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1.  Introduction  

 

Digital systems are mainly categorized as combinational logic circuits or sequential logic 
circuits.  All the applications of digital systems discussed so far like logic gates, adder, 
subtractor, comparator, parity generator/checker, multiplexers, demultiplexers, encoders and 
decoders are the examples of combinational circuits.  Whereas there is range of logic circuits 
like latches, flip flops, counters and registers are few popular applications of sequential 
circuits.  
The combinational logic circuit and sequential logic circuits differ mainly in the way the 
outputs are obtained. In combinational circuits, the outputs are the function of the 
combination of inputs applied at given time.   But there are certain situations like wherein the 
output of the logic circuits should be generated after the occurrence of particular sequence of 
inputs. For example in traffic light controller circuit, the Green light should be turned ON only 
after RED light, or Washing machine should start wash cycle only after having sufficient water 
in the tub, and so on. Such circuits are popularly known as sequential circuits. In sequential 
circuits, the output of the circuit is a function of present input as well as past inputs.  This 
indicates there is a need to some kind of memory cell to store the previous inputs.   
Latches and flip flops are basically two categories of bistable multivibrators used for storing 
1-bit information.  There are four types of  latches namely active low SR, active high SR, gated 
SR latch and D latch. Flip flops/ latches can be used as for storing information, counting events 
or generating a desired sequence for various electronic systems. In this module, we shall 
discuss on all the aspects related to sequential circuit.  
 

2. Combinational and sequential circuits 

 

At any time, the output of a combinational logic circuit depends only upon the combination of 
its inputs at that time.  The output is not affected by previous inputs or in other words the 
combinational circuit has no memory.  The applications of combinational circuits can be 
broadly classified as 

(a) Data processing circuits 
(b) Data transfer circuits 

 
 

 

 

 

 

 

 

Figure-1: Generalized block diagram of Sequential Circuit 
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Sequential circuits are essentially consisting of combinational circuits with feedback. Figure 1 
represents a generalized block diagram of sequential circuits.  The combinational logic circuit 
(containing AND, OR etc.) has two sets of inputs i.e. the external (present) inputs and the 
(past) inputs fed back from output through memory.  The memory stores an output from the 
combinational circuit that is fed back to the combinational logic input to constitute the past 
inputs (present state) of the circuit.  The output from the combinational logic that forms the 
inputs to the sequential circuit elements constitutes the next state of the circuit.  
 
Table 1 indicates the comparison between combinational and sequential circuits.  

 

Table-1: comparison between combinational and sequential circuits 

 
Parameter Combinational Circuit Sequential Circuit 

1. Principle At any time, outputs are 
dependent on combination of 
present inputs 

At any  time, outputs are dependent 
not only on present inputs but also on 
past inputs 
 

2. Memory  Not present  Required to store past inputs 

3. Speed  Faster Slower 

4. Design Easier Comparatively difficult to design 

 
Let us now discuss the types of sequential circuits. 
 
2.1 Types of sequential circuits 
 

There are two types of sequential circuits: Synchronous and Asynchronous. 

1. The outputs of Synchronous circuit changes only at specific time. This circuit achieves  

synchronization by using a timing signal called the clock. 

2. In Asynchronous sequential circuits, the output changes at any time. No need of clock signal. 

Sequential circuits are basically are multivibrators. Multivibrators are a group of regenerative 

circuits that are used extensively in timing applications. It is a wave or pulse generating 

circuit which gives symmetric or asymmetric square wave outputs. There are three types of 

multivibrators: bistable, monostable and astable as shown in figure 2. It has two states either 

stable or quasi-stable depending on the type of multivibrator.  
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Figure 2: Classification of Multivibrators 

 Bistable multivibrator has 2 stable states. It maintains a given output voltage level 

unless an external trigger is applied.  By providing some external trigger a state can be 

changed from one stable state to another. 

 Monostable multivibrator or one-shot has 1 stable state. Application of external trigger 

forces the circuit to enter into quasi stable state for some time. It generates a single 

pulse of specified duration in response to each external trigger signal.   

 Astable multivibrator has no stable state. An astable multivibrator is a free running 

oscillator having two quasi-stable states. 

Let us now understand two basic types of memory elements: latches and flip flops. 

All digital designers use the flip-flop for a sequential device that normally samples its inputs 

and changes its output only when a clock signal is changing. On the other hand, most digital  

designers use latch for a sequential device that watches its inputs continuously and can 

change its outputs at any time . 

Latches and FFs are bistable multivibrators. Latches and flip-flops differ in the method used 

for changing their state or method of gating or clocking.  Latches are treated as asynchronous 

bistable multivibrator and Flip flop is a synchronous bistable circuit. Latches are usually 

level triggered and flip flops are edge triggered. Both these memory devices are capable 

storing 1-bit data. 
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In digital systems, a bistable device has two stable states 0 (RESET) and 1(SET). Flip-flops 

have a clock input and synchronous outputs. Latches are asynchronous and their outputs can 

change at any time. It may have an enable input.  There are two types of Latches - SR and  D 

latch.  There are 4 types of Flip flops:   SR FF, D, FF, JK FF and T FF . 

3. Latches 

 

Figure-3:  Simple latch  

The simplest sequential circuit is the basic bistable element. It is constructed with two 

inverters connected sequentially in a loop. It has no inputs and two outputs labeled as Q and 

Q’.  As there are no inputs, it is not possible to change the values of Q and Q’.   

Let us assume Q=1 after power-on. As Q is connected to the input of second inverter, therefore 

Q’ is 0.  A 0 at Q’ is fed to input of first inverter and it will produce 1 at Q output, which we had 

assumed. Similarly, if we assume Q=0 then we will get Q’ as 1 and we will get a stable state. 

Thus there could be two stable state, hence it is referred to as bistable eleme nt.  This 

indicates that the bistable element has memory and it remembers the state of the 

circuit.  

The main disadvantage of bistable element is that it does not have any inputs, indicating that 

it is not possible to change the information that is stored in it.  In order to change the 



6 
            

 
 

Electronic Science 
 Digital Electronics 

 17. Latches 

 

information, it is necessary to add inputs to the gate which acts as an inverter. Thus we can 

use NOR and NAND gates for simple sequential circuit i.e. latch.  

There are four types of latches (i) Active high SR latch (ii) Active low SR latch (iii) Gated SR 

latch and (iv) D-latch. Let us discuss the construction and working of these latches. 

 

3.1 Active high SR latch 

To store 0 and 1 we need a one bit memory cell. A basic storage element is called as latch and 

it is capable of latching 0 or 1.  Let us now study the SR latch. There are two types SR latch 

architectures based on type of gates used in construction -  NOR latch and  NAND latch. Let us 

discuss the SR latch with Active High Inputs.  

The latch circuit is constructed using two cross coupled NOR gates as shown in figure 4.  In 

addition to the complementary outputs Q and Q’, there are two inputs R (RESET) and S (SET).  

The SR latch can be in any one of the two states: a SET state when output Q=1 or a RESET 

state when output Q=0.  

To study the action of SR latch, it is necessary to recall the truth table of 2 input NOR gate.  

In NOR gate, when both inputs are 00 then output is 1 and when either or both inputs are 1 

then output of NOR gate is 0.  Truth table of NOR gate will be required in understanding the 

operation of SR latch. 

 

Figure -4: Active high SR latch: Logic diagram and Truth table 

Input Output Comments  

S R Q Q’ Output state  

0 0 NC NC No Change  
(last state)  

0 1 0 1 RESET  

1 0 1 0 SET  

1 1 0 0 Invalid  
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Let us now understand the SET and RESET action of latch. When S=1, the Q output of latch 

should be set to Q=1. And when R=1, then the Q output will be reset to 0.  Figure 4 indicates 

the truth table of active high input SR latch. 

Let us now start with the SET action of latch by making  S=1 and R=0. This condition will store 

1 in latch. With S=1, second NOR gate will produce Q’=0. This can be checked from the truth 

table of NOR gate. When one of the inputs is 1, the output of NOR gate will be 0. Similarly, with 

R=0, and Q’=0 the first NOR gate produces Q=1. The outputs are complement of each other. 

Thus with S=1 and R=0, produces SET condition. 

Let us see whether the data is stored or not. If we remove the inputs i.e. if we make S=0 then 

outputs should not change.  When S=0 and  R=0, then the second NOR gate will keep Q’=0 with 

inputs Q=1 and S=0. Similarly the first NOR gate with the inputs R=0 and Q’=0, produces Q=1.  

This clearly indicates that when S=0 and R=0, the outputs maintains the last value i.e. it has 

stored the last state. This SR=00 condition is also called as memory condition. In short we can 

say binary 1 is latched i.e. stored into the circuit. 

Let us now understand the RESET action of latch by making S=0 and R=1.  With R=1, the first 

NOR gate will produce Q=0. This can be checked from the truth table of NOR gate. When one 

of the inputs is 1, the output of NOR gate will be 0. Similarly, with S=0, and Q’=1  the second  

NOR gate produces  Q=1. The outputs are complement of each other. Thus with S=0 and R=1, 

produces RESET condition. 

If we remove R input i.e. when R=0 and S=0, the output of the first NOR gate will keep Q=0 

with inputs Q’=1 and R=0. Similarly the second NOR gate with the inputs R=0 and Q’=1, 

produces  Q=0.  This clearly indicates that when S=0 and R=0, the outputs maintains the last 

value i.e. it stores the last state. Thus with SR=00 condition, the outputs of latch are 

unchanged and maintains the last state. In short we can say binary 0 is latched i.e. stored into 

the circuit. 

Let us consider the last condition, when both S=1 and R=1. Both NOR gates will produce 

outputs 0 i.e.  Q=0 and Q’=0.  In this condition both outputs are 0. Actually Q and Q’ should be 

complement of each other. Thus there is contradiction. Therefore,  S=1 and R=1  inpu t 

condition is not allowed. 
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3.2 Active low SR latch 

 

Figure -5: Active low SR latch: Logic diagram and Truth table 

Let us now understand the active low input SR latch constructed using NAND gates. There are 

two important changes in the latch circuit. First, cross coupled  NAND gates are used in place 

of NOR gates. Secondly, there is change in the positions of the inputs S and R. The first NAND 

gate receives S’ input and second NAND gate received R’ input as both the inputs are active 

low as shown in figure 5. 

Now let us now understand the operation of active low SR latch using NAND gates.  To store 1 

in latch, S’=0 and R’=1. With S’=0, the output of NAND gate 1 provides Q=1 and Second NAND 

gate with R’=1 and Q=1 results in Q’=0. It is the SET condition for a latch.  Let us see whether 

the data is stored or not. If we remove the inputs i.e. if we make S=1 then o utputs should not 

change.   If both the inputs S’ and R’ are 11, then Q remains in 1 state and Q’ in 0 state. 

Let us now apply S’=1 and R=0 to the Latch. With R’=0 the output Q’ becomes 1 and Q takes 

the 0 state.  This is equivalent to RESET state of latch. Let us see whether the data is stored or 

not. If we remove the inputs i.e. if we make S=1  then outputs should not change.  If both 

S’=R’=1 then the output Q remains 0 and Q’ at 1. 

Let us now consider the last state. If S’=0 and R’=0.  In this case both the outputs are logic 1.  

Thus this condition is a not allowed condition for a latch. 

Input  Output  Comments  

S’  R’  Q  Q’  Output state  

0  0   1  1  Invalid  

0  1  1 0 SET  

1  0  0 1 RESET  

1  1  NC  NC  No Change (last state)  
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Figure 6: Logic symbol of basic SR latch 

Let us look at the logic symbol for the SR flip flop as shown in figure 6. The FF has two inputs S 

and R along with the two complementary   outputs.  At any instant of time only one input must 

be active to generate SET or RESET action.  

 

Figure-7: Logic symbol and logic diagrams for Active high and Active low SR latches 
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 Logic symbol and logic diagrams for Active high and Active low SR latches are shown in figure 

7.  In active high SR latch only active high inputs allow SET or RESET action. Where as in 

active low SR latch, only active low inputs allow SET or RESET action.  

Thus, the basic SR latch has two different configurations:  cross-coupled NOR gates for active 

high inputs and cross-coupled NAND gates for active low inputs. Comparing the NAND latch 

with the NOR latch, note that the input signals for the NAND require the complement of those 

values used for the NOR.   

The active low SR latch using NAND can be converted into active high input SR latch just by 

adding inverter at each input as shown in figure-8. Simple NAND gate can act as inverter if we 

short the inputs.   

 

 

Figure-8:  Active High SR latch obtained from basic active low SR latch 

The truth table of such active high input SR latch can be prepared on the similar lines of basic 

SR latch. 

 3.3 Gated SR latch 

The output of the latch changes the state at any time when the inputs SR are changed. The 

gated SR latch has an additional input to control or enable the latch. The Enable (En) input 

decides when to accept the inputs to SR latch or disable them. An SR latch with a control or 

enable input is shown in the logic diagram  as shown in figure-9.  It consists of the basic NAND 

latch and two additional NAND gates. The enable input (En) acts as an enable or gating signal 

for the other two inputs.    
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Figure-9: Gated SR latch 

 

Input  Output  Comments  

EN  S  R  Q  Q’  
 

0  X  X  NC  NC  Last State  

1  0  0  NC  NC  Last State  

1  0  1  0  1  RESET  

1  1  0  1  0  SET  

1  1  1  0  0  Invalid  

Figure-10: Truth table of gated SR latch 

When enable signal (En) = 0 , the S and R inputs of the latch will not passed to the basic S’R’ 

latch because if any one of the input of NAND gate is 0 then the output will be 1.  This makes 

both S’ and R’ as 1. In such a case, the basic latch does not change the state.  Thus, whatever 

may be the inputs at S and R input, the output of the latch does not change as long as the 

enable input is LOW.  Thus, it maintains the last value of the latch. 

When the enable input goes to 1, data from the S and R inputs is passed to the basic latch. 

When S=0 and R=0, then the enable signal passes logic 1 to both SR latch inputs. If both the 

inputs are 11 then there is no change in the state of the latch.  

When enable =1 and S=0 and R=1, then the latch enters into RESET condition by resetting 

output Q to 0. The latch enters in the SET state when S=1 and R=0 with active enable input. It 
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is important to note that the input condition S=1 and R=1 may generate an invalid condition 

at the output of the latch. 

3.4 D latch 

One of the major disadvantage of  the basic and gated latch, is the presence of invalid 

condition at the output of latch when both the inputs assume high state i.e when S=R=1. One 

way to eliminate the undesirable undefined or invalid state in the SR latch is to ensure inputs 

S and R are never equal to 1 at the same time.  

D latch is implemented by adding the inverter between S and R input as shown ingure-11 . In 

many applications, it not necessary to have separate S and R inputs to the latch.  This latch has 

two inputs: D input and Enable input. The D input goes directly to the NAND with Set input 

and complement of D is applied to the NAND gate with Reset input. Enabling or disabling the 

D latch is decided by the Enable input.   

 

 

 

 

Figure-11: Logic diagram, logic symbol and truth table of D latch 

Inputs Outputs 
Condition  

EN D Q 

0 X NC Last state  

1 0 0 Reset (Data-0)  

1 1 1 Set (Data-1)  
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Let us now study the operation of gated D latch.  If enable input is 0 i.e. data input is disabled 

then there is no change in the output of latch.  As long as the enable or gating input is 0, the 

basic S’R’ latch has both inputs at the logic 1 level, and the circuit cannot change state 

regardless of the value of D.  When the enable input is 1 (High), then the  data present at D 

input is transferred to Q output.  If D is 0, output Q goes to 0, providing the RESET condition of 

the latch.  

If D is 1, the Q output goes to 1, placing the circuit in the set state.  .  In other word, we can say 

that the output Q follows the D input when enable input is high.  Therefore, this latch is also 

called as transparent data or D latch.  

4. Applications of latches 

The storage or memory capability of latches is mainly used in four simple applications.  

1. Switch de-bouncing 

2. Storage register 

3. Shift register 

4. Latch pipeline 

Let us now discuss switch de-bounce circuit applications.  Digital systems use switches to 

input values and to control the output. For example, a keypad uses 10 switches to enter 

decimal numbers 0 to9. When a switch is closed the switch contacts physically vibrate or 

bounce before making a solid contact. 

The switch bounce causes the voltage at the output of the switch to vary between logic low 

and high for a very short duration before it settles to a steady state as shown in figure-12. 
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Figure-12: Application of latch in switch contact de-bouncing circuit 

The variation in the voltage causes the digital circuit to operate in an erratic manner. An S-R 

latch connected between the switch and the digital circuit prevents the varying switch 

output from reaching the digital circuit.  

When the switch is moved up to connect the resistor to the ground, the output 

voltage fluctuates between logic 1 and 0 for a very brief period of time when the switch 

vibrates before making a solid contact. The output voltage settles to logic 0 when a solid 

contact is made. The active-low input S-R latch   prevents the output signal from varying 

between logic 1 and 0. When the switch is moved from down position to up position, the R 

input is set to 1 and S input is set to 0, which sets the Q output of the S-R latch.  

5.  ICs for latches 

There are many commercially available latches in TTL as well as CMOS logic families. Let us 

discuss some typical ICs.  

 

Figure-13: IC 74279 Quad SR latch 
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IC 74279 is a quad S’R’ latch in a 16-pin TTL logic family.  There are two latches each with two 

S’ inputs and other two are normal S’R’ latches.  Under normal operation, the S’-R’ inputs are 

normally held high to maintain the last state. When the S’ input goes Low,  the Q output will be 

set high. When R’ is pulsed low, the Q output will be reset to 0. Normally S’ -R’ inputs should 

not be taken low simultaneously. The Q output will be unpredictable in this condition. 

 

Figure-14: IC 7475 Quad D latch 

An example of a gated D latch is the TTL IC 7475. It has four D latches and inputs are marked 

as 1D, 2D, 3D and 4D. Each flip flop has complementary outputs Q and Q’ and labeled as 1Q, 

1Q’, 2Q, 2Q’, 3Q,3Q’, 4Q and 4Q’. An interesting feature is that there are only two enable inputs 

to four latches. Each Enable input is shared by two latches. The first Enable input is connected 

to first and second D latch and is labeled as 1,2 E. The second Enable input is labeled as 3,4E 

which enables 3rd and 4th  D latches.  

Enable input is an active HIGH input. With Enable =1, the Data at D input is transferred to Q 

output is either SET or RESET.   If Enable=0, it does not matter what the D input is. The 

outputs are not affected by present input and remain in the previous state. 

Under CMOS family , there is a  Quad RS latch with tri-state facility with common output 

enable. Each latch has separate Q output and individual  SET and RESET inputs.  CD 4043B is 

an IC with  quad cross coupled 3-state CMOS NOR latches and CD4044B is  an IC with quad 

cross coupled 3-state CMOS NAND latches.  
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Figure-15: CD 4043 Quad RS latch 

The Q outputs are controlled by a common Enable input. A logic 1 on the Enable input 

connects the latch states to the Q outputs. A logic 0 on the enable input disconnects the latch 

states from the Q outputs. The open circuit feature allows common bussing of the outputs. The 

applications of this IC include: holding register in multi-register system. Four bit storage with 

output enable, strobed register and general digital logic. 

 

Figure-16: CD 4042 Quad clocked D latch 

CD 4042 is a CMOS quad clocked D latch. It contains four latch circuits, each strobed or 

enabled by a common clock. It is also  a low power TTL compatible IC. Information present at 

the data is transferred to output Q and Q’ during clock level which is programmed by the 

POLARITY input. For POLARITY =0 the data transfer occurs during 0 clock level and for 

POLARITY =1 the data transfer occurs during 1 clock level.  
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6. Summary 

 The difference between combinational circuit and sequential circuit is that in 

sequential circuit there is a feedback and a memory element   to store the previous 

outputs. Thus the output is dependent not only on present inputs but also on past 

outputs. 

 Whereas the combinational circuit do not use any memory. Hence the previous state of 

input does not have any effect on the present state of the circuit.  

 There are two types of sequential circuits: Synchronous and Asynchronous. 

 The outputs of Synchronous circuit changes only at specific time. This circuit achieves 

synchronization by using a timing signal called the clock. 

 In Asynchronous sequential circuits, the output changes at any time. No need of clock 

signal. 

 There are three types of multivibrators: bistable, monostable and astable. It has two 

states either stable or quasi-stable  depending on the type of multivibrator 

 Latches and FFs are bistable multivibrators. Latches and flip-flops differ in the method 

used for changing their state or method of gating or clocking.  

 Latches are treated as asynchronous bistable multivibrator and Flip flop is a 

synchronous bistable circuit. 

 Latches and FFs are bistable multivibrators. Latches and flip-flops differ in the method 

used for changing their state or method of gating or clocking.  

 Latches are treated as asynchronous bistable multivibrator and Flip flop is a 

synchronous bistable circuit. 

 There are four types of Latches – Active low SR latch, Active high SR latche, Gated SR 

latch and  D latch.    
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