |BODY SIZE (NoMm)
PDIP (8) 9.81 mm % 6.35 mm
SOP (8) 6.20 mm x 5.30 mm

xx555
TSSOP (8) 3.00 mm x 4.40 mm
SOIC (8) 4.90 mm x 3.91 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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> ﬁ An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Linear Integrated Circuits (22423)

i3 Texas
INSTRUMENTS
NAS555, NE555, SA555, SE555
SLFS022| —-SEPTEMBER 1973-REVISED SEPTEMBER 2014 www.ti.com
7 Specifications
7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)

; MIN MAX| UNIT
Vee Supply voltage(z) 18 \'
v Input voltage [ CONT, RESET, THRES, TRIG T
lo Output current +225 mA

D package 97
P package 85
9 Package thermal impedance () °CIW
A ackage thermal impedance PS package %5
PW package 149
FK package 5.61
P, T (5)(6) °CIW
Bic ackage thermal impedance Sraane 15
T Operating virtual junction temperature 150 °C
Case temperature for 60 s FK package 260 °Cc
Lead temperature 1,6 mm (1/16 in) from case for 60 s JG package 300 °C
(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

(2)
3)

(4)
(5)

only, and functional operation of the device at these or any other conditions beyond those indicated under Recc ded Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

All voltage values are with respect to GND.

Maximum power dissipation is a function of Ty(max), 8,a, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T (max) - Ta) / ;4. Operating at the absolute maximum T, of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with JESD 51-7.

Maximum power dissipation is a function of Ty(max), 8,c, and Tc. The maximum allowable power dissipation at any allowable case
temperature is Pp = (Ty(max) - Tc) / 8,¢. Operating at the absolute maximum T, of 150°C can affect reliability.

(6) The package thermal impedance is calculated in accordance with MIL-STD-883.
7.2 Handling Ratings
PARAMETER DEFINITION MIN MAX| UNIT
Tstg Storage temperature range —65 150 °C
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX| UNIT
Veo SlppvEGS NA555, NE555, SA555 4.5 16 v
SE555 45 18
Vi Input voltage CONT, RESET, THRES, and TRIG Vee \
lo Output current +200 mA
NA555 —40 105
Ta Operating free-air temperature i . s °C
SA555 —40 85
SES55 -55 125
4 Submit Documentation Feedback Copyright © 1973-2014, Texas Instruments Incorporated

Product Folder Links: NA555 NE555 SA555 SES555
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List Of Laboratory Manuals Developed by MSBTE

First Semester:
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Fundamentals of ICT
English

English Work Book

Basic Science (Chemistry)
Basic Science (Physics)

econd Semester:

Bussiness Communication Using Computers
Computer Peripherals & Hardware Maintenace
Web Page Design with HTML

Applied Science (Chemistry)

Applied Science (Physics)

Applied Machines

Basic Surveying

Applied Science (Chemistry)

Applied Science (Physics)

Fundamental of Electrical Engineering
Elements of Electronics Engineering
Elements of Electrical Engineering

Basic Electronics

C Language programming

Basic Electronics

Programming in C

Fundamental of Chemical Engineering

Third Semester:

OCoOoO~NOOO_WN -

Applied Multimedia Techniques
Advanced Serveying

Highway Engineering

Mechanics of Structures

Building Construction

Concrete Technology

Strength Of Materials

Automobile Engines

Automobile Transmission System
Mechanical Operations

Technology Of Inorganic Chemicals
Object Oriented Programming Using C++
Data Structure Using ‘C’

Computer Graphics

Database Management System

Digital Techniques

Principles Of Database

Digital Techniques & Microprocessor
Electrical Circuits

Electrical & Electronic Measurment
Fundamental Of Power Electronics
Electrical Materials & Wiring Practice
Applied Electronics

Electrical Circuits & Networks

Electronic Measurments & Instrumentation
Principles Of Electronics Communication
Thermal Engineering

Engineering Matrology

Mechanical Engineering Materials
Theory Of Machines

Fourth Semester:

Hydraulics

Geo Technical Engineering

Chemical Process Instrumentation & Control
Fluid Flow Operation

Technology Of Organic Chemical

Java Programming

GUI Application Development Using VB.net
Microprocessor

Database Managment

Electric Motors And Transformers

Industrial Measurement

Digital Electronic And Microcontroller Application
Linear Integrated Circuits

Microcontroller & Applications

Basic Power Electronics

Digital Communication Systems

Mechanical Engineering Measurments

Fluid Mechanics and Machinery

22001
22101
22101W
22102
22102

22009
22013
22014
22202
22202
22203
22205
22211
22211
22212
22213
22215
22216
22218
22225
22226
22231

22024
22301
22302
22303
22304
22305
22306
22308
22309
22313
22314
22316
22317
22318
22319
22320
22321
22323
22324
22325
22326
22328
22329
22330
22333
22334
22337
22342
22343
22344

22401
22404
22407
22409
22410
22412
22034
22415
22416
22418
22420
22421
22423
22426
22427
22428
22443
22445

19

20 Micro Project & Industrial Training Assessment Manual

Fundamentals Of Mechatronics

Fifth Semester:
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Network Management & Administration
Solid Modeling

CNC Machines

Behavioral Science(Hand Book)
Behavioral Science (Assignment Book)
Windows Programming using VC++
Estimation and Costing

Public Health Engineering

Concrete Technology

Design of Steel Structures
Switchgear and Protection
Microprocessor & Application

A.C. Machines

Operating System

Java Programming

System Programming
Communication Technology
Hydraulic & Pneumatics

Advanced Automobile Engines

Basic Electrical & Electronics
Measurement and Control

Power Engineering

Metrology & Quality Control
Computer Hardware & Networking
Microcontroller

Digital Communication

Control System & PLC

Audio Video Engineering

Control System

Industrial Electronics and applications
Heat Transfer Operations

Chemical Process Instrumentation & control

Sixth Semester:

Solid Modeling
Highway Engineering
Contracts & Accounts
Design of R.C.C. Structures
Industrial Fluid Power
Design of Machine Elements
Automotive Electrical and Electronic Systems
Vehicle Systems Maintenance
Software Testing
Advanced Java Programming
Mobile Computing
System Programing
Testing & Maintenance of Electrical Equipments
Power Electronics
lllumination Engineering
Power System Operation & Control
Environmental Technology
Mass Transfer Operation
Advanced Communication System
Mobile Communication
Embedded System
Process Control System
Industrial Automation
Industrial Drives
Video Engineering
Optical Fiber & Mobile Communication
Therapeutic Equipment
Intensive Care Equipment
Medical Imaging Equipment
Pharmacy Lab Manual

FirstYear:

ARONNOTAWN =

Pharmaceutics - |

Pharmaceutical Chemistry - |
Pharmacognosy

Biochemistry and Clinical Pathology
Human Anatomy and Physiology

econd Year:

Pharmaceutics - Il
Pharmaceutical Chemistry - Il
Pharmacology & Toxicology
Hospital and Clinical Pharmacy

22048
22049

17061
17063
17064
17075
17075
17076
17501
17503
17504
17505
17508
17509
17511
17512
17515
17517
17519
17522
17523
17524
17528
17529
17530
17533
17534
17535
17536
17537
17538
17541
17560
17561

17063
17602
17603
17604
17608
17610
17617
17618
17624
17625
17632
17634
17637
17638
17639
17643
17646
17648
17656
17657
17658
17663
17664
17667
17668
17669
17671
17672
17673

0805
0806
0807
0808
0809

0811
0812
0813
0816
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