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Digital Techniques (313303)

Preface

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

This laboratory manual is designed to help all stakeholders, especially the students, teachers and
instructors to develop in the student the predetermined 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 the procedure shown there
and necessary precautions to be taken, which will help them to apply in solving real-world problemsin
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.

The basic aim of this course is that, the student must learn logic gates, combinational and
sequentia circuits using discrete gates and digital 1Cs will enable students to interpret working of
digital equipment and test their functionality.

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

Maharashtra State Board of Technical Education (‘K’ scheme) i
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Program Outcomes (POSs)

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

e PO1: Basic and Discipline specific knowledge: Apply knowledge of basic mathematics,
science and engineering fundamentals and engineering specialization to solve the broad based
Electronic Engineering group program problems.

e PO2: Problem analysis: Identify and analyze well-defined Electronic Engineering group
program problems using codified standard methods.

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

e PO4. Engineering Tools, Experimentation and Testing: Apply modern Electronic
Engineering group program tools and appropriate technique to conduct standard tests and
measurements.

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

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

e PO7: Life-long learning: Ability to analyze individual needs and engage in updating in the
context of Electronic Engineering group program technological changes.

Maharashtra State Board of Technical Education (‘K’ scheme) ii
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List of relevant expected psychomotor domain skills

The following industry relevant skills of the identified competency “test the functionality of the
digital circuits/system.” are expected to be developed in the student by undertaking the laboratory
work as given in laboratory manual.

1. Apply number system and codes concept to interpret working of digital systems.
Apply Boolean laws to minimize complex Boolean functions.
Develop combinational logic circuits for given applications.

Develop sequentia logic circuits using Flip-flops.

o A~ WD

Interpret the functions of data converters and memoriesin digital el ectronic systems.

Maharashtra State Board of Technical Education (‘K’ scheme) iii
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Pr actical-Cour se outcome matrix

COURSE LEVEL LEARNING OUTCOMES (COS)

CO1 - Apply number system and codes concept to interpret working of digital systems.
CO2 - Apply Boolean laws to minimize complex Boolean functions.

CO3 - Develop combinational logic circuits for given applications.

CO4 - Develop sequential logic circuits using Flip-flops.

CO5 - Interpret the functions of data converters and memoriesin digital electronic systems.

Iﬁro. Titleof the Practical CO1 | CO2 | CO3 | CO4 | CO5
Test the functionality of AND, OR, NOT, EX-OR and

1 EX-NOR logic gates using equivalent 74 series or CMOS \/ \/ y — —
Devices (CD) Series
Test the functionality of the given universal gates using - ‘/ N ol o

2 equivalent 74 series/CD series

3 Construct Basic gates using Universal Gates o \/ o - -

4 Construct Exclusive Gates using Universal gates - v - A A\

5 Verify De-Morgan’s Theorem (1 and 2) - \/ . B B
Implement 2 input, 3 input Adder Circuit

0 -2 A

7 Implement 2 input, 3 input Subtractor Circuit - B \/ ] = ]

8 Test the output of BCD to 7 segment Decoder using Digital _ v
IC for the given inputs 1 * b

9 Checks the output of comparator circuit consist of Digital - . \/
IC. =5 —
Build and test the functionality of 4:1/8:1 Multiplexer

10 y P | YL -
Build and test the functionality of 1:4/1:8 Demultiplexer

11 y P AT WA | _
Implement and Verify the truth table of RS Flipfloj

12 P y pflop - z N Y 4 _
Implement and Test the functionality of Master Save JK o o o \/ o

13 | RipFop using Digital IC
Use Digital 1C to construct and Test the functionality of D o o o \/ o

14 | and T flipflop

15 Build 4- bit Universal Shift register and Observe the . o \/ o
timing Diagram o

Maharashtra State Board of Technical Education (‘K’ scheme)




Digital Techniques (313303)

Pr actical-Cour se outcome matrix

COURSE LEVEL LEARNING OUTCOMES (COS)

CO1 - Apply number system and codes concept to interpret working of digital systems.

CO2 - Apply Boolean laws to minimize complex Boolean functions.
CO3 - Develop combinational logic circuits for given applications.

CO4 - Develop sequentia logic circuits using Flip-flops.
COS5 - Interpret the functions of data converters and memoriesin digital electronic systems.

Sro' Title of the Practical COl1 | CO2 | CO3 | CO4 | CO5
16 Implement Ripple counter using Digital 1C = » . \/ .
17 Implement Decade Counter using Digital 1C . | i v .
18 Test the output of given R-2R type Digital to Analog — | B - v

Converter for the given input

Maharashtra State Board of Technical Education (‘K’ scheme)
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Guidelinesto Teachers

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

2. Teacher shal explain prior concepts to the students before starting of each practical.

3. Involve students in the performance of each experiment.

4. Teacher should ensure that the respective skills and competencies are devel oped in the students

after the completion of the practical exercise.

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

6. Teacher is expected to share the skills and competencies to be devel oped in the students.

10.

o g ~ W N

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

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

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

At the beginning of the practical which is based on the simulation, teacher should make the

students acquainted with any simulation software environment.

| nstructions for Students

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

Organize the work in the group and make record all observation.

Do the calculation and plot the graph where ever it isrequired in the practicals.

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 should develop habit to submit the practicals on date and time.

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

Attach / separate papers wherever necessary.

Maharashtra State Board of Technical Education (‘K’ scheme) Vi
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Content Page

List of Practical’s and Progressive Assessment Sheet

Assessment Dated
Sr. ) ) Page Date of Date of Marks dan. of Remarks
No. Titleof the Practical no. | Performance | Submission an- If any)
(25) Teacher
1 | *Tet the functiondity of
AND, OR, NOT, EX-OR and
EX-NOR logic gates using 1
equivalent 74 series or CMOS
Devices (CD) Series
2 | *Test the functionality of the
given universal gates using 8
equivalent 74 series/CD series
3 | *Congtruct Basic gates using o
Universal Gates
4 | Congtruct Exclusive Gates 29
using Universal gates
*Verify De-Morgan’s 29
5 | Theorem (1and 2)
*Implement 2 input, 3 input a5
6 | Adder Circuit
Implement 2 input, 3 input
7 | subtractor Circuit 42
3 Test the output of BCD to 7
segment Decoder using Digital 49
IC for the given inputs
9 Check the output of
comparator circuit consist of 58
Digita IC.
*Build and test the
10 functionality of 4:1/8:1 64
Multiplexer
11 Build and test the functionality
of 1:4/1:8 Demultiplexer 71
12 | !mplement and Verify the
truth table of RS Flipflop 77
Implement and Test the
13 functionality of Master Slave 83
JK Fip Flop using Digital IC
Use Digital IC to construct
14 | and Test the functionality of D 89

and T flip flop

Maharashtra State Board of Technical Education (‘K’ scheme)
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Assessment Dated
Sr. i ) Page Date of Date of Marks san. of Remarks
No. Titleof the Practical no. | Performance | Submission an I any)
(25) Teacher
Build 4- bit Universal Shift
15 | register and Observe the | 9
timing Diagram
16 Im_plemgn_t Ripple counter 105
using Digital IC
17 | *Implement Decade Counter
. .. 112
using Digita IC
*Test the output of given R-
18 | 2R type Digita to Analog | 119
Converter for the given input
Total
Note: Out of above suggestive LLOs -

« "' Marked Practicals (LLOs) are mandatory.
« Minimum 80% of above list of lab experiment are to be performed.
« Judicial mix of LLOs are to be performed to achieve desired outcomes.

Maharashtra State Board of Technical Education (‘K’ scheme)
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VI

Practical No.1: Test the functionality of AND, OR, NOT, EX- OR and EX-NOR logic
Gates using equivalent 74 seriesor CMOS Devices (CD) series.

Practical Significance

Logic gates are commonly referred to as the fundamental building blocks of digital circuits.
Digital gates are used in all digital circuits such as switches, memories, microprocessors, and
embedded systems. Knowledge of functions of logic gates will help the students to build the
digital circuits.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level L earning Outcome(s)
Apply Boolean laws to minimize complex Boolean function.

Laboratory L earning Outcome(s):
1. Test the functionality of basic gates.
2. Test the functionality of special purpose gates.

Relevant Affective Domain related outcome(s)
Identify PIN configuration of I1C.

Handl e the components and equipment carefully.
Follow all safety precautions.

Relevant Theoretical Background

A logic gateis an electronic circuit which makes logical decisions. A logic gate isbasically an
electronic circuit designed by using components like diodes, transistors, resistors, capacitors,
etc. and capable of performing logical operations. It has only one output and one or many
Inputs.

A
INPUTS B | LOGIC GATE

A ouTPUT

N
Fig. 1.1 Block diagram of logic gate

The output of alogic gate depends on the combination of inputs and the logical operation that
the logic gate performs. Logic gates are the basic building blocks of al digital systems. These
gates are AND, OR, NOT, NAND, NOR, EX-OR and EX-NOR gates. In digital logic design
only two voltage levels or states are applied as input, and these states are generdly referred to
as Logic “1” and Logic “0”, High and Low, or True and False. These two states are
represented in truth tables as binary digits “1”” and “0” respectively.

Maharashtra State Board of Technical Education (‘K’ scheme) 1
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Classification of Logic Gates:

Logic Gates

v

Derived Gates

v

Basic Gates

Universal Gates Special Purpose Gate

NOT
AND —NAND EX-OR
OR -

EX-NOR

NOR

Fig 1.2 Classification of logic gates

VI Circuit diagram
a) Samplecircuit
A—{HN
B—LT 1 /7
3300 3
B £
‘Q Y = 7408
6
7
GND
=
Fig 1.3: Circuit Diagram
Vee

14 13 12 11 18 9 8
s 1 1 1 ' == L
D A
01
Poy>oPe |
1 1 I [} T ] 1
1 2 3 4 5 & 7

GND
Fig. 1.4 NOT Gate | C 7404 and truth table
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Vee
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Fig. 1.5 AND gate | C 7408 and truth table
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Fig. 1.6 OR Gate | C 7432 and truth table
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Fig. 1.7 EX-OR Gate | C 7486 and truth table
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Fig. 1.8 EX-NOR Gate IC 74266 and truth table

b) Actual circuit
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VI Resources Required
Sr. Name of Resource | Suggested Broad Specification Quantity
No.
1 Digital Multimeter | Digital Multimeter: 3 %2 digit display. 1
2 . Tests a wide range of Digital IC’s such as 74
Digitel ICTester | o ies, 40/45 Series of CMOS IC’s. !
3 DC power supply | +5V Fixed power supply 1
4 Breadboard 5.5cm X 17cm 1
5 ic 7404, 7432, 7408,7486,74266 or (CMOS 1 each
IC’s 4049, 4081, 4071, 4070, 4077)
6 LED Red /Yé€low color 5 mm 1
7 Connectingwires | Single strand 0.6 mm Teflon coating As required
8 Resistor 1.1 KQ or 330Q Asrequired
IX Precautions to be followed
1) Check IC before use.
2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check al the connections as per circuit diagram.
X Procedure
1. TestthelC 7408 using Digital I1C tester
2. Mount the IC on the breadboard
3. Makethe connection as per fig 1.3.
4. Connect the+5V to +Vcc pin of IC and GND pin to ground
5. Observethe LED (on or off) for each combination of input as per truth table
6. Veify thetruth table.
7. Repeat the process for IC 7404, 7432, 7486, 74266.

Maharashtra State Board of Technical Education (‘K’ scheme)
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Xl Resour ces Used
Sr. Name of Resource Suggested Broad Specification Quantity
No.
1
2
3
4
X1l Actual Procedure
X1 Observation:
Table 1.1: Observation Tablefor NOT gate
Input 7404 (NOT)
LED LogicLevel | Output voltage
A Status (1/0) W)
(ON/OFF)
0(0Vv)
1(5V)
Table 1.2: Observation Tablefor AND, OR, EX-OR, EX-NOR gate
Inputs 7408 ( AND) 7432(OR) 7486(EX-OR) 74266(EX-NOR)
A S LED Logic | Output LED Logic | Output LED Logic | Output LED Logic | Output

Status Level voltage | Status Level
(ON/OFF) | (1/0) (v) |(ON/OFF)| (1/0)

voltage | Status Level | voltage
(V) |(ON/OFF){ (1/0) V)

Status Level | voltage
(ON/OFF) | (1/0) V)

oov) | ov)

o(ov) | 1(5v)

1(5V) | 0(OV)

15V) | 1(5V)

Maharashtra State Board of Technical Education (‘K’ scheme)
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XVIl  Practical related questions

Note: Below given are a few sample questionsfor reference. Teachers must

design more such questions so asto ensur e the achievement of identified CO.

1. Write down voltage at logic level 0 and 1 for positive logic.

2. List the function of pin 7,14 of 1C 7404.

3. State the effect if pin number 14 is connected to ground and pin number 7 is connected to
VCC?

4. List number of OR gates are availablein IC 7432.

5. State the need for the resistor connected in series with LED. Write down the value of
resistor.

6. State the significance of LS of 1C number 74L SO0.

[Spacefor Answerg|
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XVIII  References/Suggestionsfor further reading
1. https://de-iitr.vlabs.ac.in/exp/truth-tabl e-gates/theory.html
2. https://www.futurlec.com/74/1C7404.shtml

3. https://www.electroschematics.com/wp-content/uploads/2013/07/7408-datasheet. pdf

4. https.//www.ti.com/lit/ds/symlink/sn5432.pdf 2ts=1720330546912& ref _url=https%25
3A%252F%252Fwww.google.com%252F

5. https.//lwww.ntchip.com/el ectronics-news/ic-7486-chip

6. https.//www.jameco.com/Jameco/Products/ProdD S/47360.pdf

X1 X Assessment Scheme

Performance \
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | ldentification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal intime 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (29)

Maharashtra State Board of Technical Education (‘K’ scheme) 7
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VI

VII

Practical No.2: Test the functionality of the given Universal Gates using
equivalent 74 series/CD series

Practical Significance

A universal gate is a gate which can implement any Boolean function without need to use any
other gate type. The NAND and NOR gates are universa gates. In practice, this is
advantageous since NAND and NOR gates are economical and easier to fabricate and are the
basic gatesused in all IC digital logic families.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level L earning Outcome(s)
Apply Boolean laws to minimize complex Boolean function.

L aboratory L earning Outcome(s):
1.Test the functionality of NAND and NOR gate using breadboard.

Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.

Handl e the components and equipment carefully.
Follow all safety precautions.

Relevant Theoretical Background

OR,AND and NOT gates are the three basic logic gates as they together can be used to
construct the logic circuit for any given Boolean expression. The NAND and NOR gates

are known as universa gates. NOR and NAND gates have the property that they individually
can be used to implement logic circuits corresponding to any given Boolean expression.

Circuit diagram
a) Samplecircuit
Vee

14 13 12 11 10 9 8
i { ! b

D D]
? ool
el a1

i i ! I T
i 2 3 4 5 6 7

GND
Fig. 2.1.NAND Gate | C 7400 and Truth table
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- Vee
14 13 12 1 10 9 8
L 1 1 L 1
D) AB|Y
0ol
o010
100
1 1|0
T T 1 | T T
1 2 3 o 5 6 7
GND

Fig. 2.2.NOR Gate | C 7402 and Truth table

Fil 1= I mLELE

)‘_‘_?;]:)’] 7400

B 3300 |

c
£
B

b=

Fig 2.3: Sample Circuit Diagram

b) Actual circuit
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VI Resources Required
No Name of Resource Suggested Broad Specification Quantity
1 | Digital Multimeter Digital Multimeter: 3 1/2 digit display. 2
. Tests awide range of Digital 1C'ssuch as 74
2 | Digtd ICTester | o ies, 40/45 Series of CMOS IC’s, 1
3 | DC power supply +5 V Fixed power supply 1
4 Breadboards 5.5cm X 17 cm 1
5 |IC 7400, 7402, or CMOS IC’s.4011, 4001 Sz e
6 |LED Red /Y ellow color 5 mm 1
7 | Connecting wires Single strand 0.6 mm Teflon coating Asrequired
8 | Resistor 1KQ or 330Q Asrequired
IX Precautions to be followed
1. Check IC before use.
2. Set power supply to 5V (Variable DC Power Supply) before connecting.
3. Check all the connections as per circuit diagram
X Procedure
1. TestthelC using Digital IC tester
2. Mount the IC on the breadboard
3. Make the connection as per fig 2.3.
4. Connect the +5V to +Vcc pin of IC and GND pin to ground
5. Observethe LED (on or off) for each combination of input as per truth table
6. Verify the truth table
7. Repeat the process for |C 7402.
Xl Resour ces Used
NoO Name of Resource Suggested Broad Specification Quantity
1
2
3
4
X11 Actual Procedure

Maharashtra State Board of Technical Education (‘K scheme) 10
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X111 Observation:
Table 2.1: Observation Tablefor NAND, NOR gate
Inputs 7400 ( NAND) 7402(NOR)
A B LED Logic Output LED Logic Output
Status Level voltage Status Level voltage
(ON/OFF) (0/1) (V) (ON/OFF) (0/1) V)
o(ov) 0(0V)
o(ov) 1(5V)
1(5V) o(oVv)
1(5V) 1(5V)
X1V Result(s)
XV Inter pretation of results
XVI Conclusion and recommendation

Maharashtra State Board of Technical Education (‘K scheme) 11
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XVIl  Practical related questions

Note: Below given are a few sample questionsfor reference. Teachers must
design mor e such questions so as to ensur e the achievement of identified CO.
1. Listthefunction of pin 7 and 14 of IC 7402.

Write down name of manufacturer of Digital 1C 7400, 7402 used in practical.
Suggest another IC’s used as NAND, NOR Gate.

Write the IC no. which has three input NAND & NOR gates.

AW

[Spacefor Answer g
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XVIIl References/Suggestionsfor further reading

1. hhttps://de-iitr.vlabs.ac.in/exp/truth-table-gates/theory.html

2. https://www.futurlec.com/74/1C7400.shtml

3. https://www.futurlec.com/74/IC7402.shtml

4. https.//www.youtube.com/watch?v=wn-zP-tQqg5Y & list=PLUqgrzxm3-
gf JKoDjwuupjsFuDRm_5avWW&index=5

5. https://www.youtube.com/watch?v=vozA QgGBetM & list=PL Ugqrzxm3-
gf JKoDjwuupjsFuDRm_5avVWW& index=6

6. https://de-iitr.vlabs.ac.in/exp/truth-table-gates/theory.html

X1 X Assessment Scheme

Performance L
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | working in teams 10%
Product Related: 10 Marks 40%

5| Caculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting thejournal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)

Maharashtra State Board of Technical Education (‘K scheme) 13
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VI

VII

Practical No.3: Construct Basic Gates using Universal Gates.

Practical Significance

A universal gate is a gate which can implement any Boolean function without need
to use any other gate type. The NAND and NOR gates are universal gates. In
practice, thisis advantageous since NAND and NOR gates are economical and
easier to fabricate and are the basic gates used in all IC digital logic families.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level Learning Outcome(s)
Apply Boolean laws to minimize complex Boolean function.

L aboratory L earning Outcome(s):
1. Test the functionality of the constructed Basic gates using universal gates.

Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.

Handl e the components and equipment carefully.
Follow all safety precautions.

Relevant Theoretical Background
A universal gate is a gate which can implement any Boolean function without need to use any
other gate type. The NAND and NOR gates are universal gates.

Circuit diagram
a) Samplecircuit

[“l 2] D21 1] D?_-Eﬁ
| 1‘ Qutput > 400
nput 3 utpu

f—{: 2 C])j
gRsano ; ‘—’tlb—' ER e .[—l LJ =]

GND
S

33002
> «—__ External
§ connection

Figure (a) Figure (b)

Fig. 3.1 NOT gateusing NAND gate a) Logic diagram b) IC Circuit diagram
(Use the appropriate value of the resistor . Diagram shows sample values)
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I!T,'l_!"ftl__i__!—"r-l__ 2 LI AR
: [ l 3s00!
! INPUT b+

External
Figure (a) Figure (b) Connection

Fig. 3.2 AND gateusing NAND gate a) Logic diagram b) IC Circuit diagram
(Use the appropriate value of the resistor . Diagram shows sample val ues)

EIEIIEIFIAF\IJT- ssc0

E

) o

Figure (a) Figure (b)

Fig. 3.3 OR gateusing NAND gate a) Logic diagram b) IC Circuit diagram
(Use the appropriate value of the resistor . Diagram shows sample values)

Weo

Connection of
logic circurt

Figure (a) Figure (b)

Fig. 3.4 NOT gateusing NOR gate a) Logic diagram b) IC Circuit diagram
(Use the appropriate value of the resistor . Diagram shows sample values)
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Figure (a) Figure (b)

Fig.3.5 AND gateusing NOR gate a) L ogic diagram b) I C Cir cuit diagram
(Use the appropriate value of the resistor . Diagram shows sample values)

Vee

- § L
S Resn Dﬁ <&

Figure (a) Figure (b)
Fig. 3.6 OR gateusing NOR gate a) L ogic diagram b) IC Circuit diagram
(Use the appropriate value of the resistor . Diagram shows sample values)

b) Actual circuit
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VI Resour ces Required
NG Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | Digital Multimeter: 3 1/2 digit display. 2
B Tests awide range of Digital IC's such as

e D 74 Series, 40/45 Series of CMOS IC’s. .

3 DC power supply | +5V Fixed power supply 1

4 Breadboard 5.5cm X 17 cm 1

5 IC 7400, 7402 1 Each

6 LED Red /Y éellow color 5 mm 1

7 Connecting wires | Single strand 0.6 mm Teflon coating Asrequired

8 Resistor 1KQ/330Q Asrequired
I X Precautionsto be followed

1) Check IC before use.

2)  Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check dl the connections as per circuit diagram

X Procedure

o gk wbdpE

Identify pin configuration of logic gate IC 7400 and test with digital 1C Tester.
Make the connection as shown in figure 3.1-3.3 on breadboard
Connect the +5V to Vcc pin of IC and GND pin to ground
Observe the LED (on or off) for each combination of input as per truth table
Verify the truth table

Repeat the process for figure 3.4-3.6.

Maharashtra State Board of Technical Education (‘K scheme)
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Xl Resour ces Used

NG Name of Resource Suggested Broad Specification Quantity

Al W N

X1 Actual Procedure

X111 Observation:

Table 3.1 a: Observation Table For NOT gate using NAND gate

Inputs NOT
LED Logic Level Output
A Status (0/1) voltage (V)
(ON/OFF) g
(V)
1(5V)

Table 3.1 b: Observation Table For AND, OR gate using NAND gate

Inputs AND | OR
LED Logic Outout LED Logic Output
A B Status Level volt E(V) Status Level voltage
(ONIOFF) (0/1) g (ON/OFF) (0/1) V)

o(ov) o(ov)
o(ov) 1(5V)
1(5V) o(ov)
1(5V) 1(5V)
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Table 3.2 a: Observation Table For NOT gate using NOR gate

Inputs NOT
LED Logic Output
A Status Leve (0/1) voltage (V)
(ON/OFF)
o(oVv)
1(5V)

Table 3.2 b: Observation Table For AND, OR gate using NOR gate

Inputs AND OR
LED Logic Output LED Logic Output
A B Status Level voltage Status Level voltage
(ON/OFF) (0/1) (V) (ON/OFF) (0/1) (V)
o(0V) 0(0V)
0(0V) 1(5V)
1(5V) o(ov)
1(5V) 1(5V)
X1V - Result(s)
XV I nterpretation of results
XVI Conclusion and recommendation
XVII  Practical related questions

Note: Below given are a few sample questionsfor reference. Teachers must

design mor e such questions so asto ensur e the achievement of identified CO.

1. Design 3input NOR gate using 2 input NOR gate IC 7402.

2. Draw EX-NOR gate using NAND Gates.

3. Write name of manufacturers of Digital IC 7400, 7402 used in your |ab.

4. What isthe significance of L, LS and H in the following IC 74L 00, 74L SO0, and 74H00?
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XVIIl References/Suggestionsfor further reading
1. https://de-iitr.viabs.ac.in/exp/realization-of-logic-functions/simul ation.html
2. https://www.futurlec.com/74/IC7400.shtml

3.  https://www.futurlec.com/74/IC7402.shtml

XIX Assessment Scheme

Performance .
Indicators Weightage

Process Related : 15 Marks 60 %

1| Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5 | Caculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (29)
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https://de-iitr.vlabs.ac.in/exp/realization-of-logic-functions/simulation.html

Digital Techniques (313303)

VI

VII

Practical No.4: Construct Exclusive Gates using Universal Gates.

Practical Significance

A universal gate is a gate which can implement any Boolean function without need to use any
other gate type. The NAND and NOR gates are universal gates. In practice, this is
advantageous since NAND and NOR gates are economical and easier to fabricate and are the
basic gatesused in al I1C digital logic families.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level Learning Outcome(s)
Apply Boolean laws to minimize complex Boolean function.

L aboratory L earning Outcome(s):
1. Construct Ex-OR, EX- NOR gates using universal gates.

Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.

Handl e the components and equipment carefully.
Follow all safety precautions.

Relevant Theoretical Background
A universal gate is a gate which can implement any Boolean function without need to use any
other gate type. The NAND and NOR gates are universal gates.

Circuit diagram
a) Sample Circuit

al
7400 -
1 5
2 7400
7400
13

Fig4.1: Circuit Diagram : EX-OR gate using NAND gate
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A B
{ 1 =
B Ic1
‘ 2
| 3 Yy =AB + AB
< i ‘ 2] €2
? qs ) 6 12 ‘ 3
&
—,
Fig 4.2: Circuit Diagram: EX-NOR gate using NAND gate
A B
2 1
| [
3 1 2 X
‘ Y= AB + AB
5 1
3
) ic1 Yo
6 11
13
12
8 10
° B

12

Fig 4.4: Circuit Diagram: EX-NOR gate using NOR gate
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b) Actual Circuit

VI Resources Required
NO Name of Resource Suggested Broad Specification Quantity

1 Digital Multimeter | Digital Multimeter: 3 1/2 digit display. 2
. Tests awide range of Digital IC'ssuch as

2 D ICT 1
it et 74 Series, 40/45 Series of CMOS IC’s.

3 DC power supply | +5V Fixed power supply 1

4 Breadboard 5.5cm X 17 cm 1

5 IC 7400, 7402 2 Each

6 LED Red /Y ellow color 5 mm 1

7 Connectingwires | Single strand 0.6 mm Teflon coating Asrequired

8 Resistor 1KQ/330Q Asrequired

Maharashtra State Board of Technical Education (‘K scheme)
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| X Precautionsto be followed
1) Check IC before use.

2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram

X Procedure
1. Identify pin configuration of logic gate IC 7400, IC7402 and test with digital IC Tester.
2. Make the connection as shown in figure 4.1-4.2 on breadboard
3. Connect the +5V to +Vcc pin of IC and GND pin to ground
4. Observethe LED (on or off) for each combination of input as per truth table
5. Veify the truth table
6. Repeat the processfor figure 4.3-4.4.
Xl Resources Used
No Name of Resource Suggested Broad Specification | Quantity
1
2
3
4
X1l Actual Procedure
X111 Observation:
Table4.1: Observation Table For EX-OR & EX-NOR gate using NAND gate
Inputs EX-OR EX-NOR
LED Logic Output LED Logic Output
A B Status Level voltage Status Level voltage
(ON/OFF) (0/1) V) (ON/OFF) (0/2) V)
o(0V) 0(0V)
o(0v) 1(5V)
1(5V) o(0V)
1(5V) 1(5V)
Maharashtra State Board of Technical Education (‘K scheme) 25
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Table 4.2: Observation Table For EX-OR & EX-NOR gate using NOR gate

Inputs EX-OR EX-NOR
LED Logic Output LED Logic Output
A B Status Level voltage Status Level voltage
(ON/OFF) (0/2) V) (ON/OFF) (01) V)
0(0V) 0(oV)
0(0V) 1(5V)
1(5V) o(ov)
1(5V) 1(5V)
X1V Result(s)
XV Interpretation of results

XVIl  Practical related questions

Note: Below given are a few sample questionsfor reference. Teachers must
design mor e such questions so as to ensur e the achievement of identified CO.
1. Writetruth table for three input EX-OR & three input EX-NOR gates.

2. Refer diagram 4.1 & measure the voltage of pin 3,6,11.

3. Refer diagram 4.4 & measure the voltage of pin 1,4,13.

[Space for Answers|
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XVIII References/Suggestionsfor further reading
1. https://de-litr.viabs.ac.in/fexp/realization-of -l ogi c-functions/simul ation.html
2. https://lwww.futurlec.com/74/1C7400.shtml
3. https:.//www.futurlec.com/74/IC7402.shtml

XVII1 Assessment Scheme

Performance Y
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workingin teams 10%
Product Related: 10 Marks 40%

5 | Caculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Mar ks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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Practical No.5: Verify De-Morgan's Theorem (1 and 2).

Practical Significance

De Morgan's theorems prove very useful for smplifying Boolean logic expressions because
of the way they can 'break’ an inversion, which could be the complement of a complex
Boolean expression..This practical will enable the students to use De Morgan’s theorem to
simplify the complex function for the efficient hardware implementation.

[ Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

1 Course Level Learning Outcome(s)
Apply Boolean laws to minimize complex Boolean function.

IV Laboratory L earning Outcome(s):
1. Build the logic circuit on breadboard to verify the De - Morgan's theorems.

\% Relevant Affective Domain related outcome(s)
Identify PIN configuration of I1C.
Handle the components and equipment carefully.
Follow all safety precautions.

VI Relevant Theoretical Background
De Morgan’s theorem is used to simplify Boolean expressions and digital circuits.
De Morgan’s first Theorem: It states that , the complement of the sum is equal to
the product of their individual complements.
The theorem can be expressed by logic equation as

A+B=A.B
NOR gate = Bubbled AND gate

De Morgan’s second Theorem: It states that , the complement of a product is equal
to the sum of their individual complements.
The theorem can be expressed by logic equation as

AB==A+B
NAND gate = Bubbled OR gate
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VI Circuit diagram

a) Sample Circuit

Fig 5.2: De Morgan’s second theorem

b) Actual Circuit

Maharashtra State Board of Technical Education (‘K scheme)
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VI Resources Required
NG Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | Digital Multimeter: 3 1/2 digit display. 2
. Tests awide range of Digital IC's such as

2 | DigtdICTester | 2 G ories, 40/45 Series of CMOS IC’s. 1

3 DC power supply | +5V Fixed power supply 1

4 Breadboard 5.5cm X 17 cm 1

5 IC 7400, 7404,7432,7402,7408. 1 Each

6 LED Red /Y ellow color 5 mm 1

7 Connectingwires | Single strand 0.6 mm Teflon coating As required

8 Resistor 1KQ/330Q Asrequired
IX Precautions to be followed

1) Check IC before use.
2)  Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram

X Procedure
1. Identify pin configuration of logic gate IC’s and test with digital IC Tester.
2. Mount the IC’s on the breadboard
3. Make the connection as per fig 5.1for LHS as well as RHS side and give supply voltage
to the relevant pin as per logic level.
4. Observethe LED (on or off) for each combination of input as per truth table
5. Veify the truth table

6. Repeat the process for figure 5.2.
Xl Resour ces Used
NG Name of Resource Suggested Broad Specification Quantity
1
2
3
4
5
X1l Actual Procedure

Maharashtra State Board of Technical Education (‘K scheme) 31



Digital Techniques (313303)

XII1 Observation:
Table 5.1: Observation Table: De Morgan’s first theorem

I nputs Outputs
A B LHS=4+B RHS= A.B
0 0
0 1
1 0
1 1

Table5.2: Observation Table: De Morgan’s second theorem

Inputs Outputs

LHS=A.B RHS= A+B

Rl ~lolol >
Rlolr|lol @

XVIl  Practical related questions

Note: Below given are a few sample questionsfor reference. Teachers must
design mor e such questions so asto ensure the achievement of identified CO.
1. List the IC numbers used in De Morgan’s first theorem.

2. List the IC numbers used in De Morgan’s second theorem.

Y=(A+B)[C (A + B)]

3. Simplify the expression:
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XVIIl References/Suggestionsfor further reading
1. https://www.futurlec.com/74/1C7404.shtml
2. https://www.el ectroschemati cs.com/wp-content/upl oads/2013/07/7408-
datasheet. pdf
3. https://www.ti.com/lit/ds/symlink/sn5432.pdf 7ts=1720330546912& ref _url=http
S%253A %252F%252Fwww.googl e.com%252F
4. https://lwww.futurlec.com/74/1C7400.shtml
5. https://www.futurlec.com/74/1C7402.shtml
6. https:.//www.youtube.com/watch?v=I18WdCozPTeQ
XIX  Assessment Scheme
Performance )
Indicators Weightage
Process Related : 15 Marks 60 %
1 | Handling of the components 10%
2 | identification of components 20%
3 | Measuring value using suitable instrument 20%
4 | working in teams 10%
Product Related: 10 Marks 40%
5 | Caculated theoretical values of given component 10%
6 | Interpretation of result 05%
7 | Conclusion 05%
8 | Practical related questions 15%
9 | Submitting the journal in time 05%
Total (25Marks) 100 %
Marks Obtained
Processrelated | Product related Total Dated signature of Teacher
(15 (10) (25)
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VI

Practical No.6: Implement 2 input, 3 input Adder Circuit.

Practical Significance

In many computers and other kinds of processors, adders are used in the arithmetic
logic units (ALUS). They are also used in other parts of the processor, where they
are used to calculate addresses, table indices, increment and decrement operators
and similar operations.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level Learning Outcome(s)
Develop combinational logic circuits for given applications.

Laboratory L earning Outcome(s):
1. Verify the truth table of Half and Full adder circuits for the given input.

Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.

Handle the components and equipment carefully.
Follow all safety precautions.

Relevant Theoretical Background

A half adder is a digital logic circuit that performs binary addition of two single-bit binary
numbers. It has two inputs, A and B, and two outputs, SUM(S) and CARRY (C). The SUM
output is the least significant bit (LSB) of the result, while the CARRY output is the most
significant bit (MSB) of the result, indicating whether there was a carry-over from the
addition of the two inputs. The half adder can be implemented using one EX-OR gate and
one AND gate. The C output is 1 only when both inputs are 1.

A —1 ey Sum

Inputs Half Adder Outputs

B —1—_) Carry

Fig 6.1:Block Diagram of Half adder

The full adder is a combinational circuit which is used to perform addition of three input bits.
The full adder adds the bits A and B and the carry from the previous bits addition called the
carry in (Cin) and the outputs the sum bit (S) and the carry bit called the carry out (Cout). The
variable S gives the value of the least significant bit of the sum. The variable Cout gives the
output carry.
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A 'l Full
Inputs g =3

c —

in

Adder

3 Sum (8

Cutputs

» Carry ((}

Fig 6.2: Block Diagram of Full adder

VI Circuit diagram
a) Samplecircuit

A

2/

7408

2 o

3300 SUM = AR+AB
3 AA
LED
f I@
3300 _

W\ CARRY = AB
LED
N

=

Fig 6.3: Half adder Circuit Diagram

1 3 BeC
2 ICT 486

A

43 g R 3300

7' ICT486
5

Wﬁ

SUM=AaB=C
LED
]

Fig 6.4: Full adder Circuit Diagram
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b) Actual circuit

VI Resour ces Required
NG Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | Digital Multimeter: 3 1/2 digit display. 2
A\ Testsawide range of Digital IC'ssuch as

2 Digital Jgy ester 74 Series, 40/45 Series of CMOS IC’s. .

3 DC power supply +5V Fixed power supply 1

4 Breadboard 5.5cm X 17 cm 1

5 IC 7486, 7408,7432. 1 Each

6 LED Red /Y €llow color 5 mm 1

7 Connectingwires | Single strand 0.6 mm Teflon coating Asrequired

8 Resistor 1KQ/330Q Asrequired
IX Precautions to be followed

1) Check IC before use.
2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram

Maharashtra State Board of Technical Education (‘K scheme)
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X Procedure

Test the IC using Digital I1C tester

Mount the IC on the breadboard and M ake the connection as per figure 6.3.
Connect the +5V to +Vcc pin of 1C and GND pin to ground

Observe the LED (on or off) for each combination of input as per truth table
Verify the truth table

Repeat the procedure for figure 6.4.

o gk wWwbdDpE

Xl Resour ces Used

Name of Resour ce Suggested Broad Specification Quantity

X111 Observation:
Table6.1;: Observation Tablefor Half Adder

Inputs Output

=l Carry

Logic Leve Output voltage Logic Level Output voltage
(1/0) v) (1/0) V)

o@v) | o@ov)

oov) | 15v)

15v) | o(v)

15V) | 1(5V)
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Table 6.2: Observation Tablefor Full Adder

Inputs Output
Sum Carry
A B C Logic Level S;::Z;; Logic Level Output voltage
(1/0) V) (1/0) v)
0 (oV) o(ov) o(oVv)
o(ov) o(ov) 1(5V)
o(ov) 1(5V) o(oV)
o(ov) 1(5V) 1(5V)
1(5V) o(ov) o(oVv)
1(5V) o(ov) 1(5V)
1(5V) 1(5V) o(oVv)
1(5V) 1(5V) 1(5V)

XVII  Practical related questions

Note: Below given are a few sample questionsfor reference. Teachers must
design mor e such questions so asto ensur e the achievement of identified CO.
1. State drawback of Half Adder circuit.

2. Draw haf adder using NAND gates only.

3. Design Half Adder using K-map.

4. Draw Full adder circuit using Half adder circuits.
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XVIIl References/Suggestionsfor further reading
1. https://de-iitr.viabs.ac.in/exp/half-full-adder/index.html
2. https://www.futurlec.com/74/1C7402.shtml
3.  https://www.ntchip.com/el ectronics-news/ic-7486-chip
4. https://www.ti.com/lit/ds/symlink/sn5432.pdf s=1720330546912& ref _url=https%253A
%252F%252Fwww.google.com%252F

X1 X Assessment Scheme

Performance .
Indicators Welditaee

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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Practical No.7: Implement 2 input, 3 input Subtractor Circuit.

Practical Significance

Subtractor is used in systems where subtraction operations are required, such as in arithmetic
units of microprocessors, calculators, digital signal processing circuits, and other digital
systems where subtraction is needed.

[ Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

1 Course Level Learning Outcome(s)
Develop combinational logic circuits for given applications.

IV Laboratory L ear ning Outcome(s):
1. Verify the truth table of Half and Full subtractor using Boolean expressions.

\ Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.
Handl e the components and equipment carefully.
Follow all safety precautions.

VI Relevant Theoretical Background

A half subtractor is a combinational circuit used in digital electronics for subtracting
two single-bit binary numbers. It has two inputs - minuend (A) and subtrahend (B) -
and two outputs - the difference (D) and the Borrow (B).It is made of EX-OR gate,
NOT gate (Inverter), and AND gate. The B output is 1 only when the subtrahend (B)
Is greater than the minuend (A).

Difference
—
HALF Outputs
SUBTR.ACTDR Borrﬂw
4

Fig 7.1: Block diagram of Half subtractor

Full subtractor is a combinational circuit that performs subtraction of two bits, oneis
minuend and other is subtrahend. In full subtractor ‘1’ is borrowed by the previous
adjacent lower minuend bit. Hence these three bits are considered at the input of a
full subtractor. There are two outputs that are DIFFERENCE (D) and BORROW

( Bo).
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Diffarance 1)

Full

Outputs
SUBTRACTOR | Borrow

— (B

Fig 7.2: Block diagram of Full subtractor

VI Circuit diagram
a) Samplecircuit

A \ 3 3300 Difference = AB+AB
; ) 1c 740 Vv
2/, LED

izv
4 \ 3300 B/ . AB
QITOW =
] ) cras ¥ VA
A
LED

IC 7404 ﬁAZg.

Fig 7.3:Half subtractor Circuit Diagram

Fig 7.4:Full subtractor Circuit Diagram
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b) Actual circuit

VI Resour ces Required
NG Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | Digital Multimeter: 3 /2 digit display. 2
o Testsawide range of Digital IC'ssuch as

2 | Digtd ICTester |, Series, 40/45 Series of CMOS IC’s. 1

3 DC power supply | +5V Fixed power supply 1

4 Breadboard 5.5cm X 17 cm 1

5 IC 7486, 7404,7408.7432 1 Each

6 LED Red /Y ellow color 5 mm 1

7 Connectingwires | Single strand 0.6 mm Teflon coating Asrequired

8 Resistor 1KQ/330Q Asrequired
I X Precautionsto be followed

1) Check IC before use.

2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check al the connections as per circuit diagram

Maharashtra State Board of Technical Education (‘K scheme)




Digital Techniques (313303)

X Procedure
1. TestthelC using Digital IC tester
Mount the IC on the breadboard
Make the connection as per figure 7.3.
Connect the +5V to +Vcc pin of IC and GND pin to ground
Observe the LED (on or off) for each combination of input as per truth table
Verify the truth table
Repeat the procedure for figure.7.4.

Noookrwd

Xl Resour ces Used

Name of Resource Suggested Broad Specification Quantity

X1 Actual Procedure

X111 Observation:
Table 7.1: Observation Table For Half Subtractor

Inputs Output
Difference Borroy:
A ; Logic Leve Output Logic Leve LR
(1/0) voltage (1/0) voltage
(V) (V)

0(0V) | 0(0V)
0(0V) | 1(5V)
1(5V) | 0(0V)
1(5V) | 1(5V)
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Table 7.2: Observation Table For Full Subtractor

Inputs Output
Difference Borrow
A B C L ogic Level Output L ogic Level Output
(1/0) voltage (1/0) voltage
(V) (V)

0(0vV) | o@ov) | o(@v)

oov) | oov) | 15v)

oov) | 15v) | o@v)

oov) | 1(Bv) | 1(BV)

1(5V) | 0V) | 0(V)

15v) | ov) | 1(BV)

15v) | 165v) | o(v)

15V) | 15v) | 1(5V)

XVIl  Practical related questions
Note: Below given are a few sample questionsfor reference. Teachers must
design mor e such questions so asto ensure the achievement of identified CO.
1. Draw half subtractor using NAND gates only.
2. Design Half subtractor using K-map.
3. Draw afull subtractor using half subtractor circuits.
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[Space for Answerg]
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XVIIl References/Suggestionsfor further reading
1. https://de-iitr.vlabs.ac.infexp/half-full-subtractor/index.html

2. https://www.futurlec.com/74/IC7402.shtml
3. https://www.ntchip.com/el ectronics-news/ic-7486-chip
4

https://www.ti.com/lit/ds/symlink/sn5432.pdf 2ts=1720330546912& ref _url =https%253A
%252F%252Fwww.google.com%252F

5.  https://www.futurlec.com/74/IC7404.shtml

X1 X Assessment Scheme

Performance .
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workingin teams 10%
Product Related: 10 Marks 40%

5| Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (29)
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VI

Practical No.8: Test the output of BCD to 7 Segment Decoder using Digital 1C for the
given inputs.

Practical Significance

BCD is an abbreviation for binary-coded decimal. BCD is a way of representing decimal
numbers in binary form. The IC takes a 4-bit BCD input and converts it into the
corresponding 7-segment display outputs. It is used to display decima numbers.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level L earning Outcome(s)
Develop combinational logic circuits for given applications.

L aboratory L earning Outcome(s):
1. Construct and test BCD to 7 segment using Digital I1C.

Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.

Handle the components and equipment carefully.
Follow all safety precautions.

Relevant Theoretical Background

A decoder is a combinational circuit that connects the binary information from ‘n’ input lines
to a maximum of 2n unique output lines. The 1C7447 is a BCD to 7-segment pattern
converter. The 1C7447 takes the Binary Coded Decimal (BCD) as the input and outputs the
relevant 7 segment code. A seven segment decoder is an IC decoder that can be used to drive
a seven segment indicator. There are two types of 7-segment digital display 1. Common
anode display (CAD) and 2.common cathode display (CCD). Each decoder driver has 4 BCD
inputs and 7 output pins (ato g segment).

A L—»2a )
BCD B._.BC;D —*b
I to 7-
pe C—> i 7- Segment
Segmeat L o 4 5 Outputs
D —+ Decoder
*e
_..f
_.’g =)

Fig. 8.1 BCD to 7-Segment Decoder
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Common Cathode Display (CCD):

Common cathode has all the cathodes of the 7-segments connected directly together to ground
(Logic 0).The individual segments are illuminated by application of high (Logicl) signa to
the individual anode terminals. For common cathode LED displaysthe ICs are 1C 7448, IC
74248,|1C 7449 etc. are used.

a b < d e f q dp
COMMON
CATHODE

Fig. 8.2 Common Cathode Display (CCD)
Common Anode Display (CAD):

Common anode has all the anodes of the 7-segments connected together to VCC (Logic
1).Theindividual segments are illuminated by connecting the individual cathode terminals to
low (Logic0) signals to the individual cathode terminals. For common anode LED displays
the ICs are |C 7446, |C 74246, |C 7447 etc. are used.

COMMON
ANDDE

CFFFFRRE

Fig. 8.3 Common Anode Display (CAD)

Courtesy:(https.//arduino.stackexchange.com/guestions/16858/1 eds-difference-between-common-
anode-and-common-cathode)

|C 7447(BCD to 7-Segment decoder IC)
IC 7447 is BCD to 7-Segment decoder IC whose output is active low depending on the
corresponding BCD inputs so it is used to drive common anode 7- segment displays.

Maharashtra State Board of Technical Education (‘K scheme) 50


https://arduino.stackexchange.com/questions/16858/leds-difference-between-common-anode-and-common-cathode
https://arduino.stackexchange.com/questions/16858/leds-difference-between-common-anode-and-common-cathode

Digital Technigues (313303)

g E ! fvcc Pin Name Description

ﬁ E ; g DCEB.A BCD inputs

BI/RBO [ a atog Outputs

RBI E S b IT Lamp Test

E E 6 c RBI Ripple Blanking Input
’ d BI Blanking Input
GND (s e
m Ripple Blanking Ountpnt

Fig. 8.4 1C 7447 pin diag

| C 7448(BCD to 7-Segment decoder 1C)

ram

IC 7448 is BCD to 7-Segment decoder 1C whose output is active high depending on the
corresponding BCD inputs so it is used to drive common cathode 7- segment displays

Cz2 s
LTz 14
BI/RBO [J4 € 13
RBIL]S 12
D(Js ~

Al 17 10
GND | |8 9

Fig. 8.51C 7448 pin diagram

e QO O O
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VI Circuit diagram
a) Sample Circuit

—

sV
Ri
I
16 30L8
P 13 a 17
B —| 1 12 nle X
¢ — 2 11 o] 4
IC 7447 "gu
p ¢ 10 a |2 —
LT —| 3 g | a1 [] u
BI/RBO—] 4 15 ¢ | -
RBI _| s . 14 a1 10 d
-
Actfveinwms

S (open)

For normal functioning of 1C 7447 Pin number 3, 4, 5 should be connected to logic 1Vcc
Courtesy: (http://www.bragitoff.com/2015/10/bcd-to- 7-segment-decoderdriver/)

Fig 8.6: Circuit Diagram

b) Actual circuit
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VI

Resources Required

Sr.
No.

Name of Resource

Suggested Broad Specification

Quantity

Digital Multimeter

Digital Multimeter: 3 1/2 digit display.

2

Digital IC Tester

Tests awide range of Digital IC'ssuch as
74 Series, 40/45 Series of CMOS IC’s.

DC power supply

+5 V Fixed power supply

Breadboard

5.5cm X 17 cm

IC

1447 or 7448

o (Ol wW N |

Common anode
7-seg Display

IC FND 507/LT 542

\‘

Common cathode
7-seg Display

ICLT 543

Connecting wires

Single strand 0.6 mm Teflon coating

Asrequired

Resistor

1KQ/330Q

Asrequired

Xl

Precautions to be followed
1) Check IC before use.

2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check al the connections as per circuit diagram

Procedure

1. TestthelC using Digital IC tester

2. Make the connection as per fig 8.6

3. Connect different BCD inputs from 0000 to 1001 and note down the corresponding
output on the display.

N o ok

Resour ces Used

Observe the outputs on a 7- segment display.

Connect the +5V to +Vcc pinof IC and GND pin to ground
Observe the LED (on or off) for each combination of input as per truth table
Verify the truth table

Name of Resource

Suggested Broad Specification

Quantity

Al W N
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X1 Actual Procedure

X111 Observation:

Table8.1: Observation Table common anode display

BCD Inputs 7-Segment Coded Output Display
D| C| B A a b c d e f g output
o 0|0/ 0] O 0 0 0 0 0 1 5
ol 0| 0| 1 1 0 0 1 1 1 1 :
ojlo| 1| o0 g
ol 0| 1] 1 =
f b
ol 2] 0| O .
o| 1] 0] 1 Y
o |\ 1% 1\ VNG e,
o| 1\ Pt i
110 0] 0 o
110 0| 1 oo
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XV Interpretation of results

XVIlI  Practical related questions
Note: Below given are a few sample questions for reference. Teachers must
design more such questions so as to ensur e the achievement of identified CO.
1.  Write down the output for the 7-segment decoder using a common cathode display .
2. Write the functions of pin No. 3, 4, and 5 of IC 7448.
3. List different types of decoder.

[Space for Answers]
Ans1: output for the 7-segment decoder using a common cathode display

BCD Inputs 7-Segment Coded Output

C| B a b C d e f g

|| O|lOo|lOo|O|lO|O|O|O| O
o|lo|rR|FR|FRP|FRP|O|O|O| O
o|lo|lr|r|Oo|lOo|lr|r|O| O
|l o|lr|lo|lr|oOo|lrr|oOo|lRr|O]| >
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XVIIl References/Suggestionsfor further reading
1. https://dec-iitkgp.vlabs.ac.in/exp/7-segment-led-display/simulation.html
2. https://dec-iitkgp.vlabs.ac.in/exp/7-segment-led-display/index.html
3. https://de-iitg.vlabs.ac.in/exp/bcd-to-led/theory.html
4. https.//www.€l ectroschematics.com/wp-content/upl oads/2013/01/7447-
datasheet. pdf

X1 X Assessment Scheme

Performance .
Indicators Weghage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated. | Product related Total Dated signature of Teacher

(15) (10) (29)
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Practical No.9: Check the output of comparator circuit consists of Digital I1C.

Practical Significance

As data comparison is mostly required in many digital systems at the time of logical or
arithmetic functions, digital comparators are the one best option to compare data. Digital
comparators are the most appropriate combinational logic circuits used to compare relative
magnitudes of two binary numbers.A comparator is a decision-making tool and it holds the
ability to be executed in numerous

control devices.

[ Industry/Employer Expected Outcome(s)
Studentswill be able to test the functionality of the digital circuits/system.

[ Course Level L earning Outcome(s)
Develop combinational logic circuits for given applications.

Y, Laboratory L earning Outcome(s):
1. Build/Test 2 or 4 bit Magnitude comparator using Digital IC.

\ Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.
Handl e the components and equipment carefully.
Follow all safety precautions.

VI Relevant Theoretical Background
A magnitude digital Comparator is a combinational circuit that compares two digital or binary
numbers in order to find out whether one binary number is equal, less than, or greater than the
other binary number.

A A>B
N- Bit
AB
" Comparator
A<B

Fig.9.1 Comparator block diagram

Circuit have two inputs one for A and the other for B and have three output terminals, one for
A > B condition, one for A = B condition, and one for A < B condition.
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VI Circuit diagram
a) Samplecircuit
A3 —15
Ay—13 Outputs
Aj—mn2
Ag—10 71— (A<B)
B3 ) 7485 6 (A=B)
B,—14 5 (A>B)
By—il
By~ |?
2 3 4
(A<B) (A=B) (A>B)
cascading inputs

Fig 9.2: Circuit Diagram : 4 bit magnitude compar ator

b) Actual circuit

Maharashtra State Board of Technical Education (‘K scheme)
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VI Resources Required

S Name of Resource Suggested Broad Specification Quantity

Z
o

N OBA~ W N |

Digital Multimeter | Digital Multimeter: 3 1/2 digit display. 2
Tests awide range of Digital IC'ssuch as
74 Series, 40/45 Series of CMOS IC’s.

1
DC power supply | +5V Fixed power supply 1
1
1

Digital IC Tester

Breadboard 5.5cm X 17 cm
IC 7485

LED Red /Yéellow color 5 mm 1
Connectingwires | Single strand 0.6 mm Teflon coating As required
Resistor 1KQ/330Q Asrequired

| X Precautionsto befollowed
1) Check IC before use.

2)  Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram

X Procedure

Test the IC using Digital I1C tester

Mount the IC on the breadboard

Make the connection as per fig 9.2.

Connect the +5V to +Vcc pin of IC and GND pin to ground

Observe the LED (on or off) for given combination of input as per truth table
Verify the truth table

SN -

Xl Resources Used

Name of Resource Suggested Broad Specification Quantity

X1l Actual Procedure
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X111 Observation:
Table9.1: Observation Table

Input A Input B Output

As A A1 Ao Bs B> B, B, A<B A=B A>B

0 0 0 1 0 0 1 1

(Few sample input combinations are given above as 256 combinations of inputs are possible . Teacher
can add 4 extra combinations for practice)
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XVIl  Practical related questions
Note: Below given are a few sample questionsfor reference. Teachers must
design mor e such questions so as to ensur e the achievement of identified CO.
1. Draw logic circuit for 1 bit magnitude comparator also write its truth table
2. Draw pindiagram of 1C 7485 also write its truth table.
3. List the name manufacture of 1C 7485 & list any four electrical characteristics of it.

[Spacefor Answers]
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XVIII References/Suggestionsfor further reading
1. https://did-iitb.vlabs.ac.in/exp/four-bit-digital -comparator/index.html
2. https://www.nteinc.com/specs/ 7400to7499/pdf/nte7485.pdf

X1 X Assessment Scheme

Performance |
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workingin teams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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VI

Practical No.10: Build and test the functionality of 4:1/8:1 Multiplexer.

Practical Significance

In most of the electronic systems, the digital datais available on more than one line.

It is necessary to route this data over a single line. Under such circumstances we require a
circuit which selects one of the many inputs at atime. This circuit is a multiplexer, which has
many inputs, one output and some select line inputs. Practical significance lies in their
ability to simplify complex digital designs, reduce hardware complexity, and improve system
performance

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course L evel L earning Outcome(s)
Develop combinational logic circuits for given applications.

Laboratory L earning Outcome(s):
1. Build/Test function of MUX Digital IC

Relevant Affective Domain related outcome(s)

Significance of select lines to select one output from many inputs.
Handl e the component and equipment carefully.

Follow all safety precaution

Relevant Theoretical Background

Multiplexer is a combinational circuit that is one of the most widely used in digital design.
The multiplexer is a data selector which gets one out of severa inputs to a single output. It
has n data inputs and one output line and m select lines where 2™ = n shown in fig10.1.
Depending upon the digital inputs applied at the select inputs one out of n data input is
selected and transmitted to a single output channel. Normally strobe (E) input is incorporated
which is generally active low which enables the multiplexer when it is LOW. Strobe input
helps in cascading. IC 74I5lA is an 8: 1 multiplexer which provides two complementary
outputs Y and Y The output Y is same as the selected input and Y is its complement. Then: 1
multiplexer can be used to realize m variable function. (2"=n, mis no. of select inputs)
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Dl —
1]
m
n:1 Y
Data ' Output)
LPs MUX [
Dm-1
E —
{Emable '
o | []]
Sm-1 §2 51 50
Select inpuis

Fig 10.1: Block diagram of n: 1 Multiplexer

Curtesy:https://www.google.co.in/search?client=firef ox-b& biw=1366& bih=654& tbm=isc

Types of Multiplexer (MUX):
1. 221 MUX (2linesto 1line)
2. 4:1MUX (4linesto 1 line)
3. 81MUX (8linesto 1 line)
4. 16:1 MUX (16 linesto 1 line)

List of ICswhich provides multiplexing

| C No. Function Output State

74157 Quad 2:1 MUX | Output same as input given

74158 Quad 2.1 MUX | Output isinverted input

74153 Dual 4:1 MUX | Output same as input

74352 Dua 4:1 MUX | Output isinverted input

74151A 8:1 MUX Both outputs available (i.e. complementary outputs)
74151 8:1 MUX Output isinverted input

74150 16:1 MUX Output isinverted input

Maharashtra State Board of Technical Education (‘K scheme)
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/ Do — Enable | Select loputs | Output
gg - E |s2[si[se] ¥
5 1 | XXX ]| 0
. g1 ¥ 0 0|0 |0 Do
Data (Output) 0 |olo[1] D1
WPs ¢ b Mu% 0 |01 |0 D2
. o [ofl1l1] D3
o o | 06|00 D3
E 0 |00 1| Ds
(Enable 0 0l1]0 D6
W I I | 0 |01 |1 D7
$2 51 S0
Select Inputs

(E=1for active high E=0 for active low)
Fig 10.2: Block diagram of 8: 1 MUX, Truth Tableof 8:1 MUX

VI Circuit diagram
a) Samplecircuit

+ oo
e} 5 o7 )

L+ V| o2
6] [45] [44] [43] [42] [w] [w] [n]

T H
R I'HOYRF,

Fig 10.3: Circuit Diagram (8:1 Mux IC)

7 10 74151

7 (2] [=] (a7 (=]

5 Tz 1 0

LET» 1 . 3}.

b) Actual circuit
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VI Resources Required
No Name of Resour ce Suggested Broad Specification Quantity
1 Digital Multimeter | 3% digit display lor2
i Tests a wide range of digital IC’s such as 74
Digital |C Tester series, 40/45 series of CMOS IC’s 1
+5 V fixed power supply or Variable DC
D I 1
3 C Power supply power supply (0-30V)
4 Breadboard 5.5cm X 17cm 1
5 Connecting Wires | Single strand wires of 0.6 mm As per Requirement
6 IC 74151/74150 1
Red/Yellow color 5 4(3 for Select Lines
7 LED
mm and One for outputs)
8 Resistor 220Q/330Q 2
IX Precautions to be followed
1)  Check IC before use.
2)  Set power supply to 5V (Variable DC Power Supply) before connecting.
3)  Check al the connections as per circuit diagram
X Procedure
1. TestthelC using Digital IC tester
2. Mount the IC on the breadboard
3. Make the connection as per fig 10.3
4. Connect the +5V to +Vcc pin of IC and GND pin to ground
5. Observethe LED (on or off) for each combination of input as per truth table
6. Verify the truth table
Xl Resources Used
NO Name of Resource Suggested Broad Specification Quantity
1
2
3
4
X1l Actual Procedure
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X111 Observation:
Table 10.1: Observation Table
Inputs Outputs Outputs

Strobe | Data Input Select Input ¢ v Y Y

G Dy, S, S S (O/P valt) | (O/P volt)

0 0(0V) 0 (0V) 0 (0V)

0 D0 o(Ov) | o@v) | 1)

0 Blj 0 (0V) 1(5V) 0 (0V)

0 DZ; 4 0 (0V) 1(5V) 1(5V)

0 D3: 4 1(5V) 0 (0V) 0(0Vv)

0 D;‘: . 1(5V) 0 (0V) 1(5V)

0 D=1 1(5V) 1(5V) 0 (0V)

0 D=0 1(5V) 1(5V) 1(5V)

1 X X X

(Write the observation with respect to Inputs)

(Note: ‘X’ indicates the don’t care condition. It means the status of selected input may be any
combination)

Maharashtra State Board of Technical Education (‘K scheme)
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XVIl  Practical related questions
Note: Below given are a few sample questionsfor reference. Teachers must
design mor e such questions so as to ensur e the achievement of identified CO.
1. List thefunction of the Strobe (G) pin?

List the absolute maximum ratings of 1C 74151.

List the name of manufacturers of ICS used for this practicals?

List the applications where MUX is used?

[Spacefor Answer 5|

AN
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XVIIl References/Suggestionsfor further reading
1. https://datasheetspdf.com/datasheet/74151.html
2. https://dec-iitkgp.vlabs.ac.in/exp/functions-using-multiplexers/(Virtual Lab Link)
3.  https://www.youtube.com/watch?v=JR6_a3KPKHE (NPTEL Video Link on
Multiplexer)

X1 X Assessment Scheme

Performance .
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workingin teams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journa intime 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (20) (25
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VI

Practical No.11: Build and test the functionality of 1:4/1:8 Demultiplexer.

Practical Significance

A demultiplexer (or demux) is aelectronic circuit or device which has single input ,n outputs
and m number select lines. The input line is connected to any one output line depending upon
the select lines input logic. An eectronic demultiplexer can be considered as a single-input,
multiple-output switch.Demultiplexers are mainly used in Boolean function generators and
decoder circuits.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level Learning Outcome(s)
Develop combinational logic circuits for given applications.

L aboratory L earning Outcome(s):
1. Build/Test function of DEMUX Digital IC

Relevant Affective Domain related outcome(s)

Significance of select lines to connect input data line to selected one output from many
outputs.

Handl e the component and equipment carefully.

Follow all safety precaution

Relevant Theoretical Background

Demultiplexer has only one input and “n” number of outputs along with “m” number of select
inputs. A demultiplexer performs the reverse operation of multiplexer i.e. it receives one input
and distributes it over several outputs. At atime only one output line is selected by the select
lines and the input is transmitted to the selected output line. Hence demultiplexer is equivalent
to asingle pole multiple way switch as shown in figure. The enable input will enable the
demultiplexer. The relation between the n output lines and m select lines is as given below.

n=2"

The demultiplexer performs opposite process to a multiplexing process it performs “one to
many” operation. It has only one input (D) and n number of outputs (YO, YI,Y2... Yn-1) as
shown in the figure given below. Demultiplexer can also be used as a decoder e.g. Binary to
Decimal Decoder. Data input givenis|, strobe/enable pin issued for enabling DEMUX
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DO
D1
D2
D3

S — 1:N
2in DEMULTIPLEXER

input

Dn-2
Dn-1

I I I | | | I | | Output channels
ectic
Selection S0 5182 5n-2 Sn-1

Fig 11.1: Block diagram of 1: n Demultiplexer
Curtesy: https://www.semiconductorforu.com/wp-content/upl oads/2022/09/demultiplexer.jpg

Types of Demultiplexer (DEMUX):
1. 1.2 MUX (1lineto 2 lines)

2. 1:.4MUX (1lineto 4 lines)

3. 1.8 MUX (1lineto 8lines)

4. 1:16 MUX (1lineto 16 lines)

1c 1 Ulsel] vece

1G 2 15 2C

B []= 141 2G
1v3 []a 13% A
1v2 [Cls 12 2Y3
1v1 e 111 2v2
1vo [}~ 10 2Y1
GND 8 o 2Y0

Fig 11.2 1C SN74155 1:4 Demux
Courtesy: https.//www.digchi p.com/datasheets/parts/datasheet/477/SN74155-pdf.php

VI Circuit diagram
a) Samplecircuit

> DATA :,1, .—d‘l 16 :}—.+VCC
|]F.—E 2 15
1

B=S \
\
S A ,3.3.0(_):"./“' "" ._(.L_T{ 4

330011 e—"2 4 ¢
.3_.3.0()'."'.‘_',v .—{: 7 10

4}—0—{8 g ]

Fig 11.3 Circuit Diagram of 1: 4 DEMUX using IC SN 74155
(Note: Output of 1C SN74155 is complementary to get desired output invert it by connecting NOT
geate)

A=S,

SSL¥.L NS DI
= I._JT.—..T = g i g
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b) Actual circuit

VI Resources Required
NG Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | 3%z digit display lor2
.\l Tests a wide range of digital IC’s such as 74
e series, 40/45 series of CMOS IC’s %
+5 V fixed power supply or Variable DC power
3 DC Power supply supply (0-30V) 1
4 Breadboard 5.5cm X 17cm 1
) * . . As per
5 Connecting Wires | Single strand wires of 0.6 mm .
Requirement
6 IC SN74155 1
6( 2 for Select
7 LED Red/Y ellow color 5 mm Linesand 4 for
outputs)
8 Not gate IC 7404 1
8 Resistor 220Q/330Q 4
IX Precautions to be followed

1) Check IC before use.

2) Set power supply to 5V (Variable DC Power Supply) before connecting.

3) Check all the connections as per circuit diagram

Maharashtra State Board of Technical Education (‘K scheme) 73




Digital Techniques (313303)

X Procedure

Test the IC using Digital I1C tester

Mount the IC on the breadboard

Make the connection as per fig 11.3.

Connect the +5V to +Vcc pin of IC and GND pin to ground

Connect the Strobe PIN 16 to ground.

Observe the LED (on or off) for each combination of input as per truth table
Verify the truth table

No oo k~wbdpE

Xl Resour ces Used

Name of Resource Suggested Broad Specification Quantity

X1l Actual Procedure

X111 Obser vation:

Table 11.1: Observation Table

| nputs Outputs Outputs (Volts)
Select Strobe
16 Data v vy | Yo | Y | Yol Yol Ya | Vs
B A 1C
X X 1 X
0 (0V) 0 (0V) 0 1
0(ov) 1(5V) 0 1
1(5V) 0 (0V) 0 1
1(5V) 1(5V) 0 1

(Write the observation with respect to Inputs)
(Note: ‘X’ indicates the don’t care condition. It means the status of selected input may be any
combination)
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X1V Result(s)

XVII  Practical related questions
Note: Below given are few sample questionsfor reference. Teacher must design
mor e such questions so asto ensur e the achievement of identifies CO.
1. Listthefunction of Strobe (G) pin?
List the name of manufacturers of IC’S used for this practical ?
Draw the Circuit diagram for 1:8 DeMUX using IC SN 74155 and its truth table?
State how DEMUX have helped for Data transfer in el ectronic circuits?
[Spacefor Answerg|

El A

Maharashtra State Board of Technical Education (‘K scheme) 75



Digital Techniques (313303)

XVIII References/Suggestionsfor further reading
1. https://www.digchip.com/datasheets/parts/datasheet/477/SN74155-pdf.php
2. https://www.youtube.com/watch?v=3aWLCH9 EPA (NPTEL Video Link on
Demultiplexer)

XX Assessment Scheme

Performance :
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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VI

Practical No.12: Implement and verify the truth table of RS Flip-flop.

Practical Significance

A Flip-Flop isabasic digital logic circuit use for storing binary information. It is also known
as One bit memory. It has two stable states typically O (reset) and 1 (set), and it can maintain
its current state until it is instructed to change it by applying a clock pulse. Flip-Flops are
fundamental building blocks in digital electronics, used in memory storage, sequential logic
circuits and Data synchronization.

Industry/Employer Expected Outcome(s)
Students will be ableto test the functionality of the digital circuits/system.

CourseLevel Learning Outcome(s)
Develop sequentia logic circuits using Flip-Flops.

Laboratory L ear ning Outcome(s):
1. Build/Test functionality of RSflip flop using NAND Gate.

Relevant Affective Domain related outcome(s)
Flip-Flop data holding/storing ability.

Handl e the component and equipment carefully.
Follow all safety precaution

Relevant Theoretical Background

Digital circuits have many combinations of logic circuits. They are classified as either
combinational or sequential. The output of combinational circuits depends only on the current
inputs. In contrast, sequential circuit depends not only on the current value of the input but
also upon the interna state of the circuit. Basic building blocks (memory elements) of a
sequential circuit are the flip-flops (FFs). The FFs change their output state depending upon
inputs at certain interval of time synchronized with some clock pulse applied to it.

Q
}O
Ql
i S
Fig 12.1 a) SR latch using NOR gates b) SR latch using NAND gates

Maharashtra State Board of Technical Education (‘K scheme) 77



Digital Technigues (313303)

VI

S R Q Q

0 0 Sameas | Sameas
previous | previous

0 1 0 1

1 0 1 0

1 1 Race Race

S R Q Q

0 0 Race Race

0 1 0 1

1 0 1 0

1 1 Sameas | Same as
previous | previous

Fig 12.2 Truth tablefor Circuit diagram in Fig 12.1 a&b

Circuit diagram
a) Samplecircuit

S —t—typ

Fig 12.3 SR Flip-Flop using NAND gates

b) ~Actual circuit

IC 7400
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VI Resources Required
NG Name of Resource Suggested Broad Specification Quantity
1 | Digital Multimeter [3%2digit display lor2
. Tests a wide range of digital IC’s such as 74
Digital ICT 1
e Loz AR series, 40/45 series of CMOS IC’s
+5 V fixed power supply or Variable DC
3 | DC Power supply cower supply (0-30V) 1
4 | Breadboard 5.5cm X 17cm 1
. : . : As per
5 | Connecting Wires  |Single strand wires of 0.6 mm .
Requirement
6 |IC 7400 d
7 |LED Red/Y ellow color 5 mm 2
8 | Resistor 220€/330Q 4

IX Precautions to be followed
1) Check IC before use.
2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram

X Procedure
1. Mount the |C7400 onthe breadboard.
2. Makethe connections as shown infigure 12.3
3. Apply the supply voltageto IC +5V.
4. Apply inputs according to the observation table.
5. Observethe LED (on or off) for each combination of input asper truth table.
6. Verify thetruthtable.
Xl Resour ces Used
NO Name of Resource Suggested Broad Specification Quantity
X1l Actual Procedure
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XII1 Observation:
Table 12.1: Observation Tablefor SR Flip-Flop

Inputs Q Q
Logic Output Logic Output Remark
S R L evel Voltage Level Voltage
(0/1) V) (0/1) V)

0(0V) |0(0V)
1(5V) | 0(oV)
0(0V) |1(5V)
1(BV) [1(5V)

XVIl  Practical related questions

Note: Below given arefew sample questionsfor reference. Teacher must design
mor e suchquestions so asto ensur e the achievement of identifies CO.

1. Why the Name of Flip-Flop is given SR Flip-Flop?

2. Explain the Race Condition in SR Flip-Flop?

3. List how race condition can be resolved?

4. State application of SR Flip-Flop?
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[Spacefor Answers]
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XVIIl References/Suggestionsfor further reading
1. https://de-iitr.vlabs.ac.in/exp/truth-tables-flip-flops/ (Virtual Lab Link on SR Flip-

Flop)
2. - https://www.youtube.com/watch?v=jmOPGDSSBkl (NPTEL Video Link on Latch

and Flip-Flop (Part 1))
3. https://www.youtube.com/watch?v=i-thnQM Ddbfc (NPTEL Video Link on Latch

and Flip-Flop (Part 2))

XIX Assessment Scheme

Performance ;
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workingin teams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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VI

Practical No.13: Implement and Test the functionality of Master Slave JK Flip Flop
using Digital IC.

Practical Significance

The limitation of SR flip flop is overcome in JK flip flop. In JK flip flop when J=K=l, the
output is uncertain; this situation is called Race around condition. To avoid the problem of
race around condition the JK flip flop in Master and slave mode is used.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

CourseLevel Learning Outcome(s)
Develop sequentia logic circuits using Flip-Flops.

Laboratory L earning Outcome(s):
1. Build/Test functionality of Master Slave (MS) JK flip flop using IC 7476.

Relevant Affective Domain related outcome(s)
Handl e the component and equipment carefully.
Follow all safety precaution

Relevant Theoretical Background

Master Slave J K flip flop is a cascade of two S-R flip-flops, with feedback from the outputs
of the second flip flop to the inputs of the first. Thefirst part is called as master flip-flop while
the next is called as dave flip-flop .Here the master flip-flop is triggered by the external clock
pulse while the dlave is activated at its inversion i.e. if the master is positive level triggered,
then the slave is negative-level triggered and vice-versa. This means that the data enters into
the flip-flop at positive/negative level of the clock pulse whileit is obtained at the output pins
during positive/negative level of the clock pulse. Hence a master-slave flip-flop completes its
operation only after the appearance of one full clock pulse.

Fig 13.1 Master Slave J-K flip flop
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VIl

Circuit diagram

a) Samplecircuit

16 5

1

" 10

E 3

CK ST

ol

CLEA

LU

Vee

CK SET CLEAR

g

T476

lig 30
R LED1
W
100
) .

Fig 13.2 a)Pin Configuration of 1C 7476 b)Master Slave J-K flip flop

Inputs Outputs

PR CLR |CLK | J K Q Q

1 1 1 0 0 Qo | Qo
1 1 1 0 1 0 1
1 1 1 1 0 1 0
1 1 1 1 1 Toggle

Fig 13.3 Truth tablefor Circuit diagramin Fig13.2a& b

b) Actual circuit
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VI Resources Required
NG Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | 3% digit display lor2
. Tests a wide range of digital IC’s such as 74
2 Bl Lo TSR series, 40/45 series of CMOS IC’s 1
+5 V fixed power supply or Variable DC power
3 DC Power supply supply (0-30V) 1
4 Breadboard 5.5cm X 17cm 1
As per
5 Connecting Wires | Single strand wires of 0.6 mm Requirem
ent
6 IC DM7476 d
7 LED Red/Yellow color 5 mm 2
8 Resistor 220Q/330Q 2
IX Precautions to be followed
1) Check IC before use.
2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram
X Procedure
1. Mount the IC7476 on the breadboard.
2. Make the connections as shown in figure 13.2b
3. Apply the supply voltage to IC +5V.
4.  Apply inputs according to the observation table.
5. Observethe LED (on or off) for each combination of input as per truth table.
6. Verify thetruth table.
Xl Resour ces Used
NG Name of Resource Suggested Broad Specification Quantity
1
2
3
4
X11 Actual Procedure
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X111 Observation:
Table 13.1: Observation Tablefor SR Flip-Flop

Inputs ‘ Q Q
Logic Output Logic Output
PR CLR CLK J K Leve Voltage Leve Voltage
(0/2) V) (0/1) V)

1 1 1 0 (ov) 0(ov)
1 1 1 1(5vV) | 0o(ov)
1 1 1 o@ov) | 1(5V)
1 1 1 1(5V) 1(5V)

Note: Logic 1=5V and Logic 0=0V

XVIl  Practical related questions

Note: Below given are few sample questionsfor reference. Teacher must design
mor e such questions so asto ensure the achievement of identifies CO.
1. What isthesignificance of Master and Slave combination?
Explain the Race Condition is overcomed in MS JK Flip-Flop?
Toggle condition of MS JK is used where in Electronic application.?
List the manufacturers of MS JK Flip-Flop IC?
[Spacefor Answer g
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XVIII References/Suggestionsfor further reading
1. https://de-iitr.viabs.ac.in/exp/truth-tables-flip-flops/ (Virtual Lab Link on JK Flip-Flop)
2. https://www.youtube.com/watch?v=T2ofdrTPgPw (NPTEL Video Link on Latch
and Flip-Flop (Part 3))
3. https://www.alldatasheet.com/datasheet-pdf/pdf/50913/FAIRCHILD/7476.html

XX Assessment Scheme

Performance )
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | working inteams 10%
Product Related: 10 Marks 40%

5| Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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VI

Practical No.14: Use Digital I C to construct and Test the functionality of D and T Flip
Flop.

Practical Significance

D Flip —Fop (Delay Flip —Flop) is used to provide time delay. They are basic building
blocks of Shift Registers.

T Flip-Flop (Toggle Flip-Flop) experiences a change in output in each clock edge.

Hence it can be used as a frequency divider. T Flip-Flop can aso be used to design Counters

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

CourseLeve L earning Outcome(s)
Develop sequentia logic circuits using Flip-Flops.

L aboratory L earning Outcome(s):
1. Build/Test functionality and Truth Tableof D and T flip flop.

Relevant Affective Domain related outcome(s)
Handl e the component and equipment carefully.
Follow all safety precaution

Relevant Theoretical Background

Flip-flops are fundamental building blocks in digital electronics, used for storing binary data

The D and T flip-flops are two common types, each with its unique characteristics and
applications.

1. D Flip-Flop (Data Flip-Flop):

e The D flip-flop has a single data input (D) and two outputs: Q (the stored value) and

Q' (the complement of the stored value).

e |t changes its output state (Q) only when the clock input (CLK) transitions from a

specific state to another (e.g., rising or falling edge).

e TheD input is sampled and stored when the clock transitions occur. Thus, the output

reflects the state of the D input at the last clock transition.

e D flip-flops are commonly used for data storage, synchronization, and edge detection

in digital circuits.

2. T Flip-Flop (Toggle Flip-Flop):
e TheT flip-flop hasasingle input (T) caled the toggle input, and two outputs: Q and
Q.
e [t togglesits output state (Q) based on the transition of the clock input (CLK) and the
state of the toggle input (T).
e When T ishigh (1), the output toggles (Q changes its state) on each clock transition.
e When T islow (0), the output holdsits state regardless of clock transitions.
T flip-flops find applications in frequency division, pulse generation, and digital
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counters due to their toggling behavior.

In summary, The D flip-flop stores data and updates its output on clock transitions, while the
T flip-flop toggles its output based on clock transitions and the state of its toggle input. Both
are essential components in digital circuit design, offering versatility and functionality in

various applications.

_l_ l Input Output
0 B s L D Qn+1
D 0 0
—]CLK w— 1K
K = Qfe= T - 1 1
Cr o
Figure 14.1a) D FF using 7476 b) Symbol c) Truth Table
I Q- s T ook N I g Input T Output
I FE Qn+1
ik w— CLE 0 Q.
. Ct T‘: = Cr G e 1 Tn

Figure14.2a) T FF using 7476 b) Symbol c) Truth Table

VIl Circuit diagram
a) Samplecircuit

l .p—j
s 2 |13 ™
D input 4 , Vee PR GND s 3%0

|
7404 —t e Clock

IC 7476

T3

Open
Figure 14.3 D FF using 7476

; 1
r_;g_‘ Q—W———u——l
| v
{

16 Q
K 14 A
Clear ’
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Vee Open
Vee PR G

; ND
T input 4 15
J Q
1
——Q)Cbek IC 7476

16 K < 4
Clear
Ta
Open ,

b) Actual circuit

Figure14.4 T FF using 7476

3300
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VI Resources Required
No Name of Resource Suggested Broad Specification Quantity
1 | Digital Multimeter  [3 Y2 digit display lor2
_ Tests a wide range of digital IC’s such as 74 series,
2 | Digital IC Tester 40/45 series of CMOS IC’s 1
+5 V fixed power supply or Variable DC power
D I 1
3 C Power supply supply (0-30V)
4 | Breadboard 5.5cm X 17cm 1
As per
5 | Connecting Wires  |Single strand wires of 0.6 mm Requireme
nt
6 |IC DM7476 1
7 | LED Red/Y ellow color 5 mm 2
8 | Resistor 220€/330€ 2
I X Precautions to be followed

1. ' Check IC before use.
2. Set power supply to 5V (Variable DC Power Supply) before connecting.
3. Check all the connections as per circuit diagram

X Procedure

Mount the IC7476 onthe breadboard.

M ake the connections as shown in figure 14.3 and 14.4

Apply the supply voltageto IC +5V.

Apply inputs according to the observation table.

Observethe LED (on or off) for each combination of input as per truth table.
Verify thetruth table.

© 0k Wb

XI Resour ces Used

Name of Resource Suggested Broad Specification Quantity
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X111 Observation:
Table14.1: Truth TableD, T flip-flop

OQutput Qutput
Q n+l Q n+1
! ngut Logic Output | n$ut Logic Output
Level Voltage L evel Voltage
(0/1) V) (0/1) (V)
0 (0V) 0(ov)
1(5V) 1(5V)

XVIl  Practical related questions

Note: Below given are few sample questionsfor reference. Teacher must design
mor e suchquestions so asto ensur e the achievement of identifies CO.

1. CanT flip flop be used as frequency divider? Explainin 2 to 3 lines?

2. What is meaning of Toggle?

3. Different Typesof Trigger used in D and Type of flip-flops

4. Mentioned the IC no. of D Flip-Flop and Draw its pin configuration?
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XVIIl References/Suggestionsfor further reading
1. https://de-iitr.vlabs.ac.in/exp/truth-tables-flip-flops/ (Virtual Lab Link on D and T
Flip-Flop)
2. https://www.youtube.com/watch?v=uadAV CbKx5Y (NPTEL Video Link )
3. https://www.all datasheet.com/datasheet-pdf/pdf/50913/FAIRCHILD/7476.html

X1 X Assessment Scheme

Performance \
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Mar ks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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VI

Practical No.15: Build 4-bit Universal Shift register and Observethe Timing
diagram

Practical Significance

Universal Shift Register is aregister which can be configured to load and/or retrieve the data
in any mode (either seria or parallel) by shifting it either towards right or towards left. In
other words, a combined design of unidirectional (either right- or left-shift of data bits asin
case of SISO, SIPO, PISO, PIPO) and bidirectional shift register along with parallel load
provision isreferred to as universal shift register.

Industry/Employer Expected Outcome(s)
Students will be ableto test the functionality of the digital circuits/system.

Course L evel Learning Outcome(s)
Develop sequential logic circuits using Flip-Flops.

Laboratory L ear ning Outcome(s):
1. Interpret timing diagram of 4 bit Universal shift register.

Relevant Affective Domain related outcome(s)
Handl e the component and equipment carefully.
Follow all safety precaution

Relevant Theor etical Background

A Universal shift register isadigita circuit that can shift data in either direction(left or right)

and perform parallel-to-serial or Serial-to-Parallel conversion.lt typically consist of a cascade

of flip-flops interconnected to form a shift register, along with control logic to manage

shifting operations

The key feature of a universal shift register is its versatility in handling various types of data

manipulation tasks. It can shift data left or right based on control signals, enabling it to

perform functions such as data storage, serial data transmission, serial data reception, parallel

dataloading, and parallel dataretrieval.

Various control Functionsin shift registers are as below.

1. A shift-right control to enable the shift-right operation and the seria input and output
lines associated with the shift-right.

2. A shift-left control to enable the shift-left operation and the serial input and output lines
associated with the shift-left.

3. A pardléd-load control to enable a parallel transfer and the ninput lines associated with
the parallel transfer.

4. n parald output lines.

A clear control to clear the register to O.

6. A CLK input for clock pulsesto synchronize all operations.

o1
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(Right serial input) 4/1' Din(3..0) {Parallel data inputs)
RS
- LS
Funclion .
S(1..0) 2 4-bit universal shift (Lett senial inpul)
cn ” register
CLK
S—
LSO o | —» RSO
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Fig 15.1 Block Diagram of 4-bit Shift regiger.

Made Conmral o (2]
Farllalload S a1 5,21 Paratigl

Shilt right Sew 1.5 u0 Ipack Ingasty
2hill loft Sl 5 =1 " —
Inhibin Lp2l 5, =0 “" g a,
'I- c. a'.
“g- B o
C
Shify right
1T 1 116 o5 a [ 1 ——edmed a,
1 sorinl inpul

inhearcal

0 0@ o [ 1 1|0 —u Sk ]
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{41
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Claar -

Mode sontraks

5,

Fig.15.2 Wiring Diagram for universal shift regisger usng 1C 74194

Curtesy: https.//www.transtutors.com/questions/power-off-rewire-the-74194-ic-to-form-a-
parallel-load-shift-left-right-register-see--9128611.htm
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VI Circuit diagram
a) Samplecircuit

OUTPUTS
Yoo Qa Qg G Op  cuocr 51 s0
'I ] 15 14 3 12 it 10 i .}
W J
74194
1 2 3 L 5 -] T B
CLEAR SHFT £ = ] C | n] =HIFT GO
RKGHT LEFT
SERIAL PARBLLEL INPUTS SERIAL
MNPFUT INLUIT

Figl5.3 Sample ckt for 4 bit universal shift register using |C 74194.
Students can use fig 15.2 also for connection. Reference no 7 in reference section can also be
used for connection.

b) Actual circuit
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VI Resources Required
NG Name of Resource Suggested Broad Specification Quantity
1 | Digital Multimeter [3%2digit display lor2
. Tests a wide range of digital IC’s such as 74 series,
2 | Digital IC Tester 40/45 series of CMOS IC’s 1
+5 V fixed power supply or Variable DC power
3 | DC Power supply supply (0-30V) 1
4 | Breadboard 5.5cm X 17cm 1
As per
5 | Connecting Wires - |Single strand wires of 0.6 mm Requireme
nt
6 |IC 74194 1
7 | LED Red/Y ellow color 5 mm 4
8 | Resistor 220€/330Q 4
9 | Clock Pulse Function/Pulse Generator 1
I X Precautionsto be followed

1) Check IC before use.
2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram

X Procedure
1. Connect appropriate resistor and LED to output Q.
2. Clear dl the flip-flops by applying active low input to the clear pin so that the flip-flops
have 0000 stored in them.
3. Apply clock pulse one by oneto clock input.
Connect input and observe output for all modes.
5.  Write down observation table

o

Xl Resour ces Used
NO Name of Resource Suggested Broad Specification Quantity
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X1 Actual Procedure:

X111 Observation:
Observation Table 15.1: Serial in Serial out Right Shift Operation
Data-1010 or as student selects

Mode Serial
Clear 5, 5 CLK Right Qa Qs Qc Qo
Data(SR)
1 0 1 1 1
1 0 1 1 0
1 0 1 1 1
1 0 1 1 1

Make Similar Observation table for Serial in Serial out left Shift Operation (Mode $;=1, Sy=1).Draw
its timing diagram on graph paper

Observation Table 15.2: Parallel In Parallel Out (Parallel L oading)

Clear Mode CLK Input Data Output Data
S S Da Ds Dc Do Qa Qs Qc Qb
1 1 1 0 0 1 0 1
1 1 1 0 1 1 0 0
1 1 1 1
1 1 1 1

Note : Students can use different datain empty data column. Draw observation tables timing diagram
on graph paper
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XVI Conclusion and recommendation

XVIl  Practical related questions

Note: Below given are few sample questionsfor reference. Teacher must design
mor e suchquestions so as to ensure the achievement of identifies CO.
1 State the operation for SIPO and PISO.
2 Draw observation table for above operation.
3. Build circuit for SIPO,, and PISO separately.
4 Draw timing diagram for SIPO.
5.Give one application of each register?
[Spacefor Answersg]
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XVIIl References/Suggestionsfor further reading

1. https://he-coep.vlabs.ac.infexp/shift-registers/index.html (Virtual Lab Link on Shift

registers)

2. https:.//www.youtube.com/watch?v=AplILPSWPZeE (NPTEL Video Link)
3. www.sycel ectronica.com.ar/semiconductores/74L S194.paf

XX Assessment Scheme

Performance .
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5| Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (29)
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VI

Practical No.16: | mplement Ripple Counter Using Digital 1C

Practical Significance

In a ripple counter, each flip-flop stage is triggered by the output of the preceding stage.
When the counter receives a clock pulse, the first flip-flop changes its state. This change in
state causes a clock edge at the output of the first flip-flop, triggering the second flip-flop to
change its state, and so on. The ripple effect propagates through the counter, with each
subsequent flip-flop changing state in response to the change in state of the preceding flip-
flop. As aresult, ripple counters are inherently asynchronous, meaning that the timing of the
clock pulses affects the overall operation and timing of the counter.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level Learning Outcome(s)
Develop sequentia logic circuits using Flip-Flops.

L aboratory L earning Outcome(s):
1. Interpret timing diagram of 4 bit ripple counter using digital 1C.

Relevant Affective Domain related outcome(s)
Handl e the component and equipment carefully.
Follow all safety precaution

Relevant Theoretical Background

In digital electronics, a counter is a sequential logic circuit that generates a sequence of binary
numbers in a specified order. Counters are widely used in various applications such as
frequency division, digital clocks, event counting, and addressing memory |ocations.

A counter typically consists of a set of flip-flops, where each flip-flop represents a binary
digit (or "bit") of the counter's output. The number of flip-flops in the counter determines the
maximum count that can be represented. For example, a counter with n flip-flops can count
up to 2rdistinct states.

Therearedifferent types of counters, including:

Asynchronous (Ripple) Counters: In an asynchronous counter, the output of each flip-flop
serves as the clock input for the next flip-flop. As a result, the flip-flops do not all change
state smultaneoudly, leading to aripple effect propagating through the counter. While simple
to design, asynchronous counters suffer from longer propagation delays due to the ripple
effect.

Synchronous Counters. In a synchronous counter, all flip-flops receive the same clock signal
simultaneously. This ensures that al flip-flops change state simultaneously, eliminating the
ripple effect and reducing propagation delays. Synchronous counters are often preferred for
applications requiring precise timing.
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Counters can aso have additional features such as:

e Up Counters: Increment the count with each clock pulse.

e Down Counters: Decrement the count with each clock pulse.

e Bidirectional Counters. Count up or down based on control signals.
e Modulus Counters. Count up to a specific value before resetting.

VI Circuit diagram
a) Samplecircuit

Logic 1
42
. 0
1_ ’ Y QG 15|
FFC
CLE 16
1 Wi
L zn

(J, K, PR terminals are kept open which act as high for TTL I1C)
Fig.16.1 bit Ripple Counter using J-K flip flop

b) Actual circuit
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VI Resources Required
NG Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | 3% digit display lor2
. Tests a wide range of digital IC’s such as 74
2 Bl Lo TSR series, 40/45 series of CMOS IC’s 1
+5 V fixed power supply or Variable DC power
3 DC Power supply supply (0-30V) 1
4 Breadboard 5.5cm X 17cm 1
As per
5 Connecting Wires | Single strand wires of 0.6 mm Requirem
ent
6 IC 7476 2
7 LED Red/Yellow color 5 mm 4
8 Resistor 220Q/330Q 4
9 Clock Pulse Function/Pul se Generator 1
IX Precautions to be followed
1) Check IC before use.
2)  Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram
X Procedure
1. Connect +5V Power supply to proper pinsof I1C.
2. Connect appropriate resistor and LED to output Q.
3. Clear dl the flip-flops by applying active low input to the clear pin so that the flip-flops
have 0000 stored in them.
4. Apply clock pulse at clock input and after every clock pulse write down the counter
output state from LED (ON LED =1 State, OFF LED =0 State)
5. Apply 16 clock pulses and write down the output of the counter in the truth table.
Xl Resour ces Used
NO Name of Resource Suggested Broad Specification Quantity
1
2
3
4
X1l Actual Procedure:
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X111 Observation:
Observation Table 16.1: 4-BIT Asynchronous Up counter

Input Output
No. of clock
pulses
0

Qs | Q2 | Qi1 | Qo | Decimal Equivalent

O OINOOOTPA W NP

=
o

H
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X1V Result(s)

XVIl  Practical related questions

Note: Below given are few sample questionsfor reference. Teacher must design
mor e such questions so asto ensur e the achievement of identifies CO.
1. Test output for Clear = 1 and Preset = 0.
2. What ateration in circuit will be done to convert 4 bit up counter in to 4 bit down
counter?
3. Draw timing diagram for 4 bit Down counter?
4. How many flip-flop’s will be required to count 256 pulses?
5. Givethree application of counters ?
[Space for Answers]
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XVIII  References/Suggestionsfor further reading
1. https://he-coep.vlabs.ac.in/exp/shift-registers/index.html (Virtual Lab Link on
counters/Refer refrence materia for better understanding)
2. https://www.youtube.com/watch?v=WbNaLY JmBuk (NPTEL Video Link )

XIX Assessment Scheme

Performance I
Indicators Weightage

Process Related : 15 Marks 60 %

1| Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workingin teams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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VI

Practical No.17: I mplement Decade counter using digital 1C

Practical Significance

Counter is a sequential circuit used for counting the number of clock pulses. It is a group of
Flip-Flops with a clock signal applied to it. A counter has natural count of 2" where “n” is
number of flip-flop in the counter. Decade counter is a counter which has ten states from O to
0.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

Course Level Learning Outcome(s)
Develop sequential logic circuits using Flip-Flops.

Laboratory L earning Outcome(s):
1. Interpret timing diagram of Decade Counter (MOD-10).

Relevant Affective Domain related outcome(s)
Handl e the component and equipment carefully.
Follow all safety precaution

Relevant Theoretical Background

Decade counter is the one that goes through 10 unique combinations of output and then resets
as the clock proceeds further. Since it is MOD -10 counters, it can be constructed with a
minimum of four flip-flops. A four bit counter would have 16 states. By skipping any of six
states by using some kind of feedback or some kind of additional logic, we can convert a
normal four bit binary counter into a decade counter.

IC 7490 is a BCD asynchronous counter. It consists of 4 flip flops, internally connected so as
to provide Mod-2 and Mod -5 counter functions. These ICs have set and reset inputs. These
inputs help in designing a modulus —M counter. The Mod -2 and Mod -5 counters can be used
independently or in combinations. Flip flop FFA operates as a mod-2 counter whereas the
combination of flip flops FFB, FFC, and FFD form a mod-5 counter. There are two reset
inputs R1 and R2 both of which are to be connected to logic 1 level to reset the flip flops. The
two set inputs S1 and S2, when connected to logic 1 level, are used for setting the counter to
1001.for normal operation set and rest inputs are connected to 0.
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VI

Outputs NS
éA QB Qc dD ( )
(-]

Input A o———0p> FFB FFC FFD
FFA > Mod-5 Counter
Reset inputs Set inputs
Fig 17.1 Block diagram of IC 7490
Circuit diagram
a) Samplecircuit
IMNPLIT
. [ = = L= L= T CEraC> e L= ==
| BE ‘o | B L |= 4 =
O, "!'D S
s T
L&} FRo{=)
| Moy Rouz) I Rodv)
I"I = I = I - I = - e
'"';'JT bk Tl B o=y Lk Yoo Raciny Raiz)
Fig 17.2 Pin configuration of 1C 7490
Cutesy: https://pdf 1.alldatasheet.com/datasheet-
pdf/download/50915/FAIRCHILD/7490.html
[/ll
CLKBI_. ! e %
TULL o] R N
Clock [nput A ICM% ,
g _./\Q /\AA,—|’>+—
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10 7 D
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Fig 17.3 Decade Counter using 7490
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b) Actual circuit

VI Resources Required
No. Name of Resource Suggested Broad Specification Quantity
1 Digital Multimeter | 3 %2 digit display lor2
5 Digital IC Tester Tests a wide range of digital IC’s such as 74 1
series, 40/45 series of CMOS IC’s
DC Power supply | +5V fixed power supply or Variable DC power 1
3
supply (0-30V)
4 Breadboard 5.5cm X 17cm 1
Connecting Wires | Single strand wires of 0.6 mm As per
5 Requirem
ent
6 IC 7490 1
7 LED Red/Yellow color 5 mm 4
8 Resistor 2200/330Q 4
9 Clock Pulse Function/Pul se Generator 1
I X Precautionsto be followed
1) Check IC before use.
2) Set power supply to 5V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram
X Procedure
1. Mount IC 7490 on breadboard
2. Make the connection for given circuit diagram.(figure 17.3)
3. Apply the clock input.
4. Observe and record the outputs on LEDs (ON/OFF).
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Xl Resour ces Used

Sr.

NG Name of Resource Suggested Broad Specification Quantity

X1l Actual Procedure:

X1 Observation:
Observation Tablel7.1: Decade Counter
I nput Output
No. of clock | Qp Qc Qs Qa Decimal
pulses Equivalent
0
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X1V Result(s)

XVIl  Practical related questions
Note: Below given are few sample questionsfor reference. Teacher must design
mor e such questions so asto ensur e the achievement of identifies CO.
1. What will be the output if pin no. 2 R1 is connected to logic 1
2. Draw mod-2 counter using IC 7490.
3. How many clock pulses are required for MOD 9 counter?
[Spacefor Answerg|
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XVIII  References/Suggestions for further reading
1. https://he-coep.vlabs.ac.in/exp/shift-registers/index.html (Virtual Lab Link on
counters/Refer refrence material for better understanding)
2. https://www.youtube.com/watch?v=gAotbVKEFe8 (NPTEL Video Link )
3.  https://pdf1.alldatasheet.com/datasheet-
pdf/downl 0ad/50915/FAIRCHILD/7490.html

X1 X Assessment Scheme

Performance .
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workingin teams 10%
Product Related: 10 Marks 40%

5 | Calculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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VI

Practical N0.18: Test the output of given R-2R type Digital to Analog Converter for
the given input.

Practical Significance

A digital to analog converter (DAC) is a circuit that converts digital numbers into analog
voltage or current output. R-2R ladder is a resistive network of which output voltage is a
properly weighted sum of the digital inputs. With this experiment you will get an exposure to
R-2R network which is used in digital to analog converters.

Industry/Employer Expected Outcome(s)
Students will be able to test the functionality of the digital circuits/system.

CourseLevel Learning Outcome(s)
Interpret the functions of data converters and memoriesin digital electronic systems.

L aboratory L earning Outcome(s):
1. Build R-2R resistive network on breadboard to convert given digital data into analog.

Relevant Affective Domain related outcome(s)
Identify PIN configuration of IC.

Handl e the component and equipment carefully.
Follow all safety precaution

Relevant Theoretical Background

An enhancement of the binary-weighted resistor DAC is the R-2R ladder network. This type
of DAC utilizes Thevenin’s theorem in arriving at the desired output voltages. The R-2R
network consists of resistors with only two values - R and 2R. If each input is supplied either
0 volts or reference voltage, the output voltage will be an analog equivalent of the binary
value of the three bits. Thisis elaborated in fig.18.1.

Fig 18.1: Basic diagram of R-2R ladder network working of R-2R ladder network DAC

e R-2R weighted resistor ladder network uses only 2 set of resistors R and 2R. If you want
to build avery precise DAC, be precise while choosing the values of resistors that will
exactly match the R-2R ratio.
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e Thisisa4bit DAC. Let us consider the digital data D3D,D;Dy=0001 is applied to DAC,
then the Thevenin’s equivalent circuit reduction is shown below.

J' Bt ks ks 1keE
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20T
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1]
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Fig 18.2: Basic diagram of R-2R ladder network working of R-2R ladder network DAC

e Vref isnothing but the input binary value reference voltage, that isfor binary 1, Vref =5V
and for binary 0, Vref =0V.
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For 0001 only DO=Vref, al other inputs are at OV and can be treated as ground. So
finally Vref/16 volt is appearing as the input to op amp. This value gets multiplied by the
gain of op amp circuit — (Rf/Ri).

If we proceed in this manner (Thevenin equivalent reduction), we will get

R D, Dy D, D
_ f 0 1 2 3
Vout _—E;me wts T2 7]

Note that you can build a DAC with any number of bits you want, by simply enlarging
the resistor network, by adding more R-2R resistor branches.

VI Circuit diagram
a) Samplecircuit

Ri=2K
AR
eo=1hY
2R=2K
i g Output
LSB

Fig 18.3 R-2R Ladder DAC Networ k

b) Actual circuit
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VI Resources Required
NG Name of Resource Suggested Broad Specification Quantity
1 | Digital Multimeter |3 %2 digit display lor2
2 | Anaog IC Tester  [Tests a wide range of Analog IC’s 1
DC Dual Power +15V fixed power supply or Variable DC power
3 1
supply supply (0-30V)
4 | Breadboard 5.5cm X 17cm 1
. . . . As per
5 | Connecting Wires = |Single strand wires of 0.6 mm .
Requirement
6 |IC 741 1
7 | LED Red/Y ellow color 5 mm 2
. . . 6 (2KQ)
8 | Resistor 1KQ and 2KQ 4 (1KQ)
9 ' | Potentiometer 10 KQ 1
IX Precautions to befollowed
1) Check IC before use.
2)  Set power supply to 15V (Variable DC Power Supply) before connecting.
3) Check all the connections as per circuit diagram
X Procedure
1. TestICusing IC tester.
2. Mount IC on bread board.
3. Build circuit as per circuit diagram.
4. Write down observation table.
5. With all inputs (Do to D3) shorted to ground(D¢=0,D1=0,D,=0,D3=0), adjust the 10KQ
POT until the output is OV.This will nullify any offset voltage at the input of the
OPAMP.(POT connected between pin 1& pin 5 of OP-AMP)
6. Measure the output voltage for al binary input states.(0000 to 1111).
Xl Resour ces Used
NG Name of Resource Suggested Broad Specification Quantity
1
2
3
4
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X1 Actual Procedure:

X111 Observation:
Observation Tablefor R-2R Ladder DAC:

R-2R Ladder DAC
Theoretical (V)
°3 o2 s ° Vo=— ’;_:: * Ve (% +%+%+%) Practical (V)
0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0
1 0 0 1
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0
1 1 1 1
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XVIl  Practical related questions
Note: Below given arefew sample questionsfor reference. Teacher must design
mor e suchquestions so as to ensur e the achievement of identifies CO.
1 Defineresolution of DAC.
2 Statethe purpose of op-amp in this circuit?
3  Writethe steps to nullify any offset voltage at the input of the OPAMP.
4  Write down effect of number of input bits on output of DAC?
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XVIIl References/Suggestionsfor further reading
1. http:/ivlabs.iitkgp.ac.in/psac/newlabs2020/viabiitkgpA E/expl0/index.html#
(Virtual Lab Link R-2R DAC)
2. - https://www.youtube.com/watch?v=LUMhObAM1Qs (NPTEL Video Link )
3. https://datasheetspdf.com/datasheet-pdf/1463096/1 C741.html

XIX Assessment Scheme

Performance :
Indicators Weightage

Process Related : 15 Marks 60 %

1 | Handling of the components 10%

2 | identification of components 20%

3 | Measuring value using suitable instrument 20%

4 | workinginteams 10%
Product Related: 10 Marks 40%

5 | Caculated theoretical values of given component 10%

6 | Interpretation of result 05%

7 | Conclusion 05%

8 | Practical related questions 15%

9 | Submitting the journal in time 05%

Total (25 Marks) 100 %

Marks Obtained

Processrelated | Product related Total Dated signature of Teacher

(15) (10) (25)
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