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Serial Peripheral
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SPI Bus
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There is no official specification for the SPI bus.
It is necessary to consult the data sheets of the devices.
Use to connect integrated circuits on a circuit board.

Important parameters are the permitted clock frequencies
and the type of valid transitions.

Master - Slave (1 or more slaves) configuration.

The master is usually a microprocessor.




SPI Bus

» SPI keeps the number of signal connections to a minimum
and so reduces circuit board complexity.

» Many different peripheral device types available.
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Many different manufacturers of SPI devices (originally
Motorola) - multiple sources

» Not all manufacturers products are directly compatible! -
small variations but can usually be worked around.

» Typical SPI devices are :-

Flash EEPROM, ADC, DAC, temperature sensor, digital IO,RTC
digital potentiometer etc.



SPI signals

» The SPI bus specifies four logic signals.
) SCLK - Serial Clock (output from master)

1 MOSI - Master Output, Slave Input (output from
master)

1 MISO - Master Input, Slave Output (output from slave)

1SS - Slave Select (active low; output from master)
[J No Slave Addressing

» Alternative naming conventions
1 SCK, CLK - Serial Clock (output from master)
1 SDI, DI, SI - Serial Data In
1 SDO, DO, SO - Serial Data Out
) SSEL - Slave Select
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Typical SPI Configuration
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1. The master pulls the slave select low and then
Issues clock cycles.

2. The clock frequency is not specified in the SPI

protocol and can be anything from O up to 70MHz

depending on the characteristics of the slave

device.

The data transfer then takes place.

The master then de-selects the slave.
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Simple master slave implementation

» During each SPI clock cycle, a full duplex data transmission
occurs:

the master sends a bit on the MOSI line; the slave reads
it from that same line

the slave sends a bit on the MISO line; the master reads
it from that same line

» Not all transmissions require all four of these operations to
be meaningful but they do happen.

» The number of bits transferred is not fixed but is usually a
multiple of 8-bits.
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Basic serial data transfer
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The registers within the master and slave act like shift registers
shifting one bit on every cycle of the SCLK.
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Data transfer details

» Most SPl interfaces have two configuration bits, called
clock polarity (CPOL) and clock phase (CPHA).

» CPOL determines whether the shift clock's idle state is low
(CPOL=0) or high (CPOL=1).

» CPHA determines on which clock edges data is shifted in
and out (for CPHA=0, MOSI data is shifted out on falling
edge, MISO data is shifted in on rising edge).

» For two SPI devices to talk to each other, they need to be
set to use the same clock polarity and phase settings.



SPI Data Transfer Modes

Mode | CPOL | CPHA | Aciveedee | mModes 0 and 3 are the most common.
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Multiple Slaves

If multiple slave devices exist, the master
normally generates a separate slave select
signal for each slave.
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SPI Bus characteristics

» Itis up to the master and slave devices to know whether a
received byte is meaningful or not.

» No Acknowledgement
» Master doesn't even know if slave is present!

» Slaves can be thought of as |0 devices of the master.



Example SPI devices
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25LC020A - 2K SPI Bus Serial EEPROM

TC77-5.0 - Thermal Sensor with SPI Interface

MCP3201 - 2.7V 12-Bit A/D Converter with SPI Serial Interface
MCP4822 - 12-Bit DAC with Internal VREF and SPI Interface
MCP41010 - Single/Dual Digital Potentiometer with SPI Interface
MCP6S92 - Single-Ended, Rail-to-Rail I/O, Low-Gain PGA




12C or TWI




Introduction

12C and SPI
Serial communication protocols

Meant for short distances “inside the box”
Low complexity
Low cost
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Low speed ( a few Mbps at the fastest )
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To be discussed: Applications, protocols, tradeoffs, AVR support




What is 12C?
]

» Shorthand for an “Inter-integrated circuit” bus

» Developed by Philips Semiconductor for TV sets in the
1980’s

» |2C devices include EEPROMs, thermal sensors, and real-
time clocks

» 1°C bus has three speeds:
Slow (under 100 Kbps)
Fast (400 Kbps)
High-speed (3.4 Mbps) — 1°C v.2.0

» Limited to about 10 feet for moderate speeds
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12C Bus Configuration
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drain drivers

Peripheral

Do #

2-wire serial bus — Serial data (SDA) and Serial clock (SCL)
Half-duplex, synchronous, multi-master bus

No chip select or arbitration logic required

Lines pulled high via resistors, pulled down via open-
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12C Protocol
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1. Mastel] sends start condition (S) and controls the clock
signa

2. Master sends a unique 7-bit slave device address
3. Master sends read/write bit (R/W) :
O - slave receive,
1 - slave transmit
4. Receiver sends acknowledge bit (ACK)
5. Transmitter (slave or master) transmits 1 byte of data
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12C Protocol (cont.)
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6. Receiver issues an ACK bit for the byte received
7. Repeat 5 and 6 if more bytes need to be transmitted.

8.a) For write transaction (master transmitting), master
issues stop condition (P) after last byte of data.

8.b) For read transaction (master receiving), master does
not acknowledge final byte, just issues stop condition
(P) to tell the slave the transmission is done



12C Signals

Sample Signals

 Start — high-to-low transition of the SDA line while SCL line is high

« Stop — low-to-high transition of the SDA line while SCL line is high

» Ack —receiver pulls SDA low while transmitter allows it to float high
« Data — transition takes place while SCL is low, valid while SCL is high
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12C Features

»  “Clock stretching” — when the slave (receiver) needs more time to
process a bit, it can pull SCL low. The master waits until the slave has
released SCL before sending the next bit.
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» “General call” broadcast — addresses every device on the bus

» 10-bit extended addressing for new designs. 7-bit addresses all
exhausted




AVR Support for 12C

»  Atmel calls it “Two-wire Serial Interface” (or TWI)
» Supported by all AVR 8-bit uC except ATTiny and AT90

ATmega323 TWI mode when TWEN in TWCR is set:

PCO=SCL, PC1=SDA

TWBR — sets bit rate

TWCR — controls start, stop, ack generation, indicates M/S, T/R

TWDR — contains byte transmitted/received

TWAR — contains slave address

TWSR — indicates status of TWI Bus (start condition
transmitted, ACK received, ... 26 total states)

VVVYVYYVYY




12C Tradeoffs

Advantages:

» Good for communication with on-board devices that are accessed
occasionally.

»  Easy to link multiple devices because of addressing scheme
» Cost and complexity do not scale up with the number of devices

Disadvantages:

» The complexity of supporting software components can be higher than
that of competing schemes ( for example, SPI ).
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void i2c_init(void)
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unsigned char i2c_write(unsigned char data)
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=W Table 1. Pin Configuration
Two-wire
Serial EEPROM Pin Name Function 8-lead PDIP
AOD - A2 Address Inputs N
1K (128 x 8) SDA Serial Data =N ]
2K (256 x 8) SCL Serial Clock Input A2 E 3 6 g SCL
GND [ 4 5[1SDA
4K (512 x 8) WP Write Protect
8K (1024 x 8) NC No Connect
GND Ground
16K (2048 x 8) VCC Power Supply
AT24C01A™M
AT24C02>3)
AT24C04
AT24C08A
AT24C16A®)
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Figure 9. Page Write
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/* include the 12C bus functions
The 12C bus connections and bit rate must be specified in the
Project | Configure | C Compiler|Libraries|12C menu */
#include <i2c.h>

/* function declaration for delay_ms */
#include <delay.h>

#define 12C_7BIT_DEVICE_ADDRESS OxAO //1010 0000
] sl g by (yilgs S5k e o9 i 5] o
#define EEPROM_BUS_ADDRESS (12C_7BIT_DEVICE_ADDRESS << 1)

Hossein Khosravi @ Shahrood University of Technology
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/*read a byte from the EEPROM */
unsigned char eeprom_read(unsigned int address)

{

unsigned char data;

i2c_start();

i2c_write(EEPROM_BUS_ADDRESS | @); //0 means write -
/*send MSB of address */

i2c_write(address >> 8);

/*send LSB of address */

i2c_write((unsigned char)address);

i2c_start();

i2c_write(EEPROM_BUS_ADDRESS | 1); //1 means read -
data = i2c_read(0);

i2c_stop();

return data;

Hossein Khosravi @ Shahrood University of Technology
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/* write a byte to the EEPROM */
void eeprom write(unsigned int address, unsigned char data)
{
i2c_start();
i2c_write(EEPROM BUS_ADDRESS | 0);
/*send MSB of address */
i2c_write(address >> 8);
/*send LSB of address */
i2c_write((unsigned char)address);
i2c_write(data);
i2c_stop();
/* 10ms delay to complete the write operation */
delay ms(10);

Hossein Khosravi @ Shahrood University of Technology




void main(void)

{
unsigned char 1ij;
/* initialize the I2C bus */
i2c_init();
/* write the byte 55h at address AAh */
eeprom_write(@xaa, 0x55);
/* read the byte from address AAh */
i = eeprom_read(0xaa);
while (1); /* loop forever */
}
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SPI vs. 12C
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1 For point-to-point, SPI is simple and efficient

®m Less overhead than I2C due to lack of addressing, plus SPI is
full duplex.

1 For multiple slaves, each slave needs separate slave
select signal
® More effort and more hardware than I2C
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Summary

>

12C and SPI provide good support for communication with
slow peripheral devices that are accessed intermittently,
mainly EEPROMs and real-time clocks

12C easily accommodates multiple devices on a single bus.

SPI is faster, but gets complicated when there is more than
one slave involved.




