Mikropocitacové Systémy
MIPS

Prednaska 9.
TWI - 12C.

Byte-oriented 2-wire serial interface (Phillips I2C compatible)

12C je tak zloZitd, Ze museli pouZit stavovy automat.
Je tak jednoduchd, Ze: MacGyver + 2 vodice + 2 rezistory + baterka (+ LED)
a informdcia v 12C zariadent je zmenend , resp. z neho precitand.
Len maloco dokdZe plynulo menit rychlost od nuly po max.
Otizka: Aké dlhé ...? Odpoved”: 400 pF.

12C (TWI) Inter Integrated Circuit

* I2C je sériova synchronna zbernica vyvinuta firmou Philips na komunikaciu medzi IC vo
vnutri zariadenia, napr. televizora.

Na I2C zbernicu mozno pripojit EEPROM, ADC, LCD budice, (>1000 IC’s)

Pocet obvodov pripojenych na zbernicu je obmedzeny poctom adries a celkovou kapacitou
zbernice <400 pF (,,jednotkou dizky je pF*).

Na prenos informacie st pouzité dve nesymetrické vedenia

— SCL (hodiny)

Tieto vodice sti obojsmerné a pomocou PULL UP rezistorov tahané hore. Vietky
zariadenia pripojené na zbernicu musia mat ,,otvoreny kolektor* (alebo ...). Budice
—SDA (data/adresa) zbernice majui implementované ,,drétové AND*.

*Voo
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I’C je skratka pre Inter-IC. I>’C zbernica je obojsmerny
dvojvodi¢ovy komunikaény kanal pouZivany na vymenu
informécii medzi viacerymi IC (integrovanymi obvodmi).
Zbernica bola vyvijana na pracu v ramci jedného zariadenia
(povodne televizora). Hovori sa o dvojvodi¢ovom prenose -
Serial Data (SDA) a Serial Clock (SCL). Zem byva v ramci
zariadenia spolo¢na a preto ju netreba viest’ zvlaStnym
vodicom. Niekedy sa hovori o dvojvodicovej zbernici.
Vodice su ale Styri.

TWI umoznuje prepojit’ az 128 zariadeni pomocou dvoch
vodi¢ov jeden pre hodiny — SCL a jeden pre data - SDA.
Oba tieto vodi¢e musime pomocou pull-up rezistorov
pripojit’ na napéjanie. Kazdé pripojené zariadenie ma
vlastnu adresu.

Budice zbernice vsetkych pripojenych zariadeni na 12C
musia byt typu otvoreny kolektor (drotové AND).

Nizka troven na zbernici je generovana tak, ze aspon jedno
vystupné zariadenie je vstave NULA. Vysoka uroven na
zbernici je generovana tak, Ze vSetky zariadenia pripojené
na zbernicu su v tretom stave. Vtedy je vodi¢ tahany do
vysokej trovne pull-up rezistorom.

Pocet zariadeni pripojenych na zbernicu je obmedzeny
kapacitou zbernice 400pF a 7-bitovou adresou Slave
zariadeni.
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Kazdé zariadenie pripojenék zbernicije identifikované

12C 7-bitovou, resp. (128 zariadeni minus 16 rezervovanych = 112)
10-bitovou adresou (1024 zariadeni minis rezervované adresy = 1008
;mostikom* medzi “7b—10b” je rezervovana adresa 1111 0XX ):

Mody prenosu (prenosova rychlost):
— Standard mode: <100kb/s
— Fastmode: <400kb/s

Fast moc

Délezité pojmy:

¢ Transmitter— zariadenie vysielajice data na zbernicu.

* Receiver—zariadenie prijimajice data zo zbernice.

* Master — inicializujuce (zahajuje) prenos na zbernici, generuje hodinové signaly a ukoncuje prenos.

MASTER méze byt vo funkeii vysielaca aj prijimaca.

« Slave — zariadenie adresované MASTER-om. SLAVE moze byt aj vysiela¢ aj prijimac.

* Multi-master— schopnost’ su¢asnej koexistencie viacerych MASTER-ov na zbernici bez kolizii a strat dat.

* Arbitration — vlastnost’, ktora zabezpec¢i. ze v danom ¢ase len jeden MASTER riadi zbernicu.

+ Synchronization — vlastnost’, ktora zabezpe¢i, synchronizaciu hodinovych signalov, ktoré generuju dve,
resp. viaceré zariadenia typu MASTER.

I>C zbernica je plne staticka ¢o znamena, Ze frekvencia
zbernice méze ist’ az do nuly.

Na zbernici sa mézu nachadzat’ dva druhy zariadeni: master (zahajuje a riadi
komunikdciu) a slave (osloven¢ zariadenie). Ak MASTER chce ¢itat/zapisovat’ z/do
SLAVE zariadenia, musi najskor poslat’ adresu SLAVE. Zariadenia pracuji v dvoch
rezimoch: prijimac a vysiela¢. Tento rezim uréuje MASTER. I2C je zbernica typu multi-
master, to znamena, ze moze byt riadena viacerymi MASTER zariadeniami. Kazdé
zariadenie je uréené sedem bitovou jednoznac¢nou adresou. Je dolezité si uvedomit’, ze
prenos mdze zacat iba ak zbernica nie je obsadend. Pokial’ zbernica neprenasa tidaje oba
signaly musia byt high. Ak by sa pokusalo naraz pracovat’ viacero MASTER zariadeni,
arbitraciou sa rozhodne, kto dostane prioritu.




12C protokol:

« Data su po SDA prenéasané bytovo. Niekolko bytov ohrani¢enych S a P.
* Na prenesenie jedného Byte-u MASTER generuje
+  8f,c predataa
* 1-fc pre ACK. Prijima¢ potvrdzuje ACK.
Tento jeden bit ,vysiela“ prijimag.

* Prenos bitu(ov)

Prenos bitu je podmieneny jednym pulzom na SCL. Signal na SDA vodigi musi byt stabilny ak je
CLK signal v urovni Log. 1.

Jedind vynimka z tohto pravidla je mechanizmus generovania StartastoP podmienky.
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Bit transfer on the 12C-bus.

12C protokol: Prenos Start a stoP podmienky.

« Ak je zbernica volna, méze sa uskutoénit prenos. T j. oba vodiée su v logickej jednotke.
+ MASTER inicializuje a ukonguje prenos.
— Prenos sa zaéne, ak MASTER odvysiela Start podmienku
— prenos sa ukongi, ak MASTER odvysiela stoP podmienku.
— Zbernica je medzi Start a stoP podmienkou v stave ,busy”.
— Ak sa medzi Start a stoP podmienkou objavi opakovany Start, tento stav sa oznacuje
ako REPEATED Start podmienka (Sr, S).
— Start a stoP podmienka sa realizuju ako zmena na SDA po&as vysokej
urovne na SCL vodiéi.

START, REPEATED START and STOP conditions

{ | =N || ¥

START STOP START REPEATED START sTOP

Udaje na SDA linky musia byt stabilné pocas trvania
hornej urovne hodin. Uroven na SDA linky sa smie menit
iba ked st hodinové impulzy na SCL linky na dolnej
urovni (obrazok vl'avo).

Riadiace signaly mozu byt interpretované ako Start alebo Stop podmienky podla zmeny
urovne signalu.

Zmena trovne SDA z high na low pri SCL HIGH je povazovana za (S)tart podmienku.
Zmena trovne SDA z low na high pri SCL HIGH je povazovana za stop(P) podmienku.

Kazdy bajt 6smich bitov je nasledovany acknowledge bitom (potvrdenim). Pocet bajtov
prenesenych medzi Start a stop podmienkami nie je obmedzeny. Acknowledge bit je
generovany prijimacom, SCL je stile riadené masterom. Pretoze je tento bit
reprezentovany low urovilou, musi vysiela¢ uvolnit SDA aby mohol prijima¢ poslat’ low
ak neobjavil ziadnu chybu. Ak slave prijima¢ nie je schopny poslat acknowledge drzi
SDA na high aby mohol master generovat’ stop podmienku a ukon¢it’ prenos. V pripade,
ze master vysiela¢ drzi SDA high cez acknowledge, oznamuje tym koniec prenosu. Slave
uvolni SDA a master moze generovat’ stop podmienku.




12C protokol: Prenos dat a formaty prenasaného ramca

« V8etky vysielané data pomocou I2C zbernice su 9 bitové.

Data Packet Format

Address Packet Format

Addr MSB Addr LSB RW ACK

nnnnnnn

Data transfer on the 12C-bus.

Po start podmienke master posiela adresu slave zariadeniu.
Adresa je dlha sedem bitov, 6smy urcuje smer toku udajov
(read/write). Master vZdy ukoncuje prenos stop
podmienkou. Pokial’ by chcel master d’alej komunikovat’
po zbernici mdze vygenerovat’ Start podmienku s inou
adresou bez generovania stop podmienky.

Ak je nastaveny bit ¢itania / zapisu, vykona sa operacia
Citania, ak nie je, vykona sa operacia zapis. Ked’ SLAVE
rozpozna, svoju adresu, mal by to potvrdit’ po€as 9-teho clk
tak ze nastavi linku SDA na nizku troven (ACK). Ak je
busy ponecha vodi¢ SDA na vysokej trovni (NACK).

Master potom moZe generovat’ stoP alebo opakovany Start.

Pozname dva adresné pakety: adresa slave a bit Citanie/
zapis: SLA + R, resp. SLA+ W.

Najskor sa prenaSa MSB adresny byte. Slave adresy su
,volné, okrem adresy 0000 000, ktora je urcena na
vSeobecné volanie.

Na vyzvu ,,veobecné volanie SLA (0)+W* by mali vSetci
SLAVE reagovat stiahnutim SDA na nulu pocas cyklu
ACK.

Toto volanie sa vyuZziva na to aby MASTER mohol preniest’
spravu naraz vsetkym SLAVE-om. SLAVE zariadenia, ktor¢
daji pocas ACK SDA do nuly, prijmu nasledujice datové
pakety.

SLA(0) + R nema zmysel, lebo by stiasne vysielali na
zbernicu viacery rozne informacie.

Vsetky adresy formatu 1111 xxx st rezervované pre budice
pouzitie.

Aj vSetky datové pakety su na TWI 9-bitové (Jeden datovy
byte a ACK bit). MSB datovy byte je prendsany ako prvy.
CLK generuje MASTER. A SLAVE posiela ACK, resp.
NACK.

Prenos adresy a dat mozno zlucit’ do jedného prenosu.

Prenos je obvykle tvoreny Start podmienkou, SLA+R/W ,
jednym alebo nikol’kymi datovymy paketmi a stoP
podmienkou

Tzv. dratové AND moZeme pouZit pri vymene informacii
medzi MASTER a SLAVE (handshaking). Slave moze
podrzat’ SCL na nule . To sa da vyuzit’, vtedy ak Master
vysiela prili§ rychle. Samozrejme, Ze to nema vplyv na
trvanie SCL vysokej Grovne.



12C protokol:

Prvy byte (niekedy sa nazyva riadiaci byte) po Start podmienke je rozdeleny na:

7 bitov - adresa — (Pevna a programovatelna ¢ast)

1 bit - Read/Write riadiaci bit. Tento bit nastavuje typ operacie.

1 bit — acknowledge bit (ACK). Ak adresované zariadenie rozpozna svoju adresu, potvrdi to tak, Ze
poc&as 9-teho SCL hodinového signalu stiahne SDA na nizku uroveri. MASTER potom méze
odvysielat stoP podmienku alebo opakovany Start, aby mohol inicializovat novy prenos. Adresny

packet pozostavajuci z adresy SLAVE zariadenia a READ alebo WRITE podmienky sa oznaguje:
SLA+R resp. SLA+W.

I2C Serial CMOS RAM/EEPROMs

EEPROM

Standard Sizes

MSB LsB 128 x 8-byte (1 kbit) 2401
AN 512 x 8-byte (4 kbit) 24C04

[A6, A5 A4, A3 A2 AL A0[RW]
2048 x 8-byte (16 kbit) 24C16

4096 x 8-byte (32 kbit) 24C32

slave address 8192 8byte (64KbH) 2484

16384 x 8-byte (128 kbit)  24C128
32768 x 8-byte (286 kbit)  24C256
65536 x 8-byte (S12kbit)  24C512

+ I°C bus is used to read and write information to and from the memory
+ Electrically Erasable Programmable Read Only Memory
+ 1,000,000 write cycles, unlimited read cycles 8
+ 10 year data retention

12C protokol: ,riadiaci byte‘

-7 bitov - adresa — (Pevna a programovatelna ¢ast)
MSB LsB

Napr.: [1 70717 0 x x_ x|[~w]

Il 1 1

‘— slave address g

- 10bitova adresa

Table 2 Definition of bits in the first byte

SLAVE | o
ADRESS | RWBIT DESCRIPTION
[0000 000 o

[Gooacon |1 [START byt
;000000‘
0000 010

X

X
[oo00011 | x
fooon ¢ |
i X
oo |

definiton:

MSB LsB MSB

Napr.:
AT24C32

8PinPOP

Fig.15 General call address format

| When bit B is a ‘zero’ the secand byte has the following

|« 00000110 (H06). Reset and write programmablé part

of siave address by hardware.

LsB

(11,110, ENENEY

(I byte 2. byte

x x[RW[[x 'x X X X X X X]|
| [

o

Adresny priestor zbernice (sedem bitov + R/W bit) je

rozdeleny na r6zne oblasti.
0000 000-0 Tato adresa

znamena vSeobecné

volanie. Je to vyuzivané na komunikaciu so
vSetkymi zariadeniami, ktoré vedia toto volanie
spracovat. Udaje prend3ané tymto spdsobom
mozu ale nemusia byt vyuzité jednotlivymi
zariadeniami. Jeho vyznam je dany dalSim

bajtom:

0000-0110 Reset zariadenia. Zariadenie
spusti inicializaciu (okrem iné¢ho znova
nacita svoju nastavenu adresu). Tento
prikaz sa moze vyuzivat’ pre reset celej
zbernice.

0000-0100 To isté ale bez resetu.

Vhodné pre zariadenia, u ktorych



nastala zmena na adresnych pinoch. Takto mdze
zariadenie zmenit’ svoju adresu.

XXXX-XXX | Ak zariadenie
potrebuje pozornost’ mastera, bez toho
aby vedelo o ktory master sa jedna
vyuziva toto volanie. Toto volanie je
nieco ako ,,prosim ozvite sa, potrebujem
obsluzit*“.  (Nepripomina vam to
preruSenie?) VSetci masteri toto zachytia
a podla toho, ktory vie ako dané
zariadenie (xxxx-xxx je jeho adresa)
obsluzit,, ho skontaktuje.

0000 000-1 Toto je vlastne kopia Start podmienky.
Pouziva sa pri masteroch, ktory maju
implementované I>C softwarovo. Tieto masteri by
museli po cely ¢as monitorovat’ zbernicu na Start /
stop podmienky. S touto pomocou to robia len
obCas a pri detekovani SDA low (az sedem
cyklov) zvysia frekvenciu monitoringu aby mohli
zachytit’ Start podmienku.

0000 001-x Pre uZ nepouzivanii C-bus. Tato adresa
slazila na prenos inych ako I>C dat.

0000 010-x Rezervované pre iny format. Tato
adresa sluzi na prenos inych ako I>’C dat.

0000 011-x Tieto adresy su rezervované pre buduce
rozsirovanie a nie su povolené.

0000 1xx-x Rezervované pre buduice pouZitie.

1111 1xx-x Rezervované pre budice pouZitie.

1111 Oxx-x Vyuzivané pri rozSireni na 10bit

adresovanie.

10bit Address: Pretoze sa na I’C zbernicu da zapojit’
maximalne 127 zariadeni (aj to z jedného druhu len vel'mi
maly pocet kvoli pevnym rozsahom adries) nastalo
rozsirenie adresy na 10 bitov, o umozinuje zapojit' az 1024
zariadeni (tym padom aj viac rovnakych druhov). Je to
spitne kompatibilné a transparentné riesenie pre starSie
zariadenia. Toto adresovanie sa d4 pouzit’ pre vSetky
rychlosti zbernice I?C. Pocet zariadeni je eSte limitovany
celkovou pripojenou kapacitou na zbernicu - 400pF.
Typické zariadenia pripajané na zbernicu mavaju okolo
10pF. 10bit adresovanie funguje vysielanim dvoch
adresnych bajtov. Prvy bajt je 11110(Ay)(Ag)(R/W).
Zariadenia, ktoré toto nepodporuju, zistia inu ako svoju
adresu a zacnu ¢akat’ na stop podmienku. Druhy bajt
obsahuje zvy$nych osem bitov adresy (A-)..(A,).
Zariadenie, ktoré detekuje svoju 10bit adresu odpovie uplne
Standardne pomocou acknowledge. Komunikacia prebieha
d’alej ako v 7bit adresovani.



12C protokol:

MASTER (TRANSMITTER) — SLAVE (RECEIVER)

[s7] siave aooress ] riw | A [oata’] a [Joata’ | AR F]

’ data transferred
0 = write (n bytes + acknowledge)

A master-transmitter addressing a slave receiver with a 7-bit address.
The transfer direction is not changed.

from master to slave

A = acknowledge (SDA LOW)

A = not acknowledge (SDA HIGH)
S = START condition

P = STOP condition

D from slave to master

MASTER (RECEIVER) - SLAVE (TRANSMITTER)

I'/S,/%’"'SLI(VEADDREss }R/W] A I DATA I'A}{ DATA I Tx”,'”p"]

data transfered ——
1 = read (n bytes + acknowledge)

A master reads a slave immediately after the first byte.

Vi b

12C protokol: RiesSenie problémov na zbernici
Riesenie konfliktov je zaloZené na poéuvani.

Vysiela¢ ,budi zbernicu“ a zarover kontroluje - &ita, ¢i sa na zbernici objavi to, o vysiela¢ na
zbernicu poslal:

* Log.1— mékky zdroj signalu
+ Log.0 - tvrdy zdroj signalu
Dva dévody, Ze sa neobjavi Log. 1
—Log. 1 (*)Log. 0 =Log.0.
Dovod tohto stavu. Napr.: Iny Master (Log. 0) pésobiaci na zbernici
— Makky zdroj Log. 1.
Dévod tohto stavu. Vysiela€ nedokaZe v danom &ase ,nabit” cele vedenie (celu kapacitu)

Synchronny prenos: mézeme spomalit’, pozastavit’
Pomalsie zariadenie (SLAVE) moZe taktovanie MASTER:
—spomalit’. SLAVE zariadenie méZe v kaZzdej periéde podrzat SCL na log. 0.
— pozastavit’ Ak potrebuje SLAVE zariadenie ¢as na spracovanie dat podrzi SCL na urovni
log. 0 po ACK bite.
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MultiMaster rezim:

MASTER - inicializujuce (zahajuje) prenos na zbernici, generuje hodinové signaly a ukonéuje
prenos. MASTER moéZe byt vo funkcii vysielaca aj prijimaca. Ak je na zbernicu pripojeny len jeden
MASTER, je komunikéacia po zbernici jednoducha.

AK je na zbernicu pripojenych viacero MASTER-ov, treba urgit, kto v danom stave riadi zbernicu.
Treba riedit dve ulohy:

—synchronizaciu hodin (SCL): Ak ¢o i len jeden MASTER nastavi SCL na Log. 0, zbernica je na
Log. 0. Ak MASTER uvolni SCL, musi monitorovat (po¢uvat) a méZe taktovat Log. 1 aZ vtedy,
ked vSetciuvolnia linku.

— arbitraz: Riesi kolizie na vodi¢i SDA. MASTER musi ,poéuvat &i to, ¢o na linku nastavil, aj
predita. AK MASTER preéita, iny stav ako nastavil, musi uvolnit linku (prejst do stavu SLAVE - ¢o
ak je adresovany ako SLAVE zariadenie?). Je zrejmé, Ze tento stav nastane, ak jeden MASTER
vysielalog. 1 a druhy log. 0. ,zvitazi“ ten, ktory vysielana SDA log. 0.

Overview of the TWI Module

™I - soL sDA
Siewrate | - Spike Slowrate [ Spike
Control | Filter Control |  Filter
Bus Interface Unit Bit Rate Generator
START/STOP
[ | [omwsememe |
< >
Address/Data Shift B4 Rate Regster
| Abitration detecton [ I Rogster (TWDR) I e (TWER)
Address Match Unit Control Unit
‘Address Register ‘Status Register ‘Control Register =
(TWAR) (TWSR) (TWCR) >
E

Na vstupe TWI je zabudovany filter, ktory odstrani impulzy kratSie ako 50ns.
AVR TWI ma zabudovany stavovy automat, ktory generuje poziadavku o preruSenie
pri kazdej zmene stavu na zbernici.
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TWCR - TWI Control Register

Bit 7 6 5 4 3 2 1 0
[rwnr T wea [rwsta [wsto [ wwe [ wen [ - [ we |WeR

ReadWrite  RW RW RW  RW R RW R RW

Initial Value 0 o 0 0 0 0 0 0

Bit 7 - TWINT. TWI Interrupt Flag sa nastavi, ked sa poZaduje reakcia softvéru na zmenu stavu zbernice.
Nulovanie zapisom Log.1 softvérom, ako posledna operacia s registrami TWAR (adresny reg.), TWSR (status
reg.)a TWDR (data reg.).

Bit 6 - TWEA: TWI Enable Acknowledge Bit riadi ¢innost poas ACK impulzu. Po zapise Log.1 je
generovany ACK impulz ak: 1. Bola prijata adresa SLAVE zariadenia. 2 3. MASTER alebo
SLAVE prijal data.

Bit 5 - TWSTA: TWI Start Condition Bit. Tento bit nastavuje MASTER. Ak su splnené podmienky
odvysiela sa Start podmienka. Tento bit treba vynulovat softverovo, po odvysielani Start podmienky.

Bit 4 - TWSTO: TWI Stop Condition Bit. Tento bit nastavuje MASTER. Ak chce odvysielat stoP. Nulovany je
automaticky.

Bit 3 - TWWC: TWI Write Collision Flag. Tento bit sa nastaviak nie je dovolené zapisat do TWDR reg.
Bit 2 - TWEN: TWI Enable Bit. Zapnutie TWI. TWI prebera riedenie SCL a SDA. Pinov.

Bit 0 — TWIE: TWI Interrupt Enable. Ak nastavime aj |-bit v SREG, aktivujeme poZiadavku o prerusenie.

Bit 7..3 - TWS: TWI Status reprezentujustav TWI .

Bit 7 6 5 4 3 2 1 0
[[ws7 [ rwss [ twss [ wss [ twss [ - [Swest [ Tiwmso| TSR

ReadWrite R R R R R R RW RW

Initial Value 1 1 1 1 1 0 0 0

Poznanka: Status = TWSR & 0xF8;

TWDR - TWI Data Register

Bit 7 6 5 4 3 2 1 0
[ wor [ wos [ twos | mwos [ twos [ twoz | Twor [ woo | TWOR
ReadWrite RW RW RW RW RW RW RW RW

Initial Value 1 1 1 1 1 1 1 1

V reZime vysielania obsahuje TWDR dal$i odosielany baijt.
V rezime prijmu obsahuje TWDR posledny prijaty bajt.

14
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I'WI — taktovanie, hodiny oo = 16 MHz
CPU —

_ fepu
frwi =
16 + 2(TWBR)(Prescaler Value)

Pozadujeme fry,; = 100kHz =
TWBR =5 =
16MHz

TWBR = Value of the TWI Bit rate register S = Ol kHz
g frwi = 1652+ (16) 7 (5)
PrescalerValue = Value of the prescaler
Bit 7 6 5 N 3 2 1 0 TWI Bit Rate Prescaler
[[wsz [ twss [ twss [ twss [ wss | - TwPs1 | Twpso | TWSR TWPS1 | TWPSO Prescaler Value
Read/Write R R R R R R RW RIW 0 0 1
Initial Value 1 1 1 1 1 0 0 0 0 d 4
Preddelié (K 0 16 |
ITWI zbernice. 1 1 64
Bit 7 6 5 4 3 2 1 0
[ Twer? J TWBRG I TWBRS ] TWBR¢ l TWBR3 | TWBR2 ] TWBR1 I Twero | TWBR
Read/Write RW RW RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Deliaci pomer pre CLK generator TWI v MASRER mdde.

Moédy komunikacie (4):
- MASTER vysiela (MT)
- MASTER prijima (MR)

7 5 5 . 3 2
[ wsr | wss [ wss [ wse [ wss |
R R R R R

1 1 1 1 1

Tieto médy mézZu byt aj kombinované navzajom.

Vysvetlivky:

S: Start podmienka

Rs: Repeated Start podmienka

R: Read bit (high level at SDA)

W: Write bit (low level at SDA)

A: Acknowledge bit (low level at SDA)

/A, A: Not acknowledge bit (high level at SDA)
Data:  8-bit data byte

P stoP podmienka

SLA: Slave address

:, From master to siave
|:, From siave to master

SrEmSgs Any number of data bytes
| [:ATA - and their associated acknowledge bits

This number (contained in TWSR) corresponds
[{ h to a defined state of the 2-Wire Serial Bus.

The prescaler bits are zero or masked to zero

Cinnost Slave zariadenia nesuvisi s nastavenim
taktovania MASTER, ale f-p; SLAVE musi byt aspor
16 krat vysSia ako je frekvencia CLK.
16 17



Priklad kooperacie softvéru a TWI hardvéru:

Interfacing the Application to the TWI in a Typical Transmission

Application
Action

1. Application
writes to TWCR to
initiate
transmission of
START

3. Check TWSR to see if START was
sent. Application loads SLA + W into
TWDR, and loads appropriate control
signals into TWCR, making sure that
TWINT is written to one,
and TWSTA is written to zero.

5. Check TWSR to see if SLA+ W was
sent and ACK received.
Application loads data intoTWDR, and
loads appropriate control signals into
TWCR, making sure that TWINT is
written to one

7. Check TWSR to see if data was sent
and ACK received.
Application loads appropriate control
signals to send STOP into TWCR,
makin sure that TWINT is
written to one

TWI
Hardware

TWibus | START

Action

SLA+W l A Data ] A STOP ]
2. TWINT set. 4-TWINT 88t 6. TWINT set.
Status code indicates Status code indicates Status code indicates
START condition sent SLA + W sent, data sent, ACK received
ACK received

Indicates
TWINT set

Formats and States in the Master Transmitter Mode
MT

Successfull

transmission W A DATA

toa slave
receiver

Next transfer

started with a
repeated start
condition

Not acknowledge
received after the

slave address

Not acknowledge
received after a
data byte

>
v

MR

18
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Status Codes for Master Transmitter Mode

Formats and States in the Master Receiver Mode

Twe ELZ 0 A (I BT A I . Sl Siotus Code | Status of the 2-wire Application Software Response i
valve T F T | N [ | (TWSR) | Serial Bus and 2.wire = To/from TWDR To TWCR
T Prescaler Serial Interface
S —— Bits are 0 Hardware STA | STO | TWINT | TWEA |Next Action Taken by TWI Hardware & i . S
—_—— coess
SLA+Wi— TWDR S A START condition has||  Load SLA+W reception | I SLA 1 R A | DATA A | DATA | A
Sanemiied L from a slave = - -
. +0%10 ‘Arepeated START l Load SLAsWor . 0 | 0 ] receiver
TWCR [TWINTY| TWEA | TWsTA | TWsto | Twwe | Twew | - | Twe | | } €oNdition Nas been  \--mamonm=== -t @ @ @ @
vwe 7 7% | o | o | x T o [ x | € transmitted Load SLA*R
0x18 | SLA*Whasbeen | Loaddatabyteor | O | O | 1 | X |Databyte wilbe transmitted and ACK o bosid o]
4D i transmitied; ACK has NOT ACK wil be received
Zépisom 1-ky vynulujeme beenreceived | NoTWDRactionor| 1 | 0 | 1 | X |Repeated START wil be ransmitted petied st
NoTWDRactonor| 0 | 1 | 1 | X |STOP condtion will be transmitted and

TWSTO Flag will be reset
NoTWDRaction | 1 | 1 1 X |STOP condition foliowed by a START
condition will be transmitted and TWSTO Not acknowledge
820 wht be reset received after the
020 SLA+W has been Loaddatabyteor | 0 0 1 X | Data byte will be transmitted and ACK or slave address
transmitted; NOT ACK NOT ACK will be received
hasbeenreceived | NoTWDRactonor 1 | O | 1 | X |Repeated START wilbe transmitted
NoTWDRactonor | 0 | 1 | 1 X |STOP condition will be transmitied and
TWSTO flag will be reset
NoTWDRactn | 1 | 1 | 1 X |STOP condition followed by a START FreE—
condition wil be transmitted and TWSTO ddress or data byte
flag will be reset
028 Databytehasbeen | Loaddatabyteor 0 | 0 | 1 X |Data byte will be transmitied and ACK or
transmitted; ACK has NOT ACK will be received
beenreceved  |NoTWDRactonor| 1 | 0 | 1 X |Repeated START wil be transmitted
NoTWDRactionor | 0 | 1 1 X |STOP condition will be transmitted and
TWSTO flag will be reset
NoTWDRacton | 1 | 1 | 1 X |STOP condition followed by a START
condition wil be transmitted and TWSTO
flag will be reset
030 Databytehasbeen | Loaddatabyteor 0 | 0 | 1 X |Data byte will be transmitied and ACK or
transmitted; NOT ACK NOT ACK wil be received
has been received |NoTWDRactonor| 1 | 0 | 1 | X |Repeated START wil be transmitted
NoTWDRactonor | 0 | 1 | 1 X

NoTWDRacton | 1 | 1 | 1 | X |STOP condiion followed bya START
condition wil be transmitted and TWsTO | 20
flag wil be reset

20




Phips Semconductors
Status Codes for Master Receiver Mode
A0S CodemiIon Masis RecHS +sv Remote 8-bit /O expander for [2C-bus PCF8574
Status Code | Status of the 2-wire Application Software Response
(TWSR) | Serial Bus and 2-wire | Tolfrom TWDR To TWCR
Prescaler Serial Interface
Bits are 0 Hardware STA | STO | TWINT [TWEA | Next Action Taken by TWI Hardware
A START condition has | Load SLA*R SLA+R will be transmitted
been transmitted ACK or NOT ACK will be received
0x10 A repeated START LoadSLA*Ror | 0 | 0 1 X SLA*R will be transmitted
condition has been ACK or NOT ACK will be received
transmitted Load SLA*W 0o 1 X SLA#W will be transmitted
logic will switch to master transmitter mode:
0x38 Arbitration lost in SLA+R | No TWDR actionor | 0 0 1 X | 2-wire serial bus will be released and not
or NOT ACK bit addressed slave mode will be entered
No TWDR action | 1 0 1 X | ASTART condition will be transmitted when ]
the bus becomes free @] + —
0x40 SLA#R has been No TWDRactionor . 0 0 1 0  Data byte will be received and NOT ACK ! Voo
transmitted; ACK has will be returmed @] i
been received NoTWDRacton | 0 | 0 1 1 Data byte will be received and ACK will be (0]
retumed > (GO N E)
0xa8 SLA*Rhasbeen  |NoTWDRactionor| 1 | 0 1 X Repeated START will be transmitted = N | e
transmitted; NOT ACK | No TWDR actionor | 0 1 1 X | STOP condition wil be transmitted and i ves
has been received TWSTO flag will be reset n
No TWDR action | 1 1 1 X | STOP condition followed by a START *
condition will be transmitted and TWSTO ~
flag will be reset -
0x50 Databyte hasbeen | Readdatabyteor | 0 | 0 1 0 Data byte will be received and NOT ACK -
received; ACK has been will be returned
retumed Readdatabyte | 0 0 1 1 Data byte will be received and ACK will be i
retumed " 8
0x58 Data byte has been | Read data byteor | 1 0 1 X Repeated START wil be transmitted 0 1 0 0 0 1 O \
received; NOT ACK has | Read databyteor | 0 | 1 1 X | STOP condition wil be transmitted and N s
been retumed TWSTO flag will be reset Lud
Readdatabyte | 1 1 1 X | STOP condition followed by a START rcrasne B
condition will be transmitted and TWSTO 22 L e T 1 siodls 23
flag will be reset Appiication of multple PCFBST4s withinterrupt

22

Pozor vyrabaju sa dva typy: PCF8574 (pevna ¢ast adresy 0100) a PCF8574A
(pevna Cast adresy 0111).

NaSou ulohou: Nastavit na zaciatku port ako In. T.j- zapiSeme jednotky. On je aj
po pripojeni napajania ako Input.

1. Potom P3 (zatlacenie) bude Zapinat led a P5 (zatlaCenie) bude Vypinat led.
Vytvorime jednoduchy RS klopny obvod.
2. Naprogramujeme TWI.

3. Aby sme nemuseli neustale testovat stav klavesnice, vyuzijeme pin /INT na
generovanie prerusenia (privedieme na pin INTO MMP). Tento pin sa zhodi
automaticky po vstupe do prerusenia.

Cerveny modul:

- ma oSetrené A0, A1 a A2 odporom 1k do nuly.

- INT a SCL a SDA ma pullup 1k.

Modry modul:

- SCL a SDA ma pullup 1k.

- INT musi mat externy.

- A0, A1 a A2 ma pripojené na GND, resp. +5V cez prepojky.

23
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#define Adr_exp_8574 ©x22 // Nastavenie adresy SLAVE zariadenia

#include "p_f_1.h"

volatile uint8_t i_TWI = ©x00;
volatile uint8_t pocet_TWI_WR,pocet_TWI_RD;
volatile uint8_t TWI_WRB[1@];
volatile uint8_t TWI_RDB[1@];
volatile uint8_t Stav_exp = ©;
volatile uint8_t flag_exp = ©;

int main(void)
%
ini_TWI(); // ini TWI
sei();
for(uint8_t i=0;i<10;i++){
TWI_WRB[i] =0x@;TWI_RDB[i] =0x8;
}

while(1) {
WR_exp(Adr_exp_8574,0xFF);
_delay_ms(500);
WR_exp(Adr_exp_8574,0x00) ;
_delay_ms(500);

S
il

JF RRE R R R KRR KRR KR R R KRR KRR KRR KRk f

/* zapis do expandera PCF8574 %/
/* mozne adresy ©x20,0x21,...0x26,0x27 L4
/* zapis do expandera PCF8574A */
/* mozne adresy ©x70,0x71,...0x76,0x77 L
/* Bite = @ (write) L7 4

/*****t*"ﬁ**#***t*****ttt*t**tt**#*tt**t**#***tt*tl
void WR_exp(char adr_IO,char wr_data) {
while(check_bit(TWCR,TWIE)); //WDR();
pocet_TWI_WR = 2; // pocet prenasanych byte-ov
TWI_WRB[@] = adr_IO<<1;

TWI_WRB[1] = wr_data;

i_TWI = @;
7 6 5 4 3 2 1 o
TWINT [ TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE TR
RW RW RW RW R RW R RW
1/ i 5 ] 1 2] ] 1 ] 1

// K_TWI_START= BXAS
// TWINT, /TWEA, TWSTA, /TWSTO, /TWWC, TWEN, @, TWIE
TWCR = K_TWI_START;

Uloha ¢&. 1.

Cely expander nastavime opakovane do log.1 a potom do log. 0.
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“ Picoscope 6 - o x Ay PicoScope 6 - o x
e, 3t Ve Messwemerts | Took Hep — Fle E6t Views Messurements Jools Help
OO 0 e 00 ) K (K R 6 Cra 0] 03 o) KIS D
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while(1) {
WR_exp (Adr_exp_8574,0x55) ;
_delay_ms(500);
WR_exp (Adr_exp_8574,0xAA) ;
_delay_ms(500);
}

START or
repested START
conditon

Data transfer on the I°C-bus.

25

#include "p_f_1.h"

Formats and States in the Master Transmitter Mode
wr

s s s ; — s [ o
void ini_TWI(void) {// ini TWI e L
TWBR = ©xe5; Nech: TWBR =5a TW_.BRP = 64=
TWSR = @xe3; Frn = SMHZ o gakniz [y
™I T 16+2: (601 (5) Vo wih s
s o
void WR_exp(char adr_IO,char wr_data) { -
// vid. predch. strana ot
fterr—
ISR(TWIL_vect) { -
switch(TWSR & 0xf8)
{ case StK_TWI_START: // [@x08] START has been transmitted
case StK_TWI_REP_START: // [@x18] Repeated START has been transmitted
case StK_TWI_MTX ADR_ACK:  // [@x18] SLA+W has been tramsmitted and ACK received

break;

case StK_TWI_MTX_ADR_NACK:  // [@x2@]
case StK_TWI_MTX_DATA_AC
case StK_TWI_MTX_DATA_NACK: // [@x3@]

I_WRB[i_TWI++]; // adr_...
TWI_ADDRESS; /] =0x85 TWINT, /TWEA, /TWSTA, /TWSTO, /TWWC, TWEN, @,

data

// [ex28]

>

SLA+W has been tramsmitted and NACK received
Data byte has been tramsmitted and ACK received
Data byte has been tramsmitted and NACK received

TWIE

case StK_TWI_BUS_ERROR: // [@x@@] Bus error due to an illegal START or STOP condition
default:

TWCR = K_TWI_STOP; // [@x94] TWINT, /TWEA, /TWSTA, TWSTO, /TWWC, TWEN, @, /TWIE
break;

>

26

25

Deli¢ka je nastavena na 64.
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#ifndef P_F_1 H_

#define P_F_1 H_

#define F_CPU 16000000UL
#include <avr/io.h>
#include <avr/interrupt.h>
#include <util/delay.h>

extern volatile uint8_t i_TWI;

extern volatile uint8_t pocet_TWI_WR,pocet TWI_RD;
extern volatile uint8_t TWI_WRB[10];

extern volatile uint8_t TWI_RDB[10];

extern volatile uint8_t Stav_exp;

extern volatile uint8_t flag_exp;

#define set_bit(Adress,Bit)((Adress) |= (1<<Bit))
#define clear_bit(Adress,Bit)((Adress) &= ~(1<<Bit))
#define toggle_bit(Adress,Bit)((Adress) ~= (1<<Bit))
#define check_bit(Adress,Bit)((Adress)&(1<<(Bit)))

extern void WR_exp(char adr_I0,char wr_data);
extern char RD_exp(char adr_I0);

extern void ini_TWI(void);

extern void ini_IntB(void);

#endif /* P_F_1_H_*/

// TWI State codes
// General TWI Master status codes
#define StK_TWI_START ox08 //
#define StK_TWI_REP_START oxi0 //
#define StK_TWI_ARB_LOST ox38 //
// TWI Master Transmitter status codes

#define StK_TWI_MTX ADR_ACK  ©x18 //
#define StK_TWI_MTX_ADR_NACK ~ ©x20 //
#define StK_TWI_MTX_DATA ACK  ©x28 //
#define StK_TWI_MTX_DATA_NACK ©x3@ //

// TWI Master Receiver staus codes

#define StK_TWI_MRX_ADR_ACK  0x40 //
#define StK_TWI_MRX_ADR_NACK  0x48 //
#define StK_TWI_MRX DATA_ACK  0x50 //
#define StK_TWI_MRX_DATA_NACK  0x58 //

// TWI Slave Transmitter staus codes
1/ -
// TWI Slave Receiver staus codes

// TWI Miscellaneous status codes

START has

been transmitted

Repeated START has been transmitted
Arbitration lost

SLA+H has
SLA+H has
Data byte
Data byte

SLA+R has
SLA+R has
Data byte
Data byte

been tramsmitted and ACK received
been tramsmitted and NACK received
has been tramsmitted and ACK received
has been tramsmitted and NACK received

been tramsmitted and ACK received
been tramsmitted and NACK received
has been received and ACK tramsmitted
has been received and NACK tramsmitted

#define StK_TWI_NO_STATE @xF8 // No relevant state information available; TWINT = “@”
#define StK_TWI_BUS_ERROR @x00 // Bus error due to an illegal START or STOP condition
#define K_TWI_START OxAS // TWINT, /TWEA, THWSTA, /TWSTO, /TWHC, TWEN, @, TWIE
#define K_TWI_R_START @xAS // TWINT, /TWEA, TWSTA, /TWSTO, /TWWC, TWEN, @, TWIE
#define K_TWI_ADDRESS @x85 // TWINT, /TWEA, /TWSTA, /TWSTO, /TWWC, TWEN, O, TWIE
#tdefine K_TWI_READATAA @xC5 // TWINT, TWEA, /TWSTA, /TWSTO, /TWMC, TWEN, 8, TWIE
#define K_TWI_READATNA ex85 // TWINT, /TWEA, /TWSTA, /TWSTO, /TWWC, TWEN, O, TWIE
#define K_TWI_STOP ex94 // TWINT, /TWEA, /TWSTA, TWSTO, /TWC, TWEN, @, /TWIE

27

while(1) {
WR_exp(Adr_exp_8574,06xFF); _delay_ms(500);
WR_exp(Adr_exp_8574,0x00); _delay ms(50@);

Stav_exp = RD_exp(Adr_exp_8574);
// ?? Test: Reset (VYPNI)
if(n_check_bit(Stav_exp, 5))
WR_exp (Adr_exp_8574,0b11111111);
// ?? Test: Set (ZAPNI)
if(n_check_bit(Stav_exp, 3))
WR_exp (Adr_exp_8574,0b11111101);

[ R RO KRR R OR KK ok R KRRk K kK

/* citanie z expandera PCF8574 */
/* mozne adresy ©x20,0x21,...0x26,0x27 %/
/* zapis do expandera PCF8574A »
/* mozne adresy ©8x7@,@x71,...8x76,8x77 .
/* Bit® = 1 (read) -

/t*******t*t**####t**‘****t##****t**t*i**t#v*#****/
char RD_exp(char adr_IO) {
while(check_bit(TWCR,TWIE)); //WDR();
TWI_WRB[@] = (adr_IO<<1) | 1;// adr_obv + RD

i_TWI = e;

7 6 5 4 3 2 1 0
|TW|NT]TWEA TWSTAlTWSTO|TWWCITWEN| - |TWKE|.WK:R

RW RW RW RW R RW R

1/ 1 2] 1 ] 2} 1 2} 1

// K_TWI_START= @xAS

// TWINT, /TWEA, TWSTA, /TWSTO, /TWWC, TWEN, ©, TWIE

TWCR = K_TWI_START;

1£ ?ep

while(check_bit(TWCR,TWIE)); //WDR();

return(TWI_RDB[O]); be

27

Teraz pridame aj tlacitka SET(Zapni) a RESET (Vypni) ledku.
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Status Codes for Master Receiver Mode

Sl B and e | Tfiom TWOR ToTweR o o] T
Hardwars STA | STO | TWINT| TWEA  Next Action Taken by TW Hardware ini_TWIO); ISR(INTe_vect){
0:08 | ASTARTcondfionhas | LoadSLA'R | O | 0 | 1 | X | SLARwilbe transmitied o 2 flag_exp = 1;
ACK or NOT ACK wil be received ..
. o () [ECT ini_Inte(); 2
0x40 SLA*Rhasbeen | No TWDRactionor | 0 Data byte wil be recewved and NOT ACK ‘ R
Emest k|| b © sei(); void ini_Inte(void){
e . DDRD &= ~(1<<DDB2); // PD2 PORTD input
O enee | s oL A MO AT Ml aled — while(1) { PORTD |= (1<<DDB2); // INT® pullup
e ( DI s e WR_exp(Adr_exp_8574,@xFF); EICRA =0be@@ee@10; // dobezna hrana
onon b bambid nd TWSTO Edetayiss (500)3 EIMSK |= (1 << INT@);// Turns on INT®
WR_exp(Adr_exp_8574,0x00) ; 3
_delay_ms(5e9);
ISR(TWI_vect) {
switch(TWSR & 0xf8) Sta\:tefp = Rg_exix(ﬁ(\fi:_ifrfl_8574);
{ ... ! . /1l ? est: Rese VYPNI)
break; /* citanie z expandera PCF8574 *) if(n_check_bit(Stav_exp, 5))

char RD_exp(char adr_I0) {

case StK_TWI_MRX_DATA NACK: // [0x58]
// Data byte has been received and NACK tramsmitted while(check_bit(TWCR,TWIE)); //WOR();

TWI_RDB[@] = TWDR; // READ data TWI_WRB[@] = (adr_I0<<1) | 1;// adr_obv + RD
case StK_TWI_MTX_ADR_NACK: i TWI = 0;
case StK_TWI_MRX_ADR_NACK: // K_TWI_START= @xA5
case StK_TWI_MTX_DATA_ACK: // TWINT, /TWEA, TWSTA, /TWSTO, /TWWC, TWEN, @, TWIE
case StK_TWI_MTX DATA NACK: }
case StK_TWI_BUS_ERROR: TWCR = K_TWI_START;

WR_exp (Adr_exp_8574,0b11111111);

?? Test (ZAPNI) if(flag_exp){
if(n_check_bit(Stav_exp, 3)) flag_exp = ©;

WR_exp(Adr_exp_8574,0b11111101); Stav_exp = RD_exp(Adr_exp_8574);

if(n_check_bit(Stav_exp, 5))

default:

TWCR = K_TWI_STOP;

/1 022
while(check_bit(TWCR,TWIE)); //WDR();

s WR_exp (Adr_exp_8574,0b11111111);

if(n_check_bit(Stav_exp, 3))
WR_exp (Adr_exp_8574,0b11111101);

break;

B

return(TWI_RDB[O]);

}

30

Teraz pridame aj tlacitka SET(Zapni) a RESET (Vypni) ledku.

29

Teraz pridame aj preruSenie od expandera.
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I12C — pripojenie EEPROM
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Combining Several TWI Modes to Access a Serial EEPROM

Master Transmitter

|s| SLA+W

[] nooress Taln] san [a]

S = START

Rg = REPEATED START

|:| Transmited from masier to siave D Transmited rom siave to master

s H
7
; RIADIACT ADRESA DATA 0
g eYTE H
T
S-S S R
zaPIs BYTU
1010xxx R " L)
: : ;
'Vrutorny zapis Cims)
04
a 01,02 ?
M ? rraozact ADRESA DATA n DATA n+i  DATA n+7 0
T BYiE n> 3

A A A — A A

zaPIS
STRANKY

- A ] ) [}
b c C 4 C c
3 K 3 3

i 3 3

M A RIADIACI ADRESA R RIADIACT 0

§ evie § ovie 3

Q U W U LDI] L[ml E CITANIE BYTECS)

A A [
c c ¢
3 3 3
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“ACKNOWLEDGE POLLING”

Send
Write Command

Send Stop
Condition to
iate Write Cycle

Send Start

Send Control Byte
with

Did Device
Acknowledge No
ACK =0)2

YES

Next
Operation

3

44 -040440000000-0000-0040-00000-+4-s-ssco---o=|oa|R

<l00000000000000u0-0mus0ubuunbunsanusnsoosnnusuo|os|D

x|occ00->>=>00-2000-=00-00-0>>0>>==000>>0>>===0=|xo|z

x|>->c00320300002>~0200302=32202200--02>2»>200-00[xo

x|>>>0-3320>22006>>2420222022>3>>32402>>>>>>>20>|xo|2

PART NUMBER FUNCTION
= ‘Goneral call adoress
= Feserved sdresses
PCD33N/I2 Tore ganerator DTME
PCF8200 Voce syhesizor (male o female)
PCFB566 LCD diver 1:1=1:4 Muax
LCD fow driver or dot matrx dsplays
ot matrix caplays
PCFBSTOTY 2568, 128 8 static RAM.
PCF8870C 256 x 8 stanc RAM
PCF8s73 v
PCF8sTe F2C bus 10 8-b1 bus converier
PCFES74A F2C bus 10 801 bus
PCFSTE 160-segzment LCD ditver 1:1=1:4 Mux
PeFsT G4-sogment LCD dver 1112 Mux
PCFEST7A 4-sogment LCO drver 1:1-1.2 Mux
pFRSTE Rowickumn LCD dobmatrx dever
PCFEST) Powiockumn LCD dommatrx drver
PCFBsSt 128-yte EEPROM
256 x 8 EEPROM
PCFBSEY 256 % 8 RAM
PCFRs0T 4=channel 843t AD phss 8461 D/A
PCFBSM S12:byte EEPROM
064 4= LED orver
SAATI3S PCHM-AUGG ndenioword rierace
SAA1300 i1 high curvent
‘SAAs2445 Enhanced teotext orcut
SAA7191 S-VHS digral mubistandard decoder “square pixel
Saa7iez Digeal color space converter
SAA7IO0 Digtal encoder
SA9020 Fiek memory controler
‘SAAD0S1 Digeal mltistanciard TV decoder
SAA9068 (PIPCO) Picture-in-picure
SAFII3S. Data bne decoder
TOMETO Picturs signal improvement circut
Video processor
TDABE21 it storeo aucio
TOABE2S Ao processor wibudspeaker channel
ToABA40 Swich for CTV
Intertace tor color decoders
TDAS&s3 YUVIRGE iveriace crout
Octuplo 6 DAC
TOAs61 PAUNTSC cokor decoder
TEAB100 FMIF and tuning inortace
TEABI00E10T Sound fades control et
TSASS1I/12/14 PLL troquency synthesizerfor TV
TSA6057 Flade tunng PLL frequency
UNF1000 Fracusncy sy~-esze:
= Dontcare,

A = Can bo connected hgh orkow by the user.
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Piny:

1,2,3:Adresa IC (max 8)
4: Vgg

5: SDA

6:SCL

7:WP =log. 1

8: Ve

EEPROM maiju vnutorny AC, ktory sa automaticky inkrementuje
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F'C or SMBus Master

b > F'C Siave Devices

Level-Shift: Existuje niekol'ko prevedeni.
Jednoduchy most (len dva tranzistory) umoziuje
komunikaciu medzi zariadeniami pracujicimi s réznymi
urovilami napdjania. Tento mostik umozituje obojsmerny
prenos.




