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Chapter 5 and 6 (Flip-Flop and Digital Arithmetic Operation)

1. Explain how a NAND/NOR latch store a bit. What is their limitation? (20-21, 19-20)
[3]
Answer:
A NAND/NOR latch can store a single bit of information (0 or 1) using cross-coupled logic gates. In
those latch the inputs are indicated by S(set) and R(reset) and outputs are indicated by Qn and |Q.

The process of storing bit of NAND Latch:

1. When S = R = 1, the latch maintains the current state. S (set) R Qn Qw1
2. When S =0 and R = 1, the output = 1 means set the latch. 5 (reget) e
1valic
3. When S =1 and R = 0, the output = 0 means reset the latch. 0 0 invalid
0 1 1
Limitations: 0 1 1
1 0 0
1. When S = R =0, the output = invalid and latch throws 1 0 0
1 1 unchanged
error. 1 1 unchanged
2. When Q= |Qn= same bit of value (0 or 1), the latch
level-triggered and it goes to race condition.
The process of storing bit of NOR Latch:
1. When S =R = 0, the latch maintains the current state. S (set) R Qn Qu+
2. When S =0 and R = 1, the output = 0 means reset the latch. (reset)
0 0 0 unchanged
3. When S =1 and R = 0, the output = 1 means set the latch. 0 0 1 | unchanged
0 1 0 0
Limitations: 0 1 1 0
1 0 0 1
1. When S =R =1, the output = invalid and latch throws 1 0 1 1
1 1 0 invalid
CITOT. 1 1 1 invalid

2. When Q= |Qn = same bit of value (0 or 1), the latch
level-triggered and it goes to race condition.

2. What are the limitations of S-R flip flop? How can be resolved these? (20-21, 18-19)
[4]

The limitations and resolutions of S-R flip-flop are given below:

Indeterminate State:

= Limitation: When both inputs (S and R) = 1, the output becomes unstable.
= Solution: Use a J-K flip-flop, which toggles instead of becoming undefined when both inputs are high.

Lack of Clock Control:

= Limitation: Basic S-R flip-flops are level-triggered and may not reliably capture input changes.
=  Solution: Use a Clocked S-R flip-flop or a D flip-flop for stable, edge-triggered responses.

Glitches from Asynchronous Inputs:

* Limitation: Small timing differences can cause unstable output.
= Solution: Use a Clocked or Master-Slave flip-flop to synchronize inputs and prevent glitches.

Limited in Complex Circuits:

= Limitation: The S-R flip-flop’s simplicity restricts its use in advanced circuits.
= Solution: Use more versatile flip-flops like D or J-K flip-flops in complex designs.
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3. Define race-around condition in J-K flip-flop? How can you overcome the problem?
Explain with appropriate figure and waveforms. (20-21, 19-20) [5]
Answer:

In JK Flip-flop, if J=K=1, and if clk=1 for a long period of time, then Q output will toggle as long as CLK is
high, which makes the output of the flip-flop unstable or uncertain. This problem is called race around
condition in J-K flip-flop.

The truth table of the J-K flip-flop is given below:

J K Qn+1
0 0 Qn

0 1 0

1 0 1

1 1 mvalid

The invalid at J = K =1 is known as the race-around condition.

To overcome this condition, a Master-slave JK filp-flop is used.

Master-slave JK Flip-Flop

Explaination:

1. The master-slave flip flop is constructed by combining two JK flip flops.

2. These flip-flops are connected in a series configuration. In these two flip flops, the 1st flip flop work
as a "master", called the master flip flop, and the 2nd work as a "slave", called the slave flip flop.

3. When the clock pulse is true, the slave flip flop will be in the isolated state, and the system's state
may be affected by the J and K inputs. The "slave" remains isolated until the CP is 1. When the CP is
set to 0, the master flip-flop passes the information to the slave flip-flop to obtain the output.

4. How a NAND/NOR latch store a bit? (19-20) [2]

Answer:

NAND Latch
1. Setup: Made of two cross-connected NAND gates.
2. Inputs: S(Set) and R(Reset).
3. Operation:

= Set: S=0and R =1, makes output Q = 1.
= Reset: S=1, R =0, makes output Q = 0.
= Hold: S=1, R =1, keeps the last value of Q, storing a bit.
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NOR Latch:

1. Setup: Made of two cross-connected NOR gates.
2. Inputs: S(Set) and R(Reset).
3. Operation:
= Set: S=0and R =1, makes output Q = 0.
= Reset: S=1, R =0, makes output Q = 1.
= Hold: S =R =0, keeps the last value of Q, storing a bit.

5. Explain the synchronous/clocked S-R filp-flop with waveforms. (19-20) [4]

Answer:

A synchronous/clocked S-R flip-flop is a type of S-R (Set-Reset) flip-flop that includes a clock signal to
control when the inputs S (Set) and R (Reset) can affect the output. The flip-flop changes its state only during
a specific clock edge (usually the rising edge) if the clock signal is active, making it synchronous with the
clock.

Waveform:

4L S

| [
I 1
. I 1
FF triggers 1 I T
on positive R ! i
transition 1 1
i 1
o I 1
I 1
1 I 1
} .- CLK A Y A Y A Y A Y A
It o
0 *- a b d e f g h i
1 1 1 !
T/— 1 X —
Triggers on a X |
negative edge 1 I
i I
0 ! — > Time
No Set Reset Set Set

change

The waveforms in Figure show how a clocked S-R flip-flop operates:

1. Initial State: All inputs are 0, and Q is assumed to be 0. 5 R | Q, Q
2. First Clock Pulse (Point a): With both S and R at 0, the flip-flop E E [: ?
remains in its current state (Q = 0). 0 r 0 0
3. Second Clock Pulse (Point ¢): S = 0 and R = 0, so the flip-flop ? ; ; ?
sets Q to 1. ; 5 ; 1
4. Third Clock Pulse (Point e): S =0 and R=1, so the flip-flop clears L L 0
Qto 0. ! ! !

5. Fourth Clock Pulse (Point g): S=1 and R=0, setting Q to 1 again.
6. Fifth Clock Pulse: S=1 and R=0 again, so Q remains at 1 since it’s already high.

7. Invalid Condition: When S=R=1, this creates an ambiguous state and should be avoided.
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Chapter 5 and 6 (Flip-Flop and Digital Arithmetic Operation)

6. What is a flip flop? Explain the function of a JK flip flop with suitable circuit diagram.
(18-19) [4]

Answer:
A flip-flop is a fundamental memory element in digital electronics that can store a single bit (0 or 1) of data.
J-K Flip-Flop

The J-K flip-flop is an improvement over the S-R flip-flop, as it eliminates the indeterminate (invalid) state
that occurs when both Set (S) and Reset (R) inputs are 1. Instead, the J-K flip-flop includes feedback that
allows it to toggle its output when both inputs are high.

 rrrQ
- PH-Q

Truth Table

L0
z

QN+1

[ —
CLK—
|

R ikrlkr[rRlolololo| -
kirlololr|r|lolo| &

= Ol |OlR|O|lkR| O
OR| KR R OIO|lR

Function and Operation

The J-K flip-flop’s operation depends on the values of J, K, and the clock:

When Clock is Low: The flip-flop maintains its previous state; inputs J and K have no effect.
When Clock is High (or on the rising edge, in edge-triggered designs):

= J=0,K=0:The flip-flop holds its previous state.
= J=0,K=1:The output Q is reset to 0,
. , K=0: The output Q is set to 1.

J=1
J =1, K =1:The output Q toggles (switches between 0 and 1) with each clock pulse.
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Chapter 6(Arithmetic Operation)

7. What is the limitation of a parallel adder? Using 74L.S83 ICs draw a 16/12 bit
parallel adder. (20-21, 18-19) [3]

Answer:
The main limitations of a parallel adder are:

1. Carry Propagation Delay: Each bit addition depends on the carry from the previous bit, which causes
a delay as it moves through each stage of the adder. This delay increases with the number of bits,
slowing down the adder.

2. Complexity: Larger adders need more gates and connections, increasing cost and size.

3. Limited Scalability: Due to the increased delay and complexity with each additional bit, parallel
adders are not efficient for high-bit operations, such as in 32-bit or 64-bit processors.

8. Explain how 2's compliment system can facilitate arithmetic operation in digital
computing. (20-21, 18-19) [3]

Answer:
The 2's complement system is widely used in digital computing to represent negative numbers and simplify arithmetic
operations, particularly subtraction. Here’s how it facilitates these operations:

1. Unified Addition and Subtraction:

= In2's complement, subtraction can be performed as addition, simplifying the circuit design.

= To subtract a number, simply add its 2's complement (invert all bits and add 1).

= This means a single adder circuit can handle both addition and subtraction, making it efficient
for hardware design.

2. Single Representation of Zero:

= Unlike other signed number systems, 2's complement has only one representation for zero,
reducing ambiguity in calculations.

3. No Special Circuit Needed for Sign:

= Positive and negative numbers can be added directly without separate circuits to handle the
sign, simplifying the hardware.
=  Overflow conditions are handled automatically when the sum exceeds the responsible range.

4. Efficient Use of Bits:

* In a fixed number of bits, the 2's complement system maximizes the range of representable
values, allowing both positive and negative values in a simple format.
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9. Draw a parallel adder/subtractor using 2's complement system and explain its
operation. (20-21) [6]
Answer:
Here’s a simplified description of the operation of the parallel adder/subtractor circuit:
1. Addition Mode (ADD =1, SUB =0):

= Control Signal: SUB = 0 disables certain AND gates
(2, 4, 6, 8) to hold their outputs at 0, while ADD = 1 Sl
enables AND gates (1, 3, 5, 7) to pass the By to B3

BB | BB | B

I ADD

values. [ i
=  QOperation: The B register values Bo to B3 pass ; :
through OR gates to the adder, where they are added \ \ \

to Ao to As.
=  Carry-In: Co = 0, so no additional carry is added. ' ' ‘ ‘
By By
sk

+ SUB

=  Qutput: The sum appears at outputs Spand Ss. v v

B, B G

2. Subtraction Mode (ADD =0, SUB =1):

= Control Signal: ADD = 0 disables certain AND gates

C,— 7418283

(1, 3, 5, 7), while SUB = 1 enables the other AND a =
gates (2, 4, 6, 8) to pass Boand B3 values. ,t ,t A* ,t

= Operation: The B register values Bo to B3 pass T T T T
through OR gates to the adder, but with Co = 1, 4] l l | smu
effectively converting B to its 2’s complement. -y —H—l—l

*  OQutput: The adder performs A-B and the difference
appears at outputs Soand S3.

10. Design and explain the working principle of an 8-bit parallel adder. (19-20) [6]

Answer:

An 8-bit parallel adder is a digital circuit that performs the addition of two 8-bit binary numbers in
parallel. It adds each pair of corresponding bits from the two operands simultaneously, producing an
8-bit sum output.
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Inputs:

The inputs to the 8-bit parallel adder are two 8-bit binary numbers, typically referred to as A and B.
Each bit of A and B is represented as Ao to A7 and Bo to B, respectively.

Addition Process:

Each pair of corresponding bits (A; and B;) is added together. Additionally, a carry-in (Ci-1) from the
previous bit addition is included in the calculation. The carry-in (Ci-1) is usually set to O for the least
significant bit (LSB). The sum of each pair of bits, along with the carry input, is computed by the adder
circuit.

Outputs:

The outputs of the 8-bit parallel adder are the 8-bit sum (So to Sv), representing the result of the binary
addition.

11. Using 2's complement system performs the following operations:(19-20) [2]
i) -65-88

ii) 34+55

E ™

B -t5-58
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12. Draw an 8-bit parallel adder using 74L.S83 ICs, which will be able to perform
both subtraction and addition operation. (19-20) [4]
Answer:

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

Chapter 6(Arithmetic Operation)

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)



http://www.onebyzeroedu.com

