[image: ]
STEP MATERIAL ON OPERATING SYSTEMS
[image: ]



[image: ]









DEPARTMENT OF CSE 

UGC AUTONOMOUS

Subject: ANALOG AND DIGITAL ELECTRONICS



 Year: II Year/IISem (R22)


       Academic Year: 2024-2025

INSTITUTE VISION AND MISSION

VISION

To be recognized as a premier institution in offering value based and futuristic quality technical education to meet the technological needs of the society

MISSION

· To impart value based quality technical education through innovative teaching and learning methods

· To continuously produce employable technical graduates with advanced technical skills to meet the current and future technological needs of the society

· To prepare the graduates for higher learning with emphasis on academic and industrial research

DEPARTMENT VISION AND MISSION
VISION

To produce globally competent and industry ready graduates in Computer Science & Engineering by imparting quality education with a know-how of cutting edge technology and holistic personality
MISSION
To offer high quality education in Computer Science & Engineering in order to build core competence for the graduates by laying solid foundation in Applied Mathematics, and program framework with a focus on concept building

The department promotes excellence in teaching, research, and collaborative activities to prepare graduates for professional career or higher studies

Creating intellectual environment for developing logical skills and problem solving strategies, thus to develop, able and proficient computer engineer to compete in the current global scenario
[bookmark: _Hlk202608910]ANALOG AND DIGITAL ELECTRONICS


TWO MARK QUESTIONS WITH ANSWERS

UNIT I

1. What is a pn junction?
The contact surface between the layers of p-type and n-type semiconductor pieces plated together so as to form a p-n junction is called the p-n junction.
2.Why is silicon preferred over germanium in the manufacture of semiconductor devices?
The silicon semiconductor devices have, in general, higher PIV and current ratings and wider temperature range than germanium semiconductor devices, that’s why silicon is preferred over germanium in the manufacture of semiconductor devices.
3. What does the arrow head represent in the schematic symbol of a p-n junction?
The arrow head in the schematic symbol of a p-n junction indicates the direction of conventional current flow when the diode is forward biased.
4.What are the two mechanisms of breakdown in a p-n junction?
Avalanche and zener breakdown.
5. Name the breakdown mechanism in a lightly doped p-n junction under reverse biased condition.
Avalanche breakdown.
6.Name the breakdown mechanism in a highly doped p-n junction under reverse biased condition.
Zener breakdown.
7.What is an ideal diode?
An ideal diode is a two terminal polarity sensitive device that has zero resistance when it is forward biased and infinite resistance when reverse biased.
8.What is reverse saturation current?
Reverse current of a diode is due to minority carriers and is caused when the diode is reverse biased. Only a very small voltage is required to direct all minority carriers across the junction, and when all minority carriers are flowing across, further increase in bias voltage will not cause increase in current. This current is referred to as reverse saturation current.
9.Is reverse saturation current of a diode is independent of reverse bias voltage?
Yes.
10.Why is germanium more temperature dependant than silicon?
Because the reserve saturation current in case of a germanium diode is approximately 1,000 times larger.
11.What is the effect of temperature on the reverse saturation current of a diode?
 Reverse saturation current , theoretically , increases by 8% per oC for silicon and 11% per oC for germanium. But from experimental data it is found that that reverse saturation current increases by 7% per oC for both silicon and germanium. This is because a surface leakage current component of reverse saturation current is independent of temperature. Since (1.07)10 =2.0 (approx.), the reverse saturation current approximately doubles for every 10oC rise in temperature.

12.What is static resistance of a diode?
The static or dc resistance of a diode is the resistance offered by it to the direct current . It is defined as the ratio of the diode voltage and current at the point of interest and is not sensitive to the shape of the V-I characteristic curve. It decreases with the increase in diode current or voltage.
13.Define dynamic resistance of a p-n junction diode in forward biased condition.
The resistance offered by a p-n junction diode to the changing forward current is defined as the dynamic resistance.
AC or dynamic resistance, r = (Small change in forward voltage) /(Small change in forward current)


























UNIT II
1. What is a transistor?
 The Transistor is a three terminal solid state device which is formed by connecting two diodes back to back. Hence it has got two PN junctions. Three terminals are drawn out of the three semiconductor materials present in it. This type of connection offers two types of transistors. They are PNP and NPN which means an N-type material between two Ptypes and the other is a P-type material between two N-types respectively.
2.  Explain about three terminals of a transistor?
Emitter
· The left hand side of the above shown structure can be understood as Emitter.
· This has a moderate size and is heavily doped as its main function is to supply a number of majority carriers, i.e. either electrons or holes.
· As this emits electrons, it is called as an Emitter.
· This is simply indicated with the letter E.
Base
· The middle material in the above figure is the Base.
· This is thin and lightly doped.
· Its main function is to pass the majority carriers from the emitter to the collector.
· This is indicated by the letter B.
Collector
· The right side material in the above figure can be understood as a Collector.
· Its name implies its function of collecting the carriers.
· This is a bit larger in size than emitter and base. It is moderately doped.
· This is indicated by the letter C.
3. Draw the symbols of NPN and PNP transistor?

. [image: C:\Users\Student\Desktop\Untitled.png]
4. Explain about transistor biasing?
Biasing is controlling the operation of the circuit by providing power supply. The function of both the PN junctions is controlled by providing bias to the circuit through some dc supply. The figure below shows how a transistor is biased.
[image: C:\Users\Student\Desktop\Untitled.png]
By having a look at the above figure, it is understood that
· The N-type material is provided negative supply and P-type material is given positive supply to make the circuit Forward bias.
· The N-type material is provided positive supply and P-type material is given negative supply to make the circuit Reverse bias.
By applying the power, the emitter base junction is always forward biased as the emitter resistance is very small. The collector base junction is reverse biased and its resistance is a bit higher. A small forward bias is sufficient at the emitter junction whereas a high reverse bias has to be applied at the collector junction.
The direction of current indicated in the circuits above, also called as the Conventional Current, is the movement of hole current which is opposite to the electron current.
5. Explain the operation of PNP transistor?
 Emitter-base junction is forward biased and collector-base junction is reverse biased.
The voltage VEE provides a positive potential at the emitter which repels the holes in the P-type material and these holes cross the emitter-base junction, to reach the base region. There a very low percent of holes recombine with free electrons of N-region. This provides very low current which constitutes the base current IB. The remaining holes cross the collector-base junction, to constitute collector current IC, which is the hole current.
As a hole reaches the collector terminal, an electron from the battery negative terminal fills the space in the collector. This flow slowly increases and the electron minority current flows through the emitter, where each electron entering the positive terminal of VEE, is replaced by a hole by moving towards the emitter junction. This constitutes emitter current IE.
Hence 
The conduction in a PNP transistor takes place through holes.
· The collector current is slightly less than the emitter current.
· The increase or decrease in the emitter current affects the collector current.

[image: C:\Users\Student\Desktop\Untitled.png]

6. Explain the operation of CB configuration?
The name itself implies that the Base terminal is taken as common terminal for both input and output of the transistor. The common base connection for both NPN and PNP transistors is as shown in the following figure.


[image: C:\Users\Student\Desktop\Untitled.png]


For the sake of understanding, let us consider NPN transistor in CB configuration. When the emitter voltage is applied, as it is forward biased, the electrons from the negative terminal repel the emitter electrons and current flows through the emitter and base to the collector to contribute collector current. The collector voltage VCB is kept constant throughout this.
In the CB configuration, the input current is the emitter current IE and the output current is the collector current IC.
Current Amplification Factor α

7.  Draw the circuit of RC coupled Amplifier?
[image: C:\Users\Administrator\Desktop\rc coupled.png]

8. Draw the circuit of CE Amplifier?
[image: C:\Users\Administrator\Desktop\rc coupled.png]


9. Why Multistage Amplifiers are used?
In practical applications, the output of a single state amplifier is usually insufficient, though it is a voltage or power amplifier. Hence they are replaced by Multi-stage transistor amplifiers.
In Multi-stage amplifiers, the output of first stage is coupled to the input of next stage using a coupling device. These coupling devices can usually be a capacitor or a transformer. This process of joining two amplifier stages using a coupling device can be called as Cascading.
The following figure shows a two-stage amplifier connected in cascade.
[image: C:\Users\Administrator\Desktop\Untitled.png]
10. What is Thermal Runaway?
The flow of collector current and also the collector leakage current causes heat dissipation. If the operating point is not stabilized, there occurs a cumulative effect which increases this heat dissipation.
The self-destruction of such an unstabilized transistor is known as Thermal run away.
In order to avoid thermal runaway and the destruction of transistor, it is necessary to stabilize the operating point, i.e., to keep IC constant.




















UNIT III
1. what is FET?
A Field Effect Transistor (FET) is a three-terminal semiconductor device. Its operation is based on a controlled input voltage. By appearance JFET and bipolar transistors are very similar. However, BJT is a current controlled device and JFET is controlled by input voltage. Most commonly two types of FETs are available.
· Junction Field Effect Transistor (JFET)
· Metal Oxide Semiconductor FET (IGFET)
2. What is Gate, Drain, Source in a FET?
 Gate − By using diffusion or alloying technique, both sides of N type bar are heavily doped to create PN junction. These doped regions are called gate (G).
Source − It is the entry point for majority carriers through which they enter into the semiconductor bar.
Drain − It is the exit point for majority carriers through which they leave the semiconductor bar.
Channel − It is the area of N type material through which majority carriers pass from the source to drain.
3. Define MOSFET?
Metal-oxide semiconductor field-effect transistors, also known as MOSFETs, have greater importance and are a new addition to the FET family.
It has a lightly doped P type substrate into which two highly doped N type zones are diffused. A unique feature of this device is its gate construction. Here, the gate is completely insulated from the channel. When voltage is applied to the gate, it will develop an electrostatic charge.
At this point of time, no current is allowed to flow in the gate region of the device. Also, the gate is an area of the device, which is coated with metal. Generally, silicon dioxide is used as an insulating material between the gate and the channel. Due to this reason, it is also known as insulated gate FET. There are two MOSFETS widely used i) Depletion MOSFET ii) Enhancement MOSFET.
4. Explain the operation of DMOSFET ? 
Depletion Mode
The following figure shows an n-channel D-MOSFET under depletion mode of operation.
Its operation is as follows −
· Most electrons are available on the gate as the gate is negative and it repels the electrons of n channel.
· This action leaves positive ions in the part of the channel. In other words, some of the free electrons of the n channel are depleted. As a result, less number of electrons are available for current conduction through the n channel.
· The greater the negative voltage at the gate, less is the current from the source to the drain. Thus, we can change the resistance of the n channel and the current from the source to the drain by varying the negative voltage on the gate.
5. Draw CMOS circuit?
   Complementary metal–oxide–semiconductor (CMOS)


[image: https://upload.wikimedia.org/wikipedia/commons/thumb/2/2f/CMOS_inverter.svg/800px-CMOS_inverter.svg.png]

6) State De Morgan's theorem.

De Morgan suggested two theorems that form important part of Boolean algebra. They

are,

1. The complement of a product is equal to the sum of the complements. (AB)' = A' + B'

2. The complement of a sum term is equal to the product of the complements. (A + B)' = A'B

7. Explain  NOR gate using DTL logic?
This is a Diode-Transistor Logic (DTL) NOR Gate circuit using a general-purpose bipolar junction transistor (BC547), and general-purpose diodes (1N4148). This page shows how to make this circuit, and the implementation is on a breadboard using discrete components.
The working logic is very simple. The emitter-collector junctions of the transistor connect in parallel to the light emitting diode (LED). When the transistor conducts (ON), it bypasses the current because almost all the current passes through the emitter-collector junctions, and therefore the LED goes OFF.
The transistor will conduct when either one or both of the inputs receive a logic 1 signal. When both inputs are logic 0, the transistor stops conducting (OFF) and all the current passes through the LED instead, hence the LED lights up.
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8. Explain TTL logic?
Transistor–transistor logic uses bipolar transistors to form its integrated circuits. Since the transistors of a standard TTL gate are saturated switches, minority carrier storage time in each junction limits the switching speed of the device. Variations on the basic TTL design are intended to reduce these effects and improve speed, power consumption, or both.

9. Compare logic families?
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10.  What is HTL logic?
The threshold values at the input to a logic gate determine whether a particular input is interpreted as a logic 0 or a logic 1.(e.g. anything less than 1 V is a logic 0 and anything above 3 V is a logic 1. In this example, the threshold values are 1V and 3V). HTL incorporates Zener diodes to create a large offset between logic 1 and logic 0 voltage levels. These devices usually ran off a 15 V power supply and were found in industrial control, where the high differential was intended to minimize the effect of noise.
















UNIT-IV

NUMBERING SYSTEMS AND DIGITAL LOGIC 
1) What are basic properties of Boolean algebra?

The basic properties of Boolean algebra are commutative property, associative Property and distributive property.

2) State the associative property of boolean algebra.

The associative property of Boolean algebra states that the OR ing of several variables results in the same regardless of the grouping of the variables. The associative property is stated as follows: A+ (B+C) = (A+B) +C

3) State the commutative property of Boolean algebra.

The commutative property states that the order in which the variables are OR ed makes no difference. The commutative property is: A+B=B+A

4) 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 the several Variables and then AND ing the sums. The distributive property is: A+BC= (A+B) (A+C)


5) State the absorption law of Boolean algebra.

The absorption law of Boolean algebra is given by X+XY=X, X(X+Y) =X.

6) State De Morgan's theorem.

De Morgan suggested two theorems that form important part of Boolean algebra. They

are,

3. The complement of a product is equal to the sum of the complements. (AB)' = A' + B'

4. The complement of a sum term is equal to the product of the complements. (A + B)' = A'B'

7) Reduce A (A + B)

A (A + B) = AA + AB= A (1 + B) [1 + B = 1]= A.

8) Reduce A'B'C' + A'BC' + A'BC

A'B'C' + A'BC' + A'BC = A'C'(B' + B) + A'B'C

4. A'C' + A'BC [A + A' = 1]

4. A'(C' + BC)

4. A'(C' + B) [A + A'B = A + B]

9.Reduce AB + (AC)' + AB’C (AB + C)

1. AB + (AC)' + AB'CC [A.A' = 0]

1. AB + (AC)' + AB'C [A.A = 1]

1. AB + A' + C' =AB'C [(AB)' = A' + B']

1. A' + B + C' + AB'C [A + AB' = A + B]
1. [bookmark: page2]A' + B'C + B + C' [A + A'B = A + B]

1. A' + B + C' + B'C

=A' + B + C' + B'

=A' + C' + 1

0. 1 [A + 1 =1]

10.Simplify the following expression Y = (A + B) (A + C’) (B' + C’)

Y = (A + B) (A + C’) (B' + C’)

10. (AA' + AC +A'B +BC) (B' + C') [A.A' = 0]

10. (AC + A'B + BC) (B' + C’)

10. AB'C + ACC' + A'BB' + A'BC' + BB'C + BCC'

10. AB'C + A'BC'

11.Show that (X + Y' + XY) (X + Y') (X'Y) = 0

(X + Y' + XY)(X + Y')(X'Y) = (X + Y' + X) (X + Y’) (X' + Y) [A + A'B = A + B]

10. (X + Y’) (X + Y’) (X'Y) [A + A = 1]

10. (X + Y’) (X'Y) [A.A = 1]

10. X.X' + Y'.X'.Y

10. 0 [A.A' = 0]

12.Prove that ABC + ABC' + AB'C + A'BC = AB + AC + BC ABC + ABC' + AB'C + A'BC=AB(C + C') + AB'C + A'BC =AB+AB'C + A'BC

=A(B + B'C) + A'BC =A(B + C) + A'BC =AB + AC + A'BC =B(A + C) + AC =AB + BC + AC

=AB + AC +BC ...Proved

13.Convert the given expression in canonical SOP form Y = AC + AB + BC Y = AC + AB + BC

=AC (B + B’) + AB (C + C’) + (A + A') BC

=ABC + ABC' + AB'C + AB'C' + ABC + ABC' + ABC =ABC + ABC' +AB'C + AB'C' [A + A =1]

14.Define duality property.


Duality property states that every algebraic expression deducible from the postulates Of Boolean algebra remains valid if the operators and identity elements are interchanged. If the dual of an algebraic expression is desired, we simply interchange OR and AND operators and replace 1's by 0's and 0's by 1's.

15.Find the complement of the functions F1 = x'yz' + x'y'z and F2 = x (y'z' + yz). By applying De-Morgan's theorem.

F1' = (x'yz' + x'y'z)' = (x'yz')'(x'y'z)' = (x + y' + z)(x + y +z') F2' = [x (y'z' + yz)]' = x' + (y'z' + yz)'

10. [bookmark: page3]x' + (y'z')'(yz)'x' + (y + z) (y' + z')

16.Simplify the following expression Y = (A + B) (A = C) (B + C)

10. (A A + A C + A B + B C) (B + C)

10. (A C + A B + B C) (B + C)

10. A B C + A C C + A B B + A B C + B B C + B C C = A B C
.
17)  Write the maxterms corresponding to the logical expression
Y = (A + B + C’) (A + B' + C') (A' + B' + C)

= (A + B + C’) (A + B' + C') (A' + B' + C)

=M1.M3.M6

= M (1, 3, 6)

LONG ANSWERS
Example  Obtain the canonical sum of product form of the following function.
F (A, B, C, D) = AB + ACD

Solution. F (A, B, C, D) = AB + ACD
= AB (C + C′) (D + D′) + ACD (B + B′)
= (ABC + ABC′) (D + D′) + ABCD + AB′CD
= ABCD + ABCD′+ ABC′D + ABC′D′+ ABCD + AB′CD
= ABCD + ABCD′+ ABC′D + ABC′D′+ AB′CD
Hence above is the canonical sum of the product expression of the given function
Example Obtain the canonical product of the sum form of the following function.
F (A, B, C) = A + B′C

Solution. In the above three-variable expression, the function is given at sum of the
product form. First, the function needs to be changed to product of the sum form by applying
the distributive law as shown below.
F (A, B, C) = A + B′C
= (A + B′) (A + C)
Now, in the above expression, C is missing from the fi rst term and B is missing from
the second term. Hence CC′is to be added with the fi rst term and BB′is to be added with
the second term as shown below.
F (A, B, C) = (A + B′) (A + C)
= (A + B′+ CC′) (A + C + BB′)
= (A + B′+ C) (A + B′+ C′) (A + B + C) (A + B′+ C)
[using the distributive property, as X + YZ = (X + Y) (X + Z)]
= (A + B′+ C) (A + B′+ C′) (A + B + C)
[as (A + B′+ C) (A + B′+ C) = A + B′+ C]
Hence the canonical product of the sum expression for the given function is
F (A, B, C) = (A + B′+ C) (A + B′+ C′) (A + B + C).
Example 3.17. Realize the function F = (A + B)(A’ + C)(B + D) by (i) basic gates,
(ii) NAND gates only, (iii) NOR gates only.
Solution. (i) The function is realized basic gates as in Figure a

[image: ]

Figure a
(ii) Realization by NAND gates only is demonstrated in Figure b

[image: ]




Figure b
(iii) The given function has been implemented with NOR gates only in Figure c.

[image: ]



Figure c
GATE LEVEL MINIMIZATION
1) State the limitations of karnaugh map.

10. Generally it is limited to six variable map (i.e) more then six variable involving expression are not reduced.

10. The map method is restricted in its capability since they are useful for simplifying only Boolean expression represented in standard form.


2) 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.

3) 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.

4) What is an essential implicant?

If a min term is covered by only one prime implicant, the prime implicant is said to be Essential.
5) Write down the steps in implementing a Boolean function with levels of NAND Gates.

14. Simplify the function and express it in sum of products.

14. Draw a NAND gate for each product term of the expression that has at least two Literals.

14. The inputs to each NAND gate are the literals of the term.

14. This constitutes a group of first level gates.

14. Draw a single gate using the AND-invert or the invert- OR graphic symbol in the second level, with inputs coming from outputs of first level gates.

14. A term with a single literal requires an inverter in the first level. How ever if the single literal is complemented, it can be connected directly to an input of the second level NAND gate.
6) Give the general procedure for converting a Boolean expression in to multilevel NAND diagram?

10. Draw the AND-OR diagram of the Boolean expression.

10. Convert all AND gates to NAND gates with AND-invert graphic symbols.

10. Convert all OR gates to NAND gates with invert-OR graphic symbols.

10. Check all the bubbles in the same diagram. For every bubble that is not compensated by another circle along the same line, insert an inverter or complement the input literal.




LONG ANSWERS
1) Explain about k-map
Karnaugh maps provide a systematic method to obtain simplified sum-of-products (SOPs) Boolean expressions. This is a compact way of representing a truth table and is a technique that is used to simplify logic expressions. It is ideally suited for four or less variables, becoming cumbersome for five or more variables. Each square represents either a minterm or maxterm. A K-map of n variables will have 2 squares. For a Boolean expression, product terms are denoted by 1's, while sum terms are denoted by 0's - but 0's are often left blank. 
A K-map consists of a grid of squares, each square representing one canonical minterm combination of the variables or their inverse. The map is arranged so that squares representing minterms which differ by only one variable are adjacent both vertically and horizontally. Therefore XY'Z' would be adjacent to X'Y'Z' and would also adjacent to XY'Z and XYZ'.
2)Implement 2 variable XOR gate using NAND only in minimum number of gates.
F= x XOR y = x’y+xy’ = x’y+xy’+xx’+yy’ = (x+y) (x’+y’)
Now we need to implement this circuit using NAND gates
F= (x+y)(xy)’ = x. (xy)’ + y. (xy)’
Take compliment
F’= ( x. (xy)’ + y. (xy)’ )’ = (x. (xy)’)’. (y. (xy)’)
Take compliment again
F=( (x. (xy)’)’. (y. (xy)’) )’
Now we can implement this using NAND gates
[image: http://www.exploreroots.com/Digital17_clip_image002.jpg]
So we get that we need minimum of 4 NAND gates to implement XOR gate and if we are to implement XNOR gate then we’ll use 5 NAND gates with 5th gate used as inverter and placed in-front of 4th NAND gate in above circuit.
3)  Implement 2 variable XNOR gate using NOR only in minimum number of gates. 
F= x XNOR y = (x XOR y)’
F’= (x XOR y) = x’y+xy’ = x’y+xy’+xx’+yy’ = (x+y) (x’+y’)
F’= x’(x+y) + y’(x+y)
Take compliment
F= (x’(x+y) + y’(x+y))’ = (x’(x+y) )’ . (y’(x+y))’ =(x+(x+y)’). (y + (x+y)’)  
Take compliment again
F’= ( (x+(x+y)’). (y + (x+y)’) )’ = (x+(x+y)’)’ + (y + (x+y)’)’
Take compliment again
F= [ (x+(x+y)’)’ + (y + (x+y)’)’ ]’
Now we can implement the circuit of XNOR gate using NOR gates

[image: http://www.exploreroots.com/Digital18_clip_image002.jpg]
Hence we need only 4 NOR GATES to implement XNOR gate and we require 5 NOR gates to implement XOR gate with 5th NOR gate used as inverter and placed in front of 4th NOR gate.
COMBINATIONAL CIRCUITS
1) Define combinational logic.

When logic gates are connected together to produce a specified output for certain specified combinations of input variables, with no storage involved, the resulting circuit is called combinational logic.

2) Write the design procedure for combinational circuits.

10. The problem definition

10. Determine the number of available input variables & required O/P variables.

10. Assigning letter symbols to I/O variables

10. Obtain simplified Boolean expression for each O/P.

10. Obtain the logic diagram.

3) Define half adder and full adder.

The logic circuit that performs the addition of two bits is a half adder. The circuit that Performs the addition of three bits is a full adder.

4) Define Decoder.

A decoder is a multiple - input multiple output logic circuit that converts coded inputs into coded outputs where the input and output codes are different.

5) What is binary decoder?

A decoder is a combinational circuit that converts binary information from n input lines to a maximum of 2n out puts lines.

6) Define Encoder.

An encoder has 2n input lines and n output lines. In encoder the output lines generate the binary code corresponding to the input value.
[bookmark: page5]
7) What is priority Encoder?

A priority encoder is an encoder circuit that includes the priority function. In priority encoder, if 2 or more inputs are equal to 1 at the same time, the input having the highest priority will take precedence.

8) Define multiplexer.

Multiplexer is a digital switch. If allows digital information from several sources to be routed onto a single output line.

9) What do you mean by comparator?

A comparator is a special combinational circuit designed primarily to compare the relative magnitude of two binary numbers.


Whenever the same set of inputs is fed in to a combinatorial circuit, the same outputs will be generated. Such circuits are said to be stateless. Some simple combinational logic elements that we have seen in previous sections are "Gates".
[image: ]	
All the gates in the above figure have 2 inputs and one output; combinational elements simplest form are "not" gate and "buffer" as shown in the figure below. They have only one input and one output.
[image: ]
2)What is Decoders explain with an example

Enable inputs must be on for the decoder to function, otherwise its outputs assume a single "disabled" output code word. 
Decoding is necessary in applications such as data multiplexing, 7 segment display and memory address decoding. Figure below shows the pseudo block of a decoder.
[image: ]
Binary n-to-2n Decoders 
A binary decoder has n inputs and 2n outputs. Only one output is active at any one time, corresponding to the input value. Figure below shows a representation of Binary n-to-2n decoder
[image: ]
2-to-4 Binary Decoder 
A 2 to 4 decoder consists of two inputs and four outputs, truth table and symbols of which is shown below.
	X 
	Y 
	F0 
	F1 
	F2 
	F3 

	0 
	0 
	1 
	0 
	0 
	0 

	0 
	1 
	0 
	1 
	0 
	0 

	1 
	0 
	0 
	0 
	1 
	0 

	1 
	1 
	0 
	0 
	0 
	1 


Symbol
[image: ]
To minimize the above truth table we may use kmap, but doing that you will realize that it is a waste of time. One can directly write down the function for each of the outputs. Thus we can draw the circuit as shown in figure below. 
Note: Each output is a 2-variable minterm (X'Y', X'Y, XY', XY) 
	Circuit Example-


[image: ]
3) 3-to-8 Binary Decoder 
A 3 to 8 decoder consists of three inputs and eight outputs, truth table and symbols of which is shown below.
Truth table
	X 
	Y 
	Z 
	F0 
	F1 
	F2 
	F3 
	F4 
	F5 
	F6 
	F7 

	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 
	1 
	0 

	1 
	1 
	1 
	0 
	0 
	0 
	0 
	0 
	0 
	0 
	1 

	

	
	
	
	
	
	
	
	
	
	


[image: ]
From the truth table we can draw the circuit diagram as shown in figure below.
[image: ]
4) Explain about Full adder with its hardware implementation.

S(x, y, z) = (1,2,4,7) 
C(x, y, z) = (3,5,6,7)
Truth Table

	X 
	Y 
	Z 
	C 
	S 

	0 
	0 
	0 
	0 
	0 

	0 
	0 
	1 
	0 
	1 

	0 
	1 
	0 
	0 
	1 

	0 
	1 
	1 
	1 
	0 

	1 
	0 
	0 
	0 
	1 

	1 
	0 
	1 
	1 
	0 

	1 
	1 
	0 
	1 
	0 

	1 
	1 
	1 
	1 
	1 



From the truth table we know the values for which the sum (s) is active and also the carry (c) is active. Thus we have the equation as shown above and a circuit can be drawn as shown below from the equation derived.
[image: ]

5) 4to3 Priority Encoder 

The truth table of a 4-input priority encoder is as shown below. The input D3 has the highest priority, D2 has next highest priority, D0 has the lowest priority. This means output Y2 and Y1 are 0 only when none of the inputs D1, D2, D3 are high and only D0 is high. 
A 4 to 3 encoder consists of four inputs and three outputs, truth table and symbols of which is shown below.
Truth Table
	D3 
	D2 
	D1 
	D0 
	Y2 
	Y1 
	Y0 

	0 
	0 
	0 
	0 
	0 
	0 
	0 

	0 
	0 
	0 
	1 
	0 
	0 
	1 

	0 
	0 
	1 
	x 
	0 
	1 
	0 

	0 
	1 
	x 
	x 
	0 
	1 
	1 

	1 
	x 
	x 
	x 
	1 
	0 
	0 



Now that we have the truth table, we can draw the Kmaps as shown below.



Kmaps

[image: ]From the Kmap we can draw the circuit as shown below. For Y2, we connect directly to D3.
[image: ]

We can apply the same logic to get higher order priority encoders.

6) explain about Multiplexer with an example.

A multiplexer (MUX) is a digital switch which connects data from one of n sources to the output. A number of select inputs determine which data source is connected to the output. The block diagram of MUX with n data sources of b bits wide and s bits wide select line is shown in below figure.
[image: ]
MUX acts like a digitally controlled multi-position switch where the binary code applied to the select inputs controls the input source that will be switched on to the output as shown in the figure below. At any given point of time only one input gets selected and is connected to output, based on the select input signal.
8-to-1 multiplexer from Smaller MUX 
Truth Table
	S2 
	S1 
	S0 
	F 

	0 
	0 
	0 
	I0 

	0 
	0 
	1 
	I1 

	0 
	1 
	0 
	I2 

	0 
	1 
	1 
	I3 

	1 
	0 
	0 
	I4 

	1 
	0 
	1 
	I5 

	1 
	1 
	0 
	I6 


Circuit
[image: ]
7) 3-variable Function Using 4-to-1 mux 
Implement the function F(X,Y,Z) = S(0,1,3,6) using a single 4-to-1 mux and an inverter. We choose the two most significant inputs X, Y as mux select lines. 
Construct truth table.
Truth Table
	Select i 
	X 
	Y 
	Z 
	F 
	Mux Input i 

	0 
	0 
	0 
	0 
	1 
	1 

	0 
	0 
	0 
	1 
	1 
	1 

	1 
	0 
	1 
	0 
	0 
	Z 

	1 
	0 
	1 
	1 
	1 
	Z 

	2 
	1 
	0 
	0 
	0 
	0 

	2 
	1 
	0 
	1 
	0 
	0 

	3 
	1 
	1 
	0 
	1 
	Z' 

	3 
	1 
	1 
	1 
	0 
	Z' 



Circuit
[image: ]
We determine multiplexer input line i values by comparing the remaining input variable Z and the function F for the corresponding selection lines value i 
 when XY=00 the function F is 1 (for both Z=0, Z=1) thus mux input0 = 1 
 when XY=01 the function F is Z thus mux input1 = Z 
 when XY=10 the function F is 0 (for both Z=0, Z=1) thus mux input2 = 0 
 when XY=11 the function F is Z' thus mux input3 = Z' 






















UNIT V
SEQUENTIAL CIRCUITS
1. What are the classifications of sequential circuits?

The sequential circuits are classified on the basis of timing of their signals into two types. They are,

1) Synchronous sequential circuit.	2) Asynchronous sequential circuit.

2. Define Flip flop.

The basic unit for storage is flip flop. A flip-flop maintains its output state either at 1 or 0 until directed by an input signal to change its state.

3. What are the different types of flip-flop?

There are various types of flip flops. Some of them are mentioned below they are,

	(1)
	RS flip-flop
	(2)
	SR flip-flop
	(3) D flip-flop

	(4) JK flip-flop
	(5)
	T flip-flop
	




1. What is the operation of RS flip-flop?

11. When R input is low and S input is high the Q output of flip-flop is set.

11. When R input is high and S input is low the Q output of flip-flop is reset.

11. When both the inputs R and S are low the output does not change.

11. When both the inputs R and S are high the output is unpredictable.

1. What is the operation of SR flip-flop?

12. When R input is low and S input is high the Q output of flip-flop is set.

12. When R input is high and S input is low the Q output of flip-flop is reset.

12. When both the inputs R and S are low the output does not change.

12. When both the inputs R and S are high the output is unpredictable.

1. What is the operation of D flip-flop?

In D flip-flop during the occurrence of clock pulse if D=1, the output Q is set and if D=0, the output is reset.

1. What is the operation of JK flip-flop?

1. When K input is low and J input is high the Q output of flip-flop is set.

2. When K input is high and J input is low the Q output of flip-flop is reset.

3. When both the inputs K and J are low the output does not change

4. When both the inputs K and J are high it is possible to set or reset the Flip-flop (ie) the output toggle on the next positive clock edge.

15. What is the operation of T flip-flop?
[bookmark: page7]T flip-flop is also known as Toggle flip-flop.

15. When T=0 there is no change in the output.

15. When T=1 the output switch to the complement state (ie) the output toggles.

1. Define race around condition.

In JK flip-flop output is fed back to the input. Therefore change in the output results change in the input. Due to this in the positive half of the clock pulse if both J and K are high then output toggles continuously. This condition is called race around condition’.

7. What is edge-triggered flip-flop?

The problem of race around condition can solved by edge triggering flip flop. The term edge triggering means that the flip-flop changes state either at the positive edge or negative edge of the clock pulse and it is sensitive to its inputs only at this transition of the clock.

8. What is a master-slave flip-flop?

A master-slave flip-flop consists of two flip-flops where one circuit serves as a master and the other as a slave.

9. Explain the flip-flop excitation tables for RS FF.


In RS flip-flop there are four possible transitions from the present state to the next state. They are,

16. _ 0_0 transition: This can happen either when R=S=0 or when R=1 and S=0.

16. _ 0_1 transition: This can happen only when S=1 and R=0.

16. _ 1_0 transition: This can happen only when S=0 and R=1.

16. _ 1_1 transition: This can happen either when S=1 and R=0 or S=0 and R=0.

10.Explain the flip-flop excitation tables for JK flip-flop

In JK flip-flop also there are four possible transitions from present state to next state.They

are,

16. _ 0_0 transition: This can happen when J=0 and K=1 or K=0.

16. _ 0_1 transition: This can happen either when J=1 and K=0 or when J=K=1.

16. _ 1_0 transition: This can happen either when J=0 and K=1 or when J=K=1.

16. _ 1_1 transition: This can happen when K=0 and J=0 or J=1.

11.Explain the flip-flop excitation tables for D flip-flop

In D flip-flop the next state is always equal to the D input and it is independent of the present state. Therefore D must be 0 if Qn+1 has to 0, and if Qn+1 has to be 1 regardless the value of Qn.

12. Explain the flip-flop excitation tables for T flip-flop

When input T=1 the state of the flip-flop is complemented; when T=0, the state of the Flip-flop remains unchanged. Therefore, for 0_0 and 1_1 transitions T must be 0 and for 0_1 and 1_0 transitions must be 1.

13. Define sequential circuit.
[bookmark: page8]In sequential circuits the output variables dependent not only on the present input variables but they also depend up on the past history of these input variables.

14.Give the comparison between combinational circuits and sequential circuits. Combinational circuits Sequential circuits Memory unit is not required Memory unity is

Required Parallel adder is a combinational circuit Serial adder is a sequential circuit.

15. What do you mean by present state?

The information stored in the memory elements at any given time define.s the present state of the sequential circuit.

16. What do you mean by next state?

The present state and the external inputs determine the outputs and the next state of the sequential circuit.

18. State the types of sequential circuits?

1. Synchronous sequential circuits	2. Asynchronous sequential circuits

19. Define synchronous sequential circuit


In synchronous sequential circuits, signals can affect the memory elements only at discrete instant of time.

20. Define Asynchronous sequential circuit?

In asynchronous sequential circuits change in input signals can affect memory element at any instant of time.

21. Give the comparison between synchronous & Asynchronous sequential circuits? Synchronous sequential circuits Asynchronous sequential circuits. Memory elements are

locked flip-flops Memory elements are either unlocked flip - flops or time delay elements.

22. What is race around condition?

In the JK latch, the output is feedback to the input, and therefore changes in the output results change in the input. Due to this in the positive half of the clock pulse if J and K are both high then output toggles continuously. This condition is known as race around condition.

23.Give the comparison between synchronous & Asynchronous counters. Asynchronous counters

16. In this type of counter flip-flops are Connected in such a way that output of 1st Flip-flop drives the clock for the next Flipflop

16. All the flip-flops are not clocked Simultaneously

Synchronous counters

1. In this type there is no connection between output of first flip-flop and clock input of

the next flip – flop

1. All the flip-flops are clocked simultaneously

	24. Explain ROM.

A read only memory (ROM) is a device that includes both the decoder and the OR gates within a single IC package. It consists of n input lines and m output lines. Each bit Combination of the input variables is called an address. Each bit combination that comes out of the output lines is called a word. The number of distinct addresses possible with n input variables is 2n.

25. What are the types of ROM?


1. PROM	2. EPROM	3. EEPROM

26. Explain PROM.

PROM (Programmable Read Only Memory) it allows user to store data or program. PROMs use the fuses with materiallike nichrome and polycrystalline. The user can blow these fuses by passing around 20 to 50 mA of current for the period 5 to 20ìs.The blowing of fuses is called programming of ROM. The PROMs are one time programmable. Once programmed, the information is stored permanent.

27. Explain EPROM.

EPROM (Erasable Programmable Read Only Memory) EPROM use MOS circuitry. They store 1’s and 0’s as a packet of charge in a buried layer of the IC chip. We can erase the stored data in the EPROMs by exposing the chip to ultraviolet light via its quartz window for 15 to 20 minutes. It is not possible to erase selective information. The chip can be reprogrammed.

28. Explain EEPROM.

EEPROM (Electrically Erasable Programmable Read Only Memory). EEPROM also use MOS circuitry. Data is stored as charge or no charge on an insulated layer or an insulated floating gate in the device. EEPROM allows selective erasing at the register level rather than erasing all the information since the information can be changed by using electrical signals.

29. Define address and word:

In a ROM, each bit combination of the input variable is called on address. Each bit combination that comes out of the output lines is called a word.






30. What are the types of ROM.?

1. Masked ROM.
2. Programmable Read only Memory
18. Erasable Programmable Read only memory.

18. Electrically Erasable Programmable Read only Memory.

31.What is programmable logic array? How it differs from ROM?

In some cases the number of don’t care conditions is excessive, it is more economical to use a second type of LSI component called a PLA. A PLA is similar to a ROM in concept; however it does not provide full decoding of the variables and does not generates all the min terms as in the ROM.

32. What is mask - programmable?

With a mask programmable PLA, the user must submit a PLA program table to the manufacturer.

33. What is field programmable logic array?

The second type of PLA is called a field programmable logic array. The user by means of certain recommended procedures can program the EPLA.

34. Define bit, byte and word.

The smallest unit of binary data is bit. Data are handled in a 8 bit unit called byte. A complete unit of information is called a word which consists of one or more bytes.


35. How many words can a 16x8 memory can store?

A 16x8 memory can store 16,384 words of eight bits each

36. Define address of a memory.

The location of a unit of data in a memory is called address.

37. What is Read and Write operation?

The Write operation stores data into a specified address into the memory and the Read operation takes data out of a specified address in the memory.

38. Why RAMs are called as Volatile?

RAMs are called as Volatile memories because RAMs lose stored data when the power is turned OFF.

39. Define ROM.

ROM is a type of memory in which data are stored permanently or semi permanently.

Data can be read from a ROM, but there is no write operation.

40. Define RAM.

RAM is Random Access Memory. It is a random access read/write memory. The data can be read or written into from any selected address in any sequence.

41. Define Static RAM and dynamic RAM.

Static RAM use flip flops as storage elements and therefore store data indefinitely as long as dc power is applied. Dynamic RAMs use capacitors as storage elements and cannot retain data very long without capacitors being recharged by a process called refreshing.
42. List the two types of SRAM.

Asynchronous SRAMs and Synhronous Burst SRAMs

43. List the basic types of DRAMs.

Fast Page Mode DRAM,Extended Data Out DRAM(EDO DRAM),Burst EDO DRAM and Synchronous DRAM.

44. Define a bus.

A bus is a set of conductive paths that serve to interconnect two or more functional components of a system or several diverse systems.

45. Define Cache memory.

It is a relatively small, high-speed memory that can store the most recently used instructions or data from larger but slower main memory.

46. What is the technique adopted by DRAMs.

DRAMs use a technique called address multiplexing to reduce the number of address

lines.

47.Give the feature of UV EPROM.


UV EPROM is electrically programmable by the user, but the store data must be erased by exposure to ultra violet light over a period of several minutes.

48. Give the feature of flash memory.

The ideal memory has high storage capacity, non-volatility; in-system read and write capability, comparatively fast operation. The traditional memory technologies such as ROM, PROM, EEPROM individually exhibits one of these characteristics, but no single technology has all of them except the flash memory.

49. What are Flash memories?

They are high density read/write memories that are non-volatile, which means data can be stored indefinitely with out power.

50.List the three major operations in a flash memory. Programming, Read and Erase operation

51.What is a FIFO memory?

The term FIFO refers to the basic operation of this type of memory in which the first data bit written into the memory is to first to be read out.

52.List basic types of programmable logic devices.

18. Read only memory 2. Programmable logic Array 3. Programmable Array Logic

LONG ANSWERS
1.What is sequential circuit 
Digital electronics is classified into combinational logic and sequential logic. Combinational logic output depends on the inputs levels, whereas sequential logic output depends on stored levels and also the input levels.
[image: ]
The memory elements are devices capable of storing binary info. The binary info stored in the memory elements at any given time defines the state of the sequential circuit. The input and the present state of the memory element determines the output. Memory elements next state is also a function of external inputs and present state. A sequential circuit is specified by a time sequence of inputs, outputs, and internal states.
2) What are the different types of sequential circuits and explain.
There are two types of sequential circuits. Their classification depends on the timing of their signals: 
 Synchronous sequential circuits 
 Asynchronous sequential circuits 

Asynchronous sequential circuit 
This is a system whose outputs depend upon the order in which its input variables change and can be affected at any instant of time. 
Gate-type asynchronous systems are basically combinational circuits with feedback paths. Because of the feedback among logic gates, the system may, at times, become unstable. Consequently they are not often used.
[image: ]




Synchronous sequential circuits 
This type of system uses storage elements called flip-flops that are employed to change their binary value only at discrete instants of time. Synchronous sequential circuits use logic gates and flip-flop storage devices. Sequential circuits have a clock signal as one of their inputs. All state transitions in such circuits occur only when the clock value is either 0 or 1 or happen at the rising or falling edges of the clock depending on the type of memory elements used in the circuit. Synchronization is achieved by a timing device called a clock pulse generator. Clock pulses are distributed throughout the system in such a way that the flip-flops are affected only with the arrival of the synchronization pulse. Synchronous sequential circuits that use clock pulses in the inputs are called clocked-sequential circuits. They are stable and their timing can easily be broken down into independent discrete steps, each of which is considered separately.

[image: ]

A clock signal is a periodic square wave that indefinitely switches from 0 to 1 and from 1 to 0 at fixed intervals. Clock cycle time or clock period: the time interval between two consecutive rising or falling edges of the clock. 
Clock Frequency = 1 / clock cycle time (measured in cycles per second or Hz)


3) What is mean by latches and flip flops explain sr latch

Latches and Flip-flops are one and the same with a slight variation: Latches have level sensitive control signal input and Flip-flops have edge sensitive control signal input. Flip-flops and latches which use this control signals are called synchronous circuits. So if they don't use clock inputs, then they are called asynchronous circuits. 
RS Latch 

RS latch have two inputs, S and R. S is called set and R is called reset. The S input is used to produce HIGH on Q ( i.e. store binary 1 in flip-flop). The R input is used to produce LOW on Q (i.e. store binary 0 in flip-flop). Q' is Q complementary output, so it always holds the opposite value of Q. The output of the S-R latch depends on current as well as previous inputs or state, and its state (value stored) can change as soon as its inputs change. The circuit and the truth table of RS latch is shown below. (This circuit is as we saw in the last page, but arranged to look beautiful 

[image: ]


	S 
	 R 
	 Q 
	 Q+ 
	 

	 0 
	 0 
	 0 
	 0 
	 

	 0 
	 0 
	 1 
	 1 
	 

	 0 
	 1 
	 X 
	 0 
	 

	 1 
	 0 
	 X 
	 1 
	 

	 1 
	 1 
	 X 
	 0 
	 



The operation has to be analyzed with the 4 inputs combinations together with the 2 possible previous states. 
 When S = 0 and R = 0: If we assume Q = 1 and Q' = 0 as initial condition, then output Q after input is applied would be Q = (R + Q')' = 1 and Q' = (S + Q)' = 0. Assuming Q = 0 and Q' = 1 as initial condition, then output Q after the input applied would be Q = (R + Q')' = 0 and Q' = (S + Q)' = 1. So it is clear that when both S and R inputs are LOW, the output is retained as before the application of inputs. (i.e. there is no state change). 
 When S = 1 and R = 0: If we assume Q = 1 and Q' = 0 as initial condition, then output Q after input is applied would be Q = (R + Q')' = 1 and Q' = (S + Q)' = 0. Assuming Q = 0 and Q' = 1 as initial condition, then output Q after the input applied would be Q = (R + Q')' = 1 and Q' = (S + Q)' = 0. So in simple words when S is HIGH and R is LOW, output Q is HIGH. 
 When S = 0 and R = 1: If we assume Q = 1 and Q' = 0 as initial condition, then output Q after input is applied would be Q = (R + Q')' = 0 and Q' = (S + Q)' = 1. Assuming Q = 0 and Q' = 1 as initial condition, then output Q after the input applied would be Q = (R + Q')' = 0 and Q' = (S + Q)' = 1. So in simple words when S is LOW and R is HIGH, output Q is LOW. 
 When S = 1 and R =1 : No matter what state Q and Q' are in, application of 1 at input of NOR gate always results in 0 at output of NOR gate, which results in both Q and Q' set to LOW (i.e. Q = Q'). LOW in both the outputs basically is wrong, so this case is invalid. 

The waveform below shows the operation of NOR gates based RS Latch.
[image: ]

4) Setup and Hold Time 
For synchronous flip-flops, we have special requirements for the inputs with respect to clock signal input. They are 
 Setup Time: Minimum time period during which data must be stable before the clock makes a valid transition. For example, for a posedge triggered flip-flop, with a setup time of 2 ns, Input Data (i.e. R and S in the case of RS flip-flop) should be stable for at least 2 ns before clock makes transition from 0 to 1. 
 Hold Time: Minimum time period during which data must be stable after the clock has made a valid transition. For example, for a posedge triggered flip-flop, with a hold time of 1 ns. Input Data (i.e. R and S in the case of RS flip-flop) should be stable for at least 1 ns after clock has made transition from 0 to 1. 
 If data makes transition within this setup window and before the hold window, then the flip-flop output is not predictable, and flip-flop enters what is known as meta stable state. In this state flip-flop output oscillates between 0 and 1. It takes some time for the flip-flop to settle down. The whole process is called metastability. You could refer to tidbits section to know more information on this topic. 

The waveform below shows input S (R is not shown), and CLK and output Q (Q' is not shown) for a SR posedge flip-flop.
[image: ]


5) D Latch

The RS latch seen earlier contains ambiguous state; to eliminate this condition we can ensure that S and R are never equal. This is done by connecting S and R together with an inverter. Thus we have D Latch: the same as the RS latch, with the only difference that there is only one input, instead of two (R and S). This input is called D or Data input. D latch is called D transparent latch for the reasons explained earlier. Delay flip-flop or delay latch is another name used. Below is the truth table and circuit of D latch. 
In real world designs (ASIC/FPGA Designs) only D latches/Flip-Flops are used.
[image: ]

	D 
	Q 
	Q+ 

	1 
	X 
	1 

	0 
	X 
	0 



Below is the D latch waveform, which is similar to the RS latch one, but with R removed.
[image: ]

6) JK Master Slave Flip-Flop 

All sequential circuits that we have seen in the last few pages have a problem (All level sensitive sequential circuits have this problem). Before the enable input changes state from HIGH to LOW (assuming HIGH is ON and LOW is OFF state), if inputs changes, then another state transition occurs for the same enable pulse. This sort of multiple transition problem is called racing. 
If we make the sequential element sensitive to edges, instead of levels, we can overcome this problem, as input is evaluated only during enable/clock edges.

[image: ]

In the figure above there are two latches, the first latch on the left is called master latch and the one on the right is called slave latch. Master latch is positively clocked and slave latch is negatively clocked.

[image: ]


5) What are the difference between latches and flip flop
[image: Image result]
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LONG ANSWERS
[image: Image result]
1.difference between RAM and ROM

	

	ROM

	1.
	Stands for Randon-access Memory
	Stands for Read-only memory

	2.
	RAM is a read and write memory
	Normally ROM is read only memory and it can not be overwritten. However, EPROMs can be reprogrammed

	3.
	RAM is faster
	ROM is relatively slower than RAM

	4.
	RAM is a volatile memory. It means that the data in RAM will be lost if power supply is cut-off
	ROM is permanent memory. Data in ROM will stay as it is even if we remove the power-supply

	5.
	There are mainly two types of RAM; static RAM and Dynamic RAM
	There are several types of ROM; Erasable ROM, Programmable ROM, EPROM etc.

	6.
	RAM stores all the applications and data when the computer is up and running
	ROM usually stores instructions that are required for starting (booting) the computer

	7.
	Price of RAM is comparatively high
	ROM chips are comparatively cheaper

	8.
	RAM chips are bigger in size
	ROM chips are smaller in size

	9.
	Processor can directly access the content of RAM
	Content of ROM are usually first transferred to RAM and then accessed by processor. This is done in order to be able to access ROM content at a faster speed.

	10.
	RAM is often installed with large storage.
	Storage capacity of ROM installed in a computer is much lesser than RAM
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Latches

Flip Flops

Tatches are building blocks of sequential
circuits and these can be built from logic

gates

Flip flops are also building blocks 0of|
sequential circuits. But, these can be built
from the latches.

Latch continuously checks its fnputs and
changes its output correspondingly.

Flip flop continuously checks its fputs
and changes its output correspondingly
only at times determined by clocking

signal

The latch is sensitive to the duration of the

pulse and can send or receive the data
when the switch is on

Flipflop is sensitive to a signal change.
They can transfer data only at the single
instant and data cannot be changed until
next signal change. Flip flops areused as a
register.

It is based on the enable function input

It works on the basis of clock pulses

Ttis alevel triggered, it means that the
output of the present state and input of the
next state depends on the level thatis

binary input 1 or 0.

Ttis an edge triggered, it means that the
output and the next state input changes
when there is a change in clock pulse
whether it may a-+ve or -ve clock pulse.
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