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MUXERS
,
DECODERS G SHIFTERS

MUlTlPLEXER-M

• multiplexes many inputs into a single output

2 : I MUX

÷÷÷%÷7÷€¥⇒.
y
-
- Jio tji ,

° Acts as a selector
Symbol

if is
,
0615: if ④- Y

o io
,
i
,

: data input
j : control input /

j
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4:lMUX°
Data inputs : Io

, is , iz , iz 2
"

÷:
"

nun

:
"

:*
/ / select lines

( 26=64 input rows)

Jo j , Lloyddata))
ceil

° = J
,
Jo iotjjoi , t jjoiz + jjo is

÷÷÷¥÷¥¥. -
jo ji
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4:L MUX Using 2 :L MVX

\
io-

" ttyte
in

if , ,=o , i. ori ,is -

F- je -- I , iz or is

jo ji

n : I MUX ceiling- ←

• for n data inputs , Tlogzcn)) control inputs
and one output

• data YP to be GP specified by control yp

• 5 - input MUX : flog257=12-3227 =3

• n :L MUX will have n-I 2 :L MUXES
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construct 3 :L MUX using
↳ 2 :L MVX
↳ AND

,
OR and NOT gates

i
.

O

i
, o -- jojiot joji , t j,iz

j , jo

2 :L Mikes

io
Oo

O

i
,

is

jo
ji

in

Vibha Masti
© vibha’s notes 2020



DECODERS

Floating Value thy Tri state Buffer
° for a third state (besides o and 17
• in logic circuit , o and I are voltage levels
• binary O - OV

, binary 1 - -11-8 V five voltage value)
• must be electrically connected to OV or +1.8 V using
low resistance path

° What if wire disconnected from both OV and -11 -SV ?
(high impedance path → electrically disconnected)

° neither 0 or 1 ; 2 (third state)

Tristate Truth Table
control

e a y
signal ②

← act'swaffen
O O Z →

:i÷¥ane÷¥*÷
l l l

° used in implementation of shared bus
° Can be used in Muxes as well

I:2De#r

initiation
.

it

. % .
..

if j-- I ,
Oo = J Oo -- O ,

O
,

= I

o
,
-

- j
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2

:4Dewde0o
Oo -- jjo

"

a a-- in
03

-

Oz
-

- j , jo
jo j,
o o Oz = j , jo
O l

l O

"

:i÷i÷÷÷
° all 01ps of decoder to be O

l : 4 decoder - not possible

2:3Decoder_

Hogan : n decoder

° n data outputs ← ceiling
° flogin control inputs
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iilmuxusingtristatepsufferse
2 tristate buffers

,

I inverter

j
•

i.tt?Jio-D4:lMUX
2 : 4 decoder

,
4 tristate buffers

÷ .

Applicationsoflecoderseg: full subtractor Hay,z)

D= Ell , 2,4 , 7)
B = 84,2 , 3,7)
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decoder
o - I -o -- l l

outpumtfntearrms ""nmihtterms

"÷ :
full subtractor

÷÷÷ii÷
Question

construct 7 - segment display using decoder
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÷÷÷÷÷
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Shifters

Leftshift

Left shift 8-bit no . by 1- add
/ O O l l O l O

←
O

- Sz

,

Insist
lost

→① I O O l l 0 I

• Max number of positions to left -shift = 7
° left shifting by 8 or greater : O (meaningless)

i¥÷÷÷ , set:c'm live

eg: Sas , so = Ill ⇒ total shift is 4-121-1=7 shifts

Szs , so
-

- 101 ⇒ total shift is 4-10+1=5 Shifts

All three bits are independent of the other shifts
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Barrel Shifter structure

07 Of 05 04 03 Oz 0
, Oo

so

s
.

E¥i¥¥÷¥
i
, is is ia is iz i

, io
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DELHI

Propagation Delay
Time taken for change in Yp to reflect in
OP .

D Gate

Timing diagram

f
not abrupt
change

iftrisingedge
o_0

°#falling edge

-

2) Logic circuit

• critical path : path whose delay takes the

longest
← propagation delay

• assume tpd
-

- 100ps

• delay due to change in any input
→ depends

on no
.

of gates
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Example : MUX Circuit

critical

path

• change in io : 2 gates = 200ps
• change in it : 2 gates = 200ps
e change in j : 3 gates = 300ps ← critical path delay

fo
- O delay
c-

200ps

c-

300ps
c-

200ps

→ 100ps

critical path delay of MUX circuit = 300ps

How many YP changes per second?
I ÷ (300×10-12) = 3.33 GHz
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Question what A : I → 0
, delay -- 100ps

→ 100

: : IDF.
..

-soo

:c. Dt
critical delay = 300ps

Questions

÷÷÷:÷:↳
cyan:*

Otp : I → o → ① ←
stable
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Question

Cwoihtshtreuncatb, lbnputde
coder with five 2 :4 line decoders

units place o

2's place

÷: i÷÷÷÷÷÷÷÷:i÷÷
.
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Questions

construct 4:16 decoder with two 3 : 8 decoders and
a not gate

•

•

.

3 :S

a:÷¥tE⇐S :SL
..

Question

Full adder using MUX a y z

÷÷÷i÷ :
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i '

z-E

-

SEQVENMALL0RCUITS

•

Logic circuits that have memory) storage elements (state
of logic circuit)

° Output fed back to input

simplest memory unit

singer assume 0/10=0 ⇒ yp
-
- I

ofp = I ⇒ Yp = O

-DO- impossible ! !

astable output

• does not work

Twoinverters

'°Do¥
stable ! !
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SRLatchcset-Resett.at#

° Cross- coupled NOR gates

r

mo q
Truth table

s r g I⇒sta÷¥ Temora

avoided I O l O

(forbidden)↳ l l O O

also drawn like
for s-- O

,
r -- O

r- 9

¥07 case 't : oh.

#
i. I

-

- I

s## case . :÷÷/Ea¥÷.
'
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NAND - Based SR Latch
⑧

÷÷÷÷÷÷I O

- I O l
S-

q

(
forbidden

D Latch (Data)

y
memory

:÷÷l¥¥¥:÷÷÷
transparent

• no indeterminate States
• level sensitive - changes when Uk -- I

Level sensitive
↳ +ve level sensitive
↳ -ve level sensitive

*÷r:÷÷÷:÷: ::*:
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Dttipfop

° Edge triggered- flip flops

t

a .

i :÷÷÷÷÷÷÷÷÷::::

O r a a

O O
o

O

O BO Ao no

=
{
rising edge
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Jikflipftop

Uk
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4-Bitshiftregiste.ir
8150

① ② ③ ④

an FLFLFLFL
Input : 1010

① o
O O O O O O O

②
l l O O o o O O

③ O O l l O O O O

④
l l O O l l O o
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8-Bitshiftreg.se

PIPO (parallel in , parallel out)

symbol uh

I
V

de :O# 97 :O

Flipflopwithenable

D clock Gating Approach

Uk enHe ° Uk signal is gated
✓ . can cause timing problems
j . careful use can reduce power

.

'uosnsuuaifyptioanroiduesdeful here
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2) MUX Symbol
all

I owe

✓ I

at
enW i

° At rising edge of clock

Resettableflipftop
. When reset -- O

,
d - flip flop normal

• When reset -- I
,
d-flip flop stores 0

• Force memory elements into known state
. Initial power supply - prevent randomness

we

r.se#D-
reset

I
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Construct Jk Flip Flop Using enable / reset

FlipFIopwithEnab#
-

i

w
j -k flip -flop truth table
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Synchronoussequentgiuits
2) Loops

° inverter loop is a problem

-Do- unstable
-

. solution : insert flip flop

-o.-

L stable
'
-

erytogqd:{"
at

rising edge

D Race condition

• Memory elements can suffer from race conditions

Crace hazards)
° depends on relative timing of Iles
• if dkl arrives before Ik 2

,
race condition

Clk1 Ik2
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• solution : common clock synchronisation

÷

. if Uk time period is greater than critical path delay
race condition eliminated

"k

Tmakes it✓ more

→

predictable

if this time is greater than
critical path delay , both happen
in one cycle

Synchronoussequentiaguit

1) Every circuit element is either a register Cflip
flop) or a combinational circuit
↳ no latches alone

, only flip flops
↳ think of flip flops as indivisible units

2) At least one circuit element is a register
3) All registers receive same clock signal
4) Every cyclic path has at least one register
↳ no inverter loops
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combinational logic circuit
neither

synchronous sequential logic circuit
neither

synchronous sequential logic circuit

FINITESTATEMA.CH/NE#

• Mathematical foundation for sequential logic circuits

° Consists of two blocks - CL and state block

c- only combinational

④ logic elements

←
each arrow represents

wires[ .÷÷÷÷i÷÷:÷÷÷÷:*.
I

specifically,
D- flip flops

°

Any sequential logic circuit from a counter to a

complex microprocessor) can be represented as an FSM

° Fundamental concept in CSE

° In AFLL
,
nodes and edges , but to implement, this
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° this diagram lacks input q output

° Two types - Mealy type and Moore type FSMs

. Four input-output possibilities

. if yp given to state block
, delayed by one clock

cycle and therefore neglected

Meatyfsm
° HP depends on current state as well as input

O
O
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Moorefsmo
output depends only on current state

0

Question

Identify as mealy or Moore Ee make into blocks

next state logic
(a)t HP

t t are

on
...

Moore FSM
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next state
Cbl

yp
←

Uk

:c:c.

Mealy ESM

DesigninganFSM#

1- Determine input output
a. State transition diagram
↳ no . of States
↳ draw diagram

3 . Encoding tables
↳ state d - flip flops
↳ output

4. State transition table y
n truth

5- Output table tables

6. Logic minimisation
↳ Boolean formulas

7 . Logic circuit construction
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Questions

Lift / elevator control logic CL floors)

Inputs

• Lift has a switch which can be in the down or

up position , indicating that the lift should go down or

up respectively.
• The switch signal switch-up is 0 when lift should

go down and is 1 when the lift should go up

• Lift system has a sensor which indicates when the

lift is stationary or moving between floors
.

• Signal on- floor is 1 when lift is at ground or
first floor and is o when in between

outputs

° Signal lift- up when lift should move up
. signal lift - down when lift should move down

. Signal on - ground is it when on ground
floor and o when on first floor

• Signal on-first is it when on first floor and
0 when on ground floor

Reset start state

• Elevator initially on ground floor .
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Lift

swine:: a

Logic

state transition Diagram
• Visual FSM

° States ) nodes ) vertices → circles

° Transition between States→ line segments /
arrows, arcs ledges

° Each contains Boolean formula of inputs as label

° Determine no . of States Cz in transition
,
2 stationary)

- -

switch-up on- floor

switch-up

A
reset →④
onto f f on-floor

switchup
①c-①
0 0
Foor switch - up
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State Encoding table

"

¥÷:o÷¥
10

Output Encoding tables
° on-ground

• on- first

. lift-up

° lift -down
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State Transition Table

¥
,

s:÷÷8

it,
so,÷o0§%e8g

Oso: D
Oinoange D

swi¥p For

reset→⑤ switching

onftorf ! on-floor

⑥gwikh
onor sw¥h

- up
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Output table

on floor
↳ ①

inane
.

O
O

lo o

K-map for s
,

'

Iso
S
,

'

- on-flooT.si 1- So - onftoor

Iso

soo ③ DSto

K-map for so
'

÷! If
" = Tso + switch- up

-sit switch-up . ,

GI
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Boolean Formulas

Next state

S
,

'
= on.FI - S , t so . onftoor

So
'
-

- 5
,
so t switch- up

-I t switch-up . So

outputs

on- ground -- sisoon
- first = S

,
so

lift- up = ST so

lift-down -- S , SJ

logic circuit

'

TTso
'

s,
'

I#t¥E±¥¥k¥
S
,

Moore FSM
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State table for Moore Machine

Present Next state
state Input output

¥¥¥C B D 01

D A C Oz

hit '

O→ AM
¥

YI ,fIi¥
f-
a

Mealy Machine

Present Next state
, output

state Input
Ii#¥:÷i¥

D A)02 C
, Oz
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Atto .

→①
n
I402

4102 I ¥02 I -410,
①→

+2/02

Question 9
-

Elevator Problem as a mealy machine

. depends on yp

Lift

swine:O: a

Logic

. Determine no . of States - here only 2 States

. State fo : lift on ground floor or in transit to

ground floor

. state f
,
: lift on first floor or in transit to

first floor
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← Otp signal asserted
-

oh.FI/lift - down on-floor) lift-up

A
on - floor . switch-up / lift - up f)

reset →①-①
⑦ toh-floor.switch.us#t-down

on -floor switch on-ground on-floor switch up Ion - first

State Encoding Table

H¥te/Encoding-
Output Encoding tables

° on-ground

• on- first
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• lift-up

• lift -down

state transition Eg output table - Mealy
state output

to Oonngtndldmoeatshtitf ) Ostap Onge't Ono Ono Dyes
fo O on grid O O stay 0 stays Oongnd Ono Ono Ono
fo O on grid O O go up ① move 0 no Ono Dyes Ono

fi O onnotirstodmat.INT/OstaysOnoOnyoeIOyes Ono
f, O on firstO O godown 0 move 0 no Ono Ono O yes

f , O on-firstO O stay 0 stays Ono Dyes Ono Ono

oh.FI/lift - down ¥04 lift-up

A
on - floor . switch-up / lift - up f)

reset →①-①
⑦ ton-floor.switch.us#t-down

on -floor switch on-ground on-floor switch up Ion - first
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K-maps

K-map for s
'

OO
s ' = on-ftoor.SI Oh -floor - switch -up

on- ground = 5 - on
- floor-switcher

on-first = s - on -floor . switch -up

K-map for lift -up

0

lift-up
-

- S -onftoor t J - oh-floor . switch- up
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K-map for lift - down

0

lift- down = on-ftoor.si t on - floor -switch -s

Logic circuit

T
s
'

I

Mealy FSM
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Revision Questions

01. Implement NOT
,
AND and OR using 2 : I MUX

NOT

x f
O i

,

O l 2 : , f

I 0
, io MUX

X

AND

a y f
y i

, f
(
O O O

) o 2 :L

O l O
o io MUX

( I O O) yl l l

K

OR

a y f
z i

, f
(O O O ) y 2 :L

O l l MUX

( ' O l

,
] ,

Y io

l l

K
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02
. Construct 2 :L MUX using only 2-input NAND gates . How many
gates are required?

selection outputsoio ]
I i

,
io

Y -- Sio + si ,

s

)
) Y

=Cs.cs
"

03 . Implement a decoder for the equation f-Guy,z)
-

- 811,2 ,4,7)

Yy •

x io 96
95

94 o

y il
Ys

Yz a

Z iz
Yi ee

Yo
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