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C4µC  -  Comm. Interfaces

● Main issues you have seen:
● Information » Symbols » Signals
● Binary simbol: bit
● Grouping bit in bytes...

– Characters » Messages
● Sender and receiver must share a scheme for in space and 

time dimensions

– Parallel / Serial communcation
– Signalizations 

● All this stuff defines a communication protocol



  

C4µC  -  Comm. Interfaces

● Does the Atmega328 have a parallel port?
● Can we have a parallel communication on Arduino?

– No specific parallel device, but we have GPIO grouped in 
Ports

– Each port has a register, usually 8 bit wide
– Also parallel communication use at least 8 bit 

(or it uses a multiple of 8)

● Which ports can we access to make a test?
● Which lines of the Atmega328 are on the pins of the 

board?



  

C4µC  -  Comm. Interfaces

● Arduino Nano v3 pinout
In the block of previous slides, 
together with schematic and 
Atmega328 datasheet



  

C4µC  -  Comm. Interfaces

● PORTB

● PB0 – PB5 (6bits) , but PB5 is on-board led

● PORTC

● PC0 – PC5 (6bits) , and PC6 is reset

● PORTD

● PD0 – PD7 (8bits) , but we lose the UART pins Tx Rx

● It is possible to use a "narrow" parallel bus? E.g:

● 4bits , PB0 – PB3 , (4 bits » 16 symbols)
● What can we code with 4bits instead of 8bits?

Look at
the previous
image!!! 
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What can we do to send ASCII characters?



  

C4µC  -  Comm. Interfaces

● We could send 4bits at a time, then compose the 
character again in 2 data transfers

// Example sender, it writes

#define BUS_MASK 0x0F

uint8_t stw; //symbol to write

// In setup, set bus as out
DDRB |= BUS_MASK;

// data transfer 1
PORTB &= ~BUS_MASK;
PORTB |= stw & BUS_MASK; //data ready

// data transfer 2
PORTB &= ~BUS_MASK;
PORTB |= (stw >> 4) & BUS_MASK; //d.r.

// Example receiver, it reads

#define BUS_MASK 0x0F

uint8_t str; //symbol to read

// In setup, set bus as in
DDRB &= ~BUS_MASK;

// data transfer 1, if data ready
str = PINB & BUS_MASK;
str = (str << 4) & ~BUS_MASK;

// data transfer 2, if data ready
str |= PINB & BUS_MASK;

Yes, you can



  

C4µC  -  Comm. Interfaces

● How sender and receiver agree when data is ready?

● Let's suppose the receiver is always ready...

● 1 additional signal DATA_READY (set by the sender)

                  PD4

Sender

PB3
PB2
PB1
PB0

PD4

Receiver

PB3
PB2
PB1
PB0                  

DATA_READY



  

C4µC  -  Comm. Interfaces

● Open the Arduino IDE (sketch_c4uc_5.1_parallel_sender)
// include only avr libraries
#include <avr/io.h>
#include <util/delay.h>

#define BUS_MASK 0x0F

// message to send
uint8_t mts[] = {'H','e','l','l','o',' ','w','o','r','l','d','!'}; // 12 x 2 sym
const uint8_t msg_len = 24; // in symbols
uint8_t wi = 0;  // write index

void send_function();

void setup() {
  PORTD &= ~_BV(PORTD4);    //clear data ready
  PORTB &= ~BUS_MASK; //clear the bus
  DDRD |= _BV(DDD4); // DATA_READY pin at PD4
  DDRB |= BUS_MASK;  // our bus at PB0 to PB3
  DDRB |= _BV(DDB5); // use the LED on PB5
}

void loop() {
  send_function();
  _delay_ms(400); // to see the different transfers on blink
}
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● Open the Arduino IDE (sketch_c4uc_5.1_parallel_sender)
// the function to send symbols...
void send_function() {
  if(wi<msg_len){
    uint8_t mi = wi >> 1;
    uint8_t stw = (wi % 2 == 0) ? mts[mi] : mts[mi] >> 4; //local var symbol
    PORTB &= ~BUS_MASK; //clear the bus
    PORTB |= stw & BUS_MASK; //write the symbol
    PORTD |= _BV(PORTD4);    //signal data ready
  
    //short blink on led
    PORTB |= _BV(PORTB5);
    _delay_ms(50);
    PORTB &= ~_BV(PORTB5);
    _delay_ms(50);
  
    wi++;                     //increment write index
    PORTD &= ~_BV(PORTD4);    //clear data ready
  }
}

Compile and run: how many blink do you expect?
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● Open the Arduino IDE (sketch_c4uc_5.2_parallel_receiver)
// include only avr libraries
#include <avr/io.h>
#include <util/delay.h>
#define BUS_MASK 0x0F
#define dbg

uint8_t mtc[] = {'H','e','l','l','o',' ','w','o','r','l','d','!'}; // to check
uint8_t msg[13]; // message received (note: 13 for null terminator)
const uint8_t msg_len = 24; // in symbols
uint8_t ri = 0;  // read index
uint8_t reading = 1;  // start in reading state

void receive_function();
void check_function();

void setup() {
#ifdef dbg
  Serial.begin(115200);
  while(!Serial);
  msg[12] = '\0';
#endif
  DDRD &= ~_BV(DDD4); // DATA_READY at pin PD4
  DDRB &= ~BUS_MASK;  // our bus at PB0 to PB3
  DDRB |= _BV(DDB5);  // use the LED on PB5
} Note: #define dbg
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● Open the Arduino IDE (sketch_c4uc_5.2_parallel_receiver)
void loop() {
  receive_function();
  check_function();
}

// the function to receive symbols...
void receive_function() {
  if(ri<msg_len){
    if(PIND & _BV(PIND4)){ //read data ready signal
      uint8_t str = PINB & BUS_MASK;  //read the symbol
#ifdef dbg
      Serial.println(str,HEX);
#endif
      uint8_t mi = ri >> 1;
      msg[mi] |= (ri % 2 == 0) ? str : str << 4;
    
      // 3 short blinks on led
      PORTB |= _BV(PORTB5); _delay_ms(25);  PORTB &= ~_BV(PORTB5); _delay_ms(25);
      PORTB |= _BV(PORTB5); _delay_ms(25);  PORTB &= ~_BV(PORTB5); _delay_ms(25);
      PORTB |= _BV(PORTB5); _delay_ms(25);  PORTB &= ~_BV(PORTB5); _delay_ms(25);

      ri++;                     //increment read index
    }
  }
}
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● Open the Arduino IDE (sketch_c4uc_5.2_parallel_receiver)
void check_function() {
  if(ri==msg_len){
#ifdef dbg
    Serial.println((char *)msg);
#endif
    _delay_ms(500);
    uint8_t ok = 1;
    for(uint8_t i; i<(msg_len>>1); i++){
      ok &= (msg[i] == mtc[i]);
    }
    if(ok){
      while(1){ // slow blinks forever
        PORTB |= _BV(PORTB5); _delay_ms(1000); PORTB &= ~_BV(PORTB5); _delay_ms(1000);
      }
    } else {
      while(1){ // ERROR: fast blinks forever
        PORTB |= _BV(PORTB5); _delay_ms(25);  PORTB &= ~_BV(PORTB5); _delay_ms(25);
      }
    }
  }
}

Compile and run: how many blink do you expect?
Connect all the wires (Bus+data_ready+GND) and test
Test commenting //#define dbg



  

C4µC  -  Comm. Interfaces

● Connect 2 devices with wires

● Reset first Receiver, then Sender

● If dbg is defined, reset the Receiver closing and re-opening the 
serial monitor

● We should see an output like the one in figure



  

C4µC  -  Comm. Interfaces

● Exercise: let's write the same apps with Arduino API

● sketch_c4uc_5.3_parallel_sender_AAPI
● sketch_c4uc_5.4_parallel_receiver_AAPI

Let's code together step-by-step



  

C4µC  -  Comm. Interfaces

● Exercise: let's write the same apps with Arduino API

● sketch_c4uc_5.3_parallel_sender_AAPI
● sketch_c4uc_5.4_parallel_receiver_AAPI

Let's code together step-by-step
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● We have put these 3 functions (send, receive, check) on 2 
devices

● What if we have only one Arduino?

● Can we put these 3 function on it?
● Let's change the function name... in task (only nomenclature)

void loop() {
  send_task();
  receive_task();
  check_task();
}
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● We have to choose other pins for the receiver

● Port C has some free pins 
(verify that they can be digital on datasheet)

DATA_READY
PC4

Receiver

PC3
PC2
PC1
PC0                 

                PD4

Sender

PB3
PB2
PB1
PB0
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● Exercise: let's write the app with Arduino API

● sketch_c4uc_5.5_parallel_loopback_AAPI

Let's code together step-by-step

void loop() {
  send_task();
  receive_task();
  check_task();
}

How many blinks we can expect? 
Does the check is OK or KO?
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● The code cannot work: we are on wrong assumptions

● The receiver is not ready (not "active"), not when the sender 
is transmitting....

● Have a look at timing diagrams

The receive_task will always find DATA_READY LOW

BUS

DATA_READY

LED

                           PD4

Sender      PB0-4

PB5

PC4

PC0-3    Receiver

                          

Time on µC

Send Rcv Ck Send

Exercise: use PD2 instead of PC4 with interrupt INT0 to call receive_task
(three lines of code to modify...): sketch_c4uc_5.6_parallel_loopback_AAPI_INT 
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● Other issues can be analised:

● On 2 different devices, if we cannot assume that receiver is 
ready, we have to check it

● Or again on the same device... how can we solve without 
interrupt?

● What if tasks: 

– are not in order?
– are called randomly and repeatedly?

E.g.: rcv, rcv, ck, snd, rcv, snd, snd, ...

● What could fail?

● Discuss the assumptions
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● We have assumed "receiver is always ready"
DATA_READY

PC4

Receiver

PC3
PC2
PC1
PC0                       

                      PD4

Sender

PB3
PB2
PB1
PB0

DATA_READY
PC4
PC5

Receiver

PC3
PC2
PC1
PC0                       

                      PD4
PD5

Sender

PB3
PB2
PB1
PB0

RCV_READY

● We need a 2nd signal to tell that the rcv is ready (or just has done reading) 
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● This is a synchronization scheme
DATA_READY

PC4
PC5

Receiver

PC3
PC2
PC1
PC0                       

                      PD4
PD5

Sender

PB3
PB2
PB1
PB0

RCV_READY

● We have named DATA_READY and RCV_READY signals,

● They are often named REQ and ACK

● The must is to have the documentation, with description, 
possibly operation flowchart and with timing diagrams

● Let's make a timing diagram of our parallel device...

Exercise: try to implement the protocol with REQ and ACK
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● Conclusion, what have we learned?

● Coding know-how, understanding bit and mask operation on 
registers

● New small comm protocol

– Synchronization issues
– Data buffering (our msg[] is de facto a rcv buffer)

● Multitasking??

– The µC is monothread, but we can split the tasks and 
functionalities, when they have different priorities...
(this is only a preview of an advanced topic)

● What can we do with this 4-bit bus?

● Coming soon: HD44780



  

C4µC  -  Examples

● HD44780 is the driver chip at the base of LCD displays like:

● The Hitachi HD44780 LCD controller is an alphanumeric dot matrix liquid crystal 
display (LCD) controller developed by Hitachi; it was made commercially available 
around year 1987. (wikip-eng)

● Due to its spread the HD44780 can be considered a de facto standard to control 
LCD. It is used often in embedded systems to implement displays for electrical and 
hobbystic equipment, thanks mainly to its wide versatility and ease of interfacing. 
(wikip-it)
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● HD44780 interface pinout

1) Ground
2) VCC (+3.3 to +5V)
3) Contrast adjustment (VO)
4) Register Select (RS). RS=0: Command, RS=1: Data
5) Read/Write (R/W). R/W=0: Write, R/W=1: Read (This pin is optional due to the fact that most of 

the time you will only want to write to it and not read. Therefore, in general use, this pin will be 
permanently connected directly to ground.)

6) Clock (Enable). Falling edge triggered
7) Bit 0 (Not used in 4-bit operation)
8) Bit 1 (Not used in 4-bit operation)
9) Bit 2 (Not used in 4-bit operation)
10) Bit 3 (Not used in 4-bit operation)
11) Bit 4
12) Bit 5
13) Bit 6
14) Bit 7
15) Backlight Anode (+) (If applicable)
16) Backlight Cathode (-) (If applicable)

IT CAN BE USED IN 4bit DATA-MODE!!!
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● HD44780: let's analise some libraries...

● Examples --> LiquidCrystal --> HelloWorld
/* This sketch prints "Hello World!" to the LCD and shows the time.

  The circuit:
 * LCD RS pin to digital pin 12
 * LCD Enable pin to digital pin 11
 * LCD D4 pin to digital pin 5
 * LCD D5 pin to digital pin 4
 * LCD D6 pin to digital pin 3
 * LCD D7 pin to digital pin 2
 * LCD R/W pin to ground
 * LCD VSS pin to ground
 * LCD VCC pin to 5V
 * 10K resistor:
 * ends to +5V and ground
 * wiper to LCD VO pin (pin 3)
 ...
*/

// include the library code:
#include <LiquidCrystal.h>

// initialize the library with the numbers of the interface pins
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

Explore the sketch's code and library
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● HD44780 and keypad (http://linksprite.com/wiki/index.php5?title=16_X_2_LCD_Keypad_Shield_for_Arduino)

● Our connections
/* This sketch ...

  The circuit:
 * LCD RS pin to digital pin 5
 * LCD Enable pin to digital pin 4
 * LCD D4 pin to digital pin 8
 * LCD D5 pin to digital pin 9
 * LCD D6 pin to digital pin 10
 * LCD D7 pin to digital pin 11
 * LCD VSS pin to ground
 * LCD VCC pin to 5V
 ...
*/

// include the library code:
#include <LiquidCrystal.h>

//               (rs, e, d4, d5, d6, d7);
LiquidCrystal lcd( 5, 4,  8,  9, 10, 11);

Test the sketch with our connections

The sketch uses 2.330 byte (7%)...

http://linksprite.com/wiki/index.php5?title=16_X_2_LCD_Keypad_Shield_for_Arduino
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● Reusing send_task (sketch_c4uc_5.7_parallel_LCD)

// include only avr libraries
#include <avr/io.h>
#include <util/delay.h>

#define BUS_MASK 0x0F
//#define NO_API

uint8_t mts[] = {'E','m','b','e','d','d','e','d',' ', 
'S','y','s','t','e','m','s','\n','C','4','u','C'}; //21 x 2 sym
uint8_t minit[] = {0x33, 0x32, 0x28, 0x0C, 0x06, 0x01}; //6 x 2 sym

//             DB: 7654 3210
//                 |||| ||||
// $33 8-bit mode  xx11 0011  <-- Init sequence to switch to 4bit mode...
// $32 8-bit mode  xx11 0010  <-- ... three times 0x11 and one 0x10
// $28 8-bit mode  xx10 1000  <-- Function set: 4bit bus, 2-line, 5x8 dots
// $0C 8-bit mode  xx00 1100  <-- Display ctrl: display ON, cursor OFF, blink OFF
// $06 8-bit mode  xx00 0110  <-- Entry mode: cursor moves to right
// $01 8-bit mode  xx00 0001  <-- Clear display

const uint8_t msg_len = 42; // in symbols
const uint8_t init_len = 12; // in symbols
uint8_t wi = 0;  // write index
uint8_t ii = 0;  // init index
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● Try to exclude API setup() and loop()...

void send_task();

#ifndef NO_API
void setup() {
#else
int main() {
#endif
  DDRD |= _BV(DDD4); // Enable
  DDRD |= _BV(DDD5); // Register Select
  DDRB |= BUS_MASK;
  PORTB &= ~BUS_MASK; //clear the bus

#ifdef NO_API
  while(1){
    send_task();
  } 
#endif
}

#ifndef NO_API
void loop() {
  send_task();
}
#endif
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● 1st part send_task: init LCD

// the function to send symbols...
void send_task() {
  if(ii<init_len){
    uint8_t mi = ii >> 1;
    uint8_t stw = (ii % 2 == 0) ? minit[mi] >> 4 : minit[mi]; //local var symbol

    PORTD &= ~_BV(PORTD5);   // cmd_mode rs=0
    PORTB &= ~BUS_MASK;      //clear the bus
    PORTB |= stw & BUS_MASK; // write the symbol

    //short blink on led
    PORTB |= _BV(PORTB5); _delay_ms(50); PORTB &= ~_BV(PORTB5); _delay_ms(50);
  
    PORTD |= _BV(PORTD4);    // signal data on bus, enable=1
    _delay_ms(1);
    PORTD &= ~_BV(PORTD4);   // enable=0
  
    ii++;                    // increment init index
    return;
  }
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● 2nd part send_task: send message

  if(wi<msg_len){
    uint8_t mi = wi >> 1;

    if(mts[mi]=='\n'){ // small workaround to write next line cmd during chars tx 
      wi += 2;
      ii -= 2;
      minit[ii>>1] = 0xC0; // next line command
      return;
    }
    
    uint8_t stw = (wi % 2 == 0) ? mts[mi] >> 4 : mts[mi]; //local var symbol
    
    PORTD |= _BV(PORTD5);    // char_mode rs=1
    PORTB &= ~BUS_MASK;      // clear the bus
    PORTB |= stw & BUS_MASK; // write the symbol

    //short blink on led
    PORTB |= _BV(PORTB5); _delay_ms(50); PORTB &= ~_BV(PORTB5); _delay_ms(50);
  
    // short pulse on enable...
    PORTD |= _BV(PORTD4); _delay_ms(1); PORTD &= ~_BV(PORTD4); 
  
    wi++;                    // increment write index
  }
} //end of send_task
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● Result

● Our sketch occupies only 772 bytes (2%)

● Uncomment #define NO_API

● Recompile and see:

– The sketch uses 474 byte (1%)
– The code can be further optimized and organized 

Ex.: try to organize functions as in the library
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