Using the FPSLIC™ UARTs in C

Features

¢ Setup and Use of the FPSLIC UARTs

* Code Examples for Polled and Interrupt
Controlled UARTs

e Compact Code

¢ C Code Included for AT94K

Introduction

This application note describes how to
set up and use the UARTSs present in
most FPSLIC devices. C code examples
are included for polled and interrupt con-
trolled UART applications.

Polled UARTs

The application is continuously checking
the UDRER bit in the UARTn Control and
Status Register A (UCSRnA) to control
when the UART has finished sending a
byte. When receiving data, the applica-
tion is continuously checking the RXCn
bit in the UARTn Control and Status
Register A to control when the UART
has completed receiving a byte.

Interrupt Controlled UARTs

The UARTN generates an interrupt when
the UARTN has finished transmitting or
receiving a byte. The interrupt handling
routine uses modulo 2n addressing of
circular buffers for buffering incoming
and outgoing data. The buffer sizes must
be defined before using the routines. Set
the UARTn_RX_BUFFER_SIZE and the
UARTNn_TX_BUFFER_SIZE variables to
the buffer size in bytes. Note that these
variables must be a power of two. If not,
a compiler error message will be
flagged.

An extra function is added to the
UART2.C example code. The DatalnRe-
ceiveBuffer returns a zero if the receive
buffer does not contain any data. This
function does, in contrast to the Receive-
Byte function, not wait for incoming data,
but returns immediately the status of the
buffer.

Note: This routine does not return the

number of bytes in the buffer.

Table 1. Polled vs. Interrupt Controlled UART Comparison

Polled UART

Interrupt Controlled UART

Compact Code

Reasonable Code Size

Application Busy while Communicating

Application Free while Communicating
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Usage

Both examples use the same set of routines. If other
devices than the AT94K are used, the included file in the
code must be changed accordingly.
void initUARTn (unsigned char baudRate) ;
Enables UARTnN and sets the baud rate. Using baud rates
that differ more than +0.5% is not recommended. Please
refer to the UART section in the datasheet for selecting the
baud rate. The value passed to this function will be written
to the UARTn Baud Rate registers.

unsigned char rxByteUARTn (void) ;

Waits for one byte to be received and returns its value.
void txByteUARTn (unsigned char data) ;
Waits for transmission to be allowed, sends byte given as
parameter to the UARTnN transmitter and returns.
unsigned char dataInReceiveBuffer (void) ;

Returns zero (0) if the receive buffer is empty.



Example 1: UART.C (Polled)
#include <ioat94k.h>

/* Prototypes */

void initUARTO (unsigned int baudRate) ;
unsigned char rxByteUARTO (void) ;

void txByteUARTO (unsigned char data) ;

/* Main - Simple Test Program */
void main(void)

{

initUARTO (12) ; /* Baud Rate to 19,200 bps using a 4 MHz Crystal */
for(;;) /* Forever */
{

txByteUARTO (rxByteUARTO () ) ; /* Echo the rx character */

/* initUARTO */
void initUARTO (unsigned int baudRate)
{

UBRRHI |= (((baudRate) >> 8) & 0x000F);
UBRRO |= ((baudRate) & O0x00FF));
UCSROB |= ((1 << RXENO) | (1 << TXENO));

/* rxByteUARTO */

unsigned char rxByteUARTO (void)

{
while (! (UCSROA & (1 << RXCO0))); /* Wait: incoming data */
return UDRI1; /* Return the data */

/* txByteUARTO */

void txByteUARTO (unsigned char data)

{
while (! (UCSROA & (1 << UDRE1l))); /* Wait: empty tx buffer */
UDR1 = data; * Start tx operation */
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Example 2: UART.C (Interrupt)

#include <ioat94k.h>

/*UART Buffer Defines */

#define UARTO_RX_BUFFER_SIZE128

#define UARTO_RX_BUFFER_MASK (UARTO_RX BUFFER_SIZE -1)
#if (UARTO_RX_BUFFER_SIZE & UARTO_RX_BUFFER_MASK)
#error RX Buffer Size NOT a Power of 2

#endif

#define UARTO_TX_BUFFER_SIZE128

#define UARTO_TX_BUFFER_MASK (UARTO_TX_ BUFFER_SIZE -1)
#if (UARTO_TX_BUFFER_SIZE & UARTO_TX_BUFFER_MASK)
#error TX Buffer Size NOT a Power of 2

#endif

/* Static Variables */
static unsigned char UARTO_rxBuffer [UARTO_RX_BUFFER_SIZE];
static volatile unsigned char UARTO_rxHead;

static volatile unsigned char UARTO_rxTail;

static volatile unsigned char UARTO_txBuffer [UART_ TX_BUFFER_SIZE];
static volatile unsigned char UARTO_txHead;

static volatile unsigned char UARTO_txTail;

/* Prototypes */

void initUARTO (unsigned int baudRate) ;
unsigned char rxByteUARTO (void) ;

void txByteUARTO (unsigned char data) ;

unsigned char dataInRxBuffer (void) ;

/* Main - Simple Test Program */
void main (void)

{

initUARTO (12) ; /* Baud Rate to 19,200 bps using a 4 MHz Crystal */
SREG |= 0x80; /* Enable Interrupts */
for(;;) /* Forever */
{
txByteUARTO (rxByteUARTO () ) ; /* Echo the rx character */

/* initUARTO */



void initUARTO (unsigned int baudRate)

{
/* Set the Baud Rate */

UBRRHI |= (((baudRate) >> 8) & 0x000F) ;
UBRRO |= ((baudRate) & O0x00FF));
UCSROB |= ((1 << RXENO) | (1 << TXENO) | (1 << RXCIEO));

/* Flush the rx Buffer */
UARTO_rxTail = 0;
UARTO_rxHead = 0;

0
0
UARTO_txTail = 0;
UARTO_txHead = 0

7

/* rxByteUARTO */
unsigned char rxByteUARTO (void)
{
unsigned char tmpTail;
while (UARTO0_rxHead == UARTO_rxTail);
tmpTail = (UARTO_rxTail + 1) & UARTO_RX_BUFFER_MASK;
UARTO_rxTail = tmpTail;
Return UARTO_rxBuffer[tmpTaill;

/* txByteUARTO */
void txByteUARTO (unsigned char data)
{

unsigned char tmpHead;

tmpHead = (UARTO_txHead + 1) & UART_TX_ BUFFER_MASK;
while (tmpHead == UARTO_txTail) ;
UARTO_txBuffer|[tmpHead] = data;

UARTO_txHead = tmpHead;
UCSROB |= (1 << UDRIEO);

/* dataInRxBuffer */
unsigned char dataInRx_buffer (void)

{
return (UARTO_rxHead != UARTO_rxTail);

/* Interrupt Handlers */
#pragma vector = UARTO_RXC
static __interrupt void UARTO_RXC_interrupt (void)

{
unsigned char data, tmpHead;

data = UDRO;

tmpHead = (UARTO_rxHead + 1) & UARTO_RX_ BUFFER_MASK;
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UARTO_rxHead = tmpHead;

if (tmpHead == UARTO_rxTail)
{
/* ERROR: RX Buffer Overflow */

UARTO_rxBuffer[tmpHead] = data;

#pragma vector = UARTO_DRE

static __interrupt void UARTO_DRE_interrupt (void)
{

unsigned char tmpTail;

i1f (UARTO_txHead != UARTO_txTail)

{
tmpTail = (UARTO_txTail + 1) & UART_TX_BUFFER_MASK;
UART_txTail = tmpTail;
UDRO = UART_txBuffer[tmpTaill;

else

UCSROB &= ~(1 << UDRIEO) ;
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