 UNIT – IIIFLIP FLOP
UNIT 3 SEQUENTIAL CIRCUITS
PART - A
1. Derive the characteristics equations of D – FF 		(NOV/DEC 2014)
	Qn+1 = D
Q	Qn+1	D
0	0	0
0	1	1
1	0	0
1	1	1
2. What is the primary disadvantages of asynchronous counter  		(April/ May 2014)
The drawback of these counter is this low speed as the clock is propagated through number of flipflops before it reaches last flipflop.
1.Differentiate synchronous and asynchronous sequential circuits.(NOV/DEC 2015)
Synchronous sequential circuit is a system whose behavior can be defined from the knowledge of its signals at discrete instants of time. The memory elements are clocked flipflops.
Asynchronous sequential circuit depends upon the order in which its input signals change and can be affected at any instant of time. The memory elements commonly used in asynchronous sequential circuits are time delay devices.
2.Write the excitation table for D flipflop. (APRIL/MAY 2015)
	Qn
	Qn+1
	D

	0
	0
	0

	0
	1
	1

	1
	0
	0

	1
	1
	1



3.What are the classification of sequential circuits?(NOV/DEC 2016)
1.Synchronous sequential circuit is a system whose behavior can be defined from the knowledge of its signals at discrete instants of time. The memory elements are clocked flipflops.
2. Asynchronous sequential circuit depends upon the order in which its input signals change and can be affected at any instant of time. The memory elements commonly used in asynchronous sequential circuits are time delay devices.
4.What is edge triggered flipflop? (APRIL/MAY 2016)
The state of flip flop is switched by a momentary change in the input signal. This momentary change is called a trigger and the transition it causes is said to trigger the flipflop. The output responds to the changes in the input only at the positive or negative edge of the clock pulse at the clock input.
There are two types of edge triggering
1.positive edge triggering -signal goes from  0 to 1
2.Negative edge triggering- signal goes from 1 to 0.
5.Draw the truth table of RS flipflop   (APRIL/MAY 2017)
	S
	R
	Q
	Q’

	1
	0
	1
	0

	0
	0
	1
	0

	0
	1
	0
	1

	0
	0
	0
	1

	1
	1
	0
	0


6.What is the minimum number of flipflop needed to design a counter of modulus 60? (NOV/DEC 2014)
           2n≥60
              n=6
7.How does ripple counter differ from synchronous counter? (APRIL/MAY 2014)
Ripple counter consists of a series connection of complementing flipflops with the output of each flipflop connected to the clock input of the next higher order flipflop. All the flipflops are not clocked simultaneously. 
8. Difference between Combinational & Sequential Circuits.

	S.No
	Combinational Circuits
	Sequential Circuits
	

	
	The output at all times depends
	The output not only depends on the
	

	1
	only on the present combination
	present input but also depends on
	

	
	of input variables.
	the past history input variables.
	

	2
	Memory unit is not Required.
	Memory unit is required to store the
	

	
	
	past history of input variable.
	

	
	
	
	

	3
	Clock input is not needed.
	Clock input is needed.
	

	4
	Faster in Speed.
	Speed is Slower.
	

	5
	Easy to design.
	Difficult to design.
	

	6
	Eg:   Mux,   Demux,   Encoder,
	Eg: Shift Register, Counters.
	

	
	Decoder, Adders, Subtractors.
	
	

	
	
	
	



9. 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:
Synchronous sequential circuit.
Asynchronous sequential circuit.
10.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.
11. What are the different types of flip-flop?
There are various types of flip flops. Some of them are mentioned below they are:
SR flip-flop
D flip-flop
JK flip-flop
T flip-flop
12.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. Set – 1, Reset – 0.
13.What is the operation of JK flip-flop?
When K input is low and J input is high the Q output of flip-flop is set.
When K input is high and J input is low the Q output of flip-flop is reset.
When both the inputs K and J are low the output does not change

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.
14. What are race conditions? (APRIL/MAY 2017)
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’.
15. 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.
16. 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.
17. Define rise time & Fall time 
The time required to change the voltage level from 10% to 90% is known as rise time (tr).
The time required to change the voltage level from 90% to 10% is known as fall time (tf).
18. Define propagation delay.
A propagation delay is the time required to change the output after the application of the input.
19. Define registers.
A register is a group of flip-flops; flip-flop can store one bit information. So an n-bit register has a group of n flip-flops and is capable of storing any binary information/number containing n-bits.
20. Define shift registers.
The binary information in a register can be moved from stage to stage within the register or into or out of the register upon application of clock pulses. This type of bit movement or shifting is essential for certain arithmetic and logic operations used in microprocessors. This gives rise to group of registers called shift registers.
22. What are the different types of shift type?
There are five types. They are:
Serial In Serial Out Shift Register
Serial In Parallel Out Shift Register
Parallel In Serial Out Shift Register
Parallel In Parallel Out Shift Register
Bidirectional Shift Register
23. Give the comparison between synchronous & Asynchronous counters.
	S.No
	Asynchronous counters
	Synchronous counters
	

	
	In this type of counter flip-flops
	In  this  type  there  is  no  connection
	

	1
	are connected in such a way that
	between output of first flip-flop and
	

	
	output of 1st  flip-flop drives the
	clock input of the next flip - flop
	

	
	clock for the next flip - flop.
	
	

	
	
	
	

	2
	All the flip-flops are Not clocked
	All the flip-flops are clocked
	

	
	simultaneously
	Simultaneously
	

	
	
	
	

	3
	Logic circuit is very simple even
	Design involves complex logic circuit as
	

	
	for more number of states.
	number of states increases.
	

	
	
	
	

	4
	Counter are low speed
	Counter are high speed
	



24. Applications of Flip-Flop.
Used as a memory Element.
Used as a Delay Element.
Used as a basic building block in sequential circuits such as counters and registers.
Data Transfer.
Frequency Division & Counting.

25. What is bi-directional shift register and unidirectional shift register?
A register capable of shifting both right and left is called bi-directional shift register. A register capable of shifting only one direction is called unidirectional shift register.
26. Steps or Design procedure for Synchronous Counter.
State Diagram.
State Table.
State Assignment.
Excitation Table (Consider which Memory Unit Using)
K-Map
Circuit Diagram.
27. Define Shift Register Counter.
A shift register can also be used as a counter. A shift register with the serial output connection back to the serial input is called Shift register counter.

28. What are the two types of shift register counters?
There are 2 types of shift Register counters are:
i). Ring counter: A ring counter is a circular shift register with only one flip flop being set, at any particular time, all others are cleared.
ii). Johnson counter: The Johnson counter is a K-bit switch-tail ring counter with 2k decoding gates to provides outputs for 2k timing signals.
29. Define state diagram.
A graphical representation of a state table is called a state diagram.
What is the use of state diagram?
Behavior of a state machine can be analyzed rapidly.
It can be used to design a machine from a set of specification.
30. What is state table?
A table, which consists time sequence of inputs, outputs and flip-flop states, is called state table. Generally it consists of three section present state, next state and output.
31. What is a state equation?
A state equation also called, as an application equation is an algebraic expression that specifies the condition for a flip-flop state transition. The left side of the equation denotes the next state of the flip-flop and the right side; a Boolean function specifies the present state.

PART - B
Synchronous Sequential Logic 
A combinational circuit is a logic circuit whose output at any given instants of time depends only upon the inputs at that instant.
No memory is associated with a combinational circuit.
Sequential circuit 
In a sequential circuit the o/p depends not only on the present i /ps but also upon the past history of  thei/ps.
These are associated with memory elements.
These memory elements are called as latches (or) flipflops.
 (
I/
ps
O
/
ps
Combinational circuits 
Memory elements 
Block Diagram of Sequential Circuit
)








	Combinational circuits 
	Sequential circuits 

	1. In combinational circuits, the output variables at all times dependent on the combination of input variable.
	In sequential circuits, the output variables depends not only on the present input variable but they also depend upon the past history of these input variable.

	2. Memory units is not required in combinational circuits 
	Memory unit is required to store the past history of input variables in the sequential circuit

	3. Combinational circuits are faster in because faster in speed because the delay between input and output is due to propagation delay of gates. 
	Sequential circuits are slower than the combinational circuits

	4. Combinational circuits are easy design 
	Sequential circuits are comparatively harder to design 

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



Depending upon the timing of signals 
1. Asynchronous sequential circuits 
2. Synchronous sequential circuits 

In synchronous sequential circuits, signals can affect the memory elements only at discrete instants of time same clock for all the f/f’s.
In asynchronous sequential circuits change in input signal can affect given to I f/f, then Q of f/f is connected as clock of II f/fs.
	Synchronous sequential circuits 
	Asynchronous sequential circuits 

	1. In synchronous circuits, memory elements are clocked f/f.
	In asynchronous circuits, memory elements are either unblocked f/fs (or) time delay elements.

	2. In synchronous the change in input signals can affect memory element upon activation of clock signal 
	In asynchronous change in input signals canaffect  memory elements at any instant of time.

	3. The maximum operating speed of clock depends on time delays involved
	Because of absence of clock asynchronous circuits can operate faster than synchronous circuits 

	4. easier to design 
	More difficult to design 

	5. Can effect memory elements at any instant of time clock is given to I FF then 
	Can effect memory elements at any instant of time clock is given to I FF then

	6. Can effect memory element upon activation clock signal 
	Can effect memory elements at any instant of time



The basic Bistable element (1 bit memory unit)
 (
A
B
Q
1
2
)






The basic bistable element has two outputs Q and 

The basic bistable element → Output of inverter 2 
The basic bistable element circuit has two stable states logic 0 and logic 1 hence the name ‘bistable’
Assume A = 0:- 



When A = 0 the output of invertors 1 is 1 (ie) Q = 1. Since the output of invertors 2 is connected to the input of the inventor 1,  thus the circuits is stable with 
Assume A = 1:-

The basic bistable element is stable with . This a second stable condition of the basic bisdtable element. 
The two stable states of basic bistable elements are used to store two binary elements 0 and 1.
Latches and Flipflops
These are the basic building block of most sequential circuits.
Flipflop:- This normally samplers its inputs and change outputs only at times determined by clocking signal 
Latch;- This checks all of its inputs continuously and changes its outputs according at any time independent of a clocking signal.

	Latches 
	Flipflops

	1. A latch all its inputs continuously and change its output according at any time 
	Flipflop sampler inputs and changes its output only at a time as determined by a clock signal.

	2. No clock is used 
	A clock is used 

	3. it is used in asynchronous sequential logic circuit
	It is used in synchronous sequential circuits 



RS Latch 
Simplest latch 
Can be constructed from either two NOR gates or two NAND gates 
1. Using SR flipflop design a Parallel counter which counts in the sequence 000, 111, 101, 110, 001, 010, 000 			(NOV/DEC 2014)
Step 1:- 
Determine the number of flipflop needed 

	 
3 Flipflops are needed 
Step 2: State diagram 


 (
000
000
000
000
000
000
)








Step 3:- Determine the excitation table 
	 Qn
	Qn+1
	S
	R

	0
	0
	0
	X

	0
	1
	1
	0

	1
	0
	0
	1

	1
	1
	X
	0



	 Present state 
	Next state 
	Flipflop inputs 

	A
	B
	C
	A+
	B+
	C+
	SA
	RA
	SB
	RB
	SC
	RC

	0
	0
	0
	1
	1
	1
	1
	0
	1
	0
	1
	0

	0
	0
	1
	0
	1
	0
	0
	X
	1
	0
	0
	1

	0
	1
	0
	0
	0
	0
	0
	X
	0
	1
	0
	X

	0
	1
	1
	X
	X
	X
	X
	X
	X
	X
	X
	X

	1
	0
	0
	X
	X
	X
	X
	X
	X
	X
	X
	X

	1
	0
	1
	1
	1
	0
	X
	0
	1
	0
	0
	1

	1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	1
	0

	1
	1
	1
	1
	0
	1
	X
	0
	0
	1
	X
	0



K – Map 
[image: E:\new\Question bank odd sem\DE\UNIT III\Fig. 1.s1.eps]


 (
SA
       QA
RA
     
 
SB
       QB
RB
     
 
SC
       QC
RC
     
 
)















 1. Explain detail about RS latch using NOR gates
RS latch using NOR gates

The two NOR gates are cross coupled so that the output of NOR gate 1 is connected to one of the inputs of NOR gate 2 and viceversa. The latch has two outputs Q and and two inputs set and reset.
Note:- logic 1 at any input of a NOR gate forces its output to logic 0 immediately.
 (
R
S
Q
Rs latch
Rs Latch using NOR gates 
) (
Q
Reset R
Set (s)
1
2
)






NOR gate truth table 
	A     B
	


	0  0
	1

	0   1
	0

	1  0
	0

	1  1
	0



Operation of Rs Latch 
Case (i) R = 0 and S = 1

In this case s input of NOR gate 2 is at logic hence its output  is at logic 0 which indicates that both inputs of NOR gate 1 are at logic 0 so that its output Q is at logic 1.



 (
1
0
Q
R = 0
S = 1
1
2
)






 (
0
1
Q
R = 1
S = 0
1
2
)Case (ii) R = 1 and S = 0, 







In this case R input of NOR gate 1 is at logic 1, hence its output Q is at logic 0. This indicates are now at logic 0, so its o/p  .
 (
1
0
Q
R = 0
S = 0
1
2
)Case (iii) R = 0 and S = 0









Let us assume that initially Q = 1 and  with both inputs to NOR gate 1 are at logic 0. So its output, Q is at logic 1 with Q = 1 NOR gate output  is at logic 0. Thus the value the same for Q = 0& also.

Case (iv) R = 1 and S = 1


When of both inputs are at logic 1, they force the outputs of both NOR gates to logic 0 ie Q = 0 an . Since we know that Q is a logic binary variable and  is its complement, then  for any condition. So wecall this condition (or) state as an inderminate state (or) prohibited state thus in normal operation, this condition must be avoid
 (
1
0
Q
 = 0
 = 0
R = 1
S = 1
1
2
)




Truth table of Rs Latch using NOR gate 
	I/P 
	I/P
	State 

	R
	S
	Q
	
 
	

	0
	0
	NC
	NC
	No change 

	0
	1
	1
	0
	Set

	1
	0
	0
	1
	Reset 

	1
	1
	X
	X
	Indeterminate 



Latch using NAND gates or Rs latch ;- 
The active low Rs latch can be constructed using two cross coupled NAND gates.
 (
1
0
Q
)

 (
Q
Rs latch
Symbol 
)




Note:- we know that logic 0 on any input to a NAND gate force its output to logic 1
Operation:- 


Case (i) If it nill reset the latch i.e) 



Case (ii) If it nill set the  latch (i.e) 

Case (iii) If the latch nill remain in its previous state

Case (iv) If , the latch isd unpredictable 

Truth table  latch 
	 Input 
	Output 
	State 

	
 
	
 
	Q
	
 
	

	1
	1
	Nc
	Nc
	No change 

	 1
	0
	1
	0
	Set

	0
	1
	0
	1
	Reset 

	0
	0
	1
	1
	Indeterminate 



An application of SR latch: A switch debouncer for interfacing key’s to the digital system usually push bottom keys are used. These push bottom keys when pressed bounces bounces a few time closing and opening the contacts before providing a steady reading taken during bouncing period may be faulty. This problem is known as key debounce. The problem of key to avoid key debounce problem is to use SR latch. The circuit used to avoid key debounce with SR latch is called a switch debouncer.
 (
V
A
B
V
A
V
B
V
V
t
t
0
)








 (
V
A
B
S
         Q
R 
)When key is at position A, the output of SR latch is logic 1, and when key is at position B, the o/p of SR latch is logic 0. it is important to not that, when key is in between A and B SR inputs are 00 and here output does not change preventing debouncing of key output. In other words, we can say that the output does not change during transition period, eliminating kay debounce

















 (
t
t
0
Q
0
V
A
V
B
V
V
t
t
0
)











The latch is an asynchronous transparent circuit 

This meant that any change in the input of late is transmitted immediately to the output at Q and 
The operation of the latch can be modified by providing an additional control input that determine when the state of the circuit is to be changed. This additional control input is called clock (or) clock pulse.
With this clock, the latch is called flipflip.
2. Explain about Typs of FlipFlops 
Four types of flipflop:- 
1) Rsflipflop	2) D flipflop	3) JK flipflop	4) T flipflop
[image: E:\new\DE\UNIT III\Fig. 1.1.eps]

It consist of basic NOR latch circuit and two AND gates at the inout.
The AND gate remain ‘0’ as long as the clock pulse is “0” regardless of R & S inputs 
When the clock pulse goes to 1 information from R and S input is allowed to reach the basic SR latch 
Operation:- 
1) when clock is absent (or) clk = 0, the circuit will retain state 
2) when clock is present (or) clk = 1, the Rsflipflop word as basic Rs latch.
Case 1:-  If R = 0, S = 0(one of the i/p to the NOR gate)  and assume Q = 1 

The output of both AND gates are “0” which are given as one of inputs to the output of NOR gate. If Q = 1 and  , the output of NOR gate =1 and NOR gate 2 = 0 (ie) same as the previous values. This state is called “no charge” state.
Case ii:- If R = 1 and S = 0
The output of AND gate = 1 and AND gate 2 =0 with these inputs the NOR gate 1 output = 0 and NOR gate 2 output is 1. This state is called reset state.
Case iii:- If R = 0 and S = 1 
The output of  AND gate 1 = 0and AND gate 2 = 1 with these inputs the NOR gate 1 output = 1 and NOR gate 2 output is 0. This state is called “set” state.
Case (iv);- If R = 1 and S = 1

The output of both AND gate is 1 with these inputs irrespective of other input, the output of both NOR gate is 0 (ie) Q = 0 and  which is an invalid sate. This state is called indeterminate state.
Truth table of Rsflipflop
	Inputs  
	Outputs 
	State 

	clk
	R
	S
	Q
	
 
	

	0
	X
	X
	Nc
	Nc
	No change 

	 1
	0
	0
	Nc
	Nc
	No change 

	1
	0
	1
	1
	0
	Set

	1
	1
	0
	0
	1
	Reset 

	1
	1
	1
	X
	X
	Indeterminate 



D flipflop
· Transparent latch 
A f/f whose output follows if data input when the clock is active 

[image: E:\new\Question bank odd sem\DE\UNIT III\Fig. 1.2.eps]

D input goes directly to the S input and its complement is applied to the R input through NOT. Therefore only two input conditions exist either S = 0 and R = 1 (or) S = 1 and R = 0
When D = 1, S = 1 and R = 0 and  when D = 0,  S= 0 and R = 1. Therefore during the occurrence of clock pulse if D = 1 the Q output isd set and if D = 0 the output is reset 
	 Clk
	D
	Qn+1

	0
	X
	Qn

	1
	0
	0

	1
	1
	1



Qn+1 = next state 
Qn = present state 
The output does not exist when the clock pulse absent. Qn is binary state (present state) of the flipflop before the occurrence of the clock pulse. It is known as present state Qn+1 is the stateof the ff. Q the flipflop after the occurrence of a clock pulse which is known as next state.

Explain the operation of JK flipflopwith neat diagram (n0v/dec 2015)
A JK f/f ios refinement of Rs f/f. In JK f/f the unpredictable state in the Rs f/f is defined. 


The J i/p is analogous to set (s) input and the k i/p to the reset (R). the indeterminate (SR =11) input condition of the SR latch causes the JK latch to toggle; when J = K = 1 then . By connecting the & Q o/p’s bacj to the J and K excitation input, the indeterminate condition that exists with the SR latch is no longer indeterminate.
[image: E:\new\DE\UNIT III\Fig. 1.3.eps]

When J and K are both low both AND gates are disabled. Therefore clock pulses have no effect and Q and retain their last values.
When J is low and K is high the lower AND gate is disabled, so there is no way to set the flipflop. The only possibility is reset
When Q is high the upper gate passes a RESET trigger as soon as the next positive clock pulse arrives. This forces Q to become low 
Therefore J = 0 & K = 1 means that the next positive clock pulse resets the flipflop unless Q is already reset.

When J is high and K is low, the upper gate is disabled, so there is no way to reset the flipflop. The only possibility is to set the flipflop if it is not previously set with Q = 0, is high and hence the lower gate passes a SET trigger on the next positive clock pulse. This drives Q into the high state.
Therefore J = 1and K = 0 means that the next positive clock pulse sets the flipflop unless Q is already set.
When J and K are both high its possible to set or reset the flipflop. If Q is high the upper gate passes a RESET trigger on the next positive clock edge.
On the other hand, when Q is low lower gate passes a SET trigger on the next positive clock edge. Either way, Q changes to the complement of the last state.
Therefore J = 1 & K = 1 means output of the flipflop will toggle on the next positive clock edge.
In the above circuit, the output is feedback input and therefore changes in the output reset change in the input. Due to this in the positive half of the clock pulse if J and K are both high then output toggle continuously as shown at points a, b, c, d and e. This condition is known as race around condition and must be avoided.














[image: E:\new\DE\UNIT III\Fig. 1.4.eps]
The solution to avoid race around condition in the JK latch is to create an edge triggered (or) pulse triggered JK flipflop


[image: E:\new\DE\UNIT III\Fig. 1.5.eps]

Truth table: 
 (
≡
 
Qn
J
K 
Qn+1
0
0
0
0
1
1
1
1
0
0
1
1
0
0
1
1
0
1
0
1
0
1
0
1
0
0
1
1
1
0
1
0
J 
K
Qn+1
0
0
1
1
0
1
0
1 
Qn
0
1
)














 (
0
0
1
1
1
0
0
1
)


Characteristics equation for JK f/f clocked SR f/f 

The circuit is similar to SR latch except enable signals is replaced by clock pulse (cp) 

[image: E:\new\DE\UNIT III\Fig. 1.6.eps]


[image: E:\new\DE\UNIT III\Fig. 1.7.eps]
Clocked D – F/F
[image: E:\new\DE\UNIT III\Fig. 1.8.eps]T – flipflop

[image: E:\new\DE\UNIT III\Fig. 1.9.eps]
T f/f is also known as toggle flipflop. It is a modification of JK f/f. The T f/f is obtained from a JK f/f by connecting both inputs J and K together when T = 0, both AND gates are disabled and hence there is no change in the output when T = 1 [(ie) J = 1 & K = 1] output toggles.



[image: E:\new\DE\UNIT III\Fig. 1.10.eps]


3. Explain detail about Master Slave (SR) flipflop
Master Slave (SR) flipflop  (APRIL/MAY 2017)
A master slave flipflop is constructed from trwofliplfops
One circuit serve as a master and the other as a slave and the overall circuit is referred to as a master slave flipflop.
Both the flipflops are positive level trigger but inverter connected at the clock input of the slave flipflop forces it to trigger at the negative level. 
[image: E:\new\DE\UNIT III\Fig. 1.11.eps]
The output state of master flipflop is detection by S and R inputs the positive clock pulse. The output state of the master then transferred as an input to the slave f/f. The slave f/f uses this input at the negative clock pulse to determine its output state 
[image: E:\new\DE\UNIT III\Fig. 1.12.eps]


4. Explain in detail about master slave flipflop and show how the race around condition is eliminated.(nov/dec 2015)

[image: E:\new\DE\UNIT III\Fig. 1.13.eps]

Like SR master slave, the output of the master flipflop is fed as an input to the slave f/f clock signal is connected to the master flipflop but it is connected through inverter to the slave flipflop.
i) when J = 1 & K = 0, the master sets on the positive clock. The high y output of the master drives the S input of the slave, so at negative clock, slave sets copying the action of the master.

ii) when J = 0 and K = 1, the , master  resets on the positive clock. The high  output of the master goes to the R input of the slave. Therefore at the negative clock slave resets, again copying the action of the master.
iii) when J = 1 and K = 1 master toggles on the positive clock and slave then copies the output of master Q the negative clock. At this instant feedback inputs to the master flipflop are complemented but as it is negative half of the clock pulse master f/f is inactive this prevents race around condition.


[image: E:\new\DE\UNIT III\Fig. 1.14.eps]


5. Draw the Characteristics table, Excitation table, Truth table all Flip Flops
Characteristics Table 
[image: E:\new\DE\UNIT III\Fig. 1.15.eps]





[image: E:\new\DE\UNIT III\Fig. 1.16.eps]


Excitation Table 
[image: E:\new\Question bank odd sem\DE\UNIT III\Fig. 1.17.eps]

Flipflop conversions 
6. Realization of D f/f using SR f/f(NOV/DEC 2016)
i) SR – Excitation table 
D f./f – Characteristic table 
[image: E:\new\DE\UNIT III\Fig. 1.18.eps]
ii) SR f/f to JK f/f 


[image: E:\new\DE\UNIT III\Fig. 1.19.eps]
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iii) SR f/f to T f/f 



[image: E:\new\DE\UNIT III\Fig. 1.20.eps]

iv) JK f/f to D f/f 



[image: E:\new\DE\UNIT III\Fig. 1.21.eps]

v) D f/f to T f/f 


[image: E:\new\DE\UNIT III\Fig. 1.22.eps]
vi) JK f/f to T f/f 



[image: E:\new\DE\UNIT III\Fig. 1.23.eps]


vii) T f/f to D f/f


[image: E:\new\DE\UNIT III\Fig. 1.24.eps]
7. Explain detail about COUNTERS
COUNTERS
· A group of flip flops connected together form register.
· A register is used solely for storing and shifting data which is in the form of 1’s and o’s entered from the external source.
· A counter is a register capable of counting the number of clock pulses aiming at its clock input.
· Two types of counters: synchronous and asynchronous
SYNCHRONOUS COUNTER
The common clock input is connected to all of the flip-flops and thus they are clocked simultaneously.
ASYNCHRONOUS COUNTER

It is commonly called ripple counter, the first flip-flop is clocked by the external clock pulses and then each successive flip-flop is clocked by the Q or  output of the previous flip-flop.
ASHYNCHRONOUS / RIPPLE UP COUNTER
The clock signal is connected to the clock input of only first stage flip-flop. The clock input of the second stage flip-flop is trig erred by the QA output of the first stage. Because of the inherent propagation delay time through a flip-flop, a transition of the input clock pulse and a transition of the QA output first stage can never occur at exactly the same time. Therefore, the two flipflops are never simultaneously triggered, which results in asynchronous counter operation. 
[image: E:\new\DE\Additional\Fig. 1. 1.eps]
A 2 bit a synchronous binary counter

It illustrates the changes in the state of the f/f outputs in response to the clock J and K input of the JK f/f’s are tied to logic HIGH  hence output will toggle for each negative edge of the clock in figure.
A 3bit Asynchronous/Ripple Up counter
[image: E:\new\DE\Additional\Fig. 1. 2.eps]
 (
JD
QD
KD
)






	 CP
	QC
	QB
	QA

	0
1
2
3
4
5
6
7
	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1



Asynchronous/Ripple Up counter
[image: E:\new\DE\Additional\Fig. 1. 3.eps]
Synchronous UP Counter
When counter is clocked such that each flip flop in the counter is triggered at the same time, the counter is called as synchronous counter.
[image: E:\new\DE\Additional\Fig. 1. 4.eps]
Here clock signal is connected in parallel to clock inputs of both the flip-flop but the QA output of first stage is used to drive the J and K input of the second stage. Initially we assume that QA = 0 QB = 0. When positive edge of the first clock pulses is applied, flip flop A will toggle because JA = KA = 1 whereas flip-flop B output will remain zero because JB = KB = 0. After first clock pulse QA = 1 and QB = 0. At negative going edge of the second clock pulse both flip-flops will toggle because they have both a toggle condition on their J and K inputs (JA = KA=JB =KB).Thus after second clock pulse, QA=0 and QB=1. At negative going edge of third clock pulse flip-flops A toggle banking  QA=1,but flip-flops B remains set (i.e.) QB=1 finally at the leading edge of the fourth clock pulse both flip-flops toggle as their JK inputs are at logic This results QA=QB=0 and counter recycled bach to its original state.
[image: E:\new\DE\Additional\Fig. 1. 5.eps]

	 CP
	QB
	QA

	0
1
2
3
	0
0
1
1
	0
1
0
1



Design a A 3bit synchronous binary counter
[image: E:\new\DE\Additional\Fig. 1. 6.eps]
From the figure we can see that QA changes each clock pulse as we progress from its original state to its final State and then back to its original state. To produce this operation, flip-flops is held in the toggle mode by connecting J and K Inputs to high. Now flip-flops B toggles, when Q1 is 1.when QA is 0, flip-flops B is in the no change mode and remains in its present state. The flipflops C has to change its state only a Q B and QA both are at logic 1. This condition is detected by AND gate and applied to J and K inputs of flip-flops c. whenever both QA and QB are high, the output of AND gate makes J and K input of flip-flops c High, and flip-flops c toggles on the following clock pulse. At all other times, the J and K input of the flip-flops c  are held low by the AND gate output , and the flip-flops  does not change state.
A  FOUR BIT SYNCHRONUS BINARY COUNTER
[image: E:\new\DE\Additional\Fig. 1. 7.eps]

As counter is implemented with negative edge triggered flip-flop, the transition occur at the negative edge the clock pulse. In this circuit, first three flip-flop work same as 3bit counter,  For the fourth stage flip-flops  has to change the state when QA= QB= QC= 1. This condition is decoded by 3 input AND gate G2 Therefore when QA= QB= QC = 1, flip-flops D toggles and for all other times it is no change condition.
 Modulo-n-counter
Design of counters
Step 1: Specify the counter sequence draw a state diagram.
Step 2: Derive a next state table from the state diagram.
Step 3: Make the state assignment and develop a transition table showing the ff input required 
Step 4: Draw the K map for each input of each flip-flops. 
Step5: Derive the logic expression for each flip-flops input from the K map.
Step 6: Implement the expression with combination logic and combine with the flip-flops to form the counter.

8. Design and explain the working of synchronous mod 3 counters flip-flops required are 2n  ≥N (April/May 2017)
 Here N = 3
22 ≥ 3 ⟹ 4 ≥ 3
∴ 2 flip-flops are required for mod 3 counter.  

 (
2
0
1
)





	P. S  
	N. S 
	F/F I/Ps

	QB
	QA
	QB+1
	QA+1
	JB
	KB
	JA
	KA

	0
0
1
1
	0
1
0
1
	0
1
0
x
	1
0
0
x 
	0
1
x
x 
	x
x
1
x 
	1
x
0
x 
	x
1
x
x 



K map 
[image: E:\new\DE\Additional\Fig. 1. 8.eps]
[image: E:\new\DE\Additional\Fig. 1. 9.eps]
9. Design a mod-5 counter synchronous with JK flip-flops a implement it draw a logic diagram.(Nov/Dec 2016)
flip-flop required are 2n≥N
 N=5
⸫ n=3 (23⟹ 8≥5)
(ie) 3 flip-flops are required

 (
0
1
2
3
4
)





	 Qn
	Qn+1
	J
	K

	0
0
1
1
	0
0
1
1
	0
1
x
x
	x
x
1
0



State table 
	Present state  
	Next state  
	F/F I/p’s 

	QC
	QB
	QA
	QC+1
	QB+1
	QA+1
	JC
	KC
	JB
	KB
	JA
	KA

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
0
0
1
0
X
X
X
	0
1
1
0
0
X
X
X
	1
0
1
0
0
X
X
X
	0
0
1
0
0
X
X
X
	X
X
X
X
1
X
X
X
	0
1
X
X
0
X
X
X
	X
X
0
1
X
X
X
X
	1
X
1
X
0
X
X
X
	X
1
X
1
X
X
X
X



K – map simplification:- [image: E:\new\Question bank odd sem\DE\Additional\Fig. 1. 10.eps]
Logic diagram 
[image: E:\new\Question bank odd sem\DE\Additional\Fig. 1. 11.eps]
9. Design a divide by 6 counter using flip-flops. Write state table reduce the expression using K map(APRIL/MAY 2017)
     2n ≥N
    N=6
   N=3   (ie) 3 flip-flops are required


	 QC
	QB
	QA
	QC+1
	QB+1
	QA+1
	TC
	TB
	TA

	0
0
0
0
1
1
	0
0
1
1
0
0
	0
1
0
1
0
1
	0
0
0
1
1
0
	0
1
1
0
0
0
	1
0
1
0
1
0
	0
0
0
1
0
1
	0
1
0
1
0
0
	1
1
1
1
1
1




 (
0
1
2
4
5
3
)





K – map
[image: E:\new\DE\Additional\Fig. 1. 12.eps]
Draw logic diagram.
10. Explain in detail about 3 bitsynchronous  up/down synchronous counter (T f/f) (NOV/DEC2015)
State table 
 (
CP
UP
QC
QB
QA
DOWN
0
↓
0
0
0
↑
1
↓
0
0
1
↑
2
↓
0
1
0
↑
3
↓
0
1
1
↑
4
↓
1
0
0
↑
5
↓
1
0
1
↑
6
↓
1
1
0
↑
7
↓
1
1
1
↑
)











Excitation Table 
	 Input UP/Down 
	P. S
	N. S
	F/F I/Ps

	
	QC
	QB
	QA
	QC+1
	QB+1
	QA+1
	TC
	TB
	TA

	0
0
0
0
0
0
0
0
	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	1
0
0
0
0
1
1
1
	1
0
0
1
1
0
0
1
	1
0
1
0
1
0
1
0
	1
0
0
0
1
0
0
0
	1
0
1
0
1
0
1
0
	1
1
1
1
1
1
1
1

	1
1
1
1
1
1
1
1
	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
0
0
1
1
1
1
0
	0
1
1
0
0
1
1
0
	1
0
1
0
1
0
1
0
	0
0
0
1
0
0
0
1
	0
1
0
1
0
1
0
1
	1
1
1
1
1
1
1
1






TC = 
Design a 3 bit (mod 8) synchronous up down counter when up/down =1, up mode
Up/Down =0, Down mode

	 Control input output/Down
	 p.s
	n.s 

	0
0
0
0
0
0
0
0
	
a
b
c
d
e
f
g
h
	h
a
b
c
d
e
f
g

	1
1
1
1
1
1
1
1

	a
b
c
d
e
f
g
h


	 
b
c
d
e
f
g
h
a





	Control I/P 
	P. S
	N. S
	Excitation I/P

	
	Q2
	Q1
	Q0
	Q2
	Q1
	Q0
	J2
	K2
	J1
	K1
	J0
	K0

	0
0
0
0
0
0
0
0
	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	1
0
0
0
0
1
1
1
	1
0
0
1
1
0
0
1
	1
0
1
0
1
0
1
0
	1
0
0
0
X
X
X
X
	X
X
X
X
1
0
0
0
	1
0
X
X
1
0
0
0
	X
X
1
0
X
X
1
0
	1
X
1
X
1
X
1
X
	X
1
X
1
X
1
X
1

	1
1
1
1
1
1
1
1
	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
0
0
1
1
1
1
0
	0
1
1
0
0
1
1
0
	1
0
1
0
1
0
1
0
	0
0
0
1
X
X
X
X
	X
X
X
X
0
0
0
1
	0
1
X
X
0
1
X
X
	X
X
0
1
X
X
0
1
	1
X
1
X
1
X
1
X
	X
1
X
1
X
1
X
1




J2=, K1 = 

K2= J0  =1

J1=            K0 =1

11. Design a four state down counter using types design 
  8 synchronous binary counter
	P. S 
	N. S
	 

	Q1
	Q0
	Q1
	Q0
	T1
	T0

	1
1
0
0
	1
0
1
0
	0
1
1
0
	0
1
0
1
	1
0
1
0
	1
1
1
1





Design a cyclic mod 8 synchronous binary counter using JK flip-flops that will count the no of occurrences of an input that is the no of times it is 1. The input variable x must be coincident with the clock to be counted. The counter is to count in binary.
 (
0
1
2
5
)[image: E:\new\DE\Additional\Fig. 1. 13.eps]
	 P.S
	N.S

	
	X=0
	X=1

	A
B
C
D
E
F
G
H
	A
B
C
D
E
F
G
H 
	B
C
D
E
F
G
H
A



	 P. S
F2  F1  F0
	N. S 
X = 0
F2  F1  F0
	X = 1
F2  F1  F0
	X = 0
J2      K2    J1     K1    J0    K0 
	X = 1 
J2      K2    J1     K1    J0    K0

	
	
	
	
	

	  0   0   0
  0   0   1
 0   1  0
  0   1   1
1   0  0
 1   0   1
1  1   0
1   1   1
	0   0   0
0   0   1
0   1  0
0   1   1
1   0  0
1   0   1
1  1   0
1   1   1
	 0   0   1
0   1   0
 0   1   1
 1   0   0
1   0  1
 1   1   0
1  1   0
 0   0   0
	 0         x      0        x         0       x
 0         x      0        x         x       0
 0         x      x        0         0       x
 0         x  x        0         x       0
 x         0      0        x         0       x
x         0      0        x          x      0
 x         0      x        0          0      x
x         0      x        0         x0
	 0      x      0        x         1       x
 0      x      1        x         1       x
 0      x      x        0         1       x
 1      x      x        1         x       1
 x      0      0        x         1       x
 x      0      1        xx       1
 x      0      1        x         x       1
 x      1x1         x       1



[image: E:\new\DE\Additional\Fig. 1. 14.eps]
12. Discuss the working of 4 bit ring counter (NOV/DEC 2014)
Ring counter
State diagram: 
Initial state = 0000 (in cleared condition)
 (
0000
1
000
01
00
0010
0001
)






State table 
	 P. S
	N. S 

	 QA
	QB
	QC
	QD
	QA
	QB
	QC
	QD

	0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
	0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
	1
1
0
X
0
X
X
X
0
X
X
X
X
X
X
X
	0
0
0
X
0
X
X
X
0
X
X
X
X
X
X
X
	0
0
0
X
1
X
X
X
0
X
X
X
X
X
X
X
	0
0
1
X
0
X
X
X
0
X
X
X
X
X
X
X



Find excitation table

DA =
DB = qA
Dc = qB
DD = qc
Draw logic diagram
13.  Design of 4 bit shift counter  using D – Flip Flop   (D f/f)
4 – Bit Shift counter
[image: E:\new\Question bank odd sem\DE\Additional\Fig. 1. 15.eps]

DA=
DB = qA
DC = qB
DD = qC

15. 
a) Draw the logic diagram of the circuit
b) Tabulate the state table 
c) Draw the state diagram
[image: E:\new\DE\Additional\Fig. 1. 18.eps]
The next state equations are 
A(t+1) = A (t) x(t) + B(t) x(t)     (∴ DA = AX+ BX)

                                                    (∴DB =)	

State table 
	 Present state 
	I/P 
	Next state 
	O/P 

	A 
	B
	X
	A(t+1) = Ax +Bx
	
B(t+1) = 
	
 

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
0
0
1
0
1
0
1
	0
0
1
0
0
0
0
0
	0
0
1
0
1
0
1
0



Second form of state table 
	Present sate  
	Next state 
	Output 

	A
	B
	x = 0
A B
	x = 1
A B
	x = 0
Y
	x = 1
Y

	0
0
1
1
	0
1
0
1
	0 0
0 0
0 0
0 0
	0 1
1 1
1 0
1 0
	0
1
1
1
	0
0
0
0



[image: E:\new\DE\Additional\Fig. 1. 19.eps]

18  Reduce the number of states in the following state table and tabulate the reduced state table .
	 P.S
	N.S
X = 0   X = 1
	O/P 
X = 0   X = 1

	a
b
c
d
e
f
g
	a           b
c   d
a           d
ef
a           f
g           f
a           f
	00
0           0
0           0
0           1
0           1
0           1
0           1



Reduced state table 
	 P.S
	N.S
X = 0   X = 1
	O/P 
X = 0   X = 1

	a
b
c
d
e
f
	a           b
c           d
a           d
e           f
a           f
e           f       
	0           0
0           0
0           0
0           1
0           1
0           1



Reduced state table 
	 P.S
	N.S
X = 0   X = 1
	O/P 
X = 0   X = 1

	a
b
c
d
e
	a           b
c           d
a           d
e           d
a           d
	0           0
0           0
0           0
0           1
0           1



Thus f states are reduced into 5 state.
17. Explain in detail  about State Assignment
Definition: 
To determine the flip-flops input functions it is necessary to represent the states in the state diagram using binary values instead of alphabets. This procedure is known as state assignment.
 Rules for state assignment
Three are 3 basic rules for making state assignment .
Rule 1: State having the same next state for a given inputs condition should have assignment which can be grouped into logically adjacent cells in the K map.
EX:  There are 4 states whose next state is same (000)
 (
000
100
101
110
111
)




Rule 2:  states that are next state of a single should have assignment which can be grouped into logically adjacent cells in a K map.
 (
000
100
101
110
111
)EX: for state 000, there are 4 next states




Rule 3: Adjacent assignment should be given to states that have the same outputs.
Ex: Design a sequential circuit for a state diagram. Use state assignment rules for assigning states and compare the required combination circuit with random state assignment.
[image: E:\new\DE\Additional\Fig. 1. 27.eps]
Using random state assignment with assign
a=000, b=001, c=010, d=011, e=100
	Present state  
	 Input
	Next state 
	Output  

	An
	Bn
	Cn
	X
	An+
	Bn+1
	Cn+1
	Z

	0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
	0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
	0
0
0
1
1
0
0
0
0
0
X
X
X
X
X
X
	0
1
1
0
0
1
0
0
0
0
X
X
X
X
X
X
	1
0
1
0
0
1
0
0
0
0
X
X
X
X
X
X
	0
0
0
0
0
0
0
1
1
0
X
X
X
X
X
X



K – map
[image: E:\new\DE\Additional\Fig. 1. 28.eps]
The random assignment require
7 three input AND functions
1 two input AND function 
4 two input OR function
12 gates with 31 inputs.
Apply state assignment
Rule 1: e  must be adjacentb c must be adjacent
Rule 2: b c must be adjacent  e d must be adjacent
[image: E:\new\DE\Additional\Fig. 1. 29.eps]
	 Present state 
	Input 
	Next state 
	Output 

	An
	Bn
	Cn
	X
	An+1
	Bn+1
	Cn+1
	Z

	0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
	0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
	0
0
1
1
X
X
1
1
X
X
0
0
X
X
0
0
	0
1
0
1
X
X
1
0
X
X
0
0
X
X
0
0
	1
1
1
1
X
X
1
1
X
X
0
0
X
X
0
0
	0
0
0
0
X
X
0
0
X
X
0
1
X
X
1
0



K – map
[image: E:\new\DE\Additional\Fig. 1. 30.eps]
18 Lockout condition (Brushless circuit)
In a counter if the next state of some unused state is again an unused state and if by chance the counter happiness to find itself in the unused state and never arrived at a used state when the counter is said to be in the lockout condition.
[image: E:\new\DE\Additional\Fig. 1. 31.eps]
Design a synchronous counter for 4→6→7→3→1→4……
Avoid lockout condition use JK type design state diagram (april/may 2015)
[image: E:\new\DE\Additional\Fig. 1. 32.eps]
Here states 5,2 and 0 are forced  to go into 6,3 and state respectively to avoid lockout condition.
19. Explain in detail about Shift Registers(nov/dec 2015)
The binary information in a register can be moved from stage to stage within the register or into or out of the register upon application or clock pulses. This type of bit movement or shifting is essential for certain arithmetic and logic operation used in microprocessors. This gives rise to a group of registers called shift registers.
Modes of operation of shift registers
[image: E:\new\DE\Additional\Fig. 1. 33.eps]
Shift left register
Initially the register is cleared QA QB QC QD =0000 D in =1; clock pulse =1
QA QB QC QD =0001
CP=2;     QA QB QC QD=0011
CP=3;      QA QB QC QD=0111
Cp=4;       QA QB QC QD=1111
Explain in detail about SISO shift register(nov/dec 2016)
	 Present state 
	Next state 
	Filp flop inputs 

	A
	B
	C
	A+1
	B+1
	C+1
	JA
	KA
	JB
	KB
	JC
	KC

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
1
0
0
1
1
1
0
	0
0
1
0
1
1
1
0
	1
0
1
1
0
0
1
1
	0
1
0
0
X
X
X
X
	X
X
X
X
0
0
0
1
	0
0
X
X
1
1
X
X
	X
X
0
1
X
X
0
0
	1
X
1
X
0
X
1
X
	X
1
X
0
X
1
X
0



[image: E:\new\DE\Additional\Fig. 1. 34.eps]


[image: E:\new\DE\Additional\Fig. 1. 35.eps]
D in 1; CP=1         QA QB QC QD	=1000
            CP=2         QA QB QC QD	=1100
            CP=3          QA QB QC QD	=1110
             CP=4          QA QB QC QD	=1111
Serial in parallel out shift register
[image: E:\new\DE\Additional\Fig. 1. 36.eps]
Parallel in serial out shift register
[image: E:\new\DE\Additional\Fig. 1. 37.eps]

Shift /   = Low;	G1 G2 G3 enabled loading the data 

Shift /  = High; 	G4 G5 G6 enabled shifting the data 
Parallel in parallel out shift register
[image: E:\new\DE\Additional\Fig. 1. 38.eps]
20. Explain in detail about Universal shift register
A shift register that can operate with any combination of serial and parallel inputs and outputs. A universal shift register is often bidirectional as well. The below figure shows the universal shift register it performs all the operation of shift register. The different conditions of  inputs are selected by using  4:1 multiplexer. A register capable of shifting in one direction only is a unidirectional shift register. One that can shift in both directions is a bidirectional shift register. If the register has both shifts and parallel load capabilities, it is referred to as a universal shift register.
The diagram consist of four D flip flops and four multiplexers. The four multiplexers have two common select input s1 and s0. Input 0 in each multiplexer is  selected 0 in each   multiplexers is selected when s1 s0 = 00, input 1 is selected when s1 s0 =01, and similarly for the other two inputs are selected. When s1 s0 =00, the present value of the register is applied to the D inputs of the flip flops. The next clock edge transfer into each flip flops  the binary value it held previously, and no change of state occurs. When s1 s0 =01, terminal 1 of the multiplexers input has a path to D inputs of the flip flops. This causes  a shift right operation with the serial inputs transferred into flip flops D when s1 s0 =10, a shift left operated results with the other serial input going into flip-flops A. Finally when s1 s 0= 11, the binary information on the parallel input lines into the register simultaneously during the next clock edge.
[image: E:\new\DE\Additional\Fig. 1. 39.eps]
Function table of universal shift register 
	Mode control 
	Register operation 

	 S1
	S0
	

	0
0
1
1
	0
1
0
1
	No change 
Shift Right 
Shift Left 
Parallel load 



Applications of shift registers:
1. Shift register counters
a.)Ring counter 
b.)Johnson counter or twisted ring counter or switch rail counter
20. Explain in detail about Ring counter(april/may 2014)
The flip-flops are required as in  a normal shift register (ie) the Q output of each stage is connected to the D input of the next stage. But the Q output of the first flip-flops is connected back to the D input of the first flip-flops such that the array of  flip-flops is arranged in a ring and therefore the name ring counter.
[image: E:\new\DE\Additional\Fig. 1. 40.eps]A ring counter is a circular shift register with only one flip-flops being set at any particular time, all others are cleared. The single bit is shifted from one flip-flops the next to produce the sequence of timing intervals. The initial value of the register is 1000. The single bit is shifted right with every clock pulse and circulated back from Q4 to Q1
Sequence table 
	 Q1
	Q2
	Q3
	Q4
	After CP

	0
0
0
0
1
0
0
0
	0
0
1
0
0
0
1
0
	0
0
1
0
0
0
1
0
	0
0
0
1
0
0
0
1
	0
1
2
3
4
5
6
7



[image: E:\new\DE\Additional\Fig. 1. 41.eps]
 (
1
000
0101
0010
0001
)






22.Explain in detail about Johnson counter(april/may 2016)


This counter is obtained from a serial in, serial out shift register by providing a feedback from the inverted output of the last flip-flops to the D input of the first flip-flops. The Q output of each stage is connected to the D input of next stage but the   output of the last stage is connected to the D input of first stage, therefore the name twisted ring counter. The number of state connected as a switch tail ring counter. Let initially all flip-flops be reset (ie) the state of the counter be 0000. After each clock pulse, the level of Q1 is shifted to Q2, the level of Q2 to Q3 to Q4 and the level of  to Q1. This sequence is repeated after every clock pulse.
Sequence table of johnson counter
	 Q1
	Q2
	Q3
	Q4
	CP

	0
1
1
1
1
0
0
0
0
	0
0
1
1
1
1
0
0
0
	0
0
0
1
1
1
1
0
0
	0
0
0
0
1
1
1
1
0
	 
0
1
2
3
4
5
6
7
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 (
0000
1
000
1100
1111
0001
0011
0111
1110
)







Pseudo Random binary sequence Generator (PRBS)
[image: E:\new\DE\Additional\Fig. 1. 43.eps]

	 C
	D
	C ⊕ D

	0
0
1
1
	0
1
0
1
	0
1
1
0



	 State
	D
	C
	B
	A
	F = C ⊕D

	S1
S2
S4
S9
S3
S6
S13
S10
S5
S11
S7
S15
S14
S12
S8
	0
0
0
1
0
0
1
1
0
1
0
1
1
1
1
	0
0
1
0
0
1
1
0
1
0
1
1
1
1
0
	0
1
0
0
1
1
0
1
0
1
1
1
1
0
0
	1
0
0
1
1
0
1
0
1
1
1
1
0
0
0
	0
0
1
1
0
1
0
1
1
1
1
0
0
0
1



Maximum length sequence
Mls=2n -1
Suppose N=5
2n-1=31
The period of sequence =31μs
Suppose N=15
2n-1=32767
        =32.7μs
N=25 , 2n-1=33554431
Period of sequence=33.555
Uses: 1) Test digital circuits 
2) Encrypting digital data so that unauthorized persons cannot easily read it.
3) Connected to DAC to produce random noise used to test audio systems.
1. With the help of two shift registers design a 4 bit serial adder
	 P. S
	I/P’s
	N.S
	F/F I/P’s

	Q
	X
	Y
	Q – array
	S = Sum 
	 J
	K

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
0
0
1
0
1
1
1
	0
1
1
0
1
0
0
1
	0
0
0
1
X
X
X
X
	X
X
X
X
1
0
0
0



[image: E:\new\DE\Additional\Fig. 1. 44.eps]
[image: E:\new\DE\Additional\Fig. 1. 45.eps]
23.Derive the state table and state diagram for the sequential circuit 
Step 1:
The output y of given sequential circuit depends on the present input and also present state of flip-flops, so the given sequential logic circuit is Mealy sequential machine. 
step 2: Excitation equation
For flip-flops A ;
JA=X+B
           KA =A


for flip-flops B :  JB=, KB =B, y=
[image: E:\new\DE\Additional\Fig. 1. 50.eps]
Step 3: characteristic table
	 Qn
	J
	K
	Qn+1

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
0
1
1
1
0
1
0



Step 4: State table
	Present state  
	Next state 
	Output 

	A
	B
	X = 0
	X = 1
	X = 0
	X = 1

	 0
0
1
1
	0
1
0
1
	0  0
1  0
0  1
0  0
	1  1
1  0
0  0
0  0
	0
0
0
0
	0
1
0
0



Step 5: State diagram
[image: E:\new\DE\Additional\Fig. 1. 51.eps]
24. Explain in detail about Design of clocked sequential logic circuits (nov/dec 2016)
Procedure:
1. Obtain the state table the given circuit information such as a state diagram, a timing diagram (or) description.
2. The number of states may be reduced by state reduction technique.
3. Assign binary values to each state in the state table.
4. Determine the number of flip-flops required and assign a letter symbol to each flip-flop.
5. Choose the flip-flops type to be used according to the application.
6. Derive the excitation table from the reduced state table.
7.derive the expression for flip-flop inputs and outputs using K map simplification ( The present state and inputs are considered for K map simplification) and draw logic circuit using flip-flops and gates.
1. A sequential circuit has one input and one output and its state diagram is given in figure design the sequential circuit using D flip-flops
[image: E:\new\DE\Additional\Fig. 1. 52.eps]
Design using D f/f


	 P.S
Qn
	N.S
Qn+1
	F/F I/P
D

	0
0
1
1
	0
1
0
1
	0
1
0
1



Excitation table 
	 Present state 
	Input 
	Next state 
	F/F input 
	Output 

	A
	B
	X
	A
	B
	DA
	DB
	Y

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
1
1
0
1
0
0
1
	0
0
1
0
0
1
0
0
	0
1
1
0
1
0
0
1
	0
0
1
0
0
1
0
0
	0
1
0
0
1
0
1
0



[image: E:\new\DE\Additional\Fig. 1. 53.eps]
Draw the logic diagram

25. Explain in detail about Sequence Generator
Sequence Generator using counters
It contains two stages :1. Counter  2. Next state decoder
Design procedure:
Step 1: determine the number of flip-flops required
a) find the number of 1’s in the sequence 
b) find the number of 0’s in the sequence
c) Take the maximum value from both.
If  ‘n’ is the required number of flip-flop choose a maximum value of ‘n’ to satisfy the full condition max ( 0’s, 1’s)≤ 2n-1
Step 2: state assignment
Step 3: Draw the state diagram
Step 4: Find the poolean expression for each flip-flops input by using the k map and draw the logic diagram for this poolean expression.
EX: find the number of flip-flops required to generate the sequence 10110110
  The given sequence has 3 0’s and 5 1’s 
Max  (3,5) ≤ 2n-1
5        ≤ 2n-1
n=4
EX:  Design a sequence generator using JK flip-flops to generate the sequence 1101011
Step 1: No of flip-flops required:
Max (2,5) ≤ 2n-1
5 ≤ 2n-1
n=4
we need 4 flip-flop named as A,B,C,D. The desired is generated by the D flip-flops output.
Step 2: state assignment
	 Decimal Equivalent 
	A
	B
	C
	D

	1
3
0
5
2
7
9
	0
0
0
0
0
0
1
	0
0
0
1
0
1
0
	0
1
0
0
1
1
0
	1
1
0
1
0
1
1



Assign binary value based on non repeated states
Step 3: state diagram
	 Qn
	Qn+1
	J
	K

	0
0
1
1
	0
1
0
1
	0
1
X
X
	X
X
1
0



[image: E:\new\DE\Additional\Fig. 1. 54.eps]
Excitation table 
	Present state 
	Next state 
	F/F I/P’s

	QA
	QB
	QC
	QD
	QA
	QB
	QC
	QD
	JA
	KA
	JB
	KB
	JC
	KC
	JD
	KD

	0
0
0
0
0
0
0
0
1
	0
0
0
0
1
1
1
1
0
	0
0
1
1
0
0
1
1
0
	0
1
0
1
0
1
0
1
0
	0
0
0
0
X
0
X
1
X
	1
0
1
0
X
0
X
0
X
	0
1
1
0
X
1
X
0
X
	1
1
1
0
X.
0
X
1
X
	0
0
0
0
X
0
X
1
X
	X
X
X
X
X
X
X
X
X
	 1
0
1
0
X
X
X
X
X
	X
X
X
X
X
X
X
X
X
	 0
1
X
X
X
1
X
X
X
	X
X
X
1
X
X
1
X
X
	1
X
1
X
X
X
X
X
X
	1
X
X
1
X
1
X
X
X



K -  simplification
[image: E:\new\DE\Additional\Fig. 1. 55.eps]
26. Design a pulse train generator for the wave form


Step 1: The pulse is repeatedfor every 4 bit sequence 0111.therefore the required no of flip-flop is no of 0’s=1; no of 1’s =3
Max (1,3) ≤ 2n-1
3 ≤ 2n-1 													
n=3.
[image: E:\new\DE\Additional\Fig. 1. 56.eps]
State assignment : assume  A=000, B=001, C=010, d=011, E=100, F=101.
Excitation table
	 Input 
	Present state  
	Next state 
	O/P
	F/F I/P’s

	X
	A
	B
	C
	An+1
	Bn+1
	Cn+1
	Y
	JA KA
	 JB KB
	 JC KC

	 0
0
0
0
0
0
1
1
1
1
1
1
	0
0
0
0
1
1
0
0
0
0
1
1
	0
0
1
1
0
0
0
0
1
1
0
0
	0
1
0
1
0
1
0
1
0
1
0
1
	0
0
0
1
0
1
0
0
0
0
1
0
	0
1
1
0
0
1
0
0
0
0
0
0
	0
0
1
0
0
0
1
1
1
1
1
1
	0
0
0
0
0
0
0
0
0
0
0
1
	0  X
0  X
0  X
1  X
X 1
X 1
0  X
0  X
0  X
0  X
X  0
X  1
	0  X
1  X
X  0
X  1
0  X
1  X
0  X
0  X
X  1
X  1
0  X
0  X
	0  X
X  1
1  X
X  1
0  X
X  1
1  X
X  0
1  X
X  0
1  X
X  1



K map simplification




JA= ;   JB=  ; JC= X+B ;  KA= , KB=X+C, KC=,  y=XAC
Draw the logic diagram of JA KA ; JB JC KC with output y.

2. Design a sequence detictor to detect the sequence 101 from 10101  (mealy circuit)
[image: E:\new\DE\Additional\Fig. 1. 57.eps]
A=00, b=01,c=10
	 Input 
	P. S
	N.S
	F/F I/P’s
	Output 

	X
	A
	B
	An+1
	Bn+1
	Ta
	Tb
	Y

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
1
0
X
0
0
0
X
	0
0
0
X
1
1
1
X
	0
1
1
X
0
0
1
X
	0
1
0
X
1
0
1
X
	0
0
0
X
0
0
1
X





K map:  Ta =, Tb = ; y= xa draw the logic diagram.

design a circuit that ()   consecutive 1’s in a string of bits coming through an input line.(moore circuit)
solution: The state diagram starts from initial state s0
[image: E:\new\DE\Additional\Fig. 1. 58.eps]
S0 =00
S1 =01
S2 =10
S3=11
When using D flip-flops ; A(t+1)=DA ; B(t+1)=DB
State table for sequence detector:
	 Present state
	Input 
	Next state 
	Output 

	A
	B
	X
	A
	B
	Y

	0
0
0
0
1
1
1
1
	0
0
1
1
0
0
1
1
	0
1
0
1
0
1
0
1
	0
0
0
1
0
1
0
1
	0
1
0
0
0
1
0
1
	0
0
0
0
0
0
1
1



DA =Ax+Bx:  DB=Ax+Bx; y= AB
Draw the logic diagram.
27. Design a circuit so that only input sequence ending in 101 will produce on output Z=1 concident with the last 1. The circuit does not reset when a 1 output occurs. (APRIL/MAY 2017)
e.g Input x =0 0 1 1 0 1 1 0 0 1 0 1 0 1 0 0
     Output Z =0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0
Construction ofsequence detector using Moore model:
[image: E:\new\DE\Additional\Fig. 1. 59.eps]
	 Present state 
	Next state 
	Output 

	A
	B
	X = 0
A B
	X = 1
A B
	Z

	 0
0
1
1
	0
1
0
1
	0  0
1  0
0  0
1  0
	0  1
0  1
1  1
0  1
	0
0
0
1





DA= , DB=x, Z=AB.
Construction of the above sequence detector using Mealy machine 
[image: E:\new\DE\Additional\Fig. 1. 60.eps]



	 P. S
	N . S
	Output Z 

	A
	B
	X = 0
A B
	X = 1
A B
	X = 0
	X = 1

	 0
0
1
	0
1
0
	0  0
1  0
0  0
	0  1
0  1
0  1
	0
0
0
	0
0
1




DA= 
DB =x
Z=xA
28.  Design a sequence sector which detects the sequence 100011
[image: E:\new\DE\Additional\Fig. 1. 61.eps]


Total states: 6
∴ 3 flip-flops 
A=000
B=001
C=010
D=011
E=100
F=101
	 Present state 
	Next state 
	Output Y
	F/F I/P;s 

	A B C
	X = 0
A B C
	X = 1
A B C  
	 X = 0
	X = 1
	JA 
	KA
	JB
	KB
	JC
	KC

	0 0 0
0 0 1
0 1 0 
0 1 1 
1 0 0 
1 0 1
	0 0 0 
0 1 0 
0 1 1 
1 0 0 
0 0 0 
0 1 0 
	0 0 1 
0 0 1
0 0 1
0 0 1
1 0 1
0 0 0 
	0
0
0
0
0
0
	0
0
0
0
0
1
	0x
0x
0x
1x
X1
X1
	0x
0x
0x
0x
X0
X1
	0x
1x
X0
X1
0x
1x
	0x
0x
X1
X1
0x
0x
	0x
X1
1x
X1
0x
X1
	1x
X0
1x
0x0
1x
X1






JA = ;              KA =; JB  = ;  KB =C+X ; 

                                   JC = X+B ; KC  =  ; y= XAC
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