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3.2 SEQUENTIAL LOGIC CIRCUITS 

 

Definition: 

In Synchronous sequential circuit, the output depends on present and previous 

states of the inputs at the clocked instances. The circuits use a memory element 

to store the previous state. The memory elements in these circuits will have 

 
Figure 3.1.1: Synchronous Sequential Circuits 

 
[Source : Jan M. Rabaey ,Anantha Chandrakasan, Borivoje. Nikolic, ‖Digital Integrated 

Circuits:A Design perspective …] 

 Using clock signal, state changes will occur across all storage elements. 

  These circuits are bit slower compared to asynchronous because they wait 

for the next clock pulse to arrive to perform the next operation. 

 These circuits can be clocked or pulsed. 

  The Synchronous sequential circuits that use clock pulses in their inputs 

are called clocked-sequential circuits. They are very stable. 

  The sequential circuits that change their state using the pulse and these are 

clocks. All these clock signals are driven by the same clock signal. 
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called pulsed or un-clocked sequential circuits. 

 
 

Limitations of Synchronous Sequential Circuits 

 All the flip – flops in synchronous sequential circuits must be connected to 

clock signal. Clock signals are very high frequency signals and clock 

distribution consumes and dissipated a large amount of heat. 

 Critical path or the slowest path determines the maximum possible clock 

frequency. Hence they are slower than asynchronous circuits. 

Asynchronous Sequential Circuits 

Definition 

The Sequential circuits which do not operate by clock signals are called 

“Asynchronous sequential circuits”. 

 These circuits will change their state immediately when there is a change 

in the input signal . 

 The Circuit behaviour is determined by signals at any instant in time and 

the order in which input signals change. 

 
Figure 3.1.2: Asynchronous Sequential Circuits 

 
[Source : Jan M. Rabaey ,Anantha Chandrakasan, Borivoje. Nikolic, ‖Digital Integrated 

Circuits:A Design perspective …] 
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 They do not operate in pulse mode. 

 They have better performance but hard to design due to timing problems. 

 Mostly we use the asynchronous circuits when we require the low power 

operations. 

 They are faster than synchronous sequential circuits as they do not need to 

wait for any clock signal. 

Where we use Asynchronous Sequential Circuits?? 

These are used when speed of operation is important. As they are independent of 

internal clock pulse, they are operate quickly. so they are used in Quick response 

circuits. 

 Used in the communication between two units having their own 

independent clocks. 

 Used when we require the better external input handling. 

Limitations of Asynchronous Sequential Circuits 

 Asynchronous sequential circuits are more difficult to design. 

 Though they have a faster performance, their output is uncertain. 

Back to top 

Feedback in Sequential Circuits 

Combinational circuits do not require any feed back as the outputs are purely 

dependent on the present value of the input. But in case of sequential circuits, the 

outputs are dependent on past values of the input along with present values. In 

order to involve memory element like a flip – flop, feedback must be introduced 

in the circuit. For example, consider a simple feedback circuit as shown below. 

https://www.electronicshub.org/sequential-circuits-basics/#top
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If 0 is the input to the inverter at an instance, this 0 will propagate and the output 

is 1. This 1 is fed back as input. This 1 will propagate and the output is 0. The 

process repeats and the result is a continuous oscillation of output between 0 and 

1. There is no stable state in this scenario. 

Now consider the following example of two inverters connected as shown. 
 

 

 

 

 

 

 
 

 

 
 

Here two inverters are connected back to back with the output of the second 

inverter fed back to input of first inverter. If 0 is the input to first inverter at an 

instance, it propagates through the first inverter and the output is 1. This 1 is input 

to second inverter and propagates through it. The output of the second inverter is 

0 which is fed back to the first inverter. But the input to first inverter is already 0 

and hence no change occurs. The circuit is said to be in a stable circuit. Another 

stable state can be obtained when the input to the first inverter is 1. 
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Latches and Flip flops 

Latch 

Latch is a basic building element in sequential circuits. Latches do not have any 

clock signal , that is they are asynchronous sequential circuits. 

• Latches are made up of static gates. 

• Latch is a bistable multivibrator i.e. it has two stable states and can switch 

between these states. 

• Latches will have a feedback path from the output. Thus they change their output 

at any instant using the previous and present states of the input signals. 

• When enabled, the output of the latch is continuously affected by its input i.e. 

the output changes immediately when the input changes. When disabled, the state 

of the latch remains constant i.e. it remembers its previous value. A clock or 

enable          signal          is          used          as          a          control          signal. 

• Latches continuously check all the inputs and correspondingly it changes its 

output when enabled. 

Example: S-R latch is an example for simple latch. 

Example: S-R latch is an example for simple latch. 
 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 3.1.3: S-R Latch 

 
[Source : Jan M. Rabaey ,Anantha Chandrakasan, Borivoje. Nikolic, ‖Digital Integrated 

Circuits:A Design perspective …] 
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Flip-Flop 

The Flip-flop is also a building block of synchronous sequential circuits. It has 

two stable states. It can store one bit of information. Flip flops will have a clock 

signal. Their state changes depending on the clock pulse .These devices will is 

have two states and a feedback path . 

  Flip-Flop is edge sensitive. They will change their state when the clock 

signal transition occurs from low to high or high to low. 

 After the transition of clock signal from either 0 to 1 or 1 to 0 i.e. when the 

clock is at constant 0 or 1, the state remains unchanged even if the input 

changes. 

 
Figure 3.1.4: J-K Flip-Flop 

 
[Source : Jan M. Rabaey ,Anantha Chandrakasan, Borivoje. Nikolic, ‖Digital Integrated 

Circuits:A Design perspective …] 

Example: J-K Flip-Flop. 
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NOTE: The only difference between latches and flip – flops is that a latch is level 

sensitive to control signal (clock or enable) while a flip – flop is edge sensitive to 

the control signal (usually clock). 

Triggering 

Definition 

The change in output of a flip flop can be done by bringing a small change in the 

input signal. This small change can be done with the help of a clock pulse. This 

clock pulse is known as a Trigger pulse. 

A flip – flop is said to be “Triggered”, when a trigger pulse is applied to the input 

that brings changes in the output. Flip – flops are basic components in registers 

and counters, which store data in the form of multi – bit numbers. Number of flip 

– flops are connected to form a sequential circuit and all these flip – flops require 

trigger pulse. The number of trigger pulses applied to the input determines the 

number in a counter. 

There are two type of triggering: Level Triggering and Edge Triggering 

Level Triggering 

The triggering process in which the change in the output state is according to the 

active level of inputs is called “Level Triggering”. 

Level triggering is of two types, they are 

1. High level triggering. 

2. Low level triggering. 

High Level Triggering 

In High Level Triggering, the output of the flip – flop changes only when its 

enable input is at a high state i.e. logic high or logic 1. The symbolic 

representation of high level triggering is shown below. 
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Low Level Triggering 

In Low Level Triggering, the output of the flip – flop changes only when its 

enable input is at a low state i.e. logic low or logic 0. The symbolic representation 

of low level triggering is shown below. A low level triggering is usually identified  

by the bubble on the clock input. 

 

 

 

 

 
 

 

 

 

 

 

 

Edge Triggering 

In Edge Triggering, the output changes only when the inputs are present at either 

of the transitions of the clock pulse i.e. either from low to high (0 to 1) or from 

high to low (1 to 0). 

Edge triggering is of two types, they are 

1. Positive edge triggering. 

2. Negative edge triggering. 

Positive Edge Triggering 

In Positive Edge Triggering, the output changes only when the input is at the 

positive edge of the clock pulse input i.e. a transition from low to high (0 to 1). 

Positive Edge Triggering method is used when a flip-flop is required to respond 
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at low to high level transition state. The symbolic representation of positive edge 

triggering is shown below. 

 

triggered flip – flop, where the clock pulse is given to the input at the same time 

when the output of the flip – flop is changing. Feedback from the output to the 

input causes this instability. In order to avoid this instability, edge triggered flip 

– flops are used. 

Negative Edge Triggering 

In Negative Edge Triggering, the output changes only when the input is at the 

negative edge of the clock pulse input i.e. a transition from high to low (1 to 0). 

Negative Edge Triggering method is used when a flip-flop is required to respond 

at high to low level transition state. The symbolic representation of negative edge 

triggering is shown below. 

Edge Trigger Better Than Level Trigger 

It is better to use edge triggering rather than level triggering. This is because level 

triggering might cause instability in the circuit for a particular case of a level 
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