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Introduction

• The digital circuits considered thus far have
been combinational i.e, their output depends
only and immediately on their inputs—they
have no memory, i.e., dependence on past
values of their inputs.

• Sequential circuits act as storage elements
and have memory.

• They can store, retain, and then retrieve
information when needed at a later time.



Sequential Circuits



Sequential Circuits

• Sequential circuits consists of a combinational
circuit to which storage elements are
connected to form a feedback path.

• The storage elements are devices capable of
storing binary information.

• The binary information stored in these
elements at any given time defines the state
of the sequential circuit at that time.



Sequential Circuits

• The block diagram demonstrates that the outputs
in a sequential circuit are a function not only of
the inputs, but also of the present state of the
storage elements.

• The next state of the storage elements is also a
function of external inputs and the present state.

• A sequential circuit is specified by a time
sequence of inputs, outputs, and internal states.

• The outputs of combinational logic depend only
on the present values of the inputs.



Types of Sequential Circuits

• There are two main types of sequential
circuits, and their classification is a function of
the timing of their signals.

• A synchronous sequential circuit is a system
whose behavior can be defined from the
knowledge of its signals at discrete instants of
time.

• Storage elements: e.g., flip-flops



Types of Sequential Circuits

• The behavior of an asynchronous sequential
circuit depends upon the input signals at any
instant of time and the order in which the inputs
change.

• The storage elements commonly used in
asynchronous sequential circuits are time-delay
devices.

• Storage elements: e.g., latches, feedback paths
• Adv.: May have better performance.
• Disadv.: May be unstable & difficult to design



Synchronous Sequential Circuits

• A synchronous sequential circuit employs signals
that affect the storage elements at only discrete
instants of time.

• Synchronization is achieved by a timing device
called a clock generator, which provides a clock
signal having the form of a periodic train of clock
pulses.

• The clock pulses are distributed throughout the 
system in such a way that storage elements are 
affected only with the arrival of each pulse.



Synchronous Sequential Circuits

• Synchronous sequential circuits that use clock pulses to
control storage elements are called clocked sequential
circuits.

• They are called synchronous circuits because the
activity within the circuit and the resulting updating of
stored values is synchronized to the occurrence of
clock pulses.

• Advantage:-The design of synchronous circuits is
feasible because they seldom manifest instability
problems and their timing is easily broken down into
independent discrete steps, each of which can be
considered separately.



Memory Elements

• The storage elements (memory) used in clocked
sequential circuits are called flip-flops.

• A flip-flop is a binary storage device capable of
storing one bit of information.

• In a stable state, the output of a flip-flop is either
0 or 1.

• A sequential circuit may use many flip-flops to
store as many bits as necessary.

• The block diagram of a synchronous clocked
sequential circuit is shown in below Fig.



Memory Elements

Fig: Synchronous clocked Sequential Circuits



Memory Elements

• The outputs are formed by a combinational logic
function of the inputs to the circuit or the values stored
in the flip-flops (or both).

• The value that is stored in a flip-flop when the clock
pulse occurs is also determined by the inputs to the
circuit or the values presently stored in the flip-flop (or
both).

• The new value is stored (i.e., the flip-flop is updated)
when a pulse of the clock signal occurs.

• Prior to the occurrence of the clock pulse, the
combinational logic forming the next value of the flip-
flop must have reached a stable value.



Memory Elements

• A change in state of the flip-flops is initiated
only by a clock pulse transition—for example,
when the value of the clock signals changes
from 0 to 1.

• The transition from one state to the next
occurs only at predetermined intervals
dictated by the clock pulses.



STORAGE ELEMENTS: LATCHES
• Storage elements that operate with signal levels are referred

to as latches ; those controlled by a clock transition are flip-
flops.

• Latches are said to be level sensitive devices; flip-flops are
edge-sensitive devices.

• The two types of storage elements are related because
latches are the basic circuits from which all flip-flops are
constructed.

• Latches are useful for storing binary information and for the
design of asynchronous sequential circuits, they are not
practical for use as storage elements in synchronous
sequential circuits, because they are the building blocks of
flip-flops.

– Avoid to use latches as possible in synchronous  sequential 
circuits to avoid design problems



SR Latch
• The SR latch is a circuit with two cross-coupled NOR

gates or two cross-coupled NAND gates, and two
inputs labeled S for set and R for reset.

• The SR latch constructed with two cross-coupled
NOR gates is shown in below Fig.



SR Latch

























D Latch (Transparent Latch)
• One way to eliminate the undesirable condition of

the indeterminate state in the SR latch is to ensure
that inputs S and R are never equal to 1 at the same
time.

• This is done in the D latch, shown in below Fig.



D Latch (Transparent Latch)

• As long as the enable input is at 0, the
cross-coupled SR latch has both inputs at
the 1 level and the circuit cannot change
state regardless of the value of D.

• The D input is sampled when En = 1.

• If D = 1, the Q output goes to 1, placing
the circuit in the set state.

• If D = 0, output Q goes to 0, placing the
circuit in the reset state.







STORAGE ELEMENTS: FLIP-FLOPS

• The state of a latch or flip-flop is switched by a
change in the control input.

• This momentary change is called a trigger and the
transition it cause is said to trigger the flip-flop.

• The D latch with pulses in its control input is
essentially a flip-flop that is triggered every time
the pulse goes to the logic 1 level.

• As long as the pulse input remains in the level,
any changes in the data input will change the
output and the state of the latch.



STORAGE ELEMENTS: FLIP-FLOPS



Clock response in latch and flip-flop
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