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UNIT 3
Syllabus

Introduction to Arduino platform, overview of Arduino UNO board, ATMega328/P Block
diagram, Pin functions, overview of main features such as I/O Ports, Timers, interrupts, serial
port, PWM, ADC, etc.

Introduction to Arduino platform:
What is Arduino?
Arduino is an open-source electronics platform based on easy-to-use hardware and
software. Arduino boards are able to read inputs - light on a sensor, a finger on a button, or
a Twitter message - and turn it into an output - activating a motor, turning on an LED,
publishing something online. You can tell your board what to do by sending a set of
instructions to the microcontroller on the board. To do so you use the Arduino programming
language (based on Wiring), and the Arduino Software (IDE), based on Processing.
Over the years Arduino has been the brain of thousands of projects, from everyday objects
to complex scientific instruments. A worldwide community of makers - students, hobbyists,
artists, programmers, and professionals - has gathered around this open-source platform,
their contributions have added up to an incredible amount of accessible knowledge that can
be of great help to novices and experts alike.
Arduino was born at the Ivrea Interaction Design Institute as an easy tool for fast
prototyping, aimed at students without a background in electronics and programming. As
soon as it reached a wider community, the Arduino board started changing to adapt to new
needs and challenges, differentiating its offer from simple 8-bit boards to products
for IoT applications, wearable, 3D printing, and embedded environments. All Arduino boards
are completely open-source, empowering users to build them independently and eventually
adapt them to their particular needs. The software, too, is open-source, and it is growing
through the contributions of users worldwide.
Why Arduino?
Thanks to its simple and accessible user experience, Arduino has been used in thousands of
different projects and applications. The Arduino software is easy-to-use for beginners, yet
flexible enough for advanced users. It runs on Mac, Windows, and Linux.
There are many other microcontrollers and microcontroller platforms available for physical
computing. Parallax Basic Stamp, Netmedia's BX-24, Phidgets, MIT's Handyboard, and many
others offer similar functionality. All of these tools take the messy details of microcontroller
programming and wrap it up in an easy-to-use package. Arduino also simplifies the process
of working with microcontrollers, but it offers some advantage for teachers, students, and
interested amateurs over other systems:
•

Inexpensive - Arduino boards are relatively inexpensive compared to other
microcontroller platforms. The least expensive version of the Arduino module can be
assembled by hand, and even the pre-assembled Arduino modules cost less than $50
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•

Cross-platform - The Arduino Software (IDE) runs on Windows, Macintosh OSX, and
Linux operating systems. Most microcontroller systems are limited to Windows.

•

Simple, clear programming environment - The Arduino Software (IDE) is easy-to-use
for beginners, yet flexible enough for advanced users to take advantage of as well.
For teachers, it's conveniently based on the Processing programming environment,
so students learning to program in that environment will be familiar with how the
Arduino IDE works.

•

Open source and extensible software - The Arduino software is published as open
source tools, available for extension by experienced programmers. The language can
be expanded through C++ libraries, and people wanting to understand the technical
details can make the leap from Arduino to the AVR C programming language on
which it's based. Similarly, you can add AVR-C code directly into your Arduino
programs if you want to.

•

Open source and extensible hardware - The plans of the Arduino boards are
published under a Creative Commons license, so experienced circuit designers can
make their own version of the module, extending it and improving it. Even relatively
inexperienced users can build the breadboard version of the module in order to
understand how it works and save money.

Overview of Arduino UNO board
The UNO is the best board to get started with electronics and coding. If it was your first
experience tinkering with the platform, the UNO is the most robust board you can start
playing with. The UNO is the most used and documented board of the whole Arduino family.
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Arduino Uno is a microcontroller board based on the ATmega328P (datasheet). It has 14
digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16
MHz quartz crystal, a USB connection, a power jack, an ICSP header and a reset button. It
contains everything needed to support the microcontroller; simply connect it to a computer
with a USB cable or power it with a AC-to-DC adapter or battery to get started.. You can
tinker with your UNO without worrying too much about doing something wrong, worst case
scenario you can replace the chip for a few dollars and start over again.
Features
Microcontroller
Operating Voltage
Input Voltage
(recommended)
Input Voltage (limit)
Digital I/O Pins
PWM Digital I/O Pins
Analog Input Pins
DC Current per I/O Pin
DC Current for 3.3V Pin
Flash Memory
SRAM
EEPROM
Clock Speed
LED_BUILTIN
Length
Width
Weight

ATmega328P
5V
7-12V
6-20V
14 (of which 6 provide PWM output)
6
6
20 mA
50 mA
32 KB (ATmega328P) of which 0.5 KB
used by bootloader
2 KB (ATmega328P)
1 KB (ATmega328P)
16 MHz
13
68.6 mm
53.4 mm
25 g

ATMega328/P Block diagram
The Atmel® ATmega328P is a low-power CMOS 8-bit microcontroller based on the AVR®
enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega328P achieves throughputs approaching 1MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.
The AVR® core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the arithmetic logic unit (ALU), allowing two
independent registers to be accessed in one single instruction executed in one clock cycle.
The resulting architecture is more code efficient while achieving throughputs up to ten times
faster than conventional CISC microcontrollers.
The Atmel® ATmega328P provides the following features:
• 32K bytes of in-system programmable flash with read-while-write capabilities,
• 1K bytes EEPROM, 2K bytes SRAM,
• 23 general purpose I/O lines,
• 32 general purpose working registers,
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three flexible Timer/Counters with compare modes,
internal and external interrupts,
a serial programmable USART,
a byte oriented 2-wire serial interface,
an SPI serial port,
a 6-channel 10-bit ADC (8 channels),
a programmable watchdog timer with internal oscillator,
five software selectable power saving modes.

The idle mode stops the CPU while allowing the SRAM, Timer/Counters, USART, 2-wire
serial interface, SPI port, and interrupt system to continue functioning. The power-down
mode saves the register contents but freezes the oscillator, disabling all other chip functions
until the next interrupt or hardware reset.
In power-save mode, the asynchronous timer continues to run, allowing the user to maintain a
timer base while the rest of the device is sleeping. The ADC noise reduction mode stops the
CPU and all I/O modules except asynchronous timer and ADC, to minimize switching noise
during ADC conversions. In standby mode, the crystal/resonator oscillator is running while
the rest of the device is sleeping. This allows very fast start-up combined with low power
consumption.
The device is manufactured using Atmel high density non-volatile memory technology. The
on-chip ISP flash allows the program memory to be reprogrammed in-system through an SPI
serial interface, by a conventional non-volatile memory programmer, or by an on-chip boot
program running on the AVR core.
The boot program can use any interface to download the application program in the
application flash memory. Software in the boot flash section will continue to run while the
application flash section is updated, providing true read-while-write operation. By combining
an 8-bit RISC CPU with in-system self-programmable flash on a monolithic chip, the Atmel
ATmega328P is a powerful microcontroller that provides a highly flexible and cost-effective
solution to many embedded control applications.
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Pin functions
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ATMEGA328P is a 28-pin chip as shown in pin diagram above. Many pins of the chip here
have more than one function. The functions of each pin in below table.
Pin
No.

Pin name

Description

Secondary Function

1

PC6 (RESET)

Pin6 of PORTC

Pin by default is used as RESET pin. PC6 can only be
used as I/O pin when RSTDISBL Fuse is
programmed.

2

PD0 (RXD)

Pin0 of PORTD

RXD (Data Input Pin for USART)
USART Serial Communication Interface
[Can be used for programming]

3

PD1 (TXD)

Pin1 of PORTD

TXD (Data Output Pin for USART)
USART Serial Communication Interface
[Can be used for programming]
INT2(External Interrupt 2 Input)

4

PD2 (INT0)

Pin2 of PORTD

External Interrupt source 0

5

PD3 (INT1/OC2B)

Pin3 of PORTD

External Interrupt source1
OC2B (PWM - Timer/Counter2 Output Compare
Match B Output)

6

PD4 (XCK/T0)

Pin4 of PORTD

T0(Timer0 External Counter Input)
XCK (USART External Clock I/O)

7

VCC

Connected to positive voltage

8

GND

Connected to ground

9

PB6
(XTAL1/TOSC1)

Pin6 of PORTB

XTAL1 (Chip Clock Oscillator pin 1 or External
clock input)
TOSC1 (Timer Oscillator pin 1)

10

11

PB7
(XTAL2/TOSC2)

Pin7 of PORTB

PD5

Pin5 of PORTD

TOSC2 (Timer Oscillator pin 2)

PD6 (AIN0/OC0A)

T1(Timer1 External Counter Input)
OC0B (PWM - Timer/Counter0 Output Compare
Match B Output)

(T1/OC0B)

12

XTAL2 (Chip Clock Oscillator pin 2)

Pin6 of PORTD

AIN0(Analog Comparator Positive I/P)
OC0A (PWM - Timer/Counter0 Output Compare
Match A Output)

13

PD7 (AIN1)

Pin7 of PORTD

AIN1(Analog Comparator Negative I/P)
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Pin0 of PORTB

ICP1(Timer/Counter1 Input Capture Pin)
CLKO (Divided System Clock. The divided system
clock can be output on the PB0 pin)

15

PB1 (OC1A)

Pin1 of PORTB

OC1A (Timer/Counter1 Output Compare Match A
Output)

16

PB2 (SS/OC1B)

Pin2 of PORTB

SS (SPI Slave Select Input). This pin is low when
controller acts as slave.
[Serial Peripheral Interface (SPI) for programming]
OC1B (Timer/Counter1 Output Compare Match B
Output)

17

PB3 (MOSI/OC2A)

Pin3 of PORTB

MOSI (Master Output Slave Input). When controller
acts as slave, the data is received by this pin. [Serial
Peripheral Interface (SPI) for programming]
OC2 (Timer/Counter2
Output)

18

PB4 (MISO)

Pin4 of PORTB

Output

Compare

Match

MISO (Master Input Slave Output). When controller
acts as slave, the data is sent to master by this
controller through this pin.
[Serial Peripheral Interface (SPI) for programming]

19

PB5 (SCK)

Pin5 of PORTB

SCK (SPI Bus Serial Clock). This is the clock shared
between this controller and other system for accurate
data transfer.
[Serial Peripheral Interface (SPI) for programming]

20

AVCC

Power for Internal ADC Converter

21

AREF

Analog Reference Pin for ADC

22

GND

GROUND

23

PC0 (ADC0)

Pin0 of PORTC

ADC0 (ADC Input Channel 0)

24

PC1 (ADC1)

Pin1 of PORTC

ADC1 (ADC Input Channel 1)

25

PC2 (ADC2)

Pin2 of PORTC

ADC2 (ADC Input Channel 2)

26

PC3 (ADC3)

Pin3 of PORTC

ADC3 (ADC Input Channel 3)

27

PC4 (ADC4/SDA)

Pin4 of PORTC

ADC4 (ADC Input Channel 4)
SDA (Two-wire Serial Bus Data Input/output Line)

28

PC5 (ADC5/SCL)

Pin5 of PORTC

ADC5 (ADC Input Channel 5)
SCL (Two-wire Serial Bus Clock Line)
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I/O ports

Port registers allow for lower-level and faster manipulation of the i/o pins of the
microcontroller on an Arduino board. The chips used on the Arduino board have three ports:
•
•
•

B (digital pin 8 to 13)
C (analog input pins)
D (digital pins 0 to 7)

Each port is controlled by three registers, which are also defined variables in the Arduino
language. The DDR register, determines whether the pin is an INPUT or OUTPUT. The
PORT register controls whether the pin is HIGH or LOW, and the PIN register reads the state
of INPUT pins.
DDR and PORT registers may be both written to, and read. PIN registers correspond to the
state of inputs and may only be read.
PORTD maps to Arduino digital pins 0 to 7
DDRD - The Port D Data Direction Register - read/write
PORTD - The Port D Data Register - read/write
PIND - The Port D Input Pins Register - read only
PORTB maps to Arduino digital pins 8 to 13 The two high bits (6 & 7) map to the crystal
pins and are not usable
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DDRB - The Port B Data Direction Register - read/write
PORTB - The Port B Data Register - read/write
PINB - The Port B Input Pins Register - read only
PORTC maps to Arduino analog pins 0 to 5. Pins 6 & 7 are only accessible on the Arduino
Mini
DDRC - The Port C Data Direction Register - read/write
PORTC - The Port C Data Register - read/write
PINC - The Port C Input Pins Register - read only
Each bit of these registers corresponds to a single pin; e.g. the low bit of DDRB, PORTB, and
PINB refers to pin PB0 (digital pin 8). For a complete mapping of Arduino pin numbers to
ports and bits,
All AVR ports have true Read-Modify-Write functionality when used as general digital I/O
ports. This means that the direction of one port pin can be changed without unintentionally
changing the direction of any other pin.
You should note, however, that pins 0 & 1 are used for serial communications for
programming and debugging the Arduino, so changing these pins should usually be avoided
unless needed for serial input or output functions. Be aware that this can interfere with
program download or debugging.
DDRD is the direction register for Port D (Arduino digital pins 0-7). The bits in this register
control whether the pins in PORTD are configured as inputs or outputs so, for example:
DDRD = B11111110; // sets Arduino pins 1 to 7 as outputs, pin 0 as input
DDRD = DDRD | B11111100; // this is safer as it sets pins 2 to 7 as outputs
// without changing the value of pins 0 & 1, which are RX & TX
//See the bitwise operators reference pages and The Bitmath Tutorial in the Playground
PORTD is the register for the state of the outputs. For example;
PORTD = B10101000; // sets digital pins 7,5,3 HIGH
You will only see 5 volts on these pins however if the pins have been set as outputs using the
DDRD register or with pinMode().
PIND is the input register variable It will read all of the digital input pins at the same time.
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Features of timers in Atmega328P Microcontroller
Timers are used to count time, and can be used to generate precise delays, make a stable
“heart-beat” to our application or can be used to generate PWM signals, all handy stuff that
we can use.Timers have the advantage of being implemented in hardware so they can run
asynchronous from our code, this is like a very simplified multi-tasking, but permits us to offload some work from the processor to the timer’s hardware,
The Atmega328p present in the Arduino as 3 timers, timer 0, timer 1 and timer 2, they have a
fundamental difference between them, timer 0 and timer 2 are 8 bits timers, this means that
they can count up to 255, instead timer 1 is a 16 bits timer and can count up to 65535. Timers
are also very complex and have lots of registers that can be configured in many ways so when
using them its mandatory to open the datasheet.
8-bit Timer/Counter0 with PWM
Features
● Two independent output compare units
● Double buffered output compare registers
● Clear timer on compare match (auto reload)
● Glitch free, phase correct pulse width modulator (PWM)
● Variable PWM period
● Frequency generator
● Three independent interrupt sources (TOV0, OCF0A, and OCF0B)
8-bit Timer/Counter2 with PWM and Asynchronous Operation
Features
● Single channel counter
● Clear timer on compare match (auto reload)
● Glitch-free, phase correct pulse width modulator (PWM)
● Frequency generator
● 10-bit Clock prescaler
● Overflow and compare match interrupt sources (TOV2, OCF2A and OCF2B)
● Allows clocking from external 32kHz watch crystal independent of the I/O clock
16-bit Timer/Counter1 with PWM
Features
● True 16-bit design (i.e., allows 16-bit PWM)
● Two independent output compare units
● Double buffered output compare registers
● One input capture unit
● Input capture noise canceler
● Clear timer on compare match (auto reload)
● Glitch-free, phase correct pulse width modulator (PWM)
● Variable PWM period
● Frequency generator
● External event counter
● Four independent interrupt sources (TOV1, OCF1A, OCF1B, and ICF1)
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INTERRUPTS
Introduction to Interrupts and Polling
A microprocessor executes instructions sequentially. Alongside, it is also connected to
several devices. Dataflow between these devices and the microprocessor has to be managed
effectively. There are two ways it is done in a microprocessor: either by using interrupts or by
using polling.
Polling
Polling is a simple method of I/O access. In this method, the microcontroller continuously
probes whether the device requires attention, i.e. if there is data to be exchanged. A polling
function or subroutine is called repeatedly while a program is being executed. When the
status of the device being polled responds to the interrogation, a data exchange is initiated.
The polling subroutine consumes processing time from the presently executing task. This is a
very inefficient way because I/O devices do not always crave for attention from the
microprocessor. But the microprocessor wastes valuable processing time in unnecessarily
polling of the devices.
Interrupts
However, in interrupt method, whenever a device requires the attention from the
microprocessors, it pings the microprocessor. This ping is called interrupt signal or
sometimes interrupt request (IRQ). Every IRQ is associated with a subroutine that needs to be
executed within the microprocessor. This subroutine is called interrupt service routine (ISR)
or sometimes interrupt handler. The microprocessor halts current program execution and
attends to the IRQ by executing the ISR. Once execution of ISR completes, the
microprocessor resumes the halted task.

The current state of the microprocessor must be saved before it attends the IRQ in order to be
able to continue from where it was before the interrupt. To achieve this, the contents of all of
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its internal registers, both general purpose and special registers, are required to be saved to a
memory section called the stack. On completion of the interrupt call, these register contents
will be reinstated from the stack. This allows the microprocessor to resume its originally
halted task.
Microprocessors have two types of hardware interrupts namely, non-maskable interrupt
(NMI) and interrupt request (INTR). An NMI has a very high priority and they demand
immediate execution. There is no option to ignore an NMI. NMI is exclusively used for
events that are regarded as having a higher priority or tragic consequences for the system
operation. For example, NMI can be initiated due to an interruption of power supply, a
memory fault or pressing of the reset button.
An INTR may be generated by a number of different devices all of which are connected to
the single INTR control line. An INTR may or may not be attended by the microprocessor. If
the microprocessor is attending an interrupt, then no further interrupts, other than an NMI,
will be entertained until the current interrupt has been completed. A control signal is used by
the microprocessor to acknowledge an INTR. This control signal is called ACK or sometimes
INTA.
Interrupt vector table
When an interrupt occurs, the microprocessor runs an associated ISR. IRQ is an input signal
to the microprocessor. When a microprocessor receives an IRQ, it pushes the PC register onto
the stack and load address of the ISR onto the PC register. This makes the microprocessor
execute the ISR.
These associated ISRs, corresponding to every interrupt, become a part of the executable
program. This executable is loaded in the memory of the device. Under such circumstances, it
becomes easier to manage the ISRs if there is a lookup table where address locations of all
ISRs are listed. This lookup table is called Interrupt vector table.
External Interrupts in ATMEGA328P µC
The external interrupts are triggered by the INT0 and INT1 pins or any of the PCINT23..0
pins. Observe that, if enabled, the interrupts will trigger even if the INT0 and INT1 or
PCINT23..0 pins are configured as outputs. This feature provides a way of generating a
software interrupt. The pin change interrupt PCI2 will trigger if any enabled PCINT23..16 pin
toggles.
The pin change interrupt PCI1 will trigger if any enabled PCINT14..8 pin toggles. The pin
change interrupt PCI0 will trigger if any enabled PCINT7..0 pin toggles. The PCMSK2,
PCMSK1 and PCMSK0 registers control which pins contribute to the pin change interrupts.
Pin change interrupts on PCINT23..0 are detected asynchronously. This implies that these
interrupts can be used for waking the part also from sleep modes other than Idle mode.
The INT0 and INT1 interrupts can be triggered by a falling or rising edge or a low level. This
is set up as indicated in the specification for the external interrupt control register A –
EICRA. When the INT0 or INT1 interrupts are enabled and are configured as level triggered,
the interrupts will trigger as long as the pin is held low.
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Interrupt Registers
EICRA – External Interrupt Control Register A
The external interrupt control register A contains control bits for interrupt sense control.

• Bit 7..4 – Res: Reserved Bits
These bits are unused bits in the Atmel® ATmega328P, and will always read as zero.
• Bit 3, 2 – ISC11, ISC10: Interrupt Sense Control 1 Bit 1 and Bit 0
Interrupt 1 Sense Control
ISC11 ISC10 Description

• Bit 1, 0 – ISC01, ISC00: Interrupt Sense Control 0 Bit 1 and Bit 0
Interrupt 0 Sense Control

EIMSK – External Interrupt Mask Register

• Bit 7..2 – Res: Reserved Bits
These bits are unused bits in the Atmel® ATmega328P, and will always read as zero.
• Bit 1 – INT1: External Interrupt Request 1 Enable
• Bit 0 – INT0: External Interrupt Request 0 Enable
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EIFR – External Interrupt Flag Register

• Bit 7..2 – Res: Reserved Bits
These bits are unused bits in the Atmel ATmega328P, and will always read as zero.
• Bit 1 – INTF1: External Interrupt Flag 1
• Bit 0 – INTF0: External Interrupt Flag 0

PCICR – Pin Change Interrupt Control Register

• Bit 7..3 - Res: Reserved Bits
These bits are unused bits in the Atmel® ATmega328P, and will always read as zero.
• Bit 2 - PCIE2: Pin Change Interrupt Enable 2
• Bit 1 - PCIE1: Pin Change Interrupt Enable 1
• Bit 0 - PCIE0: Pin Change Interrupt Enable 0

PCIFR – Pin Change Interrupt Flag Register

• Bit 7..3 - Res: Reserved Bits
These bits are unused bits in the Atmel ATmega328P, and will always read as zero.
• Bit 2 - PCIF2: Pin Change Interrupt Flag 2
• Bit 1 – PCIF1: Pin Change Interrupt Flag 1
• Bit 0 – PCIF0: Pin Change Interrupt Flag 0

MSK2 – Pin Change Mask Register 2

• Bit 7..0 – PCINT23..16: Pin Change Enable Mask 23..16
Each PCINT23..16-bit selects whether pin change interrupt is enabled on the corresponding
I/O pin. If PCINT23..16 is set and the PCIE2 bit in PCICR is set, pin change interrupt is
enabled on the corresponding I/O pin. If PCINT23..16 is cleared, pin change interrupt on the
corresponding I/O pin is disabled.

MSK1 – Pin Change Mask Register 1
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• Bit 7 – Res: Reserved Bit
This bit is an unused bit in the Atmel® ATmega328P, and will always read as zero.
• Bit 6..0 – PCINT14..8: Pin Change Enable Mask 14..8
Each PCINT14..8-bit selects whether pin change interrupt is enabled on the corresponding
I/O pin. If PCINT14..8 is set and the PCIE1 bit in PCICR is set, pin change interrupt is
enabled on the corresponding I/O pin. If PCINT14..8 is cleared, pin change interrupt on the
corresponding I/O pin is disabled.

MSK2 – Pin Change Mask Register 0

• Bit 7..0 – PCINT7..0: Pin Change Enable Mask 7..0
Each PCINT7..0 bit selects whether pin change interrupt is enabled on the corresponding I/O
pin. If PCINT7..0 is set and the PCIE0 bit in PCICR is set, pin change interrupt is enabled on
the corresponding I/O pin. If PCINT7..0 is cleared, pin change interrupt on the corresponding
I/O pin is disabled.

SERIAL PORT
Serial port is used for communication between the Arduino board and a computer or other
devices. All Arduino boards have at least one serial port (also known as a UART or
USART): Serial. It communicates on digital pins 0 (RX) and 1 (TX) as well as with the
computer via USB.
Serial communication on pins TX/RX uses TTL logic levels (5V or 3.3V depending on the
board). Don't connect these pins directly to an RS232 serial port; they operate at +/- 12V
and can damage your Arduino board.
USART module in ATMEGA328P µC
The universal synchronous and asynchronous serial receiver and transmitter (USART) is a
highly flexible serial communication device.
Features
● Full duplex operation (independent serial receive and transmit registers)
● Asynchronous or synchronous operation
● Master or slave clocked synchronous operation
● High resolution baud rate generator
● Supports serial frames with 5, 6, 7, 8, or 9 data bits and 1 or 2 stop bits
● Odd or even parity generation and parity check supported by hardware
● Data overrun detection
● Framing error detection
● Noise filtering includes false start bit detection and digital low pass filter
● Three separate interrupts on TX complete, TX data register empty and RX complete
● Multi-processor communication mode
● Double speed asynchronous communication mode
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A simplified block diagram of the USART transmitter is shown in the below Figure

The dashed boxes in the block diagram separate the three main parts of the USART (listed
from the top): Clock generator, transmitter and receiver. Control registers are shared by all
units. The clock generation logic consists of synchronization logic for external clock input
used by synchronous slave operation, and the baud rate generator. The XCKn (transfer
clock) pin is only used by synchronous transfer mode.
The transmitter consists of a single write buffer, a serial shift register, parity generator and
control logic for handling different serial frame formats. The write buffer allows a
continuous transfer of data without any delay between frames.
The receiver is the most complex part of the USART module due to its clock and data
recovery units. The recovery units are used for asynchronous data reception. In addition to
the recovery units, the receiver includes a parity checker, control logic, a shift register and a
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two level receive buffer (UDRn). The receiver supports the same frame formats as the
transmitter, and can detect frame error, data overrun and parity errors.
Clock Generation
The clock generation logic generates the base clock for the transmitter and receiver. The
USART supports four modes of clock operation:
1. Normal asynchronous,
2. double speed asynchronous,
3. master synchronous and
4. slave synchronous mode.
The USART baud rate register (UBRRn) and the down-counter connected to it function as a
programmable prescaler or baud rate generator. The down-counter, running at system clock
(fosc), is loaded with the UBRRn value each time the counter has counted down to zero or
when the UBRRnL register is written.
Frame Formats
A serial frame is defined to be one character of data bits with synchronization bits (start and
stop bits), and optionally a parity bit for error checking. The USART accepts all 30
combinations of the following as valid frame formats:
● 1 start bit
● 5, 6, 7, 8, or 9 data bits
● no, even or odd parity bit
● 1 or 2 stop bits
A frame starts with the start bit followed by the least significant data bit. Then the next data
bits, up to a total of nine, are succeeding, ending with the most significant bit. If enabled,
the parity bit is inserted after the data bits, before the stop bits.
When a complete frame is transmitted, it can be directly followed by a new frame, or the
communication line can be set to an idle (high) state. Figure 19-4 illustrates the possible
combinations of the frame formats. Bits inside brackets are optional.
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Parity Bit Calculation
The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used,
the result of the exclusive or is inverted. The relation between the parity bit and data bits is
as follows:

Peven Parity bit using even parity
Podd Parity bit using odd parity
dn Data bit n of the character
If used, the parity bit is located between the last data bit and first stop bit of a serial frame.

PWM
Inverters, Converters, SMPS circuits and Speed controllers. One thing that is common in all
these circuits is that it consists of many electronic switches inside it. These switches are
nothing but Power electronic devices like MOSFET, IGBT, TRIAC etc. In order to control such
power electronic switches we commonly use something called PWM signals (Pulse Width
Modulation). Apart from this, PWM signals are also used for driving Servo motors and also
for other simple tasks like controlling the brightness of a LED.
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PWM as a type of signal which can be produced from a digital IC such as microcontroller or
555 timer. The signal thus produced will have a train of pulses and these pulses will be in
form of a square wave. That is, at any given instance of time the wave will either be high or
will be low. For the ease of understanding let us consider a 5V PWM signal, in this case the
PWM signal will either be 5V (high) or at ground level 0V (low). The duration at which the
signals stays high is called the “on time” and the duration at which the signal stays low is
called as the “off time”.

Features
● Two independent output compare units
● Double buffered output compare registers
● Clear timer on compare match (auto reload)
● Glitch free, phase correct pulse width modulator (PWM)
● Variable PWM period
● Frequency generator
● Three independent interrupt sources (TOV0, OCF0A, and OCF0B)
PWM generation:
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In the below figure the 8-bit comparator continuously compares TCNT0 with the output
compare registers (OCR0A and OCR0B). Whenever TCNT0 equals OCR0A or OCR0B, the
comparator signals a match. A match will set the output compare flag (OCF0A or OCF0B) at
the next timer clock cycle. If the corresponding interrupt is enabled, the output compare
flag generates an output compare interrupt. The output compare flag is automatically
cleared when the interrupt is executed. Alternatively, the flag can be cleared by software by
writing a logical one to its I/O bit location. The waveform generator uses the match signal to
generate an output according to operating mode set by the WGM02:0 bits and compare
output mode (COM0x1:0) bits.

Modes of Operation:
The mode of operation, i.e., the behavior of the Timer/Counter and the output compare
pins, is defined by the combination of the waveform generation mode (WGM02:0) and
compare output mode (COM0x1:0) bits. The compare output mode bits do not affect the
counting sequence, while the waveform generation mode bits do. The COM0x1:0 bits
control whether the PWM output generated should be inverted or not (inverted or noninverted PWM). For non-PWM modes the COM0x1:0 bits control whether the output should
be set, cleared, or toggled at a compare match.
Normal Mode
The simplest mode of operation is the normal mode (WGM02:0 = 0). In this mode the
counting direction is always up (incrementing), and no counter clear is performed. The
counter simply overruns when it passes its maximum 8-bit value (TOP = 0xFF) and then
restarts from the bottom (0x00).

P a g e | 21

Embedded Systems

SIETK

Clear Timer on Compare Match (CTC) Mode
In clear timer on compare or CTC mode (WGM02:0 = 2), the OCR0A register is used to
manipulate the counter resolution. In CTC mode the counter is cleared to zero when the
counter value (TCNT0) matches the OCR0A. The OCR0A defines the top value for the
counter, hence also its resolution. This mode allows greater control of the compare match
output frequency. It also simplifies the operation of counting external events.
The timing diagram for the CTC mode is shown in Figure. The counter value (TCNT0)
increases until a compare match occurs between TCNT0 and OCR0A, and then counter
(TCNT0) is cleared.

Fast PWM Mode
The fast pulse width modulation or fast PWM mode (WGM02:0 = 3 or 7) provides a high
frequency PWM waveform generation option. In fast PWM mode, the counter is
incremented until the counter value matches the TOP value. The counter is then cleared at
the following timer clock cycle.

The timing diagram for the fast PWM mode is shown in Figure 14-6. The TCNT0 value is in
the timing diagram shown as a histogram for illustrating the single-slope operation. The
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diagram includes non-inverted and inverted PWM outputs. The small horizontal line marks
on the TCNT0 slopes represent compare matches between OCR0x and TCNT0.
Phase Correct PWM Mode
The phase correct PWM mode (WGM02:0 = 1 or 5) provides a high resolution phase correct
PWM waveform generation option. The phase correct PWM mode is based on a dual-slope
operation.
In phase correct PWM mode the counter is incremented until the counter value matches
TOP. When the counter reaches TOP, it changes the count direction. The TCNT0 value will
be equal to TOP for one timer clock cycle. The timing diagram for the phase correct PWM
mode is shown on Figure. The TCNT0 value is in the timing diagram shown as a histogram
for illustrating the dual-slope operation. The diagram includes non-inverted and inverted
PWM outputs. The small horizontal line marks on the TCNT0 slopes represent compare
matches between OCR0x and TCNT0.

ADC
Microcontrollers are capable of detecting binary signals: is the button pressed or not? These
are digital signals. When a microcontroller is powered from five volts, it understands zero
volts (0V) as a binary 0 and a five volts (5V) as a binary 1. The world however is not so simple
and likes to use shades of gray. What if the signal is 2.72V? Is that a zero or a one? We often
need to measure signals that vary; these are called analog signals. A 5V analog sensor may
output 0.01V or 4.99V or anything inbetween. Luckily, nearly all microcontrollers have a
device built into them that allows us to convert these voltages into values that we can use in
a program to make a decision.
Analog to Digital Converter (ADC) is an electronic integrated circuit used to convert the
analog signals such as voltages to digital or binary form consisting of 1s and 0s.Most of the
ADCs take a voltage input as 0 to 10V, -5V to +5V, etc. and correspondingly produces digital
output as some sort of a binary number.
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Fig. ADC conversion process
ADCs can vary greatly between microcontroller. The ADC on the Arduino is a 10-bit ADC
meaning it has the ability to detect 1,024 (2^10) discrete analog levels. Some
microcontrollers have 8-bit ADCs (2^8 = 256 discrete levels) and some have 16-bit ADCs
(2^16 = 65,536 discrete levels).
ADC Module in ATMEGA328P µC:
Features
● 10-bit resolution
● 0.5 LSB integral non-linearity
● ±2 LSB absolute accuracy
● 65 to 260μs conversion time
● Up to 15kSPS
● 6 multiplexed single ended input channels
● 2 additional multiplexed single ended input channels
● Temperature sensor input channel
● Optional left adjustment for ADC result readout
● 0 to VCC ADC input voltage range
● Selectable 1.1V ADC reference voltage
● Free running or single conversion mode
● Interrupt on ADC conversion complete
● Sleep mode noise canceler
The Atmel® ATmega328P features a 10-bit successive approximation ADC. The ADC is
connected to an 8-channel analog multiplexer which allows eight single-ended voltage
inputs constructed from the pins of Port A. The single-ended voltage inputs refer to 0V
(GND).
The ADC contains a sample and hold circuit which ensures that the input voltage to the ADC
is held at a constant level during conversion. The ADC has a separate analog supply voltage
pin, AVCC. AVCC must not differ more than ±0.3V from VCC
Internal reference voltages of nominally 1.1V or AVCC are provided on-chip. The voltage
reference may be externally decoupled at the AREF pin by a capacitor for better noise
performance.
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The ADC converts an analog input voltage to a 10-bit digital value through successive
approximation. The minimum value represents GND and the maximum value represents the
voltage on the AREF pin minus 1 LSB. Optionally, AVCC or an internal 1.1V reference voltage
may be connected to the AREF pin by writing to the REFSn bits in the ADMUX register. The
internal voltage reference may thus be decoupled by an external capacitor at the AREF pin
to improve noise immunity.

The analog input channel is selected by writing to the MUX bits in ADMUX. Any of the ADC
input pins, as well as GND and a fixed bandgap voltage reference, can be selected as single
ended inputs to the ADC.
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The ADC is enabled by setting the ADC Enable bit, ADEN in ADCSRA. Voltage reference and
input channel selections will not go into effect until ADEN is set. The ADC does not consume
power when ADEN is cleared, so it is recommended to switch off the ADC before entering
power saving sleep modes.
The ADC generates a 10-bit result which is presented in the ADC data registers, ADCH and
ADCL. By default, the result is presented right adjusted, but can optionally be presented left
adjusted by setting the ADLAR bit in ADMUX.
The ADC has its own interrupt which can be triggered when a conversion completes. When
ADC access to the data registers is prohibited between reading of ADCH and ADCL, the
interrupt will trigger even if the result is lost.
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