Unit-11

Combinational Circuits

Combinational circuit is a circuit in which we combine the different gates in the circuit, for

example encoder, decoder, multiplexer and demultiplexer. Some of the characteristics of
combinational circuits are following —

o The output of combinational circuit at any instant of time, depends only on the levels
present at input terminals.

o The combinational circuit do not use any memory. The previous state of input does
not have any effect on the present state of the circuit.

« A combinational circuit can have an n number of inputs and m number of outputs.

Block diagram
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We're going to elaborate few important combinational circuits as follows.

Half Adder

Half adder is a combinational logic circuit with two inputs and two outputs. The half adder
circuit is designed to add two single bit binary number A and B. It is the basic building
block for addition of two single bit numbers. This circuit has two outputs carry and sum.

Block diagram
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Circuit Diagram

Full Adder

Full adder is developed to overcome the drawback of Half Adder circuit. It can add two one-
bit numbers A and B, and carry c. The full adder is a three input and two output
combinational circuit.

Block diagram
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N-Bit Parallel Adder

The Full Adder is capable of adding only two single digit binary number along with a carry
input. But in practical we need to add binary numbers which are much longer than just one
bit. To add two n-bit binary numbers we need to use the n-bit parallel adder. It uses a
number of full adders in cascade. The carry output of the previous full adder is connected to
carry input of the next full adder.

4 Bit Parallel Adder

In the block diagram, Ao and By represent the LSB of the four bit words A and B. Hence
Full Adder-0 is the lowest stage. Hence its Cj, has been permanently made 0. The rest of the
connections are exactly same as those of n-bit parallel adder is shown in fig. The four bit
parallel adder is a very common logic circuit.

Block diagram
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N-Bit Parallel Subtractor

The subtraction can be carried out by taking the 1's or 2's complement of the number to be
subtracted. For example we can perform the subtraction (A-B) by adding either 1's or 2's

complement of B to A. That means we can use a binary adder to perform the binary
subtraction.

4 Bit Parallel Subtractor

The number to be subtracted (B) is first passed through inverters to obtain its 1's
complement. The 4-bit adder then adds A and 2's complement of B to produce the
subtraction. Sz S, S; S represents the result of binary subtraction (A-B) and carry output
Cout represents the polarity of the result. If A > B then Cout = 0 and the result of binary form
(A-B) then Coy = 1 and the result is in the 2's complement form.

Block diagram
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Half Subtractors



Half subtractor is a combination circuit with two inputs and two outputs (difference and
borrow). It produces the difference between the two binary bits at the input and also
produces an output (Borrow) to indicate if a 1 has been borrowed. In the subtraction (A-B),
A is called as Minuend bit and B is called as Subtrahend bit.

Truth Table
Inputs Output
A | B | (A—B) Borrow
0| O 0 =
0| 1 1 1
1| 0 1 0
1 7 1 0 7 0

Circuit Diagram
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Full Subtractors

The disadvantage of a half subtractor is overcome by full subtractor. The full subtractor is a
combinational circuit with three inputs A,B,C and two output D and C'. A is the 'minuend’, B
is 'subtrahend’, C is the 'borrow' produced by the previous stage, D is the difference output
and C' is the borrow output.

Truth Table
Inputs Output
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Circuit Diagram
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Multiplexers

Multiplexer is a special type of combinational circuit. There are n-data inputs, one output
and m select inputs with 2™ = n. It is a digital circuit which selects one of the n data inputs
and routes it to the output. The selection of one of the n inputs is done by the selected inputs.
Depending on the digital code applied at the selected inputs, one out of n data sources is
selected and transmitted to the single output Y. E is called the strobe or enable input which
is useful for the cascading. It is generally an active low terminal that means it will perform
the required operation when it is low.

Block diagram

PPOP

Data .
< n:i Y (output)
Input Multiplexer

Enable

Input ‘ J J

S-a

Select Input

Multiplexers come in multiple variations



2 : 1 multiplexer
4 : 1 multiplexer
16 : 1 multiplexer
32 : 1 multiplexer

Block Diagram
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Demultiplexers

A demultiplexer performs the reverse operation of a multiplexer i.e. it receives one input and
distributes it over several outputs. It has only one input, n outputs, m select input. At a time
only one output line is selected by the select lines and the input is transmitted to the selected
output line. A de-multiplexer is equivalent to a single pole multiple way switch as shown in
fig.

Demultiplexers comes in multiple variations.

1: 2 demultiplexer
1: 4 demultiplexer
e 1:16 demultiplexer
1: 32 demultiplexer

Block diagram
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x = Don’t care
Decoder
A decoder is a combinational circuit. It has n input and to a maximum m = 2n outputs.
Decoder is identical to a demultiplexer without any data input. It performs operations which

are exactly opposite to those of an encoder.

Block diagram
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Examples of Decoders are following.

o Code converters

e BCD to seven segment decoders
e Nixie tube decoders

¢ Relay actuator

2 to 4 Line Decoder



The block diagram of 2 to 4 line decoder is shown in the fig. A and B are the two inputs
where D through D are the four outputs. Truth table explains the operations of a decoder. It
shows that each output is 1 for only a specific combination of inputs.

Block diagram
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Encoder is a combinational circuit which is designed to perform the inverse operation of the
decoder. An encoder has n number of input lines and m number of output lines. An encoder
produces an m bit binary code corresponding to the digital input number. The encoder
accepts an n input digital word and converts it into an m bit another digital word.

Block diagram
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Examples of Encoders are following.

« Priority encoders

« Decimal to BCD encoder

e Octal to binary encoder

o Hexadecimal to binary encoder

Priority Encoder

This is a special type of encoder. Priority is given to the input lines. If two or more input line
are 1 at the same time, then the input line with highest priority will be considered. There are
four input Dy, D1, D2, D3 and two output Yy, Y;. Out of the four input D3 has the highest
priority and Dg has the lowest priority. That means if D3 = 1 then Y1 Y, = 11 irrespective of

the other inputs. Similarly if D3 = 0 and D, = 1 then Y; Y, = 10 irrespective of the other
inputs.

Block diagram
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Highest { Inputs Lowest | Qutputs
DJ DX D: DD YE YX
0 0 0 0 X X
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Sequential Circuit

Flip Flop

Flip flop is a sequential circuit which generally samples its inputs and changes its outputs
only at particular instants of time and not continuously. Flip flop is said to be edge sensitive
or edge triggered rather than being level triggered like latches.

S-R Flip Flop

It is basically S-R latch using NAND gates with an additional enable input. It is also called
as level triggered SR-FF. For this, circuit in output will take place if and only if the enable
input (E) is made active. In short this circuit will operate as an S-R latch if E = 1 but there is

no change in the output if E = 0.

Block Diagram
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Circuit Diagram

S
(Set)
E >—Outputs
(Enable)
R / &
(Reset)
Truth Table
Inputs Outputs
— Comments
E S R Q. | Qe
1 0 0 Q- 5, No change
1 0 1 0 1 Rset
1 1 0 1 0 Set
1 1 1 X X Indeterminate
Operation
S.N. Condition Operation

1 S=R=0:Nochange If S = R = 0 then output of NAND gates 3 and 4 are
forced to become 1.

Hence R' and S' both will be equal to 1. Since S' and
R' are the input of the basic S-R latch using NAND
gates, there will be no change in the state of outputs.



2 S=0,R=1,E=1

3 S=1,R=0,E=1

4 S=1,R=1E=1

Master Slave JK Flip Flop

Master slave JK FF is a cascade of two S-R FF with feedback from the output of second to
input of first. Master is a positive level triggered. But due to the presence of the inverter in
the clock line, the slave will respond to the negative level. Hence when the clock = 1
(positive level) the master is active and the slave is inactive. Whereas when clock = 0 (low

Since S =0, output of NAND-3i.e. R"'=1andE =1
the output of NAND-4 i.e. S'=0.

Hence Qnv1= 0 and Qu.ibar = 1. This is reset
condition.

Output of NAND-3 i.e. R' = 0 and output of NAND-4
ie.S'=1.

Hence output of S-R NAND latch is Qn+1 = 1 and
Qn+1 bar = 0. This is the reset condition.

AsS =1 R=1andE =1, the output of NAND gates
3and 4 bothare0i.e.S'=R'=0.

Hence the Race condition will occur in the basic
NAND latch.

level) the slave is active and master is inactive.

Circuit Diagram

Truth Table



Operation

S.N. Condition
1 J=K=0

(No change)

2 J=0and K
=1 (Reset)

3 J=1land K
=0 (Set)

4 J=K=1
(Toggle)

Inputs Outputs
Comments
E J K Q- | Qes
1 0 0 Q- Q- No change
1 0 1 0 1 Rset
1 1 0 1 0 Set
1 1 1 Q. | Q- | Toggle
Operation

When clock = 0, the slave becomes active and master is
inactive. But since the S and R inputs have not changed, the
slave outputs will also remain unchanged. Therefore outputs
will not change if J = K =0.

Clock = 1 — Master active, slave inactive. Therefore outputs
of the master become Q; =0 and Q; bar = 1. That means S =
Oand R =1.

Clock = 0 — Slave active, master inactive. Therefore outputs
of the slave become Q =0 and Q bar = 1.

Again clock = 1 — Master active, slave inactive. Therefore
even with the changed outputs Q = 0 and Q bar = 1 fed back
to master, its output will be Q1 = 0 and Q1 bar = 1. That
meansS=0and R = 1.

Hence with clock = 0 and slave becoming active the outputs
of slave will remain Q = 0 and Q bar = 1. Thus we get a
stable output from the Master slave.

Clock = 1 — Master active, slave inactive. Therefore outputs
of the master become Q; = 1 and Q; bar = 0. That means S =
1and R =0.

Clock = 0 — Slave active, master inactive. Therefore outputs
of the slave become Q =1 and Q bar = 0.

Again clock = 1 — then it can be shown that the outputs of
the slave are stabilized to Q =1 and Q bar =0.

Clock = 1 — Master active, slave inactive. Outputs of master
will toggle. So S and R also will be inverted.



Clock = 0 — Slave active, master inactive. Outputs of slave
will toggle.

These changed output are returned back to the master inputs.
But since clock = 0, the master is still inactive. So it does not
respond to these changed outputs. This avoids the multiple
toggling which leads to the race around condition. The
master slave flip flop will avoid the race around condition.

Delay Flip Flop / D Flip Flop

Delay Flip Flop or D Flip Flop is the simple gated S-R latch with a NAND inverter
connected between S and R inputs. It has only one input. The input data is appearing at the
output after some time. Due to this data delay between i/p and o/p, it is called delay flip flop.
S and R will be the complements of each other due to NAND inverter. Hence S=R=0o0r S

= R =1, these input condition will never appear. This problem is avoid by SR =00 and SR =
1 conditions.

Block Diagram
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Circuit Diagram

Outputs

Truth Table

Inputs Outputs

Comments

1 0 0 1 Rset
1 1 1 0 Set




Operation

S.N. Condition

3 E=1andD=1

Operation

Latch is disabled. Hence no change in output.

IfE=1and D =0then S =0 and R = 1. Hence irrespective
of the present state, the next state is Qn+; = 0 and Qp+1 bar =
1. This is the reset condition.

IfE=1and D=1, then S=1and R = 0. This will set the
latch and Qp+1= 1 and Q.1 bar = O irrespective of the
present state.

Toggle Flip Flop / T Flip Flop

Toggle flip flop is basically a JK flip flop with J and K terminals permanently connected
together. It has only input denoted by T as shown in the Symbol Diagram. The symbol for
positive edge triggered T flip flop is shown in the Block Diagram.

Symbol Diagram

Inputs Outputs
CLK . T
Block Diagram
T J Q———
Inputs <CLK E Outputs
K a—

Truth Table



Inputs Outputs
Comments
E T Q= | Qs
1 0 g Q No change
1 1 Q- | @ | Toggle
Operation
S.N. Condition Operation

1 T=0,J=K=0 Theoutput Q and Q bar won't change

2 T=1,J=K=1 Output will toggle corresponding to every leading
edge of clock signal.

Digital Registers

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, we have to use a group of flip-flop. Such a
group of flip-flop is known as a Register. The n-bit register will consist of n number of
flip-flop and it is capable of storing an n-bit word.

The binary data in a register can be moved within the register from one flip-flop to another.
The registers that allow such data transfers are called as shift registers. There are four mode
of operations of a shift register.

o Serial Input Serial Output

« Serial Input Parallel Output
o Parallel Input Serial Output
o Parallel Input Parallel Output

Serial Input Serial Output

Let all the flip-flop be initially in the reset condition i.e. Q3 = Q2 = Q1 = Qo = 0. If an entry
of a four bit binary number 1 1 1 1 is made into the register, this number should be applied
to Din bit with the LSB bit applied first. The D input of FF-3 i.e. D3 is connected to serial
data input Dj,. Output of FF-3 i.e. Qzis connected to the input of the next flip-flop i.e.
D, and so on.

Block Diagram
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Operation

Before application of clock signal, let Q3 Q2 Q1 Qo = 0000 and apply LSB bit of the number
to be entered to Dj,. So Di, = D3 = 1. Apply the clock. On the first falling edge of clock, the
FF-3 is set, and stored word in the register is Qs Q» Q1 Qo = 1000.
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Apply the next bit to Dj,. So Dj, = 1. As soon as the next negative edge of the clock hits, FF-
2 will set and the stored word change to Q3 Q2 Q1 Qo = 1100.

D- | :
= ID a -1.lp. a: -1.p. a 9 .p. a0 .
| Output
EF-3 5 FRD b FF1 | — FF-0
r { { il
CLK

Apply the next bit to be stored i.e. 1 to Dj,. Apply the clock pulse. As soon as the third
negative clock edge hits, FF-1 will be set and output will be modified to Q3 Q2 Q1 Qo =
1110.

D. 1 1 | 1 | o
—{D: Q: D: Q: ——{D: Q: +—=D: Q ——
Qutput
L FF-3 L. FR2 ,  FF1 L FF-0
CLK |’ |— |,

Similarly with D, = 1 and with the fourth negative clock edge arriving, the stored word in
the register is Q3 Q2 Q1 Qo = 1111.

D: Q: }——D: Q —D: Q ——
’ Qutput
[
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‘ 1 |
; [ 1] |
CLK




Truth Table

ck |p-=a: [@:=D: [@.=D. [@:=D. | a

Initially 0 0 0 0
M| | feale gt ol G 6 i
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W | | =—»1 [T2 [T1 [ 1

—» Direction of data travel

Waveforms

Stored word

D. OJ 0000

G | 1000

s o 1100

%o | 1110
r__

1111

Serial Input Parallel Output

e In such types of operations, the data is entered serially and taken out in parallel
fashion.

o Data is loaded bit by bit. The outputs are disabled as long as the data is loading.

e As soon as the data loading gets completed, all the flip-flops contain their required
data, the outputs are enabled so that all the loaded data is made available over all the
output lines at the same time.

e 4 clock cycles are required to load a four bit word. Hence the speed of operation of
SIPO mode is same as that of SISO mode.

Block Diagram
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Parallel Input Serial Output (PISO)

o Data bits are entered in parallel fashion.

« The circuit shown below is a four bit parallel input serial output register.

Output of previous Flip Flop is connected to the input of the next one via a
combinational circuit.

The binary input word Boy, B, B,, Bsis applied though the same combinational
circuit.

There are two modes in which this circuit can work namely - shift mode or load
mode.

Load mode

When the shift/load bar line is low (0), the AND gate 2, 4 and 6 become active they will
pass Bi, B,, Bsbits to the corresponding flip-flops. On the low going edge of clock, the

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

Shift mode

When the shift/load bar line is low (1), the AND gate 2, 4 and 6 become inactive. Hence the
parallel loading of the data becomes impossible. But the AND gate 1,3 and 5 become active.

Therefore the shifting of data from left to right bit by bit on application of clock pulses.
Thus the parallel in serial out operation takes place.

Block Diagram
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Parallel Input Parallel Output (PIPO)

In this mode, the 4 bit binary input B, B1, B,, B3 is applied to the data inputs Dy, D1, D,
D3 respectively of the four flip-flops. As soon as a negative clock edge is applied, the input
binary bits will be loaded into the flip-flops simultaneously. The loaded bits will appear
simultaneously to the output side. Only clock pulse is essential to load all the bits.

Block Diagram
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Bidirectional Shift Register

o If a binary number is shifted left by one position then it is equivalent to multiplying
the original number by 2. Similarly if a binary number is shifted right by one
position then it is equivalent to dividing the original number by 2.

e Hence if we want to use the shift register to multiply and divide the given binary
number, then we should be able to move the data in either left or right direction.

e Such a register is called bi-directional register. A four bit bi-directional shift register
is shown in fig.

e There are two serial inputs namely the serial right shift data input DR, and the serial
left shift data input DL along with a mode select input (M).



Block Diagram

Mode control (M)
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Y Y Y

FF-1 5 FFO

Operation

S.N. Condition Operation

and 7 are enabled whereas the
remaining AND gates 2, 4, 6 and 8
will be disabled.

The data at Dg is shifted to right bit
by bit from FF-3 to FF-0 on the
application of clock pulses. Thus
with M = 1 we get the serial right
shift operation.

2 With M = 0 — Shift left operation When the mode control M is

connected to O then the AND gates
2,4, 6 and 8 are enabled while 1, 3,
5 and 7 are disabled.

The data at Dy is shifted left bit by
bit from FF-0 to FF-3 on the
application of clock pulses. Thus
with M = 0 we get the serial right
shift operation.

Universal Shift Register
A shift register which can shift the data in only one direction is called a uni-directional shift

register. A shift register which can shift the data in both directions is called a bi-directional
shift register. Applying the same logic, a shift register which can shift the data in both



directions as well as load it parallely, is known as a universal shift register. The shift register
is capable of performing the following operation —

o Parallel loading

o Left Shifting

« Right shifting
The mode control input is connected to logic 1 for parallel loading operation whereas it is
connected to O for serial shifting. With mode control pin connected to ground, the universal
shift register acts as a bi-directional register. For serial left operation, the input is applied to

the serial input which goes to AND gate-1 shown in figure. Whereas for the shift right
operation, the serial input is applied to D input.

Block Diagram
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Counter

Counter is a sequential circuit. A digital circuit which is used for a counting pulses is known
counter. Counter is the widest application of flip-flops. It is a group of flip-flops with a
clock signal applied. Counters are of two types.

e Asynchronous or ripple counters.
« Synchronous counters.

Asynchronous or ripple counters

The logic diagram of a 2-bit ripple up counter is shown in figure. The toggle (T) flip-flop are
being used. But we can use the JK flip-flop also with J and K connected permanently to
logic 1. External clock is applied to the clock input of flip-flop A and Qa output is applied to
the clock input of the next flip-flop i.e. FF-B.

Logical Diagram



Logic1
L Ta

Q- Output

FF-B

Operation

Initially let both the FFs be in the reset state  QgQa = 00 initially

Clk —— FF-A
Operation
S.N. Condition
1
2 After 1st negative clock edge
3 After 2nd negative clock edge

As soon as the first negative
clock edge is applied, FF-A will
toggle and Qa will be equal to
1.

Qa is connected to clock input
of FF-B. Since Qa has changed
from O to 1, it is treated as the
positive clock edge by FF-B.
There is no change in
Qs because FF-B is a negative
edge triggered FF.

QgQa = 01 after the first clock
pulse.

On the arrival of second
negative clock edge, FF-A
toggles again and Qa = 0.

The change in Qaacts as a
negative clock edge for FF-B.
So it will also toggle, and
Qg Will be 1.

QsQa= 10 after the second
clock pulse.



4 After 3rd negative clock edge On the arrival of 3rd negative

clock edge, FF-A toggles again
and Qa become 1 from 0.

Since this is a positive going
change, FF-B does not respond
to it and remains inactive. So
Qg does not change and
continues to be equal to 1.

QsQa = 11 after the third clock
pulse.

5 After 4th negative clock edge On the arrival of 4th negative

clock edge, FF-A toggles again
and Qa becomes 1 from 0.

This negative change in Qa acts
as clock pulse for FF-B. Hence
it toggles to change Qg from 1

to 0.
QsQa= 00 after the fourth
clock pulse.

Truth Table
Clock Counteroutput State Deciimal
Q. Q. number |Counter output
Initially 0 0 = 0
1st 0 1 1 1
2nd 1 0 2 2
3rd 1 1 3 3
4th 0 0 4 0

Synchronous counters

If the "clock" pulses are applied to all the flip-flops in a counter simultaneously, then such a
counter is called as synchronous counter.

2-bit Synchronous up counter

The Ja and Ka inputs of FF-A are tied to logic 1. So FF-A will work as a toggle flip-flop.
The Jg and Kg inputs are connected to Qa.



Logical Diagram

Logic1

FF-B - FF-A

CLK

Operation

S.N.

Condition

Initially let both the FFs be in the reset state

After 1st negative clock edge

After 2nd negative clock edge

After 3rd negative clock edge

Operation

QsQa = 00 initially.

As soon as the first negative clock
edge is applied, FF-A will toggle
and Qa will change from 0 to 1.

But at the instant of application of
negative clock edge, Qa, Jg=
Kg= 0. Hence FF-B will not
change its state. So Qg will
remain O.

QgQa = 01 after the first clock
pulse.

On the arrival of second negative
clock edge, FF-A toggles again
and Qa changes from 1 to 0.

But at this instant Qawas 1. So
Js = Kg= 1 and FF-B will toggle.
Hence Qg changes from 0 to 1.

QsQa = 10 after the second clock
pulse.

On application of the third falling
clock edge, FF-A will toggle from
0 to 1 but there is no change of
state for FF-B.



QgQa = 11 after the third clock
pulse.

S After 4th negative clock edge On application of the next clock

pulse, Qa will change from 1to 0
as Qg will also change from 1 to
0.

QsQa = 00 after the fourth clock
pulse.

Classification of counters

Depending on the way in which the counting progresses, the synchronous or asynchronous
counters are classified as follows —

o Up counters
o Down counters
e Up/Down counters

UP/DOWN Counter

Up counter and down counter is combined together to obtain an UP/DOWN counter. A
mode control (M) input is also provided to select either up or down mode. A combinational
circuit is required to be designed and used between each pair of flip-flop in order to achieve
the up/down operation.

e Type of up/down counters
o UP/DOWN ripple counters
e UP/DOWN synchronous counter

UP/DOWN Ripple Counters

In the UP/DOWN ripple counter all the FFs operate in the toggle mode. So either T flip-
flops or JK flip-flops are to be used. The LSB flip-flop receives clock directly. But the clock
to every other FF is obtained from (Q = Q bar) output of the previous FF.

e UP counting mode (M=0) — The Q output of the preceding FF is connected to the
clock of the next stage if up counting is to be achieved. For this mode, the mode
select input M is at logic 0 (M=0).

« DOWN counting mode (M=1) — If M = 1, then the Q bar output of the preceding FF
is connected to the next FF. This will operate the counter in the counting mode.

Example



3-bit binary up/down ripple counter.

«3-bit — hence three FFs are required.

«UP/DOWN — So a mode control input is essential.

«For a ripple up counter, the Q output of preceding FF is connected to the clock input of

the next one.

«For a ripple up counter, the Q output of preceding FF is connected to the clock input of

the next one.

«For a ripple down counter, the Q bar output of preceding FF is connected to the clock

input of the next one.

oL et the selection of Q and Q bar output of the preceding FF be controlled by the mode
control input M such that, If M = 0, UP counting. So connect Q to CLK. If M =1,

DOWN counting. So connect Q bar to CLK.

Block Diagram

Mode control
(M)

Q —

Outpout of Combinational

the previous e circuit
Truth Table
Inputs Outputs
M Q Q \
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1

Operation

J\

Y
— CLK of next

FF

Y=Q
for up
counter

Y=Q
for up
counter



S.N. Condition Operation

1 Case 1 — With M = 0 (Up counting mode) £ M =0 and M bar = 1. then the

AND gates 1 and 3 in fig. will be
enabled whereas the AND gates 2
and 4 will be disabled.

Hence Qa gets connected to the
clock input of FF-B and Qg gets
connected to the clock input of FF-
C.

These connections are same as
those for the normal up counter.
Thus with M = 0 the circuit work as
an up counter.

2 Case 2: With M =1 (Down counting mode) If M = 1, then AND gates 2 and 4 in

fig. are enabled whereas the AND
gates 1 and 3 are disabled.

Hence Qa bar gets connected to the
clock input of FF-B and Qg bar gets
connected to the clock input of FF-
C.

These connections will produce a
down counter. Thus with M = 1 the
circuit works as a down counter.

Modulus Counter (MOD-N Counter)

The 2-bit ripple counter is called as MOD-4 counter and 3-bit ripple counter is called as
MOD-8 counter. So in general, an n-bit ripple counter is called as modulo-N counter.
Where, MOD number = 2".

Type of modulus

e 2-bit up or down (MOD-4)
e 3-bit up or down (MOD-8)
e 4-bit up or down (MOD-16)

Application of counters

e Frequency counters
o Digital clock
o Time measurement



e Atto D converter

e Frequency divider circuits

o Digital triangular wave generator.
State Reduction & Assignment
Sometimes certain properties of sequential circuits may be used to reduce the number of gates
and flip-flops during the design. The problem of state reduction is to find ways of reducing

the number of states in a sequential circuit, while keeping the external input-output
relationships unchanged.

For example, suppose a sequential circuit is specified by the following seven-state diagram:

()/()L j

There are an infinite number of input sequences that may be applied; each results in a
unique output sequence. Consider the input sequence 01010110100 starting from the
initial state a:

state a a b ¢ d e f f f
input o 1 o0 1 0 L 1 0 1 0 0
oput 0 O O O O 1 1 O 0

An algorithm for the state reduction quotes that:

“Two states are said to be equivalent if, for each member of the set of inputs, they give
exactly the same output and send the circuit either to the same state or to an equivalent
state.”

Now apply this algorithm to the state table of the circuit:



Next State Output

Present State x=0 x=1 x=0 x=1

R e /N o
R 8 a8 68
bt T e N
—_———0 O O

States g and e both go to states a and f and have outputs of 0 and 1 for x = 0 and x = 1,
respectively.

The procedure for removing a state and replacing it by its equivalent is
demonstrated in the following table:

Next State Output
Present State x=0 x=1 x=0 x=1

a a b 0 ()
b c d 0 0
c a d 0 (6}
d e ¥ 0 1
e a F 0 1
f e f 0 1

Thus, the row with present state g is removed and stage g is replaced by state e each
time it occurs in the next state columns. Present state f now has next states e and f and
outputs 0 and 1 for x = 0 and x = 1. The same next states and outputs appear in the
row with present state d. Therefore, states f and d are equivalent and can be removed
and replaced with d.

The final reduced state table is:

Next State Output
Present State x=0 x=1 =0 x=1
a a b 0 0
b c d 0 0
c a d 0 0
d e d 0 1
e a d 0 1

The state diagram for the above reduced table is:
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This state diagram satisfies the original input output specifications.

@
X

0/0 \

Applying the input sequence previously used, the following list is obtained:

state a a b ¢ d e d d e d e a
input o 1 o 1 0o 1 1 0 1
oput O O O O O I 1 O 1 O

Note that the same output sequence results, although the state sequence is different.

Analysis Procedure of Asynchronous Sequential Circuits

Do not use pulses. The change of internal state occurs when there is a change in the input
variable.

Their memory elements are either unclocked flip flops or time delay elements.

They often resemble combinational circuit with feedback.

Their synthesis is much difficult than the synthesis of clocked synchronous sequential
circuit.

They are used when speed of operation is important.

The communication of two units, with each unit having its own independent clock, must be
done with asynchronous circuits.



There are n input variables, m output variables, and k internal states.

The present state variables (yland y2) are called secondary variables. The next state
variables (y1 and y2) are called excitation variables.

Fundamental mode operation assumes that the input signals change one at a time and only
when the circuit is in a condition.

1. Analysis Procedure

The analysis of asynchronous sequential circuits proceeds in much the same way as that of
clocked synchronous sequential circuits. From a logic diagram. Boolean expressions are
written and then transferred into tabular form.

1. Transition Table

An example of an asynchronous sequential circuit is shown below:

LD
T

1) ﬂjﬁ

The analysis of the circuit starts by considering the excitation variables (y1 and y2).
As outputs and the secondary variables (y1 and y2) as inputs.
The Boolean expressions are:

Y, =xy,+ Xy,
Y, =xy;+ Xy,

The next step is to plot the Y1 and Y2 functions in a map:
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Map for Map for
Yi=xy +x'vy Ya=av'y+a'lys

Combining the binary values in corresponding squares the following transition table is
obtained.
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The transition table shows the values of Y=Y1Y2 inside each square. Those where Y=y are
circled to indicate a stable condition.

The circuits has four stable total states —yly2x= 000, 011, 110, and 100 and four unstable
total states 001, 010, 111, and 100.

The state table of the circuit shown below:

Next State

The table provides the same information as the transition table.

2. Flow Table

In a flow states are named by letter symbols. Examples of flow tables are as follows.
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In order to obtain the circuit described by a flow table, it is necessary to assign to each state
distinct value.

This assignment converts the flow table into a transition table. This is shown below:

Tr st s om abe Mg fow cutps

The resulting logic diagram is shown below:

)

3. Race Conditions

A race condition exists in an asynchronous circuit when two or more binary state variables
change value in response to a change in an input variable, when unequal delays are
encountered a race condition may cause the state variable to change in an unpredictable
manner.

If the final stable state that the circuit reaches does not depend on the order in which the state
variable change, the races are illustrated in the transition tables below:
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The transition tables below illustrate critical races:
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Races can be avoided by directing the circuit through a unique sequence of intermediate
unstable states when a circuit does that, it is said to have a cycle. Examples of cycles are:
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