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lamaPLC Communication: SPI

 The Serial Peripheral Interface (SPI) is a synchronous serial communication
interface specification used for short-distance communication, primarily in
embedded systems. The interface was developed by Motorola in the mid-1980s and
has become a de facto standard. Typical applications include Secure Digital cards
and liquid crystal displays.

SPI devices communicate in full duplex mode using a master–slave architecture
usually with a single master (though some Atmel and Silabs devices support
changing roles on the fly depending on an external (SS) pin). The master
(controller) device originates the frame for reading and writing. Multiple slave-devices may be
supported through selection with individual chip select (CS), sometimes called slave select (SS) lines.

Sometimes SPI is called a four-wire serial bus, contrasting with three-, two-, and one-wire serial buses.
The SPI may be accurately described as a synchronous serial interface, but it is different from the
Synchronous Serial Interface (SSI) protocol, which is also a four-wire synchronous serial
communication protocol. The SSI protocol employs differential signaling and provides only a single
simplex communication channel. For any given transaction SPI is one master and multi slave
communication.

Interface

Single master to single slave: basic SPI bus example The SPI bus specifies four logic signals:

SCLK: Serial Clock (output from master)
MOSI: Master Out Slave In (data output from master)
MISO: Master In Slave Out (data output from slave)
CS /SS: Chip/Slave Select (often active low, output from master to indicate that data is being
sent)

MOSI on a master connects to MOSI on a slave. MISO on a master connects to MISO on a slave. Slave
Select has the same functionality as chip select and is used instead of an addressing concept.

Note: on a slave-only device, MOSI may be labeled as SDI (Serial Data In) and MISO may be labeled as
SDO (Serial Data Out)

The signal names above can be used to label both the master and slave device pins as well as the
signal lines between them in an unambiguous way, and are the most common in modern products.
Pin names are always capitalized (e.g. “Chip Select”, not “chip select”).

SPI network configuration

The SPI network can basically be built according to two structures:

https://lamaplc.de/lib/exe/detail.php?id=com%3Abasic_spi&media=arduino:arduino_nano_1.png
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Independent slave configuration

In this structure, the master must have as many selector SS ports as there are slaves in the network.
Of these, it always conducts two-way communication only with the selected slave. Since the MISO
outputs of the slaves would be connected, they should have three current levels: low, high, high
impedance.

Daisy chain configuration

In this case, the MOSI signal sequence issued by the master is first sent to the MOSI of the first slave,
and then via the MISO output to the MOSI of the next slave, and so on.

SPI communication
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In SPI, the master always initiates the communication by changing the state of the SS signal from high
to low towards the selected slave. After that, with the clock signal issued by the master, distribution
takes place on both channels simultaneously, the registers used for data transfer are loaded
synchronously, usually starting with the highest local values.

After filling the registers, they are stored by both units and the register filling is repeated until the end
of the transfer. The registers are most often 8-bit, but there may also be 16/12-bit versions.

When the transfer is complete, the master stops the SLCK clock and sets the SS selector high again.

Clock polarity

The initial polarity of the clock signal (CPOL) can be either rising edge controlled (CPHA=0) or falling
edge controlled (CPHA=1), as shown in the image below:

Mode

There are four communication modes available in SPI (MODE 0, 1, 2, 3), which basically determine the
edge monitoring of SCLK:

https://lamaplc.de/lib/exe/detail.php?id=com%3Abasic_spi&media=com:spi_clock_pol.png
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SPI / Arduino

spi.h

#ifndef _SPI_H_
#define _SPI_H_
 
#include <avr/io.h>
 
 
extern void spi_init();
extern void spi_transfer_sync (uint8_t * dataout, uint8_t * datain, uint8_t
len);
extern void spi_transmit_sync (uint8_t * dataout, uint8_t len);
extern uint8_t spi_fast_shift (uint8_t data);

spi.c

#include "spi.h"
 
#include <avr/io.h>
#include <avr/interrupt.h>
 
#define PORT_SPI    PORTB
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#define DDR_SPI     DDRB
#define DD_MISO     DDB4
#define DD_MOSI     DDB3
#define DD_SS       DDB2
#define DD_SCK      DDB5
 
 
void spi_init()
// Initialize pins for spi communication
{
    DDR_SPI &= ~((1<<DD_MOSI)|(1<<DD_MISO)|(1<<DD_SS)|(1<<DD_SCK));
    // Define the following pins as output
    DDR_SPI |= ((1<<DD_MOSI)|(1<<DD_SS)|(1<<DD_SCK));
 
 
    SPCR = ((1<<SPE)|               // SPI Enable
            (0<<SPIE)|              // SPI Interrupt Enable
            (0<<DORD)|              // Data Order (0:MSB first / 1:LSB
first)
            (1<<MSTR)|              // Master/Slave select
            (0<<SPR1)|(1<<SPR0)|    // SPI Clock Rate
            (0<<CPOL)|              // Clock Polarity (0:SCK low / 1:SCK hi
when idle)
            (0<<CPHA));             // Clock Phase (0:leading / 1:trailing
edge sampling)
 
    SPSR = (1<<SPI2X);              // Double Clock Rate
 
}
 
void spi_transfer_sync (uint8_t * dataout, uint8_t * datain, uint8_t len)
// Shift full array through target device
{
       uint8_t i;
       for (i = 0; i < len; i++) {
             SPDR = dataout[i];
             while((SPSR & (1<<SPIF))==0);
             datain[i] = SPDR;
       }
}
 
void spi_transmit_sync (uint8_t * dataout, uint8_t len)
// Shift full array to target device without receiving any byte
{
       uint8_t i;
       for (i = 0; i < len; i++) {
             SPDR = dataout[i];
             while((SPSR & (1<<SPIF))==0);
       }
}
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uint8_t spi_fast_shift (uint8_t data)
// Clocks only one byte to target device and returns the received one
{
    SPDR = data;
    while((SPSR & (1<<SPIF))==0);
    return SPDR;
}

Sources

Wikipedia (here)
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