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• D Latch

• Flip-flops

• Positive edge-triggered D Flip-flop

• Other types of Flip-flops: JK and T

• Direct Inputs
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Sequential Circuits

• A sequential circuit consists of a combinational 

circuit to which memory elements are 

connected to form a feedback path.
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Sequential Circuits

• Inputs are signals from the outside.

• Outputs are signals to the outside.

• Other inputs, state or present state, are signals 

from storage elements. 

• The remaining outputs, next state are inputs to 

storage elements. 
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Types of Sequential Circuits

Based on the times at which inputs are 

observed and their internal state changes. 

Sequential circuits can be:

• Synchronous: Behavior defined  from 

knowledge of its signals at discrete instants 

of time
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Types of Sequential Circuits

• Asynchronous: Behavior defined from the 

inputs at any instant of time and the order in 

continuous time in which the inputs change.
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• One of the most basic sequential logic circuit possible. 

• This simple circuit is basically a one-bit memory

• It has two inputs, 

➢ S: will “SET” the device (meaning the output Q = “1”) 

➢ R: will “RESET” the device (meaning the output Q  = “0”)

➢ Output Q is always complement of Q

SR Latch
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SR Latch: NOR gates

• Q and Q’ feed back into the circuit, so they’re not only outputs, 

they’re also inputs!

• To figure out how Q and Q’ change, we must look at not only the 

inputs S and R, but also the current values of Q and Q‘.

Qnext= (R + Q’current)’

Q’next= (S + Qcurrent)’
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0

0

• The equations reduce to:

Qnext= (R + Q’current)’= (0 + Q’current)’= Qcurrent

Q’next= (S + Qcurrent)’= (0 + Qcurrent)’= Q’current

• So when SR = 00, then Qnext= Qcurrent

• This is exactly what we need to store values in the latch.

What Happens When S=0 and R=0?

=Q’

=Q

(0 + Q)’

(0 + Q’)’
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• When S=1, Q’next= (S + Qcurrent)’= (1 + Qcurrent)’= 0

• Then, the new value of Q’ goes to the top NOR gate, along 

with R=0: Qnext= (0 + Q’)’= (0 + 0)’= 1

• So when SR = 10, the latch is in the set sate.

What Happens When S=1 and R=0?

1

0

=0

=1

(1 + Q)’

(0 + 0)’
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•Since R = 1, Qnext is 0, regardless of Qcurrent. Qnext= (1 + Q’current)’ = 0

• Then this new value of Q goes into the bottom NOR gate, where S = 

0, Q’next= (0 + 0)’ = 1

•So when SR = 01, then Qnext= 0 and Q’next= 1. This is how you reset, 

or clear, the latch to 0; the R input stands for “reset.”

What Happens When S=0 and R=1?

0

1

=1

=0

(0 + 0)’

(1 + Q’)’
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What Happens When S=1 and R=1?

1

1

=0

=0

(1 + Q)’

(1 + 0)’

• Both Qnext and Q’next would become 0, which contradicts the 

assumption that Q and Q’ are always complements.

• SR =11 is avoided
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SR Latch Behavior

Function table
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• This characteristic table shows that our 
latch provides everything we need in a 
memory: we can set it, reset it, or keep 
the current value.

• The output Q represents the data stored 
in the latch. It is also called the state of 
the latch.

SR Latches are Memories

• We can expand the table above into a 
state table, which explicitly shows that 
the next values of Q and Q’ depend on 
their current values, as well as on the 
inputs S and R.

state table

characteristic table 



SR Latch

• An alternative form of the S-R latch uses NAND gates, 

S R Q

0 1 1

1 0 0

1 1 No Change

0 0 !
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SR Latch with a Control Input 

• Adding two NAND gates to the basic SR NAND latch gives the 
clocked S’R’ latch:

• Has a time sequence behavior similar to the basic SR 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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D Latch

• One way to eliminate the undesirable undefined 
state in the SR latch is to ensure that inputs S and 
R are never equal to 1 at the same time. 

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

• This latch has only two inputs: D (data) and C 

(control). 

• No more messing with one input for set and another 

input for reset!

• This latch has no “bad” input combinations to avoid. 
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Edge-Triggered D Flip-Flop 

An edge-triggered flip-flop ignores the clock pulse while 

it is at a constant level and triggers only during a 

transition of the clock signal. 
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Positive Edge-Triggered D Flip-Flop 

For the clock input equal to 0:

• the master latch is enabled and transparent and follows 

the D input value. 

• The slave latch is disabled and holds the state of the 

flip-flop fixed. 
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Positive Edge-Triggered D Flip-Flop 

When the positive edge occurs, the clock input changes to 1. 

• This disables the master latch so that its value is fixed and 

• enables the slave latch so that it copies the state of the 

master latch. 
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Direct Inputs

Flip-flops often provide special inputs for setting and 

resetting them asynchronously (i.e., independently of the 

clock input C). 

The inputs that asynchronously:

• set the flip-flop are called direct set or preset. 

• reset the flip-flop are called direct reset or clear
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JK Flip-flop

• Behavior

– Same as S-R flip-flop with J analogous to 

S and K analogous to R

– Except that J = K = 1 is allowed, and

– For J = K = 1, the flip-flop changes to the 

opposite state
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JK Flip-Flop Descriptors

Characteristic table

Characteristic Equation 

Excitation Table 

Characteristic Table and Equation:

define the next state as a function of

the present state and inputs.

Excitation Table:

define the input values required to

obtain each possible next-state value

after the clock pulse, given the

present-state value before the clock

pulse.
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Flip-flops often provides special inputs PS, PR for setting 

and resetting them:

• Independent of clock input

• Initializes the flip-flop 

PS PR CK J K Q(t+1)

1 1  0 0 Q(t)

1 1  0 1 0

1 1  1 0 1

1 1  1 1 Q(t)

0 1 X X X 1

1 0 X X X 0

0 0 X X X Undefined

Direct Inputs



T Flip-Flop

• Behavior

– Has a single input T

• For T = 0, no change to state

• For T = 1, changes to opposite state

• Same as a J-K flip-flop with 

• J = K = T

• Cannot be initialized to a known state 

using the T input

– Reset asynchronous essential
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T Flip-Flop Descriptors

Characteristic table

Characteristic Equation 

Excitation Table 

Characteristic Table and Equation:

define the next state as a function of

the present state and inputs.

Excitation Table:

define the input values required to

obtain each possible next-state value

after the clock pulse, given the

present-state value before the clock

pulse.
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T Flip-Flop Descriptors

Characteristic table

Characteristic Equation 

T Q  Q(t+1) 

0 0  0 

0 1  1 

1 0  1 

1 1  0 
 

 

Excitation Table

Q Q
+
  T 

0 0  0 

0 1  1 

1 0   1 

1 1   0 
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Flip-Flop Behavior Example

▪ Use the characteristic tables to find the output 

waveforms for the flip-flops shown:

T

C

Clock

D,T

QD

QT

D

C
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Flip-Flop Behavior Example

▪ Use the characteristic tables to find the output 

waveforms for the flip-flops shown:

J

C
K

Clock

J

QJK

K
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Latches & Flip-Flops

• The Latches are Level-triggered whereas the Flip-
Flops are Edge-triggered.

• SR Latch and SR Flip-Flop have the same 
Characteristic Table, Characteristic Equation, 
Excitation Table, and State Diagram.

• The above is valid for the other pairs: JK Latch –JK 
Flip-Flop, D Latch – D Flip-Flop, T Latch –T Flip-Flop.

• Given a Flip-Flop (Latch) of type X (X is SR or JK or D 
or T), any other type of Flip-Flop (Latch) can be 
designed using X.
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