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Digital Signals versus Analog Signals

* Digital signals have two A /\ /
settings: ON or OFF.
* Analog signals have \/ \/

ranges of settings; Analog signal Digital signal
dimmer switches, human voices, ocean waves

* Sound: Digital versus analog.
— Analog 1s a wave: continuous, gradual
— Digital 1s a step: non-continuous, ON/OFF




ANALOG SIGNAL VERSUsS DIGITAL SIGNAL
2 KEY DIFFERENCES

ANALOG SIGNAL DIGITAL SIGNAL

E AR EEEEEEEEEEEENEEEEN EEEEEEEEREEEEEEEEEEN
An analog signal is a A digital signal is a discrete

continuous signal that changes signal that carries information

over a time period. in binary form.

A sine wave represents an A square wave represents a
analog signal. digital signal.

Visit www.differencebetween.com Click here to go to main differences




Difference between analog and digital signals

S. No. Analog signal Digital Signal

1 Analog signals are continuous Digital signals are discrete signals.
signals

2 Analog signal wuses continuous | A digital signal uses discrete values
values for representing the  for representing the information.
information.

3 Analog signals can be affected by | Digital signals cannot be affected by
the noise during the transmission. = the noise dunng transmission.

4 Accuracy of Analog signal 15 | Digital signals are noise-immune
affected by the noise. hence there accuracy 15 less affected

3 Devices which are using analog @ Device using digital signals are very
signals are less flexible flexible

6 Analog signals consumes less | Digital signals consume  more
bandwidth bandwidth.

3 Analog signal are stored in the | Digital signals are stored in the form
form of continuous wave form. of banary bats 07, T17.

8 Analog signals have low cost. Dhgital signals have high cost.

9 Analog signals are portable. . Dagatal signals are not Portable. |

10 Analog signals give observation Digital  Signals doesn’'t  give

SIToT

observation error.




Advantages of Digital Signals

* The main advantage of digital signals over analog
signals is that the precise signal level of the digital
signal is not vital.

* This means that digital signals are fairly immune
to the imperfections of real electronic systems
which tend to spoil analog signals.

* Reduced cost

* Flexibility in response to design changes
* Noise immunity

» Easy to control and manipulate

i Advantages of Digital Signals

= Digital circuits have only two states so:

= Changes in value have little effect on digital
signals

= Noise and other forms of interference have
little effect on digital signals

= Little chance of error because voltage in a
digital circuit must be in one state or the
other

= Information storage is easy

Based on SP Bali (2005), "2000 Solved Problems in Digital Electronics”




Advantages of Digital over Analog

- Digital regenerators eliminate the accumulation of noise that takes
place in analog systems

- It is thus possible to provide long-distance transmission that is nearly
independent of distance

« Digital transmission systems can operate with lower signal levels or
with greater distances between regenerators

- This translates into lower overall system cost
« Digital transmission facilitates the monitoring of the quality of a
transmission channel in service

- Nonintrusive monitoring is much more difficult in analog transmission
systems

« Digital transmission systems can multiplex and switch any type of
information represented in a digital form

« Digital transmission also allows networks to exploit the advances in
digital computer technology

— Error correction, data encryption, various types of network protocols




Bandwidth

Memory
Power

Cost

Impedance

Errors

Analog

Analog signal processing can be
done 1n real time and consumes less
bandwidth.

Stored in the form of wave signal

Analog
power

instrument  draws large

Low cost and portable

Low

Analog instruments usually have a
scale which 1s cramped at lower end
and give considerable observational
errors.

Digital

There 1s no guarantee that digital signal
processing can be done in real time and
consumes more bandwidth to carry out the
same information.

Stored in the form of binary bit

Digital instrument drawS only negligible
power

Cost 1s high and not easily portable

High order of 100 megaohm

Digital  instruments are free from
observational errors like parallax and
approximation errors.
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Numbering System

System Base | Digits

Binary 2 0,1

Octal 8 0,1,2,3,4,5,6,7

Decimal 10 |0,1,2,3,4,5,6,7,8,9
Hexadecimal| 16 |0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F




Decimal Binary Qctal Hex
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 0100 4 4
5 0101 D D
6 0110 6 6
7 0111 T i
8 1000 8
9 1001 9

10 1010 A
11 1011 B
12 1100 z
13 1101 L
14 1110 E
15 1111 F

M S




DECIMAL TO BINARY

Decimal number : 17

[

17

o o o =
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Binary number: 10001
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Binary conversion—-100001010

266

133

66

16

co

~

1

c O O O +» O

2| 25

2| 12 “ 1 < First remainder
20 6 0 <« Second Remainder
2 3 0 < Third Remainder
TT 1 <«— Fourth Remainder
_T 1 <« Fifth Reaminder

Read Up
Binary Number = 11001




Binary to decimal

2 1Decimal Number]



Binary to decimal

Find the Decimal Equivalent
for Binary 100101

5 2_-’-1- 2_:3 22 21 20'

I Find the equivalent decimal
number for binary 1010-

23 22 21 20
{1::2*’} (0= 2% 10:':2"“13,2’] 10::2‘:: [1:1:2"-']
Binary 1 o 1 o | | | | | |
. 32 +0+ 0+ 4 +0 +1
Conversion 1x23 0x22 1x2! 0Ox2°

Decimal 8 + 0 + 2 + O v
10 37



Hexadecimal to Binary

Hexadecimal (0|1 (2|3 |4 |5
Decimal 011231415
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10|11112]13|14|15

Hexadecimal Value = A5

5 —— Decimal Value

0010 1010 0101 —— Binary Value

001010100101

(2A5) = (1010100101),

() wiresource.com



Binary To HexaDecimal Conversion

\
v

11011001 e Original Binary Number

1101 1001 Groups of 4 Binary Number

e
Hex Value of Groupes Binary Number

D 9

(11011001) = (D9),, ——> Converted Value




Addition Result Carry

0+0 0)

0O+1 1

©O O O

1+0

|
-

|
@
w—y

1+1




)] >0 Adding Binary Numbers

* Binary addition is similar to
decimal addition

0010
* 0+0=0 +1100
e 0+1 =1 =11 14
e 140 =1 1 « | Carry-Out of bit 1,
* 141 =10 0010 |carry-Into bit 2
« If we have a result greater :} (1)2)8

than 1, we must carry a ‘1’
to the next digit

* Produce carry (to left) -> 1 (; 11 :/o Carries
Carry-out | , 9110

* Get a carry (from right) --> _10100
Carry-In

DD DD e w DD DD e v DD D Do 2w D2 DD P Do
©Seattle Pacific University EE 1210 - Logic System Design Numbers-1
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BINARY SUBTRACTION

TABLE1V
RULES FOR BINARY SUBTRACTION
A B A-B Borrow

0 0

—_— |

0

1 1 1
0 1 0
1 0 0




Example Subtract 1001010, - 10100,

A

1 10

(-) 1

0 0
¥ 8 0 +# 0 1
0
0

1 1




One's Complement

Invert all bits. Each 1 becomes a 0, and each 0 becomes a 1.

Original Value One's Complement
0 1
1 0
1010 0101
1111 0000
11110000 00001111
10100011 01011100

11110000 10100101 00001111 01011010



2's Complement Examples

Example #1
5 = 00000101
VAN
11111010 =
+1 ,
-5 = 11111011
Example #2
-13 = 11110011
VARARARRNE
00001100 =
+1
13 = 00001101

Complement Digits

Add 1

Complement Digits

Add 1
15



'S COMPLEMENT SUBTRACTION

Subtraction of binary numbers using 1’'s complement allows
subtraction only by addition.

A) Subtraction of smaller number from larger number

Determine the 1's complement of the smaller number.
Add this to the larger number.

There is always a carry.

Remove the carry and add it to the result



-

\

Example: Binary subtraction using 1’s complement

Regular Approach:
M-N

M=01010100

N= 01000100 -

1’s complement:
M-N=M+N’

M=01010100

N= 10111011 +

N=01000100
M=01010100-

00010000

End Around Carry 100001111
00010000 .\ .1 +
00010000
Regular Approach: :
1’s complement:
N-M b

N+M
N=01000100
M=10101011+

No End Carry.
T 11101111

Correction Step
Required:

-(1’s complement
of 11101111)=

-(00010000)

KFUPM



BINARY SUBTRACTION USING 1'S COMPLEMENT

Case 1: Carry is produced Case 2: No Carry

Ex1:(111010),- (101011),=(?) Ex2:(100110)-(110001)=(?),

X VY X Y

|
) 1o1o 1] V11000l

INARIN: wbdbl
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t (111 looll ©
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2’s Complement Subtraction

-
0 16,5=5,0 D 16,0+ (— 51,)
~>10000,+(11011,)

10000
+ 11011
1101011 211,

-1 Faster and easier than signed-magnitude and 1’s
complement subtraction.



Binary Codes V-
Y ",

= Binary codes are codes which are represented in
binary system with modification from the original
ones.

Weighted Binary Codes

- Weighted binary codes are those which obey the
positional weighting principles, each position of the
number represents a specific weight. The binary counting
sequence is an example.

= Non Weighted Codes

« Non weighted codes are codes that are not positionally
weighted. That is, each position within the binary number
is not assigned a fixed value.




Weighted Code:-

In weighted code, each digit position has a weight
or value. The sum of all digits multiplied by a
weight gives the total amount being represented.

We can express any decimal number in tens,
hundreds, thousands and so on.

Eg:- Decimal number 4327 can be written as
4327= 4000+300+20+7
In the power of 10, it becomes
4327=4(10%)+3(10%)+2(10")+7(10°)

BCD or 8421 is a type of weighted code where each
digit position is being assigned a specific weight.



Non-weighted code:-

In non-weighted code, there is no positional
weight i.e. each position within the binary
number is not assigned a prefixed value. No
specific weights are assigned to bit position in
non —weighted code.

The non-weighted codes are:-
a) The Gray code b) The Excess-3 code



BCD or 8421 code:-

It is composed of four bits representing the
decimal digits O through 9. The 8421 indicates
the binary weights of the four bits(23,22,2,29).

Decimal 8421(BCD)

0 0000
1 0001
2 0010
3 0011
4 0100
3 0101
6 0110
7 0111
8 1000
9 1001



Decimal

Binary Code
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Decimal

O N OYUIT B W N = O

BCD CODE
0000 +0011

0001 +0011
0010 +0011

0011 +0011
0100 +0011
0101 +0011
0110 +0011

0111 +0011

1000 +0011

| 8421 CODE |

XS3

0011
0100
0101

0110
0111

1000

100
1010
101

Decimal BCD Excess-3
8 4 2 1 BCD + 0011
0 0 0 0O 0 0 A4 4
1 0 0 0 1 0 1 00
2 0 0 10 0 1 0 1
3 0 0 11 6 % 1 0
4 01 00 O A iis A
5 01 01 10 0 0O
6 O 1: 1 0 1 0 0 1
7 1 1 1 % 0 1 0
8 1 000 +90 1 4
9 $ 0 0c & 1 1.0 0




Excess-3 Code (XS-3)

Example 1: Obtain Xs-3 Code for 428 Decimal

4 2 8
0100 0010 1000
+ 0011 0011 0011

0111 0101 1011



Decimal Binary Gray BCD Excess-3
0 0 0000 0000 0011
1 1 0001 0001 0100
2 10 0011 0010 0101
3 11 0010 0011 0110
4 100 0110 0100 0111
5 101 0111 0101 1000
6 110 0101 0110 1001
7 111 0100 0111 1010
8 1000 1100 1000 1011
9 1001 1101 1001 1100




Binary to Grey Code Conversion

Convert the binary 111012 to its
equivalent Grey code

b(1) b(2) b(3) b(4) b(5)
1 @ 1 @ - & @ 0 @ - § BINARY
B = e S = e T
1 0 0 1 1
g(1) g(2) £(3) g4) g(5) GREY
bl1) b(1) xorb(2) b(z)xorb(3) b(3)xorbl4) big)xorbis)

Binary to Gray Code Conversion

BO) 1—+—1—+—0—+—0

| | | |

(GC) 1 0 1 0

(OLOOT)
-

-
-

BINARY

K
0 02l 180 020 0&l

¥

0

¥

1

y vy

1 0 1 ORAY



Grey Code to Binary Conversion

Convert the Greycode 1010 to its

equivalent Binary
23) g(2) g(1) g(o)
1 0 1 0 GREY

2| sl T sl

B & D

/ / 4

L )

bi(3) b(2) b{1) bio)

1 1 L] O BINARY

w.
— a4
N

g2) a3 a4)

Bi1)xorgid) bi2)xor gi3) bi3)xor gié)

g(3)

| &1 ]

bi4) xor gi5)

aray

binary



What is Parity Generator?

» A Parity Generator is a Combinational Logic Circuit that Generates the
Parity bit in the Transmitter.

» A Parity bit is used for the Purpose of Detecting Errors during
Transmissions of binary Information.

* |t is an Extra bit Included with a binary Message to Make the Number
of 1's either Odd or Even.

LEARN WHAT IS PARITY

AND Parity bit examples
GROW Two types of parity bit| sequenceof |  with eighth with eighth
4 bit data 1 = EVEN seven bits even parity bit: | odd parity bit:
N ——— e 2= 00D 0100010|01000100 | 01000101
1000000/ 100000017 | 10000000
EVENparity 00 10 1 = Parity | ODDparity 0010

bit l_’_}

Original
signal

Original
signal

0110 0 ™ parity
bit

LEARN
AND
GROW




How to Adjust Parity Bits for Even or Odd Parity

ORIGINAL DATA EVEN PARITY ODD PARITY

00000000

01011011 1 0
01010101 0 1
11111111 0 1
10000000 1 0

01001001




PARITY BITS

Type of bit parity

Even parity

Odd parity

Successful transmission scenario

A wants to transmit: 1001

A computes parity bit value: 1+0+0+1 = 0

A adds parity bit and sends: 10010

B receives: 10010

B computes parity: 1+0+0+1+0 = 0 (Even)

B reports correct fransmission after observing

expected even result.

A wants to transmit: 1001

A computes parity bit value: 1+0+0+1 = 1

A adds parity bit and sends: 10011

B receives: 10011

B computes overall parity: 1+0+0+1+1 = 1
(Odd)

B reports correct transmission after observing

expected odd result.



Even Parity

|

l

Successful transmission Unsuccessful transmission

Transmitter (T)

. T wants to transmit 1011

Transmitter (T)

. T wants to transmit 1011

. T Counts number of 1's (3) . T counts number of 1s (3)

. Parity generator adds 1
. Data is 10111

Receiver (R)

. R receives 10111

. Parity checker checks no
. Count is even (4)

. No error

. Parity generator adds 1
. Datais 10111

Receiver (R)

. R receives 10011
of 1's . Parity checker checks no of 1's
. Count is odd (3)
. Not matched, error message is sent
. Retransmission of data






Positive and Negative Logic ¢.77)

=] Positive and Negative Logic

Logic Signal
¢ Two signal values <==>two logic values value value
¢ Positive logic: H=1; L=0 1 H
¢ Negative logic: H=0; L=1
=] Consider a TTL gate 0 —— L

¢ A positive logic AND gate (a) Positive logic

» A negative logic OR gate

¢ The positive logic is used in this book Logic Signal
value value
0 H
| = L

(b) Negative logic

Figure 2.9 Signal assignment and logic polarity
Digital System Ch2-42



GROW evellogie -ve logic
high voltage correspond to logic ‘1’ high voltage correspond to logic ‘0’
‘+5V' = LOGIC “1” ‘+5V' = LOGIC “0”
‘v’ = LOGIC“0” ‘v’ = LOGIC“1”
EXAMPLE =
Logic0 = -5V

LEARN
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Buffer AND OR XOR
F=A F = AB F=A+B F = AGB
AlF AB|F A BIF ABIF
010 0010 0 010 0 010
111 0110 0111 0 1|1

100 1 0j1 1 0]1

1 111 1 1]1 1 1]0

A{>or s JllPF s DT pT)Oe

Inverter NAND NOR_ NOR
F=A F=AB F=A+B F = ADB
AlF AB|F ABJiF A BIF
01 0 0]1 0 0|1 0 0|1
110 0 1{1 Cc 11{0 0 110

1 01 1 040 1 0{0

1110 11|10 1 11|11




NAND AS UNIVERSAL GATE

Logic Function Only Symbol Circuit using NAND gate
Invertar A ADD_E A }_I
&
e
A "
e T
B— Y
g
By




NOR AS UNIVERSAL GATE

K=(A+A) = A
N

INYERTER

(A+B]

s

O

e =

- ._-.;-.I'i-Eljl — .'ﬂ'.B .'ﬂ'.ND




TTL Vs. CMOS Logic

TTL: Transistor-Transistor Logic %

BJT

« Constructed from Bipolar Junction Transistors (BJT) Transistor

* Advantages:
— Fasterthan CMOS
— Not sensitive to damage from electrostatic-discharge

« Disadvantages:
— Uses more power than CMOS

CMOS: Complementary Metal Oxide Semiconductor 43‘

MOSFET

» Constructed from Metal Oxide Semiconductor .
Transistor

Field-Effect Transistors (MOSFET)
* Advantages:
— Uses less powerthan TTL

« Disadvantages: 9
— Slowerthan TTL
— Very sensitive to damage from electrostatic-discharge ﬁ 4

et



Fundamental Theorems & Postulates of

Boolean Algebra
Identities: )y X+0=X (D) X« =X
Null Elements: 2y X+1=1 2Dy X4 =0
Indemp otency: 3 X+X=X D) X«X=X
Involution {(Double Negation): {4) X=X
Complements: & X+X'=1 ED) XX'=10
Commutativity: @) X+Y=Y+X 6D) XY =YX
Asgsociativity: (7 HY)HZ = K+H(Y+Z) TD) (e Y)eZ = X«(Y&)
Distributivity: B) Y +XF = X«(Y+7) BD) V)2 = XY 2
Combining: @ XY+ =X @Dy +Y)+3+Y) =X
Covering: 10y X+ XV =X 10Dy X+H+Y) =X
DeMlorgan’s Laws: (12) (X+Y+L)' = X'+Y'+4° {120} (X+Y+Z) = X'+Y'+ZL°
Consensus: (17) XeW+X"Z+YZ =XV+XWE  (17D) (X+Y (X' +L )Y+ 2Z) =

(XFY)+(X'+Z)

Shannon Expansion: (18) FEY.Z)=XF(1.,Y.2) +X"F{,Y,2)

(18D) F(X,Y.Z2) = (+FQ0,Y,2))+(X'+F({1,Y,Z))




d§1C es o o0ledn aenra

1. A+0=A 7. A-A=A

2. A+1=1 8. A-A=0

3. A-0=0 9. A=A

4. A-1=A 10. A+AB= A

5. A+A=A 11. A+AB=A+R

6. A+A=1 12. (A+B)A+C)=A+BC

DeMorgan's Theorem

(AB) = (A + B) (A + B) = (A B)




DeMorgan’s Theorems

Break! Break!
A_B\ A\+ B
A+B AB
NAND to Negative-OR NOR to Negative-AND
NAND NOR
2: H—Y gj >O— Y
A—Q A-d O\

B q_} L B~‘JL_/ 4
Y=A—=Z+é Y=A+B.=Aé
A B Y pe| B Y
0 O 1 0 O 1
0 1 1 0 1 0
1 0 1 1 0 D
1 1 0 1 1 0




F=(A+B)*(A+B)




o

BC (B+C)

= AB + BC(B+C)

A ED R

ABC

Mo

A+D

Dc[ﬁ&[:]}'

} ¥= ABC (A+DY




K-MAP two variable

\3 o 1
A
0
0 AB’ AB
1 AB® AB

X; X2 f
0 0 |
0 | |

| 0 0

X]




3-input K-map

Y

10

11

01

00

C | ABC | ABC | ABC

AB

AB

C

0| ABC | ABC | ABC | ABC

1

K-Map

Truth Table

AB

10

11

01

O/ 1,0|0
O 101

00

L (L g o R - At o [ o e

O 04040

OO0 A4 0 0O -

1 E e o e e I o S o S o S |




ABC

000
001
010
011
100
101
110
111

o»—ao»—'o»—-o»—-x

BC

0o 01

11

10

o 1

§




Example #3 : 4 Variable K-Map

Example:

After labeling and transferring the truth-table data into the K-Map, write
the simplified sum-of-products (SOP) logic expression for the logic

function Fs. ﬁ U
soilo: [RTS[TI9]E 70 7. Tuf 7T
0 0 0 0 0 |
0 0 0 1 1 e
0 0 1 0 0 RS 0 v L L L
0 ] 1 1 1 B
0 1 0 0 0 RS 0 1 1 1 N
0 1 0 1 1
0 1 1 0 1 — 8 T
0 1 1 1 1 RS 1 \ 0 1 rl L
1 0 0 0 0 5._R 8 U
1 ] 0 1 1 _
1 0 ] 0 0 RS 0 1 0 0
1 0 1 1 0 |
1 1 0 0 1 T
1 1 0 1 0 8 T U
1 1 1 0 1 24
1 1 1 1 1

F=RSU+STU+RU+ST




4-Variable K-map Example

T wxyz (5,7,12,13,14,15)

For the function F{W.X,Y.,Z)

K-map

*
*

Truth Table

F

Row WX Y Z

=
ooQ.Hm
e | N . |
e e e e
W
—
= il
4576
=
=
[— T B D L -
WA\OI_IO
D S — S L
N e
W
e

SO O O OO0 o - -

OO O O O OO -
o OO v ol OO o OO vl

CLOO -0 OO0 e - -
L e T e T e Y e B e T S =T S B B B R I I |

S v N w1
S o NN W VIO -0 O v v vl vl vl




— el et —t —r —
Ch fu el B3 = gm0 =0 O Ch o 03 b

abid

oooo

oo
oo10
0011
0100
IRIIN
0110
0111
1000
1001
1010
1011
1100
1101
1110
111

| [ o Ny Y [Ny N SRR T R RV M R R —y S

flab.ed)= T 00,1,23,4567.810,13 )

f= abcd + abcd +abicd +abcd + abcd +

abizd + abed + abed+ abed +3bed +abed

fla.b,cd)= H( 2.11,12,14,15 )
fs (5+I:-+-:+E:|-|:5+I:-+E+aj-(5+E+-:+-:I:|-|:§+E+E+-:I:|-|:5+E+E+aj

g
E oo o1 1 10

0 1 3 i

G

13

g

| o — ek -k
I

1
1
1
0




UNIT 3



HALF ADDER

A B S C
I I 0 0 0 0
A Half S 0 ) 1 0
5 Adder c
1 0 1 0
1 1 0 1
A \
=AB+AB
: ) > s=Ae:
)—C =A.B
p— e
A o SUM = AB + AB
< = A B
B -

CarryzAB




Full Adder

O
5

SUM (S) Cout

Full
Adder

~ a4 s a0000O>

- -0 O0—=—=00W

L O L O mO—aO

S e N = I o R

4402000
9y

>
o
O
5
O
=}
O
e
us)
O
=}
X

p=d
]
2> |
|

|

W
|
W

g

vy
>
o

p=

vy)
-
|

Cou = A.B.C;y + A.B.C,, + A.B.C;; + A.B.C;, S=A.B.C;+AB.C,+A.B.C,

n




full-Adder Circuit

———=5Sum
QUTPUT

——— Carry Out

Full-Adder Circuit



4 bit adder

Ay -Az= st 4-bit number

MSE By - Bz = 2nd 4-bit number LSBE
Az Ba A- Bs A B As Bg
c A B A B A B A B
ot Full C2 Full Ct Full Co Full 0"
S AdléEf Cin la— Cout Adlé-er Ci”‘._c"“tﬁ.dl:ier Cin ba— C ot Adl:haf Cor j—
SLM SLM SUM SUM
Sz Sz 3 Sp



O Q0 0w D

> CLOCK

Do—D
Eo—E
Bo—1B
Ro— R

f-Segment
LED Display

BCD to 7 Segment
Decoder




What is a Multiplexer (MUX)?

« A MUX s a digital switch that
has multiple inputs (sources)
and a single output

Multiplexer
Block Diagram

(destination). \

* The select lines determine Inputs 2" x 1 Output
which input is connected to (sources) = destnatien)
the output.

« MUX Types ﬂﬁ

- 2-to-1 (1 selectl?ne) &l
- 4-t0-1 (2 select lines) Lines

- 8-to-1 (3 selectlines)
- 16-t0-1 (4 selectlines)



Data
Input
D.:
- E
Enable
Input
S-: S: S
2 J
3

Select Input




DO -

D1~

D2.

D3.

4-to-1 Multiplexer (MUX)

e
-

IRVRTRS

DO o]

D1 — X
= Y
D2e—] >
D3 e
B A
B A Y
0 0 DO
0 1 D1
1 0 D2
1 1 D3




Typical Application-of a

Multiple Sources Selector Single Destination
| A

A
/ [ I | I |

MP3 Player
Docking Station
—.—DL
Laptop
Sound Card /-—’L :>3< P
/ D3 :
/ Surround Sound System

T | / f |

B A Selected Source

0O 0 MP3

0 1 Laptop

1 0 Satellite
Digital 11 Cable TV

Cable TV



List of ICs which provide multiplexing

1

S.No. ICNo. Function Output State

74157 Quad 2:1 mux. iOutput same as input given
74158 Quad 2:1 mux. |Output is inverted input
74153 Dual 4:1 mux. fOutput same as input

~N~N oo olomlol N

74352 |Dual 4:1 mux. |Output is inverted input
74151A 16:1 mux 'Both outputs available (i.e . complementary outputs)

74151 |81 mux. Output is inverted input
74150 16:1 mux. 10utput is inverted input




What is a Demultiplexer (DEMUX)?

- ADEMUX is a digital switch Demultiplexer
with a single input (source) Block Diagram
and a multiple outputs

(destinations). /
 The select lines determine Input ! é 2 Outputs
which output the input is (S0 Ul (destinations)
connected to.
« DEMUX Types N
= 1-t0-2 (1 selectline) Select

- 1-to-4 (2 selectlines) Lines
- 1-t0-8 (3 selectlines)
- 1-t0-16 (4 selectlines)



Multiple Destinations

Single Source Selector A
& L f |
) [ )
BAV Laser
Printer
Fax
Machine
Color Inkjet
Primer
B A Selected Destination
0 0 B/ LaserPrinter Pen
0 1 Fax Machine Plotier
1 0 Colorinkjet Printer

1 1 Pen Plotier



List of ICs which provide demultiplexing

$.No. IC No. (7400) IC No. (4000)  Function Output State

1 '741 39 | Dual 14 demux. :Output is inverted input

3 |7415 4' 'Dual 1:4 demux. :Outbut is open collector

4 |ra138 18demux  |Outputis inverted input

5 (74238 18demur |

6 (14154 116demux. | Output is inverted input

'7 ‘74159 CD4514/15 |116demux. | Output is open collector and same as input



8-to-3 Binary Encoder

At any one time, only

X z Inputs Outputs
one input line has a value of 1. - -

Iol|lzl3l4lslol7 .vwy
1 0 0 0 0 0 0 0 0 0 0
O 1 0 0 0 0 0 0 0 0 1
o o 1 0 0 0 0 0 010
o o0 o 1 0 0 0 0 0 3 1
o o0 o0 o0 1 0 0 0 1 0 0
O 00 0 o0 1 0 0 1 0 1
o o0 o0 0 o0 0 1 0 1'%
l O 0 0 0 0 0 0 1 o S
L ] —2'_‘/ Y=L+, +1,+1,

L, __]
I, rs Q_D— yi=Lt+tL+L+L

Is —ZD—)'.=I|+IJ+IS+I,

ENGIN112 L17: Encoders and Decoders October 10,2003



[:1|:qu-'. E}utpuu.
.|'7 .|||.I .Irs .||_- .rs .Ir: .||| .I'_:-l M My Mg
O 00 0 o0 o0 o0 1|lo 00
— 1, O 00 0 00 1 0]lo o0
—_—| ], O 00 o0 o1 0 o0olo 10D
—_— :z Mg > O 00 0 1 0 0 olo 11
_-— 3
— | o 01060000]|1001
—_—| i N e
—| I, O 1 0 a oo o ofl1 1 0
—_— | i 1 O 0 0 0 o0 0 o)1 11
(a) (b)

-
=

(e
Figure B-to-3 encoder. (a) Block diagram. (b} Truth table. (¢) Logic diagram.
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Flip

—l S [ f— S " ]
—ar Op— —r Op— —r Ap—
Active Low NAND Active High NAND  Clocked NAND
SR Flipflop SR Flipflop SR Flipflop
-5 0 S 0 a
— R O — —r dp— —r  d—
Active Low NOR  Active High NOR  Clocked NOR
SR Flipflop SR Flipflop SR Flipflop
|
—Jo a}— D5 g f— oA
i o— }EH 0 o— —_lC idjo—
_ D Flipflop Gated
D Flipflo -
priop With Preset-Clear D Flipflop

-Flop Symbols

3 1 I8
—]c —DC
—r P e L] —lk A
ZF Flip-Flop . . . -
et Fes et JK Flipflop High  JK Fllpﬂcfp Rising
level Triggered  Edge Triggered
2 = T I g
Flip-F s —pc
— CHP-FIOp - -

R 5 ko Gp— ]
SR Flip-Flop JK Flipflop Low  JK Flipflop Falling
Set Reset level Triggered  Edge Triggered
Do oD o T ®
—PpL ap— —opC dp— —Pc dp—

D Flipflop Rising D Flipflop Falling T Flipflop Rising

Edge Triggered

Edge Triggered

Edge Triggered

www.electricaltechnology.org

5 |
ul flipflop [~
Ik
€ i i
R

o=
E

JK Flip-Flop
Activated by
the falling edge

i

£ p—

JK Flip-Flop
Generic symbol

—ac Op—

T Flipflop Falling
Edge Triggered




Triggers on this edge Triggers on this edge
of the clock pulse of the clock pulse

il | —|) N

= Qb—

S~
g

{>CLK

Q

Positive Edge Triggering

Negative Edge Triggering

Triggers on high clock level

L

— Ql—

High Level Triggering




= = Atrigger

= The state of a latch or flip-flop is switched by a
change of the control input

= Level triggered — latches

= Edge triggered — flip-flops

(a) Response to positive level

A

A

A

\

(b) Positive-edge response

\

s

Fig. 5.8
Clock response in latch and flip-flop

(c) Negative-edge response

\

/

Y

Digital Circuits 5-11



A latch is an electronic logic circuit that has two inputs and one output. One of the inputs is
called the SET input; the other is called the RESET input. Latch circuits can be either active-high
or active-low.

Flip Flop & Latches are sequential circuits & they are the building block of memory units. It
stores a single bit of data. Sequential circuit’s output depends not only on its current (Present)
input but also on its previous output.

This SR Flip flop, also known as SR latch is an asynchronous (Independent of clock signal)
sequential circuit made from only NAND gates. S-R represents the “set & reset” function of the
flip flop. The bubbles at the input show that it is Active Low.

> Q

Al
.


https://www.electricaltechnology.org/2018/06/digital-latches.html

SR Flip-Flop

S e s | R |Q
0 0 Q, |Nochange
C
—t> 0 1 0 |(Clearto0
"R Q 1 0 1 |Setto 1
1 1 ? Indeterminate

S — Set, R — Reset

Output changes only when a clock pulse is applied
When input is 11, output is unpredictable

= May change to 0 or 1 depending internal delays
SR should not be pulsed when input is 11

= Preventing this is difficult = rarely used in circuits




SR flip flop

(&) Logic diagram

2

Mext state of Q

= > X |on

Mo change

= = |m

Mo change

1 | 0= Resat stata
& | G =1, Sal stata

1 | Undefined

(b} Funstion takle




D flip-flop is also known as “DATA” or “DELAY” flip-flop. It is a modified version of SR Flip-
flop with a single common input D. It stores a single data bit from the input line D.

When D =0, the flip flop reset & the output Q becomes 0.
When D =1, the output is set & Q becomes 1.

D

=]

D State Q, ot Q’
0 Reset 0 1

1 Set 1 0



Gated D flip flop or also known as level triggered D flip flop has an extra control
input known as “Enable” or “clock” input. when the CLK = 0, the D flip-flop holds is
previous state. When the CLK=1, it operate as a normal D flip-flop.

0 Q
O ] f—
C ﬁP—
CLK ‘o
CLK D State Q, ot Q’
Previous Previous
0 X Hold State State
1 0 Reset 0 1

1 1 Set 1 0



Symbol

D Flip-flop

Table of truth:

dk | D | a | Q
0 0 Q a
0 1 Q a
1 0 0 1
1 1 1 0

Input

D,

Output

Qn—l

0

]

()

K




J-K ELIP-FLOP (2/2)

» J-K flip-flop circuit:

J
Pulse
CLK I transition
detector
K

= Characteristic table:

J K CLK Q(t+1) Comments

o o 1 Q(t) No change

o 1 1 0 Reset

1 0 1 1 Set

1 1 1 Q) Toggle
Q(t+1)=?

Q

Qv
Q@ J K Q(t+1)
0 0 0 0
0 0 1 0
0 1 0 1
o 1 1 1
1 0 0 1
1 0 1 0
11 0 1
1 1 1 0

@ CS2100

Sequential Logic



The JK flip flop is a modified version of SR flip-flop. The forbidden (Invalid) input in the SR flip

flop is is used in JK flip-flop for the toggle function. Apart from toggle function the JK flip-flop
works the same as SR flip-flop.

As this is a high level triggered flip-flop, the CLK signal will activate the flip-flop when CLK = 1.
The flip-flop holds its state when CLK = 0.

} =8 Q
1 CLK |
— LR
Truth Table

J K CLK| Q
o o Q,(no change)
1 0 t |1
0 1 t |0
1 1t |Q, (toggles)




I Flip-Flop

The T flip-flop is obtained
from a JK flip-flop when
inputs J and K are connected -
to provide a single input
designated by T.

Graphic Symbol

(d) T Flip-Flop

The flip-flop thus has only Q(t+1)  Operation
two conditions. 0 No change

Qit) Complement

Truth Table

CLK ——4¢

=B

b QO ] O
Q| S| = O




Race Around Condition In JK Flip-flop — For J-K flip-flop, if J=K=1, and if clk=1 for a long period of
time, then Q output will toggle as long as CLK is high, which makes the output of the flip-flop
unstable or uncertain. This problem is called race around condition in J-K flip-flop. This problem
(Race Around Condition) can be avoided by ensuring that the clock input is at logic “1” only for a
very short time. This introduced the concept of Master Slave JK flip flop.

Master Slave JK flip flop —

The Master-Slave Flip-Flop is basically a combination of two JK flip-flops connected together in a
series configuration. Out of these, one acts as the “master” and the other as a “slave”. The
output from the master flip flop is connected to the two inputs of the slave flip flop whose
output is fed back to inputs of the master flip flop.

In addition to these two flip-flops, the circuit also includes an inverter. The inverter is connected
to clock pulse in such a way that the inverted clock pulse is given to the slave flip-flop. In other
words if CP=0 for a master flip-flop, then CP=1 for a slave flip-flop and if CP=1 for master flip flop
then it becomes 0 for slave flip flop.



Working of a master slave flip flop —

When the clock pulse goes to 1, the slave is isolated; J and K inputs may affect the state of
the system. The slave flip-flop is isolated until the CP goes to 0. When the CP goes back to
0, information is passed from the master flip-flop to the slave and output is obtained.
Firstly the master flip flop is positive level triggered and the slave flip flop is negative level
triggered, so the master responds before the slave.

If J=0 and K=1, the high Q’ output of the master goes to the K input of the slave and the
clock forces the slave to reset, thus the slave copies the master.

If J=1 and K=0, the high Q output of the master goes to the J input of the slave and the
Negative transition of the clock sets the slave, copying the master.

If J=1 and K=1, it toggles on the positive transition of the clock and thus the slave toggles
on the negative transition of the clock.

If J=0 and K=0, the flip flop is disabled and Q remains unchanged.



“Master” | “Slave”
Flip-flop | Flip-flop
|
Set —] Q : J Q et O
Claek [l—t—>'3”=: | > Clk
Reset K Q : K Q — 10
.l
Clk Dt |
|

Master Flip-Flop . Slave Flip-Flop
—y Q——— Q—
Clock > CLK : —>CLK
—K Q E K Q—

Fig 1 : Logic Diagram Master Slave Flip Flop



Truth Table for Master-Slave J-K Flip Flop

J K CLK | Q Q’

0 - | | Qs- 5 | Hold

0 1 o=\ e ) 1 Reset

1 0 ={=sll =] 0 Set

1 1 =5 =0, Toggle (opposite state)




Latches

Flip Flops

Latches are building blocks of sequential
circuits and these can be built from logic
gates

Flip flops are also building blocks oof
sequential circuits. But, these can be built
from the latches.

Latch continuously checks its inputs and
changes its output correspondingly.

Flip flop continuously checks its inputs
and changes its output correspondingly
only at times determined by clocking

signal

The latch 1s sensitive to the duration of the
pulse and can send or receive the data
when the switch is on

Flipflop is sensitive to a signal change.
They can transfer data only at the single
instant and data cannot be changed until
next signal change Flip flops areusedas a
register.

It is based on the enable function input

It works on the basis of clock pulses

It is a level triggered, it means that the
output of the present state and input of the
next state depends on the level thatis
binary input 1 or 0.

It is an edge triggered. it means that the
output and the next state inputchanges
when there is a change in clock pulse
whether it may a +ve or -ve clock pulse.




Flip-flop

Latch

A flip-flop samples the inputs only at a
clock event (rising edge, etc.)

A Latch samples the inputs
continuously whenever it is enabled, that
is, only when the enable signal is on. (or
otherwise, it would be a wire, not a
latch).

Flip-Flop are edge sensitive.

Latches are level sensitive.

Flipflop is sensitive to signal change and
not on level. They can transfer data only
at the single instant and data cannot be
changed until next signal change.

Latch is sensitive to duration of pulse
and can send or receive the data when
the switch is on.

A flip-flop continuously checks its
inputs and correspondingly changes its
output only at times determined by
clocking signal.

Latch is a device which continuously
checks all its input and correspondingly
changes its output, independent of the
time determined by clocking signal.

It work’s on the basis of clock pulses.

It is based on enable function input

It is a edge triggered, it mean that the
output and the next state input changes
when there is a change in clock pulse
whether it may a +ve or -ve clock pulse.

It is a level triggered, it mean that the
output of present state and input of the
next state depends on the level that is
binary input 1 or 0.




Applications of Flip Flops

Flip flops will find their use in many of the fields in digital
electronics. Particularly, edge triggered flip flops are very
resourceful devices that can be used in wide range of
applications like storing of binary data, counter, transferring binary
data from one location to other etc. Some of the most common
applications of flip — flops are

Registers

Counters

Event Detectors

Frequency Divider circuits

« All these applications make use of the flip — flop’s clocked

operation.




Introduction —COUNTERS

o A counteris a register that goes through a predetermined
sequence of states upon the application of clock pulses.

Asynchronous counters
Synchronous counters
¢ Asynchronous Counters (or Rpple counters)
the clock signal (CLK) is only used to clock the first FF.
Each FF (except the first FF) is clocked by the preceding FF.
e Synchronous Counters,

the clock signal (CLK) is applied to all FF, which means that
all FF shares the same clock signal,

\ thus the output will change at the same time. /




Synchronous Counter

Asynchronous Counter

The counter s clocked iIn
such a way that each flip-ficp
in the counter is triggered by
the same clock signal at the
same time.

Only the first flip-flop is
clocked by an external clock
which in turn drives the
clock output of the following
flip-flop.

All the flip-flops In the
counter change state at the
same time in sync with the
input clock signal.

The clock nput of the
flip-flops is not driven by the
same clock signal.

it can operate at much
higher clock frequencies
than its asynchronous
counterpart.

it is slower in operation than
synchronous counters.

The design involves a
compiex logic circuit as the
number of states increases.

Logic circuit is quite simple
even for more number of
states.

There Is no inherent
propagation delay in
synchronous counters.

A subsequent propagation
delay is encountered from
one flip-flop to another.

ifference
D3 Petween.nel




eCounters can be implemented in either asynchronous

and synchronous operated form

CLK

HIGH

2> C

HIGH

Asynchronous

CLK

HIGH

=C

¢

>

—

Synchronous
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Asynchronous (Ripple) Counters

" Propagation delays in an asynchronous (ripple-
clocked) binary counter.

" |f the accumulated delay is greater than the clock
pulse, some counter states may be misrepresented!

Kk _ | 1 2 3 4 -
Q, -
Q, -
Q, -
3 e— —> '4—:— ., (CLK to Q) —> = tpy (CLK to Q)
), —‘—h 4— ton (QytoQ,) _'_" I‘_'_ tont (QO toQ,)
(CLK to Q) — e ,,(Q,10Q,)



2-Bit Asynchronous Counter

Qo0
HIGH HIGH
— Ql—-e o ——Q1
CLK pCLK pCLK
K Q K
JKFF JKFF
, 1 2 3 4
E S I O B O
1
1 1
Q@ o | 0 | |
QL 0 0 1 1 I




DIGITAL SYSTEMS TCE1111

Asynchronous/Ripple Counter .;, Wc
Three-bit asxnchronous binary counter and its timing diagram for one cycle. |

HIGH ® ® — )
FFO FF1 FF2
Clk Q2 | Q1
o—1 L —0,, o— J, — Q, o— /5 — 0, pulse
0 0 0
CLK >C >C B
o, 0, 1 0 |0
Ko p—— K, p—— K,
(a) 2 0 1
3 0 1
2 3 5
CLK 1| A A ML A AL AT AR 4 1 |o
| I | | | I I |
| | | | | | | |
Q,(LSB) 0O | 0 1 0 1 0 I 0 5 1 |0
| | | | | ! I |
o, 1 o, . T s |1 |1
Q, 0 0 I | 1 0 I 0 | 1 O 1
1 | | |
: : : : : : : : AP ERE
| I | 1 T i
Q> (MSB) 0 : 0 : 0 : 0 I : | : | : 0 1
8 0 0
(b) | Reécs -)\R.EPEAT
RIPPLE COUNTER UP-PGT AND ALLNONFIRST CLK RECEIVE

CLK PLUSE FROMQ’ 5



A Modulo-5 Counter

Suppose we want to design a MOD-5 counter, how could we do that. First we know that
“m =5",s0 2" must be greater than 5. As 21 =2, 22=4, 23 =8, and 8 is greater than 5, then
we need a counter with three flip-flops (N = 3) giving us a natural count of 000 to 111 in
binary (0 to 7 decimal).

QA (LSB) (1B QC (M3SE)

t } } Truth Table

L L L ClaC QB QA
D Q D Q D Q 0|0 0 O
10 o0 1

t
£>cu{ N CLK [>CLK 210 1 0
CLK ilo 1 1
DFF1 G DFF2 G DFF3 O a1 0o
511 0 1
Yie|rT- " 70]




QA (LSB) QB Qutput Count  QC (MSE)
D Q D Q D Q
t
L;,{ju{ >.|:;|_|,{ >CL|'{
Clock
Pulse
cr 210 cir 31, cir 21,
[ ! |
— Heset
|I>. Circut
1 2 3 4 5 3] 7 2 g 10 N 12 13
Clodk
e (L ELELELELELELELELELE LS
| | | | | | ' | i '
| | | | | | | -
E:LF-{h | I | | Reset Pulse |
| | | | | | |
LA {lsh)
| | | | | |
I I | |
QB | 1 | |
l | | | I | |
I |
ac | | ] imsb)
I'.'II'II: 001 a :ﬂ11 I 100 I Ll 11I:IEIII: Lalug| : L L] 011 104 I 101 I11|:Il:I:|l:I
Count|p, 1,2 '3 lals glo;1!' 231405 lglo




Cutput Count- Oto 9

QA (LSE) Qe Qc ED{MSE}‘
o Al Al A0 1
Logic "1 (HIGH) ) . )
— J 00— . % i ) - — ) —I }
* FF1 FF2 FF3 FF4 7aLs00
J S CLK 4> CLK 4> CLK > CLK
Clock Pulse fALS73
trailing-edge L . . .
ralling-edge LK @ K e K i K e
‘|’ ‘].’ '1’ I Clear




2-bit Synchronous Counter

HIGH
FFO FFI
¢,
+—/, 4 [
= 3 >
Ko KI O— (—)
. 4
CLK | 3 4
| | | g
Q,




3 bit synchronous counter

* Step 7: Draw circuit diagram

HIGH ) |
FF0 FF 0.0 _FP2

L ) &
> =1 |
- i ol R, -
5, 14 ' J, 0,

> ¢ > ¢ > C
J K, J K, K,
“LK

CLK | 2 3 R 3 6

% |

b e - —

. |
0, |




Synchronous (Parallel) Counters

" Example: 3-bit synchronous binary counter (using T
flip-flops, or JK flip-flops with identical J, K inputs).

Present Next Flip-flop
state state inputs
A, A A A' AT A TA, TA, TA,
0O 0 O 0 0 1 0 0 1
0O 0 1 0 1 0 0 1 1
o 1 O 0 1 1 0 0 1
o 1 1 1 0 0 1 1 1
1 0 O 1 0 1 0 0 1
1 0 1 1 1 0 0 1 1
1 1 0 1 1 1 0 0 1
1 1 1 0 0 0 1 1 1
A A A
B AR AREER
{116 ] a{G ] w{Gaa]d
| — | — | —
Ao AO Ao
TAZ =A1.Ao TA1 =A0 TAO=1

CS1104-13 Synchronous (Parallel) Counters 108
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Introduction: Registers

" An n-bit register has a group of n flip-flops and
some logic gates and is capable of storing n bits of
information.

" The flip-flops store the information while the gates
control when and how new information is
transferred into the register.

® Some functions of register:
“ retrieve data from register
% store/load new data into register (serial or parallel)
% shift the data within register (left or right)



Shift Registers

® Basic data movement in shift registers (four

bits are used for illustration).

Datain —™ + 1 1

— Data out

(a) Serial in/shift right/serial out

Data out <«

]

- <1 |— Datain

(b) Serial in/shift left/serial out

Datain

1111

— Data out

(c) Parallel in/serial out

Datain —™ +

=Y

TT717

Data out

(d) Serial in/parallel out

<[> P

+ >

(f) Rotate right

“— —

(g) Rotate left

Datain

1111

TT717

Data out

(e) Parallel in /
parallel out



Serial In/Serial Out Shift Registers

" Accepts data serially — one bit at a time — and
also produces output serially.

Serial data Q, Q Q, Q; Serial data

) D Q D Q D Q D Q
iInput output
D C —PC D C D C

CLK ® . °



Serial In/Serial Out Shift Registers

" Application: Serial transfer of data from one
register to another.

Clock —

Si

)

Shift control —

Clock

_J

" Shift register A

501 Sl

" Shift register B

o ]

Shift

“—Wordtime —

control

cP

SO



Serial In/Serial Out Shift Registers

® Serial-transfer example.

Timing Pulse Shift register A Shift register B Serial output of B

Initial value \ 1 1 1 0 0
After T, \1 0 1 \‘ 1 0 0\1 1
After T, 1 1 1 0 1 1 0 0 0
After T; o 1 1 1 o 1 1 0 0
After T, 1 0 1 1 1 0 1 1 1




Serial In/Parallel Out Shift Registers

" Accepts data serially.

" Qutputs of all stages are available simultaneously.

Data input D QF+—I|D Qfte D QF+—1D QI

(>C (>C (>C D C
CLK

Q, Q, Q, Q;

Datainput —| D SRG 4

CLK ——>C Logic symbol




Parallel In/Serial Out Shift Registers

" Bits are entered simultaneously, but output is serial.

Data input

—
D,

SHIFT/LOAD —T—[>o ¢

v

D a

D Q _Qo
D C
CLK ® °

P C

D aQ

P C

Q,

D Q

D C

Serial
data

/
SHIFT.Q, + SHIFT'.D,

Q3 out



Parallel In/Serial Out Shift Registers

" Bits are entered simultaneously, but output is serial.

Datain
f—%

D, D, D, Ds

Ry

SHIFT/LOAD — SRG 4
CLK —>C

— Serial data out

Logic symbol



Parallel In/Parallel Out Shift Registers

® Simultaneous input and output of all data bits.

Parallel data inputs
A

D, D, D, D,

—»|DQ —DIDQ —D|DQ —’lDQ

D C D C D C D C

CLK ® . °

Parallel data outputs



UNIT 5



A/D and D/A
Converters




Digital to Analog Converter

In electronics, a digital to analog converter is a
system that converts a digital signal into an
analog signal. DAC’s are commonly used in
music players to convert digital data streams
into analog audio signhals. They are also used in
televisions and mobile phones to convert
digital video data into analog video signals.



Weighted resistor type DAC

VR
I 2R
“—s AN
= — R,
[MSB] BI———-———J 7en M
- = AN
|”—- A — 1 I
By— — o — — — 2R




Weighted resistor type DAC

Weighted means each bit is having weight in the sequence
8 4 2 1
MSB LSB

The op-amp is used to produce a weighted sum of the
digital inputs, where the weights are proportional to the
weights of the bit positions of inputs.

The MSB resistance is 1/8 of the LSB resistance .
The circuit is acting as summing amplifier.



For first input,i.e., DO, output will be

= [-Rf / 8R]*DO equation 1
For second input,i.e., D1, output will be

= [-Rf / 4R]*D1 equation 2
For third input,i.e., D2, output will be

= [-Rf / 2R]*D2 equation 3
For MSB, R, output will be

= [-Rf / R]*D3 equation 4

Adding equation 1 to equation 4
Vout = -Rf / R [DO/8 + DI/4 + D2/2 + D3]



Inputs

J




L [l
=) i
Digital to Analog Conversion (DAC)

» Similarly: R-2R Ladder DAC

:
l‘l 4 2 R X Tl "“
Ey=Vy= e . T e

" 2R+2R 4 “iTe

R. = K sifos ZRX% Vu R,,, =X

! "R 2R 8 D
Rn’r =
Vo R
16
e

R
TotalV, ; = 7’ . V,.‘.,[

D, D, D, 03]
+—+—+

16 8 4 2

D is the binary input
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Analog to Digital Converter

In electronics, an analog to digital converter is
a system that converts an analog signal, such
as sound picked by a microphone or light
entering a digital camera, into a digital signal.
An ADC is also an electronic device that
converts an analog voltage or current to a
digital number representing the magnitude of
the voltage or current.



Dual slope ADC
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Dual slope ADC

Principle
The principle is to first integrate the analog input signal
Vin for a fixed duration of 2n clock periods Then it

integrates an internal input reference voltage Vr of
opposite polarity until the integrator

output is zero.The number n of clock cycle required to
return the integrator to zero is proportional to the value
of Vin averaged over integration period. Hence n is the
desired output

code.



Dual slope ADC

Working
Assume counter is reset and output of integrator is zero.

Connect the switch to Vin. Assume that input is negative
and is constant for a period of time, so output of
integrator is a positive ramp . The ramp is allowed to
continue for a fixed time and voltage it reaches in that
time is directly dependent on analog input.

Then counter is reset and switch is connected to a Eref.
having positive ramp.

Then AND gate is enabled and counter starts counting .
When ramp reaches 0OV, comparator output becomes
LOW and counter stops counting.



Successive Approximation Method of ADC
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Successive Approximation Method of ADC
Principle

The bits of DAC are enabled one at a time, starting with
MSB . As each bit is enabled , the comparator produces
an output that indicates whether the analog input voltage
greater or less than output DAC ( Vax) . If D/A output is
high , causing the bit in control register to reset and if
D/A output is low, the bit is retained in control register.
The system enables the MSB first , then the next
significant bit and so on.



Successive Approximation Method of
ADC

Working
Suppose unknown input voltage Va=10

On first clock pulse, output register is loaded with 1000 , which is converted by
DAC to 8V .So Vdac<Va. So control logic retains that bit, so output is 1000 .

On second clock pulse, output register is loaded with 1100.So Vdac =12V, which
is greater than Va

So control logic clears that bit, so output =1000.

On third clock pulse, output register is loaded with 1010. So Vdac = 10V which is
greater than Va, control logic retains that bit.So output=1010.

The control logic is loaded with 1011, Vdac = 11V, which is greater than Va . So
output =1010, which is nearest integer value to the input 10.3V.

At this point, conversion is complete and EOC is activated by control logic.



Memories

Y \ '
Registers Primary Memory Secondary Memory
Fasios | |
astost. ¢ Y \ ¥
RAM ROM Serial Semi-random

» Both read and * Only read Access Access
write tion * Non-volatile :

« Temporary programs are * CCD (Charge  (disk)
programs are stored « Couple Device) «CD
used * Random « Ferrite core e HD

 Random access  access x g[\)’o

Classification of memories



Arithmeticllogictuniit

(ALU)

An arithmetic logic unit(ALU)is a
combinational digital electronic
circuit that performs arithmetic and
bitwise operations on integer binary



Symibollc Represanitafion of ALV

* A symbolic representation of an ALU and its input and
output signals, indicated by arrows pointing into or out of
the ALU, respectively .Each arrow represents one or more

signals . Control signals enter from the left and status signals
exit on the rinht: data flaux fram tan +a hattam |

Integer Integer
Operand Operand

A N\ B
Status
Status
Opcode Y

Integer
Result




« A basic ALU has thee parallel data
buses consiting of two inputs
operands(A and B) and result output
(Y).Each data bus is a group of signals
that conveys one Dbinary Integer
number. Typically, the A,B and Y bus
widths(the = number  of  signals
comprising each bus) ae identical nd
match the nativwve word size of the
external circuitry.



The function of various pins is also
shown.Supply is given at Pin.24 and Pin 12
is grounded. Pin 14 performs the function

of comparator . Pin7 perform the mode
control function. The two inputs A and B
are compared by Pin14. Carry output is
generated at pin16 and the output is
generated at pinl7. output is propagated
from pin15.1C is capable of performing 16
different operations depending upon the

select lines S0,51,52 and S3 at pin no 3 to
[~



Pin diagram of 74181 ALU




Applications

* The ALU is responsible for complex
mathematical calculations,such as floating
point math . It does not have any specific
additional use as related to databases,except
to say that the database ,as any other
software ,uses the ALU to perform sums,
averages, and so on duriinng queries.
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