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* Glimpse from Electronics History

* The notion of “Digital ” in Electronics

* The notion of “Logic” in Electronics

*The notion of “Abstraction” in Electronics

* Pre-view at Digital Logic Gats in Electronics
 Numbering Systems
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Formative Assignments 2 10% (10) 2,12 LO#3,46and7
assessment Projects / Lab. 1 10% (10) Continuous | All

Report 1 10% (10) 13 LO#5,8 and 10
Summative Midterm Exam 2 hr 10% (10) 7 LO#1-7
assessment Final Exam 2hr 50% (50) 16 All
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Analog signal is time-varying and generally bound
to a range (e.g. +12V to -12V, if we are talking about

voltage signal), but there is an infinite number of
values within that continuous range. -

Analog signal —
continunously varyving

A digital signal is a signal that represents data as a Ao

sequence of discrete values.

A digital signal can only take on one value from a

finite set of possible values at a given time. W’T
t

Digital signal — large
time divisions

In Digital Electronic Devices, signals which can have just -
two voltage values (two states): Vo
HIGH Voltage or LOW Voltage ... Vi
(true or false ... Oor 1 ).

This is why we say “Logic” ..

functions uulf in the green zone

HIGH

Invalid

LOW




sy Digital Waveforms

Digital waveforms change between the LOW and
HIGH levels. A positive going pulse Is one that goes
from a normally LOW logic level to a HIGH level and
then back again. Digital waveforms are made up of a

series of pulses.

HIGH - -
Rizsing or /' Falling or
leading edge trailing edge
LOW —
4 g




Pulse Definitions

In addition to frequency and period, repetitive pulse waveforms are
described by the amplitude (A), pulse width (t,,) and duty cycle.

Duty cycle is the ratio of t,, to T.

Volts

Pulse

Amplitude (A) ‘(’;"?th
W.

l —

l«— Period, T —>]

Time
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Timing Diagrams

A timing diagram is used to show the relationship between
two or more digital waveforms,

Clock

A diagram like this can be observed
directly on a logic analyzer.
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Periodic Pulse Waveforms

Periodic pulse waveforms are composed of pulses that repeats
In a fixed interval called the period (T). The frequency is the

rate It repeats and is measured in hertz.

- -
T f

The clock is a basic timing signal that is an example of a
periodic wave.

What is the period of a repetitive wave if f = 3.2 GHz?
1 1

f  32CHz

= alaips




Algebraic

Name Graphical Symbol Function Truth Table
AB|F
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F
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1 100
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Basic Logic Gated

F : Output Waveforms




Abstraction In Electronics—

—

The Easy Way...

R represents the only property of interest

Replace the bulb with a
discrete resistor to calculating the
current.
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Abstraction in Electronics

+Vee MName Symbaol Equation Truth table
A B|Z
. _
A o AAN, @ - AND Z_.:D_Z Z = A.B. g ? g
Transistor A ——rog0 I 00
R Switches & Q . 1 111
B e—AN/\/ @ T2 B o— OR = >—z Z=-A+B 0 0|0
0 1 [1
B Alout -QO:J;_E" 101
0 0 0 § - . B 111
i: ; g R2 AND LOgiC NOT —{o——7= Z=A 11:| I:l'
1 1 1 *
Abstraction NAND S . o ol
o 1|1
AND circuit r
Abstraction NOR =P Z-A7E 0 01
o0 1|0
100
i 10
EXCLUSIVE = >—z Z-A@B 0 0o
OR o1 1
. |
VHDL (programming Language) 1 o
7 1 EQUIVALENCE A Z=A®B
entity AND_G'atel is b S0 A 0ot
port(A,B:in NOR) 1ol
o o 1 1|1
bit:Q:out bit); ;
end entity AND_Gate1 AND Logics examples

Programming Language Abstraction



Abstraction in Electronics

Nature as observed in experiments
| 6 I
] [ ...

E ngine eI'iIlg Physics laws or “abstractions”

® Maxwell's abstraction for

—

® Ohm's tables of data

ls V=RI

a purposeful use [ e d o
Cc L

R V M S

Of SCienCE I Simple amplifier "abstraction"

Operational IDig' al abstraction
amplifier abstraction :D—
:D_ IZomBma?lonal |oglc

ICIocked digital abstpactio
|\~ ligliglipiph

e ]|

IIns‘rruc‘rion set abstraction

s RO ¢
e LQ-‘ ‘ ‘ My ‘ Analog system Pentium, MIPS
e components: :
Modulators, IPr'ogr'ammmg languages
Java, C++, Matlab

! o ! ! oscillators,
e RF amps, | Software systems

power supplies Operating systems, Browsers

| Filters

Mice, toasters, sonar, stereos, doom, space shuttle

© MIT, Circuits and Electronics, Lumped abstraction relationship to physics, 2007




For the rest of semester, we will work only in the

Digital (Logic) Level
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Numbering Syatems —— /-

Decimal Numbers

The position of each digit in a weighted number system is
assigned a weight based on the base or radix of the system.

The radix of decimal numbers is ten, because only ten
symbols (0 through 9) are used to represent any number.

The column weights of decimal numbers are powers of ten
that increase from right to left beginning with 10° =1:

10 10 10 00 1Y 0
For fractional decimal numbers, the column weights

are negative powers of ten that decrease from left to right:
18 10 67 TG00 0

14



Decimal Numbers

Decimal numbers values can be expressed as the sum of the
products of each digit times the column weight for that
digit. Thus, the number 9240 can be expressed as

(9 x 10%) + (2 x 10%) + (4 x 10%) + (0 x 109)
or
9x1,000+2 x100+4x10+0x1

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

480.52 = (4 x 102) + (8 x 10%) + (0 x 10°) + (5x 10!) + (2 x 102)

15



-

Binary Numbers

For digital systems, the binary number system is used.
Binary has a radix of two and uses the digits 0 and 1 to
represent quantities.

The column weights of binary numbers are powers of
two that increase from right to left beginning with 29 =1:

2 2e L N

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

262000 219 e 9994,

16
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Decimal Binary

Binary Numbers Number Number

0 |0000

1 (000

A binar ' z 000
y counting sequence for numbers from s o I

zero to fifteen is shown. 4 | ofloo
_ _ 5 | 0[20f]
Notice the pattern of zeros and ones in each 6 |ollmo
column. 7 |0} T
8 |[Mo0o0

o . 9 |lHoof]
Digital counters frequently have this same 10 |Homo
pattern of digits: 11 |MO I
12 |[gjoo

13 |[dof

14 |[aalo

15 | I
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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.

Start by writing the column weights; then add the
weights that correspond to each 1 in the number.
25 24 23 22 21 20. 2-1 2—2
3216 8 4 2 1. % Y
Lo g0
32 +4 rer f e T

18



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.

26 25 24 28 2221 20,

643216 8 4 2 1.

0L 10001

19
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B Octal Numbers

Octal uses eight characters the numbers
0 through 7 to represent numbers.
There is no 8 or 9 character in octal.

Binary number can easily be converted to
octal by grouping bits 3 at a time and
writing the equivalent octal character for
each group.

Express 1 001 011 000 001 110, in octal:

Group the binary number by 3-bits
starting from the right. Thus, 1130164

/

Decimal | Octal Binary
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
§) §) 0110
7 7 0111
8 10 1000
9 11 1001
10 12 1010
11 13 1011
12 14 1100
13 15 1101
14 16 1110
15 17 1111




Octal Numbers

Octal is also a weighted number
system. The column weights are
powers of 8, which increase from right
to left.

- 83 82 81 80_
Columnwelghts{512 64 8 1.

Express 37024 in decimal.

Start by writing the column weights:

512 64 8 1
3 702

3 (512) + 7 (64) + 0 (8) +2 (1) = 1986,

Decimal | Octal Binary
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
§) §) 0110
7 7 0111
8 10 1000
9 11 1001
10 12 1010
11 13 1011
12 14 1100
13 15 1101
14 16 1110
15 17 1111

21



Hexadecimal Numbers Decimal | Hexadecimal | Binary

0 0 0000

Hexadecimal uses sixteen characters to 1 1 0001
represent numbers: the numbers 0 é g 8812
through 9 and the alphabetic characters 0 ; G
A through F. 5 5 0101
: . 6 6 0110

Large binary number_can easily be | - ; 0111
converted to hexadecimal by grouping 8 g 1000
bits 4 at a time and writing the 9 9 1001
equivalent hexadecimal character. 10 A 1010
11 B 1011

Express 1001 0110 0000 1110, in 12 C 1100
hexadecimal: 13 D 1101

: _ 14 E 1110

Group the binary number by 4-bits 15 E 1111

starting from the right. Thus, 960E
22
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Hexadecimal Numbers

Hexadecimal is a weighted number
system. The column weights are
powers of 16, which increase from
right to left.

: 163 162 16! 160
Column We'ght5{4096 256 16 1 .

Express 1A2F,; in decimal.

Start by writing the column weights:
4096 256 16 1
I A 2 F.

1(4096) + 10(256) +2(16) +15(1) = 6703,

Decimal | Hexadecimal | Binary
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
§) §) 0110
7 7 0111
8 8 1000
9 9 1001
10 A 1010
11 B 1011
12 C 1100
13 D 1101
14 E 1110
15 F 1111

23




BCD Decimal | Binary BCD
_ _ _ 0 | 0000 0000
Binary coded decimal (BCD) is a 1 | 0001 0001
weighted code that is commonly used 2 | 0010 0010
in digital systems when it is necessary 3 | 001l 0011
to show decimal numbers such as in e —
R 5 | 0101 0101
clock displays. 6 | 0110 0110
_ _ 7 | 0111 0111
The table illustrates the difference s | 1000 1000
between straight binary and BCD. 9 | 1001 1001
: i 10 | 1010 | 00010000
BCD represents each decimal digit 11 | 1011 | 00010001
with a 4-bit code. Notice that the codes 12 | 1100 | 00010010
1010 through 1111 are not used in 13 | 1101 | 00010011
BCD. 14 | 1110 | 00010100
15 | 1111 | 00010101

24
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BCD

You can think of BCD in terms of column weights in
groups of four bits. For an 8-bit BCD number, the column
weights are: 80 40 20 10 8 4 2 1.

What are the column weights for the BCD number
1000 0011 0101 1001?

8000 4000 2000 1000 800400200100 80 40 20 10 8 4 2 1

Note that you could add the column weights where there is
a 1 to obtain the decimal number. For this case:

8000 + 200 +100 + 40 + 10 + 8 +1 = 8359,

25



A lab experiment in which BCD
IS converted to decimal 1s shown.

Programmable
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