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COLLEGE OF ENGINEERING ROORKEE 

 

 

Vision 
 

"To impart education in Engineering with training, skill upgradation and research in 

futuristic technologies and niche areas." 

 

 

Mission 
 

M1: To develop the professionals having basic and advanced competencies so that they can 

serve the Society & Industry, and face the global challenges.  

M2: To impart education based on latest knowledge, with analytical and experimental skills, 

through advanced methods of training, research and strong Institute-Industry interface.  

M3: To help create innovative and entrepreneurial professional.  

M4: To inculcate strong moral values for a disciplined professional growth. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 
 

 

 

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING 
 

 

Vision 
 

To promote innovation-centric education and perform research in Computer Science and 

Engineering in pace with industrial development. 

 

Mission 
 

M1: To provide a learning environment that helps students to enhance problem solving skills 

at par with global standards. 

M2: To establish Industry-Institute Interaction to make students ready for the industrial 

environment. 

M3: To provide exposure to students to the latest tools and technologies in the area of 

computer hardware and software. 

M4: To promote research-based projects/activities in the emerging areas. 

M5: To foster the science of creativity and educating ownership for sustainable & scalable 

ventures. 

M6: To pass on the requisite moral characteristics and infuse discipline amongst the students 

to make them attain consistent elevation in their professional life. 

 

 
 
   
 
 
 
 

 
 
 
 
 
 
 
 

 
 



 
 

 
 
 
 

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING 
 

 

PROGRAMME EDUCATIONAL OBJECTIVES (PEOs) 
 

PEO1: To equip the students with skills and latest updated so that they can work and 

contribute to the continuously changing landscape of IT Industry. 

PEO2: To provide research-oriented education with knowledge of state-of-art analytical and 

experimental tools to enable students to pursue higher studies in institutions of repute in India 

and abroad 

PEO3: To inculcate culture of professionalism, ethical conduct, team work with good 

communication skills to enable the students to be successful in their career and enable them 

to launch start-ups in their chosen field. 

 

 

PROGRAMME SPECIFIC OUTCOME (PSOs) 
 

PSO1: Students will have the ability to apply software engineering principles to design, 

build, test, and deliver solutions for Software Industry 

PSO2: The students will be able to use programming, database, networking and web 

development concepts for developing solutions for real-life problems. 

 
   

 

 

 

 

 

 

 



 
 

        

 
          DEPARTMENT OF INFORMATION TECHNOLOGY 

 
 

Vision 

To produce professional graduates trained in the latest tools and technologies of Information 

Technology, and to build a strong teaching & research environment that tracks and responds 

to the challenges of modern times 

 

Mission 

 

1. To impart quality engineering education that enables the students become competent IT 

professionals by providing professional technical education and training.  

2. To imbibe experiential learning blended with critical thinking and strong Industry-

connect for the students and ignite them to pursue Research in emerging areas.  

3. To establish Start-up Eco-system within the department to produce entrepreneurs. 

4. To create disciplined graduates with strong moral values who may continuously thrive for 

higher echelons in the personal and professional life.  

   



 
 

DEPARTMENT OF INFORMATION TECHNOLOGY 
 

Program Educational Objectives (PEOs) 

 

PEO No. Program Educational Objectives Statements 

PEO1 To equip the students with skills and latest updates so that they can work and 

contribute to the continuously changing landscape of IT Industry. 

PEO2 To provide good academic and research-oriented environment with knowledge of 

latest IT tools to enable students to pursue higher studies in institutions of repute in 

India and abroad. 

PEO3 To inculcate culture of professionalism, ethical conduct, team work with good 

communication skills to enable the students to be successful in their career and 

enable them to launch start-ups in their chosen field. 

 

 Program Specific Outcomes (PSOs) 

PSO1 The ability to understand, analyse and develop programming skills with the latest 

tools and technology in computing and apply standard practices, strategies in 

software development to deliver quality products and/or to pursue entrepreneur. 

PSO2 To induce continuous learning aptitude and an inclination for lifelong learning; and 

intent to act as good citizen by inculcating in them moral values & ethics. 

 

 

 

 
 

 
 

 
 
 
 
 
 
 



 
 

 

                                  Program Outcomes 

 

Engineering Graduates will be able to: 
 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems.  

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences.  

3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with 

appropriate consideration for the public health and safety, and the cultural, societal, and 

environmental considerations.  

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions.  

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modelling to complex 

engineering activities with an understanding of the limitations.  

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice.  

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and 

need for sustainable development.  

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 

and norms of the engineering practice.  

9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings.  

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give 

and receive clear instructions.  

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member 

and leader in a team, to manage projects and in multidisciplinary environments.  

12. Life-long learning: Recognize the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change.  



 
 

 

 

GENERAL LABORATORY INSTRUCTIONS 

1. Students are advised to come to the laboratory at least 5 minutes before (to the starting time), 

those who come after 5 minutes will not be allowed into the lab. 

2. Plan your task properly much before to the commencement, come prepared to the lab with the 

synopsis / program / experiment details. 

3. Student should enter into the laboratory with: 

 Laboratory observation notes with all the details (Problem statement, Aim, Algorithm, 

Procedure, Program, Expected Output, etc.,) filled in for the lab session. 

 Laboratory Record updated up to the last session experiments and other utensils (if any) 

needed in the lab. 

 Proper Dress code and Identity card. 

4. Sign in the laboratory login register, write the TIME-IN, and occupy the computer system 

allotted to you by the faculty. 

5. Execute your task in the laboratory, and record the results / output in the lab observation note 

book, and get certified by the concerned faculty. 

6. All the students should be polite and cooperative with the laboratory staff, must maintain the 

discipline and decency in the laboratory. 

7. Computer labs are established with sophisticated and high-end branded systems, which 

should be utilized properly. 

8. Students / Faculty must keep their mobile phones in SWITCHED OFF mode during the lab 

sessions. Misuse of the equipment, misbehaviors with the staff and systems etc., will attract 

severe punishment. 

9. Students must take the permission of the faculty in case of any urgency to go out; if anybody 

found loitering outside the lab / class without permission during working hours will be treated 

seriously and punished appropriately. 

10. Students should LOG OFF/ SHUT DOWN the computer system before he/she leaves the lab 

after completing the task (experiment) in all aspects. He/she must ensure the system / seat is 

kept properly. 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 BEEP-404 

Sub Name Computer Organization & Architecture Lab 

 

 

COURSE 

OUTCOMES 

Bloom’s 
Level 

CO1 Analyze the behavior of logic gates. 
BL-4 

CO2 Analyze the operational behavior and applications of various flip-flop. BL-4 

CO3 
Sketch combinational circuits for basic components of computer system and 

applications. 
BL-3 

CO4 Implement Arithmetic logic units and different types of memory blocks. BL-3 

CO5 Sketch TTL,CMOS and Multivibrators. BL-3 

 

CO-PO Matrix 

Course 

Outcome 

 
PO1 

 
PO2 

 
PO3 

 
PO4 

 
PO5 

 
PO6 

 
PO7 

 
PO8 

 
PO9 

 
PO10 

 
PO11 

 
PO12 

CO1 3 3 1 1 2      
 

 

CO2 3 3 1 2 2 
    

   

CO3 3 3 3 2 2  
    

  

CO4 3 3 3 2 2  
     

 

CO5 3 3 3 2 2  
   

   

Avg       
   

   

 

Cos PSO1 PSO2 

CO1  1 

CO2  1 

CO3 2 1 

CO4 1 1 

CO5   2 1 

Avg   



 
 

 

Study and Evaluation Scheme 

 

Course 

Code 
Course Name Teaching Scheme Credits Assigned 

BEEP- 

404 

 

Computer Organization 

& Architecture Lab 

Theory Practical Tutorial Theory Practical Tutorial Total 

-- 02 
(50 Marks) 

-- -- 01 -- 01 

 

 

 

 

 

List of Programs (as per UTU):  

1. Bread-board implementation of various flip-flops.  

2. Bread-board implementation of counters & shift registers. 

3. Determination of Delay time and NAND, NOR, Ex-OR, AND & OR Gates. 

4. Bread Board Implementation of Flip-Flops. 

5. Experiments with clocked Flip-Flop. 

6. Design of Counters. 

7. Bread Board implementation of counters & shift registers. 

8. Implementation of Arithmetic algorithms. 

9. Bread Board implementation of Adder/Subtractor (Half, Full) 

10. Transfer characteristics of TTL inverters & TTL Schmitt Trigger inverter. 

11. Transfer characteristics of CMOS inverters series and CD40 series and 

12. Estimation of Gate delay of CD40 series CMOS inverter. 

13. Monoshot multivibrators using 74121 and 74123. 

14. Clock circuit realization using 555 and CMOS inverter and quartz crystal. 

15. Adder/ subtractor operation using IC7483 4 bit/ 8 bit. 

16. Demultiplexer / Decoder operation using IC-74138. 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

LIST OF PROGRAMS 

 

Subject: Computer Organization & Architecture Lab Code:  BEEP-404 

 
Sl.No Name of Experiment CO Mapping 

1 Bread-board implementation with AND, OR, NOT Logic gates. CO1 

2 Bread-board implementation to design and verify Half Adder & Full Adder 

using Basic NAND gate. 

CO1 

3 Bread-board implementation of Up counter & Down counter using 

Programmable IC-74190 

CO4 

4 Bread-board implementation of various flip-flops (without clock). CO2 

5 Bread-board implementation of various clocked flip-flops. CO2 

6 To verify Demultiplexer / Decoder operation using IC-74138 CO3 

7 To implement 4x1 Multiplexer. CO3 

8 Implementation and verification of decoder, de-multiplexer and encoder, 

using  logic gates. 

CO3 

9 To design and verify Half Subtractor & Full Subtractor using Basic NAND 

gate. 

CO3 

10 To design Counter. CO4 

11 To implement Arithmetic algorithms. CO4 

12 To implement Adder/ Subtractor operation using IC7483 4 bit. CO4 

13 Transfer characteristics of TTL inverters & TTL Schmitt Trigger inverter. CO5 

14 Transfer characteristics of CMOS inverters series and CD40 series. CO5 

15 To design and test performance of a monostable multivibrator to generate 

clock pulse for a given frequency. 

CO5 

 
 

 

 

 

 

 

 

 

 
 

 

 

 



 
 

 

 

 

 

                                                                       Experiment-1 
 

   Aim: Bread-board implementation of AND, OR, NOT Logic Gates. 

 

APPARATUS REQUIRED: Power Supply, Digital Trainer Kit., Connecting 

Leads, and IC’s (7400, 7402, 7404, 7408, 7432, and 7486) 

BRIEF THEORY: 

 

AND Gate: The AND operation is defined as the output as (1) one if and only if all the 
inputs are (1) one. 7408 is the two Inputs AND gate IC.A&B are the Input terminals &Y is 
the Output terminal. 

Y=A.B 

OR Gate: The OR operation is defined as the output as (1) one if one or more than 0 inputs 
are (1) one. 7432 is the two Input OR gate IC. A&B are the input terminals & Y is the 
Output terminal. 

Y=A+B 
NOT GATE: The NOT gate is also known as Inverter. It has one input (A) & one output 
(Y). IC No. is 7404. Its logical equation is, 

Y=A’ 

NAND GATE: The IC no. for NAND gate is 7400. The NOT-AND operation is known as 
NAND operation. If all inputs are 1 then output produced is 0. NAND gate is inverted 
AND gate. 

Y = (A. B)’ 

NOR GATE: The NOR gate has two or more input signals but only one output signal. IC 
7402 is two I/P IC. The NOT- OR operation is known as NOR operation. If all the inputs 
are 0 then the O/P is 1. NOR gate is inverted OR gate. 

Y = (A+B)’ 

 
EX-OR GATE: The EX-OR gate can have two or more inputs but produce one output. 
7486 is two inputs IC. EX-OR gate is not a basic operation & can be performed using basic 
gates. 

Y=A B 

 

 
LOGIC SYMBOL: 

. Logic Symbol of Gates 



 
 

 
 
 

 

  
1     1 

     3     3     1       2 

     2     2  

 

 

OR AND NOT 

 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

                                        7408 (AND) 

1 1 3 1 
3   3 

2 2  2 

 
            
         NAND 

   

                    NOR                  XOR 

PIN CONFIGURATION:    

 

 

 

 

 

 

 

 

                               

 

 

                         

                           

                           7400(NAND 

 

 

 

 

 

 

 

 

 

 

      

                                     

 

 

 

                          7402(N OR) 
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7486(EX- OR) 7432(OR) 

 
 

 
 
 
 
 
 
 
 

 
 
 
 

 

PROCEDURE: 

(a) Fix the IC’s on b read board & give the supply. 

(b) Connect the +ve terminal of supply to pin 14 & -ve to pin 7. 

(c) Give input at pin 1, 2 & take output from pin 3. It is same 
for all except NOT & NOR IC. 

(d) For NOR, pin 1 is output & pin 2&3 are inputs. 

(e) For NOT, pin 1 is input & p in 2 is output. 

(f) Note the values of output for different combination of inputs & 
draw the TRUTH TABLE. 

 

OBSERVATIO N TABLE: 

 

INP UTS OUTP UTS 

A B 
A’ A+B (A+B)’ (A *B) (A*B )’ (A B) 

NOT OR NOR A ND NAND Ex-OR 

0 0 1 0 1 0 1 0 

0 1 1 1 0 0 1 1 

1 0 0 1 0 0 1 1 

1 1 0 1 0 1 0 0 

 

RESULT: We have learnt all the gates ICs according to the IC p in diagram. 
 

PRECAUTIONS: 

 

1. Make the connection s according to the IC pin diagram. 

2. The connections should be tight. 

3. The Vcc and ground should be ap plied carefully at the specified pin only
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Experiment 2 
 

Aim: To design and verify Half Adder & Full Adder using Basic NAND gate. 

APPARATUS REQUIRED: IC 7400, Digital trainer kit. 

BRIEF THEORY: 

Half-Adder: A combinational logic circuit that performs the addition of two data bits, A and B, is 

called a half-adder. Addition will result in two output bits; one of which is the sum bit, S, and the other is 
the carry bit, C. The Boolean functions describing the half-adder are: 

S =A ⊕ B C = A B 

 
Full-Adder: The half-adder does not take the carry bit from its previous stage into account. This carry bit 

from its previous stage is called carry-in bit. A combinational logic circuit that adds two data bits, A and B, 

and a carry-in bit, Cin, is called a full-adder. The Boolean functions describing the full-adder are: 

 
S = (x ⊕ y) ⊕ Cin C = xy + Cin (x ⊕ y) 

 
Procedure: - 

1. Verify the gates. 

2. Make the connections as per the circuit diagram. 

3. Switch on VCC and apply various combinations of input according  to  the truth 

table. 

4. Note down the output readings for half and full adder sum and the carry bit 

for different combinations of inputs. 

 

Half Adder using NAND gates only:- 

 

 

Full Adder using NAND gates only:-
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K-map for half adder 

 

 

                                                                                                         K-map for full adder 

 

RESULT - 

Half adder and full adder are constructed and their truth tables are verified. 

PRECAUTION: 

 

1. All Connections should be according to circuit diagram. 

2. All Connections should be right and tight. 

3. Switch off Power supply after completing the experiment 

 

 

 

 

 

Full Adder 

A B Cin S C 

0 0 0   

0 0 1   

0 1 0   

0 1 1   

1 0 0   

1 0 1   

1 1 0   

1 1 1   

 

Half adder 

A B S C 

0 0   

0 1   

1 0   

1 1   
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Experiment-3 

 
Aim: Bread-board implementation of Up counter & Down counter using Programmable IC-74190 
 
Apparatus Required: Experimental Kit, IC- 74190, & Connecting Wire.  

 
BRIEF THEORY: The ripple counter is the simplest to build, but there is a limit to its highest operating 
frequency. 4 flip flops are used to construct 4- bit Synchronous counter. Every flip flop is triggered in 
synchronism with the clock. The construction of that type of parallel binary counter is shown in figure 1, 
along with the truth table and the waveforms for the natural count sequence. 
The basic idea here is to keep the J and K inputs of each flip flop high, such that the flip flop will toggle 
with any negative clock transition at its clock input. We then use AND gates to gate every second clock to 
flip flop B, every fourth clock to flip flop C, and so on. This logic configuration is after referred to as 

“steering logic” Since the clock pulses are gated or steered to each individual flip flop. The clock is applied 
directly to flip flop A. Since the JK flip flop used responds to a negative transition at the clock input and 
toggles when both the J and K input are high. Flip flop A will change state with each negative clock 
transition. Whenever A is high. AND gate X is enable and a clock pulse is passed through the gate to the 
clock input of flip flop B. Thus B changes state with every other negative clock transition at points b, d, f 
and h on the time line. Since AND gate y is enabled and will transmit the clock to flip flop C only. When 
both A and B are high. Flip flop C changes state with every fourth negative clock transition at points d and h 

on the time line. Examination of the waveform and the truth table reveals that this counter progresses 
upward in a natural binary sequence from count 000 up to count 111, advancing One count with each 
negative clock transition. This is a mode 8 parallel or synchronous, binary counter operating in the count up 
mode. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (i) 4 Bit Synchronous binary counter circuit diagram and 

waveform 
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Fig (ii) 4 Bit Synchronous binary counter IC-74190 Pin 

diagram 

 

 

 

  
LOAD(L) 

 

ENAB 
 

Down/Up 
 

CLK 
 

MODE 

X 1 X X Stop count 

0 0 X X Preset 

1 0 0  

 

Up count 

1 0 1  

 

Down count 

Table Functional Table of 4-bit synchronous counter 

 

 

 

 

OBSERVATION TABLE: For Counter- 

Count (I /n) Q3 Q2 Q1 Q0 

0 0 0 0 0 

1 0 0 0 1 

2 0 0 1 0 
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3 0 0 1 1 

4 0 1 0 0 

5 0 1 0 1 

6 0 1 1 0 

7 0 1 1 1 

8 1 0 0 0 

9 1 0 0 1 

10 1 0 1 0 

11 1 0 1 1 

12 1 1 0 0 

13 1 1 0 1 

14 1 1 1 0 

15 1 1 1 1 

Table Observation table of 4 bit synchronous counter 

PROCEDURE: 

 

1. Make the connections as shown in the pin diagram. 

2. Connect Pin No- 8 to GND. 

3. Connect Pin No- 16 to Vcc. 
 

RESULT: The Observation table of Synchronous counter is verified. 

 

PRECAUTION: 

 

1. All Connections should be according to Pin diagram. 

2. All Connections should be right and tight. 

3. Reading should be taken carefully. 

4. Switch off Power supply after completing the Experiment. 
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Experiment- 4 
 

Aim: Bread-board implementation of various flip-flops (without clock). 
APPARATUS REQUIRED: - IC -7400, IC- 7404, and logic trainer board, connecting wires. 
 
BRIEF THEORY: S-R FLIP FLOP: - 

A S R flip flop can be built using NOR gate or NAND gate. It has two inputs R and S and two O/P are Q 
and Q. In a flip flop the two O/Ps are complementary, If Q=1 then Q=0.A low R and low S result in 
inactive state (there is no change). A low R and high S results in set state while high R and low S results in 
reset state. If R and S are high sate, the O/P is in determined and this is called race condition. 
FLIP FLOP: - 

The storage elements employed in clocked sequential circuits are called flip-flop. A flip-flop is a binary storage 
bit of information. A flip-flop maintains a binary state until directed by clock pulse to switch states. Theory of T 
flip-flop is presented below. 

The memory elements in a sequential circuit are called flip-flops. A flip-flop circuit has two outputs, one for the 
normal value and one for the complement value of the stored bit. Binary information can enter a flip- flop in 
a variety of ways and gives rise to different types of flip-flops. 

 

Introduction - Basic Flip-Flop Circuit 

A flip-flop circuit can be constructed from two NAND gates or two NOR gates. These flip-flops are shown 
in Figure 2 and Figure 3. Each flip-flop has two outputs, Q and Q', and two inputs, set and reset. This type of 
flip-flop is referred to as an SR flip-flop or SR latch. The flip-flop in Figure 2 has two useful states. When 
Q=1 and Q'=0, it is in the set state (or 1-state). When Q=0 and Q'=1, it is in the clear state (or 0-state). The 
outputs Q and Q' are complements of each other and are referred to as the normal and complement outputs, 
respectively. The binary state of the flip-flop is taken to be the value of the normal output. 

When a 1 is applied to both the set and reset inputs of the flip-flop in Figure 2, both Q and Q' outputs go 
to 0. This condition violates the fact that both outputs are complements of each other. In normal  
operation this condition must be avoided by making sure that 1's are not applied to both inputs 
simultaneously. 

 

 

 

(a) Logic diagram 
 

 

 

 

 

 

 

 

 

 

(b) Truth table 
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Figure 2. Basic flip-flop circuit with NOR gates 

(a) Logic diagram 
 

 

 

 

(b) Truth table 

Figure: Basic flip-flop circuit with NAND gates 

 
The NAND basic flip-flop circuit in Figure 3(a) operates with inputs normally at 1 unless the state of the 
flip-flop has to be changed. A 0 applied momentarily to the set input causes Q to go to 1 and Q' to go to 
0, putting the flip-flop in the set state. When both inputs go to 0, both outputs go to 1. This condition 
should be avoided in normal operation. 

 

 
TRUTH TABLE FOR S-R FLIP-FLOP: - 

 

INPUT 
S 

INPUT 
R 

OUTPUT 
Q (t) Q (t+1) 

COMMENT 

0 0 0 0 Previous stage 
0 1 0 0 Reset 

1 0 1 1 Set 

1 1 1 1 In determined 
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TRUTH TABLE FOR D FLIP-FLOP: - 

 

INPUT 
D 

OUTPUT 
Q (t+1) 

COMMENT 

0 0 No change 

1 1 Set 

 

PROCEDURE: 

1. Insert ICs according to the circuit diagram on the trainer board. 

2. Give +5V supply to the pin 14 and ground to the pin 7 to all ICs. 

3. Give inputs S, R and CLK to the respective pins of the ICs and observe the output at output logic. 

4. Observe LEDs output. 

5. Try with different combination of input S and R. 

6. Prepare truth table, observe and verify it. 
 

RESULT: Truth table of S-R and D flip flop are verified. 

 
PRECAUTION: 

1. All connection should be tight. 

2. After all connection of the circuit, the main supply should be ON. 
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Experiment 5 
 
             Aim: Bread-board implementation of various clocked flip-flops. 
 

            APPARATUS REQUIRED: IC’ S 7400, 7402 Digital Trainer & Connecting leads. 
             

             BRIEF THEORY: 

 

• SR FLIP-FLOP: There are two inputs to the flip-flop defined as S and R. When 

I/Ps R = 0 and S = 0 then O/P remains unchanged. When I/Ps R = 0 and S = 1 the 

flip-flop is switches to the stable state where O/P is 1 i.e. SET. The I/P condition 

is R = 1 and S = 0 the flip-flop is switched to the stable state where O/P is 0 i.e. 
RESET. The I/P condition is R = 1 and S = 1 the flip-flop is switched to the stable 
state where O/P is forbidden. 

 
• JK FLIP-FLOP: For purpose of counting, the JK flip-flop is the ideal 

element to use. The variable J and K are called control I/Ps because they determine 
what the flip- flop does when a positive edge arrives. When J and K are both 0s, 
both AND gates are disabled and Q retains its last value. 

 
• D FLIP –FLOP: This kind of flip flop prevents the value of D from reaching 

the Q output until clock pulses occur. When the clock is low, both AND gates 
are disabled D can change value without affecting the value of Q. On the other 
hand, when the clock is high, both AND gates are enabled. In this case, Q is 
forced to equal the value of D. When the clock again goes low, Q retains or 
stores the last value of D. a D flip flop is a bistable circuit whose D input is 
transferred to the output after a clock pulse is received. 

 

• T FLIP-FLOP: The T or "toggle" flip-flop changes its output on each clock 
edge, giving an output which is half the frequency of the signal to the T input. It 
is useful for constructing binary counters, frequency dividers, and general binary 
addition devices. It can be made from a J-K flip-flop by tying both of its inputs 
high. 

 
CIRCUIT DIAGRAM: 

 

SR Flip Flop 
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                                 JK Flip Flop 

 

                                                            
 
   

D Flip Flop                  

 
 

  

T Flip Flop 
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PROCEDURE: 

1. Connect the circuit as shown in figure. 

2. Apply Vcc & ground signal to every IC. 

3. Observe the input & output according to the truth table. 

 
TRUTH TABL E:  

 

SR F LIP FLOP: 

 

CLOCK S R Q n +1 

1 0 0 NO CH ANGE 

1 0 1 0 

1 1 0 1 

1 1 1 ? 

 

 

JK FL IPFLOP: 

 

 

 

 

 

 

 

 

                           

D FLIPFLOP 

 

CLOCK D 
 

           Q n +1 

1       0 NO CH ANGE 

1       1 Qn ’ 

 

 

                         T FLIP FLOP
CLOCK T 

 

  Q n +1 

1       0                NO CH ANGE 

1       1 Qn ’ 

 

CLOCK J K 
 

           Q n +1 
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RESULT: Truth table is verified on digital trainer. 
 

PRECAUTIONS: 

 

1) Make the connections according to the IC pin diagram. 

2) The connections should be tight. 

3) The Vcc and ground should be applied carefully at the specified pin only. 
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Experiment 6 

 
Aim: To verify Demultiplexer / Decoder operation using IC-74138 
 
APPARATUS REQUIRED: Bread Board, 3-input AND gate and NOT gate ICs, Connecting wire etc. 

BRIEF THEORY: 

De- multiplexers:-.A demultiplexer sometimes abbreviated d-mux, is a circuit that has one input and more 

than one output. It is used when a circuit wishes to send a signal to one of many devices. This description 
sounds similar to the description given for a decoder, but a decoder is used to select among many devices 

while a demultiplexer is used to send a signal among many devices. 

 

 
Logic diagram of demultiplexer 

      

            
 

Truth table of demultiplexer 
 

 
3:8 DECODER: A decoder is a combinational circuit that converts binary information from n line to a 

maximum of 2n
 unique output lines. 

The name decoder is also used in conjunction with some code converters such as a BCD to seven segment decoder.  

The block diagram of a decoder is shown in the figure.  
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Fig (i) Circuit diagram and block diagram representation of 3:8 Decoder 

 
 

TRUTH TABLE: 

 

Input Output 

X1 X2 X3 Y0 Y1 Y2 Y3 Y4 Y6 Y7 Y8 

0 0 0 1 0 0 0 0 0 0 0 

0 0 1 0 1 0 0 0 0 0 0 

0 1 0 0 0 1 0 0 0 0 0 

0 1 1 0 0 0 1 0 0 0 0 

1 0 0 0 0 0 0 1 0 0 0 

1 0 1 0 0 0 0 0 1 0 0 

1 1 0 0 0 0 0 0 0 0 0 

1 1 1 0 0 0 0 0 0 0 1 

 

Table (i) Truth table of 3:8 Decoder 

 

RESULT: The Truth tables of de-multiplexers and decoder are verified. The observation table of decoder is 

verified. 

 

PRECAUTION: 

 

1. All Connections should be according to circuit diagram. 

2. All Connections should be right and tight. 

3. Reading should be taken carefully. 

4. Switch off Power supply after completing the experiment.
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EXPERIMENT-7 

 

Aim:- To implement 4x1 Multiplexer, using logic gates. 

 

Apparatus Required: -Digital trainer kit, AND-7411, OR-7432, NOT-7404 Gate IC, Connecting 
wires. 

Theory:- 
 

MULTIPLEXER: -A multiplexer (MUX) is a device that accepts data from one of many input 

sources for transmission over a common shared line. To achieve this MUX has several 

data lines and a single output along with data-select inputs, which permit digital data on any of the 

inputs to be switched to the output line. The 

logic symbol for a 1 to 4 data selector/multiplexer is shown in Figure 

 

 

Block diagram of multiplexer 
 
 

 

The selection lines decide the number of inputs lines of particular multiplexer. If the 

number of n inputs lines is equal to 2m, then m select lines are required to select one of 

the n input line. 

Note that if a binary zero appears on the data-select lines then data on input line D0 will appear on the 

output. Thus, data output Y is equal to D0 if and only if S1=0 and S0=0. 

Y=D0.S1’.S0’Similarly, the data output is equal to D1, D2 and D3 for y=C1.S1’.S0’ 

,Y=C2.S0’. S1 and Y=C3.S0.S1 respectively. Thus the total multiplexer logic expression, 

formed from ORing terms i 

The implementation of this equation is as shown in figure: 
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Logic diagram of multiplexer 
 
 

 

 

 

 
 

DATA SELECT INPUT INPUT 

SELECTED S1 S0 

0 0 D0 

0 1 D1 

1 0 D2 

1 1 D3 

Truth table of mux 
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PROCEDURE:- 

1. . Connections are made as per circuit diagram. 

2. Verify the truth table. 

3. Also connect Vcc and Ground then performed experiment. 

Result:-Study of 4×1 multiplexer and verified its truth table. 
 

Precautions:- 

1. All ICs should be checked before starting the experiment. 

2. All the connection should be tight. 

3. Always connect ground first and then connect Vcc. 

4. Suitable type wire should be used for different types of circuit. 

5. The kit should be off before change the connections. 

6. After completed the experiments switch off the supply of the apparatus. 
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EXPERIMENT -8 

 

Aim: -Implementation and verification of decoder, de-multiplexer and encoder, using 
logic gates. 

 

Apparatus: -Digital trainer kit, 7432 IC, 7404 IC, 7411 IC and Connecting wires. 
 

Theory:- 
 

Decoder:-A decoder is a multi-input and multi output combinational logic circuit which 
converts coded input into coded outputs, where the input and output coded are different. 

 
Logic Diagram of 2 to 4 decoder 

 

 

 

Procedure:- 
 

Truth table of 2 to 4 decoder 
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 Connect the supply from the trainer kit through patch cords; also connect circuit as  per circuit diagram. 

 Give the input to A, B and EN trough switch. 

 Observe the output Y0 to Y3 on the trainer kit through LEDs. 

 
For different combinations of inputs observe the outputs and match them with truth table. 

 

 ENCODER:-An encoder is a combinational logic circuit .It is the reverse of a decoder function. 
It has 2 to the power n input and n output lines. An encoder accepts an active level on one of its 
inputs representing a digit such as a decimal /octal digit and it convert to coded output. 

 
Encoder is used at the starting stage to encode the message into a unique code. 

Encoder encodes different types of messages into various forms. In Digital Circuits it encodes a 

decimal value into a binary word. The encoded binary word has number of bits associated with it. 

The number of bits depends upon the decimal value which is being encoded. For example in case 
of decimal values ranging from 0 to 7 the number of bits required to encode these values is 3. 

 

 

Logic diagram of encoder 
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Truth trable of encoder 
 

 Procedure:- 
  

1.  Connect the supply from the trainer kit through patch chords; also connect circuit as per 

circuit diagram. 

2. Give the input connections to I0 , I 1 , I 2 a n d I 3 . 
 

3. Observe the output Y0, Y1 on the trainer kit through LED’s 
 

4. For different combinations of inputs observe the output and match the truth table 
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Experiment- 9 
 

Aim: To design and verify Half Subtractor& Full Subtractor using Basic NAND gate. 

APPARATUS REQUIRED: IC 7408, IC7404, IC7400, Digital trainer kit. 

BRIEF THEORY: 

 

Half Subtractor: Subtracting a single-bit binary value B from another A (i.e. A -B) produces a difference 

bit D and a borrow out bit B-out. This operation is called half subtraction and the circuit to realize it is 

called a half subtractor. The Boolean functions describing the half subtractor are: 

 
D =A ⊕ B Br = Α̅ B 

Full Subtractor: Subtracting two single-bit binary values, B, Cin from a single-bit value A produces a 

difference bit D and a borrow out Br bit. This is called full subtraction. The Boolean functions describing 

the full-subtractor are: 

 
D = (x ⊕ y) ⊕ Bin Br = Α̅B + Α̅ (Bin) + B (Bin) 

 

Procedure: - 

1. Verify the gates. 

2. Make the connections as per the circuit diagram. 

3. Switch on VCC and apply various combinations of input according to  the truth 

table. 

4. Note down the output readings for half and full subtractor difference and borrow 

bit for different combinations of inputs. 

 

Using only NAND gate (a) Half subtractor
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 (b) Full Subtrac

Half Subtractor 

A B D Br 

0 0   

0 1   

1 0   

1 1   

Full Subtractor 

A B Bin D Br 

0 0 0   

0 0 1   

0 1 0   

0 1 1   

1 0 0   

1 0 1   

1 1 0   

1 1 1   
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RESULT: 

 

Half subtractor and full subtractor are constructed and their truth tables are verified. 

PRECAUTION: 

 

1. All Connections should be according to circuit diagram. 

2. All Connections should be right and tight. 

3. Switch off Power supply after completing the experiment 
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Experiment -10 
 

AIM: To design counter. 
 

APPARATUS REQUIRED: - 

                               S. No             Equipment                    Qty. 
1    Module-n-counter trainer 1 
2    Connecting Leads     6 

 

THEORY: A counter is one of the most useful and versatile sub systems in a digital system.  

A counter driven by a clock can be used to count the number of the clock cycles.  
Since the clock pulses occur at known intervals, the counter can be used as an instrument for  

measuring time and therefore period or frequency.  

There are basically two different types of counters: Synchronous and Asynchronous. 
Module-N-counter is a one type of counter, in which, instead of counting from the beginning 

to the ending, we can restrict the counter to count up to some set value and then to the beginning  
value. This can be achieved by feeding the particular output to the reset input through digital gates. 

The 74190 and 191 are synchronous, reversible up/down counters.  
Having all flip-flops clocked simultaneously, so that the outputs change coincide with each other 

when so instructed by the steering logic provides synchronous counting operation. The mode of  
operation eliminates the output counting spikes normally associated with asynchronous (ripple clock)  

counters. 
The outputs of the four flip-flops are triggered on a low-to- high level transition of the clock input if  

the enable (CTEN) is LOW. A high at CTEN inhibits counting the direction of the count is  

determined by the level of the down/up (D/U) input. When D/U is LOW, the counter counts up and 
when D/U is high, it counts down. 

 

PROCEDURE: 

1. Switch ON the experimental kit. 
2. Make sure that the counter output is zero and put the U/D switch in ‘U’ position. 
3. Connect the pulse output to the clock input of the counter. At the time of connecting pulse,  

counter output may change. In that case, switch OFF the trainer and again switch it ON. 
4. Now for each pulse, counter output changes from 0000 to 1001. 
5. Put the U/D switch in down position and the counter counts in reverse direction. 
6. Again put the U/D switch in ‘U’ mode and connect the 3-input NAND gate output to the load  

input of the counter. 
7. Now depending upon the requirement, particular outputs are connected to the NAND gate inputs. 

 
For example: To construct a module-5counterwhose binary output is 0101, connect second MSB bit and  

LSB bit (which are ‘1’ (high outputs) to the NAND gate inputs. Now the counter counts from 0000 to  

0100 resulting as a module-5-counter. 
NOTE: In down counting mode, we cannot use this counter as module-N-counter because MSB bit 

initially activates. 

PRECAUTIONS: 

 

1.Make the connection according to the circuit diagram. 

2.Check the connections before on the supply. 
3. Care should be taken in case of designing mode-n-counter for counting less than n-bit in taken  

 connection to the NAND gate. 
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EXPERIMENT No. - 11 
 

EXPERIMENT: To implement Arithmetic algorithms. 

 
APPARATUS REQUIRED: 

S.No. 
1 

Equipment 
General purpose digital trainer 

Qty. 
1 

2 IC-74181         1 

 

THEORY: - Arithmetic logic unit is a multipurpose device capable of providing several different arithmetic and 
logic operations. The specific operation to be performed is selected by the user by placing a specific binary code on 
the mode select i/p. ALU s are available in large scale integrated circuit packages. 
Functional block diag. For 74181 ALU is shown in fig. It is a 4-bit ALU, which provides 16 arithmetic plus 16 logic 
operations. The unit accepts two 4-bit words (A3 A2 A1 A0 and B3 B2 B1 B0) and a carry i/p Cn as i/p’s. 
The operation to be performed on these i/p are determined by logic levels on i/ps 

 

PROCEDURE: 

 

1. Put IC on the breadboard. 
2. Apply Vcc supply at pin 24. 
3. Apply ground at pin 12. 
4. Make connections as shown in the circuit diagram. 
5. Observe the different outputs. 

 

OBSERVATION TABLE: 

 
SELECTION M=1 

LOGIC FUNCTION 
M=0 ARITHMRTIC 

OPERATION S3 S2 S1 S0 

0 0 0 0 F=A F=A 
0 0 0 1 F=A+B F=A+B 

0 0 1 0 F=AB F=A+B 
0 0 1 1 F=0 F= -1 

0 1 0 0 F=AB F=A+AB 

0 1 0 1 F=B F=(A+B)+ AB 
0 1 1 0 F=A O B F=A – B -1 

0 1 1 1 F=AB F=AB -1 
1 0 0 0 F=A+B F=A + AB 

1 0 0 1 F=A O B F=A+B 
1 0 1 0 F=B F= (A+B) + AB 

1 0 1 1 F=AB F=AB -1 

1 1 0 0 F=1 A + A* 
1 1 0 1 F=A+B F=(A+B) +A 

1 1 1 0 F=A+B F=(A+B) +A 

1 1 1 1 F=A F=A - 1 
 

RESULT: The functional table is verified for 74181 IC. 
 

PRECAUTIONS: - 

1. Connection should be tight. 
2. O/P should be finding sequentially. 
3. IC’s should be handled carefully.
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Experiment-12 
 

Aim: To implement Adder/ Subtractor operation using IC7483 4 bit 
 
Apparatus Required: IC 7483 Bread Board, Connecting wires. 

 
Brief Theory:  

The addition and subtraction operation can be combined into one common circuit by including an X- OR 
gate with each Full adder. The mode input M controls the operation. When M=0 the circuit is an Adder and 
when M=1 the circuit becomes subtractor. Each X- OR gate receives input M and one of the inputs of B. The 
B inputs are all complemented and a 1 is added through the input carry. The circuit performs the operation A 
plus the 2’s complement of B. For unsigned numbers, this gives A-B if A>= B or the 2’s complement of (B-A) 

if A<B. For signed numbers, the result is A- B provided that there is no overflow. 

A 4-bit Adder-Subtractor is shown in fig.1. Addition operation is done with SUB input kept LOW. 

When SUB input is LOW, the output is the same as that of the addend. Hence 

Augend Addend A3 
B3 

A2 
B2 

A1 
B1 

A0 
B0 

Sum S3 S2 S1 S0 

and carry output Cout. 
Subtraction operation is done by using 2’scomplement. For subtraction, SUB input is kept HIGH. 

When SUB input is HIGH, the output is the complement of the input (i.e. B3, B2, B1, B0). If a 1 is added to 
the 1’s complement of this input, we get 2’s complement of the data input. Now subtraction can be done by 
2’s complement method by adding the addend and subtrahend. Hence 

Addend B3 B2 B1 B0 

1’s complement B3 B2 B1 B0 

SUB   -1  
 

2’s complement B3 B2 B1 B0 

 
The data A3A2 A1A0 will be added to the 2’s complement of B3 B2 B1B0 to produce the SUM (i.e. the 
difference between the addend and the augend). 
7486 is a quad Ex-OR gate, which can be used as a controlled inverter. 7483 is a TTL circuit with 4-full 
adders i.e. it can add a nibble. The carry out pin 14 may be connected to the carry in pin 13 of the next 
7483 to add 8-bit numbers. 

 
PROCEDURE: 

1) Put IC on the breadboard. 
2) Apply 5V supply at pin 5. 
3) Apply ground at pin 12. 
4) Make connections as shown in the circuit diagram. 
5) Keep SUB input LOW for Addition. 
6) Keep SUB input HIGH for Subtraction. 
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7) Observe the different outputs. 
 

OBSERVATION TABLE: 

   

S. No. Carry in  
C0 

Input 
A4A3A2A1 

Input 
 B4B3B2 B1 

Carry out 
C4 

Output 
S4S3S2S1 

1      

2      

3      

4      

5      

 
 

CIRCUIT DIAGRAM: 

 

RESULT: The sum and difference of 4 bit numbers is exactly same as calculated theoretically. 

 
PRECAUTIONS: - 

1. Connection should be tight. 
2. IC’s should be handled carefully 
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Experiment 13 

 
Aim: Transfer characteristics of TTL inverters & TTL Schmitt Trigger inverter. 
 
APPARATUS REQUIRED: Power Supply, TTL, Inverter and TTL Schmitt Trigger inverter 
BRIEF THEORY: 

The TTL family was the most widely used logic family for several years, characterized by its 

relatively high speed operation.   However, it has now been largely replaced by CMOS logic. 

Assuming positive logic, in the 74LS TTL family LOW (L) voltages in the range 0 V to 0.8 V are 

considered to be logic 0, and HIGH (H) voltages in the range 2.0 V to 5.5 V are considered to be 

logic 1. Figure 3.1 illustrates the voltage levels for all possible input combinations to a two-input 

TTL NAND gate. 
 

Figure 3.1 Voltage Level Table for a Two-input TTL NAND Gate. 
 
 

Transistors are active devices that tend to restore signal levels and preclude signal deterioration 

which could cause 1 and 0 become indistinguishable. No degradation of signal levels occurs, even 

for long chains of TTL NAND gates. In the TTL family the number of transistors required to 
implement a NAND gate is less than that required to implement other gates such as AND, OR and 

NOR. Another factor in favor of NAND gates is the fact that any combinational logic function can be 

realized using just NAND gates. 
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TTL CHARACTERISTICS 

 
Each logic family is characterized by several important parameters. These properties, and how they 

relate to the TTL logic family in particular, are explained below: 

 

Fan-in is the maximum number of inputs to a gate. Although physical considerations limit fan- in, 

more pragmatic factors, such as limitations on the number of pins possible on IC packages and 

their standardization predominate. TTL NAND gates typically provide 1, 2, 4, or 8 inputs. If more 

than eight inputs are required, then a network of NAND gates must be employed. 

 

Fan-out specifies the number of standard loads that the output of a gate can drive without impairing 

its normal operation.   A standard load is defined to be the amount of current required to drive an 

input of another gate in the same logic family. Due to the nature of TTL gates, two different fan-out 

values are given, one for HIGH outputs and one for LOW outputs. Typically, when an input is at 

logic 1 at most 40µA flows into an input (IIH(max), see Lab 1), and it must be provided (sourced) 

by the driving output. For logic 0, at most 1.6 mA flows from the input (IILmax), which the driving 

output must "sink". By convention the current flowing into an input or output is considered positive 

while a current flowing out of an input or output is considered negative; hence, IILmax = -1.6mA.   A 

typical TTL gate can source 400 µA (I0H(max)) of current and can sink 16 mA (I0L(max)). Hence 

TTL gates typically have a HIGH (logic level) fan-out of 

 
|I0H(max)/IIH(max)| = |-400 µA / 40 µA| = 10, 

 

and a LOW fan-out of 

 

|I0L(max)/IIL(max)| = |16 mA / -1.6 mA| = 10. 

 

Exceeding these fan-out limits may result in incorrect voltage levels at the output, as a gate cannot 

provide or sink enough current. The lower value of the two fanout values determines the fanout of 

the gate. In the case of 7400 TTL logic, they are equal, but for some other types of 
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TTL logic the limiting value is the LOW fanout. Some TTL structures have fan-outs of at least 20 

for both logic levels. 

 
A voltage transfer curve is a graph of the input voltage to a gate versus its output voltage; Figure 

3.2 shows the transfer curve for TTL inverter without any fanout. When the input voltage is 0 V, the 

output is HIGH at 3.3 V. As the input voltage is increased from 0 to 0.7 V, the output remains 

relatively constant (Region I). Beyond 0.7 V to about 1.2 V, the output decreases more gradually 
with increasing input voltage (Region II). The threshold voltage, the voltage on the transfer curve at 

which Vout = Vin and occurs in Region III, is found at the intersection of the transfer curve and the 

line Vout = Vin. Finally, in Region IV, the output remains constant at 0.2 V as the input voltage is 

increased. 

 
Noise immunity is a measure of the ability of a digital circuit to avert logic level changes on signal 

lines when noise causes voltage level changes. (See Figure 3.3.) One measure of noise immunity is 

characterized by a pair of parameters: the dc HIGH and LOW noise margins, DC1 and DC0, 

respectively. They are defined as follows: 
 

 
and 

DC1 = VOH(min) - VIH(min) 

DC0 = VIL(max) - VOL(max). 

The minimum values of DC1 and DC0 determine worst case noise margin. 
 

Figure 3.2 Voltage Transfer Curve for a TTL Gate. 
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Figure 3.3 Input and Output TTL Voltage Levels Illustrating DC Noise Margin. 

 

 
Recall from Experiment 1 that VOL(max) is the largest voltage that can occur on the output of a gate 

when the output is in the LOW (logic 0) voltage range. VOH(min) is the smallest voltage that can 

occur on a gate output when the output is in the HIGH (logic 1) voltage range output. In addition, 
VIH(min) is the smallest input voltage that will be interpreted as a HIGH input and VIL(max) is the 

greatest input voltage that will be interpreted as a LOW input. Note that VOL and VOH are specified 

by the manufacturer on the data sheets for the device. VIL and VIH can be determined, given VOL 
and VOH, from the voltage transfer curve, as indicated in Figure 3.2. Illustrated in Figure 3.3 are the 

DC0 and DC1 noise margins. For the TTL family, typically DC0 

= 0.8 - 0.4 = 0.4 V, and DC1 = 2.4 - 2.0 = 0.4 V. (The values for VOL, VOH, VIL, and VIH 

were obtained from the specification sheet of the 7400 NAND gate.) Any disturbance with a negative 

peak of up to DC1 could appear superimposed on the worst case HIGH voltage level, VOH, on an 

input without disturbing the gate output. A similar statement can be made for DC0. 

 

The propagation delay time for a gate is the time required for the output to respond to a change in 

an input. In all practical gates, a time lag exists between an input change and the corresponding 
output response. The time interval between the instants when the input and output change states is not 

a satisfactory measure of the delay time of a logical device for two reasons. First, the input signals to 

gates and the output signals produced by gates are not the idealized pulses studied in theory. Figure 

3.4 illustrates the nonideal input and output signals to a NAND gate. The transitions between HIGH 
and LOW voltage levels have nonzero rise and fall times. The time required for a signal to rise from 

10% to 90% of its final value is called the rise time, tr. 



Computer Organization and Architecture Lab 

 

 

 

The fall time, tf, is the time required for the signal to fall from 90% to 10% of its initial value.  

Secondly, the input voltage to a gate has only to reach the threshold voltage level before the device 

begins to change state. For these reasons, the delay time is measured with respect to a reference 

voltage level Vref, or the threshold voltage. 

 
Consider the NAND gate in Figure 3.4, connected as a NOT gate. The input waveform, Vin, is a non-

ideal pulse. When the input signal goes HIGH, the output will go LOW after the turn-on delay time 

tPHL. The figure illustrates the turn-on delay for a non-ideal output pulse. The typical turn-on delay 

for a standard series TTL NAND gate is 7 ns. When the input signal goes LOW again, the output of 

the NAND gate goes HIGH after the turn-off delay time tPLH. The typical turn-off delay time for a 

standard series TTL NAND gate is 11 ns. The average propagation delay time tp is then defined by: 

tp = (tPHL + tPLH) / 2. 

The maximum value for both tPHL and tPLH is 15 ns. 

 

 
Figure 3.4 Propagation Delay Times. 

 
A phenomenon associated with TTL devices is current spiking. When the output of a TTL device is 
HIGH, a constant supply current ICCH is drawn from the power supply by the IC. When the output is 

LOW, a constant supply current ICCL is drawn from the power supply. For a 7400 NAND gate, 

ICCH = 4 mA and ICCL = 12 mA per IC. However, when the gate output changes state, a short burst 

of current is drawn during the transition. The result is current spikes (narrow pulses) in the power 
supply line as shown in Figure 3.5. The largest spike occurs in the LOW to HIGH transition. To 

prevent these current spikes from corrupting the power supply and 
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ground and thus appearing as noise, one decoupling capacitor (0.01 µF to 0.1 µF) for each five to ten 

IC packages are generally connected from power to ground near the IC pins. 

 

Recall from Lab 1, it was mentioned that the power supply should never be connected directly to gate 

inputs as the gate could be destroyed if the input voltage ever exceeded the supply voltage to the 

IC--a virtually unlimited amount of current is then allowed to flow backwards through the IC. 

Current spiking can lead to just such a situation if power were connected directly to a gate's inputs. 

Thus, another TTL gate should always be used to provide a constant HIGH voltage if required. 
 

Figure 3.5 Waveforms Illustrating TTL Current Spiking. 

 
Another important characteristic of digital IC's is their power dissipation. As the power dissipation 

in a system increases, more heat must be dissipated from the system and larger, more costly power 

supplies are required. The static power dissipation PDP of an IC is the product of the supply voltage 

VCC and the static power supply current ICC.   If, on the average, the output of a device is HIGH 

half the time and LOW the other half, then the average power supply current is ICC = (ICCH + 

ICCL)/2. 

An unconnected input to a gate is called a floating input, because it floats at the threshold voltage 

for the device. A floating TTL input usually acts as a HIGH input.   However, open inputs are 

susceptible to noise which can be received by an input via the package leads, which act as antennae 
for noise. Even a few hundred millivolts of negative noise voltage is sufficient to drive a floating 

input to the LOW state. Therefore, it is advisable to tie all unused inputs of any gate (when the gate 

has more inputs than required) to HIGH or LOW voltage. In addition, the outputs of unused gates in 
an IC package should be forced HIGH by appropriate connection of the inputs. This provides a 

convenient HIGH, reduces the power dissipation (ICCH < ICCL), 
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and prevents oscillation of the gate's outputs, which also causes increased power dissipation and 

current spiking. 

 
Any loads imposed upon the outputs of gates deteriorate the output signal. Capacitive loading 

occurs if the load impedance to the output of a gate has a capacitive component. This external load 

capacitance component can be caused by such things as other logic devices or stray wiring 

capacitance. The effect of capacitive loads is to increase the rise and fall times of signals, 
subsequently increasing propagation delay times and reducing the maximum operation speed. 

Resistive loading is present when the load impedance contains a resistive component, such as that 

associated with other logic devices. The effect of resistive loading is reduced noise margins and 

output voltages. 

 
TTL gates are available in three different types of output configurations. Totem-pole output gates 

are used in most logic; in this case, the gate by itself drives its output HIGH or LOW depending on 

the gate’s inputs. Connecting the outputs of two or more totem-pole gates together produces 

undefined output values, may damage the device and should never be done. Open- collector output 

gates can only drive their output LOW; for input combinations where the output should be 

HIGH, an external pullup resistor connected the supply voltage is needed to produce the HIGH. The 

outputs of open-collector gates to be wired together; the result is to effectively AND all the output 

signals together. Finally, three-state (or tri-state) output gates provide, as their name implies, three 
output states. Like totem-pole output gates, tri-state gates can drive their output either HIGH or 

LOW, as determined by the input combination, but they also have a control input that overrides the 

effect of the other inputs and places the gate output in a ‘third state’. In the third state the internal 
transistors of the gate are effectively disconnected from the gate output and the output is in an open 

circuit or high-impedance state. This allows a direct wire connection of many tri-state gate outputs to 

a common line; however, when this is done, all but at most one of the tri-state output gates connected 

together must be in the high- impedance state at any given time. 
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Experiment-14 

 
  Aim: Transfer characteristics of CMOS inverters series and CD40 series. 

 
CMOS logic is exemplified by its extremely low power consumption and high noise immunity. 

Hence, it is prevalently used in devices demanding low power dissipation, such as digital 

wristwatches and other battery powered devices, or in devices operated in noisy environments, such 
as industrial plants. A wide variety of CMOS logic devices in the 4000 series are available. 

 

Unlike TTL logic, CMOS logic requires two supply voltages, VDD and VSS. In typical logical 

designs, VDD ranges from +3 V to +16 V. The other supply, VSS, is normally grounded. 

 

Also, the physical representation of the binary states in CMOS logic is not entirely compatible with 

TTL logic. As a consequence of CMOS's extremely high input impedance, the logic levels in 

CMOS systems are essentially VDD and ground. If, for example, a 5 volt power supply is used, 

LOW typically ranges from 0 to 0.01 V and HIGH from 4.99 to 5.0 V for CMOS outputs. Input 

voltages ranging from 3.5 to 5 V are recognized as HIGH and voltages from 0 to 1.5 V as LOW. 

 

It may appear that CMOS output logic levels, using a 5 V power supply, completely conform to the 
TTL logic level ranges of 0 to 0.8 V for LOW and 2.0 to 5.5 V for HIGH. However, the voltage level 

ranges representing HIGH and LOW are not the only factors that determine whether two logic family 

are compatible or not. The amount of current that can be supplied by outputs and that can be 
assimilated by inputs of gates within each logic family is another consideration. Specifically, when 

CMOS drives TTL logic, the crucial question is whether the CMOS output, in the LOW state, can 

sink enough of the current originating at the TTL input to ensure that the voltage at the TTL input 

does not exceed its maximum LOW level input voltage of 0.8 V. Typical CMOS gates can sink about 
0.4 mA in the LOW state while maintaining an output voltage of 0.4 V or less. This is sufficient to 

drive two low-power TTL inputs, but generally insufficient to drive even one standard TTL input. In 

any case, loss of dc noise immunity is an inevitable result. It is better to use a special buffer such as a 

74C901 to drive standard TTL from CMOS. The HIGH state poses no problems. 
 

Similarly, improper circuit operation may result from connecting TTL outputs to CMOS inputs.  In 

the LOW state, a TTL output can drive CMOS directly. However, the guaranteed TTL HIGH output 

level of 2.4 volts is not a valid input level for CMOS. If the TTL output drives only CMOS inputs, 
then essentially no current is drawn and the HIGH output may be 3.5 V or higher. (A pullup resistor 

to +5 can be connected to the gate output to assure that the output is above 3.5V.) Whether this is 

sufficient for reliable operation depends upon the exact specifications for both the TTL outputs and 
the CMOS inputs. 
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CMOS CHARACTERISTICS 

 
The voltage transfer curve for a typical CMOS logic gate is shown in Figure 3.6. Note that the 

curves in the transition region are almost vertical. This narrow transition region is the reason for 
CMOS logic's high noise immunity. Not much voltage range is covered in the transition from one 

state to the other. In contrast to TTL devices, the threshold voltage depends on the supply voltage and 

is approximately half the supply voltage. 

 

As with TTL logic, current spiking occurs during switching. Hence, bypass capacitors are used in 
CMOS logic design as well. However, they are not as critical as in TTL logic design because of 

CMOS's high noise immunity. 

 

Whereas the typical quiescent (static) power dissipation (power dissipation of a device that is not 

changing logic states) of TTL IC's was about 40 mW, the power dissipation of CMOS IC's are 

typically 25 nW. However, as the frequency of switching increases, dynamic power dissipation 

becomes important, as illustrated in Figure 3.7. Above 1 MHz, the dynamic power dissipation 

predominates and can exceed TTL power dissipation. 
 

 

 Figure 3.6 CMOS Voltage Transfer Curve. 
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Figure 3.7 Dynamic Power Dissipation of a Typical CMOS Logic Gate. 

The input impedance, in either state, of CMOS gates is typically 1012 . The input capacitance is 5 

pF. The output impedance depends on the particular device, and is on the order of 1 k, for either 
state. 

 

The propagation delay times for CMOS devices are relatively long due to their high output 

impedance. Typical delay times are 60 nsec for VDD = 5 V, and 25 nsec for VDD = 10 V. Doubling 

the supply voltage more than doubles the speed of a CMOS gate. The rise and fall transition times are 

typically 70 nsec. for VDD = 5 V. Thus CMOS devices operate significantly slower than TTL 

devices. 

 

The HIGH and LOW noise margins for VDD = 5 V, are DC0 = VIL - VOL = 1.5 - 0.01  1.5 V, and 

DC1 = VOH - VIH = 4.99 V - 3.5 V  1.5 V. In general, noise immunity is a minimum of 30% of 

VDD, and typically 45% of VDD. Thus, CMOS devices are good in noisy environments such as 

automobiles and industrial plants. The HIGH and LOW noise margins are essentially equal because 

the output impedance, output voltage, and threshold voltages are symmetrical with respect to the 
supply voltage. 

 

Floating inputs in CMOS logic guarantee neither LOW nor HIGH outputs and cause increased 

susceptibility to noise, as well as excessive power dissipation.   Hence, all unused inputs should be 

connected to VDD or VSS, as appropriate. 

 

The fan-out of CMOS devices is usually greater than 50 because the input current requirement of 

CMOS logic is nil (pA). However, current is required to charge and discharge the capacitance of 

CMOS inputs during logic transitions. Hence, the greater the fan-out the longer the propagation 

delay. For example, with VDD = 5 V, the propagation delay will increase from 60 nsec when the 

output drives 1 input to 150 nsec when the output drives 10 inputs.   As a rule of thumb, you can 
assume the load will be 5 pF per CMOS input plus 5 to 15 pF for stray wiring capacitance. 

 

Outputs of CMOS gates, like those of totem-pole TTL gates, should never be connected together. 
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Also, the power supply should be turned on before applying any logic signals to a CMOS device and 

the logic signals should be removed before turning off the power supply, otherwise the device could 

be damaged. 
 

 
 

PRELAB 

 
Wire the circuit for parts A, C and the circuits shown in part D and F. Use one CD4001 IC to 

implement parts A and C. One of its gates can be used for each part. Use another CD4001 IC to 

implement the circuit in part D. Note that the resistor used in part D can be inserted into the 

breadboard. The circuit in part E is a sub circuit of that in part D. The circuit in part E should be 

realized during lab by rewiring the circuit from part D after part D is completed. Also use the 74LS00 

IC to implement the circuit in part F. The capacitor used in part F can be placed into the breadboard. 

The circuit in part G can be realized from part F during lab after the part F is complete.
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Experiment-15 
 

Aim:  To design and test performance of a monostable multivibrator to generate clock pulse for a 

given frequency. 

 

COMPONENTS REQUIRED: 

1. Resistors 2.2KΩ-2 
10KΩ-1 

1KΩ-2 
1.5 KΩ-1 

2. Capacitors- 0.1µF 

1 µF 

3. Transistors 2N2369 – 2 

4. Diode QA79-1 

               Apparatus Required:  

1. CRO 

2. Power supply 0-30V 

3. Bread board 

4. Connecting wires 
 

 

CIRCUIT DIAGRAM: 

 
 

Brief Theory:  

A monostable multivibrator has only one stable state, the other state being quasi- 
stable. Normally the multivibrator is in the stable state, and when an external triggering pulse is      

applied, it switches from the stable to the quasi-stable state. It remains in the quasi-stable state for a 
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short duration, but automatically reverts i.e. switches back to its original stable state, without any 

triggering pulse 
 

Principle of operation 

A collector-coupled Monostable multivibrator of the two transistors Q1 and Q2, Q1 is normally OFF and Q2 is 
Normally ON. Resistor R1 and R2 are connected to the normally OFF transistor, and the capacitor C is connected 

to the normally ON transistor. 

It is seen from the circuit of the monostable multivibrator that, under normal conditions, the supply voltage VCC 

provides enough base drive to the transistor Q2 through resistor R, with the result that Q2 goes into saturation. 
With Q2 ON, Q1 goes OFF, as already studied in the context of binary operation. 

With Q2 ON and Q1 OFF, the capacitor finds a charging path. The voltage across the capacitor is VCC with 

polarity. It is obvious that in the stable state of the multivibrator, Q2 is ON and Q1 is OFF. 

If the negative triggering pulse is applied to the collector of Q1, it is transmitted to the base of Q2 through the 
capacitor, and hence makes the base of Q2 negative. Immediately Q2 goes OFF and Q1 becomes ON. However, 

this is only a quasi-stable state as is obvious form the following observation. 

With Q1 ON and Q2 OFF, the capacitor C finds a discharging path. As the capacitor discharges, it is seen that the 

potential at the base of the transistor Q2 becomes less and less negative, and after a time, we have VB = V, the 

cut-in-voltage of Q2. 

As soon as VB crosses the level of V, Q2 starts conducting and gets saturated. When Q2 becomes ON, Q1 
becomes OFF. Thus the original stable state of the multivibrator is restored. 

[ In quasi-stable state: Q1 is ON and Q2 is OFF] 
The interval during which the quasi-stable state of the multivibrator persists i.e., Q2 remains OFF is dependent 

upon the rate at which the capacitor C discharges. This duration of the quasi- stable state is termed as delay time 

or pulse width or gate time. It is denoted as T. The wave forms of the voltage at base of the transistor Q2 and C 

(Collector of Q1) 

 

PROCEDURE: 

1. Connect the circuit as shown in figure. 
2. With the help of a triggering circuit and using the condition T (trig) > T(Quasi) a pulse waveform is 

generated. 

3. The output of the triggering circuit is connected to the base of the off transistor. 

4. The Off transistor goes into ON state. 

5. Observe the waveforms at VBE1, VBE2, VCE1, VCE2 

6. Keep the DC- AC control of the Oscilloscope in DC mode. 
 

       RESULT: 
Monostable multivibrator is designed and studied.
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