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Sequential circuit 

Sequential circuits are digital circuits whose outputs are dependent on previous inputs and outputs. 

The main distinction between sequential and combinational circuit is that sequential circuits has 

memory elements to store past data. A sequential circuit will also have combinational circuit to 

generate the outputs required. A sequential circuit is specified by a time sequence of inputs, 

outputs, and internal states. In contrast, the outputs of combinational logic depend only on the 

present values of the inputs.   

A Sequential circuit contains: 

 Storage elements: 

o Latches or Flip-Flops  

 Combinatorial Logic: 

o Implements a multiple-output switching function 

o Inputs are signals from the outside. 

o Outputs are signals to the outside. 

o Other inputs, State or Present State, are signals from storage elements.  

o The remaining outputs, Next State are inputs to storage elements.  

Figure 1 below shows a basic block diagram of a simple sequential circuit.  

 
Figure 1 Block diagram of a sequential circuit 

There are 2 types of sequential circuits depending on the times at which storage elements observe 

their inputs, and storage elements change their state. 

 Synchronous  

• Behavior defined  from knowledge of its signals at discrete instances of time 

• Storage elements observe inputs and can change state only in relation to a timing 

signal (clock pulses from a clock) 

 Asynchronous  

• Behavior defined from knowledge of inputs an any instant of time and the order in 

continuous time in which inputs change 

• If clock just regarded as another input, all circuits are asynchronous! 

• Nevertheless, the synchronous abstraction makes complex designs tractable!  
 

Synchronous sequential circuits change their states and output values at discrete instants of time, 

which are specified by the rising and falling edge of a free-running clock signal. The clock signal is 

generally some form of square wave as shown in Figure 2 below. 

 
Figure 2 Clock signal 



CSE 305 Lecture 8: Latches and Flip-Flops  

Prepared BY 
Shahadat Hussain Parvez  

P
ag

e2
 

The reciprocal of the clock period is referred to as the clock frequency. The clock width is defined as 

the time during which the value of the clock signal is equal to 1. The ratio of the clock width and 

clock period is referred to as the duty cycle. A clock signal is said to be active high if the state 

changes occur at the clock's rising edge or during the clock width. Otherwise, the clock is said to be 

active low. Synchronous sequential circuits are also known as clocked sequential circuits. 

The figure below shows the block diagram of a sequential circuit 

 
Figure 3 Synchronous clocked sequential circuit 

The memory elements used in synchronous sequential circuits are usually flip-flops. These circuits 

are binary cells capable of storing one bit of information. A flip-flop circuit has two outputs, one for 

the normal value and one for the complement value of the bit stored in it. Binary information can 

enter a flip-flop in a variety of ways, a fact which give rise to the different types of flip-flops. For 

information on the different types of basic flip-flop circuits and their logical properties, see the 

previous tutorial on flip-flops. 

In asynchronous sequential circuits, the transition from one state to another is initiated by the 

change in the primary inputs; there is no external synchronisation. The memory commonly used in 

asynchronous sequential circuits are time-delayed devices, usually implemented by feedback among 

logic gates. Thus, asynchronous sequential circuits may be regarded as combinational circuits with 

feedback. Because of the feedback among logic gates, asynchronous sequential circuits may, at 

times, become unstable due to transient conditions. The instability problem imposes many 

difficulties on the designer. Hence, they are not as commonly used as synchronous systems. 
 

SR Latch 

● SR latch is made from two cross-coupled NORs 

● Usually S=0 and R=0 

● When Q = 1, the SR-Latch is in the Set state 

● When Q = 0, the SR-Latch is in the Reset state 

● S=1 and R=1 generates illogical results  

 
Figure 4 NOR implementation of SR flip-flop 
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The time sequence behavior of NOR cross coupled SR flip-flop: 

 
● SR latch is made from two cross-coupled NANDs 

● Sometimes called S R latch 

● Usually S=1 and R=1 

● S=0 and R=0 generates illogical results 

 
Figure 5 NAND implementation of SR flip-flop 

The time sequence behavior of NAND cross coupled SR flip-flop: 

 
S = 0, R = 0 is forbidden as input pattern 

Clocked S - R Latch 

Adding two NAND gates to the basic S - R NAND latch gives the clocked S – R latch: 

 
Has a time sequence behavior similar to the basic S-R latch except that the S and R inputs are only 

observed when the line C is high. C means “control” or “clock”. 
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The Clocked S-R Latch can be described by a table: 

Q(t) S R Q(t+1) Comment 

0 0 0 0 No change 

0 0 1 0 Clear Q 

0 1 0 1 Set Q 

0 1 1 ??? Indeterminate 

1 0 0 1 No change 

1 0 1 0 Clear Q 

1 1 0 1 Set Q 

1 1 1 ??? Indeterminate 

 The table describes what happens after the clock [at time (t+1)] based on: 

•  current inputs (S,R) and 

•  Current state Q(t). 

Avoid uncontrolled latch changes 

C = 0 disables all latch state changes 

Control signal enables data change when C = 1 

 
Figure 6  SR latch with control input 

The clock pin, c can be sometimes written as enable (E). 

The figure below shows the graphic symbol for SR latch. Note that the normal output is Q 

and the inverted output is Q’ 
 

D Latch (Transparent Latch) 

Adding an inverter to the S-R Latch, gives the D Latch: 

 

 
Figure 7 D latch 

Note that there are no “indeterminate” states! 
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The figure below shows the graphic symbol of RS and D latch 

 
Figure 8 Graphic symbol of RS and D latch 

JK Latch 

JK latch is similar to RS latch. This latch consists of 2 inputs J and K as shown in the below figure. The 

ambiguous state has been eliminated here: when the inputs of Jk latch are high, then output toggles. 

The output feedback to inputs is the only difference we see here, which is not there in the RS latch. 

 
T Latch 

T latch is formed when the inputs of the JK latch are shorted. When the input is high, then 

the  output toggles. 

 

 
 

 

  

http://www.edgefx.in/wp-content/uploads/2014/10/JK1-latch.png
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The Latch Timing Problem 

 In a sequential circuit, paths may exist through combinational logic: 

o From one storage element to another 

o From a storage element back to the same storage element 

 The combinational logic between a latch output and a latch input may be as simple as an 

interconnect 

 For a clocked D-latch, the output Q depends on the input D whenever the clock input C has 

value 1 

 Consider the following circuit: 

 
Suppose that initially Y = 0. 

 
 As long as C = 1, the value of Y continues to change! 

 The changes are based on the delay present on the loop through the connection from Y back 

to Y.  

 This behavior is clearly unacceptable. 

 Desired behavior: Y changes only once per clock pulse 

 A solution to the latch timing problem is to break the closed path from Y to Y within the 

storage element 

 The commonly-used, path-breaking solutions replace the clocked D-latch with: 

o a master-slave flip-flop 

o an edge-triggered flip-flop 
 

Flip-flops are synchronous bistable devices. The term synchronous means the output changes state 

only when the clock input is triggered. That is, changes in the output occur in synchronization with 

the clock.  

Flip-flop is a kind of multivibrator. There are three types of multivibrators: 

1. Monostable multivibrator (also called one-shot) has only one stable state.  It produces a 

single pulse in response to a triggering input.  

2. Bistable multivibrator exhibits two stable states.  It is able to retain the two SET and RESET 

states indefinitely.  It is commonly used as a basic building block for counters, registers and 

memories.  

3. Astable multivibrator has no stable state at all.  It is used primarily as an oscillator to 

generate periodic pulse waveforms for timing purposes.  
 

Triggering: This means making a circuit active. Making a circuit active means allowing the circuit to 

take input and give output. Like for example supposed we have a flip-flop. When the circuit is not 

triggered, even if you give some input data, it will not change the data stored inside the flip-flop nor 

will it change the output Q or Q'. The triggering is given in form of a clock pulse or gating signal. 
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1. Level Triggering: In level triggering the circuit will become active when the gating or clock 

pulse is on a particular level. This level is decided by the designer. We can have a negative 

level triggering in which the circuit is active when the clock signal is low or a positive level 

triggering in which the circuit is active when the clock signal is high. 

2. Edge Triggering: In edge triggering the circuit becomes active at negative or positive edge of 

the clock signal. For example if the circuit is positive edge triggered, it will take input at 

exactly the time in which the clock signal goes from low to high. Similarly input is taken at 

exactly the time in which the clock signal goes from high to low in negative edge triggering. 

But keep in mind after the input, it can be processed in all the time till the next input is taken 

The two figures below shows different triggers 

 
Figure 9 Clock response in latches and flip flop 

 
Figure 10 Definition of clock pulse transition 

S-R Master-Slave Flip-Flop 

 Consists of two clocked S-R latches in series with the clock on the second latch inverted 

 
Figure 11 

 The input is observed by the first latch with C = 1 

 The output is changed by the second latch with C = 0  

 The path from input to output is broken by the difference in clocking values (C = 1 and C = 0). 

 The behavior demonstrated by the example with D driven by Y given previously is prevented 

since the clock must change from 1 to 0 before a change in Y based on D can occur.  
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Figure 12 Timing diagram for master slave RS flip-flop 

 
Figure 13 Master Slave D flip-flop 

Flip-Flop Problem 

 The change in the flip-flop output is delayed by the pulse width which makes the circuit 

slower or  

 S and/or R are permitted to change while C = 1 

• Suppose Q = 0 and S goes to 1 and then back to 0 with R remaining at 0  

 The master latch sets to 1 

 A 1 is transferred to the slave 

• Suppose Q = 0 and S goes to 1 and back to 0 and R goes to 1 and back to 0 

 The master latch sets and then resets 

 A 0 is transferred to the slave 

• This behavior is called 1s catching 

Flip-Flop Solution 

 Use edge-triggering instead of master-slave 

 An edge-triggered flip-flop ignores the pulse while it is at a constant level and triggers only 

during a transition of the clock signal 

 Edge-triggered flip-flops can be built directly at the electronic circuit level, or  

 A master-slave D flip-flop which also exhibits edge-triggered behavior can be used. 
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Edge-Triggered D Flip-Flop 

The operations of a D flip-flop is very simple.  It has only one input addition to the clock.  It is very 

useful when a single data bit (0 or 1) is to be stored.  If there is a HIGH on the D input when a clock 

pulse is applied, the flip-flop SETs and stores a 1.  If there is a LOW on the D input when a clock pulse 

is applied, the flip-flop RESETs and stores a 0.  The truth table below summarize the operations of 

the positive edge-triggered D flip-flop.  As before, the negative edge-triggered flip-flop works the 

same except that the falling edge of the clock pulse is the triggering edge.  

 
 

 The edge-triggered D flip-flop is the same as the master-slave S-R flip-flop 

 It can be formed by: 

• Replacing the first clocked S-R latch with a clocked D latch or 

• Adding a D input and inverter to a master-slave S-R flip-flop 

 
Figure 14 

 The delay of the S-R master-slave flip-flop can be avoided since the 1s-catching behavior is 

not present with D replacing S and R inputs 

 The change of the D flip-flop output is associated with the negative edge at the end of the 

pulse 

 It is called a negative-edge triggered flip-flop 

Positive-Edge Triggered D Flip-Flop 

 Formed by adding inverter to clock input 

 
Figure 15 

 Q changes to the value on D applied at the positive clock edge within timing constraints to 

be specified 

 Our choice as the standard flip-flop for most sequential circuits 
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Figure 16 Graphic symbol for edge triggered D flip flop 

The figure below shows the difference between D latch and D flip-flop 

 
Figure 17 

Edge-triggered S-R flip-flop  

The basic operation is illustrated below, along with the truth table for this type of flip-flop. The 

operation and truth table for a negative edge-triggered flip-flop are the same as those for a positive 

except that the falling edge of the clock pulse is the triggering edge. 

 

 

As S = 1, R = 0.  Flip-flop SETS on the rising 

clock edge. 
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Note that the S and R inputs can be changed at any time when the clock input is LOW or HIGH 

(except for a very short interval around the triggering transition of the clock) without affecting the 

output. This is illustrated in the timing diagram below: 

 
Edge-triggered J-K flip-flop  

The J-K flip-flop works very similar to S-R flip-flop.  The only difference is that this flip-flop has NO 

invalid state.  The outputs toggle (change to the opposite state) when both J and K inputs are 

HIGH.  The truth table is shown below.  

 

 
Figure 18 JK flip-flop 

 
Figure 19 JK flip-flop using SR latches and using gates 
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T flip-flop 

 
Figure 20 T flip flop 

 
 

Difference between latch and flip-flop 

Latch 

The basic property of a memory device is that, it should be able to retain its outputs at a fixed state 

until it is instructed to change. This function is provided by a bistable logic circuit. Simply put, it has 

two stable states; a Set state and a Reset state. By convention, the set state is considered as 1 and 

reset state is considered as 0. Such a circuit element is known as a latch; analogous to a mechanical 

device latching the objects to a fixed position. 

Basic Set-Reset latch (SR latch) is the simplest form of bistable circuits. JK and D latches are two 

other types of latches. Their operation is conveniently expressed by a truth table. It is a tabular 

representation of all the possible outcomes for different input states. 

A basic latch changes its value whenever correct inputs are given. This poses problems for 

controlling the data bit stored in the latch in a large circuit. More control to bistable circuit can be 

introduced by passing each input through an AND gate. By controlling the AND gate using another 

signal, inputs can be allowed at desirable events. This additional input is known as the Enable, and a 

latch configured in this manner is known as a clocked latch or a gated latch. Usually the Enable is 

controlled by a clock, which is a digital signal with desirable intervals of high (1) and low (0) states. 

For a clocked D-latch, whenever the clock is in the high state, the output assumes the high state for 

every high state of the inputs. This behaviour is called transparency. In some applications, 

transparency of the latches is a disadvantage. 
 

Flip-flop 

It is often necessary to have the capability to sample the input at a specific instant and retain the 

value internally. Because of the transparency, the latch responds to any event occurring in the high 

state of the clock. As a solution, bistable circuits triggered on the rising edge or the falling edge of 

the clock pulse can be used. These circuits are known as flip-flops, which are synchronous with the 

edge of a clock pulse. Therefore, Flip-Flops are also known as synchronous bistable multivibrator 

circuits. On the other hand, latches are asynchronous bistable multivibrator circuits. 

Corresponding to operation of the latches, SR, JK, D, and T flips flops are also designed. 
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The difference between Latch and Flip-Flop can be summarized as 

 Flip-flops can be either simple (transparent or opaque) or clocked (synchronous or edge-

triggered); the simple ones are commonly called latches. The word latch is mainly used for 

storage elements, while clocked devices are described as flip-flops. 

 Flip flops are edge-triggered devices whereas latches are level triggered devices.flipflops work 

on the basis of clock pulses and latch is based on enable function input. 

 The latch is an asynchronous bistable multivibrator circuit, and a flip-flop is a synchronous 

bistable multivibrator circuit. 

 In latches, the retained state can change at any instant when the enable is at the high state, but 

in flip flops, the retained state can change only at the rising edge or the falling edge of the clock 

signal given as the input of the enable 

 Clocked devices are specially designed for synchronous systems; such devices ignore their inputs 

except at the transition of a dedicated clock signal (known as clocking, pulsing, or strobing). 

Clocking causes the flip-flop to either change or retain its output signal based upon the values of 

the input signals at the transition. Some flip-flops change output on the rising edge of the clock, 

others on the falling edge. 

 Latches are designed to be transparent. That is, input signal changes cause immediate changes 

in output; when several transparent latches follow each other, using the same clock signal, 

signals can propagate through all of them at once. Alternatively, additional logic can be added to 

a simple transparent latch to make it non-transparent or opaque when another input (an 

"enable" input) is not asserted. By following a transparent-high latch with a transparent-low (or 

opaque-high) latch, a master–slave flip-flop is implemented. 

 
 

1. What is the difference between latch and flip-flop 

2.  


