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Moore’s Law: The number of transistors on microchips doubles every two years
in Data

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count
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Logic families’ Technologies

e Resistor—transistor logic (RTL)
e Diode—transistor logic (DTL)

* Transistor—transistor logic (TTL) built from bipolar junction transistors. The 74
series

* Metal—-oxide—semiconductor logic (MOS) and Complementary metal—oxide—
semiconductor (CMOS)
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TTL

CMOS

TTL stands for Transistor-Transistor Logic.
The name is derived from the use of two
Bipolar Junction Transistors or BJTs in the
design of each logic gate.

TTL is a classification of integrated circuits
that use of two Bipolar Junction Transistors
or BJTs

CMOQOS stands for Complementary Metal Oxide
Semiconductor.

It is a type of metal-oxide—semiconductor
field-effect transistor (MOSFET) fabrication
process that uses complementary and
symmetrical pairs of p-type and n-

type MOSFETs for logic functions.

CMOS is another classification of ICs that
uses field effect transistors in the design.

The density of logic gates is less in TTL as
compared to CMOS.

The primary advantage of CMOS chips to TTL
chips is in the greater density of logic gates
within the same material.

A single gate on a TTL chip can consume
around 10mW of power.

An equivalent single gate in a CMQOS chip can
consume around 10nW.

TTL chips do not have CMOS logic.

There are CMOS chips that have TTL logic

A logic gate in a TTL chip can consist of a
substantial number of parts as extra
components like resistors are needed.

A single logic gate in a CMOS chip can consist
of as little as two Field Effect Transistors.
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Embedded System Definition

* An embedded system is a microprocessor- or
microcontroller-based system of hardware and

software designed to perform dedicated functions in ® Y P \
Realtime within a larger mechanical or electrical ®
system. e i 9

e The complexity of an embedded system varies
significantly depending on the task for which it is
designed.

 Complexities range from a single microcontroller to

a suite (sz.processors with connected peripherals and Realtime systems
Networks, Time management
* from no user interface to complex graphical user Juggling
interfaces.
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Examples of embedded —e

systems include Slial
*Automotive- Consumer Electronics -Industrial Control —Medical- Networking - Office Automation

e Central heating systems.

* Engine management systems in vehicles.

* Washing machines and dishwashers, TVs and digital phones. Screen Receipt Card
Buttons Printer Reader Speaker

e Digital watches.

* Electronic calculators.

* GPS systems.

e Fitness trackers or Smart watches

* Electronic parking meters and parking pay stations.

* Robotic vacuum cleaners ('robovacs')

* Home security systems.

e Air-conditioners.

* Automated Teller Machine (ATM) OR cash deposit machine CDM: An ATM is an embedded

02001 HowStuffWorks

system vyhich utilizes a crowded computer to set up a ngtwork between a bank ;omputer and Dispiay i Begosit - Kayed
an ATM itself. It also has a microcontroller to bear both input and output operations. Screen Dispenser Slot

Of=0]
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How an Embedded System Works?

 Embedded systems are managed by a brain> The CPU is the brain of a computer :
1- Microcontrollers OR Microprocessor.
2- field-programmable gate arrays (FPGA).

3- PLC.
4- GPU Graphics processing unit OR digital signal processors (DSP).

Lenovo ideapad Y700 PROCESSOR: Intel(R) Core(TM) i5-6300HQ CPU @ 2.30GHz
FPGA 1GHz

PIC 20MHz

Arduino Uno ATmega328P 16 MHz
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Three basic types of

Instruction Pﬂ

computing in Sy

microprocessors 6)liol
the instructions are in a complex form.

a single instruction can contain many low-level instructions.

For example loading data from memory, storing data to the memory, performing basic
operations, etc.

a single instruction has multiple addressing modes.

e CISC (Complex
Instruction Set
Computing)

e 10 M ) gling Can Jshl cidy 5 ddle 482 pling 5 lan Batase dplun Clilee 285 ) Cilallaall 8 a2dins
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instructions are quite simple '
execute quickly. Moreover, the instructions get complete in one clock cycle

also use a few addressing modes only.

Besides, it makes use of multiple registers so that interaction with memory is less.

e RISC (Reduced
Instruction Set
Computing)

Examples are IBM RS6000, DEC Alpha 21064, DEC Alpha 21164, etc.

* EPIC (EXleCltly allows the instructions to compute parallelly by making use of compilers.
Parallel Instruction | - Moreover, the complex instructions also process in fewer clock frequencies.
Computing) Furthermore, it encodes the instructions in 128-bit bundles. Where each bundle contains three instructions
encoded in 41 bits each and a 5-bit template. This 5-bit template contains information about the type of

inctriictionc and thatwhich inctriictione can he ovac |+ed_m_pa.;a.uel
w3 ]
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CISC processors

* The Intel 8086 is a 16-bit microprocessor chip designed by Intel
between early 1976 and June 8, 1978, when it was released.

* The Intel 8088, released July 1, 1979, is a slightly modified chip with
an external 8-bit data bus, and is notable as the processor used in the
original IBM PC design.

* The Intel 386, originally released as 80386 and later renamed i386, is
a 32-bit microprocessor introduced in 1985.
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AVR %
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AVR is a family of microcontrollers developed since 1996 by Atmel, acquired by Microchip Technology in 2016.
AVR® Atmel 8-bit AVR microcontroller (ATmega8, ATmegal68, ATmega328, ATmegal280, or ATmega2560)
These are modified Harvard architecture 8-bit RISC single-chip microcontrollers.

The AVR architecture was conceived by two students at the Norwegian Institute of Technology (NTH),Alf-Egil Bogen and Vegard
Wollan.

A mEl Atmel Corporation was a creator and manufacturer of semiconductors before being subsumed by

Microchip Technology in 2016. _

Arduino uno: ATmega328P Atmel (Arduino)

~22° ONIMUV—
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introduction- %V
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https://www.microchip.com/ Microchip Technology Inc. is a publicly-listed American corporation that manufactures microcontroller,
Founded 1989 = USA Mixed-signal, analog and Flash-IP integrated circuits. Its products include microcontrollers
(PIC, dsPIC, AVR and SAM), Serial EEPROM devices, Serial SRAM devices, embedded security

devices, radio frequency (RF) devices, thermal, power and battery management analog devices, as
well as linear, interface and wireless products.

e PICis a family of microcontrollers made by Microchip Technology, derived from the - originally developed by -

. The name PIC initially referred to Peripheral Interface Controller, and is currently
expanded as Programmable Intelligent Computer.

» dsPICis a high-performance 16-bit RISC microcontroller with the high computation speed of a fully implemented digital signal
processor (DSP). while the PIC Is 8-bit microcontroller.

* https://www.microchip.com/en-us/parametric-search.html/717

_was an American electronics manufacturer based in Horsham, USA.

Founded 1939 / Defunct 1979 Split/Acquired

[Oh0)
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Raspberry Pi %V

* Itis a series of small single-board 6)lioll
computers (SBCs) developed in
the United Kingdom by
the Raspberry Pi Foundation. @::::::nnnnnin @
* The Raspberry Pi hardware has %01 Raspberry Pi 4 Model B
evolved through several versions ST I L
that feature variations in the type of
the central processing unit, amount
of memory capacity, networking
support, and peripheral-device
support.

* The Raspberry Pi 4 uses a Broadcom
BCM2711 SoC with a 1.5 GHz (later
models: 1.8 GHz) 64-bit quad-
core ARM Cortex-A72 processor,
with 1 MB shared L2 cache.

* The Raspberry Pi 4 is available with
2,4 or 8 GB of RAM

Ethernet

1Gb Ethernet
RJ45

Dual band

Wifi / BT

CPU/GPU
Broadcom
BCM2711

ARM Cortex A72

microSD slot
on bottom side

FUN  GLOBAL_EM

2x USB 2.0

Camera

Status LED's

3.5mm out
Composite
Videotaudio

Power in

4 poles jack
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Raspberry Pi GPIO stands for General Purpose Input

Output pins. These pins are used to connect the %V

Raspberry pi board to external input/output deola
- - éyliadl 5VPWR
peripheral devices. 5t et @ 2[5V PWR
This model B consists of a 40-pin GPIO header. Out ‘—’ 3
nf thaca AN ninc 7A ninc ara (GDIN ninc ’vl-l""";'r": . SCL ma
19l GP1I04 |7
GPIO 2 Serial Data {12C sV
GP103 serial clock (20| ) @ |soe mg
awos|@ @ Joro s warrmg mm
Ground . . GPIO 15 (UART RX)
GPIO 17 Chip Enable-CE1 (SP11 . . GPIO 18 Chip Enable-CEO (SP1) [PWM] mm
GPIO 27 ‘ ' Ground m
GPIO 22 . . GPIO 23 m
By ‘ . P10 24 w
GPIO xomosusmou‘ ‘ Ground
et e spromosi[Gpro 10_|is
GPIO 11 SCLK (SP10) ' . GPIO 8 Chip Enable-CEO (SPI0) m ma
Ground . . GPIO 7 Chip Enable-CE1(SPIO)
GPIO 0 EEPROM Serlal DATA {12C) . . GPIO 1 EEPROM Saerial Clock {12C) m ma
GPIOS . .vauﬂd
GPIO 13 (PWM) Ground
PWM] GPIO 19 MISO (5P 1 . . GPIO 16 Chip Enable-CE2 (SP1 1) a
o Grios o5
h Ground | @) @ [crozsaximy mm
G015 53
Raspberry Pi 4 GPIO Pinout ma
. [m] E_l_
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MCU, MPU and PLC %
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* A microcontroller unit MCU contains one or more CPUs (processor cores) along with memory and programmable
input/output peripherals.

* Microprocessor only have CPU in the chip like most of the Intel Processors but Microcontroller also have RAM, ROM and other
peripherals along with the CPU or processor.

* single metal-oxide-semiconductor (MOS) integrated circuit (IC) chip .
Microcontroller UNIT = Microprocessor UNIT + some Peripherals
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@}u\aj\‘\qj)l\ & 58 ClaSalia
Sensors Smart Home lae zlind ) all dallae dief o jlie
Password WIFI allows you to connect 5 STM32F0-F7
Simple projects with smart phones. ia i gnaS CubelD more
(5¥ina Arduino ide C language S oSl Jand Gl advanced and details
e Ali€a 98 1K yalas Same libraries of Arduino Ol in programming
< Y| but less resources o Axd ol oSl Industrial applications
AVENPRGT: PRt PYREIRY esp32 with camera but Gpio More RAM.
12c-UART-spi without image processing Usb hdmi Can be programmed
C language by Arduino ide and ¢

language
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