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Lecture 1 : Digital Signal and Binary Numbers

To make some sense of the 'analogue vs. digital' debate, let's firstly establish what the
two terms mean. In the case of digital electronics, we're talking about two different
methods of sending an electronic signal from A to B.

ANALOGUE signals are continuous, and can take any value.

DIGITAL signals encode values into binary numbers. As a binary number is made up
entirely from Q's and 1's, it may be transmitted in the form of electronic on/off pulses (on
=1, off =0). When these pulses are received, they are processed. A digital signal is made
up of discretely variable physical quantities.

Figure 1 explains both Analogue and Digital signals
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(a) Analogue signal

(B)Discrete Signal

Figure 1 (A) Analoge signal , (B ) Discrete Signal



BITS and BYTES, kilobytes, megabytes and gigabytes

Any discussion of computer technology will usually use some - or all - of the following
terms. They all have relatively straightforward definitions, however, and refer to varying
quantities of computer memory:

a BIT (abinary digit) = one on/off space in memory - recognised as a 0 or 1.

a BYTE = eight bits, and can therefore hold any decimal value from 0 (00000000) to 255
(111111112).

a KILOBYTE (K Byte) = about one thousand bytes. In fact, 1KB = 1024 bytes = 2'° bytes,
similarly...

a MEGABYTE (M Byte) = 1024 kilobytes, and finally

a GIGABYTE (G Byte) = 1024 megabytes.

BINARY numbers

The following table gives the binary equivalent values for 0-15 (decimal):

DECIMAL BINARY | DECIMAL BINARY

10%10° 102 23 22 2120 10%10° 102 23 22 2120
0 0 O 0 0 0 O 0 0 8 1 0 0 O
0 0 1 0 0 0 1 0 0 9 1 0 0 1
0 0 2 0 0 1 O 0 1 0 1 0 1 O
0 0 3 0 0 1 1 0 1 1 1 0 1 1
0 0 4 0 1 0 O 0 1 2 1 1 0 O
0 0 5 0 1 0 1 0 1 3 1 1 0 1
0 0 6 0 1 1 0 0 1 4 1 1 1 0
0 0 7 0 1 1 1 0 1 5 1 1 1 1



BINARY conversion and 'arithmetic'

To manually convert a decimal (base 10) number to a binary (base 2) number, successive
division of the decimal number by 2 must be performed:

600 /7 2 = 300 rem. O <-- LSB (least
significant bit)
300 /7 2 = 150 rem. O\
150 /7 2 = 75 rem. O\\
75 / 2 = 37 rem. 1\\\
37 / 2 = 18 rem. 1\\\\
18 /7 2 = 9 rem. O\\\\\
9/ 2 = 4 rem. 1I\\\\\\
4 / 2 = 2 rem. O\\\\\\\
2/ 2 = 1 rem. O\\\\\\\\
1/ 2 = O rem. I1I\\\\\\\\\ <-- MSB (most significant
bit)
ANNNNNNNNNY
1001011000 <----- all of the

remainders from the division are then arranged in reverse order, from
MSB to LSB to form the correct binary sequence.



Some of Cods Numbers

Decimal No. Binary No. 8421 BCD Octal No. Hexadecimal No.
10° 10% 10*10° 2322120 g 8% 8!8’ 16° 16° 1' 16°

0 000000 0000 0000 00 00

1 000001 0000 0001 01 01

2 000010 0000 0010 02 02

3 000011 0000 0011 03 03

4 000100 0000 0100 04 04

5 000101 0000 0101 05 05

6 000110 0000 0110 06 06

7 000111 0000 0111 07 07

8 001000 0000 1000 10 08

9 001001 0000 1001 11 09

10 001010 0001 0000 12 0A

11 001011 0001 0001 13 0B

12 001100 0001 0010 14 0oC

13 001101 0001 0011 15 0D

14 001110 0001 0100 16 OE

15 001111 0001 0101 17 OF

16 010000 0001 0110 20 10

17 010001 0001 0111 21 11

18 010010 0001 1000 22 12

19 010011 0001 1001 23 13

20 010100 0010 0000 24 14

Examples:
Decimal, Binary, Octal and Hexadecimal Numbers from (16),, to (31,

Dec | 16 |7 I8 19 0 21 by 23 i 25 26 2 % 29 0 3
Bin | 10000 10000] 1001010011 10100 10101 1OLLO {10011 |1 1000]1 1001 |1 1010{ 1 1001 |11100) L 1100 | 1110|1111
Oct | 20 21 22 23 U 25 26 27 30 3l 1 3 M 35 36 LY
Hex | 10 [ 12 13 14 13 L 17 8 19 [A 1B IC 11} IE IF

(1010011.101), = 26424421 4204 271 42-3 = 83.625

(10101110.1001), = 27427+ 273 422 421 4 271 4 2% = 74,5625




Decimal Binarv Cicral Hexadecimal
3603125 LO1 1100010101 561.24 171.5
189,625 oL ioL. o] 2755 BD.A
214.625 L1010 10101 326.5 DA
62407625 PLLTOOILL 1000111101 1717075 FiCT.A
a)
Al7562 2 16612 D45 %8 =36 == 3
2944 1 DA0xE =48 == 4
allIx & Dad=8 =64 == 6
s 6 0.20x8 =32 = 3 3463
sl 1
{0

b

)

(7562.45)y = (16612.3463)
(1938.257),y = (79241CB) ¢
(175.175);p = (10101111.001011),



Some of BCD Cods

DECIMAL | 2421 2421 5421 -2841 | 5043210 | EXCESS-3 SEVEN -
SEGEMENT
0 0000 0000 0000 0000 | 0100001 0011 1111110
1 0001 0001 0001 0001 | 0100010 0100 0110000
2 0010 0010 0010 1010 | 0100100 0101 1101101
3 0011 0011 0011 1011 | 0101000 0110 1111001
4 0100 01000 0100 1010 | 0110000 0111 0110011
5 0101 1011 1000 0011 | 1000001 1000 0011011
6 0110 1100 1001 1100 | 1000010 1001 0011111
7 0111 1191 1010 1101 | 1000100 1010 1110000
8 1110 1110 1011 0100 | 1001000 1011 1111111
9 1111 1111 1100 0101 | 1010000 1100 1110011




Prepared by: Dr. Ibtesam Karhiy

Logic Gates and Boolen Algebra:
Logic Gates: In digital electronics a gate is "a circuit with one output and two or
more inputs". An output of the gate occurs only for certain combination of the input

signal.

1. Inverter or NOT Gate:

Truth Table The Sample NOT Circuit (Inverter)
I/P | O/P _ el
Al A A —{>— A
01l 1 A 4ol>; A
0 o
1P
|
2. OR Gate:
Truth Table The Sample Diode-Resister Logic Circuit
I/P O/P A %
B | A| X=A+B ) o— : -—N——'Ag
00 0 e 2P "
0|1 1 L
1|0 1 Truth Table
i : /P O/p TTL Logic circuit
C|B|A|X=A+B+C e
0lolo 0 31/P
0(0]1 1
0O[1]0 1 A "W "
O(1]1 1
1100 1 3
1101 1 L
1[1]0 1
1[1]1 1




3. NOR Gate:

Truth Table The Sample
/P O/P
B| A A+B
0|0 ! DY e MBAE = AT ) AB [ AB
B B
0ol 1 0 7402 7432 7404
iR IR
1] 1 0 WL

vee

% /P
F2 —*

Y A —p—
— B )
|--"'
[
]
§R1 293 1
1
4. AND Gate:
Truth Table The Sample
I/P O/P A A
B| A| X=AB > E‘
0o o - L oo §
01 0 il 1
110 0 e
1] 1 L .
b
A, 5, s —— |,
”

=g
i1



5. NAND Gate:

Truth Table
I/P O/P
B| A | X=AB
010 1
0|1 1
10 1
1|1 0

el T e
haxi fan in=2
ST T3 110 Q

Vo .

7400 NAND gate with 2 input
7410 NAND gate with 3 input
7420 NAND gate with 4 input
7430 NAND gate with 8 input

' Maximum fan out=10

The Sample
VOO
141312 1110 & 5
A =45 Ty ! 1 3
B
NAND Gate D
1 =% 7400
al 1
0 1 ) ! 1]
o] i 44 67
Ground
VCC
e
R2 R4
§R1 §
03
D
ol b
A 7? [ a2
B
0P
04
D1 |D2 ) |:
§R3
Standard TTL circuit

OFF I ON s (e g il Q3 255 5 4kl 5 z1 A 450 e Jsanl) o ghall Loyl (e (2 jall

|?4EIEII 0.4

10

(70 G 0) 3~ dapn Jaad (]

VI1L=0-8 V 2
VIH=2V

VOL=0-4 V

VOH=2-4V

Fan-Out =10 3
Fan-In=10

Noise Immunity = 0.4 A



open collector ¢ siall panall IXNAND gate (o ba (A5 pIall J5aTQ3 ad ) 2ic |5

z ) s 3 0 e (S VCC 5 O/P 00 4 ) i A slie Loy ) oy TrQ3 2525 pand

e Y1 Y U cilia (any (e de sliall Ao
oyl ball oy 1 A0S s Lgaladiad A dalall 8 ) (KU shall JSE (e el 6
Ml JSEN 3 LS A Hal) il A glie g Sl 1YL #1 A

VCC

R

VCC v
R A a1
Ao—
Ber _l_
Ce—— W -
0 +—

C{DS

1) 5 5ae ALl 5 50001 (355 () Sy 7

1. Standard TTL
2. Low Power TTL
3. High speed TTL

4. Schottky-clamped TTL
5. 3-Stable O/P
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6. State logic gate:
1. Low control with inverter
2. High control without inverter

P —% Q5

Caontrol
3-State(Tri-State)
Active High without inverter

C |I/P| O/P
0| 0| HZ
01| HZ
110 0
I |1 1

r= —[%o* o=

Control

3-State(Tri-State)
Active High with inverter

C |I/P| O/P
0| 0| HZ
01| HZ
110

1|1 0

12

|;P—[?~ op

Control

3-State(Tri-State)
Active Low without inverter

C |I/P| O/P
010 0
0|1 1
1 0] HZ
1 | 1] HZ

P —% 0P

Cantral
3-State(Tri-State)
Active Low with inverter

C |I/P| O/P
010 1
01 0
10| HZ
1|1 | HZ

AL L gl b e
Addle 308 ePDlgiul ]
aallde yu 2
laig 3



CMOS(Complementary Logic Metal Oxide Semiconductor) = il sall (s LAl [
r YL Dl

FET _siw i jiaaddud (]

TTL e il 58 einl 2

@Syl Alal 3

ol LSl TTL (e el Lewna (580 ALKl 35l 4

Aad )l il sall e 5 AT g5

I'L .1
LKl i) gald) ‘;J Glaladt ) Lelg Bipolar A yaal) 4 Sy g 3 Al g ) gall oda PR
Large Scale Integration LSI 3 xSl

CCD .2
CMOS i sdl 4glia Charge Coupled Devices

7. EX-OR gate Exclusive OR gate:

Truth Table The Sample

I/P O/P
B| A |X=A®B

A ArB=AB+AB A A+E

[0 o | gTpoamARR
0|1 1
110 1
1|1 0

Another way to implement E-XOR:

(AB)(A+B)= (A+B) (A+B)
=AA+AB+BA+BB=AB+BA=A®B

AB+BA=A®B

13



8. Exclusive-NOR-gate(EX-NOR):

Truth Table The Sample
A . S—
/P O/P ajD“—“a‘ B _AB+A.B=A®B
B| A |X=A®B
010 1
01 0
10 0
1|1 1

H.W: implement OR gate and NAND gate and inverter using NOR gate only?

SOME applications of EX-OR gate

1. Parity generator and parity checker to determine the parity of a binary number
(i.e. odd or even) an EX-OR may be used to implement parity follows:

D ewen parity generatar
L . odd parity generatar

4-bit parity generator

A

S::)D_‘—)D_‘_) No. of Ex-OR= (No. of bit)-1
D 1> @]

. )

even parity checker

B . odd parity checker

4-bit parity checker P P
C|B|A
even | odd
H.W: Find the parity of the following binary number | [0 | 0| 0 1
and implement the parity checker, 11011101, olol1| 1 0
110111, and 11011101107
O[1]0] 1 0
O(1j1] O 1
1{0]0] 1 0

14




2. Binary to GRAY code conversion:
The main feature of gray code is that each gray number differs from the
preceding gray number by a single bit

TO generate the GRAY code:
1. The first gray digit is the same as binary digit.

2. Add each pair of adjacent—bits to get the next digit using modulo-2 (EX-
OR) addition:

S @ ) @

0 1 1 0 1 .

Binary
A e
0 1 0 1 1

No. of Ex-OR= (No. of bit)-1

H.W: Using binary to gray converter find the gray of the following binary
number 1011011, 111011000, 110110111017

H.W: Implement EX-OR by using:

1. NAND gate only
2. NOR gate only

Boolean algebra and demorgan's theorem

1. Basic laws: 2. Commutative law:
a) X-0=0 a) X'Y=Y-X
b) X+0=X b) X+Y=Y+X
c) X-1=X 3. Associative low:
d) X+1=1 a) (X+Y)+Z=X+(Y+Z)
e) X- X=X b) X' Y-Z=X(Y-Z)
f) X+X=X
g) X-X=0
h) X+X=1
i) X=X

15



4. Demorgan's theorem:

a) X-Y=X+Y
b) X+Y=X'Y
Proofing: .

XY | XY | X+Y | X+Y | XY
00 | 0:0=1 | 1+1=1 | 0+0=1 | 1-1=1
01 |01=1| 140=1 | 0+1=0 | 1-0=0
10| 1:0=1 | 0+1=1 | 1+0=0 | 0-1=0
11| 1-1=0 | 0+0=0 | 1+1=0 | 0-0=0

Proof by truth table of Demorgan's relationship

5. Distributive law:
a) X (Y+2)=(X-Y)+(X.Z2)
b) X+H(Y-Z2)=(X+Y)(X+Z)

Proofing: __

XHY-Z)=X(Y:2) Demorgan's theorem
=X-(Y+Z)=(X-Y)-(X-Z) Distributive law
=(X+Y)(X+Z) Distributive law

6. Miscellaneous theorems
a) A+AB=A
b) A(A+B)=A+AB=A(1+B)=A
¢) (A+B)(A+C)=A+BC
d) A+AB=A+B
e) A(A+B)=AB
f) (A+B)(A+C)=AC+AB
g) AB+AC=(A+C)(A+B)

Example: Show that X=ABC+ABC+ABC can be simplified to X=A(B+C) and
implement the logic circuit for each expression:

X=AC(B+B)+ABC B+B =1
=AC+ABC=A(C+BC )=A(B+C)

lguip=2
|

As p
Y—i—\ T KEABHC) B D_.

Simplified Circuit

16



H.W:
1. Simplified X=(A+B)(A+B)(A+B) and implement the logic circuit?
2. Show how NAND gates are used to implement X=AB+CD (Use NAND gate
with 2 input only)?
H.W:
1. Give the O/P of logic circuits:
X=CA+BC(A+B)+B
a) Implement the logic gate circuit?
b) Simplify the expression and implement the logic circuit?
c) What is the value of X when A=0, B=1, C=0
A=0, B=0, C=1

A-C+A-B-C=A-C+B-C
F=(A.C)+(A.B.C)+(A.C.D)+(C.D)
F=X-(Y+Z)(X+Y+Z)(XY-Z)
F=A-C-(B+B-D)+(A-C-D)

bk e

Solve of (4):
F=X+(Y_+7)-(X+?+Z)-(X_+Y+Z) Demorgan's theorem
={XHYZ)} {X+Z+(Y'Y)}
={(X+Y)(X+Z)}(X+Z)
=(X+Y)(X+Z)
=X+H(Y"Z)

KARNOUGH MAP (K-MAP):

1. Two variable B, A:

vy

2. Three variable A, B, C:

00 0l llBlO

2|
>
>| (@) [\]

17



3. Four variables:

BA A A A

De~_ 00 | 01 11|10
D 8(1) 0 1 3 | €

4 5 7 6
11 12 13 15 14 ¢
D —
10 8 9 11 0| €

B B

(Y (385 g IS A A ladiuly Y abeall Jagsi A8yl (aidli (Say
5 Alaleally Al dlac Y1 el Jlaca YU ) sil) Sl 5 aslid i J L Al e ] J) s ]
Don't Care (X) « Jiad Jiaill A4 pedia e
paic dsagate Al edndi e Jixaa (1) dsl, 2,4, 8 dlaely cilay yall (e dae 581 0aa 2
eblal g Glll Juals SN aedza Al
(A le sane pa B palic e OS i) de sene IS Cidal 5 aalaall (il yaial
OR 4l 53 3 ganl) Laalas 4 sl Aalaall (S
Jobaial daal yall bl yiiad Y

n W
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Simplified of the O/P of 7 segment display

There are two important types of 7-segment LED digital display.

e The Common Cathode Display (CCD) - In the common cathode display, all the cathode
connections of the LEDs are joined together to logic "0" and the individual segments are
illuminated by application of a "HIGH", logic "1" signal to the individual Anode terminals.

e The Common Anode Display (CAD) - In the common anode display, all the anode

connections of the LEDs are joined together to logic "1" and the individual segments are
illuminated by connecting the individual Cathode terminals to a "LOW", logic "0" signal.

i
L

—pfe

7-Segment Display Format

-+

..

%

a
L
f b %
g P
8 c
[d x ’E\
Truth Table for a 7-segment display

Individual Segments Individual Segments

a b c¢c d e f Display a b c¢c d e f g Display
X | X | X | X | x| X 0 X | X | X | X | X | x| X 8
X | x 1 X | x | X X | x 9
X | X X | X X 2 X | X | X X | X | x A
X | x | x X 3 X | x| x| x| x b
X | X X 4 X X | X | x C
X X | X X | X 5 X | X | x| x X d
X X X X 6 X | X E
X | X | X 7 X F
d a d a d = | a d
f b b b B T B If f g B i b
g g g g a g g
e c c E c [ c e c c e c c
d d d d d d d

7-Segment Display Elements for all Numbers.

19



It can be seen that to display any single digit number from 0 to 9 or letter from A to F, we would
need 7 separate segment connections plus one additional connection for the LED's "common"
connection. Also as the segments are basically a standard light emitting diode, the driving circuit
would need to produce up to 20mA of current to illuminate each individual segment and to display
the number 8§, all 7 segments would need to be lit resulting a total current of nearly 140mA, (8 x
20mA). Obviously, the use of so many connections and power consumption is impractical for some
electronic or microprocessor based circuits and so in order to reduce the number of signal lines
required to drive just one single display, display decoders such as the BCD to 7-Segment Display
Decoder and Driver IC's are used instead.

A=fnodde

—

LED (Lighte Emitting Diode) is the base of the 7-Segment wich are: e
¥ sILED

1. Common Anode.
* C=Cathode

(1)Common Anode

2. Common Cathode.

sz 0z oz 3 oz oz
L & Tﬁ? Ti’? ¥ T%f‘ TQ‘?!

(2)Common Cathode

Ky

20



Exercise:
Simplifiy the O/P of 7-segment display as in page 12 ????

D C|B|A G|F|E|D
0/ 0]0]0]O0
11 0]0]0]1
21010170
30107171
41701 1]07]0
5001 1]07]1
6,01 ]1]0
71011171
8, 1107070
971 ]70]0]1
101 (0]1]0
11y 10171
121 (1]0]0
131 (17]0]1
4y 111]1]0
15011171

21



Prepared by: Dr. Ibtesam R. Karhiy Al-Saedi

Designinig Combinatioal Loqgic Circuits

ADDERS & SUBTRUCTORS

The Half Adder

S=A¢HE
C=A-B

A
:)—-c (CARRY)

Schematic Symbol of Half Adder

22

A half adder is a logical circuit that performs an addition operation on two one-bit binary numbers.
The half adder outputs a sum of the two inputs and a carry value.

The drawback of this circuit is that in case of a multibit addition, it cannot include a carry.

Truth Table
Input Output
(I/P) | (O/P)
A[B| S C
00| O 0
110 1 0
01 1 0
11110 1




The Full Adder

A full adder is a logical circuit that performs an addition operation on three one-bit binary
numbers. The full adder produces a sum of the two inputs and carry value. It can be combined with
other full adders (see below) or work on its own.

Truth Table
Input Output
A B (I/P) (O/P)
A|B|C|S |G
0] O0]0]0]O0
I-bit 1,070 1/0
Full C; O] 10110
0OjO0 |1 ]11]0
l L0 (1]0]|1
S 0|1 [1|0]1
1 11711
Schematic symbol for a 1-bit full adder
S =AB’Ci’ +A’BCi’ +A’B’Ci +ABCi
Co = ABCi’+ AB’Ci + A’BCi + ABCi
S =Ci’(AB’+A’B)+Ci(A’B’+ AB)
S =Ci’(A @ B)+Ci(A® B)
S =Ci@(A @ B) oo (1)
Co =AB(Ci’+ Ci) + Ci(B’A +A’B)
Co =AB+Ci(A@PB) ceoviiiiiiiiii i (2)
From equations 1 and 2 , we can draw the following cct. .
I R
S S

23



FA also can be implemented from two HA and the following figures explain this.

i kN
Ha
A
HaA —_D_ __ Co
¥ii 7432
C: | '|

_________ _l
Parallel Binary Adder
—— A3 —— A2 — Al —— A0
— B3 — B2 — BI — B0
\AA 4 VY \AA 4 \AA 4
0 1 0 1 0 1 A3 A2 A1 A0
0F]A < FA [« FA |« HA + B3 B2 B1 B0
Ci Co Co Ci Co
S3 S2 S1 S0
1000 8
! +1001 9
10001 17
Co S3 S2 S1 S0
1 0 0 0 1 (10001)2=(17) 10

Note : we can replace the FH by FA after making Ci = 0 for it equal .
The No. of Adders = No. of bit , therefore , the parallel adder is fast but complex in
implementation.

24



Serial Binary Addition

Serial performs its addition, it is partially dependent on the clock cycle therefore it is slower than
Parallel adder but less complexity. Serial Binary Adder uses one FA , one Df.f and 3 Registers
which requires number of clocks that’s equaled to the number of bits. The important things is the

synchronization between clocks and addition the numbers.

The following figures explain it .

A Sum

11011 1
oofT71-B | FA

Ci Co D

A\ 4

?

CLK

Half Binary SUBTRACTeR
A

B D_ DIFF 0-0=10 0

1-0=1 0

1-1=0 0

)—BORROW 0-1=11

JUp— |
|  HALF  |---—- S=A4A¢B
| suB |
I CHS ) |--—-—-- C=A.C

B - | |

25

DIf.f
Truth Table
Input Output
(1I/P) (O/P)
A|B| S C
0o(0] O 0
110 1 0
011 1 1
11110 0




Full Binary Subtracter

Bo

B

26

Truth Table
Input Output
(I/P) (O/P)
A | B |Bi| D|B,
0] O0]O0]0]O0
1{0]0]11]O0
O] 11011
1 {1]0]01]O0
OO0 1 |1/[1
1 {0]1]01]O0
O] 1] 11]17]1
L | 1|1 ]1]1




Parallel Binary Subtracter

— A3 —— A2 —— Al [— A0
— B3 — B2 — BI — B0
vy vy vy vy
1o 0 0 0 0 0 1 _
FS [+ FS 4 FA |+ ns | A-B-BIn
Bi Bo Bo Bi Bo
| | | A3A2ALA0 8
“B3B2BIB0 9

D3D2D1DO0 -1

Do D3 D2 D1 DO
1 1 1 1 1

4 — bit parallel Binary Subtractor

The circuit give us direct result when A >B but when A < B we have to
take the 2nd complement for the result.

Subtraction by using Adder

There are 2 types for subtragting process . Both of them are used FA and Inverter to
performer the subtraction |[A-B=A+(-B)

1. 1S complement subtracter ( End around carry ).
2. 2S complement subtracter.

27



A3

1 1
1 1 1 1
¥—B3 ‘1;7—132 %7—131 ¥—BO
v v v v
0 1 0

0 0 1 0 1 )
Ci
< FA [+ FA [« FA [+ FA
| Ci Co| Co Ci Co
1 0
1 1
End around Carry
v v v v
S3 S2 S1 SO
0 0 1 1
0 1 0

4- bit 1S complement Binary Subtraction ( End around Carry)

Example:
15— 1 111 1111
-11—>1 011 - +0 1 00
+4 0100 00 11
1
0 10 0

Positive sign

IT —» 1 0
-I15—1 11 1-

o —
— o -
(e} OO
—_ o~
—_ o~

-4 1 11 0
00011

1 0 11

Negative sign 01 00O



A3

Ci Co

1 0
1 1
v v
0 0

A2 | Al
1
v
0 0 1
FA & FA &
Ci Co Ci Co
1 1

Co S3 S2 S1 SO
Cog1 + 1 0 0
Co=0 - 1 1 0 0

4 — bit 2S complement subtraction

Example:

15— 1 111 I 1 11
-11—>1 0 11 - +0 1 0 O
+4 0100 00 11

1
Direct result o0

11— 1 0 11 1 011
15— 1 1 1 1- +0 0 0 O
-4 1 1100 I 0 11

00 0 1 1 1 +
1 10 O
0 011
1 +
Final result 01 00O

29
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To perform the addition and subtraction Processes , It will be better to do it in
the same circuit by using simple control gates ( Ex-OR) .

A-B=A+(-B)=A+(B +1)

) S8 €1

Inverter
Buffer

— A3 —— A2 — Al — AQ

£B3 — B2 — BI1 — B0
“J’ “J’ “J’ Control

Y B3 v B2 Y Y C=1SUB

v v v v C=0ADD

FA [¢ FA [¢ FA [¢ FA
Ci Co Ci Co

A

Co S3 S2 S1 SO

2S Comnlement Adder- Subtrater

30



BCD Addition

BCD, or binary-coded decimal, represents the 10 decimal digits in terms of binary numbers. It is
possible to build digital hardware that man-ip-ulates BCD directly, and such hardware could be
found in early com-puters and many hand-held calculators. The BCD system was chosen for the
internal number system in these machines because it is easy to convert it to alphanumeric
representations for printouts and displays. The compelling advantages of BCD have waned over
time, and these digits are supported by more modern hardware simply to provide backward
compatibility with earlier generations of machines. In this section, we briefly examine the
approaches for constructing BCD arithmetic -elements.

BCD Number Representation

We have met BCD representation in the previous lectures. The decimal digits 0 through 9 are
represented by the 4-bit binary strings 0000 through 1001. The remaining 4-bit encodings, (1010)2
through (1111)2, are treated as don't cares.

Just as in conventional decimal addition, BCD addition is performed one decimal digit at a time.
The question is, what happens when the sum exceeds what can be represented in 4 bits? Stated
differently, what are the conditions under which a carry is generated to the next highest-order BCD
digit?

For example, let's consider the addition of the two BCD digits 5 and 3:

5= 0101
8= 00il
1000 = B

Now consider the sum of 5 and &:

5= 0101
8= 1000
1101 = 131
The sum is (1101)2 = 13, but this result should be correctly represented as 0001 0011 in BCD

notation. Fortunately, there is a simple way to find the correct result. We add 6 (01102) to the digit
sum if it exceeds 9. Let's examine the following cases:

o= 01N 9= 1001

g= 10K = ol
TIN = 19 i decimal 1003 = 18 in delmal
+ 010 + 0110

I =13 53CD TP = 1 4 ;0 3CD

In both cases, by adding six we obtain the correct answer in BCD. This observation is critical to the
design of a BCD adder, as we shall see in the next subsection.
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BCD Adder Design

Figure below gives a block diagram implementation for a BCD adder. The first row of full adders
implements a conventional 4-bit binary adder. The second row provides the capability to add 01102
when the sum obtained by the first row exceeds 9 (1001)2.

Here is how it works. The adders of the second row add the carry-out bit to the sum bits S2 and S1.
Carry-out should be asserted in cases in which we need to add the correction factor. What are these
cases?

The AND gates labeled Al and A2 detect the conditions under which the first-level sum matches
the patterns 11XX2 and 1X1X2. These are exactly the cases in which this sum exceeds 9. When
carry-out is asserted, the XOR gate and the adders in the second row effectively add (0110)2 to the
first row's sum.

There is one further case to consider. The correction factor should also be applied whenever the
first-row sum exceeds 15. We saw such an example with the sum of 9 and 7 above. This case is
easy to detect: the carry-out of the first-row adders will be asserted.

Thus the sum exceeds 9 if either the first-row carry-out is asserted, or the sum matches the pattern
11XX2, or the sum matches the pattern 1X1X2. These are precisely the inputs to the OR gate that
computes the BCD carry-out.

A BCD adder requires over 50% more hardware than a comparable binary adder. Since faster

binary adders are now available, it is no surprise that they have replaced BCD adders in almost all
applications.
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Excess-3 Adder Design
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When you add two XS-3 numbers together, the result is not an XS-3 number. For instance, when
you add 1 and 0 in XS-3 the answer seems to be 4 instead of 1. In order to correct this problem,
when you are finished adding each digit, you have to subtract 3 (binary 11) if the digit is less than
decimal 10 and add three if the number is greater than or equal to decimal 10 (thus causing the
number to wrap).

Your circuit will have two sets of four inputs a=a3,a2,al,a0 and b=b3,b2,b1,b0. It will also have
four outputs Xx=x3,x2,x1,X0. The output X of your circuit should be the excess-3 sum of the input
values a and b. So for example, if a=0100 (representing the value 1) and b=1000 (representing the
value 5), the output x=1001 (representing the value 6).

Your circuit should correctly wrap-around if the two input values are too large. So for example, if
a=0111 (representing the value 4) and b=1011 (representing the value 8), the output x=0101
(representing the value 2). Your circuit should also have a carry input Cin and a carry output Cout.

A block diagram of a circuit that implements the single digit BCD adder is shown below. The two
large blocks are ordinary 4 bit binary adders. In your design notes, include an explanation for why
this design produces the correct excess-3 sum and the correct value for Cout. Use the schematic
editor to create a schematic for this circuit and simulate it. You may use the four bit adder
component in the schematic editor’s symbol library (you’ll find it in the arithmetic section of the
library). Ignore the OFL output (this is used when doing signed arithmetic). Since the circuit is too
large for exhaustive testing, select test cases that demonstrate that the circuit works correctly and
include an explanation for why these test cases are sufficient. Include “boundary cases” such as
adding 0 or 1 and input combinations that are just large enough to generate a carry. Turn in a copy
of your design notes, the schematic and the simulation results.

b

a
Il
A

B
Adder C,L— c,
A+B

Caut C,

out

i

out

Adder cC,
A+B

X
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Digital comparator

A digital comparator or magnitude comparator is a hardware electronic device that takes two
numbers as input in binary form and determines whether one number is greater than, less than or
equal to the other number. Comparators are used in a central processing units (CPU) and
microcontrollers. Examples of digital comparator include the CMOS 4063 and 4585 and the TTL
7485 and 74682-'89.

The analog equivalent of digital comparator is the voltage comparator. Many microcontrollers have
analog comparators on some of their inputs that can be read or trigger an interrupt.

1-bit Comparator Truth Table
Input Output
._._Dji} A<B (I/P) (O/P)
"o - A|B| A>B A=B A<B
. . 00 0 1 0
. ) A=B 1|0 1 0 0
0|1 0 0 1
1 1 0 1 0
[ -A7E
% —

Aoy Vee —
Ay
word A { A

Bo Op-p ——
word B By Oas ——  routput
{ B Oag — p

. . IA B
Cascading input { P

IA =B GND

I
Block diagram of IC 7485 as 4- bit digital comparator

You can connect the 1 bit digital comparator to cascade input of IC 7485 to get 5- bit
digital Comparator or simply to connect the following part to reach the same result.

A<B

A
) o as
B A>B

To design 2- bit digital comparator by using standard logic gates. Let us assume
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A =A1A0 and B = B1B0.

A>B= Al>B1OR A0>B0AND Al=BI.
A>B= AlBI’+(A0B0’), (AIBI + AI’BI")
A>B= AlBI’+(A0BO)AI®BI)

A<B= Al<BI1OR A0<B0AND Al=BI.
A<B= Al’Bl1+ (A0’ B0), (AIB1 +Al’BI’)
A<B= Al’Bl+ (A0 BO’)(AI® BI)

A=B= Al=BI1AND A0=B0
A=B= (AIB1+AI’BI’)(A1B1 + Al’B1")
A=B= (Al®BIl)(A0® B0)
Al o
Bl' ®
. A>B
A0 X

I
o —
Al ::)DO_. .
Bl A=B
o e— —

Al’
Bl

:
5

A0’
BO

2-bit digital comparator

Not : You can test your design by assuming different values for both A word
and b word.
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H.W.)) Design 3- bit digital comparator and 4- bit digital comparator by using
simple gates.

To design 3- bit digital comparator by using standard logic gates. Let us assume
A =A2A1A0 and B = B2B1B0.

A>B= A2>B2ORAI>BI AND (A2=B2) OR A0 > B0 AND (Al=B1) AND (A2= B2)..
A>B= A2B2 +AIBI’'(A2®B2) + AOBO’(AT® B1) (A2 ® B2)

A=B= (A2=B2) AND (Al =B1) AND ( A0 = B0)
A=B=(A20B2) (Al®B1) (A0 ® B0)

A>B= A2>B2ORAl>BIAND (A2=B2) OR A0 > B0 AND (Al=B1) AND (A2= B2)..
A>B= A2’ B2+ AI'BI(A2®B2) + AO’BO(AI® BI) (A2® B2)

®
A2
B2’ t
Al »
Bl &
A0 ¢
BO” J

:D‘ A>B

|
(]

A2

R e—R
e - a8
R —

BO

A2’
B2

AT’
Bl
A0’
BO

J
:

3-bit digital comparator
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To use two 7485 IC to design a combinational circuit that compares two eight-bit numbers,
A = A7A6As5A4A3A2A1A0and B = B7BsBsB4B3B2B1Bo.

Note that the circuit number 1 compares the four least significant bits (0 to 3) and the circuit
number 2 compares the four most significant inputs (4 to 7).

Ag——Ap Ag——1Ap
i i
2—02 G—(2
A3 Az A7 A3
Bg——{Bg A<B Ba Bg A<B }—— B-Bit
Eé_ E; A=D EE—E; =B |—— ggtnpalison
- - f— uts
B5 ——|B5 A=B Br—|Bj A=B P
, lA=B |A<E
Te—1a=B lA=B
1A>B |A=B
= Less Sigmficant More significant
comparalor comparator

Design a nva-bit magnitude comparator

H.W)) Show how you can design high speed method of comparing two 24- bit words with only
two levels of device delay? Use sex 7485 that you can connect them in parallel .
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To compare large numbers by using only 2 ICs 7485, this will be easy to consider
the numbers as blocks.

Ex. To compare 3417 with 7883 as decimals numbers, we can do the following
blocks:

M L AT>BT= AM>BM + (AM=BM) AL > BL
3131 31 31 = Lm +(Em) LL
3017 30 17 AT =BT = (AM = BM) AND (AM=BM)
= EMEL
AT<BT= AM<BM + (AM=BM) AL <BL
= SM + (EM) SL
A>B(LL) _D_
AL
7485 A=B (EL) [ L

A>B (Lm) i * D_

7485 A=B (EN)

@ ) ’
A <B (SM) . D—'—D

=
=
—

To compare a number with its sign by using IC 7485 with some gates,, this will be
easy to deal with sign as extra signal.
The general design will be:

. When sign flag = 0 +signal
| A3 A2 A1|AO]sign | When sign flag = 1 -signal

| B3| B2|B1|BO0 | sign|

AT>BT= AsBs+ AsBs (A >B)+ AsBs(B > A)
AT<BT= AsBs+ AsBs (A <B)+ AsBs(B < A)

AT =BT = AsBs (A=B) + AsBs (A=B)
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7485
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Encoder And Decoder

Binary Decoders

A Decoder is the exact opposite to that of an "Encoder". It is basically, a combinational type logic
circuit that converts the binary code data at its input into one of a number of different output lines,
one at a time producing an equivalent decimal code at its output. Binary Decoders have inputs of
2-bit, 3-bit or 4-bit codes depending upon the number of data input lines, and a "'n-bit"" decoder has
2" output lines. Typical combinations of decoders include, 2-to-4, 3-to-8 and 4-to-16 line
configurations. Binary Decoders are available to "decode" either a Binary or BCD input pattern to
typically a Decimal output code.

m=2"
nXm The decoder is called n to m
decoder Where m < 2"

Example: A 2-to-4 Binary Decoders.

o
1
{13 a e
A Dy
?;:f {>0 (7] :]— Cecoded
{0} 1 1 Chatput
W
5 O =
L |
— —D
B —— ——m [k, A B D, Dy D Ds
ooxe 0 1[0 100
0N = Dy 1 0/0 0 1 0

In this simple example of a 2-to-4 line binary decoder, the binary inputs A and B determine which
output line from DO to D3 is "HIGH" at logic level "1" while the remaining outputs are held
"LOW" at logic "0". Therefore, whichever output line is "HIGH" identifies the binary code present
at the input, in other words it "de-codes" the binary input and these types of binary decoders are
commonly used as Address Decoders in microprocessor memory applications.
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Memory Address Decoding.

A —mB D,
Ap —FC D‘J

MPU J-to-8 Dy
Mi Line
L i s Di=codar Dz

Ds

De

The binary decoder requires 3 address lines, (Ao to Ay) to select each one of the 8 chips (the lower
part of the address), while the remaining 7 address lines (A3 to Ag) select the correct memory
location on that chip (the upper part of the address). Having selected a memory location using the
address bus, the information at the particular internal memory location is sent to the "Data Bus" for
use by the microprocessor. This is of course a simple example but the principals remain the same
for all types of memory chips or modules.

Expansion of Decoder
The expansion of Decoder is achieved using decoder having enable control, as shown below.

Example : 2-to-4 Decoder with enable (E).
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Qo
it 505 E[6, 00, 0, -,
B,  Xrofere o,

00 1(1 000
_.'SC' ) 0 \ Os
Y 01 1o 00 —
F3—0 1 otloo o )
BERIEER All A

s, E 5. 2-4 Line Decoder

Example : Design 3X8 Decoder from two 2X4 Decoder with Enable.

2-t04
Decoder

Dy

Dy

(0
0

Ay No Enable
Ve

0
0

| L | | |

2-t0-4
Decoder

0
0

(
0l b ¢ 0 0 0
I

o1

L M — o
Ll
=

Enable

H.W)) design 4X16 from 3X8 Decoder.

Binary Decoders are very useful devices for converting one digital format to another, such as
binary or BCD type data into decimal or octal etc and commonly available decoder IC's are the
TTL 74LS138 3-to-8 line binary decoder or the 74ALS154 4-to-16 line decoder. They are also very
useful for interfacing to 7-segment displays such as the TTL 74L.S47.
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BCD to 7-Segment Decoder

A e g
BOD 5 —t
Imgrk .
Signal C BECD -
to - =14
[} —m{ 7-Segment [ T 4 & gmﬂ;t;u!s
Decoder -
— |
g

The use of packed BCD allows two BCD digits to be stored within a single byte (8-bits) of data,
allowing a single data byte to hold a BCD number in the range of 00 to 99.

An example of the 4-bit BCD input (0100) representing the number 4 is given below.

T ook pnirs it
Ll iy

S - -
- T - L
——
FeE =
_ F e TR —— Laaan
e | . S eco o l l
[Te3 Lo Fiwe o F—Tieas rrieart — =
— ] [wl=tututal=1y I v
Eruwat F
I —eeeee
= .
-

In practice current limiting resistors of about 150Q to 220Q2 would be connected in series between
the decoder/driver chip and each LED display segment to limit the maximum current flow.
Different display decoders or drivers are available for the different types of display available, e.g.
74L.S48 for common-cathode LED types, 74L.S47 for common-anode LED types, or the CMOS
CD4543 for liquid crystal display (LCD) types.

Liquid crystal displays (LCD’s) have one major advantage over similar LED types in that they
consume much less power and nowadays, both LCD and LED displays are combined together to
form larger Dot-Matrix Alphanumeric type displays.
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The Encoder

Unlike a multiplexer that selects one individual data input line and then sends that data to a single
output line or switch, an Encoder takes all the data inputs one at a time and converts them to a
single encoded output. Then, it is a multi-input data line, combinational logic circuit that converts
the logic level "1" data at its inputs to an equivalent binary code at its output. Generally encoders
produce outputs of 2-bit, 3-bit or 4-bit codes depending upon the number of data input lines and a
"n-bit" encoder has 2" input lines with common types that include 4-to-2, 8-to-3 and 16-to-4 line
configurations. Encoders are available to encode either a decimal or hexadecimal input pattern to
typically a binary or B.C.D. output code.

m=< 2" n

mXn The encoder is called m to n
Encoder

4-to-2 Bit Encoder

Inputs Outputs

Dy — G D; Do Dy Do | @y Qo

D OO 1|0 0

oaa =™ 4,2 —*(h b 0 1 0|0 1
binpails 3, | EMCOCEr D1 0 01 0
' 1 0 0 01 1

Dy — D 0O 0 0| x x

One of the main disadvantages of standard encoders is that they can generate the wrong output code
when there is more than one input present at logic level "1". For example, if we make inputs D; and
D, HIGH at logic "1" at the same time, the resulting output is neither at "01" or at "10" but will be
at "11" which is an output code that is different to the actual input present. One simple way to
overcome this problem is to "Prioritize" the level of each input pin and if there was more than one
input at logic level "1" the actual output code would only correspond to the input with the highest
designated priority. Then this type of encoder are known as Priority Encoders or P-encoder.
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Priority Encoders

Priority Encoders come in many forma and an example of an 8-input Priority Encoder along with
its truth table is as shown below.

8-to-3 Bit Priority Encoder

Lzneat Filoaliy Inputs Outputs
r:[;i - Dy Dg Ds Dy D5 Dz Dy Dg | Q2 Oy Gy
Oy —— G oo o oo oo o oo
U;__... - 0O 0 0 9 0 0 1 x o o 1

8x3 p
Ciy i S 0O 0 0 00 1 x x| 0 o
Lmq_pg‘rgg;r Ll 0 00O 1 x x x |0 1
[lo e 0 00 1 x x x x 1 o
g e 00 1 = % x % ¥ 1 1
Oy ——= 0 1 x = % x x x 1 ]
Highesk Prisiy 1 % % =% % % X X 1 1
= alanf eare
Q0=DI + D3 + D5 + D7
Q1 =D2 + D3 + D6 + D7
Q2 = D4 + D5 + D6 + D7
01
03 (1]
o/
0a
L_J)
oy
— |
0z
D.S (|
(]3]
oy
"
Cd
05 B,
L
(]3]

H.W)) Design Encoder BCD to Binary number .
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Multiplexers & De-multiplexers

The Multiplexer

Multiplexers is a digital logic device that has 2" data input lines and a single output, the logic
input to n inputs select one of 2" data inputs to be connected to the output. Sometimes is simply
called "Mux" or "Muxes", that act like a very fast acting rotary switch. They connect multiple input
lines 2, 4, 8, 16 etc one at a time to a common output line and are used as one method of reducing
the number of logic gates required in a circuit. Multiplexers are individual Analogue Switches as
opposed to the "mechanical" types such as normal conventional switches and relays. Selection of
particular inputs is controlled by asset of selection lines.

Normally, 2" input lines requires n selection lines where bit. An example of a Multiplexer is shown
below.

4:1 MUX

Symbol: Circuit:

emabde —

honnnmn g
CIutpuL
Fanaler s B —a"fﬂ/«n— ! a
“P‘“‘E . =

Inpot & —
gekit [ =i
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F=m0 d0 + m1d1l + m2d2 + m3d3

If we have n select inputs ...

where m, is a minterm of the n select inputs and

27:1 MUX

27 1
S = Z m,d,
2=0

i, is the corresponding data input

Example: Construct (8X1) Mut. From 4X1 .

H.W)) Construct (16X1) Mut. From 4X1 9 use Decoder for selector).

SO
S1

Y SO S1 E
YO 0 0 0
YIL 1 0 0 8X 1
Y2 0 1 0 Mul
Y3 1 1 0
Y4 0 0 1
Y5 1 0 1
Y6 0 1 1 S0 |
Y7 1 1 1 S1
S2

0

1 — | 4X 1

2 —] Mul.

13

>

4T 4x1

55— Mul.

6 —

17
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The De-multiplexer

De-multiplexers or "De-muxes", are the exact opposite of the Multiplexers . It has one single input
data line and then switch it to any one of their individual multiple output lines one at a time. The
De-multiplexer converts the serial data signal at the input to a parallel data at its output lines as
shown below.

1-to-4 Channel De-multiplexer

A o—
F 1X4 . B
Dem. —— C  Cesmmen B Fvalo-gue
D gt , Dala
o— T Quipuls
SO
ST — | o—s
Ot a3 — Lo
Seleorie b — oglc
e A
—_—
—~__ B
F_ | L/
-
- } C
T
=| A D
Output Addressing
Selected SO S1
A 0 0
B 1 0
C 0 1
D 1 1
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Muliplexing enables several signals to be sent over the same channel simultaneously.

In the top diagram, the Multiplexer rotary switch samples each channel in turn, and connects it to the link.
The Demultiplexer switch connects each listener in turn, to the link.

As long as the two switches are rotated in synchronism, Listener 1 will only hear Talker 1, etc.

The minimum sample rate need only be twice the highest frequency of a talker signal, according to Nyquist.
In practice, electronic switches are used.

A synchronising signal is required to keep talkers and listeners in step.

L Telloor § time

SIS EEEEDY

S1’

B
) EI B

Sr’

S1

S(IJD’ E|:> El:D

Sr

4-BIT Multiplexer Demultiplexer
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