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ehni¢ne specifikacije
o Mikrokrmilnik STM32G4740QET

" o e

MISKO 3 BLOCK DIGRAM

VINT 41 Predavanja

o 96kB RAM
o 512 kB Flash pomnilnika
o napajanje 3,3V
o maksimalna frekvenca ure 170 MHz
ST-LINK V2.1 za programiranje, razhroséevanje in UART komunikacijo s mikrokrmilnikom
USB-C s podporo USB 2.0 za USB komunikacijo z mikrokrmilnikom in napajanje sistema
USB HUB za povezavo na ST-LINK in USB vmesnik mikrokrmilnika
Barvni LCD zaslon 320x240 s IL19341 krmilnikom in 16-bitnim paralelnim vodilom prek FMC
vimesnika
Rezistivna folija za detekeijo dotika s XPT2046 krmilnikom na SPI vodilu
8 LED in 6 tipk, 2D joystick s tipko
CAN in LIN vmesnik
QS5PI za raziiritev pomnilnika
SWD trace vimesnik za napredno razhroitevanje
Arduino DUE kompatibilna dimenzija tiskanega vezja, razporeditev letvie in signalov
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\lstavi konektorie v tiskano vezje
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Vsebina

1. Asinhronski serijski prenos

UART (UniversaAsynchronousReceivefTransmittel)
(RS232,RS422, RS485)

(CANBus)

2. Sinhronskserijski prenos
USART (UniversalSynchronougAsynchronousReceivefTransmittel)
12C (Inter-IntegratedCircuit)
SPI (SerialPeripheralnterfacg
(USB)

Gradivo:
¢ PROTOCOLS: UARTF 12C - SPI Serialcommunications

¢ Drugi viri so pri posameznih opisih
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https://www.youtube.com/watch?v=IyGwvGzrqp8&t=25s&ab_channel=Electronoobs

'_
Uvod

Primer STM32F4:

1. Asinhronski serijski prenos

U(S)ART (Universal(A)synchronousReceivefTransmitted) > | o2+ Discovery

A USART1,2,3,4,5,6 5 & P
A CAN 1,2 | o [ g Tty

{ |
s

2. Sinhronskserijski prenos
(Inter-IntegratedCircuit) e —fh -],
A 12C1,12C2,12C3
SPI (SerialPeripheralnterfacg h o ] _
A SPI1,SPI2,SPI3 = f[_ﬁ{ = _——

USARTL RX]

P

https://microcontrollerslab.com/stm32fdiscoveryboardpinoutfeaturesexamples/
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https://microcontrollerslab.com/stm32f4-discovery-board-pinout-features-examples/

'__ STM32H7 Discovery
Uvod

Primer STM32H7:
1. Asinhronski serijski prenos
U(S)ART (UniversalAsynchronousReceivefTransmitter)
A U(S)ART1,2,3,4,5,6,7,8
A FDCAN 1,2

Figure 3. Hardware block diagram

2. Sinhronskserijski prenos STUNK-V3E UART3 [ ote ——{ usBeonnector |
(InterIntegratedCircuit) [ Ethernet |
‘ TAG connector SWD |
A 12C1,2,3,4
l STDC connector \ UARTT M PoE |

SPI (SerialPeripheralnterfacg
A SPl1123456 [ 32.768 kHz crystal }— RTC & | 43-inch RGB LCD

STM32H745XI / STM32H750XB
in TFGA240+25

2.5 mikroBUS™ compatible connectors CN10 and CN11 .
P 128-Mbit SDRAM | FMC SAI2 ,
mikroBUS™ compatible connectors CN10 and CN11 are a pair 0 female connectors with a 2.54 mm L = AUd|0 codec
pitch. Table 7 shows the definition of the pins 1
2x512-Mbit Quad-SPI QsPI [ PDM ||
Table 7. Description of the mikroBUS™ connector pins Flash memory
STMod+ mikroBUS™ ~ mikroBUS™ STMod+
connr;r:l:r CN11 function 0 number n number nfun:,:i.:.n connector CN10 ®
STMod+#13-ADC AN 1 1 PWM STMod+#14-PWM l 4-Gby‘te eM | SDMMC1 | 12C4 — @ ARDUINO® connector
STMod+#12-RST RST 2 2 INT STMod+#11-INT .
STMod+#1-CS cs 3 3 RX STMod+#3-RX
STMod+#4-SCK SCK 4 4 T STMod+#2-TX ‘ POWBI‘ Supply | PWR SPI2
STMod+#9-MISOs MISO 5 5 SCL STMod+#7-SCL L
STMod+#8-MOSIs MOS| 3 6 SDA STMod+#10-SDA
+
4oy , , v - — STMod+ connector
oo . . o _ | 2x FDCANs ——— Focan1z2 | UART2 ~——

VIN'i 47 Predavanja 7 E2023, Trebar, ORI aba,



" J STM32HMDiscovery

STMod-

Uvod s |

Primer STM32H7: . D "L i
. L O B -
1. Asinhronski serijski prenos Esgg:—:.: Ly
U(S)ART (UniversaAsynchronousReceivefTransmitte »2.5—=>—s ' °
’ He ® o ..:]’F.Vmwer
A U(S)ART1,2,345,6,7.8 e Lme): 88 s =
A FDCAN 1,2 [t —— 1 oo
2. Sinhronskserijski prenos EE EE .

(Inter-IntegratedCircuit)
A 12C1,2,3,4

- - ‘(3
SPI (SerialPeripheralnterfaceg £ .
o @
& g
A SPI1,2,3,4,5,6 c
1Yy Ty, S
- bl
)’T-T.’T—"
" PWM'INT'RX ' TX 'SCL'SDA 5V T
2.5 mikroBUS™ compatible connectors CN10 and CN11 5v
mikroBUS™ compatible connectors CN10 and CN11 are a pair of 1x8-pin female connectors with a 2.54 mm
pitch. Table 7 shows the definition of the pins.
Table 7. Description of the mikroBUS™ connector pins
STMod+ mikroBUS™ ) ) mikroBUS™ STMod+
connector CN11 function AT DAL function connector CN10
STMod+#13-ADC AN 1 1 PWM STMod+#14-PWM P
STMod+#12-RST RST 2 2 INT STMod+#11-INT .
STMod+#1-CS (] 3 3 RX STMod+#3-RX (L]
STMod+#4-SCK SCK 4 4 T STMod+#2-TX B@
STMod+#3-MIS0s MISO 5 5 SCL STMod+#7-SCL lzln
STMod+#8-MOSIs MOSI [: 6 SDA STMod+#10-SDA 2
+3.3V 7 7 +5V ? "
3
GND 8 8 GND = |
D) 1
O




'_
Uvod

Primer RPj Arduino:

1. Asinhronski serijski prenos
UART (UniversalAsynchronousReceivefTransmittel)

2. Sinhronskserijski prenos

(Inter-IntegratedCircuit)
SPI (SerialPeripheralnterface

Raspberry Pi

3.3V

GPIO2 (SDA1)
GPIO3 (SCL1) %
GPI04 (GPIO_GCLK) U N O
GND - ARDUINO

GPIO17 (GPIO_GENO)

:.“ GPIO27 (GPIO_GEN2)
= GPI022 (GPIO_GEN3) GPIO23 (GPIO_GEN4)
=) GPI024 (GPIO_GENS)
GPIO10 (SPI0_MOSI) GND
GPIO9 (SPI0_MISO) GPIO25 (GPIO_GENS)
GPIO11 (SPI0_CLK) GPIO8 (SPI_CEO_N)

CND GPIO7 (SPI_CE1_N)
ID_SD (12C EEPROM) ID_SC (12C EEPROM)

GPIO5 GND
GPIO6 GPIO12
GPIO13 GND
V u GPIO19 GPIO16
i e GPIO26 GPIO20
GND GPIO21

https://www.electronicwings.com/raspbefmy/raspberrypi-gpio-access

https://maker.pro/arduino/tutorial/commeocommunicatiorperipheralson-the-arduincuart-i2c-and-spi
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https://www.electronicwings.com/raspberry-pi/raspberry-pi-gpio-access
https://maker.pro/arduino/tutorial/common-communication-peripherals-on-the-arduino-uart-i2c-and-spi

"
¢ Naprave: r al unal ni knikroknmilkik &Ipmapawe s or |

[ Naprava 1 ]—[ Naprava 2 J

c Prenosni medi jdej ektirkdtmma @aoveBalan al

simbolna predstavitev

“; a povezava b I :
O
Oddaijnik ‘ Sprejemnik

QOddajnik Sprejemnik
a signalni vodnik b
e
u(t) [ uy(t)
GND —|u— povratni vodnik ali —T— GND

ozemljitveni vodnik,
obicajna oznaka GND (ground)

VIN'i 47 Predavanja 10 E2023, Trebar, ORI aba,



c Serijski nalLin prenosa
po povezavi se prenaGa bit za

¢ KOMUNIKACIJSKI KANAL

Prenos podatkov potekave al neml #assmed oddaj o in
podatkov je zelo kratek).
Potrebne pretvorbe:

Pri oddaji podatka je potrebr@aralelno 9 serijska pretvorba.

Pri sprejemu podatka je potrebrsrijsko o paralelna pretvorba.

Gledenanalin sinhronizacije (o0bstaalikuemk upnega urir
Asinhronski serijski prenos podatkov
Sinhronski serijski prenos podatkov

Potrebno je izvesti tudkodiranje podatkov (pretvorba podatka v signélpogl 8):
NRZ(I) (Non Return toZero (Inverted)
PE Phaseencodedl
RLL (RurLengthL i mi t ed) : 8b/ 10b, &

VIN'i 47 Predavanja 11 E2023, Trebar, ORI aba,
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A kodiranje podatkov (pretvorba podatka v dejanski sigildgbogl 8):

NRZ(l) (Non Returnto Zero (Inverteq)
PE Phaseencodedl
RLL (RurLengthLimited 8b/ 10b,

l: O 0 1. 8 1 1%

Digtd
0
NRZ 0
NRA 0
Mandhedar g

[ Y A R A A A

VINT 471 Predavanja 12

é

Positivelod c

RS232
MNegetive logc

USB

Ethemet

E2023, Trebar,

GRF aba,
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¢ Asinhronski serijski prenos
UART (UniversalAsynchronousReceivefTransmittel)
CANBUS

N
I )
| 4

Oddajnik || o 01001110 1| | 0| 02001001| 1| | O 01010110| 1| Sprejemnik

f f

premor premor

¢ Sinhronskserijski prenos
12C (InterIntegratedCircuit)
SPI GerialPeripheralnterface
USART, hitre serijske povezave

N
I )
| 4

Oddajnik | 00110001 00101101} 01001110| 01001001| 01010110 Sprejemnik

Urin signal

VIN'i 47 Predavanja 13 E2023, Trebar, ORI aba,



" J
1. Asinhronski serijski prenos - UART
c Enota poGi | jkaedplgodj éo 12 mtavk

c Bi ti s e p@korunikagijskenokanalu.

¢ Oddajnik in sprejemnik imatavsak svojoutbr i n si gnal ppe NE
komunikacijskem kanalu.

¢ Za pravilen prenos je nujno, da dtakvenci oddajne in sprejemne ure
enaki in sinhronizirani

¢ Sinhronizacija se vzpostavi za vsak znak posebej.

¢ Sinhronizacija sprejemne ure se z oddajno vzpostavi
S prvim bitom znaka (START) in
mora zagotavljati pravilen sprejem do zadnjega bita znaka (STOP).

VIN'i 47 Predavanja 14 E2023, Trebar, ORI aba,



¢ Prenos podatkov je relativnp o L a.s e n
¢ Primeren je zaneenakomeren prenos znakov s presledki.
¢ Med znaki je pri oddaji lahkaoljubno dolg presledek .

c PoGi |l jamo | atdk#tlorez bratdékola gpnokokol j@ samo format
znaka).

c Dodatni (areHijskio) biti
START in
STOP bit in/ali
parnostni (paritetni) bit
so v vsakem znaku, kar predstad{@b6- 30% redundanco pri prenosu.

VIN'i 47 Predavanja 15 E2023, Trebar, ORI aba,
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¢ Znak sestavljajo:

—— e R e R R R e Em R M e Em M R e R M R e e e ey,

( I
a8 | @ | memmg

Start bit jevednol ogi (maa s rotno od mirovnega st ai
sl uHi za vzpostavitev sinhronizacije med spr

Podatkovnibiti -Gt evi | o bitov se (vdo&biton). | ni ku | ah
Bit z najniHjo teHo e obilajno poGilij:

Parnostni bit - P (paritetnibit) ni obvezen. Pri oddaji se
I n sl uHI za kontrolo pravilnosti sprejet
Sodaparnost (sodo Gtevilo vseh enic podatkov
Lihapanmost (I i ho Gtevilo vseh enic podatkov
Stop bit jevednol ogill(reanak o mi rovnemu stanju) 1in

Mi rovno stanje pred zaletkom naslednjega zna
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¢ Naj bol |

ral unal ni8dNtlim pgment)

8 podatkovnih bitov,
brez parnostnega bita,
en stop bit,

dol Hina zn

c Pri mer

f or mat a

razGirjena

J

obl

e

Il ka formata ser

b, by bs b, by b, b, b,

8

MSB
aka Je skupaj

znaka

A

LSB

s start b i

SCI |

\

O0KO

yA

[O]ISmer Do>il

tom en

eni

n

ASCI | OHKex) = 4B Pybs bs by by b, by by
o1 (0|01 |0|1|1||  Smer po&iljanj
MSB LSB
| | | |
1 — a —
0 1 71 0 1 o1 0 1 0 1!
0 | | | | | i |
|
iSTART: b ' b, "b, " by 'b, VThy 1 by I by | STOP |
: I Podatkovni biti R :
L | Znak N = 10 bitov | R
¢ o
Format znaka lahko podamo tudi takolstop[ b, [ 6, | 6 | b | 6 | 6 | b | b, | START
VIN'i 47 Predavanja 17 E2023, Trebar, ORI aba,



c Primer f or mat a lihpo pasnksgo A & €nalstophikoma: z

ASCI | =aB(dex) b; bs bs by by b, by by
P=1 1 o1 {001 |O0]|1]1 [Smer poGi l
P MSB LSB

Oblika prenosa: 8-2, kjer je N=12

1 1

! I
i l

0 1 : 1 0 1 0 'I 0 1 0 1
| |
I I

START! b, b, "' b, ' by ! by STOP  STOP

I Podatkovni biti

P
:‘

|
|
|
|
|
|
B Znak N = 12 bitov
]‘

) 4

Format znaka lahko podamo tudi takole (12 bitov):

sToP| STOP| P | b, | by | b | b, | by | b, | b, | by | START

VIN'i 47 Predavanja 18 E2023, Trebar, ORI aba,



c Primer serijskega prenosa I'rke 0UO
( )
Koda ASCII i ma numey.ilno vrednost 85, al
Dv o] tbithkzapis podatka 61010101
T+150us T+200us 250us
e N
0 1 1] 1 0 1 0

START BITO BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7 STOP
Pred|prvim bitom START je signal na izhodnamu high(5V).
Signal na izhodnepinuse spremeniyow( OV) , kar oznaluje zal

Nato sledi prenos podatkovnih bitov (BIT 0 do BIT 7) in bit STOP.
¢ Drugi primeri:

. +{ T+150us
CR (ASCII 1 Co N T
(carriage : 1 1 D D 0 0
BiIT2 BIT3 BIT4 BITS BIT6 BIT7 STOP
return)
s
Podatek = 0

START BITO BIT1 BIT2 BIT3 BIT4 BITS BIT6 BIT7 STOP
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http://www.robotroom.com/Asynchronous-Serial-Communication-1.html

c Primer napalnega prenosa (bitna hitro

Napaka se pri prenosu zgodi v primeru, ko je oddajnik prehiter (> 38400 b/s) ali
prepol asen (<38400 b/ s).

razli ka v Tasu med oddajno in sprejemno

42667 (11.11%)
41143 (7.14%)
39724 (3.45%)
38400
37161 (-3.23%)
36000 (-6.25%)

34909 (-9.09%)
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http://www.robotroom.com/Asynchronous-Serial-Communication-2.html

"

Univerzalni asinhronski sprejemnik/oddajnik (UART)

¢ UART - UniversaAsynchronousReceivefTransmitter &Universab
_ o . A UART is programmable.
UART kot samostojen [ i gntegrationn t 3asynchronous
UART kot | ogi Imigokrmilmikaj e, ki | e " Senderprovidesnoclock

signal to receivers
UART ima 2 liniji za prenos podatkov med dvema napravama:

TX (ang.transmiten 6 oddaja UART UART
RX (angreceivel) 8 sprejem

RX RX
X X
GND GND

Oddajni UART, pretvori paralelni podatek v serijski podatek in ga z dodatnimi biti
prenaGa s pr edkepmetvaisprejetUskriski podatek v paralelni podatek.

UART, UART,
by 1| P | b, | bs|bs| b, |bs| b | b | b |O
bo
b, RX RX b,
b, / b,
b, N b,
b4 TX [ TX b4
bs bs
ge GND GND | Ps
7 b,

VINi 47 Predavanja E2023, Trebar, ORI aba,



Uporabi mo ga | ahko v naslednjih nal/
Napravi sta povezani samo v eno smer, kot oddagpiejemnik(angsimpley
Napravi Il zmenoma poGi(bhng.&dlflapley n s pr ej emat
Napravi I stol asno po@Gndfylldupled i n sprej e mse

Hitrost prenosa podatkov podajamo kbtwudnahitrost
Naj bol | obi I ajbaudna hittosteB6d@.r di zi r ana
Druge standardnéaudnehitrosti so:
1200, 2400, 4800, 19200, 38400, 57600 in 115200.

UART je cenovno ugodna komunikacijska naprava.

USART UniversalSynchronougsynchronoudkeceiveilransmitte) -
univerzalni sinhronski in asinhronski sprejemnik / oddagik, o mogol a t
asinhronski, kot sinhronski serijski prenos podatkov.

VIN'i 47 Predavanja 22 E2023, Trebar, ORI aba,
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¢ Zahteve za pravilen prenos
Enak format, nastavitev na sprejemni in oddajni strani

gtevilo podatkovni h Dbitov
Parnostni bit (da/ne), enaka parnost (soda ali liha)
Enako Gtevilo stop bitov (eden ali dva)

Enaka frekvenca oddajne ufed) in sprejemne uref€9: fco = fcs

co 0 clk oddajacsd clk sprejem
Periodi sprejemne urellcy in oddajneurefco) se | ahko razb%. kuj e

Start bit bit, bit,
| f | T l f

Ura_li ﬁ

T, @liTY

Znak

|
|
M T, =k*Tco

" Tlas trajlanj aTg =k*Tcs
enega bita .
k=1-f rekvenca ure je enaka frekyv

VIN'i 47 Predavanja 23 E2023, Trebar, ORI aba,
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¢ UART 0 oddaja
Paralelno serijska pretvorba
Uokvirjanje znaka (anfjaming: start bit, kontrolni parnostni bit, stop bit)
Oddaja z izbrandaudnohitrostjo

8-bitni podatek

L]

Oddajni podatkovni
register

Oddajni premikalni
register

Stop +» p_r b, = by, —> bST* b,—» b,~t» b,—» b,~» by~ Start|—> TX

Oddajna ura T,

VIN'i 47 Predavanja 24 E2023, Trebar, ORI aba,



¢ UART 0 oddaja

Oddajna ura -Tco a4 >

Enable 14 ﬁ

Clock Parity
Gen Gen

Read/Write 13 —  Cchip Oddaja Tx
Chip Select0 8 —3 Select Oddajni Oddajni
Chip Select 1 10 —3»  and ’ﬁ podatkovni pomikalni
Chip Select 2 9 —{)| Read/Write register register

Register Select 11 —3» Control

- Transmit
Y Control D—T——— 24 Clear-t0-Send
DO 22 -3 -
Status
D121 <€ <r Register +
1
D2 20 3> "Ee;;:’cm IO— 7 Interrupt Request
D3 19 <3 Data Y t?
0418 Bs;sers 23 Data Carrier Detect

D5 17 € —|

D6 16 - :> o - 5 Request-to-Send
D7 15 -3 Control
Register d)
- Receive Parity
- Control € Check
Vcc: Pin 12 Receive Receive
v in1 I Data <: Shift - 2 Receive Data
§s8= Pi Register Register
Clock Sync
: Gen nl Logic -
Receive Clock 3 > -
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B Figure 301. Data sampling when oversampling by 16
i RX line ‘ | |

l "
:
sampled values ;

et AL et RER M

¢ UART 8 sprejem : % _
L 3 e 7/116 = = 7/16 ;
A Serijsko paralelna pretvorba J One bit time )
A Kontrola pravilnosti (parnostni bit) Sprejemnik obilajno b
A Odstranitev okvirja (start, stop bit in parnostni bit) Pogostepwreampliapn g | .
Sprejemna ura T
A\ 4 v \ 4 \4 \ 4 A \ 4 \4

Sprejemni pomikalni
register

RxD —» Stop+» P—» b, —» by —» bs—» b,—» b;—» b, —T> b, = b,— Start

Sprejemni podatkovni
register

8-bitni podatek
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¢ UART 0 sprejem

Transmit Clock 4 Clock Parity
Enable 14 —+ Gen Gen
Read/Write 13 —» Chip (—j
Chip Select0 8 —3» Select Transmit Transmit
Chip Select 1 10 —  and Data :> Shift ——————————— 3 & Transmit Data
Chip Select 2 9 —{)| Read/Write Register Register
Register Select 11 —3» Control

A

- Transmit
Y | — Control D—T——— 24 Clear-to-Send
DO 22 -3 -
Status
D121 - <r Register +
0220 Inlt'e:;::cpt IO— 7 Interrupt Request
D3 19 w3 Data Y ?
D4 18 BE‘F‘Ifsgrs 23 Data Carrier Detect
DS 17 -3 |
D6 16 -3 :—> o 2 5 Request-to-Send
D7 15 =3 Control
Register o)
- Receive Parity
- Control Check
— Sprejem Rx
Veg=Pin 12 Sprejemni Sprejemni
Vgg="Pin 1 | podatkovni e pomikalni
register register
Clock . Sync
Sprejemna ura - Tcs | Gen Logic

VIN'i 47 Predavanja 27 E2023, Trebar, ORI aba,



¢ UART j e mogole programirati, tako da
UﬁIRT
DO |
D1 :
Podatkovno Bg F
0 b— | =
vodilo I_B;“:u:-g B
D6 ;:mee—
D7 U,
Q.
V/I krmiljenje RW |
CLK
INT |

Baudnohitrost (baudrate) d baudnahitrost = bitna hitrost
gtevil o podatkovnih Dbitov
Parnost (liha, soda, brez)

gtevilo stop bitov

Stanje na kontrolnih izhodih

Prekinitev ob sprejemu znaka

Prekinitev po oddaji znaka

> > > > > > > D>

Prenos z dvojnim izravhavanjem ali s FIFO vmesnikom
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UART - Blok diagram Oddajnik Sprejemnik
Sprejemnik | * T
Oddajnik | : ,
Transmit hold | | Receiver hold
Register B } Register
Transmit shift | | ™D _| Receiver shift e
Register b ; Register !
| i
Control |, ( Baud rate \ Control
Logic k generator ) Logic

https://www.codrey.com/embedded-systems/uart-serial-communication-rs232/

dransmitholdR e g i s Transmits h inf © -Regdias ker @aa poGiljan
ReceiveholdR e g i s Reeaivérs h inf 0 -Rpeegpti ppdatkir 6

@&ontrol logidd krmiljenje branja in pisanja

@audrateg e n e réegeneratarbaudnehltrostl definira hitrost pri kateri morata
oddajni k i n sprejemnik poGiljat:i 0zZ. sSpr
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Pomikalni reqistri

¢ Paralelneserijska pretvorba

FFO MUX FF1 MUX FF2 MUX FF3
=R = I =P i
[ Teebek N CLK N CLK — CLK Serijski podatki
Clock
. o o .
Q, 0y Q Q3
[ Paralelni podatki J

¢ Serijskeparalelna pretvorba

o0 N
»0
0
Serijski podatki FFO FF1 FF2 FF3

0001 D @ D @ D @ D 0 et _

Paralelni podatki
bDOLK [~ —DOK - >CLK [~ >CLK J
gl k
Clock
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¢ Protokol prenosa podatkov z UART
Format protokola Paritetni

START bit STOP
S A
0 Podatkovni biti P 3 §2 ‘
0 I I I I I I
Oddajni k poGIlje pdaxDbglSe kitjeproi pgslang n o s n i | 1 ni
START Las prenosa 1 bit &gTopP
L — 1 I
. 11 0| 1 1| 10| 1] FP ‘

Sprejemnik sprejme podatek po prenosni liRi}¥D (LSB bit je prvi prejet) in

- zazna bit START _ _ _
:  Sprejemnikzazna Vzorlenje je izvedeno v st
-t zvede vzorl bit START podatkovnega bita

| lllllI!I

=
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Obi I aj na

Pri me

P oVe z>PCa

r povezayve n

a

PC

UART  <gsssr

(obil

¢ FT232R pretvarja med UART RS232 in USB vmesnikom (PC prenosniki)

Microcontroller

UART
Inteface

X

GND

VINT 4171 Predavanja

FT232R

X
RX
GND

UsB

Interface

ajn

usa

Computer

: e ::

LUsB
Interface

USB to serial UART

32

E2023

, Trebar,

GRF aba,



" A
UART -el ekt ri I no

Napetostni nivoji so lahko (odvisno od pretvornika):

(LV)TTL
RS232 (pretvorni k aMAX2320), 422, 485 (pretvornik aMA
(LV)TTL RS232 (LV)TTL

Device 1 MAX232 MAX232 Device 2

TX —><— TX
UART
UART RX |-—-f— ——

GND GND
Elektricni del standarda RS232:

Napetostna in logi€na nivoja

+15V +

15y
. L3B MSE
Logitna 0 o 10 0 0 0 0 1 0 1 1
(SPACE) Spacs —
=0
+5V
. +3¥ - ___f_
_______ - oy Inckte rrninate
ov —} } Region
— - _ ¥
-5V
- =1 - ) -
Logicna 1 Seven Data Bits
-
(MARK) / | | '\‘X
A5y
Start Farity Two atop
-15V - it it bits

VINT 471 Predavanja \ |

Izhod oddajnika Vhod sprejemni Data packet comesponding to the ASCI character A



" A
+1BV—

L3B M3E
o 1 o 0 0 0 0o 1 0 1 1
Spacs [ ] [ |
. =Ch
UART odosciloskop 01 O B O I _
oy _T Incite rminate
Region
- ————— - ] _ -y - —
Mark
=1} e o ] |

/ | Seven Data Bits _l \_"

FIG0OL o : Party  Two sop

- |

E 1 H B Data packet comesponding to the ASCH character A

Elektricni del standarda RS232:

Napetostna in logi¢na nivoja

+15V +15V
Logiéna 0
(SPACE)
+5V
+3V
OV _______ H_
-3V
-5V
Logicna 1
(MARK)
—15V -15V
Izhod oddajnika Vhod sprejemnika

---------------

2EL Lmnasd 21 =kttt
3, Trebar, GWRKaba,
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I n razli |l ne komun
UART (RS232) USART (RS232)

/rter@as Ir/terface

Interf: Interfe oLt orTpLE:
Conputer sl Charrdl sl Corputer : & MAX § Farne } MAX |C o
R MAX Y | / MAX T ssi 22 /‘,"'/ 22 =
ErE?) ] /,s R SSIRX = SSICRX
e < e Do 15
f SSIOCIk Dc >C SSIOCIK
G Gnd /
Gnd Gnd

UART (RS422) UART (RS485)
[ LM3STMAC ] MAXI34B 2 MAX1433 EES LMSSTMAC] fdn [EM3STMAC |

UART MAX13431 MAX 13431
U0T x >B

A %- UART UART UART
i i >——{UoRx UOT XD Al » — o A DI UOT X
g : DE [~{DE % % DERH DE

B B

ol
UCRX«RO UORX
UCRX< %B. o8 |7 0T Rie|ro rol-40

Grd Grd Grd Grd
Specification RS232D RS423A RS422 RS485
+3.3V +5V logic |RS§232 RS422 level
logic level Mode of operation | single- single- differential | differential
ended ended
True Mark +3V +5V TxD = (TxD* - TxD) Drivers on one line | 1 1 1 3
-5.5V =-3V
Receivers on one 1 10 10 32
False Space +0.1V +0.1V TxD = (TxD* - TxD") line
+5.5V =+3V
Maximum distance |50 4,000 4,000 4,000

Table 7.1. Typical voltage levels for the digital logic, RS232 and RS422 protocols. (feet

Maximum data rate | 20 kb/s 100 kb/s 10 Mb/s 10 Mb/s
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UART - Standardi

Number of devices

Standard Voltage signal

distance supported per port

Single end ( 100 feet  115Kbit/s | master, | receiver
logic |: +5 to +15V,
logic 0:-5 to -15V)

Differential 4000 feet |OMbit/s | master, |0 receivers
(-6V to +6V)

Differential 4000 feet |OMbit/s 32 masters, 32 receivers
(-7V to +12V)

VIN'i 47 Predavanja E2023, Trebar, ORI aba,



CANbus na kratko

1 CANbuso Controller AreaN etwork bus
serijsko vodilo za komunikacijo med vgrajenimi mikrokrmilniki

+ CAN bus na kratko :
dve Hici (CAN_H, CAN_L)
diferercialniprenos signala
odpornost na Gum.

max 1Mbit/s,40m,
sporolila do 8 bajtov (
CAN-FD tudi dal j Ga sporolil a
} CAN-FD standard, ISO 118982016
2Mbps5Mbps
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CANbus na kratko

} Diferencialni preno® b i I apanced n a
Non-ReturnTo Zero (NRZ)in
bit-stuffing.

} WireddAND povezava: vozli GI
O . . ad o nrecessivet) o, 1.

} Prenos podatkov
Protokolds por oli Il no naravnan
Detekcija napake
Nivo Bitov (branje abit stuffing)
Ni v o s gGRCokvinACKnapake

|[dentifier Data
A A
~ v ™~

o, 32 6 . 0-64 . 16 2 7
h Arbitration Control Data CRC Ack End of
5 Field Field Field Field Field| Frame
Hoo o, N~ 9 8 _Ix _
a3 egls  ,  Sifzelz 2 ) , 823
Ll LLTTPPTTP PO PIT/T LT folofol [ITLTTTLATILTTT LTIl Taafafalafaifn

11 bits 18 bits 4 bits f . 8N bits (0<N<8) | 15 bits _|

Standard Extended CRC

Identifier Identifier Lg:;fh ?)fti/IZs?;tg:

Code Data

VIN'i 47 Predavanja E2023, Trebar, ORI aba,



" JEE—
CANbus na kratko

+  Komunikacijski protokol:
CSMA/CD

Carrier SenseMultiple Accesslollision Detection(Avoidancé

Z NDA
Non-Destructive Arbitration

y Sporoli Il no orientiran

ni nasl ova, vsak®d Hp@rmomdlakloo |
vsebina)p mora biti unikatna

potrjevanje (ACK)
se zazna potrditev vsaj enega sprejemalca

VINT 41 Predavanja E2023, Trebar, AR hgba,



" JEE
Lab. vaja - meritve

111111111
111111117

111111117

@‘4,
~
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Lab. vaja 0 primerjava hitrosti

S500kb/s:

Cdprte sponke

F @ 2.7 RIGOL

RIGOL STOP
3 ' : : Curf: 4.48U
: i )

PR W e,

el - | e i e s s,

CHz= SB8n Time 1.8868us o=

s DE8n Time 1.688us B»33.TZus CH1= 388mU CHZ=S&@m.} Time 1.888us DPI53.TZ

100kb/s:

Odprte sponke

g bisad _1_ NI | 4 SERENS | 1721 JO% | VTSI

F B 1.920 RIGOL T°L : 1. STO I — F @ 1920
CUFRE 4.460 A 4. : - : : 4.460
R CurB: 1,880 4 - . . - : - 4 rmt i o 1 Y 1 i Pt P 1.EEU
lals J.38VY P i 3.8V

RIGOL

e |

Time S.866us D4 CHZ=:  SEEn Time S.8686us b=

I |||||-,-,...,_ Ell'.-.-.-.——

CHZ= SEEn Time 5.068us U4 . 200U: CHi= S&@ml
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Lab. vaja o CANBUS (meritve)

&\-\-\’\W\l\é\'\w F 3.12V

: Nezak!| jul ena

A&
-y y

+WidD=1.000us Umaxil)=4.44V

1.09Y Time 2.000us ©»0.0000s

UmaxtD = 3.92V 208
MpEm 1.000 Time 2.000us §0.0000s
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2. Sinhronski  serijski prenos

cRazvit je Dbil za namensko komuni kaci j
c Enota poGiljanja ni svpeolr oplLoislaomeazlein bzlnoe

¢c Sinhroni zacija poteka na nivoju cel ot

se doseHe na enega od dveh nalinov (glede
pol asnej Ge : d oprbros @inepaesignala YaegCoak@dnz &j e hi tr ost i
hitr eClockbr poovezave, oddajna in sprejemna ura se sinh

cZnotr aj sporolila al: b | K S

0 i P
pri merjavi z asinhronskim S

a n €
preno n

resi|
om z
¢ Potrebno je pravilo za organizacijo informacij v bladku PROTOKOL

¢ V uporabi sta dve vrsti protokolov:

Znakovno albajtnoor i ent i r ani protokol i (st ar
Bitno orientirani protokol i (novej C
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¢ Znakovno ali bajtno orientirani protokol
BSC BinarySynchronou€ommunication je IBMov znakovno orientirani protokol,
1967. Dolgo lasa je bil naj bol j razGir
Uporaba abecede z definiraniposebnimi kontrolnimi znaki
STX0 Startof text
SYN znak vzpostavitev sinhronizacije med oddajnikom in sprejemnikom

7

e

SYN | SYN | SOH | HEADER | STX TEXT ETX | CRC | SYN | SYN

|

: Glava : : 107 10.000znakovJ :
| »|

|

|

i [ <

’ Sporolilo = bl ok R
Paritetni bit za kontrolo pravilnost.
Oddajni k pri oddaji i gycleRedundancgheddditki | a
(eden alii dva bajta) in jih doda Vv sp«

Le sprejemnik s pomoljo CRC bitov ugotovi

znak za potrditev ACK (angcknowledgemnjt

Le pa ugotovi, da je bilo sporolilo napal

Acknowledgemnjtin oddajnik prenos ponovi.
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— l Extendable

01111110 01111110

«—8 —> <€— 8 —» €«—— Variable -«

Information
H Flag |Address| Control (Dsor Data) FCs Flag

- P N -—
- ~

Information frame format

¢ Bitno orientirani protokoli waw | s :
Sporolil o ali Dbl ok n @ojwmeoszdparadje pitavj .o ver

Naj bol j razGirjena protokola sta
SDLC- Synchronou®ata LinkControl IBM 1970
HDLC 6 HighLevelData Linkcontrol ISO 1979, ki ima za osnovo SDLC

HDLC je pravzaprav standardizirana skupina protokolov, vsem pa je skupno pravilo,

da v zaporedju bitov ne sme Dbiti vel |
Na ta nalin | olimo vsebino sporolila
sporddapar edj u Ge s tFlaghajte0111£1103.1 e d | ni Il a

Oddajni k v sporolilu po vsaki lstuffmgt i I
sprejemni k pa te nille 1zl ol a.
Pri NRZI kodiranju (0 sprememba; Bbr ez spremembe) |je obi
najmanj ena sprememba nivoja na vsakih 6 bitosinhronizacija.

Novej Gi protokoldi pa za uspeGno sinhror
VIN'i 47 Predavanja 46 E2023, Trebar, ORI aba,



" JEE
USART: Primer STM32F4 Discovery

Figure 307. USART example of synchronous transmission

¢ Sinhronski serijski prenos

R Data out
TX #| Data in
Synchronous device
USART (e.g. slave SPI)
CK f——#| Clock
|
Figure 308. USART data clock timing diagram (M=0)
Idle or preceding M=0 (B data bits) Idle or next
transmission __ Start, : , SoP fransmissjon Figure 310. RX data setup/hold time

ixigigh

Clock (CPOL=0, CPHA=0

_J— —_I—vi CK

Clock (CPOL=1, CF|‘51A=1 ﬂ—i_._

i P | R i_ T Pl E i (capture strobe on CK rising
Clock (CPOL=0, CP PE'LA—1 | | | . H i edge in this example)

I N T I 1o P! Data on RX (from slave) p Valid DATA bit W
Clock (CPOL=1, CPHA=0 | |_ J—l_—l_ « vie >

! ' 1 ' ' E ' ' tserue thown

T
H%H

trommaser/ L/ XX X B e X BX B X 7/ N\
Start LSB | ! 5 i i i MSB Stop
Data on RX : i : } ; : ; :
{f::nrnt;?aue:l X 0 X | X 2 X 83X @ X B X B X 7 X
LgB 5 ! ! ! ! MSB
Capture strobe l | 1 l | l F

*LBCL bit contrals last data pulse

MEv31159V1

VIN'i 47 Predavanja 47 E2023, Trebar, ORI aba,



"
2.1 Vodilo 12C, lIC, | 2C (Inter -Integrated Circuit )
¢ 1982razvitokotnterno vodi | o za povezaPhlpsNae)d I i |

¢ 2 liniji za prenos podatkov med dvema napravaktasterin Slave):

SDA Gerialdata)d!l i ni ja za poGiljanje in sprejema
SCL gerialclock-ur i n signal , ki ga vedno poGilj a
Vce
+ 3 hitrosti : % %
. Master ¢ SDA
Standard: do 100 kbit/s Device SCL
Fast do 400 kbit/s
High do 3.4 Mbit/s “Doce “Doce

1 Prilagoditev vrednospullup uporov
Vi Gja hitrost, manj Ga upornost

Video: Microchip 12C: htips://www.youtube.com/watch?v=gTLRRg6Mee0
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2.1 Vodilo 12C, lIC, | 2C (Inter -Integrated Circuit )

Naslavljanje naprav:

+ 7-bitni (najbolj pogost)8-bitni ali 10-bitni naslov
} nasl ov naprave pogosto nastavljiv (p
} nekateri naslovi:

rezerviravni Slave RIW »
. N Add bit Description
fiksno dodeljeni ress |

0000 000 0 General call address
0000 000 1 START byte
Slave Address 0000 001 X CBUS address
0 = write to slave 0000 010 X Reservedor different bus format

H E H H E H H = read from slave 0000 011 X Reserved for future purposes
Mo 0000 1xx X Hs-mode master code

1111 Ixx X Reserved for future purposes

1111 Oxx X 10-bit slave addressing
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¢ Signali na linijah

s ___fi

L
<
;_|
!
il

@r— 71T

L[
[
F_____._
L .
I

|
SCL I | | | |
I | | | |
e — l | F—— — — — | E——
START Bit n-1 Bit n-2 Bit n-3 PR it 0 STOP

Sequence (S) Sequence (P)

A Dodatna bita (vedno generiraaste) :
pogojstart d linij preklopi iz 1 v O preden linija SCL preklopiiz1v 0
pogojstop - linijja SDA preklopi iz 0 v 1 potem ko linija SCL preklopiiz0Ov 1

A SCL

generiramaster( si nhroni maseni) a pri vel
Sl ave | ahk oclockgtretthimgg nj uj e ( a
A  SDA

se lahko spremeni le, ko je SCL v nizkem stanju
mora biti konstanten, ko SCL v visokem stanju
arbitr amasterjinri vel
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2.1 Vodilo I12C, IIC, | 2C (Inter -Integrated Circuit )

¢ Sinhronsks er i | s ki prenos, dvdugeder ni i zmeni I ni
¢ Opendrainizhodi,pultup upori-> awired-and vezava>
C Multimasterz arbitraHo in sinhronizacijo ure

Podat ki S e wsepdonr oo (FmeinGadaggska go cazdeljena wkvirje (angframey
podatkov in dodatne bite:

Naslovni okvir (angaddresdrame o naslov naprave
Podatkovni okvir (ang.datamgdp odat ki , ki se prenaGajo.

¢ Primer komunikacije

é [Tep
start | Naslovni read/ | ACK/ | Podatkovni| ACK/ | Podatkovni| ACK/ | stop
okvir write | NACK okvir NACK okvir NACK »
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2.1 Vodilo 12C, IIC, |

¢ Podat ki

2C (Inter -Integrated Circuit )

frameg podatkov in dodatne bite:

Naslovni okvir (angaddressdrame d naslov naprave

S e wsepdonroo (GmainGgadadggsia go cazdeljena wkvirje (ang.

Podatkovni okvir (ang.datamgdp odat ki , ki se prenaGajo.
¢ Primer komunikacije é
start | Naslovni read/ | ACK/ | Podatkovni| ACK/ | Podatkovni| ACK/ | stop
okvir write | NACK okvir NACK okvir NACK -
\ 2
A Dodatni biti:
read/write @ bit dolmabt@a pvr ebnsd sa vieanasie@d pz ak b e
podatek iz O6sl aved naprave (1).

ACK/NACK dv s ak
nasl ovni

VINT 4171 Predavanja

al

okvir sapkoowledghoacknoviedg®e. biL &€ pe
r uspeGno

I podat kovni
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start

™

Naslovni read/ | ACK/ | Podatkovni | ACK/ | Podatkovni | ACK/ | stop
okvir write | NACK okvir NACK okvir NACK

\\,\, v\

——
soa | ffadefe el oo oo o)

RO>P»2Z

SCL

Dodatni biti:
read/write den bi t dol mabtad pvr edrsd sa vieznasie@ pz alwbe ¢ &
podatek i1z O0slaved naprave (1).
ACK/NACK dvsak okvir sapkoowledgoacknovledge. bL ¢ pe b
nasl ovni al i podat kovni okvir uspeGno pr

pogojstart 8 linija SDA preklopi iz 1 v O preden linija SCL preklopiiz1v 0
pogojstop - linijja SDA preklopi iz 0 v 1 potem ko linija SCL preklopiizOv 1
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¢ Primer povezavenikrokrmilnika(Maste) s tremiV/I napravami (Slave)
Vsaka naprava Slave ima svoj naslov
Za pravilno delovanje sta pri povezavi naprav na vodilo 12C uppmra® (polku p 6 ) .

-------------- Vce é

Prot okol | 2C deluje na preddramt avki, Od@e
collectord

Katerakoli naprava zagotovi nizek nivow) na linijah, ne more pa visokedagl).
Vsaka linija ima zato dodan upor, da privzeto ohranja visok nivo.

To omogola, da ne pride do kratkega sti
visok nivo, druga pa na nizek nivo.
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¢ Povezava dveh naprav:
A Mikrokrmilnik (Mastel)
A Krmiljenje ventilatorja (Slave)

Masterp o Gi | j a urin
Masterzapisuje na napravo Slave (S

Masterp o Gi | ja urin
Masterbere iz naprave Slave

VINT 4171 Predavanja

E2023,

Trebar,
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Ti pilen potek 1 2C komuni kac.

12C signal v celoti: gpp

¢ START 000000000 0000000

sCL|

Linija SDA preklopi iz 1 v 0 predno linija SCL preklopiiz1v 0

Idle 8 SDA = SCL High
MasterSDAS Highv Low SDA
MasterSCL8 d r Wigh

SCL

c Naslov napravSlavejebi t en (najpogostej Ga dol Hi

\>
soA | fesfesfsfesteetsl A AL XA A KA L
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"
Ti pilen potek 1 2C komuni kac.

¢ Branje/pisanjé YIw (kontrolni bajto 8 0 "Yiw
Yfw = High(Masterzah branje podatkov iz Slave)
Yfw = Low (Masterbo pisal na Slave)

soA | st AL

J
Kontrolni bajt

kontrolni bajt:d 8 0 'YIw

¢ Potrditev (Acknowledgé d pojavi se na vsakem 9 urinem ciklu

soa | ffle ek A O00000N
se [TUUULHULUU LT
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Ti pilen potek 1 2C komuni kaci

¢ Podatkovni bajt© 8 O )\
s | ekl oo o)

SCL

|_'_l|_'_l

Kontrolni bajt Podatkovni bajt

c STOP

A Nﬁ
sDA [ frfrsfasfrslaclafeofio) Eforfeefeefedeefedoee)
K &

SCL

Linija SDA preklopi iz 0 v 1 potem ko linija SCL preklopiizOv 1 o,
MasterSDAG Low v High =
MasterSCL& d r High SCL
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2C del ektri I no (osci | os:s

-
Write Read
7-bit 7-bit
ACK Dat ACK ACK
C ﬂm Done | P06 In??qu=u|IJ::ﬁp.Efmr-hnH?x ? /’ ) Address T i ) Data /‘HACK &[]
A Star‘t' 1001 011jojo] | [00000000/0/Stop 1001 011[1[o] 000100111 ' Stop ]
— T
S 123456789 123456789 || 123456789 123456789
! I O 1 O . [ O A O O {0 O I O S O A |
E I | | I |
‘: | ‘ : It |
| 1 | ‘
E p i i ) i i i
xll-m 1 1 I 1 - 1 1 1 = 1 1 11 G 1 1 1 |I|m 1 1 I 11 m| 1 1 1 |2|m 1 1 1 m| 1 1 1 |3|m 11 1 I 1 - 1 1 I 1 .‘“
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Primeri 12C povezav:.

¢ Digitalno temperaturno tipalo

TC 74 TC 74

12345 VDD (5V) 12345

O<gqC 0¥ 0 OO0 X O

= 0O Z Jd 0O = 0O 2 < 0O
wog = 1KQ & 1KQ w oy =
L] L
l T l SDA
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rimer 12C komunikacije

STM32H7

- Touch

J - g y |
Focallech

FT5336G00

True Multi-Touch
Capacitive Touch Panel Controller

TP Module
Serial
e TX Interface
SLV addr Data[n] Data[n+1] Data[n+2] TP |e ] FTS6GQQ Host
<« > 4P A
F———/INT—»|
«—/RST——
B A[6:0] W A D[7:0] A D[7:0] A D70l [ AR
Figure 2-3 Host Interface Diagram
Figure 2-5 12C master write, slave read
https://qgithub.com/LAPSyYLAB/S
SLV addr Data[n Data[n+1 Data[n+2 : :
44, A [n+2] TM32H7 Discovery VIN Proje
cts/tree/main/STM32H750B-
DK 12C _Touch Demo
B A60] R[ A D[7:0] A D[7:0] A p[7:0] [ NIEW
Figure 2-6 12C master read, slave write 8-bitni naslovi in re_QiStri
Work Mode Register Map
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | Host
Access
T — LR 00h DEVIDE MODE Device Mode[2:0] RW
SwaLx Taca PY LoD 12c 01h GEST ID Gesture ID[7:0]
SWO
Sap Peudio SehDoc 02h TD_STATUS Number of
¥€§;€§ Audio - gi}ﬂ touch points[3:0]
@ Audio 12C 03h TOUCHI_XH 1"Event 1" Touch R
Flag X Position[11:8]
04h TOUCHI1_XL 1* Touch X Position[7:0] R
05h TOUCHI_YH 1% Touch ID[3:0] 1" Touch R
Y Position[11:8]
06h TOUCHI1 YL 1¥ Touch Y Position[7:0] R
A8h | ID G FT52011D CTPM Vendor ID R
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https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Touch_Demo
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Primer 12C komunikacije

STM32H7 - Tou

ch

/I Reading from address 0x38 register Vendor's Chip ID ( addr. OxA8) default value should be 0x51=81

retval =HAL_I2C_Mem_Read(&hi2c4, ( 0x38 << 1 ), O0xA8, I2C_MEMADD_SIZE_8BIT,&endorID, 1, HAL_MAX_DELAY);
retval =HAL_I12C_Mem_Read(&hi2c4, (0x38 << 1), 0x00, I2C_MEMADD_SIZE_8BIT,& DeviceMode, 1, HAL_MAX_DELAY);
retval =HAL_I2C_Mem_Read(&hi2c4, (0x38 << 1), 0x01, I2C_MEMADD_SIZE_8BIT,& Gesture , 1, HAL_MAX_DELAY);
retval =HAL_I12C_Mem_Read(&hi2c4, (0x38 << 1), 0x02, I2C_MEMADD_SIZE_8BIT,&Status, 1, HAL_MAX_DELAY);

retval =HAL_I2C_Mem_Read(&hi2c4, (0x38 << 1), 0x03, 12C_MEMADD_SIZE_8BIT,&lataBuffer , 5, HAL_MAX_DELAY);

if (Status!=0){

TouchX = (( dataBuffer [0] & Ob1111) << 8) + dataBuffer [1];
TouchY = (( dataBuffer [2] & 0b1111)<<8) + dataBuffer [3];
} else { G .. . .
TouchX = 0; 8-bitni naslovi in reqistri
TouchY = 0O Work Mode Register Map
} Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | Host
Access
00h DEVIDE_MODE Device Mode[2:0] RW
SLV addr Data[n] Data[n+1] Data[n+2]
k—p < > |« » |« > 0lh GEST_ID Gesture ID[7:0]
02h TD_STATUS Number of
Bl Al WA[  D[70] Al Do) Al po]  [AJEN touch points[3:0]
Figure 2-5 12C master write, slave read 03h TOUCH1_XH 1"Event 1" Touch R
Flag X Position[11:8]
+ +
Stvadde | Dataln] ) Daapntl] ) Datalnt2] 04h | TOUCHI_XL 1" Touch X Position[7:0] R
05h TOUCHI_YH 1™ Touch ID[3:0] 1* Touch R
A[6:0] R[A]  D[70] NI A N N Y Position[11:8]
Figure 2-6 12C master read, slave write 06h TOUCHI_YL I Touch Y Position[7:0] R
ASh ID G FT5201ID CTPM Vendor ID R
VINT 471 Predavanja 63 E2023, Trebar, ORI aba,
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Primer 12C komunikacije
STM32H7

3
pa—— %
el
—m
el

CIRRUS LOGIC”

WM8994

Multi-channel Audio Hub CODEC for Smartphones

- Audio

The sequence of signals associated with a single register write operation is illustrated in Figure 72.

[or T} (ot |rw

[As T (T re ] ne A7 [ a1 ] a0 815 [ ) B9 | B8 B7 81 | B0 _f__

device ID

I
(Write) ACK  register address A15- A8 ACK  register address A7 - A0 ACK data bils B15 - B8 ACK data bits BY — BO ACK  STOP

Note: The SDA pin is used as input for the control register address and data; SDA is
pulled low by the receiving device to provide the acknowledge (ACK) response

[Brez naslova]

Figure 72 Control Interface 2-wire (12C) Register Write

The sequence of signals associated with a single register read operation is illustrated in Figure 73.

device ID

(Write) ACK  register address A15 — A8

[as T A9 [ A8
|
[

SmR/W B15 ([es ] ee 87 [} 81 | B0

I
device ID (Read) ACK data bits B15 - B8 ACK data bits B7 - BO ACK

Note: The SDA pin is driven by both the master and slave devices in turn to transfer device address, register address, data and ACK responses

Figure 73 Control Interface 2-wire (I12C) Register Read

REGISTER MAP

9]
o 1

VMIDC
AvDD2
GO

VREFC
pevoD

LDONDO
HDOZENA
DGND

MLDOTENA
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A = o
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DMICCLK

MICEIAST

MICBIAS2

25PCM#1

i

e
I
Ly b i b |

i

LINEOUTIP
LINEQUTIN
LINEOUTZP

LINEOUT2N

-
= LINE DRIVERS LINEOUTFB
e e

L 198 pe—ef
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D108 el

L

L

210w

(50

£LYQ2VAOIdDge—s]
AT V0L Ok et

euva:

https://github.com/LAPSyYLAB/S

TM32H7 Discovery VIN Proje

cts/tree/main/STM32H750B-

DK 12C Basic Demo

16-bitni naslovi in registri

The WM8994 control registers are listed below. Note that only the register addresses described here should be accessed; writing to
other addresses may result in undefined behaviour. Register bits that are not documented should not be changed from the default

values.
REG NAME 5 | w | s 2] n[ ] o] s 7] 6] s ] a] 3] 2] 1] o [oeraur
RO (0h)  |Software Reset SW_RESET [15:0] 0000h
R1(th)  |PowerManagement | 0 0 |SPKO|SPKO[HPOU| 0 [HPOU|HPOU| 0 0 |MICB2|MICBT| 0 |VMID_SEL[1:0] BIAS_ | 0000h
(1) UTR_E|UTL_E|T2.EN TILE [TIRE _ENA | _ENA ENA

NA | NA | A NA | NA

R2(2n) |PowerManagement | @ |TSHUT|TSHUT| 0 [OPCLK| 0 |MIXINL| MIXIN [IN2L_E[IN1L_E| IN2R_ | INTR_ | 0 0 0 0 | 6000h
VINT 471 Predavanja @) _ENA | _OPDI _ENA _ENA |R.ENA| NA | NA | ENA | ENA
S
T
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" = e Locic Whig994
P rl m e r I 2 C ko m u n I kaC I J e Multi-channel Audio Hub CODEC for Smartphones

STM32H7 - AUdiO 16-bitni naslovi in registri

addr . 0x00) default value should be 0x8994

/I Reading from device address Oxla register RO (
dataBuffer [0] =0; dataBuffer [1] = 0x00;

retval = HAL_I2C_ Master_Transmit(&hi2c4, (Oxla << 1), dataBuffer , 2, HAL_MAX_ DELAY);

retval = HAL_I2C_ Master_Receive(&hi2c4, (Oxla << 1), dataBuffer , 2, HAL_MAX_ DELAY);

snprintf  (SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Reg.valuel:0x% \n\r" , Counter ++, KeyState ,
dataBuffer [0]*256+dataBuffer[1]);

HAL UART Transmit&huart3,SendBuffer,  strlen ( SendBuffer ),100);

-
REGISTER MAP
The WMB8994 control registers are listed below. Note that only the register addresses described here should be accessed; writing to
other addresses may result in undefined behaviour. Register bits that are not documented should not be changed from the default

s UL L L LA UL L L L L L L LT LU

values.
- REG NAME 15 [ 14| 13 12 n ] 0] o[ 8 7] 6] 5] 4] s 2] 1] o [oerur
SDA yifor [§y( ] ot |[rW [As [ § (] Ae [ a8 | [A7 [T (] a1 ] a0 ] | yilor Fo o) _[sovre Reset, swReseT(0 oo
R1(1h) |Power Management 0 0 SPKO | SPKO | HPOU 0 | HPOU [ HPOU 0 0 [MICB2MICB1| 0 |VMID_SEL[1.0]| BIAS_| 0000h

| | 1 | | | ‘ U] UTR_E|UTL E T2 EN TILE|TIRE _ENA | _ENA ENA
..... < - » =1 > S T—— NA NA A NA NA
. | . i ) I I Rpl . R2(2h)  [Power Management 0 |TSHUT|TSHUT| 0 |[OPCLK| 0 |MIXINL| MIXIN [IN2L_E[INTL_E| IN2R_ | INIR_| 0 0 0 0 6000h
START device ID  (Write) ACK  register address A15 - A8 register address A7 — AD ACK START device ID @ _Ena | ool =N CENA [RENA| N | NA [ ENa | EN
S

|315|_H|39|Bs\ |Br|_H|B1|BU| f

H |
L I—

STOP

I ol N "

| —
device ID (Read) ACK data bits B15 - B8 ACK data bits B7 = BO ACK

Note: The SDA pin is driven by both the master and slave devices in turn to transfer device address, register address, data and ACK responses

Figure 73 Control Interface 2-wire (I12C) Register Read
https://github.com/LAPSyYLAB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK 12C Basic Demo
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"
Primer 12C komunikacije 0 STM32F4

/* USER CODE BEGIN PV */ o
Pinout & Configuration Clo 2:3:27225 ng 2| SDA HP/LINE_OUTA %
HAL_StatusTypeDef retval ; . . — § 1 o e T I
i i ] 1283 MCK 57 C7 37 e =
umt8_t ChIpID ; System Core 2clee 1253856 PCI0 e 38 Psak SPKR_OUTA+ ——
I2SESTY PCi2 C12 39| SpIN SPKR_OUTA- ——
e [253RHS) Ad RL 30 | LRek SPKR OUTHR! ——
/* USER CODE END PV */ ro—— ED:: 32 | RESET SPKR_OUTB- ——
Timers _ onfiguration VP —>
1 . ® NVIC Settings '|”—R$V3$—] i(l) -VHPFILT VP Ls
MX_IZCl_InltO, Connectivity ® Parameter el 10K J_ _]_—— FLYN 30
o c47 C50 AINIB 55—
/* USER CODE BEGIN 2 */ HuROCTR) LuF (XTR 2] pyp Anas 25
E;:c . — 2V5 = AIN2ZA I
- —T T R Amaa (2
| | | = MW = =Fen =men s E G 1A e o
/I Set Reset line to 1 (switch device on) S 20| oo vo L1
: : = 2l 2] 1510 AFILTE 25~
HAL_GPIO_WritePin(GPIOD, GPIO_PIN_4, GPIO_PIN_SEJ. 5 AFILTA 21
Ca2 a1 [G)Sg/['}hcrma] Pad ‘:IGLJE I

0.1uF
CS431.22
= —  12C address 0x94
HAL_Delay(1000); /[ recomended by datasheet -
/I From Device with address=0x94, Read register with address 0x01 and put value in ChipIlD

/l DevAddress 0x94, tMemAddress=0x01, MemAddSize8b, * pData,Size , Timeout);
retval =HAL 12C_Mem_Read(&hi2c1, 0x94, 0x01, I2C_MEMADD_SIZE 8BIT, & ChiplD, 1, 1000);

CIRRUS LOGIC® | CS43L22
Low Power, Stereo DAC w/Headphone & Speaker Amps
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e —
———

7.1 Chip I.D. and Revision Register (Address 01h) (Read Only)
7 6 5 4 3 2 1

[}
REVIDO |

CHIPID4 CHIPID3 CHIPID2 CHIPID1 CHIPIDO | REVID2 REVIDA
CIRRUS LOGIC’ CS43L22

7.1.1  Chip I.D. (Read Only)

1.D. code for the CS43L22,

o
CS43L22

Low Power, Stereo DAC w/Headphone & Speaker Amps et

—— - ———— - -

7.1.2  Chip Revision (Read Only)

CS43L22 revision level.
REVID[2:0] |Revision Level

The upper 6 bits of the address field are fixed at 100101. To communicate with the CS43L22, the chip ad-
dress field, which is the first byte sent to the CS43L22, should match 100101 followed by the setting of the
ADO pin. The eighth bit of the address is the R/W bit. If the operation is a write, the next byte is the Memory
Address Pointer (MAP), which selects the register to be read or written. If the operation is a read, the con-
tents of the register pointed to by the MAP will be output. Setting the auto-increment bit in MAP allows suc-
cessive reads or writes of consecutive registers. Each byte is separated by an acknowledge bit. The ACK
bit is output from the CS43L22 after each input byte is read and is input to the CS43L22 from the microcon-
troller after each transmitted byte.

9 10 1112 13 14 15 16 17 18 19 24 25 26 27 28

MMMMMMMM

CHIP ADDRESS (WRITE) MAP BYTE DATA DATA +1 DATA +n
Cc { CC
SDA —| |1 0010 1 ADO o‘ |mcn| 6 54 32 10 | | 7 6 (}j1 0| | 7 6 (}j 10 |%|7 5;1 c‘ r
4 ACK ACK ACK Ack t
START @ STOP

() rezmant4.03.2023.1.. ¥ | Figure 16. Control Port Timing, I°C Write
ADO -> GND Addr=0x94

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

scL MWWMMMWMMMJ@LM

CHIP ADDRESS (WRITE) MAP BYTE ¢ CHIP ADDRESS (READ) DATA DATA +1 DATA+ n
SDA —||100101AD00|‘lNCR'B543210||_|‘1001O1AD01| ’S_‘| JS|
ACK ACK T ACK ACK f
START START pok STOP  mRy

Figure 17. Control Port Timing, I°C Read

aba,



"
2.2 Vodilo SPI ( Serial Peripheral Interface )

¢ 1985:pojavise potrebpo v i Gj jkaotjihlponual2aCs t i h

¢ SPIlvmesnik imaali 4 linije, 2 za prenos podatkov:
MISO MasterIn Slave Outp napravaMastersprejme podatke od naprave slave

MOSI MasterOut Slave In} napravanasterp o G| j e podat ke napravi sl av
SCK GerialClock dur i n signal , rkasterga poGlje naprava
“YY- Slave Chip) selectt omogol a i zbiro naprave sl ave, kadar

SPI
MISO Slave 1

SPI

Master

SPI
MISO Slave 2

Video: Microchip: https://www.yvoutube.com/watch?v=NyxOkGXbGE|
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c Prenos

Napravamasterp o Gi | | a

Napravas | av e

c Prenos

VINT 4171 Predavanja

podat kov

j e

bapr aai

s o SS

' d SCLK

d MOSI SPI
MISO Slave 1

g SS

e o SCLK
—— | [e}]] SPI
MISO Slave 2

o mb g bvk e ko portadmpiginto n

bslt @awe po

p o Gastefba tna@r dvit om po

L inij i

L inij.i

MOSI , ob
MI SO, ob

podat k owobeentegangfulldupléo | as no

SPI Master

SCLK

> SPI Slave

b7 b6 b5 b4 b3 b2 b1 b0

MISO

b7 b6 bS b4 b3 b2 b1 bO

I——

<
-

MOSI

—<-‘
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¢ Vodilo SPI je vmesnik med dvema napravama, ki ima 4 povezave

A Mikrokrmilnik je glavnha naprav@stel)
A EEPROM je delovna naprava (Slave)

¢ 4 naprave na vodilu SRéster+ 3x Slave):

A Mikrokrmilnik (Mastel)

ADC (Slave)

EEPROM (Slave)

LCD (Slave)

Vsaka naprava Slave ima svoj sigrix
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