Sequential circuits –Flip-flops

Sequential circuits
A sequential circuit is a logical circuit, where the output depends on the present value of the input signal as well as the sequence of past inputs. While a combinational circuit is a function of present input only. 
A sequential circuit is a combination of combinational circuit and a storage element. The sequential circuits use current input variables and previous input variables which are stored and provide the data to the circuit on the next clock cycle.
[image: ]
Types of Sequential Circuits
The sequential circuits are classified into two types
· Synchronous Circuit
· Asynchronous Circuit
In synchronous sequential circuits, the state of device changes at discrete times in response to a clock signal. i.e. the output depends on the clock signal.
In asynchronous circuits, the state of the device changes in response to changing inputs. i.e. the output depends on the input signal.

Latches: 
Latch is a simplest kind of a sequential circuit has only two states. it is a memory cell, which is capable of storing one bit of information. i.e logic 0 or 1. One bit of information can be locked or latched. The latch does not have a clock input. The output depends on the level of the input signals. Example: SR latch
[image: ]
There are different types of latch:
· SR latch
· JK latch
· D latch
· T latch
Flip flop:
The latch with the additional clock input is called Flip flop. Flip flop can store a bit (Logic 1 or Logic 0) of date. It is a synchronous circuit which changes their state only when clock pulses are present. The different types of flip flops are
· SR Flip flop
· JK Flip flop
· T Flip flop
· D flip Flop

SR Flip Flop (SET - RESET Flip Flop): 
This flip flop circuit has a clock input, set input (S) and a reset input (R). It has two outputs  and  
Logic Symbol
[image: ]
Logic Diagram:
SR flip flop can be designed using Four NAND gates or using two AND gates and two NOR gates. 
We are designing SR flip flop using Four NAND gate. The flip flop is positive edge triggered, so for each positive edge of the clock pulse the flip flop gets the inputs.
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Truth table: 
	Inputs
	Outputs
	
Action

	Clock Signal
	S
	R
	Present State  (P.S)
	Next state (N.S)
	

	
	
	
	
	
	
	

	0
	X
	X
	X
	
	
	No change

	1
	0
	0
	X
	
	
	No change

	1
	0
	1
	X
	0
	1
	Reset

	1
	1
	0
	X
	1
	0
	Set

	1
	1
	1
	X
	X
	X
	Forbidden


Where , X- don’t care (Logic 0 or Logic 1)
When Clock = 0, S= (0 or 1) and R= (0 or 1)
  		[3rd Gate]
 			[4th Gate]
When the clock input is ‘0’, the Next state (N.S) will be the present state (P.S). i.e The output will be the same for all the input combinations of SR (00, 01,10 &11). When clock input  = 0, the circuit wont be active.
[image: ]

When Clock = 1, S= 0 and R= 0
 		[3rd Gate]
 			[4th Gate]
When the clock input is ‘1’, S is ‘0’ and R is ‘0’, the Next state (N.S) will be the present state (P.S).
[image: ]
When Clock = 1, S= 0 and R= 1
[image: ]
		[3rd Gate]
		[4th Gate]
and .  will be the inverse of  i.e 
When the clock input is ‘1’, S input is ‘0’ and R input is ‘1’, the circuit performs RESET operation.
When Clock = 1, S= 1 and R= 0
 		[3rd Gate]
 			[4th Gate]
, and   will be the inverse of  i.e 
When the clock input is ‘1’, S input is ‘1’ and R input is ‘0’, the circuit performs SET operation.
[image: ]
When Clock = 1, S= 1 and R= 1
[image: ]
 		[3rd Gate]
 		[4th Gate]
, and , is the inverse of  So, both the outputs cannot be the same. So this is not possible. The SR flip flop operate, wont when the SR inputs are ‘11’. When the clock input is ‘1’, S is ‘1’ and R is ‘1’, the circuit is in forbidden state.
Characteristics table:
The Characteristics table is designed from the truth table
	Inputs
	Output

	Present State  (P.S)
	S
	R
	Next state (N.S) 

	0
	0
	0
	0

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	X

	1
	0
	0
	1

	1
	0
	1
	0

	1
	1
	0
	1

	1
	1
	1
	X



State Diagram:
The states are indicated by the circle and the state transition is indicated by the arrowed line diagram. In SR flip flop there are two states State ‘1’ and state ‘0’. The state diagram for SR flip flop is shown below.
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Excitation Table or application table: 
Excitation table has been designed from the characteristics table. This is done by combining the excitation inputs
	Present State  (P.S)
	Next state (N.S) 
	Excitation Inputs

	
	
	S
	R

	0
	0
	0
	X

	0
	1
	1
	0

	1
	0
	0
	1

	1
	1
	X
	0


K-map:
[image: ]
Don’t care conditions are not considered as they are the outputs of the forbidden state
Characteristics Equation:


JK Flip Flop: 
J-K flip flop has a characteristic similar to that of an S-R flip flop. In addition, the indeterminate condition of the S-R flip flop is predetermined in it. In this flip flop the output is feedback to the input. This flip flop circuit has a clock input, ‘J’ input and ‘R’ input. It has two outputs,  and  
Logic symbol:
[image: ]
JK flip flop can also be obtained from the SR flip flop by augmenting two AND gate as shown below.
[image: ]

Logic Diagram
[image: ]
JK flip flop is designed with the help of by 4 NAND gate. i.e. two number of three input NAND gate and two number of two input NAND gate.
Truth Table
	Inputs
	Outputs
	
Action

	Clock Signal
	J
	K
	Present State  (P.S)
	Next state (N.S)
	

	
	
	
	
	
	
	

	0
	X
	X
	X
	
	
	No change

	1
	0
	0
	X
	
	
	No change

	1
	0
	1
	X
	0
	1
	Reset

	1
	1
	0
	X
	1
	0
	Set

	1
	1
	1
	X
	
	
	Toggle


When Clock = 0, J= (0 or 1) and K= (0 or 1)
  		[3rd Gate]
 			[4th Gate]
[image: ]
When the clock input is ‘0’, the Next state (N.S) will be the present state (P.S). i.e The output will be the same for all the input combinations of JK (00, 01,10 &11). When clock =0, the circuit wont be active.
When Clock = 1, J= 0 and K=0
[image: ]
  		[3rd Gate]
 			[4th Gate]
When the clock input is ‘1’, ‘J’ is ‘0’ and ‘K’ is ‘0’, the Next state (N.S) will be the present state (P.S).
When Clock = 1, J= 0 and K= 1
[image: ]
 		[3rd Gate]
 		[4th Gate]
and  .   will be the inverse of  i.e 
When the clock input is ‘1’, J is ‘0’ and K is ‘1’, the circuit performs RESET operation.
When Clock = 1, J= 1 and K= 0
[image: ]

 		[3rd Gate]
 			[4th Gate]
, and So,  will be the inverse of  i.e 
When the clock input is ‘1’, J is ‘1’ and K is ‘0’, the circuit performs SET operation.
When Clock = 1, J= 1 and K= 1
[image: ]
 			[3rd Gate]
The value of  , Substitute the value of and find the value of 
			[4th Gate]
(or)
 			[4th Gate]
The value of =1 and Substitute the value of and find the value of
 				[3rd Gate]
The outputs will switch (“toggle”) from set (Q=1 and not-Q=0) to reset (Q=0 and not-Q=1). The next clock pulse toggles the circuit again from reset to set.	
When the clock input is ‘1’, J is ‘1’ and K is ‘1’, the circuit is in Toggle state.
Characteristics table:
The Characteristics table is designed from the truth table
	Inputs
	Output

	Present State  (P.S)
	J
	K
	Next state (N.S) 

	0
	0
	0
	0

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	1

	1
	0
	0
	1

	1
	0
	1
	0

	1
	1
	0
	1

	1
	1
	1
	0


State Diagram:
The states are indicated by the circle and the state transition is indicated by the arrowed line diagram. In JK flip flop there are two states State ‘1’ and state ‘0’. The state diagram for JK flip flop is shown below.
[image: ]
Excitation Table or application table: 
Excitation table has been designed from the characteristics table. This is done by combining the excitation inputs
	Present State  (P.S)
	Next state (N.S) 
	Excitation Inputs

	
	
	J
	K

	0
	0
	0
	X

	0
	1
	1
	X

	1
	0
	X
	1

	1
	1
	X
	0


K-map:
[image: ]
Characteristics Equation:




D Flip Flop (Delay Flip Flop): 
A D-type flip-flop is a clocked flip-flop which has two stable states. A D-type flip-flop operates with a delay input by one clock cycle. Thus, by cascading many D-type flip-flops delay circuits can be created, which are used in many applications such as in digital television systems.
D –Flip flop has one clock input and one D input. It has two outputs,  and  
Logic Symbol:
[image: ]
Logic Diagram
[image: ]



Truth Table:
	Inputs
	Outputs
	
Action

	Clock Signal
	D
	Present State  (P.S)
	Next state (N.S)
	

	
	
	
	
	
	

	0
	X
	X
	
	
	No change

	1
	0
	X
	0
	1
	Reset

	1
	1
	X
	1
	0
	Set


When, Clock = 0, D= (0 or 1)
  		[3rd Gate]
 			[4th Gate]
When the clock input is ‘0’, the Next state (N.S) will be the present state (P.S). i.e The output will be the same for all the inputs of D (0 or 1). when clock input  = 0, the circuit wont be active.
[image: ]
When, Clock = 1, D= 0 
  		[3rd Gate]
 		[4th Gate]
and  .   will be the inverse of  i.e 
When the clock input is ‘1’ and ‘D’ is ‘0’, the circuit performs RESET operation.
[image: ]
When, Clock = 1, D= 1 
  		[3rd Gate]
 			[4th Gate]
, and So,  will be the inverse of  i.e 
When the clock input is ‘1’ and ‘D’ is ‘1’. the circuit performs SET operation.
[image: ]



Characteristics table:
The Characteristics table is designed from the truth table
	Inputs
	Output

	Present State  (P.S)
	D
	Next state (N.S) 

	0
	0
	0

	0
	1
	1

	1
	0
	0

	1
	1
	1


State Diagram:
The states are indicated by the circle and the state transition is indicated by the arrowed line diagram. In D flip flop there are two states State ‘1’ and state ‘0’. The state diagram for D flip flop is shown below.
[image: ]
Excitation Table or application table: 
Excitation table has been designed from the characteristics table. This is done by combining the excitation inputs
	Present State  (P.S)
	Next state (N.S) 
	Excitation Inputs

	
	
	D

	0
	0
	0

	0
	1
	1

	1
	0
	0

	1
	1
	1


K-map:
[image: ]
Characteristics Equation:











T- Flip Flop (Toggle Flip Flop): 
T flip flop is modified form of JK flip-flop making it to operate in toggling region. T flip – flop is also known as “Toggle Flip – flop”. Toggling means ‘Changing the next state output to complement of the present state output’. T –Flip flop has one clock input and one T input. It has two outputs,  and .
Logic Symbol:
[image: ]
Logic Diagram
[image: ]

Truth Table:
	Inputs
	Outputs
	
Action

	Clock Signal
	T
	Present State  (P.S)
	Next state (N.S)
	

	
	
	
	
	
	

	0
	X
	X
	
	
	No change

	1
	0
	X
	
	
	No change

	1
	1
	X
	1
	0
	Toggle


When, Clock = 0, T= (0 or 1)
  		[3rd Gate]
 			[4th Gate]
When the clock input is ‘0’, the Next state (N.S) will be the present state (P.S). i.e The output will be the same for all the inputs of T (0 or 1). when clock input  = 0, the circuit wont be active.
[image: ]

When, Clock = 1, T= 0 
  		[3rd Gate]
			[4th Gate]
When the clock input is ‘0’,  and T is 0, the Next state (N.S) will be the present state (P.S). 
[image: ]
When, Clock = 1, T= 1 
 			[3rd Gate]
The value of  , Substitute the value of and find the value of 
			[4th Gate]
(or)
 			[4th Gate]
The value of =1 and Substitute the value of and find the value of
 				[3rd Gate]
The outputs will switch (“toggle”) from set (Q=1 and not-Q=0) to reset (Q=0 and not-Q=1). The next clock pulse toggles the circuit again from reset to set.	
When the clock input is ‘1’ and  T is ‘1’, the circuit is in Toggle state.
[image: ]
Characteristics table:
The Characteristics table is designed from the truth table
	Inputs
	Output

	Present State  (P.S)
	T
	Next state (N.S) 

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	0


State Diagram:
The states are indicated by the circle and the state transition is indicated by the arrowed line diagram. In T-flip flop there are two states State ‘1’ and state ‘0’. The state diagram for T-flip flop is shown below.
[image: ]
Excitation Table or application table: 
Excitation table has been designed from the characteristics table. This is done by combining the excitation inputs
	Present State  (P.S)
	Next state (N.S) 
	Excitation Inputs

	
	
	T

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	0


K-map:
[image: ]
Characteristics Equation:

Master slave flip – flop
Race Around Condition In JK Flip-flop
In J-K 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. This problem (Race Around Condition) can be avoided by ensuring that the clock input is at logic “1” only for a very short time. This introduced the concept of Master Slave JK flip flop.
The Master-Slave Flip-Flop is basically a combination of two JK flip-flops connected together in a series configuration. Out of these, one acts as the “master” and the other as a “slave”. The output from the master flip flop is connected to the two inputs of the slave flip flop whose output is fed back to inputs of the master flip flop.
In addition to these two flip-flops, the circuit also includes an inverter. The inverter is connected to clock pulse in such a way that the inverted clock pulse is given to the slave flip-flop. The master flip-flop will be active when the clock pulse is 1 (high). The slave flip flop will be active when the clock pulse is 0 (Low).
Logic Symbol
[image: ]


Logic diagram
[image: ]
Working of a master slave flip flop:
1. When the clock pulse is 1, J and K inputs may affect the state of the system. The slave flip-flop is isolated until the Clock signal goes to 0. When the Clock signal goes back to 0, information is passed from the master flip-flop to the slave and output is obtained.
2. If J=0 and K=1, the high  output of the master goes to the K input of the slave and the clock forces the slave to reset, thus the slave copies the master.
3. If J=1 and K=0, the high  output of the master goes to the J input of the slave and the Negative transition of the clock sets the slave, copying the master.
4. If J=1 and K=1, it toggles on the positive transition of the clock and thus the slave toggles on the negative transition of the clock.
5. If J=0 and K=0, the flip flop is disabled and Q remains unchanged.
6. When the Clock pulse is high the output of master is high and remains high till the clock is low because the state is stored.
7. Now the output of master becomes low when the clock pulse becomes high again and remains low until the clock becomes high again.
8. Thus toggling takes place for a clock cycle.
9. When the clock pulse is high, the master is operational but not the slave thus the output of the slave remains low till the clock remains high.
10. When the clock is low, the slave becomes operational and remains high until the clock again becomes low.
11. Toggling takes place during the whole process since the output is changing once in a cycle.
This makes the Master-Slave J-K flip flop a Synchronous device as it only passes data with the timing of the clock signal.
Applications of Flip- flip
Flip-flop has the following applications 
· Counter circuit
· Storage device
· Data transfer
· Frequency division
Triggering of Flip –Flop
Flip- flops are synchronous bistable device. The term synchronous means that the changes in the output occur at a specified point on a triggering input called the clock. Triggering of flip-flops take place in two different types.
· Level triggering
· Edge triggering
Level triggering
In level triggering the circuit will become active when the gating or clock pulse is on a particular level. 
There are two types of level triggering
· Positive level triggering 
· Negative level triggering
Positive level triggering
The flip-flop will be triggered, when the clock pulse reaches the positive level.
Negative level triggering
The flip-flop will be triggered, when the clock pulse reaches the Negative level.
[image: ]
Edge triggering
In edge triggering the circuit becomes active at negative or positive edge of the clock signal. 
The two types of edge triggering are
· Positive edge triggering
· Negative Edge triggering
Positive edge triggering
The flip-flop will be triggered, when the clock pulse reaches the positive edge.
Negative Edge triggering
The flip-flop will be triggered, when the clock pulse reaches the Negative edge..
[image: ]
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