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/ Sequential logic design: Building blocks like S-R, JK and Master-Slave JK FF, D FF, T FF, edge
triggered FF, Flip flop conversion._

» Applications of Flip Flops: ripple and synchronous counters, Ring counter, Johnson counter.

» shift registers: SISO, SIPO, PISO, PIPQO, Bidirectional shift register, Universal shift register.

» Finite state machines: Mealy and Moore machines, State diagrams, state reduction, Analysis of

clocked sequential circuits, Design of clocked sequential circuits.
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=™ Sequential circuits are a type of digital circuit where the output depends not only on the current

inputs but also on the history of past inputs, which is stored as the circuit's state. They rely on

feedback loops to retain information about previous states. They are widely used in systems requiring

memory, timing, or sequential operations, such as counters, registers, and finite state machines.

Key Characteristics of Sequential Circuits:

v e il

» Memory Elements: Sequential circuits include memory components like flip-flops or latches,

which store the state of the circuit.
» Dependence on Past Inputs: The output is a function of both current inputs and the stored state
(past inputs).

» Clock Signal: Most sequential circuits are synchronous, meaning they operate in sync with a

clock signal.
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@/w Basic Building Blocks of Sequential Circuits
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Flip-Flops (Memory Elements): Flip-flops are the fundamental

memory units in sequential circuits. They store 1 bit of data (0 or
1). SRLIR DL T

. Latches :-Latches are level-triggered storage elements. They are

simpler than flip-flops and work with the level (HIGH or LOW) of

the control signal.

. Clock Signal (Timing Element) :- A clock is a periodic signal used to

synchronize all flip-flops in a sequential circuit.
Combinational Logic Circuit :- These are combination of logic gates

(AND, OR, NOT, etc.) that process input data without memory.

. Feedback Path A feedback loop connects outputs of flip-flops back

to inputs of the combinational circuit.
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w=een Types of Sequential Circuits
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Synchronous Sequential Circuits: All memory elements are triggered by a common clock signal.

7

Examples: Counters, Shift Registers.

Clock X : S, : ; : .
Asynchronous Sequential Circuits: Changes occur immediately when inputs change, without a clock.

Faster but more complex and prone to timing Eroblems.

Memory Elements Used

1. Latches (Level-triggered): Latches are basic storage elements that operate with signal levels. Its
input is governed by toggle switch (Level triggered) and Output changes as long as the enable
(control) signal is active. Types: SR latch, D latch,

2. Flip-Flops (Edge-triggered): Its input is governed by Clock signal (Edge triggered) Output changes

only on clock edges (rising or falling).

Types: SR Flip-Flop, D Flip-Flop, JK Flip-Flop, T Flip-Flop



9/‘;‘ Difference between Combinational and Sequential Circuits G/ﬂ
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Feature Sequential Circuits Combinational Circuits
Definition Output depends on current inputs and past states. | Output depends only on current inputs.
Memory Contains memory elements (e.g., flip-flops, No memory elements: stateless.
latches).
Feedback Uses feedback to store and utilize past states. No feedback; outputs are purely input-driven.
Clock Dependency |Often synchronous, driven by a clock signal. No clock required; operates instantaneously.
More complex due to memory and state . : :
Complexity —— Simpler, as it only processes current inputs.
Examples Counters, registers, finite state machines. Adders, multiplexers, encoders, decoders.
Timing S:;::)ts change at speciGagnes (8.4., clock Outputs change immediately with input changes.
Used in systems requiring memory, timing, or Used in arithmetic and logic operations (e.g., ALUs,
Applications . . i
sequencing (e.g., CPUs, memory units). logic gates).
State Dependency [State-dependent (state is stored and updated). State-independent (no concept of state).
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SR Latch is also called as Set Reset Latch and implemented using two inputs: S (Set) and R (Reset).

The S input sets the output to 1, while the R input resets the output to 0. When both S and R inputs

are at 1, the latch is said to be in an "undefined" state.

Logic Diagram (Using NOR Gate) Truth Table
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Case-1 ( When S= R=0) -
S=0 ,R=0O )&'—'—O}&

Fhom Hrore Is no dange in stede

Case-2 ( When S=0, R=1) _
S:O:'R:) J &:O)&:‘
“The 1 i a Yeset Cond"

Case-3 ( When S=1, R=0)

S=1,KR=0 > Q=1 ,Q8 =0
“Ws s Sek Conduion

Case-4 ( When S=1, R=1)

S::K:\ ) U\M}*{'\‘V\bl S‘QJ"?.
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SATYNAY CLAREN

Case-1 ( When S= R=0)

s

Case-2 ( When S=0, R=1)

S=0 szj
- Sef

=] & -0
Case-3 ( When S=1, R=0)
531 8 =0
~ Rexef
RZO & =1
Case-4 ( When S=1, R=1)
£z, R =l & =
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A Gated SR latch is a SR latch with enable input which works when enable is 1 and retain the previous

state when enable is 0.

Logic Diagram. Truth Table
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@ SR Gated latch Working

Casel(WhenS X ,R=x, E=0)
SX &X eSS0 /&P &'\

.

Qm-l = 8n

S=0 /

. S=0 S
El\ ;]

8
Case-4 ( When S=1, R=0, E=1)

_ Sz S

{: - R:’O .

Case-5( When S=1, R=1,E=1)
Sz|=R=| P UW“L&
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“Q D latch:- There is one drawback of SR Latch. That is the next state value can’t be predicted “@
when both the inputs S & R are one. So, you can overcome this difficulty by D Latch (Data Latch).

This circuit has single input D and two outputs Q(t) & Q(t)". D Latch is obtained from SR Latch by
placing an inverter between S amp;& R inputs and connect D input to S. That means the

combinations, having same values, of S & R are eliminated.

Logic Diagram. GaRd SR Latdch Truth Table
b= 1.0 ) i’iD 0, &,1,0
) N [E | D ‘QM &iltCommenl
= |oj*jv]o |~
1,0 > . # .1.1*1.0.86(?
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D latch Working

Case-1(D=0->S=0&R=1)

D:O )S:O

R=1

Case-2(D=1->S=1&R=0)
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Sequential logic design: Building blocks like S-R, JK and Master-Slave JK FF, D FF, T FF, edge

triggered F9 Flip flop conversion.

Applications of Flip Flops: ripple and synchronous counters, Ring counter, Johnson counter.
shift registers: SISO, SIPO, PISO, PIPO, Bidirectional shift register, Universal shift register.

Finite state machines: Mealy and Moore machines, State diagrams, state reduction, Analysis of

clocked sequential circuits, Design of clocked sequential circuits.



7 ya

The flip-flop is a circuit that maintains a state until directed by input to change the state. A
basic flip-flop can be constructed using four-NAND or four-NOR gates.
A flip-flop is popularly known as the basic digital memory circuit. It has its two states as logic
1(High) and logic O (Low) states.
Types of Flip-Flops
» SR Flip Flop v
» JK Flip Flop
» DFlipFlop
» TFlipFlop
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Differences between latches and flip-flops

Latches

Flip-flops

Level triggered

Edge triggered

Asynchronous device

Synchronous device

Doesn’t contain clock signal

Contains a clock signal

It will change its state as long as it is enabled

It will change its state only during a given clock
cycle

Consumes less power

Consumes more power

Faster

Slower

Examples: D-Latch, T-Latch

Examples: D-Flip flop, T-Flop flop

2
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» The input of flip flop is governed by flip flop in two ways . ) -eP & f g

.~ (i) Positive Edge Triggered Flip Flop
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@/w Positive edge Triggered SR Flip Flops

7 SR flip-flop operates with only positive clock transitions.
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Wave Form

The output waveform is shown and is explained as follows
1. During the 1 positive clock edge, S=R=0so0 Q=0

2. During 2™ positive clock edge, S=0 and R=1, Q =0.

3. During 3™ positive clock edge, S=1 and R=0, Q=1.

4. During 4 positive clock edge, S=1 and R=0, Q=1

Output is same at 5" clock pulse also .

5. During 6 positive clock edge, S=0 and R=1, Q=0



/V? Negative edge Triggered SR Flip Flops

S
“"""3R flip-flop operates with only negative clock transitions.
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<) Positive edge Triggered D Flip Flops

Sw
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GW Positive edge Triggered D Flip Flop Waveform ’
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The output waveform is shown and is explained as
follows

1. 15t Positive clock edge, D=0 so the output which is
initially high will now change to logic 0.

2. 2" pPositive clock edge, D=1 so the output goes high.
3. 3™ Positive clock edge, D=1 so the output is still high. 4

: The Q output is equal to D input corresponding
4. 4" Positive clock edge, D=1 so the output goes high:. 10 every rising edge of the clock signal
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w Negative edge Triggered D Flip Flops

" flip-flop operates with only negative clock transitions.
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/G/V? Negative edge Triggered D Flip Flop Waveform
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The output waveform is shown and is explained as follows

1. 1% negative clock edge, D=0 so the output which is initially

SET will now change to logic 0.

2. 2" negative clock edge, D=1 so the output goes high.

( |
' | |
' ' |
' |
| | |
o). | Te)
|
| |
| |

3. 3" negative clock edge, D=0 so the output goes low.

4. 4™ negative clock edge, D=1 so the output goes high.




@ Positive edge Triggered JK Flip Flops v QI
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GW Negative edge Triggered JK Flip Flops o
“JK flip-flop operates with only negative clock transitions. @n ey
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@)N Negative edge Triggered JK Flip Flop waveform
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Clk
The output waveform is shown and is explained as follows

=

1. 15 negative clock edge, J=1 and K=0 so the output which is

-

initially RESET will now change to logic 1.
2. 2" negative clock edge, J=0 and K=1 so the output goes low.

3. 39 negative clock edge, J=K=1 so the output toggles i.e.

initially it was in low state now the output goes high.
4. 4*" negative clock edge, J=K=0 so the output retains its last value which is a high state.

5. 5" negative clock edge, J=K=1, the output will toggle, the last state was high so at 5" negative clock edge the

output goes low.
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..%.... ek —P
» T flip-flop operates with only positive clock transitions.
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9/\3 Negative edge Triggered T Flip Flops
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An excitation table shows the required inputs of a flip-flop to make a desired transition from the

g Tl
present state (Q,) to the next state (Qn+1). Excitation (able >
Excitation Table for SR Flip Flop 8n | Gna| 2| R
ngi‘i@— B Qne 1 ———; — !
QRO SEAEE

O J
to |21 ] D | o
o | | :




@ Excitation Table for D Flip Flop
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@:\3 Excitation Table for JK Flip Flop
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Excitation Table for T Flip Flop
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Sequential logic design: Building blocks like S-R, JK and Master-Slave JK FF, D FF, T FF, edge

triggered FF, Flip flop conversion.

Applications of Flip Flops: ripple and synchronous counters, Ring counter, Johnson counter.
shift registers: SISO, SIPO, PISO, PIPO, Bidirectional shift register, Universal shift register.
Finite state machines: Mealy and Moore machines, State diagrams, state reduction, Analysis of

clocked sequential circuits, Design of clocked sequential circuits.
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=
~===j Master-slave JK flip-flop is designed to eliminate the race around condition in JK flip-flop

GaATYWAYCLAZAM

» The first flip-flop is called the master, and it is driven by the positive clock cycle.
» The second flip-flop is called the slave, and it is driven by the negative clock cycle.

» During the positive clock cycle, master flip-flop gives the intermediate output but slave flip-flop

will not give the final output. \_\:_\ \
P

» During the negative clock cycle, slave flip-flop gets activated and copies the previous output of the

master flip-flop and produces the final output.

&
l T Qi\ - T S .
CLk ¥> Master —> Slave.




<) Master Slave JK Flip Flop Operation <)

=== Master flip flop responds before the slave flip flop.

» When J = 0 and K = 0, both JK flip flops remains inactive and hence the output Q remains
unchanged. This is called Hold State of the master-slave JK flip flop.

» When J =0 and K =1, the output Q' of the master flip flopis high and goes to the input K of the
slave flip flop. The clock signal forces the slave flip flop to reset. Therefore, the slave flip flop has
the same output has the master flip flop, i.e., high Q' and low Q.

» When J =1 and K = 0, the output Q of the master flip flop is high and goes to the input J of the
slave flip flop, the negative transition of the clock signal sets the slave flip flop. Hence, this is
called the set state of the master-slave JK flip flop.

» When J =1 and K = 1, for this input combination, the master flip flop toggles on the positive
transition of the clock pulse and the slave flip flop toggles on the negative transition of the clock

pulse. Hence, the problem of the race around condition of the JK flip flop is solved.
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Master Slave JK Flip Flop
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Flip Flop Conversion

Each flip-flop type has its own characteristic table (how inputs affect output).To convert one type to
another:

» Write the characteristic table of the desired flip-flop.

» Write the excitation table of the given flip-flop.

» Compare both to find the required input combinations.

» Simplify using K-maps to get excitation equations.
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SW Flip Flop Conversion From SR to D
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SW Flip Flop Conversion From JKto T
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@;\3 Flip Flop Conversion From to D
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@;‘D Flip Flop Conversion From JK to SR
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» A Flip-flop is a 1 bit memory cell which can be used for storing the digital data. To increase

the storage capacity in terms of number of bits, you can use a group of flip-flops. Such a

group of flip-flops is known as a Register. The n-bit register will consist of n number of flip-
flop(s) and it is capable of storing an n-bit word.
» A shift register is a type of register that allows such data transfers. Shift register has 4 modes

of operations.

» Serial-in serial-out ST s

» Serial-in parallel-out S1 P o

» Parallel-in serial-out 1 gq

» Parallel-in parallel-out PI PO
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Sw Serial-in serial-out ( STSG) éw

Let all the flip-flops be initially in the reset condition i.e. Q3 = Q2 = Q1 = Q0 = 0. If an entry ofa

four-bit binary numberﬁ}x‘l 1 1 is made into the register, this number should be applied to D, bit with
the LSB bit applied first. The D input of FF-3 i.e. D3 is connected to serial data input D, . The output of
FF-3 i.e. Q3 is connected to the input of the next flip-flop i.e. D2, and so on.

Dl'r\ 3 o O
— Da % ?) D:. &ZI_; DI &l 2 Qs &o .
(
- FF-3 —% FF-2 FF-1( —  FE-0 |

M |t
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""§°"6n the first falling edge of the clock, the FF-3 is set, and
stored word in the register is Q3 Q2 Q1 QO = 1000.

» Apply the next bit to Din. So Din = 1. As soon as the next
negative edge of the clock gets triggered, FF-2 will set
and the stored word change to Q3 Q2 Q1 Q0 = 1100.

» Apply the next bit to be stored i.e. 1 to Din. Apply the
clock pulse. As soon as the third negative clock edge gets
triggered, FF-1 will be set and output will get modified to
Q3 Q2 Q1 Q0 =1110.

» Similarly with Din = 1 and with the fourth negative clock
edge arriving, the stored word in the register is Q3 Q2

Q1 Q0 =1111.

2
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e{w Serial-in parallel out< “g{\:'m
» In such types of operations, the data is entered serially and taken out in parallel fashion.
» Data is loaded bit-by-bit. The output(s) are disabled as long as the data is loading.
» As the data loading gets completed, all flip-flops contain their required data. The output(s) are
enabled so that all the loaded data is made available overall the output lines at the same time.
- 0 | —0———ar— |
— % o 3 O 8, D) 8, 0 8,
Y rps —> FE-2 — FF-1 ‘ FF-o0

v \ ¥ v
&3 &L &; Qo

» 4 clock cycles are required to load a four-bit word. Hence the speed of operation of SIPO mode is

the same as that of the SISO mode.
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CATYWAY CLARENS aa

» Data bits enter in a parallel fashion.

» The circuit, shown below, is a four-bit parallel-in serial-out register.

» Output of the previous flip Flop is connected to the input of the next one via a combinational circuit.
» The binary input data bits BO, B1, B2, B3 are applied through the same combinational logic circuit.

» There are two modes in which tHis circuit can work, namely - shift mode and load mode.

v O
Load mode:- When the shift/load bar line is low (0), the AND gates 2, 4 and 6 become active, and they

will pass B,, B,, B, bits to the corresponding flip-flops. On —ve edge of the clock, the binary inputs B,,

B,, B,, B; will get loaded into the corresponding flip-flops. Thus, the parallel loading takes place.

A
Shift mode:- When the shift/load bar line is high (1), the AND gates 2, 4 and 6 become inactive. AND

gates 1,3 and 5 become active. Therefore the shifting of data takes place from left-to-right bit-by-bit on

the application of clock pulses. Thus, the parallel-in serial-out operation takes place.
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@/}} Parallel-in parallel-out @
”I:‘I:r;, the 4-bit binary data inputs BO, B1, B2, B3 are applied to the data inputs DO, D1, DZ,“B;,"
respectively, of the four flip-flops. When a negative edge of the clock is triggered, then the flip-flops get
loaded with the input binary bits simultaneously. The loaded bits appear at the output side,

simultaneously, as well. Only the clock pulse is essential to load all the binary bits.
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@;\D Bidirectional Shift Register @
~--C-;-;-e 1: Shift-Right Operation e
When the control signal R/L' is HIGH, then the AND gates 1, 3, 5, and 7 are enabled, and the AND
gates 2, 4, 6, and 8 are disabled. The output of the flip-flop A is connected to the input of the flip-flop
B, the output of the flip-flop B is connected to the input of the flip-flop C, and the output of the flip-

flop C is connected to the input of the flip-flop D. Hence, when a clock signal occurs, the data bits are

shifted one place to the right.

Case 2: Shift-Left Operation
When the control signal R/L' is LOW, then the AND gates 2, 4, 6, and 8 are enabled, and the AND gates
1, 3, 5, and 7 are disabled. The output Q of each flip-flop connected to the D input’'of the following

flip-flop. Thus, when a clock signal occurs, the data bits are shifted one place to the left.
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S
Universal Shift Register
» If the register has both shifts (right shift and left shift) and
parallel load capabilities, it is referred to as universal shift
register.
» The four multiplexers have two common selection inputs S1
and SO, and they select appropriate input for D flip-flop.

» When S,S, =00, |, is selected ,no change in the register value.

» When S,S,=01,
» When §,S, = 10,

, is se

, IS se

ected, operatesas a right shift register.

ected, operates as a left shift register.

» Finally, when S,;S, =11, itis a parallel load operation.

Mode control

Register operation

No change
Shift right
Shift left

Parallel load

Mode control and register operation
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AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-3

Sequential logic design: Building blocks like S-R, JK and Master-Slave JK FF, D FF, T FF, edge
triggered FF, Flip flop conversion.

Applications of Flip Flops: ripple and synchronous counters, Ring counter, Johnson counter.

shift registers: SISO, SIPO, PISO, PIPO, Bidirectional shift register, Universal shift register.
Finite state machines: Mealy and Moore machines, State diagrams, state reduction, Analysis of

clocked sequential circuits, Design of clocked sequential circuits.
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Types of Counters

/> 1. Asynchronous counter = Ripple counter, serial (or) series (up /doaoVL)

» 2.Synchronous counter = Parallel counter

ASBAchchWA — cu< Pulse to fist {f

%nchrmm S CLlk Tulse 1o U ﬂ
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Synchronous Counter Asynchronous Counter

main clock is only applied to the f/irst flip flop

Common clock applied to all flip flops. and then for rest of flip flops the output of
v previous flip flop is taken as a clock.
Synchronous Counter is faster in operation Asynchronous Counter is slower
Synchronous Counter is also called Parallel | Asynchronous Counter is also called Serial
| 7

Counter. P Counter.

-

designing as well implementation are complex = designing as well as implementation is very
due to increasing the number of states. - easy.

.~ operate only in fixed count sequence

operate in any desired count sequence. (UP/DOWN).

propagation delay is less. there is high propagation delay.
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3-Bit Asynchronous counter = Ripple counter, serial (or) series

Intiial

1% falling Edge
2" falling Edge

3 falling Edge

O
Qg - | 4" falling Edge

Y
Counter Outputs

5t falling Edge
6 falling Edge
7' falling Edge
_| 8" falling Edge
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@/w 3 bit UP/Down Counter
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@}" 4- Bit Synchronous Counter (UP) Q,Q,QC_)) — @/w

T , W= & 2% =16 shate. S
Step 1: Find the number of flip flops.  ¢r-4

for a 4 bit counter, 4 flip flops(n=4) are needed

Number of states = 2" = 2* = 16states (0000, 0001, 0010,0011, 0100, 0101, 0110, 0111, 1000,
O

1001,1010,1011,1100,1101,1110,1111)

Step 3: Draw state diagram for the counter.
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GW Step 4: Obtain excitation table for the counter.

SATYNAY CLAREN

excitation table for Counter

excitation table for JK flip flop
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@/W Step 5: Derive the flip flop input functions. Q/w

SATYWAY CLAREN Gaa ¥

Using Karnaugh maps, the input functions for the 4 flip flops are derived.
Q&“ Ry
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GW Step 6: Draw the logic diagram of the counter.
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@/w 3- Bit Synchronous Counter (UP) Z ‘.
Sl OO___,” __388‘\‘6."6.

Step 1: Find the number of flip flops.

for a 3 bit counter, 3 flip flops(n=3) are needed

Number of states = 2" = 23 = 8 states(000, 001, 010,011, 100,101,110, 111)
Step 2: Choose the type of flip flop.

Since the type of flip flop is given in the problem, let us use JK flip flops.

Step 3: Draw state diagram for the counter.
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Step 4: Obtain excitation table for the counter.

excitation table for Counter excitation table for JK flip flop

-

Q, { Q.. | 7 K

Present State Next State Flip flop Inputs

@ e @ . ' s
= B

C ——
O 0O

il o

1
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GW step 5: Derive the flip flop input functions.
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@N Step 6: Draw the logic diagram of the counter. Q)l

SATYNAY T aEM GATMWaAYCLAZAM

The logic diagram of the 3-bit synchronous counter is drawn as follows. Draw the 3 JK flip-flops. The

common clock pulse input is given to all the flip-flops. The inputs for each flip-flop are drawn as per the

logic functions derived in the previous step.
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@;\;} 2- Bit Synchronous Counter (Down)
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SW Ex. Design a MOD-6 Counter Using JKFF. 0 — 10! (o 9/“'
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Mod 6 counter represents that the counter will have 6 states (001 to 110). Thus, N = 6. That is the

number of flip-flops, n = 3.

The state diagram for the mod-6 counter with 6 states is drawn as below.

The excitation table for JK flip flop is given by,
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GW Excitation table for MOD-6 counter

SATYNAY AN "

Present State Next State

0 1

0
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@N Step 6: Draw the logic diagram of the counter. Q)l
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Mod-6 counter represents that the counter will have 11 states (0001 to 1014). Thus, N = 11. That is the

GaATYWAYCLAZAM

number of flip-flops, n = 4. &= == Y sere,

The state diagram for the mod-6 counter with 11 states is drawn as below.

The excitation table for T flip flop is given by,
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GW Excitation table for MOD-11 counter
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SW Derive the flip flop input functions.
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SW Logic diagram of the counter.
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SW Ring counter: sw

SATYNAY AN

The ring counter is a application of shift register, in which the output of last flip flop is connected to input

of first flip flop. In ring counter if the output of any flip flop is 1, then the output of remaining flip flops is
0. The Ring counters transfers the same output throughout the circuit. in a four-register counter, with

initial register values of 0000, the repeating pattern is 1000 - 0100 - 0010 - 0001 - 1000.

No 4 State — 4 )Wx

— FF-0 % FF-1 'dr—'brpz
& 8,
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Cx

CLR



/*\ Johnson’s counter or twisted ring counter: AKTU-2024-25 Gw

EF{re'-'Johnson counter is a modification of ring counter. In this the inverted output of the last stagE"ﬁrp

flop is connected to the input of first flip flop. If we use n flip flops to design the Johnson counter, it is
known as 2n bit Johnson counter or Mod 2n Johnson counter. The Johnson counter circulates a stream of

ones followed by zeroes around the ring. For example, in a four-register counter, with initial register

values of 0000, the repeating pattern is: 0000, 1000. 1100, 1110, 1111, 0111, 0011, 0001, 0000...
o 2N Stare , Mad - & Countev
3

Cx

= S —- /
CLR 6- ] A | 0 A




/) Johnson’s counter or twisted ring counter: AKTU-2024-25 /)
é Sw
car he.. .............

™Mod - 2n Counteér

No- of Hip Hop=n

NO- of Stae = 2N
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» State diagrams, state reduction,_~

» Analysis of clocked sequential circuits,
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» Design of clocked sequential circuits.
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AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-3
Sequential logic design: Building blocks like S-R, JK and Master-Slave JK FF, D FF, T FF, edge
triggered FF, Flip flop conversion.
Applications of Flip Flops: ripple and synchronous counters, Ring counter, Johnson counter.
shift registers: SISO, SIPO, PISO, PIPO, Bidirectional shift register, Universal shift register.

Finite state machines: Mealy and Moore machines, State diagrams, state reduction, Analysis of

clocked sequential circuits, Design of clocked sequential circuits.




/) 7))
S ew
TTTeTState & State Variable:- State is defined by the output of Flip flop(Memory). And State Variables are the™

physical memory elements used in digital hardware to encode and store the current state of the FSM.

ol [
State and State Variables are related by the expression. @ Y|

2 [ D
2X=y o ol :® |

Where x= No. of Flip Flop (Memory) and Y is the Maximum number of possible state.

State Diagram :- A State Diagram is the graphical, visual representation of an FSM's behavior.

Nodes (Circles): Represent the states of the machine.

Arcs (Directed Edges/Arrows): Represent the transitions (movement) from one state to the next. (eud
Labels: Mealy Machine: Labels on the arcs are in the format Input / Output (e.g., 1/0).
Moore Machine: Labels on the nodes are in the format State Name / Output (e.g., State A / 0),
and the arcs are labeled only with the Input.

Starting State: Usually indicated by an arrow pointing into the node from nowhere.
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“Finite State Machine (FSM)

A synchronous sequential circuit is also called as Finite State Machine FSM, if it has a finite number of

states. /o @
e
Components of a Finite State Machine i W .

» Finite States:- The finite states are nothing but the distinct modes or conditions in the given system.

Each finite states represents a specific behavior. They are represented by symbols or labels.

» State Transitions:- It is the change from one state to another. These are generally triggered by events
which are associated with some rules or conditions and determine the next state of the system.

» State Diagram:- Behavior of a finite state machine can be represented in a graphical form known as
state diagrams.

» Inputs: They trigger the state transitions in the system.

Outputs:- The results produced by the system are known as outputs.

Vv
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* Control units in microprocessors Inpuls ' 1 >
s = : . mbinafionaf s
* Traffic light controllers, Vending machines hoai oulp
= . 08iC
* Sequence detectors |
* Communication protocols (UART, I12C, etc.)
* Robotics and automation systems M“fm"' 4
— Shift Rq).

Advantages of FSM
Finite State Machine (FSM) Block Diagram

* Easy to design and analyze.

* Reduces complexity in sequential circuit design.

* Provides a systematic way to represent control logic.

* Useful for both hardware and software implementations.

Limitations of FSM

* Becomes complex for large systems (many states).

* Requires careful state reduction and minimization. Memory usage increases with number of states.
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Types of FSM

There are two main types of FSMs based on how the outputs depend on states and inputs:

Output Depends On | Diagram Representation Example

Moore Machine | Current State only Output shown inside state circle Sequence detector

Mealy Machine | Current State + Input | Output shown on transition line Serial data detector
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N

SATYNAY O GATYWAY CLAZIM

A Finite State Machine is said to be a Moore state machine, if its outputs depend only on the present states.

There are two parts presents in a Moore state machine. Those are combinational logic and memory. In this case,

the present inputs and present states determine the next states. So, based on next states, Moore machine

—

produces the outputs. So, the outputs will be valid only after transition of the state.
There are four states, namely A, B, C, and D. These states and the respective outputs are labelled inside

the circles. Here, only the input value is labeled on each transition.

T AN
/P > Cornb. Neij*{Seq’. Logic Comb.
Lo for Staje Loa_ic_
8’”" De_\:erm'miﬂgﬁ P % 10
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Moore Machine o
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“Trransthon Table
Present Nex t staje owtput
Stale X200 _';\ [ X=0| X=|
Q q C o]0
b b |a |o [0
& d.- |€¢ | ©O |1
a+ |b |[a |0 o
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) Mealy Machine
éw

=== |n @ Mealy state machine, outputs depend on both present inputs & present states. There are two i

parts presents in the Mealy state machine. Those are combinational logic circuit and memory element. The

memory element is useful to provide some part of previous outputs and present states as inputs to the

combinational logic circuit.

There are three states, namely A, B and C . Each state labelled inside the circles and each circle corresponds to

one state. State transitions between these states are represented with directed lines. Here, 0 /0,1 /0and1/1

denote the input / output. In the above figure, there aré two state transitions from each state based on the

value of input.

» L R Tned
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g/w Difference Between Mealy Machine and Moore Machine

Feature

Mealy Machine

Moore Machine

Output
Dependency

Current state and current input

Current state only

Output Timing

Can change during a state transition, based on
the input

Reaction Speed

Changes only when the state
changes, synchronized with the
clock

Faster response to input changes

Slower response, with a one-
clock-cycle delay

Number of
States

Usually requires fewer states for the same
function

Usually requires more states

Design
Complexity

Can be more complex to design

Is generally simpler to design

Hardware
Requirement

Requires less hardware

Requires more hardware

Output
Association

Outputs are associated with the transitions
between states

Outputs are associated with the
states themselves
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@/w State Diagram and State Reduction
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e}N Analysis of Clocked Sequential Circuits
The analysis of sequential circuit consists of obtaining a table or a diagram for the time sequence of

inputs, outputs and internal states.
Ex 1. Construct the transition table, state table and state diagram for the Moore sequential circuit

l. Determine the flip-flop input equations and the output equations from the sequential circuit.

8 Q
T=x8+x8

2. Derive the transition equation.
8" - T® Q

Q" : (x8+28)B®Q
3. Plot the next step map for each flip-flop

B'=(x8+%8 )@ Q
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Present state I

=0 X=1 Z=0 x-=1

Next state Output

5. Draw the state table

Transition table can be converted into state table. Here, new symbols to binary codes are assigned.a=0,b = 1.

& :
Next state Output @TQLD Sbk &agrom
Present state \\ O O/O

x:() x:] x_:ﬂx_:]

a(0) \ b QA 0 0 @
L b Q@

b(1) 0 |
1/




@)N Analysis of Clocked Sequential Circuits Q)l
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Ex 2. Construct the transition table, state table and state diagram for the Moore sequential circuit

l. Determine the flip-flop input equations and the output equations from the sequential circuit.
F= ARV _
_.]7\ =R p) Ka = X B

=X »Ka = X @A
2. Derive the transition equation.
Q"= T& +K&
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5. Draw the state table

Present state Next state

Transition table can be converted into state table. Here, new| symbpls to binary codes are assigned
AB

In case of Moore
model. the
directed lines are

labelled
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