UNIT – I
PART - A
1. Convert the given decimal numbers to their binary equivalent 108.364 (MAY/JUNE 2016)
[image: E:\new\Question bank odd sem\DE\UNIT I\Fig. 1. s1.eps]
2. Draw AND gate OR gate using NAND gate(APRIL/MAY 2016)
[image: E:\new\Question bank odd sem\DE\UNIT I\Fig. 1. s2.eps]

1.Prove following expressions a)x+x=x b)x+xy=x (APRIL/MAY 2017)
      a)x+x=x
         x+x=(x+x).1
                 =(x+x)(x+x’)
                 =x+xx’
                 =x+0
                 =x
         b)x+xy=x(1+y)
                      =x.1
                      =x
2.Define noise margin? (NOV/DEC 2015)
Noise margin is the maximum noise voltage added to an input signal of a digital circuit that does not cause an undesirable change in the circuit output.  The ability of circuits to operate reliably is a noise environment is important in many applications. Noise margin is expressed in volts and represents the  maximum noise signal that can be tolerated by the gate.
3.State De-morgan’s theorem?
             AB=A’+B’
              A+B=A’.B’
4.Express the function Y=A+B’C in canonical POS? (APRIL/MAY 2016)

            Y=A(B+B’)(C+C’)+B’C(A+A’)
                =A(BC+BC’+B’C+B’C’)+AB’C+A’B’C
                  =ABC+ABC’+AB’C+AB’C’+A’B’C
                  =m7+m6+m5+m4+m1
                  =€m(1,4,5,6,7)
            POS 
                   Y=Πm(0,2,3)
5.Convert Y=A+BC’+AB+A’BC into canonical form.(APRIL/MAY 2014)
     Y=A(B+B’)+(C+C’)+BC’(A+A’)+A’BC
        =A(BC+BC’+B’C+B’C’)+ABC’+A’BC’+A’BC
        =ABC+ABC’+AB’C+AB’C’+A’BC’+A’BC
         =m7+m6+m5+m4+m2+m3
          =€m(2,3,4,5,6,7).
6.State the advantages of CMOS logic. (APRIL/MAY 2014)
Both n-channel and p-channel devices can be fabricated on the same substrate.
consumes less power
It can be operated at high voltages resulting in improved noise immunity
fan out is more 
better noise margin.
7.Why totem pole outputs cannot be connected together?(NOV/DEC 2016)
Totem pole outputs cannot be connected together because such a connection might produce excessive current and may result in damage to the device.
8.State advantages and disadvantages of totem pole output.
advantage.
1.external pull up resistor is not required.
2.operating speed is high
Disadvantage.
1.output of two gates cannot be tied together.
9.Explain wired AND connection.
When the open collector outputs of two or more gates can be connected together the connection is called a wired AND. In wired AND connection the output is high only when all switches are open that is when output of each stage is high. Hence the output is equivalent to the logical AND operation of the logic function performed by the gates.
10.What are the types of TTL logic?
1.Open collector output
2.totem pole output
3.tristate output.
11. What is logic gate ?
Logic gates are the basic elements that make up a digital system. The electronic gate is a circuit that is able to operate on a number of binary inputs in order to perform a particular logical function.
12. Why is a hexadecimal number system called as an alpha numeric number system?
Hexadecimal number system has the base as 16 and therefore it requires 16 distinct symbols to represent the numbers. These are numerals 0 to 9 and alphabets A to F. Since both numeric digitals and alphabets are used to represent the digits in hexadecimal number system, it is also called as an alphanumeric number system.
13. Define Boolean algebra & Boolean Expression.
A system of algebra that operates on Boolean variables. The binary nature of Boolean algebra makes it useful for analysis, simplification and design of logic circuits.
14. What are basic properties of Boolean algebra?
The basic properties of Boolean algebra are commutative property, associative property and distributive property.
15. Define Nibble and Byte.
i). In binary number a group of four bits.
ii). A group of 8 bits are called Byte.
16. Define binary logic?
Binary logic consists of binary variables and logical operations. The variables are designated by the alphabets such as A, B, C, x, y, z, etc., with each variable having only two distinct values: 1 and 0. There are three basic logic operations: AND, OR, and NOT.

17. State the distributive property of Boolean algebra.
The distributive property states that AND ing several variables and OR ing the result with a single variable is equivalent to OR ing the single variable with each of the several variables and then AND ing the sums. The distributive property is:
i). A+BC = (A+B) (A+C)
ii). A (B+C) = AB + AC
18. State De Morgan's theorem.
De Morgan suggested two theorems that form important part of Boolean algebra. They are,
The complement of a product is equal to the sum of the complements.
(A . B)' = A' + B' (Truth Table)
[image: ]




The complement of a sum term is equal to the product of the complements.
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19. What are the 2 forms of Boolean expression ?
The two forms of Boolean expressions are:
	i) Sum of Products Form 
	ii) Product of Sum Form 
20. Define Minterm & Maxterm.
The products of Boolean expression where all possible variables appear once in complement or uncomplement variables are called Minterm.
A sum terms in a Boolean expression where all possible variables appear once, in complement or uncomplement form all called Maxterm.
21. What is meant by Karnaugh map or K – map method?
A Karnaugh map or K – map is a pictorial form of truth table, in which the map diagram is made up of cells, with each cell representing one minterm or maxterm of the function. This method provides a simple straight forward procxedure for minimizing Boolean function.
22. Define Cell.
The smallest unit of a karnaugh map, corresponding to one rows of truth table.  The input variable are the cells coordinates and the output variable is the cells contents.
23.What are called don’t care conditions?
In some logic circuits certain input conditions never occur, therefore the corresponding output never appears. In such cases the output level is not defined, it can be either high or low. These output levels are indicated by ‘X’ or ‘d’ in the truth tables and are called don’t care conditions or incompletely specified functions.
24. What is tabulation method?
A method involving an exhaustive tabular search method for the minimum expression to solve a Boolean equation for more variables is called as a tabulation method.
25.State the limitations of karnaugh map.
Generally it is limited to six variable map (i.e.) more than six variable involving expressions are not reduced.

The map method is restricted in its capability since they are useful for simplifying only Boolean expression represented in standard form.
26. What is a prime implicant?
A prime implicant is a product term obtained by combining the maximum possible number of adjacent squares in the map. They cannot be reduced further.
(Or)
A prime implicant is a group of minterms which cannot be combined with any other minterm or groups.
28. What is an essential prime implicant?
The essential prime implicant is a prime implicant in which one or more minterms are unique, it contains at least one minterm which is not contained in any other prime implicant.
29. Explain or list out the advantages and disadvantages of K – Map method?
He advantages of K – map method are:
i) It is a fast method for simplifying expression up to four variables 
ii) It gives a visual method of logic simplification 
iii) Prime implicants and essential prime implicants are identified fast.
iv) Suitable for both SOP and POS forms of reduction 
V) It is more suitable for class room teachings on logic simplification.
The disadvantages of the K – amp method are;
i) It is not suitable for computer reduction 
ii) K – maps are not suitable when the number of variables involved exceed four 
iii) care must be taken to fill in every cell with the relevant entry, such as a 0, 1 (or) don’t care terms.
30. List out the advantages and disadvantages of Quine-Mc Cluskey method?
The advantages are:
i). This is suitable when the number of variables exceed four.
ii). Digital computers can be used to obtain the solution fast.

iii). Essential prime implicants, which are not evident in K-map, can be clearly seen in the final results.

The disadvantages are:
i). Lengthy procedure than K-map.
ii). Requires several grouping and steps as compared to K-map.
iii). It is much slower.
iv). No visual identification of reduction process.
v). The Quine Mc Cluskey method is essentially a computer reduction method.

31. Define Duality Theorem.
The Duality theorem states that starting with a Boolean relation we can derive another Boolean relation by:
i). Changing OR (operation) i.e., + (Plus) sign to an AND (operation) i.e., (dot) and Vice-versa.
ii). Complement any 0 or 1 appearing in the expression i.e., replacing contains 0 and 1 by 1 and 0 respectively.
32. List the characteristics of digital ICs
Propagation delay
Power dissipation
Fan-in
Fan-out
Noise margin
33. What is propagation delay?
It is defined as the time taken for the output of a gate to change after the inputs have changed.
Propagation delay times are defined as follows:
[image: ]- It is the propagation delay time in going from low level (0) to high level (1).
- It is the propagation delay time in going from High level (1) to high level (0).
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34. What is power dissipation?
The electrical energy used by logic circuits in specified period of time.
(Expresses in milliwatts or nanowatts).
Power dissipation = Supply voltage * meant current taken from that supply.
35. Define Fan-in & Fan-out.
Fan-in: The fan-in of a gate is the number of inputs connected to the gate without any degradation in the voltage levels.
Fan-out: It is defined as the maximum number of inputs of the same IC family that a gate can drive maintaining its output levels within the specified limits.
36. What is Noise margin?
Noise margin is the maximum external noise voltage added to an input signal that does not cause an undesirable change in the circuit output.
37. Define Figure of Merit (SPP).
Figure of merit is defined as the product of speed and power. The speed is specified in terms of propagation delay time expressed in nano seconds.
Figure of merit = Propagation delay time (ns) * Power (mW).
38. Define Noise Immunity.

The ability of a logic circuit to tolerate the noise without causing any unwanted changes in the output.
39. Mention the characteristics of MOS transistor?
The n- channel MOS conducts when its gate- to- source voltage is positive.
The p- channel MOS conducts when its gate- to- source voltage is negative
Either type of device is turned off if its gate- to- source voltage is zero.
40. Why totem pole outputs cannot be connected together.
Totem pole outputs cannot be connected together because such a connection might produce excessive current and may result in damage to the devices.
41. State advantages and disadvantages of TTL
Advantage:
Easily compatible with other ICs
Low output impedance Disadvantage:
Wired output capability is possible only with tristate and open collector types.
Special circuits in Circuit layout and system design are required.
42. What is Operating temperature?
All the gates or semiconductor devices are temperature sensitive in nature. The temperature in which the performance of the IC is effective is called as operating temperature. Operating temperature of the IC vary from 0’C to 70’C.
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45)List out the classification of binary codes?
[image: ]
46)List out the classification of logic families?
[image: ]
43.What are the types of number systems in digital logic families?
* Decimal Number system – 0 to 9
* Binary Number system     - 0 to 2
* Octal Number system	    - 0 to 7
* Hexadecimal Number system     - 0 to 15
* Binary coded Decimal
44. Compare RTL,DTL,TTL,ECL,CMOS 
	 Parameter
	 RTL
	DTL
	TTL
	ECL
	CMOS

	 Components
	 R & T
	R,D,T
	R,D,T
	R,T
	N,P MOSFET

	 Circuits
	 Simple
	Moderate
	Complex
	Complex
	Moderate

	 Noise Margin
	 Nominal
	Good
	V Good
	Good
	V.Good

	 Fan-Out
	 Low(4)
	Medium(8)
	More(10)
	High(25)
	50

	 Power Distribution
in mW/gate
	 12
	8-12
	10
	40-55
	0-1



PART – B
1.Using K map find the MSP form of F = (0-3, 12 – 15) + d(7, 11) 			(May/June 2016)
Solution:- 
[image: E:\new\Question bank odd sem\DE\UNIT I\Fig. 1. s3.eps]
2. State and prove Demorgon’s theorem 			(April/ May 2016)

	 

Proof for  
We know that 

	 

 is the complement of AB then substitute 

	 
L.H.S

	  

	 
R.H.S 

 

Proof for  

 

 is the complement of A + B than substitute 

	 
L.H.S 	

	 
R.H.S 

	
3. Find a Min sop and Min pos for 						(April/ May 2017)

 
Solution:- 

 
[image: E:\new\Question bank odd sem\DE\UNIT I\Fig. 1. s4.eps]
Min sop:- 

	 
Min pos

	 

4.    using NOR gates only. 		(Nov/Dec  2015)
Solution:- 

	
Step 1:- 
[image: E:\new\Question bank odd sem\DE\UNIT I\Fig. 1. s5.eps]
5. Explain about Error Detection & Correction Code: (APRIL/MAY 2014)
 * when digital data/information is transmitted from one ckt (or) system to another error occurs, due to the presence of Noise.
* To maintain the data integrity bt. Transistor  & receiver extra bit is added in the data.
* The data along with extra bit forms code.
* Codes which allow only error detection are called as error detection code 
* codes allows both detection & conduction are called as error detecting & correcting code.
Parity Bit
 Used for the purpose of detecting errors during transmissions.
 It is the extra bit added, to make the number of 1’s either ODD/EVEN.
 The ckt that generates the parity bit in the transmitter is called a parity generator and the circuit that checks the parity in the receiver is called parity checker.
 In Even parity the added parity bit will make the total number of  1’s as even & odd  makes total number of 1’s as ODD.
Hamming Code:-
 not only provides the detection of a bit error, but also identification which bit is in error
   It is a detecting & correcting code.



1. Simplify the following Boolean function using Quine – Mccluskey method (or) tabulation method 
Step 1:- 
Minterms Binary Rep 
	m0	0000		
	m1	0001
	m2	0010
	m5	0101
	m6	0110
	m7	0111
	m8	1000
	m9	1001
	m10	1010
	m14	1110
step 2:- Minterms Binary rep

	
	m1	0001
	m2	0010

	
	m5	0101
	m6	0110
	m9	1001

	
	m7	0111	
	m14	1110
step 3:-  Minterm Binary rep
	√m(0,1)		000-
	√m(0,2)		00-0
	√m(0, 8)		- 000
	m(1, 5)		0 – 01
	√m(1,9)		- 001
	√m(2, 6)		0 – 10
	√m(2,10)	- 010
	√m(8, 9)		100 –
	√m(8, 10)	10 – 0
	m(5, 7)		01 – 1
	m(6, 7)		011 –
	√m(6, 14)	- 110
	√m(10, 14)	1 – 10
Step 4:- Minterm Binary rep 
	m(0, 1, 8, 9)		- 00 –
	m(0, 2, 8, 10)		- 0 – 0
	m(2, 6, 10, 14)		- - 10
	m(1, 5)			0 – 01
	m(5, 7)			01 – 1
	m(6,7)			011 – 
Prime Implicant chart 
	 Prime Implicant 
	M0
	M1
	M2
	M5
	M6
	M7
	M8
	M9
	M10
	M14

	√M(0,12,8,9)
	
 
	

	 
	 
	 
	 
	

	
 
	 
	 

	M(0,2,8,10)
	
 
	 
	

	 
	 
	 
	

	 
	

	 

	√ M(2,6,10,14)
	 
	
	

	 
	

	 
	 
	 
	

	
 

	 M(1,5)
	 
	

	 
	

	 
	 
	 
	 
	 
	 

	 √M(5,7)
	 
	 
	 
	
 
	 
	

	 
	 
	 
	 

	 M(6,7)
	 
	 
	 
	 
	
 
	

	 
	 
	 
	 

	 
	 √
	√
	√
	√
	√
	√
	√
	√
	√
	√





K- map 


[image: E:\new\DE\UNIT I\Fig. 1. 1.eps]



2. Simplify the switching function using Tabulation method 
Step 1:- Minterm Binary rep 
	m1	0001		
	m3	0011
	m4	0100
	m5	0101
	m9	1001
	m10	1010
	m11	1011
	dm6	0110
	dm8	1000
step 2:-  Minterm Binary rep 

	
	m4	0100

	
	m3	0011
	m5	0101
	m9	1001
	m10	1010

	
	m11	1011	
STEP 3:- Minterm Binary Rep 
	√m(1, 3)		00 – 1
	m(1, 5)		0 – 01
	√m(1, 9)		- 001
	m(4, 5)		010 – 
	m(4, 6)		01 – 0
	√m(8, 9)		100 – 
	√m(8, 10)	10 – 0
	√m(9, 11)	10 – 1
	√m(10, 11)	101 – 
step 4:-  Minterm Binary Rep
	m(1, 3, 9, 11)		- 0 – 1
	m(8, 9, 10, 11)		10- - 
	m(1,5)			0 – 01
	m(4, 5)			010 – 
	m(4, 6)			01 – 0
Prime Implicant chart 
	 P. I
	m1
	m3
	m4
	m5
	m9
	m10
	m11
	dm6
	dm8

	√ m(1,3,9,11)
	
 
	
 
	 
	 
	
 
	 
	
 
	 
	 

	√m(8,9,10,11)
	 
	 
	 
	 
	
 
	
 
	
 
	 
	
 

	m(1, 5)
	
 
	 
	 
	
 
	 
	 
	 
	 
	 

	√ m(4, 5)
	 
	 
	
 
	
 
	 
	 
	 
	 
	 

	 m(4, 6)
	 
	 
	
 
	 
	 
	 
	 
	
 
	 

	 
	√
	√
	√
	√
	√
	√
	√
	√
	√





K – map 


[image: E:\new\DE\UNIT I\Fig. 1. 2.eps]

3.  Simplify using Quine mccluskey method or tabulation method  and verify your result using k-map (april may 2015)
Step 1:-  Minterm Binary Rep 
	m0	0000		
	m1	0001
	m2	0010
	m5	0101
	m7	0111
	m8	1000
	m9	1001
	m10	1010
	m13	1101
	m15	1111
Step 2:-  Minterm Binary Rep

	
	m1	0001
	m2	0010

	
	m5	0101
	m9	1001

	
	m7	0111
	m13	1101

	
Step 3:- Minterm Binary Rep 
	√m(0, 1)		000 – 
	√m(0, 2)		00 – 0
	√m(0,8)		- 000
	√m(1, 5)		0 – 01
	√m(1, 9)		- 001
	√m(2, 10)	- 010
	√m(8, 9)		100 – 
	√m(8, 10)	10 – 0
	√m(5, 7)		01 – 1
	√m(5, 13)	-101
	√m(9, 13)	1 – 01
	√m(7, 15)	- 111
	√m(13, 15)	11 – 1
Step 4:- 
	m(0, 1, 8, 9)		- 00 –
	m(0, 8, 1, 9)		- 00 – 
	m(0, 2, 8, 10)		- 0 – 0
	m(0, 8, 2, 10)		- 0 – 0
	m(1, 5, 9, 13)		- - 01
	m(1, 9, 5, 13)		- - 01
	m(5, 7, 13, 15)		- 1 – 1
	m(5, 13, 17, 15)		- 1 – 1
Prime Implicant chart 
	 P. I
	M0
	M1
	M2
	M5
	M7
	M8
	M9
	M10
	M13
	M15

	√m(0,1,8,9)
	
 
	
 
	 
	 
	 
	
 
	
 
	 
	 
	 

	 m(0,2,8,10)
	
 
	 
	
 
	 
	 
	
 
	 
	
 
	 
	 

	 m(1,5,9,13)
	 
	
 
	 
	
 
	 
	 
	
 
	 
	
 
	 

	√ m(5,7,13,15)
	 
	 
	 
	
 
	
 
	 
	 
	 
	
 
	
 

	 
	√
	√
	√
	 √
	√
	√
	√
	√
	√
	√




	
4. Simplify the switching function using tabulation method (or) quine Mc – cluskey method


Step 1:- Minterm Binary rep 
	m0	0000
	m1	0001
	m5	0101
	m6	0110
	m8	1000
	m9	1001
	m11	1011
	m13	1101
	dm7	0111
	dm10	1010
	dm12	1100
step 2:- Minterm Binary rep 

	
	m1	0001

	
	m5	0101
	m6	0110
	m9	1001
	m10	1010

	
	m11	1011
	m13	1101
	m7	0111
step 3:- Minterm Binary rep 
	√m(0,1)		000-
	√m(0,8)		- 000
	√m(1, 5)		0 – 01
	√m(1, 9)		- 001
	√m(8, 9)		100 – 
	√m(8, 10)	10 – 0
	√m(8, 12)	1 – 00
	m(5, 7)		01 – 1
	m(6, 7)		011 –
	√m(9, 11)	10 – 1
	√m(9, 13)	10 – 1
	√m(10, 11)	101 – 
	√m(12, 13)	110 –
Step 4:- 
	m(0, 1, 8, 9)	- 00 –
	m(1, 5, 9, 13)	- - 01 
	m(8, 9, 10, 11)	1 0 – -
	m(8, 12, 9, 13)	1 - 0 -
	m(0, 8, 1, 9)	- 0 0 -
	m(8, 10, 9, 11)	10- -
	m(8, 9, 12, 13)	1 - 0 -
	m(5, 7)		0 1 – 1
	m(6, 7)		011 – 
Prime Implicant chart 
	 P. I 
	 M0
	M1
	M5
	M6
	M8
	M9
	M11
	M13
	Dm7
	Dm10
	Dm12

	 √M(0,1,8,9)
	
 
	
 
	 
	 
	
 
	
 
	 
	 
	 
	 
	 

	√M(1,5,9,13)
	 
	
 
	
 
	 
	 
	
 
	 
	
 
	 
	 
	 

	√ M(8,9,10,11)
	 
	 
	 
	 
	

	
 
	
 
	 
	 
	
 
	 

	 M(8,12,9,13)
	 
	 
	 
	 
	
 
	
 
	 
	
 
	 
	 
	
 

	 M(5,7)
	 
	 
	
 
	 
	 
	 
	 
	 
	
 
	 
	 

	√ M(6,7)
	 
	 
	 
	
 
	 
	 
	 
	 
	
 
	 
	 

	 
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√





K – Map 
[image: E:\new\DE\UNIT I\Fig. 1. 3.eps]


5. Variable Quine Mccluskey problems 
	A	B	C	D	E
	0	0	0	0	0	→0
	0	0	0	0	1	→1
	0	0	0	1	0	→2
	0	0	0	1	1	→3
	0	0	1	0	0	→4
	0	0	1	0	1	→5
	0	0	1	1	0	→6
	0	0	1	1	1	→7
	0	1	0	0	0	→8
	0	1	0	0	1	→9
	0	1	0	1	0	→10
	0	1	0	1	1	→11
	0	1	1	0	0	→12
	0	1	1	0	1	→13
	0	1	1	1	0	→14
	0	1	1	1	1	→15
	1	0	0	0	0	→16
	1	0	0	0	0	→17
	1	0	0	1	0	→18
	1	0	0	1	1	→19
	1	0	1	0	0	→20
	1	0	1	0	1	→21
	1	0	1	1	0	→22
	1	0	1	1	1	→23
	1	1	0	0	0	→24
	1	1	0	0	1	→25
	1	1	0	1	0	→26
	1	1	0	1	1	→27
	1	1	1	0	0	→28
	1	1	1	0	1	→29
	1	1	1	1	0	→30
	1	1	1	1	1	→31	

1. Minimise the Boolean function of  using Quine Mc cluskey method (NOV/dec 2013)
Step 1:- Minterm Binary rep 
	0	00000
	1	00001
	2	00010
	8	01000
	9	01001
	15	01111
	17	10001
	21	10101
	24	11000
	25	11001
	27	11011
	31	11111
Step 2:- Minterm Binary Rep 
	0	00000
	1	00001
	2	00010
	8	01000
	9	01001
	17	10001
	24	11000
	21	10101
	25	11001
	15	01111
	27	11011
	31	11111
Step 3:- Minterm Binary Rep 
	√m(0,1)		0000 – 
	m(0, 2)		000 – 0
	√m(0, 8)		0 – 000
	√m(1, 9)		0 – 001
	√m(1, 17)	- 0001
	√m(8, 9)		0100 – 
	√m(8, 24)	- 1000
	√m(9, 25)	- 1001
	m(17, 21)	10 – 01
	√m(17, 25)	1 – 001
	√m(24, 25)	1100 – 
	m(25, 27)	110 – 
	m(15, 31)	- 1111
	m(27, 31)	11 – 11
Step 4:- Minterm Binary Rep 
	m(0, 1, 8, 9)	0 – 00 – 
	m(1, 17, 9, 25)	- - 001
	m(8, 24, 9, 25)	- 100 – 
	m(0, 20)		000 – 0
	m(17, 21)	10 – 01
	m(25, 27)	110 –
	m(15, 31)	- 1111
	m(27, 31)	11 – 11
Prime Implicant Chart 
	P. I  
	 0
	1
	2
	8
	9
	15
	17
	21
	24
	25
	27
	31

	√ M(0,1,8,9)
	
 
	
 
	 
	
 
	
 
	 
	 
	 
	 
	 
	 
	 

	 M(1,17,9,25)
	 
	
 
	 
	 
	
 
	 
	
 
	 
	 
	
 
	 
	 

	√ M(8,24,9,25)
	 
	 
	 
	
 
	
 
	 
	 
	 
	
 
	
 
	 
	 

	√ M(0,2)
	
 
	 
	
 
		
	 
	 
	 
	 
	 
	 
	 
	 

	√ M(17, 21)
	 
	 
	 
	 
	 
	 
	
 
	
 
	 
	 
	 
	 

	√ M(25, 27)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
 
	
 
	 

	√ M(15, 31)
	 
	 
	 
	 
	 
	
 
	 
	 
	 
	 
	 
	
 

	 M(27, 31)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
 
	
 

	 
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√





4. Simplify the following 5 variable Boolean expression 


I
	 Minterms 
	B. R

	m0
m1
m9
m15
m24
m29
m30
m8
m11
m31
	00000
00001
01001
01111
11000
11101
11110
01000
01011
11111



II
	 Minterms
	B. R

	m0
	00000 

	 m1
m8
	00001
01000

	 m9
m24
	01001
11000

	 m11
	01011

	m15
m29
m30
	01111
11101
11110

	m31
	11111



III
	 Minterms 
	B. R

	0, 1
0, 8
	0000-
0 – 000

	1, 9
8, 9
8, 24
	0 – 001
0100 – 
- 000

	9, 11
	010 – 1

	11, 15
	01 – 11

	15, 31
29, 31
30, 31
	-1111
111 – 1
1111 - 



IV
	 Minterms 
	B. R

	0, 1, 8, 9
	0 – 00 - 



V. Prime Implicants 
	8, 24
9, 11
11, 15
15, 31
29, 31
30, 31
0, 1, 8, 9 
	- 1000
010 – 1
01 – 11
- 1111
111 – 1
1111 – 
0 – 00 - 



	 P. I
	m0
	m1 
	dm8
	m9
	dm11
	m15
	m24
	m29 
	m30
	dm31 

	√8, 24
	 
	 
	
 
	 
	 
	 
	
 
	 
	 
	 

	 *9, 11
	 
	 
	 
	
 
	
 
	 
	 
	 
	 
	 

	 * 11, 15
	 
	 
	 
	 
	
 
	
 
	 
	 
	 
	 

	 15, 31
	 
	 
	 
	 
	 
	
 
	 
	 
	 
	
 

	√ 29, 31
	 
	 
	 
	 
	 
	 
	 
	
 
	 
	
 

	 √30, 31
	 
	 
	 
	 
	 
	 
	 
	 
	
 
	
 

	 √ 0,1,8,9
	
 
	
 
	
 
	
 
	 
	 
	 
	 
	 
	 

	 
	 √
	√ 
	√
	√
	√
	√
	√
	√
	√
	√


VI







Don’t care condition 

Minimise 
[image: E:\new\DE\UNIT I\Fig. 1. 4.eps]



2. 
[image: E:\new\DE\UNIT I\Fig. 1. 5.eps]



3. 
[image: E:\new\DE\UNIT I\Fig. 1. 6.eps]



4. 
[image: E:\new\DE\UNIT I\Fig. 1. 7.eps]


Quine Mc – cluskey method (or) tabulation 
5. Simplify the following Boolean function by using tabulation method 

(april/may 2014)
Step 1:- List all the minterms in binary form 
Step 2:- Average the minterms according to number of 
[bookmark: _GoBack]I
	 Minterm
	B. R

	m0
m2
m3
m6
m7
m8
m10
m12
m13
	0000
0010
0011
0110
0111
1000
1010
1100
1101



I
	 Minterm
	B. R

	m0
	0000 √

	m2
m8
	0010√
1000√

	m3
m6
m10
m12
	0011√
0110√
1010√
1100√

	m7
m13
	0111√
1101√



Step 3:- Compare each binary number with every term in the adjacent next higher category and if they differ only by one position, put a check mark and copy the term in the next column with ‘-‘ in the position that they differed. 
Step 4;- Apply the same process described in step 3 for the resultant column and continue these cycles until a single pass through cycle yields no further elimination of literals.
	 Minterm
	B. R

	0, 2
0, 8
	00 – 0
-000

	2, 3
2, 6
2, 10
8, 10
8, 12
	001 – 
0 – 10
-010
10 – 0
1 – 00

	3, 7
6, 7
12, 13
	0 – 11
-011
110 - 



Step 6:- Select the minimum number of prime Implicant which must cover all the minterms.
	 Prime Implicant 
	M0
	M2
	M3
	M6
	M7
	M8
	M10
	M12
	M13

	√8, 12
	 
	 
	 
	 
	 
	
 
	 
	

	 

	 √12, 13
	 
	 
	 
	 
	 
	 
	 
	
 
	


	 √0,2,8,10
	

	

	 
	 
	 
	

	

	 
	 

	 √2,3,6,7
	 
	

	

	

	

	 
	 
	 
	 

	 
	 √
	√
	√
	√
	√
	√
	√
	√
	√





2. Minterms the exp. Using Quine Mc cluskey method 


I
	 Minterms
	B. R 

	m4
m5
m12
m13
m9
m2
	0100
0101
1100
1101
1001
0010



II
	 Minterm
	B. R

	m2
m4
	0010
0100

	m5
m9
m12
	0101
1001
1100

	m13
	1101 



III
	 Minterm
	B. R

	4, 5
4, 12
	010 – 
-100

	5, 13
9, 13
12, 13
	-101
1 – 01
110 - 



IV
	Minterm
	B. R

	 4,5,12,13
	- 10 – 



List the Prime Implicant 
V
	 P. I
	B. R

	 2
9, 13
4,5,12,13
	0010
1 – 01
-10 - 


			
			

	P. I 
	M2
	M4
	M5
	M9
	M12
	M13

	√2
	
  
	 
	 
	 
	 
	 

	 √9, 13
	 
	 
	 
	

	 
	


	 √4,5,12,13
	 
	

	

	 
	

	


	 
	√
	√
	√
	√
	√
	√


 VI








3. 
I
	 Minterm
	B. R

	m1
m2
m3
m5
m9
m12
m14
m15
	0001
0010
0011
0101
10001
1100
1110
1111

	dm4
dm8
dm11
	0100
1000
1011



II
	 Minterms
	B. R

	m1
m2
dm4
dm8
	0001
0010
0100
1000

	m3
m5
m9
m12
	0011
0101
1001
1100

	dm11
m14
	1011
1110

	m15
	1111



III
	 Minterms
	B. R

	1, 3
1, 5
1, 9
2, 3
4,5
4, 12
8,  9
8, 12
	00 – 1
0 – 01
-001
001 –
010 –
-100
100 – 
1 – 00

	3, 11
9, 11
12, 14
	-011
10 – 1
11 – 0

	11, 15
14, 15
	1 – 11
111 – 



IV
	 Minterms 
	B. R

	1,3,9,11
	-0 – 1



V
	 P. I
	B. R

	1, 5
2, 3
4, 5
4, 12
8, 9
8, 12
12, 14
11, 15
14, 15
1,3,9,11
	0 – 01
001 – 
010 –
-100
100 – 
1 – 00
11 – 0
1 – 11
111 – 
-0 – 1



	P. I  
	M1
	M2
	M3
	Dm4
	M5
	Dm8
	M9
	Dm11
	M12
	M14
	M15

	 √1, 5
	
 
	 
	 
	 
	
 
	 
	 
	 
	 
	 
	 

	 √2, 3
	 
	
 
	

	 
	 
	 
	 
	 
	 
	 
	 

	 4, 5
	 
	 
	 
	
 
	

	 
	 
	 
	 
	 
	 

	 4, 12
	 
	 
	 
	
 
	 
	 
	 
	 
	
 
	 
	 

	 8, 9
	 
	 
	 
	 
	 
	
 
	
 
	 
	 
	 
	 

	 8, 12
	 
	 
	 
	 
	 
	
 
	 
	 
	
 
	 
	 

	 √12, 14
	 
	 
	 
	 
	 
	 
	 
	 
	
 
	
 
	 

	 11, 15
	 
	 
	 
	 
	 
	 
	 
	
 
	 
	 
	


	 √14, 15
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
 
	
 

	 √1,3,9,11
	
 
	 
	
 
	 
	 
	 
	
 
	
 
	 
	 
	 

	 
	 √
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√


Step 6





6. Explain in detail about Digital Logic Family and its characteristics (nov/dec 2013)
The IC digital logic families to be considered as 
RTL – Resistor – Transistor Logic 
DTL – Diode – Transistor Logic 
TTL – Transistor – Transistor Logic 
ECL – Emitter Coupled Logic 
MOS – Metal Oxide Semiconductor 
RTL and DTL have only historical significance since they are no longer used in the design of digital system.
RTL was the first commercial family to have been used extensively.
DTL circuits have been replace by TTL. TTL is the modification of the DTL gate.
CMOS have a large number of SSI circuits as well as MSI, LSI and VLSI components.
RTL, DTL, TTL and ECL use bipolar transistor MOS and CMOS type of unipolar transistor 
Characteristics of IC Digital Logic Family
· FAN OUT 
· Power Dissipation 
· Propagation Delay 
· Noise Margin
FAN OUT
The Fan out of a gate specifies the number of standard load that can be connected to the output of the gate without degrading its normal operation.
A standard load is usually defined as the amont of current needed by an input of another gate in the same logic family.
The Fan out is calculated from the amount of current available in the output of a gate and the amount off current needed in each input of a gate.
[image: E:\new\DE\UNIT I\Fig. 1. 8.eps]

High state fan out 
IOH → The maximum current that the driver gate can source when it is in 1 state 
IIH → Current drawn by each driver gate from the driver gate.

Low state fan out 
IOL → Maximum current that the driver gate can sink when its output is a logic 0 and 1
IIL → Current drawn by each driver gate by the driver gate.
Power dissipation 
Every electronic circuit requires a certain amount of power to operate power dissipation is parameter expressed in milliwatts by the gate.
The amount of power needed that is dissipated in a gate is calculated of from the supply voltage VCC and the current ICC that is drawn by the circuit.
The power is the product of VCC & ICC power dissipation of the gate is given by 

	
ICC (avg) → Average current drawn from supply the average current is 

	
ICCH  →Current drawn by the output of the gate is in high voltage level.
ICCL  → Current drawn by the output of the gate is in Low voltage level
Propagation Delay 
The propagation delay of a gate is the average transition delay time for the signal ton propagate from input to output when the binary signal changes.
The signal through a gate take a certain amount of time to propagate from the input to the output.
Propagation delay is measured is nano second The average transition delay time is expressed by 

	

 Signal delay time when output goes from a logic 0 to a logic 1 state.

 Signal delay time when output goes from a logic 1 to a logic 0 state.
[image: E:\new\DE\UNIT I\Fig. 1. 9.eps]
Noise Margin 
Spurious electrical signals from industrial and other similar sources can induce undesirable voltages on the connecting wires between logic circuits.
The unwanted signals are referred as to noise. There are two types of noise 
	1. AC noise 
	2. DC noise 
A drift in the voltage levels of a signal is called DC noise.
AC noise is a random pulse that may be created by other switching signals.
Noise is a term used to denote an undesirable signal that is super composed upon the normal operating signal.
Noise margin is expressed in volts and represents the maximum noise signal that can be tolerated by the gate.
The diagram shows the range of output voltages that occur in a typical gate.
Any voltage in the gate output between VCC and VOH is considered as high level state and any voltage between 0 and VOL in the gate output is considered as low level state.
Voltage between VOL and VOH are inderminate and do not appear under normal operating conditions expect during transition between two levels.
[image: E:\new\DE\UNIT I\Fig. 1. 10.eps]
It is the difference between lowest possible high output and minimum input voltage required for high 

	
Low state noise margin (NML)
It is the difference between the largest possible low output and maximum input voltage for a low.

	

Overall noise margin min
Discuss about the basic operation of 2 Input TTL NAND gate (Nov/DEC 2015)
The input transistor Q1 is a multiple emitter transistor. Transistor Q2 is the splitter. The transistor Q3 sits above the transistor Q4.
Q3 and Q4 make a token pole arrangement at any time only one of them will conduct.
The diode D1 and D2 protect the transistor Q1 from the negative sweeping at the voltage of input.
Q3 transistor act as the emitter follower when both the input A & B are high (+Vcc) Base emitter junction of Q1 are reverse bias and no current flows through the emitter of Q1. 
Collector base junction of Q1 is the forward bias. The current flows through R1 to the base of Q2 transistor. The Q2 transistor is connected to the base of transistor Q4. So the transistor Q4 is turned ON.
Collector current Q2 flows through the R2 resistor and produces a drop across it thereby reducing the voltage at the collector of Q2 transistor, Q3 transistor is turned OFF.
Output voltage is low level state.
When both the inputs A & B are low mean Base emitter junction of Q1 is forward biased and the collector base junction is reverse biased.
So the current flows through the emitter of Q1 transistor is turned ON.
The Q2 transistor is turned OFF and the Q4 transistor is also turned OFF.
No current flows through the base of Q3 transistor. Therefore Q3 transistor is turned ON. The output voltage is high level state.
[image: E:\new\DE\UNIT I\Fig. 1. 11.eps]
Draw and explain 3 state gate (or) Tristate gate TTL inverter circuit diagtam with its operation.(may/june 2016)
The output of two TTL gates with totem pole structure cannot be connected together as in open collector output.
These is however a special type of totem pole gate that allows the wired connection bus system.
When a totem pole output TTL gate has this property it is called a three state gate.
Three state gate exhibits three output states.
1. Low level state when the upper transistor is the totem pole is ON and the upper transistor is OFF.
2. High level state when the upper transistor is the tote, pole is ON and the lower transistor is OFF.
3. The third state when both the transistor is the totem pole are OFF.
The third state provide a open circuit or high impedance state that allows a direct wire connection of many output to a common line.
Three state gate eliminate the need for open collector gate in bus configuration.
When the control input C is high the gate is enabled and behaves line a normal buffer.
Output binary value equal to the input binary value.
When the control input is low output is an open circuit. Which gives high impedance regardless of the value of input A.
Two small circles one for the inverter output and the other to indicate that the gate is enabled when the C is low.
The transistor Q6, Q7 and Q8 associated with the control input form a circuit similar to the open collector gate.
Transistors Q1 – Q5 associated with data inputs form a totem pole TTL circuit.
The two circuits are connected through the diode D1. 
As in open collector circuit transistor Q8 turns off when the control input act C is in low level conduction Path.
Under this condition transistor Q8 has no effect on the operation of the gate & output Y depends only on the data input A.
When the control inputs is high transistor Q8 turn ON current flowing form VCC through diode D1 cause transistor Q8 to saturate.
The voltage at the base Q5 is now equal to the voltage across the saturated transistor Q8 plus one diode drop or 0.9V.
This voltage turns off the Q5 and Q4 since it is less than two VBE drops.
At the same time low input to one of the emitter of Q1 forces transitors Q3 to turned off.
Thus both the Q3 & Q4 totem pole are turned off. o/p of the circuit behaves like an open circuit with a very high output impedance.
A three state bus is created by wiring several three state outputs together.
At any time only one control input is enabled while all other outputs are in the high 
[image: E:\new\DE\UNIT I\Fig. 1. 12.eps]
Circuit diagram for three state inverter

[image: E:\new\DE\UNIT I\Fig. 1. 13.eps]
1. Find minimum sop for 

 
[image: E:\new\DE\SUM\Fig. 1. 1.eps]

 

2.  Find minimum SOP expression for F.
[image: E:\new\DE\SUM\Fig. 1. 2.eps]

 
Quine Mc – Cluskey Method/ Tabulation Method 
2.  Simplify the Boolean function using Quine Mc – Cluskey Tabulation method 

	 
[image: E:\new\DE\SUM\Fig. 1. 3.eps]
	 Prime Implicant    
	0
	1
	2
	5
	6
	7
	8
	9
	10
	14

	*(0,1,8,9)
	
  
	

	 
	 
	 
	 
	

	
  
	 
	 

	 (0,2,8,10)
	

	 
	

	 
	 
	 
	

	 
	

	 

	 *(2,6,10,14)
	 
	 
	

	 
	

	 
	 
	 
	

	
  

	 (1,5)
	 
	

	 
	

	 
	 
	 
	 
	 
	 

	 → (5,7)
	 
	 
	 
	
 
	 
	

	 
	 
	 
	 

	 (6,7)
	 
	 
	 
	 
	
 
	

	 
	 
	 
	 




 
3. Simplify the switching function using tabulation method 

 
[image: E:\new\DE\SUM\Fig. 1. 4.eps]
Prime Implicant chart 
	P. I
	1
	3
	4
	5
	9
	10
	11
	6
	8

	*(1,3,9,11)
	
  
	
  
	 
	 
	
 
	 
	

	 
	 

	 *(8,9,10,11)
	 
	 
	 
	 
	

	
  
	

	 
	


	 (1,5)
	

	 
	 
	

	 
	 
	 
	 
	 

	 →(4,5)
	 
	 
	
 
	

	 
	 
	 
	 
	 

	 (4,6)
	 
	 
	
 
	 
	 
	 
	 
	
 
	 




 → Don’t care can be left uncovered 

 
Minimise the function 

 using Quine Mc – cluskey method
[image: E:\new\DE\SUM\Fig. 1. 5.eps]
Prime Implicant Chart 
	 P. I
	 0
	1
	2
	8
	9
	15
	17
	21
	24
	25
	27
	31

	→(0,1,8,9) 
	
  
	
 
	 
	
 
	
 
	 
	 
	 
	 
	 
	 
	 

	 (1,17,9,25)
	 
	
 
	 
	 
	
 
	 
	
 
	 
	 
	
 
	 
	 

	 *(8,24,9,25)
	 
	 
	 
	
 
	
 
	 
	 
	 
	
  
	
 
	 
	 

	 *(0,2)
	
 
	 
	
 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 *(17,21)
	 
	 
	 
	 
	 
	 
	
 
	
  
	 
	 
	 
	 

	 →(25,27)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
 
	
 
	 

	 *(15,31)
	 
	 
	 
	 
	 
	
  
	 
	 
	 
	 
	 
	
 

	 (27,31)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
 
	
 




 
4.Simplify the switching function 

 
[image: E:\new\DE\SUM\Fig. 1. 6.eps]

Prime Implicant Chart 
	 Prime Implicant
	0
	1
	5
	6
	8
	9
	11
	13
	7
	10
	12

	 *(0,1,8,9)
	
  
	
  
	 
	 
	
 
	
 
	 
	 
	 
	 
	 

	 →(1,5,9,13)
	 
	
 
	
 
	 
	 
	
 
	 
	
 
	 
	 
	 

	 *(8,9,10,11)
	 
	 
	 
	 
	
 
	
 
	
  
	 
	 
	
 
	 

	 (8,12,9,13)
	 
	 
	 
	 
	
 
	
 
	 
	
 
	 
	 
	
 

	 (5,7)
	 
	 
	
 
	 
	 
	 
	 
	 
	
 
	 
	 

	 *(6,7)
	 
	 
	 
	
 
	 
	 
	 
	 
	
 
	 
	 




 
5. Find a minimterm sum of products solution using Quine – Mc cluskey method 

 
4 – variable 
[image: E:\new\DE\SUM\FIg.1. 7.eps]

Prime Implicant chart
	 P. I
	 2
	3
	4
	7
	9
	11
	12
	13
	14
	1
	10
	15

	 (1,3,9,11)
	 
	
 
	 
	 
	

	

	 
	 
	 
	

	 
	 

	 *(2,10,3,11)
	
  
	

	 
	 
	 
	

	 
	 
	 
	 
	
 
	 

	 *(3,7,11,15)
	 
	

	 
	
  
	 
	

	 
	 
	 
	 
	 
	


	 →(9,13,11,15)
	 
	 
	 
	 
	

	

	 
	
 
	 
	 
	 
	


	 →(10,14,11,15) 
	 
	 
	 
	 
	 
	

	 
	 
	

	 
	
 
	


	 (12,13,14,15)
	 
	 
	 
	 
	 
	 
	 
	
 
	

	 
	 
	


	 *(4,12)
	 
	 
	
  
	 
	 
	 
	

	 
	 
	 
	 
	 




 






6.Explain about 2-i/p TTL NAND Gate
 (
Q
2
Q
4
Y
D
1
Q
3
+5V
130
1.6K
4K
B
A
Q
1
)











Q1- Multiple emitter transistor, one for each i/p to the gate.
* The i/p voltages A,B are either LOW (or) HIGH +5V, oV
* If either A (or) B or Both are Low, corresponding diode conducts & the base Q1 is pulled down to 0.7V reduces base voltage of Q2 to “0”   Q2 is OFF.
  * when Q2 is open, Q4 – OFF & Q3 base is pulled HIGH . O/P is pulled up to HIGH 
 (
D
3
Q
2
D
2
+5V
B
A
D
4
Q
1
 equivalent
)* when A & B are HIGH, the emitter diode of Q1 are reversed bias & OFF , D4 forward conduction which forces Q2 to go HIGH. In turn Q4 goes into saturation, producing a “LOW” O/P.
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