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(Signal) </ L&Y o

Q'J’Analog signal is time-varying and generally bound
to a range (e.g. T12V to -12V, 1if we are talking about
voltage signal), but there 1s an infinite number of
values within that continuous range.
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Analog signal —
continuously varying

A digital signal 1s a signal that represents data as a A
sequence of discrete values.
A digital signal can only take on one value from a —
finite set of possible values at a given time.
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Digital signal — large
time divisions

In Digital Electronic Devices, signals which can have just - —
two voltage values (two states): Vi _
HIGH Voltage or LOW Voltage ... Vo |
(true or false ... O or 1 ). o
This i1s why we say “Logic” .. i




Abstraction in Electronics
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Q=AB

IB

AND circuit AND Logic
Abstraction Abstraction

entity AND_Gate1 is
port(A,B:in
bit:Q:out bit);

end entity AND_Gate1

Programming Language Abstraction



MName Symbaol Equation
AND ”‘__::}_ Z = A.B.
B
i
OR E:E}— Z=A+B
NOT o Z-A
A —
NAND H::jo— Z=AB
o,
NOR =] Do— ZeA+B
B
EXCLUSIVE ’;—_J,D_ Z-A@B
OR
EQUIVALENCE A Z=ADB
(EXCLUSIVE E:}D':
NOR)

Truth table
A B | L
0 00
o 1|0
I 0|0
1 111
0 0|0
0 1 |1
1 0 . |
1 1|1
0 1
1 ]
a 0|1
0 1 |
1 0|1
I I [0
0 011
0 1 (0
1 0|0
1 110
o 0|0
o1 1
1 01
1 1 |0
o0 [1
.
1 0|0
1 1 |1

New numbering
system .. “Binary’.

Then need new
mathematics

That can deal with
binary system

This will be

Boolean Algebra
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The XOR Gate : j{}

Example waveforms:

A | *
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Notice that the XOR gate will produce a HIGH only when exactly one
input 1s HIGH.




Name Graphical Symbol :2{;:’:;::': Truth Table
AB|F f
p— F-A<B oo|o A | | [ [ B
| F = AB 1010 — —
1111
AB|F —
A — oofo 4 O e
OR )— F F=A+B 011 B | ) |
B — 101 o |
1111
I A A|F
NOT A _Do_ F - 0|1 A | AR IS
F=A’ 10 20 | ey faviens
AB|F
F p— 00 |1 A | 1 [ |
NAND } F F=AB 011 B ] |
B — 101 .
1110
A B|F
i p 4] B i
NOR ’ :Do—[-‘ F=A+B o 1lo B || B
B 1 0|0 o
1 110
A B|F 7 |
e N (e
A — o oo
XOR ) )}F F=A®B 0 1|1 i | | ) |
. 7 1 01 2 e N
1 110
Basic LOgIC Gated F : Output Waveforms




Decimal Numbers

“In the decimal number system, ten symbols are used.
Theyare 0, 1,2, 3,4, 5, 6,7, 8, and 9 giving the base of 10.

A complete number 1s the weighted sum of the powers of the base.

Thus, the number 9240 can be expressed as;

(9 X103) + (2 X10?) + (4 X 10") + (0 X 10°)
or
0 X 1,000 +2 X100 + 4X10 + 0 X 1

Express the number 480.52 as the sum of values of each digit.

480.52 = (4 X10?) + (8 X 10") + (0 X 10°) + (5 X 10™) +(2 X 1072) -



Binary N |

For digital systems, the binary number system is used. Binary
has a base of two and uses the digits o and 1 to represent
quantities.

The column weights of binary numbers are powers of two
that increase from right to left beginning with 2° =1:

2329532 51 59

For fractional binary numbers, the column weights are negative
powers of two that decrease from left to right:

)=l Ht sy od



= Binary Conversions

The decimal equivalent of a binary number can be determined by adding
the column values of all of the bits that are 1 and discarding all of the bits
that are o.

} Convert the binary number 100101.01 to decimal.

Cnluti ] Start by writing the column weights; then add the weights that
vuiuuvl correspond to each 1in the number.

9.5 5000, i o $oo o diito b o didin Bvivi Jot
3216 8 4 2 1. 2 Y
) B0 v o Wi pid o 1y KA g T |

32 +4 +1  +Ya= 37%
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Binary Conversions

You can convert a decimal whole number to binary by reversing the
procedure. Write the decimal weight of each column and place 1’s in the
columns that sum to the decimal number.

Convert the decimal number 49 to binary.

The column weights double in each position to the right. Write
down column weights until the last number is larger than the one

you want to convert.

905 5 53 5251 50"
6432168 4 2 I
O110 0 O 1
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BCD

Binary coded decimal (BCD) is a weighted
code that is commonly used in digital
systems when it is necessary to show

decimal numbers such as in clock displays.

The table illustrates the difference
between straight binary and BCD.
BCD represents each decimal digit
with a 4-bit code. Notice that the

codes 1010 through 1111 are not used in
BCD.

Decimal| Binary BCD

0 0000 0000
12 | 0001 0001
3 0010 0010
4 0011 0011
5 0100 0100
6 0101 0101
7 0110 0110
3 0111 0111
9 1000 1000
10 | 1001 1001
11 1010 | 00010000
12 | 1011 0001 0001
13 1100 | 00010010
14 | 1101 0001 0011
15 | 110 0001 0100

1111

0001 0101
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A+ A=4 11. A+AB=A+B

9

3

4. 4A-1=A 10. A +AB=A4

5

6. A+ A= 12. A+ B)Y(A+C)=A4+ BC

DeMorgan’s Theorem

DeMorgan’s 15 Theorem

The complement of a product of variables is

equal to the sum of the complemented variables.

AB=A + B
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Rules of Boolean Algebra

2 A+l=1 8 4. 1-0

3 4 0=0 9. A=A

4 1 1A 10. A +AB =4

5. A+ A=4 11. A+AB=A+B

6. A+ A=1 12. A+ B)YA+C)=4+BC

Prove Rule1io byusing Rule 2.
Prove Rulenn byusing Ruleb6.

Rule 12 is called Distributive Law.
Prove Rule12.... How ??...later.
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using Boolean algebra Rules,
1. prove:

AB+BC+AC=AB+AC
2. Show that the function:
F=ABC+A BC+ABC+ABC

equals 1 when A equals1. .



