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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




- Electronics

Electronics is the branch of electrical science which deals
with devices that control the flow of electrons.
Current (1) : flow of electrons, usually expressed in Amperes (A).

(a) (b)

Charge 1s an electrical property of the atomic particles of which
matter consists, measured in coulombs (C).

The charge (e )on one electron Is negative and equal in magnitude to
( 1.602 x 10-*2 C ) which is called as electronic charge.

\Voltage (V) Is the potential difference always across the
circuit element or between two points in a circuit.
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Ohm'’s law states that the voltage (v) across a resistor is
directly proportional to the current (i) flowing through
the resistor (R). Mathematical expression for Ohm’s Law

is as follows: T 107 |
v = 1R
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: Glimpse from Electronics History

 Electronics is the branch of Electrical Engineering.
 Historically: L

T

In 1904 :vacuum thermionic tube (diode)

(1922 - 1937): > 100 million tubes used in
different industries (mainly, radio and Television)

December 1947: 15t Transistor (Solid State Semiconductor)
(the beginning era of miniaturization in electronics)




- Climbs from Electmiﬁwv\/-

December 23, 1947 : a completely new direction in electronics industries :

the first transistor (Solid State semiconductor device)
was demonstrated at the Bell Telephone Laboratories, USA.
(the beginning ear of miniaturization in electronics)

The next major development in electronics came up with the

introduction of Integrated Circuits (1C).

On Sep. 12, 1958, Jack Kilby,
a Texas Instruments engineer, invented

the first integrated circuit, measuring
(11.1 by 1.6 mm).

. Ao Zh
Jack Kilby's original hybrid integrated
circuit from 1958. This was the first
integrated circuit, and was made
from germanium.




Today, the Integrate Circuit of Intel ® Core TM 17 Extreme
Edition Processor of has 731 million transistors in a
package that is only slightly larger than a 1.67 sqg. inches.

In all cases, the information within all electronic devices,
IS in the form of voltage signals or current signals.

Now, only two things which can be done to information (voltage or current) :
it can be Switched or varied.

- Switching: on / off
- Varying : altering the attributes (amplify, change frequency of occurrence)

Accordingly, there are two main types of signals used in electronics:
Analog signals and Digital signals
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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 Vo |
two voltage values (two states): Vo
HIGH \Woltage or LOW \ltage ... Vi
(true or false ... O or1 ). | row

This Is why we say “Logic” ..

functions uulf in the green zone

HIGH
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We could do it the Hard Way...

| Abstraction in Electronics

C - Apply Maxwell's
onsider Differential form Integral form

Faraday's VxE:—a—B §E-d|:—%
ot ot
Continuity v.J—_P fJ-ds __a
ot ot
What is the current through the bulb? | Others v.E=£ fE-dS :;q
£ 0
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Abstraction In Electronics—

—

The Easy Way...

R represents the only property of interest

Replace the bulb with a
discrete resistor to calculating the
current.

and

i ides o (Abstraction ) szl (g i SIY1 e
Aobed @1 dwlol) Sloglall Ao S5l gyl b frolid)
Slomend ) (J.;}wfb SN sles J:u) dampdall 1 9ll g drodal!
wlaglailly 350 dles

A1 eealie ) dadall fsuSTe S¥sls 158 0 (JUEN o S
Just o f ) Olrmgag drblidlly el 681 psgde oo 14
CJU}Q\} Z\.gjj\g‘g\ j‘j.\j‘ oS Olala2 ‘_;1 m.hul‘ oda

Agd dadsuind

Sleglally 35> wenas 3 Abstraction Ji ause s
& (emablidll o )1 81y dliadll LS fs 8 S0l
L S AL




—

Nature as observed in experiments
| 6 h I

| N o1 @ 02 N 03 N 04 N _. |

[} [ J
Englneerlng Physics laws or “abstractions”
® Maxwell's abstraction for
® Ohm's tables of data

[
ls V=RI
Lumped circuit "abstraction"

a purposeful use | ooy arire—d —

R \% Cc L M S

Of SCienCE I Simple amplifier "abstraction"
Sl
Operational

IDig' al abstraction
amplifier abstraction :D—

:[>_

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




Abstraction in Electronics

+Vee MName Symbaol Equation Truth table
A B|Z
- .
A o AAN, @ - AND ::D . Z=-AB g ? g
Transistor A ——rog0 I 0|0
R Switches & Q . 1 1 1
B e—AN/\/ @ T2 B o— OR = >—z Z=-A+B 0 0|0
0 1)1
B A]out ' -QO:J;_E" ol
0 0 0 § - . B 1 1)1
i: ; g R2 AND LOgiC NOT —{o——7= Z=A 11:| I:l'
1 1 1 *
Abstraction NAND S . o ol
0 11
AND circuit L1
Abstraction NOR =P Z-A7E 0 01
o 1|0
100
i 10
EXCLUSIVE = >—z Z-A@B 0 0o
OR 0 | 1
. 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
A i BEEE
bit:Q:out bit); ;
end entity AND_Gate1 AND Logics examples

Programming Language Abstraction



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

Digital (Logic) Level
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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 numbetr.

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

102100102 10= 101 10%
For fractional decimal numbers, the column weights
are negative powers of ten that decrease from left to right:

O 10 100 1019 f0 10
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Decimal Numbers

Decimal numbers can be expressed as the sum of the
products of each digit times the column value 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.

48052 = (A x 109+ (Bx 10 + (O x 109+ (5 X 10 +(2 x 107

15
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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:

22222t

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

202000 219 e 9994
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\\7 < a
B Decimal  Binary

Number Number

o 0000
1 (o000f

A binary counting sequence for numbers 2 |00 9
from zero to fifteen is shown. = YUpN
4 |0foo

Notice the pattern of zeros and ones in 5 | ollom
each column. 6 019
Digital counters frequently have this ; %% é %
same pattern of digits: s Boom
10 |{/0Ljo

11 [0 I

12 ||[aloo

13 | 14jj2/0 ]

14 ||4ja@lo

15 |HE I
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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.

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

LD 00l g el
32 ud e = T
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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.

26 25 24 28 2221 20,

643216 8 4 2 1.

0L 10001
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