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Zikady miksoprocesorove] techniky.

T8C ({ater - Integrated Circuit) {104-138)
1°C zbernica je dvojvodicova, stredne rychla komunikaén zbernica vyvinuta firmou NXP
(Philips Semiconductors) zatiatkom 80. rokov. Tento typ zbernice bol navrhnuty na
i seni ikacie vo vnitri ickych zariadeni a na znizovanie vyrobnjch
nékladov. I°C zbernica sa povaiuje za priemyselny Standard a tento komunikacny
protokol pouziva mnofstvo elektronickych obvodov.

Zbernicu tvoria dva vodice:
atovy SDA (Serial Data)
= hodinovy vodit SCL (Serial CLock).

F°C zariadenia motu byt bud typy master ¥) alebo typu slave

Komunikaciu na zbernici vidy iniciuje master.

dnu zbernicu sicasne viacero master zariadeni,
zbernice uréuje, ktoré master zariadenie bude

FC_protokol umotfiuje pripojit na
pricom rozhodovaci proces - arbitr
riadit zbernicu.

Pojem Popis
Vysielad Vysiela déta na zbernicu.
Prijima¢ Prijima déta zo zbernice.
Master Zatina a konti prenos, generuje SCL.
Slave Adresované master zariadenim.
| LTI
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12C {Inter - Integroted Circuit) —]

B
Katd bat wslanj na SDA vodié mus pozostévat 2  biov. Potet bajtow prenesenjch v réme jedného prenosu ie je obmedzeny. 1L Ln
Déta st prena$ané tak, Ze najprv sa vysiela najvyznamnejsi bit (MSB). BUS

Za kazdym bajtom musi nasledovat bit potvrdenia (ACK). Potvrdzovaci bit umotiiuje, aby prijimat signalizoval ysielatu, ze bajt bol
Gspesne prijaty a moze byt odoslany dal3i bajt.

Potvrdzovaci signal je definovany nasledovne: vysielat uvolni vodic SDA potas potvrdzovacieho hodinového impulzu, aby prijimat
mohol nastavit vodic SDA na troveii LOW pogas trvania impulzu potvrdenia. Tym je prijem bajtu potvrdeny prijimatom.

Ak SDA vodi trovni HIGH potas deviatéh iinového impulzu, definuje sa to ako signal nepotvrdenia (NACK).

. ~ i -
s s ealnee ww e
I ™ PobEEG 0] Sl ok Sl ‘ }
| od pira od prats |

sl |

e

ACK =i
Stop podmienka

hodinowd linka drizng
wisouni LOW pokial
i beluhorand prerutsnia

gl baf prertenia
v el primada
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Architektiira mikrokontrolerov AVR

3-Wire InOut

Address IR l.

168it Instr.

Zakdady mikroprocesorove techriky.

1%C {Inter - Integrated Circuit)

- Vodice SDA a SCL s pripojené k napsjaciemu napstiu cez pullup rezistory. Ked je zbernica vofné, oba vodice s na logickei drovni || %I
BLE

=
Iy
s

H“ Koncové stupne zariadeni pripojenych k zbernici st navrhnuté ako open-collector alebo open-drain.
V'
T e
= 1 I
1 1 T 1
o] s RO
g g e
= =
5 —
WO ITN
- - - I -
s I L
1o] Lel T aneniivia /
el

Sup podrieria siabiina b
camphieg [ |

Cunpranera

* Komunikiciu na zbernici riadi master, ktory generuje (1) itart a stop podmienku. Po Starte je zbernica povaZovand za obsaden,
zatial €0 po vyslani stop podmienky je zbernica opat voln.

+ Prenos bitu na zbernici (2) sa uskutotriuje tak, 7e vodié SDA je nastaveny na logicki troveri (HIGH, LOW), priom je na vodici SCL
logicka trovei HIGH (log. 1). Ked je na SCL LOW (log. 0), mde sa logickd Urover na vodiéi SDA zmenit.
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13C {Inter - Integrated Circuit)

. B . -
VA S oo alave e s
I T pohdzo signil T |

od primata

cdprimeda I
|

[RAVE [

ALK L—d
Stop podmienka

s | 1 2
L

Start podmienka dping b preaenia

v réewe prjnecs

hodinovg links drizng
vt LOW, pokial
0 abshované prerisen

* Ak masterprijme signl nepotvrdenia NACK mofe generovat:
= Bud'stop podmienku na prerusenie prenosu,
= Alebo opakovat étart podmienku na spustenie nového prenosu.

= Situcie, ktoré ved ku generovaniu NACK:
= Na zbernici nie je pritomny prijimat s danou adresou, ktoré by odpovedalo potvrdenim.
= Prijimat nie je schopny prijimat ani vysielat, pretoze vykondva tlohy v redlnom Ease a nembse zatat komunikiciu.
= Pocas prenosu prijimac neméze prijimat ziadne dalsie datové bajty.
= Vysielaé informuje master prijimat, aby ukonéil prenos, pretoze u nebude vysielat.
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13C (Inter - Integrated Circuit)

Kaidé IC zariadenie je adresované jedinetnou adresou, ktoré je tvorena 7 alebo 10 bitmi (128 alebo 1024 E
moinych adries zariaden). Pridefovanie adries pre vjrobcov obvodov je koordinované.

& adresa (7 alebo 10 bitov) moze mat vietky bity naprogramované (nastavené) vyrobcom alebo, niektoré
u byt nastavené prostrednictvom vyvodov obvodu érova i) adresa). érové
nastavenie bitov adresy umoziiuje, aby niekolko rovnakych zariadent zdiefalo td istd 12C zbernicu.

10-bitovy formét adresy vyuZiva 2-bajtovd adresu: 1111 0A9ABR/W + A7AGASAGA3A2AIA0

v,,,-ﬂ- [

scL

B e

“T-bit addressing

P——

t “Toetrimnng

dan T B ooy e device wit
phibeisd
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12C (nter -Integrated Circuit) ==
I2C Read and Write Operations (2) E

+ Combined Write and Read

ndotn_bylos >

=Write ~ Each byte is “1"=Read Each byte is
acknowledged acknowledged
by the slave device by the master devic
(0xcopt the last one, just

+ Combined Read and Write NS S 1O
condition)
ndota bytes > < mdota bytes

on
Write Each byte Is

Each byte Is

acknowledged acknowledged
by the master device by the slave device
(except the last one, just
before the Re-START
condition)
o Mikcoprocesorova technika

ATmega328P - TWI Two-Wire Interfuce (26,)

ATmega328P obsahuje jednoduché a vykonné
synchrénne komunikaéné rozhranie s dvoma
vodiemi (TWI), éo odpoveds Standardu I2C:

Podporuje rezim masteraj slave,

Mbe pracovat ako vysielat alebo prijimat, | ]
7-bitové adresa umoiiuje aZ 128 roznych slave

adries, [——

Rychlost prenosu dat a2 400 kHz,
Programovatelnd slave adresa,
Umotiuje prebudenie z refimu Sleep,

| s sTOP | | |

— =1

Regrie (TR

! :

Aaarss Man Unt

TWBR — TWI Bit Rate Register
TWCR - TWI Control Register
TWSR — TWI Status Register
TWDR - TWI Data Register

e . I B =
Trve, [ [

« TWAR- TWiI (Slave) Address Register
TWAMR — TWI (Slave) Address Mask Register

TWI Unit

1 Miksoprocesorovd technika
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1C {Inter - Integrated Circuit)

« Master zatina prenos na zbernici, ...
vyslanim slave adresy zariadenia. sy fodnon
\Vgetky slave zariadenia adresu “ =5
prijmi, ale v ikacii

5.5.2025

pokratuje len to zariadenie,
ktorého adresa bola na zbernicu
vysland.

[y

master je v Glohe vysielata riadi
hodinovy SCL aj détovy SDY signal.

Cianie dat

|+ O+ [

«n diovych bylov > posiedny BY¥e 5. ftan prenosu
A

master je najskr v tlohe vysielata
riadi hodinovy aj détovy signl,
potom je v dlohe prijimata a
ovlda len SCL signal, SDA ovlda
slave vysielaé.
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15C {Jnter -Integrated Circuit]
I12C - Protocol

Summary

START HIGH 10 LOW transion on SDA whie SCL s HIGH
STOP LOW 10 HIGH ransion on SDA while SCL s HIGH

&t word, MSB first (Address, Control, Data)
DATA - Must be stable when SCL is HIGH

- Can change only when SCL is LOW

- Numbet of bytes transmatted s untesinicied

f - SDA goes HIGH
- The recever pulls DOWN the bus ine - SDA goes LOW

- Generated by the Masteris)
QLOCK ~Mammum speed: (100, 400, 1000, 3400 kHz) but NO min

Kabih Emisirie pripcient e shemics o _ al
SOMDVO POMOC

Veus

[ N

R - titanie
w

- o - zépis
P~ honiec prenosu A - negativne
potvrens

- A receiver can hold SCL low when performing another function (ransmitter in 3 Wat state)

- A master con slow down e clock for siow Gevices.

- Mastor can stort a transfer ondy i the bus is free.

- Artetration is done on SDA ne

10 Mikroprocesorova technika
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Generstor prenosovej rychlosti generuje hodinovy signl na vodici SCL, ked je MCU v refime master. Frekvencia
hodinového signélu SCL sa nastavuje pomocou bitov registra TWBRTWBR[7:0] a bitov status registra
TWSRTWPS[1:0]. Ak je MCU v reZime slave frekvencia hodin CPU musi byt aspofi 16-krat vy3Sia ako frekvencia SCL

vodiéa.

16000000

o= fosc
SCL ™ 1642(1WBR)+(PrescalerValue) — 16+2+0x48+1

=100000 Hz, PrescalerValue =1

"
void 12¢_Init (void) {
x48;

TUDR

xi

£
THER = (1¢<THEN);

Bit 7~ TWINT:
Bit 6~ TWEA:
Bit 5~ TWSTA:
Bit 4~ TWSTO:
Bit 3 - TWWC:
Bit 2 - TWEN:
Bit 0~ TWIE:

1 Miksoprocesorovd technika

// Set bit rate register (Baudrate).
7/ Default content = SDA released.
// Enable TWI-interface and release TWI pins.

TWI Interrupt Flag
TWI Enable Acknowledge
TWI START Condition

TWI STOP Condition

TWI Wite Collsion Flag
TWI Enable

TWI Interrupt Enable



stop-TWI T )
Start 12C, Stop 12C

7
veld startizc (vold
= (1CCTWEN) | (LCCTHINT) | (1<<THSTA) ;
ihile (1(THCR & (1<<TWINT)));

7"
void stopi2c (void) {
TWCR = (1<CTWINT) | (1¢<TWEN) | (1<<TWSTO);

}
3 T
= S T
= SR
T
. . B3R s s
S — BT T
T - i
- T

- A st i 8%
——

. B3 cmmesmi - W
- e § A —— =
e P T A et
W kbt i 8 0 | K Cotiew e b mor 04 e
N —— SIS et St T Py
== o
P ey e £ T
w8 h s ey
s— O mmmeihes TR 3 E ) A e
- - " et et st
v o vt ety
T g rerire
15 Miksoprocesorov technika
Cutifity.c— TWI )

#include <avr/io.h>
#include "T2cUtility

void T2C_Tnit (void)
THBR - TWI_TW // Set bit rate register (audrate). Defined in header file.

TI_TPS; 71 Yot used. Driver presumes prescaler to be 00.
Default content = SOA released.
(Lectuen) | 11 nable Tuinterface and release Tt pins.
(<cTuIE) | (@ccTiTnT) | sable Int

(oecnien) (Bt eccnsTo) | 71 Vo' Sigoan reavests.

¥
Void startizc (void) {

TUCR = (1¢<THEN) | (1<TWINT) | (1¢<TSTA);
while (H(TWCR & (1¢<TUINT)));

void senstosac(car data) ¢
o

< | 1ecnien);
hle (IR B (eI

void stopize (voie)
eS| ecniem| teeniston;

char receiveiacsck(void) ¢
- (|<<wmr)|(|<<wm7\(1<<mm),
hile (fnich & Leenann
return (TWOR);
char recetvedac nack(uotd) {
- u«mmm(|<<mmma<am),
hile (f(nich & Leenann
return (TWOR);

w Miksoprocesorovd technika
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Send 12C, Recieve 12C ack, Receive 12C nack

vmd sendtull((char dan) {

(eemimmy| (1ectueny;
while (1(TUCR & (1¢<THINT)));
b

1/
char receivei2c_ack(void)
Th (1<<rwmr)\(J«WEN)I(J«MA),
while (1(TWCR & (1¢<TWINT))
return (THOR) ;
b

char receivei2c_nack(void) {
TUCR = (1CCTHINT) | (1<<THEN) | (B<<THER) ;
while (1(THCR & (1<<TWINT)));
return (THOR);

)
mame T
— BiL7 - TWINT. TWIInterrupt i

3

e Bit 6~ TWEA: TWI Enable Acknowledge
Bt 5~ TWSTA: TWI START Condition
Bt TTo: A SToP o

o T T o - 8t 3- TWWC: TWI Write Collision Flag
P 8it 2 TWEN: TWI Enable
- BitO-TWIE:  TWI Interrupt Enable
1 Mikroprocesorovd technika

ATmega328P— TWI Two-Wire Interface (26.)
Test pritomnosti 12C zariadenia na zbernici, pomocou status registra TWSR.

unsigned char i2c_Component (unsigned char adr)
{
unsigned char status;

startize();
sendtoic(adr);
status = TWI_STATUS;
stopi2c();

return (status);

int main (void) {

if (ex18
USART_Transmit_Tex
else USART_Transmit_Text

< _Companent. (pCras7a)
t ("PCF8574 OKI\M\r");
PCF8574 Error!\m\r");

while(1) {
}

1 Mikroprocesorova technika
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Priklad adanit 'CF.

[

BuMgMLED  PCRSM  LOCwwa  PowwAUC
o o oot e

2CLCD.
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\PCF8574~Remote 8-bit/0 expander with interrupt

[

s PCFOSI4 Ox40

b PCFEST4A  OX70

v-MMMI\MﬂNVU\ﬂﬂNVWWUUU\/\N

[

OO0E 0 D000 O

[N PR RS —

|
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e 2 .— o
| wfl
@ | =
T
Sunel cose WRITE mase

5w add = otms <ACK> <de outs <ACK “ntn e ACK>
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Dot Matrix, LCD Controller/Driver HD44780U, AiP31066L, ST7066

Dot MatrixLCD + PCF8574 |/O expander

D7-5P7; D6->P6; D5->PS; D4->P4; BL->P3; EN->P2; RW->P1; RS->P@

PCFINTA BC LED1002 Adapher board

(RI)
]

Charmctar LCO
AN

o
(g e

N

1 riadok tvori 16 znakoy,

20

Dot Matrix, LCD Controller/Driver HD44780U, AiP31066L, ST7066

WS MOT-MINHZOTLAOY

001 sepeIBy)

5.5.2025

1 znak je tvoreny maticou 5x8,
1 riadok tvori 16 * 5 * 8 = 640 bodov.

Na 2 riadky s potrebné dva obvody.

Ovlgdanie displeja je moiné realizovat
pomocou fubovolnych digitélnych vyvodov
MCU a je moiné zvolit 8-bitovi alebo
4-bitovit komunikaciu.
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Dot Matrix, LCDC
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Dot Matrix, LCD Controller/Driver HD44780U, AiP31066L, ST7066

3

m

Figure 480t Trancter Exssmple
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12C_displej.c

PCF8574.c

27

i I'l

¥
i

Dot Matrix, LCD Controller/Driver HD44730U, AiP31066L, ST7066

I

e
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Dot MatrixLCD + PCF85741/0 expander

Miksoprocesorov technika

void Led1602_Init (void:
0a

Dot MatrixLCD + PCF85741/0 expander

{
taToPCF8574(0400) ;
_delay_ns (40);

DataToPCF8s?4 (eb0e110100); // D7=0, D6=0,

DataTopCras74 (0b0011000); // D7-6, 06-0,
_delay_ms(5);

DataToPCras?a (eboe110100); // 07=0, D6=0,
_delay_us(5);

DataToPCras?a (eb0e11000); // D7=0, D6=0,
_delay_us (100);

DataTopCras74 (0b80110108); // D7-6, 06-0,

_delay_us(5);
DataToPCras?a (eb0e11000); // D7=0, D6=0,
_delay_us(100);

DataTopCras7a (0b0100100) ;
_delay_us(5);
DataTopCras74 (0b80108008) ;
_detay_us(50);

Led_Cnd (FUN._
_delay_us(50)
Led_cnd (015P_
_delay_us(50);
Ted_cnd(CLEAR DTSP);
delay_us(2000);

Led_Cnd(MODE_SET |0x02) ; 111/0-1
Led1602_0ut (1,0, "Mikroprocesorova™);
Lcd1602_0ut (2,8, "~~~ -Technika----");

D7-5P7; D6->P6; D5->P5; D4->P4;

D51, D4=1, BL=D, ENi=1, RW=8, RS-0

D51, Da=1, BL-D, EN=0, RW-0, RS-0

D51, D4=1, BL=D, ENi=1, RW=8, RS-0

D51, D4=1, BL=D, EN=8, RW=8, RS-0

D51, Da=1, BL-D, Eli=1, RW-0, RS-0

D51, D4=1, BL=D, EN=8, RW=8, RS-0

£70x08); /0=, N=1, Fe0

ON_OFF |0x04); //02=display_on, Di=cursor_on, D=curs

Mikroprocesorovd technika

or_blink

5.5.2025

BL->P3; EN->P2; RW->P1; RS->PO

WS MOT-MINHZOTLAOY

001 sepeIBy)
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