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Input / Output
• Input/Output ports:

• ATmega 328P (UNO): PORT B, C, D
• ATmega 2560 (MEGA): PORT A, B, C, D, E, F, G, H, J, K, L

• PORTA... PORTE can be accessed by dedicated I/O instructions in, out
• PORTF … PORTL can be accessed only by ld, st – extended I/O space
• Each bit of each port can be configured as either input or output, using the register 

DDRx
• The port can be written using register PORTx
• The state of the input port’s pins can be written from PINx
• Each pin has static electricity protection diodes
• Each pin has a “pull up” resistor that can be activated or deactivated by logic (program)



Three I/O memory address locations are allocated for each port x (A… L):
– Data Register – PORTx, 
– Data Direction Register – DDRx
– Port Input Pins – PINx

Example (PORTA):

Notation: PORTxn = pin n of PORTx (ex: PORTB3 - bit no. 3 in Port B).

Input / Output ports



An I/O pin
• Internal structure of one I/O pin (one bit of an I/O port)

Direction control

Output data

Input data



An I/O pin
• Output configuration

‘1’ Direction bit = 1

Data written on 
PORTx are sent to 
the external pin



An I/O pin
• Input configuration

‘0’ Direction bit = 0

A ‘1’ written to 
PORTx activates the 
pull up resistor

The data on the 
external pin can be 
read as PINx



Input / Output
• Possible states of the I/O pins

• PUD – Pull Up Disable – GLOBAL
• Setting bit 4 of MCUCR to ‘1’ disables all PU resistors

in r17, MCUCR
ori r17, 0b00010000
out MCUCR, r17

sbi MCUCR, 4

(MCUCR)



Input / Output
• Example – Buttons and LEDs
• The pull-up resistors hold the input pin to logic ‘1’ when the button is released
• When the button is pressed, the pin level becomes ‘0’, connected to GND
• A logic ‘0’ on the output pins (B) cause a voltage difference that lights the LEDs
• A logic ‘1’ on the output pins will turn the light off.



Input / Output
• Example – Buttons and LEDs – The program

ldi r16, 0x00
out DDRD, r16 Direction of port D - input
ldi r16, 0xFF
out PORTD, r16 ‘1’ in PORTD – pull up resistors activated
ldi r16, 0xFF
out DDRB, r16 Direction of port B - output
loop:

in r16, PIND Read port D
out PORTB, r16 Write port B

rjmp loop

• Attention!!

in r16, PIND Reading the state of external pins, changed by 
external activity

in r16, PORTD Reading the state of the PORTD register, written 
from inside, by program



Input / Output
• Example – LED matrix

• Both ports (D and B) are output
• To light a LED, the anode must be ‘1’ and the cathode must be ‘0’
• Only one line (or column) is active at once
• For using the whole matrix – sweeping 



Input / Output
• Example – 4x7 segments display

• Each digit has 7 led-s, common anode configuration
• A logic ‘1’ on the anode activates the digit – a single digit is active at one 
given time!
• Selective values of ‘0’ on each cathode draws the digit pattern
• Sweeping (refreshing) is needed to make all digits appear lit



Current limiting resistors for LEDs
• Each LED type has a typical forward voltage drop Vf
• The voltage difference between the digital output voltage VCC and Vf  is the 

voltage drop on the limiting resistor
• The current intensity through the output pin is:

• The higher the intensity, the brighter the LED.
• I must be limited below 20 mA, to protect the microcontroller (and the LED).

http://www.electronics-tutorials.ws/diode/diode_8.html
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• Example: 1 Red LED
• VF = 1.8 V , VCC = 5 V
• For I = 10 mA
• R = (5 V – 1.8 V) / 0.01A = 320 Ohm

• For I = 20mA
• R = (5 V – 1.8 V) / 0.02A = 160 Ohm



Input / Output with Arduino
• Digital input/output pins, connected to the AVR microcontroller’s ports
• The IDE will handle the correspondence between digital pins and port bits
• The programming logic is pin oriented
• Some digital pins have special functions (UART or I2C serial communication, wave 

generation, or analog input)
• The pins RX0 and TX0 must be avoided! They are reserved for serial communication 

via USB, which includes programming the board
• Usually there is a LED on the board, connected to pin 13



Input / Output with Arduino
• The correspondence between the microcontroller pins of ATMega2560 and the digital 

pins of the Arduino Mega board http://arduino.cc/en/Hacking/PinMapping2560
• Selection:

http://arduino.cc/en/Hacking/PinMapping2560


Input / Output with Arduino
• Basic signal source: a button connected to a digital input pin
• One can use a pull down resistor, so that when the button is released a logic ‘0’ is 

generated
• Use the on-board LED for output



Input / Output with Arduino
• Example code:

// Constants for pin numbers
// Numbers can be used directly, but this adds flexibility

// Set up the pin directions
// Declare LED pin as output
// Declare button pin as input

// Read button state
// If pressed, write ‘1’ on the LED pin

// otherwise write ‘0’

// Obviously, you can write the button state directly to the LED:



Input / Output with Arduino
• Using a button without external resistors
• You can use the internal ‘Pull Up’ resistors attached to each pin

// Same constants, same pins

// setting the pin directions

// Activate the pull up resistor by writing a high value 
// on the input pin!

// Same code as before



Input / Output with Arduino
• Reading unstable input data

• A mechanical contact can oscillate between ‘closed’ and ‘open’ many times 
before setting to a stable position.

• A microcontroller may be fast enough to detect some of these oscillations, and 
interpret them as multiple button presses.

• Some button devices, such as Pmod BTN, have circuits to filter out these 
oscillations.

• If such circuits do not exist, the problem must be solved by software.



Input / Output with Arduino
• Reading unstable input data

• The principle of software based filtering: check the state of the pin multiple 
times, until it is stable.

• Effect: ignoring the unstable period, validating the input only when stable.
• Example source code:

// This function returns the stable state of the pin

// The time interval (ms) in which the signal must be stable

// Current state, previous state

// The first (initial) state
// For the whole time interval

// Wait 1 ms
// Read current state
// If the states are different, restart counting

// Set counter back to zero
// Set current state as initial state for a new cycle

// If we have reached this point, the signal is stable
// Return the stable, current state



Input / Output with Arduino
• Reading unstable input data

• Example source code (continued):

// Use the debounce() function instead of digitalRead()



Input / Output with Arduino
• I/O with multiple pins. Using a KeyPad

• Pressing a key makes a contact between a row and a column
• The default state of the rows is ‘1’, by using pull up resistors
• If the pressed key’s column is zero, the key’s row becomes ‘0’. If the column is 

‘1’, the row does not change its state.
• Working principle: activating one column at the time (setting them one by one to 

‘0’), and reading the state of the rows
• The columns must be connected to output pins, and the rows to input pins



Input / Output with Arduino
• I/O with multiple pins. Using a KeyPad

• Example code:
// Number of rows
// Number of columns
// Number of milliseconds of delay

// Define the pins attached to columns and rows, in their logical order
// row pins

// column pins
// LUT for identifying the key at the intersection of a row with a column

// system setup

// Setting up the USB serial interface, for communication with the PC

// Set row pins as input
// Activate the pull up resistors

// Set column pins as output

// Set all columns to ‘1’ - inactive



Input / Output with Arduino
• I/O with multiple pins. Using a KeyPad

• Example code (continuation):

// Call the key reading function (below)
// If the function returns 0, no key is pressed
// If the result is not zero, a key is pressed, and the function returns its associated character

// Use the serial interface to display that the key is pressed
// and its associated character

// The KeyPad scanning function, returns 0 if no key is pressed, or the key character otherwise.

// default return code is zero, no key pressed

// scanning the columns

// activate current column
// check the rows one by one

// if row is ‘0’, a key is pressed on this row

// delay for input filtering

// wait for key release

// the column and the row of the key are known
// Use the LUT to get the ASCII code of the key’s character

// de-activate the column

// Return key character code, or 0



Input / Output with Arduino
• I/O using the microcontroller’s ports
• Disadvantages

• Hardware-dependent approach, the code may not work on other boards
• You must know the correspondence between the pin and the port bit
• Some ports are reserved, and changing their state is not recommended

• Advantages
• High speed. Reading and writing a port about 10x faster than using digitalWrite() 

and digitalRead()
• Multiple pins can be read or written simultaneously (digitalRead and digitalWrite 

only work with one pin at the time)



Input / Output with Arduino
• Example: connect 8 LEDs to pins 22…29 of Arduino Mega (connected to PortA). We 

want to light alternatively the odd and even LEDs, with 1 second delay between 
changes

• Source code, classical Arduino approach:

const  int PortAPins[8]={22, 23, 24, 25, 26, 27, 28, 29}

void setup()
{

for (int b=0; b<8; b++)
pinMode(PortAPins[b], OUTPUT); // Set all pins to output

}

void loop()
{

for (int b=0; b<8; b+=2) // b=0, 2, 4, 6
{
digitalWrite(PortAPins[b], HIGH); // write ‘1’ on the even pins
digitalWrite(PortAPins[b+1], LOW); // write ‘0’ on the odd pins
}

delay(1000); // 1 second delay (1000 ms)
for (int b=0; b<8; b+=2)

{
digitalWrite(PortAPins[b], LOW); // write ‘0’ on the even pins
digitalWrite(PortAPins[b+1], HIGH); // write ‘1’ on the odd pins
}

delay(1000); // 1 second delay (1000 ms)
}



Input / Output with Arduino
• Example: connect 8 LEDs to pins 22…29 of Arduino Mega (connected to PortA). We 

want to light alternatively the odd and even LEDs, with 1 second delay between 
changes

• Source code, using Port A of ATMega2560:

void setup()
{

DDRA = B11111111; // all pins of Port A are configured as output
}

void loop()
{

PORTA = B01010101; // 1 on the even pins, 0 on the odd pins
delay(1000); // 1 second delay (1000 ms)
PORTA = B10101010; // 0 on the even pins, 1 on the odd pins
delay(1000); // 1 second delay (1000 ms)

}


