Zbernica SPI

Zbernica I2C

What's Wrong with SPI?

» Pocet vodicov (narastd)

» Single master

» Mala ochrana kédu

SPI MISO
Master

Porovnanie

SCLK
MOSI SPI
MISO Slave

Peripheral

Max Bus Size

Max Bit Rate

Synch Asynchronous
SPL I2C UART
TOMbit/s 1Mbit/s 500kbit/s
Timited by no. of pins | 128 devices Point to point (RS232)

256 devices (RS485)

peripherals on same
PCB

Number of 3+nxCS 2 2
| pins

Pros Simple, Tow cost, high | Small pin count, | Longer distance,

spead allows multiple improved noise
masters immunity {(requires
transceivers)

Cons Single master, short Slowest, short Requires aceurate
distance distance clock frequency

Typical Direct connection to Bus connection Interface with

Application ASICs and other with peri i

on same PCB

computers and other
data acquisition
systems

Examples

Serial EEPROMs
{25CXXX series),
MCPazZ0X A/D
converter, ENC28J60
Ethernet contraller,
MCP251X CAN
controller...

Serial EEPROMs
(24CXXX series),
MCP8XX
temperature
sensors, MCP322x
A/D converters...

RS232, RS422, R8485,
LIN bus, MCP2550
IrDA interface..

RS-232 nie je zbernica
What's Wrong with Serial Ports?
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Whatis the I2C Bus and what is it used for?

Bus characteristics
12C Bus Protocol
Data Format

Typical 12C devices
Example device
Sample pseudo code
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Zbernica I°C (TWI) =

» Skratka Inter - Integrated Circuit Bus

» Vyvoj: firma Philips, teraz NXP | I

» Mala siet medzi integrovanymi obvodmi

» Povodne pre 10 na jedinej doske ploSného spoja
® Synchrénny sériovy prenos dat
® Master/Slave, Multi-master
® Jeden vodic je pre data SDA
® Jeden vodic je pre hodiny / clock
® Jeden referencny vodi¢ GND
® Napéjanie 5V /3,3V

> Siroka $kala zariadeni v suéasnosti
® Mikropocitate, EEPROM, RTC, LCD driver, ADC a DAC, SENZORY
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I°C Electrical Aspects
*VbD
pull-up
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* |12C devices are wire ANDed together.
« If any single node writes a zero, the entire line is zero
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doélezité pojmy
MASTER - zariadenie, ktoré inicializuje (zahajuje) prenos na zbernici,
generuje hodinové signaly a ukoncuje prenos.
MASTER méze byt vysiela¢ aj prijimac.
SLAVE - zariadenie, ktoré je oslovené (adresované) mastrom. Odpoveda, len ak je
oslovené. SLAVE moze byt aj vysiela¢ aj prijimac.

Multi-master
— schopnost’ sti¢asnej bezkoliznej koexistencie viacerych mastrov na
zbernici

Transmitter — zariadenie vysielajice data na zbernicu.
Receiver - zariadenie prijimajlce data zo zbernice.

* Synchronizéacia — zabezpeenie zhody signalov medzi dvoma zariadeniami
— zabezpecuje CLK, generuje Master.
* Arbitracia — vlastnost, ktora zabezpedi, Ze v danom ¢ase len ovlada zbernicu len
jedno zariadenie (ACK/NACK, kontrola stavu H/L)

12C (TWl) Inter Integrated Circuit

« Pocet obvodov pripojenych na zbernicu je obmedzeny poctom
+ adries a celkovou kapacitou zbernice <400 pF  (,jednotkou dizky je pF*).
» Na prenos informéacie s pouzité dve nesymetrické vedenia

— SCL (hodiny)

— SDA (data/adresa)

Tieto vodice su obojsmerné a pomocou PULLED UP rezistorov
tahané hore. VSetky zariadenia pripojené na zbernicu musia mat
,otvoreny kolektor” (alebo ...). Budi¢e zbernice maju
implementované ,drétové AND*.
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I2C — pripojenie EEPROM
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Bit Transfer on the 12C Bus

» Pocas nabeznej hrany SCL musia byt data stabilné,
zmena nastava pocas SCL=0

SDA / X \

w AN
Data line stable; ! Change

Data valid of data
I l allowed l
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I2C Addressing

» Kazdy uzol ma svoju jedine€nti 7- (10-) bitov( adresu

» Adresy zacinajlce 0000 alebo 1111 maju Specialny vyznam:
® 0000000 — General Call Address
® 0000001 — Null (CBUS) Address
" 1111XXX—Address Extension
® 1111111 - Address Extension — Next Bytes are the Actual Address

Adresy su Casto pevné, alebo ciastoéne programovatelné ¢i nastavitelné.
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ACK - Acknowledgement

» Po prijati kazdého bajtu prijima¢ (master/slave) stiahne SDA
na 0 pocas jedného hodinového impulzu na CLK

» Master receiver leaves data line high after receipt of the last
byte requested NACK

» Slave receiver leaves data line high on the byte following the
last byte it can accept NACK

1 Vysiela¢ uvolni linku SDA
pocas 9. impulzu CLK

DATA OUTPUT \ -
oY TRANSMITTER |\ / X X_X

BY RECEIVER

|
[
o
DATA OUTPUT t
} | Acknowledgement
[

acknowledge

SCL FROM
I 1 NN\
LﬁJ choik pulse for
START
Sl acknowledgement 17
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Start and Stop Conditions

» H/H znamena, Ze zbernica je volna

> Normalne musi byt D po¢as CLK H stabilna

» Prechod H/L na D pocas CLK H je definované ako START
» Prechod L/H na D po¢as CLK H je definované ako STOP

» Obe podmienky generuhe MASTER

» Medzi START a STOP sa zbernica povazuje za obsadenu

[N e

r——-

Start Stop

Condition Condition .
1

First Byte in Data Transfer on the I°C Bus

MSB LSB

RIW

7 - Bit Slave Address —-‘ [AcK]

RIW
0 — Slave written to by Master

1 - Slave read by Master

ACK — Generated by the slave whose address has been output.
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Arduino: Wire library

ARDUINO

User application




. , .
Arduino: zapis
#include <Wire.h>
Wire.begin();
Wire.beginTransmission(DeviceAd,
7-bitova adresa zaripdenia

Wire.write(WriteToAddress);

Wire.write(Data);
Master

Wire.endTransmission();
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Arduino:

Adresa ¢

1010 G00_

|
Y |
02
03 o]
0411 |

data 8 bit
. At

data 8 bit

4]

JObsah pamati

Citanie zo Specifickej adresy

#include <Wire.h>

Wire.begin();

byte MyRead()
/* STEP 1 */
Wire.beginTransmission(DeviceAddress);
Wire.write(MemoryAddress);

Wire.endTransmission();

/* STEP 2 */
Wire.requestFrom(DeviceAddress, 1);

if(Wire.available())
return Wire.read();

else
return OxFF;
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Arduino: Serial pr

int

void setu
. p() (@ comr (=l E
byte ¢ = 85; /] c= Ut |[[send ]
+ : 85 -
Serial.begin(9600); Toro101
85
Serial.println(c); 55
Serial.println(c, BIN); v E
Serial.println(c, DEC); R
Serial.println(c, HEX); 1.23
Serial.println((char)c); 1.2345
Serial.println(1.23456, 0); Tempezacuze = &5 °C [0K]
Serial.println(1.23456, 2);
Serial.print1n(1.23456, 4); Ciferieese] o ne ending. x| | 600 baud
Serial.print("Temperature = ");

Serial.print(c);
Serial.print(' ');
Serial.write(176);
Serial.println("C [OK]");
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Arduino: Citanie

#include <Wire.h>

Wire.begin();

Wire.requestfrom(DeviceAddress,NumberOfBytes);

while (Wire.available())

16. 4. 2024

Adresa obvodu

char ¢ = Wire.read();

Serial.print(c);

}

1010 000_
statt oo o]
e o Coommon]
02 o1e11010
ACK.
03
data 8 bit 0a[_1m11in ]
ACK.
[Obsah pamati
START
Adresa v pamiti
data 8 bit
ACK.
data B bit
STOP.

EINEE N N

Master
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Arduino: Serial print

Slave

com?

void setup() I

byte ¢ = 78; 7
Serial.begin(9600);

Hello, fWorld!
Hello, World!
Hello, World!
Hello, World!

Serial.println(78); el

Serial.print("Hello, World!");
Serial.println("Hello, World!");

Hello, World!Hello, World!

m

Serial.println(c);

Serial.println('c'); (7] Autoscrol

Molineendng v | [9500baud  w

Serial.println(1.23456);
Serial.println();

}
void loop()
{

Serial.println("Hello, World!");
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