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Lomversion Fabka K-map
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4 5 =)
o o 1 1 ' 1] o X x|
o 1 o ]
a1 10 0 0 = &+R0n
1 0 0O 1 L
1 0 1 1 :
1 1 Treealid Cont care
1 1 Invalid Dont carg

. IIT KHARAGPUR

NPTEL ONLINE
CERTIFICATION COURSES

Logic Liagram

1]

.EII




Comversion Tabke K-maps Lagic Diagram
_LJI:I 0 1 TU!D- 0 4
T Input Cutputs 1-K Input= i i 0 i 1 Qp ——
o Qo+l ] K | 0 X 0O x 0
i O d 0 X i - =
1[]1 X 1] |x 1
4] 1 i | x 1} =
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Sequential circuit example

A0

A1

cock 4 [ 4 [ 4 |4 L ¢ [ 4% L4 L4+ Lt L4
A0 | |

A |
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gequentla‘ circuit examp‘e

D* Q}—
>
R6
12 3 4 5 6 7T 8 9 10

Clock + 4 4+ L+ ¢+ L.+ L+ L+ L+ [_*
Q’_
D
Q
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Registers
* A collection of 2 or more D flip flops with a common clock

* Registers are often used to store a collection of related bits
(e.g. a byte of data in a computer)

OUT1 oyT2 oyT3 ouT4

Clr Clr
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standar

T4x175
(b} o
> CLK
—olcLr

4 10

1D
10
“lop 2Q
20
12 30

3D
30
13 4D A0
4Q
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It register

1D

2D

3D

> =
il D a 10
-
— ook elo——— 1Q
CLR
5 7
&) D a ' sa
(5)
ook elo———— 20
CLR
(12) (10
: o Q e 30
{11
ook elo——" 3a
CLR
[(13) {15)
o Q 40
(1)
() Op>clk afo——— 40Q_




o NEEE————
A “standard” 8-bit register IC

74x273
11K cLK
lolcLr

_ 21D 10 |2—
_%lup aQ | =—
131sp sQ |2
“leD 6Q |-=>
17D 7q |-€
28lap sq |2
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SE—————e
Registers with 3-state outputs

=L e - N - S e A

En—d < Clz1 1 le - |er Qs
= \l\ ‘1\ Clock T T T T—
CK D D, D- Dg
(a) Symbol (b) Functional Diagram

Logic Diagram for 8-Bit Register
with Tri-State Output
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VS
A “standard” 8-bit register with 3-state outputs

o L [ @
1D 3 o
: = G N s G
F4xaT4 ap <2 e 3[/
O Ol ol 20
11
"~ CLK _
—ofoE e el o> aa
= 10 10 | = ap 8 o 4 .
A a0 2y 5 L obscle oo—&aq
il Ty a0 | 6 _ __
= 4D A0 o L O cLi oo—&m
i3 12
SD S0 o =
Hep s - P O—&ﬁo
17 ]
7D 7a | . >
') ap ag |2 L opc o—& 7a
(=]
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o NEEE————
Registers with cIock enable

Out
}s
crn —d cir Q
CE _~ D
[ Ts
Load Clk In
(a) Symbol
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A standard 8 bit register with clock
enable (= “gated” clock)

TAX3TT ! '

T cLk i '
‘ol En |—{

3 2 o (@] L 8Q
—1iD 10|
_i oD 20 ; . (18) (> CK
—1 3D 30—
—“lap aq |2—
“lsp e ] Bl .

14 6D 60 | 15 EMN_L »—DO—

8D 8 |— CLK (11) | : :
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.-
Registers application: Data Transfers

Register Register
CE G A CE H A
LdG —— o L Clock LdH — 8‘|~ L Clock

Bus -

8+ 8 8+ 8} 8 1\

Register Register Register Register
EnA A EnB |—<:| B EnC C EnD D
11)x
E Decoder |
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VS
Shift Registers

* |tis aregister that stores input values in sequence. At each clock tick
the values stored are shifted from one flip flop to the adjacent

SERIN — D Q
CLOCK > CK
Si Serial-In, Serial-Ou S0
D Q (Serial in) — Shift Register ‘= (Serial out)
[~ CK |
Clock
. i Serial-In, Serial-Out

b Qf———— SEROUT Shift Register
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o VS
Shift Registers (cont’d)

SERIN ——m8M8 D Q 1Q
CLOCK > CK
D Qe 20
— " CK
[
: -
" - ¥
1 L] :
I
D alb—— NQ

> CK

Structure of a serial-in, parallel-out shift register.
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o S
Shift Registers (cont’d)

LOAD/SHIFT 4.%0I>;
SERIN
> D Q

2D ) > CK
j—r\ D Ql——— SEROUT
L———/

Siruciure ol = arallel-imn, scrial-out shhilft resmisier.

ND

vV
0
P
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!”Ilt registers !cont 5’

CLOCK

LOAD/SHIFT

SERIMN
> D Q 1Q

2D 3 > CK

ND : > CK

Structure of a parallel-in, parallel-out shift register.
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SE—————e
Universal shift register

— serial or parallel inputs
— serial or parallel outputs
— permits shift left or right

— shift in new values from left or right
clear sets the register contents

°”$”t and output to 0
car | el sl and sO determine the shift function
Ie[-l%ﬁo#] Y Universal <«——right_in sO sl function
:;E Shift Register |€—— clock 8 (1) Qﬁilfctl Eltgrt]?
$ 1 0 | shiftleft
1 1 | load new input

input
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Shift Register Applications
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Applications
Ring counters
Johnson counters

Pseudo-random binary sequences and encryption
Ready-made shift registers are available as integrated circuits, such as the ’165

Conversion of data from serial to parallel and vice versa

Large-scale devices such as ‘universal asynchronous receiver transmitters’
(UARTSs) are based on shift registers

Same functions available in microcontrollers (‘shift’ and ‘rotate’ instructions)
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serial

input

clock J/

Basic shift register

A basic shift register is simply a chain of D flip-flops with-a common clock.

—_—]

D Q|

>

—_—

A

D Q|

>

———>

B

D 0

>

C

.

D Q —»

.

-

>

D

Each flip-flop transfers its D input to its Q output at a clock transition.

serial
output

« The effect is to transfer data along the register, one flip-flop per clock cycle.
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Timi

ng for a shift register

input _|

\

Vb

Oa

OB

Oc
Op

_><_

Pattern in successive flip-flops moves to the right with each clock cycle to shift the pattern into and out of the register.

< |
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Timing for a shift register

) SRR IS
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Applications of a basic shift register

1. Delay line — N stages delay the signal by N clock cycles

2. Multiplication and division by powers of 2, because this just requires a shift of the binary
number (like multiplication or division by 10 in decimal)

Example: decimal 3 x 4 = 12 becomes 11 x 100 = 1100 in binary The arithmetic logic
unit (ALU) of a computer processor uses a shift register for this purpose.

Warning: the ‘sense’ of a shift — left or right — is usually based on its effect on binary
numbers written in the usual way. For example,

11 — 1100 is called a left shift. This is clearer if both numbers are written with 8-bits as
00000011 — 00001100. Similarly, dividing by 2 such as 00010110 — 00001011 is a right
shift.
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Pseudo-random number generator
A ring counter with feedback through an exclusive-or gate makes a simple pseudo-random

number generator.

-

<
—D O (—»D Q |—» D Q‘:I—>D 0 > output

> > > >

* Pseudo-random sequences of 1s and Os have many applications, notably in encryption.
They appear to be random over ‘short’ times but the sequence eventually repeats, hence
the more accurate term ‘pseudo-random’.

» Also, they can be reproduced perfectly if you know both:
« the method used to generate the sequence
» the state in the sequence at which to start
« This is an important feature! — see next sheet.
» The circuit above has a period of 24 — 1 = 15 (the missing state is 0000 —why?).
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!seuao-ran!om Elnary sequences an! encrypllon

. your data (plain text) | % ' seudo-random binary sequence

sender exclusive or
looks like binary
‘noise’ — apparently
random

transmit data over
insecure link

receiver )
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!seuao-ran!om Elnary sequences ana encrypllon

. your data (plain text) | ' seudo-random binary sequence

sender 5 yj exclusive or

transmit data over logglike bincigy

insecure link noise’ — apparently

random
Y same pseudo-random binary sequence I
: N if you exclusive-or a bit

receiver

exclusive or with the same value (0 or
1) twice, you get the initial
value back again.

our data in plain text again
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Transmission of data — serial format
Data often has to be transmitted from one computer to another, or from a computer to peripheral equipment
(printer, modem, ...). This can be done in:

» serial format, one bit at a time

+ parallel format, several bits at a time (e.g. byte at a time, 8 bits)

Serial format is most commonly used because it is simpler. Only a few wires are needed:

 traditional serial ‘COM’ ports (RS-232) need only 3 wires (transmitted data, received data and ground
— but more may be used for control)

* universal serial bus (USB, common on modern computers) uses 4 wires (two for differential data
plus power and ground)

Traditional serial transmission was slow but modern systems use much faster rates (USB version 1 up
to 12 Mbits per second, FireWire 1 up to 400 Mbits per second), version 2 of both even faster.

si_mpleserial 110 o0 1 110 1 1 0 | 1 0|1
bit stream
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O VE——
Parallel data

Where higher speed is required, several bits (usually a small number of bytes, each
of 8 bits) may be moved at once. More complicated connections are needed — more
wires. Common applications include:

* inside the processor itself, e.g. our microcontroller handles bytes

* inside a computer system on the bus (e.g. PCIl) and interfaces to disk drives
(e.g. e.g. SCSI or IDE)— but these are now mainly serial

Interfaces have changed to serial because it is hard to ensure that all bits on a
parallel bus arrive at the same time at the high speed of modern systems.

NPTEL ONLINE
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Parallel data
Where higher speed is required, several bits (usually a small number of bytes, each of 8 bits) may be moved
at once. More complicated connections are needed — more wires. Common applications include:

* inside the processor itself, e.g. our microcontroller handles bytes

» inside a computer system on the bus (e.g. PCI) and interfaces to disk drives (e.g. e.g. SCSI or
IDE)— but these are now mainly serial

Interfaces have changed to serial because it is hard to ensure that all bits on a parallel bus arrive at the same
time at the high speed of modern systems.
How do you interface a serial device to a computer?

How do we interface an external device that transmits serially with the bus of a computer that transfers one
byte (8 bits) at a time?
» Use a shift register.

In practice this would almost certainly be buried inside a larger circuit called a UART (universal asynchronous
receiver transmitter) or something similar.
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Hse O| S"Il! regls!er !O serla‘lze !a!a

parallel data in
parallel load
T T T T serial
plg —»pDI|lQ—»DI|Q  ——»DIQ {—> outout
> > = > utpu
A B C D

Extra logic is added to the basic shift register so that all the flip-flops can be loaded in parallel
(simultaneously), controlled by a shift/load input.

Once the data have been loaded, the clock is enabled and the values are shifted once per clock cycle. This
causes the input data to be transferred to the output, one bit at a time — serial output (PISO).

The opposite process is used to read in serial data, fill up the shift register, and transfer it in parallel to a bus
when the register is full (SIPO).

The register can also be parallel input — parallel output (PIPO).
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Asynchronous and Synchronous Counters
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Counters
* Counters are important digital electronic circuits.

* They are Sequential logic circuits because timing is obviously
important and they need a memory characteristic.

* Digital counters have the following important characteristics,
Maximum number of count
Up-Down Count

Asynchronous or Synchronous Operation

S

Free-Running or Self-Stopping
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Asynchronous/Ripple Counter
e Asynchronous counters are commonly referred to as ripple counter because
the effect of the input clock pulse is first “felt” by first flip-flop (FFO).

e Cannot get to the second flip-flop (FF1l) immediately because of the
propagation delay through FFO.

e So the effect of an input clock pulse “ripples” through the counter, taking some
time, due to propagation delays, to reach the last flip-flop.

Only the first FF receive clock pulse from the source ( clock genarator), others FFs
receive clock pulse from either Q or Q' of prior FF

NPTEL ONLINE
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Asynchronous/Ripple Counter

Propagation delays in a 3-bit asynchronous (ripple-clocked) binary counter.

CLK F 2 3 4 -

] | |
1 | |
1
L - : : -
B ) L I
! : I L1
| I —1
Q] 1 | [ | | ]
= . I — T
: : g |
I R
Q-_. 1| [ Lo
- LI |1 1 .
P L1 = B =
—q II"'I— — | - FFJ'."E":{"['K [ l!_;.-i..l:l —i e 'r_fJ,ﬂ_” (CLK to Q”]
' | i ' TR . :
Tor T e (Q to Q) —i et fpyy (Q,10 Q)
' 1 = -
(CLK to ) —:—:—F: :--— topey (62 1O Q)
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Asynchronous/Ripple Counter

Three-bit asynchronous binary counter and its timing diagram for one cycle.

HIGH - -

L '“’Il I!;_'?r: JI (-'_’}| Jg Q:
0 0 0 0
CLK [ [~ | =
"2 o, 1 0 0 1
K - t K, - — K
) 2 0 1 0
3 0 1 1
CLK I ) ) . 5| 6 Z E
i i 1: i i K [ E 4 1 0 0
L LS B) 0 1 0 1 ' (0] 1 QO 1 0
1 I ] 1 I 1 I 1 5 1 0 1
i I ] I I 1 I 1
o, O 0 | i | 1 I o | 0 1 e |
L 1
1 i : i | i | i 6 Lt |o
: | : ' | : | '
Q. (MSB) O | 0 0 ! O I 1 ! 1 | 1 EIE ‘l 1 . .
(b Recy
8 (REPEAT) 0 0 0
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Asynchronous/Ripple Counter

Four-bit asynchronous binary counter and its timing diagram. s @

PLUSE
HIGH L 2 >
FFO FF1 I FF2 FF3

Q, o, o, o,
S s 4, 4y g 75 _

=
2
S

(=]

CLK ——CO = C o= C o= C o= C

ca)

Ol |||l ]lwW ]| —

—_
S

—_
—_

—
[\S]

—
w2

—_
IS

15 v

16
REPEAT

Sl=l~=l~l~le|c|c|=cl~l~l~l~|lo|o|leo|>
(=2 Bl B =T IR B BE (Rl (Rl B Ee = =2 B i KR (]
SlI=lel~l1el~lel~lel~l1el~loel~lol~)e

"t NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES



Asynchronous Decade Counter

« The Modulus of a counter is the number of unique states that the counter will sequence
through.

« Counter can also be designed to have a number of states in their sequence that is less
than the maximum of 2".

» Counters with the states in their sequence are called decade counters.

« To obtain a truncated sequence, it is necessary to force the counter to recycle before
going through all of its possible states.

* One way to make the counter recycle after the count of nine (1001) is to decode count
ten (1010) with a NAND gate and connect the output of the NAND gate to the clear (CLR)
inputs of the flip-flops. The inputs the NAND gate are from the Q output from FF1 and
FF3 (from 1010 -- FF3FF2FF1FFO)
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syncnronous vecade counter

CLK Q3 | Q2 | QI | Q0
An asynchronously clocked decade counter with asynchronous recycling. PLUSE
4 0 0 0 0 0
ecoder
ﬁ” 1 0 0 0 1
HIGH
FFO FF1 FF2 FF3 2 0 0 1 0
o, o o, o,
Jo —L Iy ' 7, 1 Iy 3 0 0 1 1
CLK |—f=C o= ¢ o= I 4 0 1 0 0
5 0 1 0 1
'F((I Kl Kz K}
CILR [ LR CLL.R 6 0 1 1 0
T b l b 7 0 1 1 1
“ 8 1 o [o o
9 1 0 0 1
cx f1] =1 131 1+] I-5|l40°9@l 1 |5 @° | 17} ogurch [ o o [o o
i i i i i | i i |
- M— 11 0 0 0 1
1 1 I
. | | ——  ome— B " o [ o
! ; i 13 0 0 1 1
I
= | | i 14 0 1 0 0
1 I
o, i '| 15 0 1 0 1
I
: 16 0 1 1 0
CLR I

Glitch el
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Synchronous binary Counter

The term Synchronous refers to events that have a fixed time relationship with each other
AND receive cllock pulse from a common source

2-bit synchronous binary counter.

HIGH

FFO FF1 | | I | [ | |
o, CLK | 1 | 2 3 <4

Yo S < 1 s !
= [ C er |
= | |
K, K, o— O,
o, |
CLK

NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES



Synchronous binary Counter

A 3-bit synchronous binary counter.

Clk pulse Q2 Ql QO

HIGH

0 0 0 0
FFO » FF1 ”|_ 2.0, FF2
~—, —=s : — 75 0, 1 0 0 1
L= = = C 2 0 1 0
K, K, K, 3 0 1 1
CLEK 4 1 0 0

&5
e
-
|
(o]
i
=
|
°|
N
|
Wi
o

| 1 | 1 | 1 | ] 6

S 1 1 0
< _ I— |
I | 1 I I I 1
: | : : A | : 7 1 1 1
‘:—.;'II 1 | | i
: : 8 repEAT) | O 0 0
| |

NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES



Synchronous binary Counter

ik Q3 Q2 Ql Q0
PLUSE
HIGH
FFO FF1 (2, FF2 0,0,0, FF3 e e E e E
- 2, " o, G, an G, - i 1 0 0 0 1
2, 2 0 0 1 0
= C o= C g C o> C
3 0 0 1 1
Ky K, K, Ky 4 0 1 0 0
5 0 1 0 1
CLK 6 0 1 1 0
@ A 4-bit [ 0 ) ) 1
2,0, 0,0, 0, 0,0, Qy0, 0, synchronous 8 1 0 0 0
l l l : binary  counter |, | 0 0 |
CLK ' l M| | 11 l ' 11 ' ' nIne l and timing | 1o 1 0 1 0
| I I 1 | I ] 1 | I ] 1 | I 1 1 . .
o ‘ i diagram. Points | 11 1 0 1 1
’ 4‘ o1 11 FETE. 2Y | where the AND | 2 1 1 o |o
| 1 | 1 | 1 I 1 |
19, ‘ ‘ ' 1 ! ' < ; ate outputs are | 13 1 1 0 1
] | : | | : - 8 P
I I I A A ) WD, W HIGH are | 14 1 1 1 0
o, L | I EEEEEER. YA |_ T
T e T | W LIBIEELEEE L7 el ) T L p
| I I I | I I 1 | [} 1 1 | I | | 16 O 0 O 0
o, 1 1 1 b i B shaded areas. -
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Synchronous Counter Design

Several methods are available that follow arbitrary sequence.
Here we will learn one common method using JK flip-Flops.

In synchronous counters all the FF’s are clocked at the same time.
J-K Excitation Table

Before begin the designing we must know the operation of the

J-K FF, let us analysis Truth table for 74LS76 IC (JK flip-flop) and its excitation table.
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JK FF Excitation Table:

PRESENT NEXT J K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0

1 NPTEL ONLINE
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Synchronous Counter Design
J-K Excitation Table

TRANSITION PRESENT NEXT STATE

AT OUTPUT STATE Q(N) Q(N+1) J K
0— 0 0 0 0 X
0 1 0 1 1 X
1— 0 1 0 X 1
1— 1 1 1 X 0

0 to 0 TRANSITION; FF’s Present status is 0 and it should remain in 0 when a clock pulse is applied.
That can be either J=K=0 status or J=0,K=1.

That mean J=0 and K=0 or 1. That is, J=0 and K=X(don’t care)
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Synchronous Counter Design

0 . 1 TRANSITION: The present state is 0 and it has to change to 1.
This can happen either J=1 and K=0 or J=K=1.

That mean always J=1 and K=0 orl

J=1 and K=X(don’t care)

1— 0 TRANSITION; The present state is 1 and it has to change to 0.
This can happen either J=0 and K=1 or J=K=1.

That mean always K=1 and J=0 orl

K=1 and J=X( don’t care)

1— 1 TRANSITION; The present state is 1 and it has to change to 1.
This can happen either J=K=0 or J=1 and K=0.

That mean always K=0 and J can be either level

K=0 and J=X( don’t care)
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Synchronous Counter Design
Design Procedure

Given a Counter sequence, C B A
0 U Y
0 0 1
0 1 0
0 1 1
1 0 0
0 0 0
0 0 1
ete.
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Synchronous Counter Desigh / Example (1)
STEP -1

Draw the state transition diagram showing all the possible states, including those that are
not part of the desired counting sequence
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Synchronous Counter Design / Example (1) ....cont.
STEP -2

Use the state transition diagram to set up a table that lists all PRESENT states and their NEXT
states

Present state Next state

C B A C B A
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 1 1
4 0 1 1 1 0 0
S 1 0 0 0 0 0
6 1 0 1 0 0 0
7 1 1 0 0 0 0
8 1 1 1 0 0 0

NPTEL ONLINE

. IIT KHARAGPUR CERTIFICATION COURSES



VS,
Synchronous Counter Design / Example (1) ....cont.
STEP -3

Add a column to this table for each J and K input. For each PRESENT state, indicate the
level required at each J and K input in order to produce the transition to the NEXT state.

Present state Next state

C B A C B A Jc kc JB kg Ja k4
1 0 0 0 0 0 1 0 X 0 X 1 X
2 0 0 1 0 1 0 0 X 1 X X 1
3 0 1 0 0 1 1 0 X X 0 1 X
4 0 1 1 1 0 0 1 X X 1 X 1
5 1 0 0 0 0 0 X 1 0 X 0 X
6 1 0 1 0 0 0 X 1 0 X X 1
7 1 1 0 0 0 0 X 1 X 1 0 X
8 1 1 1 0 0 0 X 1 X 1 X 1
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Synchronous Counter Design/ Example (). ....cont.

STEP-4
Design the logic expression to generate the level required at each J and K, using K-maps.
Present state
C B 4 A A
0 0 0 V=
BC
0 0 1 .
0 1 0 BC
0 1 1 BC
1 0 0 —
BC
1 0 1
1 1 0 ky=1
1 1 1
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Synchronous Counter Design / Example (1) ....cont.

STEP-4 ... cont.
Present state
C B A JjB kB
0 0 0 0 X
0 0 1 1 X
0 1 0 X 0
0 1 1 X 1
1 0 0 X X
1 0 1 X X
1 1 0 X 1
1 1 1 X 1

NPTEL ONLINE
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Synchronous Counter Design / Example (1) ....cont.

STEP-4
.....cont.

' IIT KHARAGPUR

Present state

B

b—r—dh—r—dooooq

_— = O o= = OO O

—_ o = o= o ~ ol|x

><o><o»—ooo?‘3'

NPTEL ONLINE
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Synchronous Counter Design / ‘Example (1) ....cont.
SETP -5

Finally to implement the final expressions.

AB

. W
e T
L N e

CLOCK >—e—>CLK — > CLK — > CLK
A c } b K Bl K a A
.'_.4-/
i

= NPTEL ONLINE
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Synchronous Counter Desigh / Example (2)

Design a JK synchronous counter that has the following
sequence:000,010,101,110 and repeat. The undesired states 001,011,100
and 111 must always go to 000 on the next clock pulse.

STEP -1 :State Transition Diagram 0 @ s °

© (019

NPTEL ONLINE
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Synchronous Counter Design / Example (2) ....cont.
STEP- 2 : Table to list PRESENT and NEXT status

PRESENT Siafe NEXT

C B A . eE A
o O Y0 o 1 o
o HE o | o o
O 1 O 1 @) l 1
0 1 1 o0 Qo
1 5 0 0 B | o
1 o 1 p 1 o
1 1 O O O O
1 1 1 O q O

NPTEL ONLINE
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Synchronous Counter Design / Example (2) ....cont.

STEP- 3 : Table indicate the Level required at each J and K inputs in order to produce
the transition to the NEXT

Present Nexti

State State

C |BlalJcIBAJuclke b Kb_'-]a Ka
0 O 0O JO 1 0 0 X 1 X 0 x
O |Oo |a#oO o oo |[x 0 | x x | 1
O 1 0O J1 0 1 1 X X 1 I 1 X
O | 1@-1 L& 10 | ofl o ] x %ol 1 x | 1
1 Jo JoJo Jo o] x| 1 0 | x I 0 | x
|1 | 111 |1 JTo ]l x|o 1 | x o B
1 TR0 | 00 Y 5] %o 1 0 | x
FsldN 10 oo x [ 7] x| | B

o NPTEL ONLINE
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o S,
Synchronous Counter Design / Example (2) ....cont.

STEP- 4 :Design the logic circuits to generate the levels required at each J and K

inputs Present
State

A 1Jdc

0
A

b jJa

m

—

.L.L.L.LC}C;GC}O
= |=l0|0|=|={C0]|l
HH"’-C’HHG—*;I

O
1
O
1
0O
O
1

XXX |%|O[=+0|0
_L_:.C}...Lxxxxz

= (=% (%[22 [
X [o]x [o]x [=|x |0

NPTEL ONLINE
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Synchronous Counter Design / Example (2) ....cont.
STEP- 5 :Simplify the SOP expression using K-maps

A A A A
s
_—— — e T 4
B C x EEIH 1
B C ¥ B C X 1

NPTEL ONLINE
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Synchronous Counter Design / Example (2) ....cont.

[ Tl iy £
5| () BT| x x
B C ’1' B C = =
B C = |:.c, B C |'| 1'[
Bcﬁ b4 B C {‘I |l
L1 e
Jbh = C A = L A Kh = 1
A S A Y
— — — — Sy
B C Bl::rx

NPTEL ONLINE
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Synchronous Counter Design / Example (3)

Design a JK synchronous counter that has the following
sequence:000,010,101,110 and repeat. For undesired states their NEXT
states can be DON’T CARES.

STEP -1 :State Transition Diagram

NPTEL ONLINE
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Synchronous Counter Design / Example (3) ....cont.
STEP- 2 : Table to list PRESENT and NEXT status

PRESENT NEXT
State State
C B F .9 C B A
O O O O 1 O
(9] (8] 1 X 4 x
O 1 O 1 O 1
O 1 % | > x x
1 0 O x x x
1 O 1 1 1 O
1 1 O 0O O O
1 1 1 b4 X h 4

NPTEL ONLINE
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Synchronous Counter Design / Example (3) ....cont.

STEP- 3 : Table indicate the Level required at each J and K inputs in order to produce
the transition to the NEXT

Present Next

State State

|c Bla]Jc[BlAJoclke][db[kb [ualka
0 | O 010 1 0 (8] X 1 X 0 X
0 |.O 1 | 2amlnx X X X X X X x
0O |1 O ]J1 0 1 1 X x 1 1 b4
0 1 1891 x b 4 x x X X x x
1 0 O kx I'x x X b X b4 b X
1 0 1 1 1 0 X 0 1 x X 1

1 1 010 |O 0 X 1 % 1 0] X
1 1 1_._3-: X X tx X I X X | x x

NPTEL ONLINE
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Synchronous Counter Design / Example (3) ....cont.
STEP- 4 :Design the logic circuits to generate the levels required at each J and K

inputs

Present

State
F‘.: B AIA: Kc|lJdb|Kb |]Ja I(al
0O | O 0] 0 X 1 X 0 X
0O |0 1 X x® 18 |-X 4 X
Q |1 0 1 X ¥ 1 1 X
[ | 5 | 1 | Do X b
1 0 0 X | x . N x X
1 0 1 x | O 1 X X 1

1 1 N80 | 98] -1 x4 0 X
EERR "B THERFEENTFE

NPTEL ONLINE
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Synchronous Counter Design / Example (3) ....cont.

STEP- 5 :Simplify the SOP expression using K-maps

Fy A s oY
— i e - ~
B C b B C = ' w
B8 C o B C = -8
BC| I = ) BC||x =
i —*
Ja=8BC Ka=1

NPTEL ONLINE
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Synchronous Counter Design / Example (3) ....cont.

F_ 9 -9 F-9 =1
— e r__j —_—— — e
B C 1 k4 B C = 4
B C = 1 B C " o
B C s 3 B 1 =
e | B R R S| [
dh=1 Kb=1

5 NPTEL ONLINE
3 CERTIFICATION COURSES
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Synchronous Counter Design/ Example (4) ...cont.

Objective:

To design a 3 bit counter (D FF) with the following count sequence 7,6,5,4,1. All unwanted stages go to 7.
Output sequence 7,6,5,4,1
In 3 bits format: 111,110, 101, 100, 001
State transition diagram:

NPTEL ONLINE
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Synchronous Counter Design/ Example (4) ...cont.

D Flip Flop Excitation Table:

PRESENT NEXT D
0 0 0
0 1 1
1 0 0
1 1 1

NPTEL ONLINE
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Synchronous Counter Design/ Example (4) ...cont.

OUTPUT INPUT
PRESENT STATE NEXT STATE C B A
C B A C B A D, D, D,
0 0 0 1 1 1 1 1 1
0 0 1 1 1 1 1 1 1
0 1 0 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1
1 0 0 0 0 1 0 0 1
1 0 1 1 0 0 1 0 0
1 1 0 1 0 1 1 0 1
1 1 1 1 1 0 1 1 0

NPTEL ONLINE
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Synchronous Counter Design/ Example (4) ...cont.

K- Map
4 A 7 A - A
CB 1 1 —_
— CB 1 1 s 1 1
C 1 1 —
CB ] 1 s CB ! !
CB 0 1 g Y ! CB ) 0
- 0 0 —
D, =A+ B CB ! 0
>4 _ b
C’+B D,=AB+C DA C

NPTEL ONLINE
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Synchronous Counter Design (T Flip Flop based design / Example (5) ....cont.

T Flip Flop Excitation Table:

PRESENT NEXT T

"1 NPTEL ONLINE
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Synchronous Counter Design/ Example (5) ...cont.

T Flip Flop Input Function Table

OUTPUT INPUT

PRESENT STATE NEXT STATE C B A
C B A C B A T, T, T,
0 0 0 1 1 1 1 1 1
0 0 1 1 1 1 1 1 0
0 1 0 1 1 1 1 0 1
0 1 1 1 1 1 1 0 0
1 0 0 0 0 1 1 0 1
1 0 1 1 0 0 0 0 1
1 1 0 1 0 1 0 1 1
1 1 1 1 1 0 0 0 1

.+ NPTEL ONLINE
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Synchronous Counter Design/ Example (5) ...cont.

K- Map
1 A
— ’ — 1
CB CB
CB 1 CB 0
CB 0 CB 1
CB 1 CB 0
T.=A’'B’ + Ty=BC +
C A’BC

' IIT KHARAGPUR

NPTEL ONLINE
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Ring Counter
| T | F

— = [~ | = |

Shife
rigzhe

Ca) Ring-counnter (initial valuae = 1O

e LT 1AL LT

Tk —e e
5 H
o

(o) Cowuwnter and decoder

NPTEL ONLINE
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Johnson Counter
e Also known as the twisted-ring counter.

 Same as the ring counter except that the
inverted output of the last FF is connected to
the input of the first FF.

* Counting sequence:
000—>100—>110—>111->011->001->000

A MOD-6 counter (twice the number of FFs)

'~ NPTEL ONLINE
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S
MOD-6 Johnson Counter

.
D Q, — D Q;——D Qg
> CLK > CLK > CLK
CLOCK Q, 17 ay O
SR O
{a)
1 2 3 4 5 6 7
K
e | | R e e e ey e el »
SR I [
Q, —l |
= | I

(b}

NPTEL ONLINE
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.
State Transition Diagram

CLOCK
pulse

&
0
o

OOoQ=,==000
D-NOM BN =0

: pojo seaoollP

(c)

NPTEL ONLINE
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.
Binary Counter with Parallel Load

C}'iﬁ‘;i}—|—|
Data_in T-‘—-— 4 B Bi f———
Chear ]
Pl
Counr

r— ¢
- I

=D 5 :
L <
L e D L [

O —— ,
[

| [ -
T |

Y
A T I
’—‘—/_{ﬁ_\ __
T
J =

: | T
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Finite State Machine

Santanu Chattopadhyay

Electronics and Electrical Communication Engineering

NPTEL ONLINE
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S
Finite State Machine

* An electronic machine which has
— external inputs
— externally visible outputs
— internal state

* Qutput and next state depend on
— Inputs
— current state

NPTEL ONLINE
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Abstract Model of FSM

MachineisM=(S, |, O, 0)
S: Finite set of states

[ Finite set of inputs

O: Finite set of outputs

0.  State transition function

* Next state depends on present input and present
state

'~ NPTEL ONLINE
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Automata Model

E Current State Output
S| £ > Com.b. P
e Logic
e i Input ——> Next State
CLK

— inputs from external world
— outputs to external world
— internal state

— combinational logic

NPTEL ONLINE
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FSM Exa ple

down/on
input/output up/off @ J —~ d:own/on
Legend up/off own/off
" 0 I
T e up/off

Input: up or down down/off
Output: on or off
States: A, &, C, or U

NPTEL ONLINE
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igiyize--/040;0, 0/0 1/1
(@@

0/ 0/0

T @

Input: O=up or 1=down 1/0 1/0
Output: 1=0on or 0=off
States: 00=A, 01=B, 10=C, or 11=D

'~ NPTEL ONLINE
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ealy Machine
S g Current State} Comb. Output
o0 Logic
o Input—> Next State

e QOutputs and next state depend on both
current state and input

- NPTEL ONLINE
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Moore Machine

Current State % Output
Input—>Logi Next State

\ 4
Registers

Outputs depend only on current state

- NPTEL ONLINE
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Moore Machine FSM Example

Legend

MOV down

Input: up or down down
Output: on or off
States: A, 2, C, or

'~ NPTEL ONLINE
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Mealy Machine FSM Example

down/on
input/qutput up/o 7E :dOWH/OH
Legend up/off own/off
e >
T — up/off

Input: up or down down/off
Output: on or off
States: A, &, C, or U

NPTEL ONLINE
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L V—_—_—_a"a"
Create a Logic Circuit for a Serial Adder

e Add two infinite input bit streams

— streams are sent with least-significant-bit (Isb) first
..10110 : N offio1
..01111 :

(1) Draw a state diagram (e.g. Mealy Machine)

(2) Write output and next-state tables

(3) Encode states, inputs, and outputs as bits

(4) Determine logic equations for next state and outputs

NPTEL ONLINE
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Another look at D latch/flip-flop

SOMoc

Qoid D | Dnew
0 0 0
0 1 | This is an example of a state diagram
1 0 0 more specifically a Moore machine
1 1| 1 Opew = D

'~ NPTEL ONLINE
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Another example - 2-bit counter

Counter starts at O (green) and increments
each time the clock cycles, until it gets to
3 and then overflows back to 0.

' IIT KHARAGPUR

NPTEL ONLINE

Only input is the clock, we don’t show

that.

Hog Lo | Hiew | Liew
0 0 0 1
0 1 1 0
1 0 1 1
1 1 0 0
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2-bit counter

Hold Lold Hnew Lnew clodk
0 0 0 1
D M e
0 1 1 0 o e
1 0 | 1 I '
1 1 0 0
elicde
Lnew = Hoid Loid + Hoiglold = Loid
D M e
Hnew = HoId’LoId t HoIdLoId’ a q .L q
| | |

NPTEL ONLINE
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2-bit counter with reset

R Hy Ly | Heo | Liw
0 0 0 0 1
0 0 1 1 0
0 1 0 1 1
0 1 1 0 0
| X X 0 0

Loew = R’Hold’LoId *+ R'Hggboid’ Hew = R'Hoi Loig + R'Hoiqloid’

=R'Log = (R+ Lyq)’ = R"(Hoig'Loig * Hotloia)

NPTEL ONLINE
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2-bit counter with reset

T,

clock

- NPTEL ONLINE
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Counter with 7-segment display

Each segment in the display can be lit independently
to allow all 10 decimal digits to be displayed (also hex)

2-bit counter will need to display digits 0-3,
so will output a 1 for each segment to be lit
for a given state

0o J Dl D
(I b J

NPTEL ONLINE
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.
Counter with output functions

R H L | H | L |A|/B|C|D|E|F|G
0 0 0 0 A T T O O O T
0 0 1 1 0o |o[1]1]0]0|O0]O
0 1 0 1 1 [ 1|1]o0|1]|1]o0]1
0 1 1 0 o |1|1[1]|1]0]0]1
1 x X 0 0o |ojojo|lo]Oo|O]O

A=D=RH/L +R'HL +R'H L, =R'(H/L)  B=R  C=R(H.L,)
E=RL’ F=RH/L = (R+H+L) G = R'H,

NPTEL ONLINE
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7-segment output logic

_ > i
lbc%g S D—
= T 1 O—
a -H O——=
D= v

|
D
H
q

s ©

—1 0 e
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Example - 101 lock

B H L |H |L |X
Combination lock with 101

being the combination 0 0 0 0 0 0

0O O 1 1 0 0

0 1 0 0 0 0

0 1 1 0 0 1

1 O 0 0 0 0

1 O 1 0 1 0

B is input signal to the lock, L1 0 l l l

X is output signal to unlock 1 1 1 0 1 0

NPTEL ONLINE
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S
101 combination lock

X=H,]L,
H, =B’H. L, + BH,L,’
L, =BH,'L, + BH,L’ +BH.L,

=BH,'L, + BH L, + BH L, + BH_L,
= BL, + BH,

NPTEL ONLINE
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