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Introduction to ATmega328P Microcontroller

1 Fundamentals
1.1    What is a Microcontroller?
It is this 28-pin programmable semiconductor chipof type number: ATmega328P.

Figure-1.1: Pictorial view, pin diagram, and pin signals of ATmega328P microcontroller

1.2    Use of a Microcontroller
We can build the following instruments using a Microcontroller:
(1) Taxi Meter,
(2) Prepaid Electrical Energy Meter, and 
(3) Digital Weighing Machine, etc.

(a) Taxi Meter                           (b) Prepaid Electrical Energy Meter                  (c) Digital Weighing Machine

Figure-1.2: Microcontroller based measuring instruments
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1.3    Basic Tasks of a Microcontroller
(1) Takes command (+, _, *, and  /) from the user via keyboard/switch (input device);
(2) Takes data from the user via keyboard (input device);
(3) Modifies data in a way the user wants (say, adding two numbers); and,
(4) Delivers the result to the user via 7-segment/LCD display device (output device).   

1.4    Pin Diagram and Pin Signals of ATmega328P MCU
ATmega328P MCU has 28 pins (Fig-1.1). A pin is associated with one or more signals. For example: 
Pin-5 is associated with four signals, and these are  PCINT19, OC2B, INT1, and PD3. The signal 
PD3 which is outside the parentheses is the default function of the pin. The other three signals 
(PCINT19, OC2B, and INT1) are the alternate signals, and they can be activated if needed through a 
process known as software initialization or software configuration. A pin has the following 
features:
(1) It has a serial number. For example: Pin-5
(2) It is associated with one or more signal. For example: Pin-5 is associated with signal PD3
(3) The signal has a meaning. For example: PD3 stands for ‘Bit-3 of PORTD as Output Line’. 
(4) The pin/signal has a direction. For example: PD3 signal is an output line.
(5) The pin/signal has electrical characteristics.  For example: PD3 line can deliver 20 mA current.

We will use the words pin and signal interchangeably for referring to the same thing. Thus, saying 
that the Pin-6 can work either as input or output is equivalent to saying that signal PD4 can work 
either as input or output.The pins are used to connect input devices (switches, temperature sensor, 
and etc.) and output devices (7-seg display unit, stepper motor, and etc.)with the MCU. 

1.5    Port Structured Diagram of for the Pins of ATmega328P Microcontroller
(1) In Fig-1.1, we observe that the MCU has 23 digital IO lines spread over various pins with 
symbolic names: PB0 – PB5, PB6 – PB7; PC0 – PC5, PC6; PD0 – PD7. In this Subsection, let us organize 
those pins so that pins with similar function stay together (Fig-1.3).

Figure-1.3: Port structured diagram of ATmega328P MCU
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All the IO lines of the MCU have similar functional characteristics. Therefore, any discussion that will 
be done on a particular IO line (say, Bit-2 of Port-D) will pertain to all other IO lines.  We have the 
following definitions for the symbolic names related with IO lines. 

Port-D: It will refer to a port when the directions of its IO lines are not yet determined as to be 
working as input or output lines. Thus, pd0 – pd7 will refer to bit-0 to bit-7 of Port-D Register.

PORTD: It will refer to a port when the directions of the IO line are configured to work as output 
lines. Thus, PD0–PD7 (PORTD0–PORTD7) will refer to bit-0 to bit-7 of PORTD Register.  

PIND: It will refer to a port when the directions of the IO lines are configured to work as input lines. 
Thus, PIND0 – PIND7 will refer to bit-0 to bit-7 of PIND Register.  

1.6    Arduino UNO Learning Board UsingATmega328PMicrocontroller
Fig-1.4 shows the pictorial view of the official version of Arduino UNO Learning Board. The UNO 
Board (simply UNO) offers friendly environment to learn architecture, programming, and interfacing 
of ATmega328P Microcontroller to build instruments like Temperature-Humidity Meter, Taxi Meter, 
Digital Weighing Machine, and Prepaid Electrical Energy Meter. The UNO also offers an excellent 
means for the understanding of the fundamentals of C/C++ Programming Language through the 
programming/operation of input/output devices and sensors.   

Figure-1.4: Arduino UNO Learning Board

1.7    Arduino UNO Learning System
Arduino UNO Learning System (simply UNO System, Fig-1.5) is just a repackaged version of the 
UNO Board. The purpose of the UNO System is to provide the user/programmer with a handsome 
amount of items so that he/she can comfortably practice the ATmega328P Microcontroller 
Programming and interfacing. The UNO System contains the following items that are mounted on a 
plastic plate. 

Edge Connector
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Figure-1.5: Pictorial view of Arduino UNO Learning System

(1) UNO Board,
(2) I2C Bus LCD,
(3) 4xCC7SD Devices,
(4) Arduino NANO Board, 
(5) Breadboard.

In addition to the above items, the UNO system is accompanied with the following items that come 
with the small carrying plastic box.
(1) LM35 Analog Temperature Sensor,
(2) DS18B20 digital Temperature Sensor,
(3) DS3231 Real Time Clock Module,
(4) 4x4 Keypad, 
(5) 4 Push Buttons,
(6) 4 LEDs,
(7) 4 Resistors, and
(8) 40xMale-male and 20xMale-female Jumpers.   

The Arduino UNO Learning System comes with Edge Connectors, Breadboard, ‘Arduino Integrated 
Development Environment’ (IDE, Fig-1.6) and Arduino Serial Monitor (SM, Fig-1.7) which offer the 
following facilities:
(1) User defined input/output devices and sensors can be connected with the MCU pins via the 

edge connectors of the UNO and the breadboard.
(2) An Editor (IDE of Fig-1.6) to create sketch/program/source codes for the solution of a problem 

using C++ Programming Language and Arduino’s commands/macros.
(3) Program can be compiled to create binary codes in Intel-Hex formatted file using IDE of Fig-1.6.
(4) Binary codes of the Intel-Hex formatted file can be uploaded into the flash (code memory) of the 

MCU using IDE of Fig-1.6 (without the need of expensive ROM programmer). 
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(5) Free Library Functions (ready-made routines) are available for programming and operation of 
commonly used industrial sensors/devices like DS18B20 Temperature Sensor, DS3231 RTC etc.

1.9    Integrated Development Environment (IDE)

Figure-1.4:ArduinoUNOLearningKit

                                      Figure-1.6: IDE Interface of UNO Learning System

1.10    Serial Monitor (SM)

                                      Figure-1.7: Serial Monitor of Arduino UNO Learning System

A Serial Monitor (Fig-1.7) has an InptBox via which a user can send command/data to the UNO 
Board. It has an OutputBox via which the user can receive data/results from UNO. The Serial 
Monitor (SM) has many fields of which only one field is being discussed below  the ‘Line ending 
tab’. The Line ending tab has the following four options:
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(1) No line ending  When this option is selected, the SM does not send any code to the UNO any 
code after sending the characters of the InputBox.

(2) Newline When this option is selected, the SM sends 0x0A to the UNO after sending the 
characters of the InputBox.  In C Language, the character representation of ‘Newline’ is ‘\n’. 

(3) Carriage returnWhen this option is selected, the SM sends 0x0D to the UNO after sending the 
characters of the InputBox. In C Language, the character representation of ‘Newline’ is ‘\r’. 

(4) Both NL & CR When this option is selected, the SM sends 0x0D followed by 0x0A to the UNO 
after sending the characters of the InputBox. In C Language, the code is: “\r\n”).

1.11    Built-in LED (L) of Arduino UNO Board
(1) The Circuit Diagram

Figure-1.8: Circuit for the built-in LED (L) of Arduino UNO Board

(2) Arduino Sketch/Program to Blink L Continuously at 1 sec Interval
Let us execute the Arduino App (application) from the Start Menu of the PC and observe that 
the Arduino IDE (Fig-1.6) has appeared on the Desktop. Let us also observe that the IDE 
contains the following two empty functions: (The MCU executes the setup() function first and 
then it executes the loop() function and then the user defined functions as and when called 
upon.)
void setup()
{

}

void loop()
{

}

Tasks that will be executed only once or for a ‘number of times’ will be within the setup() 
function. Tasks that will be executed repetitively will be kept within loop() function.

In the present program we have the following tasks that will be executed only once and hence 
they will be under setup() function.
(a) To set the direction of the pb5 line as output. 

In the present sketch we have the following tasks that will be executed again and again; hence, 
they will be under loop() function.

PORTB
PB519 13

MCU Pin
Pin Signal

DPin (Digital Pin)

U5B RN2A : 1k

GND 22

L

This circuit within dotted oval is on the UNO Board

pb5

PB5
PB5

Arduino UNO

Built-inL
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(a) To write logic-high at PB5-pin (DPin-3) to ON the LED (L) of Fig-1.8.
(b) To insert 1sec time delay.
(c) To write logic-low at PB5-pin (DPin-3) to OFF the LED (L) of Fig-1.8.
(d) To insert 1sec time delay.
(e) Goto Step-a to repeat the process.

(3) The Final Sketch
void setup()
{

pinMode(3, OUTPUT); //to set direction of PB5 line as output
}

void loop()
{

digitalWrite(3, HIGH); //L is ON
delay(1000); //1000 ms =  1 sec ; Arduino’s Library Function
digitalWrite(3, LOW); //L is OFF
delay(1000); //insert time delay

} //automatically goes to the beginning because of loop() function; no need for goto or jump.

1.12    Instructions/Commands Summary for IO Lines
Table-1.4: Instructions/Commands for IO Lines

Sn Instruction Input Argument Return Arg. Example Remarks
pinMode
(2, OUTPUT);

PD2 works as output

pinMode
(2, INPUT);

Bit-2 of Port-D as  input 
Without internal pull-up

1
pinMode
(arg1, arg2)

arg1 = DPin
arg2 = Boolean Value

Nothing

pinMode
(2, INPUT_PULLUP);

Bit-2as  input with
Internal pull-up enabled

digitalWrite
(arg1, arg2)

arg1 = DPin
arg2 = Boolen Value
HIGH or LOW

Nothing
digitalWrite
(2, LOW);

PD2 receives LL
Value directly

digitalWrite
(arg1, arg2

arg1 = DPin
arg2 = Boolen Value
(indiect)
HIGH or LOW

Nothing digitalWrite
(2, digitalRead(3));

PD2 receives value that is 
coming from DPin-3

2

digitalWrite
(arg1, arg2

arg1 = DPin
arg2 = Boolen Value
(indiect)
HIGH or LOW

Nothing
digitalWrite
(2, bitRead(x, 5)); PD2 receives value that is 

coming from bit-5 of x.

3
bitWrite
(arg1,arg2, arg3)

arg1 = Variable
arg2 = Bit position
arg3 = Boolean value

Nothing
bitWrite
(PORTD, 2, LOW);

PD2 of PORTDRegister 
receives value directly.

4
digitalRead
(arg1)

arg1 = DPin Logic value of 
DPin

bool n = digitalRead(2) Reads Logic value of Dpin-
2 and stores in 1-bit 
variable n.

5
bitRead
(arg1, arg2)

arg1 = Source variable
arg2 = Bit position

Logic value of 
bit

bool n  
= bitRead (PIND, 2);

Logic value of PIND2 is 
stored in n.

6
bitSet
(arg1, arg2)

arg1 = Variable
arg2 = Bit position Nothing

bitSet(PORTD, 2) PD2 of PORTD becomes 
HIGH

7
bitClear
(arg1, arg2)

arg1 = Variable
arg2 = Bit position Nothing

bitClear(PORTD, 2) PD2 bit of PORTD assumes 
LL state

8
DDRD = 0xnn
Data Dir. Reg. --------------------- ----------- DDRD = 0b11110000

PD7-PD4 works as output; 
PIND3-PIND0 as input

9 PORTD = 0xnn ----------------------- ----------- PORTD = 0x4 4F is written into PORTD

Figure-1.9: Table showing the software commands for IO Lines of UNO System
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1.13    Data Types supported by Standard Arduino (UNO/NANO/MEGA)
Sn Syntax Description
1 bool y; y can assume either HIGH or LOW and true or false

unsigned char y;
byte y;

2

uint8_t y;
y is 8-bit positive number : 0 to 255 = 0x00 to 0xFF 

char y;3
int8_y

y is 8-bit negative or positive number : -128 to +127 = 0x80 to 0x00 to 0x7F 

unsigned int y;
word y;

4

uint16_t y;
y is 16-bit positive number : 0 to 65535 = 0x0000 to 0xFFFFF

int y;
signed int y;
short y;

5

int16_t y;

y is 16-bit negative or positive number : -32768 to +32767 = 0x8000 to 0x0000 to 0x7FFFF

unsigned long int y;
unsigned long y;
yUL;

6

uint32_t y;

y is 32-bit positive number : 0 to 4294967295  = 0x00000000 to 0xFFFFFFFF

signed long int y;
signed long y;
long y;
yL;

7

int32_t y;

y is 32-bit negative or positive number : -2147483648 to +2147483647

unsigned long long int y;
unsigned long long y;
yULL;

8

uint64_t y;

y is 64-bit positive number : 0 to ----------
= 0x0000000000000000 to 0xFFFFFFFFFFFFFFFF

signed long long int y;
signed long long y;
long long y;
yLL;

9

int64_t y;

y is 64-bit negative and positive number : -9223372036854775808 to  
+9223372036854775807 
= 0x8000000000000000 to 0x0000000000000000 to x7FFFFFFFFFFFFFFF
-3.4028235x10+38 to +3.4028235x10+38

10 float y;
(supported by: 
UNO/NANO/MEGA

y is binary32 formatted 32-bit pattern for a single precision floating point number with 
23 digits to the right of decimal point and having 5/6 digit accuracy.

11 double y;
(supported by: DUE)

y is binary64 formatted 64-bit pattern for a double precision floating point number with 
53 digits to the right of decimal point and having 15/16 digit accuracy.

12 0b10101010; Leading 0b (zero b) indicates that the following number is in base 2.
Serial.print(0b10101010, BIN);   //shows: 10101010

13 0x23; Leading 0x (zero x) indicates that the following number is in base 16.
Serial.print(0x23, HEX);   //shows: 23

14 014 Leading 0 (zero) indicates that the following number is in base 8 (octal.
Serial.println(014, OCT);   //shows: 14
Serial.print(014, DEC);       //shows: 12

1.13    Problems
1 Under what condition, the pb6 and pb7 IO lines are available to the user. 
2 MCU is the short name for Microcontroller and Microcontrolling Unit is the full name.
3 Assume that LED3 is connected with PD3 line of Fig-1.3 in series with a 2.2k current limiting resistor. Write 

all possible codes/commands/instructions to ignite LED3?
digitalWrite(3, HIGH); //digitalWrite(Dpin, bitValue);
bitWrite(PORTD, 3, HIGH); //bitWrite(nameOfOutputPortRegister, bitPosition, bitValue)
bitSet(PORTD, 3); //arg1 = Output Port; arg2 = bit position
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4 In Arduino Platform, the leading 0 (zero) has an especial meaning to refer to octal base. Explain with 
examples, the validity of the statement.
Serial.println(14, DEC);     //shows: 14 (decimal 14 appears in decimal base)
Serial.println(014, OCT);   //shows: 14 (octal 14 appears in octal base)
Serial.print(14, OCT);      //shows: 16 (decimal 14 appears in octal base)  
Serial.println(014, DEC);   //shows: 12 (octal 14 appears in decimal base)


