Subject-E102 Fundamental of Electronics
Unit 3: Introduction to PCB

[] Introduction to Bread Board
Introduction
What is a breadboard?

A breadboard is a rectangular plastic board with a bunch of tiny holes in it. These holes let you
easily insert electronic components to prototype (meaning to build and test an early version
of) an electronic circuit, like this one with a battery, switch, resistor, and an LED (light-emitting
diode).

The connections are not permanent, so it is easy to remove a component if you make a mistake,
or just start over and do a new project. This makes breadboards great for beginners who are
new to electronics. You can use breadboards to make all sorts of fun electronics projects, from
different types of robots or an electronic drum set, to an electronic rain detector to help conserve
water in a garden, just to name a few.

Are there different kinds of breadboards?

Modern breadboards are made from plastic, and come in all shapes, sizes, and even different
colors. While larger and smaller sizes are available, the most common sizes you will probably
see are "full-size,” "half-size,” and "mini" breadboards. Most breadboards also come with tabs
and notches on the sides that allow you to snap multiple boards together. However, a single
half-sized breadboard is sufficient for many beginner-level projects.

mini




1 PCB designing processes

Intro to PCB Design: How to Design a Printed Circuit Board in 10 Easy Steps

1 Applications

From smartphones to kitchen appliances, electronics play a large part in our daily routine. At
the heart of each piece of electronics is a printed circuit board (PCB). It is the foundation of a
majority of electronic products today. These components come in a vast array of
configurations, allowing them to serve a variety of functions. As electronics expand and
develop across industries, PCB applications continue to grow as well. Today, the use of PCBs
spans just about every industry and continues to evolve into new industries and applications.
PCBs are the major functional centers of most electronics in the modern world. Circuit boards
connect components to one another through a series of related circuits.

Most people will recognize printed circuit boards when they see them. You'll find these small
green chips at the hearts of electronics. PCBs come in an infinite number of configurations and
are made with a variety of materials. Such flexibility allows PCBs to function in a variety of
capacities and applications. We've explored a handful of these applications in more detail
below.

Medical Devices

Electronics contribute significantly to the health-care industry, functioning as diagnostic and
monitoring and treatment devices. The medical applications of these electronic devices
continue to grow as electronics evolve to become more efficient and dense, leading to endless
new possibilities.

At the heart of these medical devices are PCBs. PCBs within the medical industry are highly
specialized in order to fit the unique constraints of medical devices. In many medical
applications, a small package is needed to meet the size requirements for an implant or
emergency room monitor. For this reason, medical PCBs tend to be specialty high-density
interconnect PCBs, also referred to as HDI PCB. Medical PCBs may also be made with flexible
base materials, allowing PCB to flex during use, which can be essential for both internal and
external medical devices.

Because of the health implications associated with them, medical PCBs are held to higher
standards than most other PCB types. Repeatability and reliability are two essential qualities
medical PCB suppliers must achieve, in addition to compliance with stringent medical
regulations.

Medical PCB applications grow as quickly as the medical device industry itself. A few of the
most common medical PCB applications include the following:

 Monitors: Personal and healthcare monitors including blood glucose monitors, heart rate and
blood pressure monitors, and more.

« Scanning Technology: CT scanners and ultrasonic technology often use PCB-based
electronics.

« Control Systems: The equipment controlling fluid infusion, flow rate and dispensation is
electronically controlled.
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* Internal Devices: Heart pacemakers and similar internal medical devices maintain patient
health, run by minuscule PCBs at their centers.

« Scientific Instrumentation: Medical research uses numerous scientific instruments to study
disease and test patient outcomes. These include electronic microscopes, photometers and
control systems for generators and compressors, among other things.

Consumer Electronics

Consumer electronics are the devices we use daily, such as smartphones or computers. Even
the newest models of refrigerators often include electronic components.

Due to the high volume at which these consumer electronics are manufactured, the amount of
PCBs produced to control them must be equal in quantity. These high-volume PCBs have low
per-unit cost, keeping the price of the final product relatively small. The challenge is
maintaining the uniformity and quality of these PCBs, which is why PCB providers have to
comply with strict industry standards and quality-control measures to ensure that every
consumer electronic functions as expected.

The applications of PCBs in consumer electronics are extensive. The following are just a few
of the common uses of PCBs in consumer electronics:

» Mobile Devices: Smartphones and tablets are at the heart of our daily routine, functioning as
everything from our alarm clocks to our GPS.

« Computer Electronics: Desktops and laptops both contain PCBs at their cores, as do the
screens and peripheral devices associated with them.

* Recording Devices: Camcorders, digital cameras, microphones and other recording devices
all rely on their internal PCBs to function.

 Entertainment Systems: Everything in your home entertainment system, from your DVD
player and video-game console to your television and stereo set.

« Home Appliances: Almost every modern device runs using electronic components: Alarm
clocks, microwaves, refrigerator, coffee makers, etc.

Industrial Applications

High-powered industrial applications for PCBs are common as well. These electronic
components control the mechanisms used in factories and manufacturing facilities, and have to
survive the harsh conditions often seen in industrial installations. This can include anything,
including harsh chemicals, vibrating machinery and rough handling.

In such a fast challenging environment, industry standards are equally rigorous.
Currently, thick copper PCBs (significantly thicker than standard ounce PCBs) are often seen
in other applications. This kind of PCB facilitates high-current industrial applications and
battery chargers.

* Industrial Equipment: Many electric drills and presses used in the manufacturing industry
operate using PCB-controlled electronics.

» Measuring Equipment: Equipment used to measure and control pressure, temperature and
other variables in the industrial manufacturing process.
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» Power Equipment: DC-to-AC power inverters, solar power cogeneration equipment and
other power control devices.

Automotive Applications

Cars increasingly rely on electronic components in the modern era. While in the past, electronic
circuits were only actually applied to headlight switches and windshield wipers, modern
automobiles use electronics for far more purposes.

Today's automobiles take advantage of the ever-advancing electronic circuit technology by
incorporating PCBs into some new applications. PCBs working with high-frequency signals
like RF, microwave or millimetre-wave frequencies are often used in sensor applications which
are now common in automobiles. In fact, radar technology once relegated to military vehicles
is now common in modern automobiles to help cars avoid collisions, monitor blind spots and
adapt to traffic conditions when the vehicle is under cruise control.

These advanced systems bring improved safety to roads while simultaneously offering an
improved driving experience, which is why they have become so popular in today's motor
vehicles. The manufacturers of these systems, therefore, have to source and use an increased
number of advanced high-frequency printed circuit boards and associated materials.

Just a few of the common applications of PCBs within automobiles include the following:

« Surrounding Monitors: Newer car models are often designed with substantial safety systems
to help the driver monitor blind spots and more accurately judge distances. Many cars now
come with full-perimeter monitor systems, using radar or cameras to measure distances and
alert the driver to close-proximity objects. These systems require high-quality PCBs in order
to function correctly.

« Control Systems: Car control systems, including engine management systems, fuel
regulators and power supplies, use PCB-based electronics to monitor and manage resources.
Some control systems even drive the car for the driver in certain situations. For example, some
cars on the market today offer automatic parallel-parking functions.

« Navigation Devices: Incorporated navigation devices are now common in modern vehicles,
using GPS computers to help drivers find their way through unfamiliar territory or identify the
fastest route to their destination.

« Audio and Video Devices: Many cars on the market today have advanced dashboards that
connect the vehicle to the radio or a passenger's phone or music device. Additionally, many
family vehicles make use of passenger movie screens to occupy passengers during longer rides.
All these devices are controlled using PCB-based electronics.

Within any of these automobile PCB applications, particular design concerns have to be taken
into consideration. For example, the high-vibration environment of an automobile may put a
large amount of strain on a standard rigid PCB. Instead of a rigid PCB, therefore, many vehicle
electronics manufacturers use flexible PCB, which are more resistant to vibration in addition
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to being small and lightweight. The challenge, then, is to make enough of these high-frequency,
flexible PCBs to meet the needs of the large automobile industry.

Aerospace Applications

Like automotive applications, aerospace applications of PCB require a great deal of precision
and durability. Jets and rockets often go through huge amounts of turbulence in their
atmospheric journeys, meaning that a normal rigid PCB may endure enough stress to become
damaged in the process. To get around this, most aerospace manufacturers use flexible PCB,
which is light and small in addition to being resistant to vibration damage.

In addition to being durable, aerospace PCBs have to be extremely high-functioning and
precise, manufactured for optimal function to avoid technical issues. Since electronics used in
aerospace technology are so crucial to the safety of the vehicle and its crew, it is vital that they
function perfectly.

Most Common Aerospace PCB Applications

Just a few of the more common aerospace applications of PCBs include the following:

» Monitoring Equipment: Instrumentation, including accelerometers, pressure sensors,
microphones and torque and force sensors all use PCBs as part of their basic function. These
products are used within the engines and cockpits of airplanes and rockets, both to monitor the
function of the vehicle and to communicate with ground control.

* Testing Equipment: In addition to the function of an aircraft, PCBs are involved in the
development and testing of air vehicles. Testing equipment that collects data during structural,
vibration and flight testing procedures uses PCBs at its core. This data can then be used to
develop more effective, efficient and safer aircratft.

Lighting Applications

Printed circuit boards provide a versatile base for a variety of high-output LED applications.
LED lighting solutions are quickly gaining steam within a variety of industries, valued for their
low power consumption, high efficiency and impressive light output. When integrated with a
PCB, these LEDs gain even more versatility. PCBs facilitate expanded uses for LED lighting
solutions, specifically including displays and indicators.

A few of the most common applications of PCB LEDs within the lighting industry include the
following:

» The Telecommunications Industry: Telecommunications equipment often uses PCBs to
control their LED indicators and displays. Within this industry, lightweight and durable PCBs
tend to be favourable, primarily because of the density of machinery within the industry.
Because Aluminium substrate PCB tends to feature improved heat transfer properties over FR4
variants, it is commonly found within telecommunications lighting applications.

* The Automotive Industry: PCB LED displays are commonly found in the automotive
industry, specifically on dashboard indicators, in headlights, brake lights and advanced panel
displays. This industry particularly favors circuit board for led lights for their low
manufacturing cost and impressive durability, which improve the value and longevity of the
vehicle.
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* The Computer Technology Industry: PCB-based LEDs are becoming increasingly
common within the computer technology industry, commonly found in desktop and laptop
displays and indicators. Because of the heat-sensitive nature of computer technology,
aluminium-based PCBs are particularly favoured for LED lighting applications within
computers.

» The Medical Industry: Lighting tools are of immense importance in medical applications,
specifically in surgical and emergency applications, where great lighting can help improve a
physician's visibility. Within these applications, LED tends to be the lighting method of choice
for its power and small size. PCBs are often used as the base for these applications, specifically
aluminum PCBs, which last longer and offer better heat-transfer capabilities than other PCB
types. This way, PCB LEDs guarantee long-lasting medical equipment that can repeatedly be
used in a variety of medical settings.

* Residential and Storefront Applications: In addition to the uses listed above, PCB LEDs
are finding increased popularity within homes and businesses in the form of signage and
displays. Smart LED lighting is a cheap way for homeowners to light their homes efficiently,
while customizable LED displays can direct business to storefronts.

While useful in a variety of applications, LEDs tend to be temperature-sensitive, with the
longevity of a LED bulb decreasing as the average temperature of the light fixture increases.
While many conventional PCBs offer excellent functionality, not all are suited for LED
applications. When paired with a LED, some PCBs may not transfer heat quickly enough to
provide a stable temperature environment for the LED to work at maximum efficiency. To
function best within a lighting application, PCBs designed for LEDs have to be designed to
maximize heat transfer ability.

To this end, aluminium-backed PCBs are the perfect solution. The majority of high-lumen-
output LED applications use aluminium-backed PCBs, primarily for the higher levels of
thermal heat transfer aluminium PCBs can achieve. This way, the PCB doesn't need an
additional heat sink in the design, though others could be added to improve the heat transfer
ability of the PCB even further. Incorporating the heat sink into the PCB base itself, however,
allows for more compact designs at lower costs to the manufacturer and the end user.
PCB-based products are used in hundreds of applications across several industries beyond
those listed above. A few examples include the following:

* Firearm Applications: Both military and civilian gun manufacturers often use PCBs in their
testing equipment. Manufacturers will often use such equipment to ensure the safety and
functionality of explosives, guns and ammunition before putting these products on the market.
Some of the equipment used includes penetration shock recorders and impact testing
equipment.

« Marine Applications: Both underwater and sailing applications are common places to find
PCBs. PCBs often control the navigation, engine management and power distribution systems
used on sailing vessels. The fluctuating amounts of pressure and vibration result in a variety of
considerations designers have to make to guarantee proper, continuous function.

« Security Applications: Security systems in and around homes and businesses make use of
PCBs to coordinate the various components and signals used to detect the presence of an



intruder. Smoke, fire and burglar alarms all use PCBs, as do electronic door locks and motion
Sensors.

 Broadcasting and Telecommunications Applications: As stated previously, PCB-based
LED lighting displays are common in the telecommunications and broadcasting industry. PCBs
are applied in a variety of other functions within this industry as well. High-frequency
amplifiers and filtering appliances commonly use PCBs, as do booster stations, receivers,
frequency boards, mixing decks and microphones.
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Unit 5: Introduction to Advance Technologies in Electronics

The field of electronics has rapidly evolved over the last few decades, driving innovations in
nearly every aspect of our daily lives, from communication to healthcare, entertainment, and
industrial applications. Advanced technologies in electronics are continually pushing the
boundaries of what is possible, with a focus on improving performance, miniaturization, energy
efficiency, and functionality. Here’s an overview of the key areas in advanced electronic
technologies and their impact on the modern world:

1. Semiconductor Technology

Semiconductors form the foundation of modern electronics, enabling the development of
devices like computers, smartphones, and sensors. Advanced semiconductor technologies are
pushing the limits of miniaturization, processing power, and energy efficiency. Some key
advancement includes:

e FINFET and 3D Transistors: These are new transistor designs used in advanced
microprocessors, allowing for smaller, more power-efficient devices. FIinFET
technology improves the performance of transistors by reducing leakage current and
improving scalability.

e Quantum Dots: Nanoscale semiconductor particles that can be precisely engineered to
emit specific wavelengths of light, used in applications like displays, solar cells, and
biomedical imaging.

e Moore's Law and Beyond: The famous observation that the number of transistors on
a chip doubles approximately every two years. Although physical limits to Moore's Law
are approaching, new materials (like graphene and carbon nanotubes) and
architectures (such as quantum computing) are emerging to sustain advances in
computing power.

2. Flexible and Wearable Electronics

Wearable technology, from fitness trackers to smartwatches, has become ubiquitous in recent
years, and flexible electronics are enabling even more advanced devices. These technologies
allow for:

e Flexible Circuits: Made from thin, stretchable materials, flexible circuits can be
incorporated into clothing, skin patches, or medical devices, offering new possibilities
for health monitoring and wearable computing.

e Printable Electronics: Using inkjet or roll-to-roll printing techniques, it’s now
possible to print electronic circuits on flexible substrates, reducing manufacturing costs
and enabling mass production of custom electronics.



e Wearable Healthcare Devices: Sensors embedded in wearable devices track health
metrics like heart rate, blood pressure, and oxygen levels, and these devices can
communicate data to healthcare providers for continuous monitoring.

3. Artificial Intelligence (Al) and Machine Learning (ML) in Electronics

Al and ML are reshaping the electronics industry by making devices smarter and more
autonomous. Some key areas of Al integration in electronics include:

e Al in Chip Design: Machine learning algorithms are being used to optimize
semiconductor design, enabling faster and more efficient processors. Al is also helping
to develop chips that can better handle Al workloads.

e Edge Computing: With the rise of 10T (Internet of Things), edge computing involves
processing data locally on devices rather than sending it all to centralized data centers.
This reduces latency and power consumption, making devices more responsive and
efficient.

e Al-driven Autonomous Systems: Advanced electronics, such as autonomous vehicles
and robotics, are being powered by Al algorithms that enable perception, decision-
making, and real-time processing, revolutionizing industries like transportation,
manufacturing, and logistics.

4. Quantum Computing and Quantum Electronics

Quantum computing represents a radical shift in how computation is performed, utilizing the
principles of quantum mechanics to process information in ways classical computers cannot.

e Quantum Bits (Qubits): Unlike classical bits, which can be either 0 or 1, qubits can
exist in multiple states simultaneously, enabling massive parallel processing
capabilities. This makes quantum computing a potential game-changer for solving
complex problems in cryptography, drug discovery, and optimization.

e Quantum Sensors: Using quantum properties to detect incredibly small changes in
temperature, magnetic fields, or other environmental variables, quantum sensors are
expected to lead to advancements in medical diagnostics, navigation systems, and
environmental monitoring.

5. 5G and Beyond

The rollout of 5G networks is driving advances in wireless communication technologies,
enabling faster data transfer speeds, lower latency, and the connectivity of billions of devices.

e Internet of Things (1oT): 5G networks will enable the massive scaling of 10T devices,
allowing smart cities, connected homes, and industrial automation to flourish with more
efficient communication and real-time data processing.



Advanced Antenna Systems: New technologies like MIMO (Multiple Input,
Multiple Output) and beamforming allow 5G systems to deliver high speeds and low
latency, even in crowded or rural environments.

6G Research: Looking ahead, researchers are already exploring 6G networks, which
promise to provide even faster speeds (up to 100x faster than 5G) and enable
technologies such as holographic communication and autonomous Al systems.

6. Energy-Efficient and Green Electronics

As the demand for electronic devices grows, energy consumption and environmental
sustainability are becoming increasingly important.

Low-Power Electronics: Technologies like energy harvesting, which captures
ambient energy (e.g., from solar, motion, or thermal gradients) to power small devices,
are paving the way for self-sustaining electronics in remote locations or wearable
devices.

Carbon Nanotubes and Graphene: These materials are being explored for use in
energy-efficient electronic components because of their extraordinary conductivity and
potential for creating low-power transistors and more efficient batteries.

Sustainable Manufacturing: Advances in sustainable electronics manufacturing
processes, such as reducing toxic materials and energy consumption in production, are
helping to reduce the environmental impact of electronic devices.

7. Nanoelectronics

Nanoelectronics deals with devices and systems that are smaller than 100 nanometers. These
tiny components allow for even greater miniaturization, performance improvements, and new
applications.

Nanotransistors: These are extremely small transistors made using nanomaterials like
carbon nanotubes or quantum dots, allowing for even faster and smaller chips.

Nanotechnology in Sensors: Nanoelectronics is being used to create extremely
sensitive sensors for a wide range of applications, from environmental monitoring to
medical diagnostics.

8. Optoelectronics and Photonics

Optoelectronics involves devices that convert electrical signals into light (or vice versa), and
photonics deals with the generation, manipulation, and detection of light. These technologies
are driving innovations in areas like:



e LEDsand OLEDs: Advanced LEDs and OLEDs (Organic Light Emitting Diodes) are
used in displays, lighting, and signage due to their low energy consumption and high
brightness.

e Li-Fi: A new wireless communication technology using light instead of radio waves,
offering potentially faster and more secure data transmission.

e Integrated Photonics: Combining optical components with traditional electronic
circuits on a single chip, enabling faster, more efficient communication in data centers
and telecommunication networks.

1 Introductions & Applications of Microprocessors

Introduction of microprocessor is shared through PPT

Applications of Microprocessor in General Life There are a lot of applications of
Microprocessor in general life. Some of the applications are given below 1 Mobile Phones [
Digital Watches [1 Washing Machine [1 Computer [1 Lighting Control [ Traffic Control [
LAPTOP ] Modems (1 Power Stations [ Television [1 CD Player [1 Multimeter [1 CRO ] Wave
generator [] More applications in medical

1 Introductions & Applications Microcontrollers

Microcontroller and its Types

A microcontroller (MCU) is a small computer on a single integrated circuit that is designed to
control specific tasks within electronic systems. It combines the functions of a central
processing unit (CPU), memory, and input/output interfaces, all on a single chip.
Microcontrollers are widely used in embedded systems, such as home appliances, automotive
systems, medical devices, and industrial control systems. They are also used in consumer
electronics products, such as gaming systems, digital cameras, and audio players.

A typical microcontroller consists of a processor core, volatile and non-volatile memory,
input/output peripherals, and various communication interfaces. The processor core is
responsible for executing instructions and controlling the other components of the
microcontroller. The memory is used to store data and program code, while the input/output
peripherals are used to interact with the external environment.

Microcontrollers are programmable, which means that they can be customized to perform
specific tasks. The programming languages used to write code for microcontrollers vary
depending on the manufacturer and the type of microcontroller. Some of the commonly used
programming languages include C, C++, and assembly language.



A microcontroller is a self-contained desktop that can be utilized in an embedded system. A
few microcontrollers may run at clock rate rates and use four-bit expressions. Because many
of the devices they control are battery-operated, microcontrollers must often be low-power.
Microcontrollers are found in a wide range of products, including consumer electronics,
automobile engines, computer peripherals, and test and measurement equipment. These are
also well-suited to long-term battery usage. The vast majority of microcontrollers in use today
are embedded in other devices.

The  microcontroller  used in the Embedded System. for  example:

. Security Systems
. Laser Printers
. Automation System
* Robotics

Working of Microcontroller:

The microcontroller chip is a high-speed device, yet it is slow when compared to a computer.
As a result, each command will be executed quickly within the microcontroller. The quartz
oscillator is enabled and through the control logic register once the supply is powered on.
Parasite capacitors will be recharged for a few seconds while the early preparation is taking
place. Once the voltage level reaches its maximum value and the oscillator’s frequency
stabilizes, the operation of writing bits through special function registers becomes stable.
Everything is controlled by the oscillator’s CLK, and the whole electronics will begin to
function. All of this happens in a matter of nanoseconds.

A microcontroller’s major role is that it can be thought of as a self-contained system with a
processor memory. Its peripherals can be used in the same way that an 8051 microcontroller
can. The bulk of microcontrollers in use today are embedded in other types of machinery such
as telephones, appliances, vehicles, and computer system peripherals.

Types of Microcontroller:

Here are some of the most common types of microcontrollers:

e 8-bit Microcontrollers: These are the most basic type of microcontrollers, typically used
in simple applications such as toys, small appliances, and remote controls. They have a
limited processing power and memory capacity, but they are easy to use and cost-effective.

e 16-bit Microcontrollers: These are more advanced than 8-bit microcontrollers and are
capable of performing more complex tasks. They are commonly used in applications such
as medical devices, automotive systems, and industrial control systems.

e 32-bit Microcontrollers: These are the most powerful and feature-rich microcontrollers,
capable of handling large amounts of data and performing high-speed processing. They are
used in applications such as gaming systems, multimedia devices, and high-end industrial
automation.

e ARM Microcontrollers: These microcontrollers are based on the ARM architecture and
are widely used in a variety of applications, including mobile devices, automotive systems,
and industrial control systems.



e PIC Microcontrollers: These microcontrollers are manufactured by Microchip
Technology and are commonly used in a wide range of applications, including home
appliances, automotive systems, and medical devices.

e AVR Microcontrollers: These microcontrollers are manufactured by Atmel Corporation
and are commonly used in applications such as robotics, industrial control systems, and
consumer electronics.

e FPGA-based Microcontrollers: These microcontrollers use field-programmable gate
arrays (FPGASs) to provide highly customizable and flexible processing capabilities. They
are commonly used in applications such as digital signal processing, video processing, and
high-speed networking.

e CPU: The microcontroller is referred to as a CPU device since it is utilized to carry and
decode data before effectively completing the assigned duty. All microcontroller
components are connected to a specific system utilizing a central processing unit. The CPU
can decode instructions retrieved from the programmable memory.

e Memory: The memory chip of a microcontroller functions similarly to a microprocessor
in that it stores all of the data as well as programming. Microcontrollers have a limited
quantity of RAM/ROM/flash memory for storing program source code.

e Input and Output ports: In general, these ports are used to interface or otherwise drive
various appliances like LEDs, LCDs, printers, and so on.

e Serial Ports: Serial ports are used to offer serial interfaces between the microcontroller
and a range of additional peripherals, such as the parallel port.

e Timers: Timers and counters are included in a microcontroller. In a microcontroller, they
are used to manage all timing and counting activities. The fundamental function of a
counter is to count external pulses, whereas timers conduct clock tasks, pulse production,
modulations, frequency measurement, and oscillations, among other things.

e ADC (Analog to Digital Converter): ADC is an acronym for Automated Data Collection
(Analog to Digital Converter). Analog to digital converter is abbreviated as ADC. The
primary function of an ADC is to convert analog signals to digital signals. The required
input signals for ADC are analog, and the resulting digital signal is employed in a variety
of digital applications such as measurement equipment.

e Control Interpretation: This controller is used to provide delayed control to a running
application, with internal or external interpretation.

e Block with Special Functions: A specific function block is included in some special
microcontrollers built for particular devices such as robots and space systems. This block
has additional ports for doing specific tasks.

Microcontroller Applications :

In contrast to microprocessors, which are used in personal computers and other devices,

microcontrollers are mostly employed in embedded devices. These are mostly utilized in a

variety of products such as implantable medical devices, machine tools, automotive engine

control systems, office equipment, remote-controlled appliances, and so on. The following are
some of the most common uses for microcontrollers.



Microcontroller Properties :

Microcontroller devices are capable of having words longer than 64 bits.
Microcontrollers consist of RAM , ROM , Timer , I/O Ports.

Microcontroller ROM is used for program storage and RAM is used for data storage.
It is designed by using CISC architecture.

The power consumption of modern microcontrollers is significantly lower and have
operating voltage range from 1.8V to 5.5V

The latest feature of microcontrollers is flash memory like EPROM and EEPROM.

The most recent feature of a microcontroller is flash memory, such as EPROM and
EEPROM.

For more about microcontrollers, please refer Advantages and Disadvantages of the
microcontroller article.

Uses of Microcontroller:

Microcontrollers are used in a wide range of electronic devices and systems, including:

1.

Home Appliances: Many home appliances, such as washing machines, refrigerators, and
air conditioners, use microcontrollers to perform various functions, such as temperature
control, timing, and monitoring.

Automotive Systems: Microcontrollers are used in automotive systems, such as engine
control units, anti-lock braking systems, and airbag systems, to control various functions
and ensure safe and efficient operation.

Medical Devices: Medical devices, such as insulin pumps, heart monitors, and blood
glucose meters, use microcontrollers to perform various functions and provide accurate and
reliable results.

Industrial Control Systems: Microcontrollers are used in industrial control systems, such
as robotics, process control systems, and manufacturing equipment, to control and monitor
various processes and operations.

Consumer Electronics: Many consumer electronics devices, such as digital cameras,
gaming systems, and audio players, use microcontrollers to perform various functions and
provide advanced features and capabilities.

loT Devices: Internet of Things (10T) devices, such as smart home systems, wearables, and
environmental sensors, use microcontrollers to connect to the internet and perform various
functions.

Aerospace and Defence Systems: Microcontrollers are used in aerospace and defense
systems, such as satellites, avionics, and missiles, to control and monitor various functions
and ensure safe and efficient operation.

Issues in Microcontroller:
Some of the most common issues that can arise with microcontrollers:

1.

Timing Issues: Microcontrollers rely on precise timing to execute instructions and perform
tasks. Any issues with timing can cause errors and malfunctions, which can be difficult to
diagnose and fix.
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2. Power Issues: Microcontrollers require a stable and consistent power supply to operate
correctly. Any fluctuations or disruptions in the power supply can cause the microcontroller
to malfunction or fail.

3. Heat Issues: Microcontrollers generate heat during operation, and excessive heat can
damage the device or cause it to malfunction. Heat issues can be caused by poor design,
inadequate cooling, or high ambient temperatures.

4. Noise Issues: Microcontrollers can be affected by electromagnetic interference (EMI) and
radio frequency interference (RFI) from other electronic devices, which can cause errors
and malfunctions.

5. Code Issues: The programming code used to control the microcontroller can contain errors
and bugs, which can cause the device to malfunction or fail.

6. Security Issues: Microcontrollers can be wvulnerable to security breaches, including
unauthorized access, data theft, and malware attacks.

7. Compatibility Issues: Microcontrollers may not be compatible with other electronic
components or devices, which can cause errors and malfunctions.

General Applications of Microcontrollers:

e Smart energy

e Building automation

e Robotics

e Automotive

e Industrial automation

e 10T deployments

e Electromechanical systems in devices such as fridges, mobile phones, ovens, etc.

e Office machines such as scanners, photocopiers, fax machines, security systems,
ATMs, etc.

1 Introductions & Applications Arduino Uno

Arduino UNO

The Arduino UNO is a standard board of Arduino. Here UNO means ‘one' in Italian. It was
named as UNO to label the first release of Arduino Software. It was also the first USB board
released by Arduino. It is considered as the powerful board used in various projects. Arduino.cc
developed the Arduino UNO board.

Arduino UNO is based on an ATmega328P microcontroller. It is easy to use compared to other
boards, such as the Arduino Mega board, etc. The board consists of digital and analog
Input/output pins (1/0), shields, and other circuits.

The Arduino UNO includes 6 analog pin inputs, 14 digital pins, a USB connector, a power
jack, and an ICSP (In-Circuit Serial Programming) header. It is programmed based on IDE,
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which stands for Integrated Development Environment. It can run on both online and offline
platforms.

TX and RX LED's
Reset

Button AREF Digital I/O pins
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Let's discuss each component in detail.

o ATmega328 Microcontroller- It is a single chip Microcontroller of the ATmel family.
The processor code inside it is of 8-bit. It combines Memory (SRAM, EEPROM, and
Flash), Analog to Digital Converter, SPI serial ports, 1/0O lines, registers, timer,
external and internal interrupts, and oscillator.

o ICSP pin - The In-Circuit Serial Programming pin allows the user to program using
the firmware of the Arduino board.

o Power LED Indicator- The ON status of LED shows the power is activated. When the
power is OFF, the LED will not light up.

o Digital 1/O pins- The digital pins have the value HIGH or LOW. The pins numbered
from DO to D13 are digital pins.

o TXand RX LED's- The successful flow of data is represented by the lighting of these
LED's.

o AREF- the Analog Reference (AREF) pin is used to feed a reference voltage to the
Arduino UNO board from the external power supply.

o Reset button- It is used to add a Reset button to the connection.

o USB- It allows the board to connect to the computer. It is essential for the programming
of the Arduino UNO board.

o Crystal Oscillator- The Crystal oscillator has a frequency of 16MHz, which makes the
Arduino UNO a powerful board.

o Voltage Regulator- The voltage regulator converts the input voltage to 5V.



o GND- Ground pins. The ground pin acts as a pin with zero voltage.

o Vin- Itis the input voltage.

o Analog Pins- The pins numbered from AO to A5 are analog pins. The function of
Analog pins is to read the analog sensor used in the connection. It can also act as GPIO
(General Purpose Input Output) pins.

Why is Arduino recommended over other boards for beginners?

The USB port in the Arduino board is used to connect the board to the computer using the USB
cable. The cable acts as a serial port and as the power supply to interface the board. Such dual
functioning makes it unique to recommend and easy to use for beginners.

What is the main difference between Arduino UNO and Arduino Nano?
The Arduino Nano has a compact size and mini USB cable than the Arduino UNO.

What is the main difference between Arduino UNO and Arduino Mega?
The Arduino UNO is a standard board recommended to beginners, while Arduino Mega is used
for complex projects due to its greater memory space.

The preinstalled flash has a bootloader, which takes the memory of 0.5 Kb.
Here, SRAM stands for Static Random Access Memory, and EEPROM stands for Electrically
Erasable Programmable Read-Only Memory.

Technical Specifications of Arduino UNO
The technical specifications of the Arduino UNO are listed below:

o There are 20 Input/Output pins present on the Arduino UNO board. These 20 pis
include 6 PWM pins, 6 analog pins, and 8 digital 1/0 pins.

o The PWM pins are Pulse Width Modulation capable pins.

o The crystal oscillator present in Arduino UNO comes with a frequency of 16MHz.
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o Italso has an Arduino integrated WiFi module. Such an Arduino UNO board is based
on the Integrated WiFi ESP8266 Module and ATmega328P microcontroller.

o The input voltage of the UNO board varies from 7V to 20V.

o Arduino UNO automatically draws power from the external power supply. It can also
draw power from the USB.

How to get started with Arduino UNO?

We can program the Arduino UNO using the Arduino IDE. The Arduino IDE is the Integral
Development program, which is common to all the boards.

We can also use Arduino Web Editor, which allows us to upload sketches and write the code
from our web browser (Google Chrome recommended) to any Arduino Board. It is an online
platform.

The USB connection is essential to connect the computer with the board. After the connection,
the PWR pins will light in green. It is a green power LED.

The steps to get started with Arduino UNO are listed below:

o Install the drivers of the board.

As soon as we connect the board to the computer, Windows from XP to 10 will automatically
install the board drivers.
But, if you have expanded or downloaded the zip package, follow the below steps:

1. Click on Start -> Control Panel -> System and Security.

2. Click on System -> Device Manager -> Ports (COM &LPT) -> Arduino UNO
(COMXxXx). If the COM&LPT is absent, look at Other Devices -> Unknown Device.

3. Right-click to Arduino UNO (COmxx) -> Update Driver Software -> Browse my
computer for driver software.

4. Select the file "inf" to navigate else, select "ArduinoUNO.inf" .

5. Installation Finished.

o Open the code or sketch written in the Arduino software.
o Select the type of board.
Click on "Tools" and select Board, as shown below:

Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload

Manage Libraries... Ctrl+Shift+|
Seral Monitor Ctrl+Shift+M
Serial Plotter Ctrl+5Shift+L

WIFT0 S WiFiMINA Firrware Updater

Board: "Arduino Uno"
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o Select the port. Click on the Tools -> Port (select the port). The port likely will
be COM3 or higher. For example, COMBG, etc. The COM1 and COM2 ports will not
appear, because these two ports are reserved for the hardware serial ports.

o Now, upload and run the written code or sketch.

To upload and run, click on the button present on the top panel of the Arduino display, as
shown below:
File Edit Sketch Tools Help

v E n ﬂ LUpload

Within the few seconds after the compile and run of code or sketch, the RX and TX light present
on the Arduino board will flash.

The 'Done Uploading' message will appear after the code is successfully uploaded. The
message will be visible in the status bar.

Arduino UNO Applications

The Arduino boards can work as a stand-alone project and can be interfaced with other Arduino
boards or Raspberry Pi boards. Arduino UNO board is used in the following applications.

e Weighing Machines

e Traffic Light Countdown Timer
e Parking Lot Counter

e Embedded systems

e Home Automation

e Industrial Automation

e Medical Instrument

e Emergency Light for Railways



Subject-E102 Fundamental of Electronics

Unit 4: Introduction to Electronic Measurement Instruments

"1 Digital Multimeter

A digital multimeter (DMM) is a versatile electronic device used to measure various electrical
properties, including voltage, current, and resistance. The device displays the measurements
on a digital screen, making it easy to read and understand the results accurately. Digital
multimeters have replaced traditional analog meters and offer higher accuracy, reliability, and

better handling of impedance.

What is impedance?

Impedance is an important concept in electrical circuits because it affects the behaviour of the
circuit and can impact the accuracy of measurements. In simple terms, impedance is like a
measure of the "opposition” a circuit offers to the flow of electrical current. The higher the
impedance, the less current that can flow through the circuit. This can be an advantage in certain
situations, such as when measuring a circuit with delicate components that could be damaged
by excess current.
High input impedance also allows for more accurate measurements of voltage and current in
circuits with high impedance, as it reduces the influence of the measurement instrument on the
circuit being measured. Understanding impedance is important for anyone working with

electrical circuits, as it can impact the performance and accuracy of the circuit.

Advantages of digital multimeters over analog meters

Digital multimeters offer several advantages over analog meters, including:

e Accurate measurements: Digital multimeters provide more accurate measurements
than analog meters, making them ideal for precise electrical measurements. They have
a higher resolution, which allows them to measure changes in small electrical signals

more accurately.

e Reliable performance: Digital multimeters have a more stable and reliable
performance than analog meters. They are less susceptible to temperature changes and

are less likely to drift over time.
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e Handling Impedance: Digital multimeters have high input impedance. This helps

ensure accurate measurements and prevents damage to sensitive electronic components.

How to use a digital multimeter

Digital multimeters consolidate the functionality of several single-purpose meters, including
voltmeters, ammeters, and ohmmeters, into one comprehensive device. Additionally, they
often incorporate specialized features and customization options, making them versatile and
adaptable tools for technicians.

A digital multimeter consists of four main parts:

1. Screen: Used to display measurements.

2. Buttons: Used to select functions.

3. Dial or switch: Used to choose the type of measurement.

4. Jacks: Used to connect test leads.
Test leads are flexible, insulated wires that are typically color-coded—red for positive and
black for negative. These leads serve as the essential connectors between the device being
tested and the digital multimeter. The probe tips at the ends of these leads are crucial for

conducting circuit tests.
Resolution of digital multimeters

When it comes to digital multimeters, we use the terms "counts” and "digits™ to talk about how
precisely they can measure things. Knowing a multimeter resolution helps technicians figure
out if it can spot really tiny changes in the signal it's measuring. For example, if a multimeter
can measure 1 millivolt (1 mV) on the 4-volt setting, it means it can notice changes as small as

1 millivolt, which is just 1/1000th of a volt, even when measuring 1 volt.

Types of digital multimeters

Digital multimeters can be categorized based on their count capacity, which can extend up to

20,000 counts. Additionally, they fall into several categories, including:


https://www.fluke.com/en-us/learn/blog/digital-multimeters/multimeter-dial-button-jacks-display
https://www.fluke.com/en-us/learn/blog/digital-multimeters/accuracy-precision
https://www.fluke.com/en-us/learn/blog/digital-multimeters/accuracy-precision

e General-purpose (often referred to as testers): These digital multimeters are
affordable, easy to use, and ideal for simple electrical measurements.

e Standard models: These digital multimeters are more advanced than general-purpose
models and offer additional features, including frequency measurement and diode
testing.

e Advanced versions: These digital multimeters offer even more advanced features,

including data logging and wireless connectivity.

e Compact units: These digital multimeters are small and portable, making them ideal
for technicians who need to carry their tools with them.

e Wireless variants: These digital multimeters can connect to mobile devices via
Bluetooth or Wi-Fi, allowing technicians to take measurements remotely.

Safety measures when using a digital multimeter

Every application involving a digital multimeter carries potential safety hazards that demand
careful consideration when dealing with electricity. Prior to using any electrical testing
equipment, it is imperative to consult the user manual, which provides comprehensive
information on proper operating procedures, safety precautions, and operational limits.
Adhering to these safety measures and guidelines is essential to ensure both the safety of the

operator and the accuracy of measurements.
Applications of digital multimeters

Digital multimeters find application in a wide range of industries and scenarios. They are
indispensable tools for diagnosing and maintaining electrical circuits and electronic devices,
testing and characterizing electronic components, evaluating the performance of batteries,
diagnosing electrical issues in vehicles, checking outlets, switches, and wiring for safety and
functionality, monitoring and maintaining complex machinery in industrial settings, and more.

Some common applications of digital multimeters are:

e Troubleshooting Electrical Issues: Technicians use digital multimeters to identify
faults, shorts, or open circuits in electrical systems. They can quickly measure voltage,

current, and resistance to pinpoint problems.
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e Electronics Testing: Inelectronics laboratories, digital multimeters are used to test and
characterize components like resistors, capacitors, and diodes. They help ensure
components are within their specified tolerance levels.

e Battery Testing: Digital multimeters assist in evaluating the performance of batteries,
both rechargeable and non-rechargeable. By measuring voltage and resistance, they can
determine the health and charge status of batteries.

e Automotive Diagnostics: Mechanics use digital multimeters to diagnose electrical
issues in vehicles. They can check the voltage of the battery, test sensors, and

troubleshoot the vehicle's electrical systems.

e Home Electrical Work: Digital multimeters are handy for homeowners and DIY
enthusiasts when dealing with electrical repairs or installations. They can check outlets,

switches, and wiring for safety and functionality.

e Industrial Maintenance: In industrial settings, digital multimeters are essential for
monitoring and maintaining complex machinery. They can detect irregularities in

electrical systems to prevent costly breakdowns.

e HVAC (Heating, Ventilation, and Air Conditioning): Digital multimeters are used
to diagnose electrical issues in HVAC systems, measure temperature, and check the

functioning of electrical components.

e Renewable Energy: Digital multimeters are used to measure the output of solar panels,
wind turbines, and other renewable energy systems.

Digital multimeters are invaluable tools for professionals and enthusiasts across various
industries. They offer precise measurements of voltage, current, and resistance, replacing
traditional analog meters due to their enhanced features and reliability. When using a digital
multimeter, always prioritize safety and consult the user manual for guidance. These versatile
instruments find applications in troubleshooting electrical issues, electronics testing, battery
analysis, automotive diagnostics, home electrical work, industrial maintenance, HVAC
systems, renewable energy systems, and more, making them indispensable in today's

technologically driven world.
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[ Digital storage Oscilloscope

A digital storage oscilloscope is a special kind of storage oscilloscope that stores the input
signal for years and displays it on a CRT screen when desired. Digital storage oscilloscope
(DSO) is totally reversed to the working of analog storage oscilloscopes. In the analog storage
(ASO)oscilloscope the input signals are stored in mesh storage and whenever the signal display
is needed the electron beam(or)electron gun is activated which hits the mesh storage passing
through a horizontal amplifier and finally displays the signal on the CRT screen. The stored
signal can be used to display for up to a few days as the signal has a tendency to fade away. In
DSO the operation and working are totally different from that of ASO.

In DSO the signals are stored in digital form rather than in analog form. The conversion of
analog signals into digital/binary form can be achieved through Analog to digital
conversion(ADC) technique. The converted signal is then stored in memory which acts as a
storage unit in DSO. Whenever the signal is needed to display on CRT the digital signal is
reconstructed to analog form with the Digital to analog conversion (DAC) technique. The

below figure is the block diagram of DSO.
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Working of DSO

When an analog signal is given as an input it passes through an attenuator circuit where the
unwanted noise signals are attenuated and this clean signal is applied to a vertical amplifier
which performs the sampling and converts the input into digital. The digitally converted analog
signal is stored in memory, which we can use as many times as we want to display on CRT.
And coming to control logic it controls the ADC (Analog to Digital converter) conversion and
deflection amplifiers. Both vertical and horizontal deflection amplifiers are connected to a
DAC (Digital to Analog converter) which deflects the beam of electrons and so the trace on
the CRT screen. This is the working of DSO.

Advantages of DSO

e DSO is very easy to use and also allows for automation.

e We can store more than one input signal at a time which we can’t do in ASO.
e DSO can display much better-quality images.

e DSO is comparably cheaper than ASO.
Applications of DSO

e DSO can be used in the visual representation of radar targets.
e DSO can be used to measure AC and DC voltages and currents.
e DSO can be used in telecommunications.

e DSO is used as a monitoring device



e In the nuclear field, scientists use DSO to study environmental changes in absence of
terrestrial/cellular signals.

Functions of DSO

DSO is an instrument used to display and analyse electronic signals. It draws waveforms or a

graph of an instantaneous signal voltage against time.

DSO

[J Cathode Ray Oscilloscope
Shared through PPT
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