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[ Tehniéne specifikacije
o  Mikrokrmilnik STM32G474QET

MlékO 3 o 96kB RAM

o 512 kB Flash pomnilnika
o napajanje 3,3V
ko s sLockDicram | fored B (=] (=] o maksimalna frekvenca ure 170 MHz
o  ST-LINK V2.1 za programiranje, razhro&éevanje in UART komunikacijo s mikrokrmilnikom
o USB-C s podporo USB 2.0 za USB komunikacijo z mikrokrmilnikom in napajanje sistema
e LUSB 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
» Rerzistivna folija za detekcijo dotika s XPT2046 krmilnikom na SPI vodilu
« B LEDin6 tipk, 2D joystick s tipko
* (AN in LIN vmesnik
& ()SPI za razSiritev pomnilnika
¢  SWD trace vmesnik za napredno razhroitevanje
*  Arduino DUE kompatibilna dimenzija tiskanega vezja, razporeditev letvic in signalov
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"
Vsebina

I Asinhronski serijski prenos

UART (Universal Asynchronous Receiver/Transmitter)
(RS232, RS422, R5485)

(CANBus)

2. Sinhronski serijski prenos
USART (Universal Synchronous/Asynchronous Receiver/Transmitter)
12C (Inter-Integrated Circuit)
SPI (Serial Peripheral Interface)

(USB)

Gradivo:
0 PROTOCOLS: UART - 12C - SPI - Serial communications

0 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:

I Asinhronski serijski prenos
U(S)ART (Universal (A)synchronous Receiver/Transmitter)
o Poras. ;-

- USARTI,2,3,4,5,6 5w b Pemy
B B L
= CAN |’2 E? g i S‘g‘u £ MB9978B

STM32F4 Discovery

cns D3y

2. Sinhronski serijski prenos
(Inter-Integrated Circuit)
= 12C1,12C2,12C3
SPI (Serial Peripheral Interface)
= SPII,SPI2,SPI3

l]"' ﬁnmml EED
" L' } [v

(eI mos])
(P13 5CK) (EFIL 50K

H = g1
P12 MISOJAUDIO E ATEE USARTS RX) (UART4 RX
TX o L] L

53,
b 5 ) 7]
X S

USARTS R

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

Primer STM32H7:

2.

Asinhronski serijski prenos

STM32H7 Discovery

U(S)ART (Universal Asynchronous Receiver/Transmitter)
- U(S)ART1,2,3,4,5,6,7,8

- FDCAN 1,2

Sinhronski serijski prenos

(Inter-Integrated Circuit)

= 12C 1,2,3,4

SPI (Serial Peripheral Interface)
- SPI 1,2,3,4,5,6

mikroBUS™ compatible connectors CN10 and CN11

mikroBUS™ compatible connectors CN10 and CN11 are a
pitch. Table 7 shows the definition of the pins

Table 7. Description of the mikroBUS™ connector pins

STMod+

mikroBUS™

connector CN11 function um
STMod+#13-ADC AN 1
STMod+#12-RST RST 2
STMod+#1-CS cs 3
STMod+#4-5CK SCK 4
STMod+#9-MISOs MISO 5
STMod+#8-MOSIs MOsI (]
a3v T
GND 8

VIN - 4 — Predavanja

pair of female connectors with a 2.54 mm
i er

[ 4-Gbyte eWN}<

@ o~ @ oo e ow o o

mikroBUS™
function

STMod+
connector CN10

STMod+#14-PWM
STMod+#11-INT
STMod+#3-RX
STMod+#2-TX
STMod+#7-8CL
STMod+#10-SDA

Figure 3. Hardware block diagram

STLINK-V3E

‘ TAG connector

l STDC connector

l 32.768 kHz crystal

}_‘

’ 128-Mbit SDRAM

]

STM32H745XI / STM32H750XB
in TFGA240+25

| UART3 | | o6 |——{  USB connector
wo | | w Ethernet
| UARTI T POE
RTC | teo | 4.3-inch RGB LCD

SAI2

2x512-Mbit Quad-SPI
Flash memory

|

Audio codec

QSPI PDM

-
U °
9]

|

| SDMMC1 |

12C4

‘ Power supply

PWR SPI2

‘ 2x FDCANSs

|_‘
Ii

FDCAN1/2 |

UART2 B

ARDUINO® connector

. =

7

STMod+ connector

\
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" A STM32H7 Discovery
STMod+
UVOd o

l

Primer STM32H7: w D =i =
Grove UART Py = PR — ="_g:33ve|'fc
I Asinhronski serijski prenos it EQ 0| o o o o '..: '..: o
U(S)ART (Universal Asynchronous Receiver/Transmitte 32" ST ' ° s
He ® @ l.:]—wmwer
+ U(S)ARTI,2,3,4,5,6,7.8 awor [ me @8 °s .,
L FDCAN I ’2 c”,:"“‘?"ﬂﬂf-':!: \ EE E E CN9 /CN12
2. Sinhronski serijski prenos EE EE .

(Inter-Integrated Circuit) \
= 12C 1,2,3,4

i
o~
. . = ﬁ
erial reripnera ntertace o S
o o &
o S <
Q s -9
% [
- SPI 1,2,3,4,5,6 e 2
E &
= -
- ™ .
2.5 mikroBUS™ compatible connectors CN10 and CN11 5
mikroBUS™ compatible connectors CN10 and CN11 are a pair of 1xB-pin female connectors with a 2.54 mm
piteh. Table 7 shows the definition of the pins.
Table 7. Description of the mikroBUS™ connector pins
STMod+ mikroBUS™ . . mikroBUS™ STMod+
connactor CN11 function Fin numser Fin number function connector CN10
STMod+#13-ADC AN 1 1 PWM STMod+#14-PWM A
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 TX STMod+#2-TX
STMod+#9-MISOs MISO 5 5 SCL STMod+#7-SCL
STMod+#8-MOSIs MOSI 6 6 SDA STMod+#10-SDA
+3.3V 7 7 +5V
GND 8 8 GND
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" JEE
Uvod

Primer RPi, Arduino:

I Asinhronski serijski prenos

UART (Universal Asynchronous Receiver/Transmitter)

Arduino UNO
2. Sinhronski serijski prenos

(Inter-Integrated Circuit)

(12C)SCL
(12C)SDA
(SPI)SCK
(SPMISO

{

SPI (Serial Peripheral Interface)

Raspberry Pi . . =la 2 i 'J: Gl B e -;1 olie

o & : ? 1 DIGITAL (PWM ~) F &
® ° GPIO2 (SDA1) 5V L W
GPIO3 (SCL1) = % UNO
GPIO4 (GPIO_GCLK) GPIO14 (UART_TXDO) T
GND GPIO15 (UART_RXDO : i rxmmm ARDUINO
GPIO17 (GPIO_GENO) " S
- GPIO27 (GPIO_GEN2) GND
— GPIO22 (GPIO_GEN3) GPIO23 (GPIO_GEN4)
= GPI024 (GPIO_GENS)
GPIO10 (SPI0_MOSI) GND
GPIO9 (SPI0_MISO) GPIOZ5 (GPIO_GENS)| [ e
= GPIO11 (SPI0_CLK) GPIO8 (SPI_CEO_N)
et GPIOT (SPI_CE1_N)
® r 1D_SD (12C EEPROM) ID_SC (12C EEPROM) e S e e Sy P S
GPIO5 GND ANALOG IN
GPIO6 GPIO12 il St Sl ol m e
| GPIO13 GND
U U U U GPIO19 GPIO16
i AR NS N GPIO26 GPIO20 <
GND GPIO21 2
o0
s

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
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0 Naprave: racunalnik, mikroprocesor, mikrokrmilnik, V/I naprave

Naprava | Naprava 2

O Prenosni medij je fiksen ali zicen — elektri¢na povezava, ali linija

simbolna predstavitev

‘: a povezava b I ‘;
O
Oddaijnik ‘ Sprejemnik

QOddajnik Sprejemnik

signalni vodnik

)

u,(t) uy(t)

o—00T

GND -\r— povratni vodnik ali GND
ozemljitveni vodnik,

obicajna oznaka GND (ground)
VIN - 4 — Predavanja 10 © 2025 Trebar, Rozman - FRI



0 Serijski nacin prenosa
po povezavi se prenasa bit za bitom

0 KOMUNIKACIJSKI KANAL

Prenos podatkov poteka v realnem casu (¢as med oddajo in sprejemom
podatkov je zelo kratek).
Potrebne pretvorbe:

Pri oddaji podatka je potrebna paralelno — serijska pretvorba.

Pri sprejemu podatka je potrebna serijsko — paralelna pretvorba.

Glede na nacin sinhronizacije (obstoj skupnega urinega signala) razlikujemo:
Asinhronski serijski prenos podatkov

Sinhronski serijski prenos podatkov

Potrebno je izvesti tudi kodiranje podatkov (pretvorba podatka v signal — pogl. 8):
NRZ(I) (Non Return to Zero (Inverted))
PE (Phase Encoded)
RLL (Run Length Limited): 8b/10b, ...

VIN — 4 — Predavanja 11 © 2025 Trebar, Rozman - FRI



"

= kodiranje podatkov (pretvorba podatka v dejanski signal — pogl. 8):
NRZ(I) (Non Return to Zero (Inverted))
PE (Phase Encoded)
RLL (Run Length Limited): 8b/10b, ...

l: O 0 1 8 F 1%

!
Digita Positive logi c
0
RS232
A 6 Negaive | ogc
MNRA 0 LISB
Mandheda g Ethamet

[ N A R S A A
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O Asinhronski serijski prenos

UART (Universal Asynchronous Receiver/Transmitter)

CANBUS

'\

)
14

Oddajnik o{ oloolllo | I| [0

01001001

o1010110 | |

f

premor

0 Sinhronski serijski prenos
12C (Inter-Integrated Circuit)
SPI (Serial Peripheral Interface)
USART, hitre serijske povezave

f

premor

N
)
14

Sprejemnik

Oddajnik | 00110001 | 0010110l

01001110

ol1001001 | Ol0l10OI10

Urin signal

VIN - 4 — Predavanja
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Sprejemnik
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" JEE
1. Asinhronski serijski prenos - UART

0 Enota posiljanja je znak, ki je dolg od 7 do 12 bitov.
0O Biti se posiljajo po komunikacijskem kanalu.

0 Oddajnik in sprejemnik imata vsak svojo uro. Urin signal se NE posilja po
komunikacijskem kanalu.

O Za pravilen prenos je nujno, da sta frekvenci oddajne in sprejemne ure

enaki in sinhronizirani
O Sinhronizacija se vzpostavi za vsak znak posebe;.

O Sinhronizacija sprejemne ure se z oddajno vzpostavi
s prvim bitom znaka (START) in

mora zagotavljati pravilen sprejem do zadnjega bita znaka (STOP).

VIN — 4 — Predavanja 14 © 2025 Trebar, Rozman - FRI



O Prenos podatkov je relativho pocasen.
O Primeren je za neenakomeren prenos znakov s presledki.
0 Med znaki je pri oddaji lahko poljubno dolg presledek.

O Posiljamo lahko kakrsenkoli tekst brez protokola (protokol je samo format
znaka).

0 Dodatni (,,rezijski®) biti :
START in
STOP bit in/ali
parnostni (paritetni) bit

so v vsakem znaku, kar predstavlja 20% - 30% redundanco pri prenosu.
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"
Q Znak sestavljajor o ____

@ . r [0] i |_Smer posiljanja >

STOP P MSB LSB START

N\ 7/

— o — —

Start bit je vedno logic¢na 0 (nasprotno od mirovnega stanja) in doloca zacetek znaka:

sluzi za vzpostavitev sinhronizacije med sprejemno in oddajno uro.

Podatkovni biti - Stevilo bitov se v krmilniku lahko izbere (5 do 8 bitov).
Bit z najnizjo tezo se obicajno posilja prvi: LSB (by).

Parnostni bit - P (paritetni bit) ni obvezen. Pri oddaji se izracuna iz podatkovnih bitov
in sluzi za kontrolo pravilnosti sprejetega znaka. V krmilniku se lahko izbere:

Soda parnost (sodo Stevilo vseh enic podatkovnih in parnostnega bita).
Liha parnost (liho Stevilo vseh enic podatkovnih in parnostnega bita).

Stop bit je vedno logi€na 1 (enako mirovnemu stanju) in oznacuje konec znaka.

Mirovno stanje pred zacetkom naslednjega znaka

VIN — 4 — Predavanja 16 © 2025 Trebar, Rozman - FRI



0 Najbolj razsirjena oblika formata serijskega asinhronskega prenosa pri osebnih
racunalnikih (PC) je 8-N-1 in pomeni:

8 podatkovnih bitov, b, bg bs b, by b, b, b
brez parnostnega bita, [ 1 ]‘ [ 0 ] |_Smer posiljanja_ >
en stop bit, MSB LSB

dolzina znaka je skupaj s start bitom enaka |0 bitov.

O Primer formata znaka ASCIl “K* z enim stop bitom:

ASCII “K* = 4B (Hex) b; bg bs b, by b, by by
010 1|0 |1 |0|1]1]| |Smerposiljanja >
MSB LSB
1 | l| | | | |: | :
0 1 : 1 0 1 0 { 0 1 0 1
0 | | '
| |
|START bo ' by Yb, ' by Vb, Vbs I bg | b, STOP

Podatkovni biti

__y____

Znak N = 10 bitov

—_————

A 4

Format znaka lahko podamo tudi takole: [stop [ b, [ 6, [ 6. | b, | 6, | b | b, | b, | START

VIN — 4 — Predavanja 17 © 2025 Trebar, Rozman - FRI



O Primer formata znaka ASCIl “K* z liho parnostjo in dvema stop bitoma:

ASCII “K* = 4B (Hex) b; bg bs by by by by by
P= 1 of1|10{0 (1 ]0|1][1 | Smer posiljanja >
P MSB LSB

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

1 1

o

N
_____\—— -

o

-

o
——_iD

-

o

N

L)

STOP STOP

I
I Podatkovni biti

-y _

|
|
|
|
I
|
|
|
I
|
|
|
I
|
»|
>

|
|
|
|
|
:
B Znak N = 12 bitov
]‘

Format znaka lahko podamo tudi takole (12 bitov):

STOP [ sToP | P | b, | b, | bs | by | by | b, | b, | by, | START
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O Primer serijskega prenosa crke ‘U’

( )

Koda ASCIl ima numeri¢no vrednost 85, ali 55,)).
Dvojiski 8-bitni zapis podatka je 01010101

T+200us

0 1 0 ' 0 1 0

START BITO BIT1 BIT2 BITd BIT4 BITS BIT6 BIT7 STOP

Signal na izhodnem pinu se spremeni v low (0V), kar oznacuje zacetek prenosa (START).
Nato sledi prenos podatkovnih bitov (BIT 0 do BIT 7) in bit STOP.

O Drugi primeri:

Z T+100us T+150us T+200us
CR (ASCII 13) R L T
(carri age 0 : 1 0 0 0 1]
START BITO BIT1 BITZ BIT3 BIT4 BITS BIT6 BIT7 STOP
return)
Podatek = 0

START BITO BIT1 BIT2 BIT3 BIT4 BITS BIT6 BIT7

VIN — 4 — Predavanja 19 © 2025 Trebar, Rozman - FRI
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O Primer napacnega prenosa (bitna hitrost je 38400 b/s).

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

razlika v ¢asu med oddajno in sprejemno hitrostjo > 5%.

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

34909 (-9.09%)
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Univerzalni asinhronski sprejemnik/oddajnik (UART)

O UART - Universal Asynchronous Receiver/Transmitter ,Universal*
. .. . ) * UART is programmable.
UART kot samostojen Cip v integraciji LS| (Large Scale Integration). Asynchronous"

* Sender provides no clock

UART kot logi¢no vezje, ki je del mikrokrmilnika. : :
signal to receivers

UART ima 2 liniji za prenos podatkov med dvema napravama:

TX (ang. transmiter) — oddaja UART UART

RX (ang. receiver) — sprejem

RX RX
X X
GND GND

Oddajni UART pretvori paralelni podatek v serijski podatek in ga z dodatnimi biti
prenasa sprejemnemu UARTS,, ki pretvori sprejeti serijski podatek v paralelni podatek.

UART, UART,

b, I | P | b, [ by | bs | by | by | b, | b | b [0 by
b, RX RX b,
; O
b, TX > TX o
bs b,
b b
2 GND GND
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Uporabimo ga lahko v naslednjih nacinih prenosa:

Napravi sta povezani samo v eno smer, kot oddajnik-sprejemnik (ang. simplex)

Napravi izmenoma posiljata in sprejemata podatke (ang. half-duplex)

Napravi istocasno posiljata in sprejemata podatke (ang. full-duplex)

Hitrost prenosa podatkov podajamo kot baudna hitrost
Najbolj obicajna, standardizirana baudna hitrost je 9600.

Druge standardne baudne hitrosti so:
1200, 2400, 4800, 19200, 38400, 57600 in 115200.

UART je cenovno ugodna komunikacijska naprava.

USART (Universal Synchronous Asynchronous Receiver Transmitter) -
univerzalni sinhronski in asinhronski sprejemnik / oddajnik, ki omogoca tako
asinhronski, kot sinhronski serijski prenos podatkov.

VIN — 4 — Predavanja 22 © 2025 Trebar, Rozman - FRI



"

0 Zahteve za pravilen prenos

Enak format, nastavitev na sprejemni in oddajni strani

Stevilo podatkovnih bitov

Parnostni bit (da/ne), enaka parnost (soda ali liha)

Enako Stevilo stop bitov (eden ali dva)

Enaka frekvenca oddajne ure (fco) in sprejemne ure (fcs): fco = fcs

Periodi sprejemne ure (Tcs) in oddajne ure (Tco) se lahko razlikujeta za najvec 4 - 5%.

Znak

Ura ‘

Start bit

co — clk oddaja, cs — clk sprejem

bit,

VIN - 4 — Predavanja

]

To (aliTy)

bit,

f

A

cas trajanja
enega bita

——

To = k*¥Tco
Ts = k*¥Tes

—

k=1 - frekvenca ure je enaka frekvenci posiljanja bitov

23
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0 UART - oddaja

Paralelno serijska pretvorba

Uokvirjanje znaka (ang. framing): start bit, kontrolni parnostni bit, stop bit)

Oddaja z izbrano baudno hitrostjo

Oddajni podatkovni

8-bitni podatek

HENEEEE

> b, —> by > bs—T by~ b~ b,— b~ b—

> Start

—

register
Oddajni premikalni Stop+—» P—
register
A A
Oddajna ura T,

VIN - 4 — Predavanja
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0 UART - oddaja

Oddajna ura -Tco 4

Enable 14 —+

> Clock
Gen

Parity
Gen

Read/Write 13 —®  chip
Chip Select0 8 —3» Select Oddajni Oddajni
Chip Select 1 10 —  and ’ﬁ podatkovni pomikalni
Chip Select 2 9 — Read/Write register register
Register Select 11 —3» CoOntrol
- Transmit
Y Control
DO 22 - -
Status
D121 - <r Register +
D2 20 € Interrupt
Logic
D3 19 =3 Data Y (?
Bus
D4 18 <€ Buffers
D5 17 -y |
D6 16 <> ) °
D7 15 -a—3 Control
Register d)
_ Receive Parity
- Control Check
VCC= Pin 12 Receive Receive
v : Data K Shift -
8§8= Pin 1 Register Register
Clock Sync
Gen i Logic -
Receive Clock 3 -
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Oddaja Tx

D—T—-— 24 Clear-to-Send

O—» 7 Interrupt Request

23 Data Carrier Detect

= 5 Request-to-Send

2 Receive Data
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B Figure 301. Data sampling when oversampling by 16
i RX line ‘ | |

N P i
| sampled values H
:

ot | SRR AN SRR M

0 UART - sprejem | e
[ v .rl= 7116 =-i e 7/16 =5
l‘ 6ne bit time ._;

= Serijsko paralelna pretvorba

= Kontrola Pra-ViInOSti (ParnOStni bit) Sprejemnik obicajno bere stanje 8 ali |16x
pogostejse (angl. Oversampling)

= Odstranitev okvirja (start, stop bit in parnostni bit)

Sprejemna ura T

A 4 \ 4

Sprejemni pomikalni
register

RxD —| Stop++» P—» b, —» by —» b;—#» b,— b;—> b, T-» b, —» b, — Start

Sprejemni podatkovni
7 6 5 4 3 2 1 0 reglster

8-bitni podatek
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O UART - sprejem

Transmit Clock 4

Clock Parity

Enable 14 —+ Gen Gen
Read/Write 13 —®  chip
Chip Select0 8 —3» Select Transmit Transmit
Chip Select 1 10 —3» and Data ) Shift ————— 3 6 Transmit Data
Chip Select 2 9 —Read/Write Register Register
Register Select 11 —3» Control

A

- Transmit
Y | m—— Control D—T——— 24 Clear-to-Send
022 Status -
D121 - <r Register +
0220 Inte;;:;cpt O—3» 7 Interrupt Request
D3 19 w3 Data Y ?
D4 18 - BB-;:[-S 23 Data Carrier Detect
u
DS 17 - |
D6 16 - :—> O 3= 5 Request-to-Send
D7 15 === Control
Register o)
- Receive Parity
- Control Check
— Sprejem Rx
Vce=Pin 12 Sprejemni Sprejemni
Vgg=Pin 1 | podatkovni pomikalni
register register
Clock ] Sync
i G Logic
Sprejemna ura - Tcs e I 9
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0 UART je mogoce programirati, tako da dolocimo parametre prenosa:

Q
=
-~

INT

UART
Do I
D1 !
D2 i |
Podatkovno fleem—103 @1 =~
. ] — M
vodilo B‘; 4 lies N
m, .
D7 M, ¢
Q.
V/I krmiljenje RW |
:
L

= Baudno hitrost (baud rate) — baudna hitrost = bitna hitrost
- Stevilo podatkovnih bitov

= Parnost (liha, soda, brez)

- Stevilo stop bitov

= Stanje na kontrolnih izhodih

= Prekinitev ob sprejemu znaka

= Prekinitev po oddaji znaka

= Prenos z dvojnim izravnavanjem ali s FIFO vmesnikom
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UART - Blok diagram | Oddajnik Sprejemnik
Sprejemnik | * T
Oddajnik | :
| Transmit hold Receiver hold
Register Register
Transmit shift | | ™D _| Receiver shift e
Register N B Register
i | 1
! Confrol | ( Baud rate \ Conirol
Logic k generator ) Logic

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

“Transmit hold Register* in “Transmit shift Register‘- podatki za posiljanje

‘Receiver hold Register* in ‘Receiver shift Register‘- sprejeti podatki

‘Control logic’ — krmiljenje branja in pisanja

‘Baud rate generator‘ — generator baudne hitrosti definira hitrost pri kateri morata
oddajnik in sprejemnik posiljati oz. sprejemati podatke.
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Pomikalni registri

O Paralelno-serijska pretvorba

FFQ MLUX FF1 X FF2 X FF3

SR D D T

| [e_ol>CLK > CLK S CLK ™ CLK Serijski podatki
Clock ’7

- . - .

Q, Qy @ Q3
Paralelni podatki

O Serijsko-paralelna pretvorba

.0 )
B
s0
Serijski podatki FFD FF1 FF2 FF3
0001 D @ D © D @ D @ ¢
Paralelni podatki
SOl [ —aK - S OLK M CLK
s B
Clock
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O Protokol prenosa podatkov z UART

Format protokola Paritetni
P START bit STQP

(e Y R S B B B R

0 Podatkovni bit P | s1| s2 ‘

0 I I I I I I

Oddajnik poslje podatek po prenosni liniji TxD (LSB bit je prvi poslan).

START Cas prenosa 1 bita STOP

1 1|

|
v o1 1lol B &>

;-

Sprejemnik sprejme podatek po prenosni liniji RxD (LSB bit je prvi prejet) in

- zazna bit START . -
5 Sprejemnik zazna ~ VZzorCenje je izvedeno v sredini
- izvede vzorcenje bit START podatkovnega bita

| 1 1 1 1 11
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Obicajna povezava UART <-> PC
Primer povezave na PC (obicajno nima UART (RS232, COM) prikljucka):

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

Microcontroller FT232R Computer
TX TX |
<_>C co UsSE
UsSE
|rl;j[|2f§;re RX Rx Interface \lﬁ:> Interface
GND |- | GND

USB to serial UART
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UART - elektricno

Napetostni nivoji so lahko (odvisno od pretvornika):

(LV)TTL
RS232 (pretvornik ,,MAX232), 422,485 (pretvornik ,,MAX485)
(LV)TTL RS232 (LW)TTL
Device 1 MAX232 MAX232 Device 2
X H—— — TX
UART >'< UART
X |-—-— —1 RX
GND I GND
Elektricni del standarda RS232:
Napetostna in logi€na nivoja

+15V + .
Logitna 0 OL?EO o o 0 0M1SBO 11
(SPACE) Space —

=)
+5V . lj o
] B e

-5V i j
Logicna 1 = = Seven Dam Eits —
(MARK) o / | ¢—| '\ T

15V - poal B e P

VIN - 4 — Predavanja

Izhod oddajnika

Vhod sprejemni

Data packet comesponding to the ASCH character A




" A
+15%W—

UART -osciloskop RSP I I -

Seven Data Bits

/- AN

- = ’ Pari T o)
FI I I3 I_IL el i b'rtmy bs
E = H _: Data packet comesponding to the ASCI 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
Il‘_ - H Izhod oddajnika Vhod sprejemnika

: |
. - oy S .
Umiplll==3.268l Umax(1l= 222 Linasd 2] =ittt

rebar, Rozman - FRI
-H 1 pean s Time SHA.AUs 2 .5320m=



UART (RS232)

zlicne komunikacije

USART (RS232)

/r’teface

Irterfg
Irterface Irferface C =y 5 & o
Corpiter 1 Charre f Cormputer s MAX q;ar‘pd 1{ MAX Sl
T MAX Y | 71 7 Max el Ssl s / / : s S|
2 J / / L SSICRx OQ - >O SSICRX
Sl 5 UCRx I X
LOTx DC J 04 o SSIOTx i SSIOTx
SSI0CIKk Dc >D SSI0CIk
Grd Gnd j
G Grd
LM3STMAC RS422 LM3B/TMAC LM3S/TMAC HS5485 LM35/TM4C
MAX 13433 A MAX 13433 MAX 13431 MAX 13431
UART %‘ UART UART UART
U0Tx : UOR UOT P! Al PR uar
?”BA. B Ri> * DEpoE® % %AEE)Et DE :
3 UORx}e{rO® - R UORX
UoRx < M— uoTX RX-IRC rol-fud
Grd Grd Grd Gnd
Specification RS232D RS423A RS422 RS485
+3.3V +5V logic |RS232 RS422 level
logic level Mode of operation | single- single- differential | differential
ended ended
Tl‘l.lE Mal‘k +3V +5V TXD = (TXD+ = TXD-) Dl‘ivers on one ]il‘lE 1 1 1 32
-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 |0Mbit/s 32 masters, 32 receivers
(-7V to +12V)
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CANDbus na kratko

» CANDbus — Controller Area Network bus

serijsko vodilo za komunikacijo med vgrajenimi mikrokrmilniki

» CAN bus na kratko :
dve zici (CAN_H,CAN_L) + napajanje,
diferencialni prenos signala

odpornost na sum.
max | Mbit/s, 40m,

sporocila do 8 bajtov (latenca)
CAN-FD tudi daljsa sporocila

» CAN-FD standard, ISO |1898-2:2016
2Mbps, 5Mbps
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CANDbus na kratko

» Diferencialni prenos obicajno na parici —
Non-Return To Zero (NRZ) in
bit-stuffing.

» Wired — AND povezava: vozlisce z logi¢no 0 prevlada
0 ..,,dominant®, |..,recessive®)

» Prenos podatkov
Protokol — sporocilno naravnan
Detekcija napake

Nivo Bitov (branje, ,,bit stuffing")
Nivo sporocila (CRC, okvir, ACK napake)

|dentifier Data
A _A
~ v ™~

o, 32 6 . 0-64 « 16 2 7
n Arbitration Control Data CRC Ack End of
« Field Field Field Field Field| Frame
g=Fo O i~ o & 8 P
s alzgls , gEzslz 2 , - r
Ll [[TTPTITT TN PIT T E folofol [ITLTTTLATILTTT LTIl Taafafalafaifn

11 bits 18 bits 4 bits | 8N bits (0<N<8) » |12 bits _l

Standard Extended CRC

Identifier Identifier Lgs;h gftmifge:

Code Data
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CANDbus na kratko

» Komunikacijski protokol:
CSMA/CD

Carrier Sense Multiple Access/Collision Detection (Avoidance)

z NDA

Non-Destructive Arbitration

» Sporocilno orientiran :

ni naslova, vsako sporocilo ima svojo ID stevilko (prioriteta,
vsebina) — mora biti unikatna

potrjevanje (ACK)

se zazna potrditev vsaj enega sprejemalca
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Lab. vaja - meritve

NN T

777/ | -
V227007071

1
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Lab. vaja — primerjava hitrosti

S500kb/s:

Cdprte sponke
F 2. Tau
Curf: 4.46U
1.88U

w"" chas '._ll_. et - '"._.":'1'._'" T . w* e "‘l"._. P N W ‘I
Time 1.668EUs B=55.72 CHi= S66Em. CH2= S@EGEmL Time 1.8864=s DH53.7Z2

100kb/s:

Odprte sponke

RIGOL STOF P — FB 1.920 RIGIL T°D  Feeee I ; 1.920  RIGOL F @ 1.520
"R I Curf: 4.46U0 g - Curf: 4.46U g - CurA: 4.460
R = CurBs 1,88V S i o MCurks t.esw | [ 0 C S iGurBs 1.68V
TaYis F.58U layls 3.38V lavis J.38U0
| ‘% f
||||-|-,...,__ [ TPo— WA
il
'-'_________-__'L______._.-_.._________.i *_____"._."._]'______"._."-_."______"._-"._."______< T T A P R W R T T .
Time 5.000us @ CHi= S@Em Time 5.B0Bus ©44.S00uz  CH1= S88wU  CHZ- 588 Time 5.880us O

g6a\  CH2= S@En

i e - " w*"_"'_""'."._.-_.""'_"._.-_.._'"""_."

RIGOL

W e

CHZz=  S@En Time 1.088us b=




" JE
Lab. vaja — CANBUS (meritve)

” =
Branananfi @ i ananand] £ 3.120

]

Nezakljucena linija

ey

Rocna meritev

B =
WidD=1.008us Unadl)= 4.44Y .
= W 1,00 Time 2.000us ©+0.0000s

Z

+h 1 d(1) =sesteiotok UmaxiDl= J3.92V - j
' MEES 1.80V Time 2.000us @-0.0000s
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2. Sinhronski serijski prenos
0 Razvit je bil za namensko komunikacijo med racunalniki.

O Enota posiljanja ni vec posamezen znak, temvec sporocilo ali blok.

O Sinhronizacija poteka na nivoju celotnega sporocila ali bloka.

se doseze na enega od dveh nacinov (glede na hitrost):
pocasnejse : dodana je povezava za prenos urinega signala (ang. Clock) — nizje hitrosti

hitre: brez ,,Clock* povezave, oddajna in sprejemna ura se sinhronizirata iz prehodov v podatkovni povezavi

0 Znotraj sporocila ali bloka ni presledkov, niz bitov je neprekinjen. Redundanca se v
primerjavi z asinhronskim prenosom zmanjsa in je samo nekaj procentov (%).

O Potrebno je pravilo za organizacijo informacij v bloku = PROTOKOL

O V uporabi sta dve vrsti protokolov:
Znakovno ali bajtno orientirani protokoli (starejsi)
Bitno orientirani protokoli (novejsi)
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0 Znakovno ali bajtno orientirani protokoli

BSC (Binary Synchronous Communication) je IBM-ov znakovno orientirani protokol,
1967. Dolgo casa je bil najbolj razsirjen protokol.

Uporaba abecede z definiranimi posebnimi kontrolnimi znaki.
STX — Start of text
SYN znak - vzpostavitev sinhronizacije med oddajnikom in sprejemnikom

SYN

SYN

SOH

HEADER

STX

TEXT

ETX

CRC

SYN

SYN

|
|
|
|
|
[
b

Glava

| €

10 — 10.000 znakov |

Sporocilo = blok

) 4

Paritetni bit za kontrolo pravilnosti ne zadosca vec.
Oddajnik pri oddaji iz bitov besedila izracuna CRC (Cyclic Redundancy Check) bite
(eden ali dva bajta) in jih doda v sporocilo.

Ce sprejemnik s pomoéjo CRC bitov ugotovi, da je bilo sporoCilo pravilno sprejeto, poslje
znak za potrditev ACK (ang.Acknowledgemnt).

Ce pa ugotovi, da je bilo sporocilo napaéno sprejeto, poslje nazaj znak NACK (ang. Negative
Acknowledgemnt) in oddajnik prenos ponovi.
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01111110 01111110

_ l Extendable

«—8—>»«—8 —»€—— Variable ——»>€«—— 18—

Information
H Flag |Address| control P FCs Flag

<
- T S~ -8 —>»
Bits -7 S

Information frame format

Receive Send

O Bitno orientirani protokoli Pooei Ml L - O B

number number

Sporocilo ali blok ne sestavljajo ve¢ znaki, temvec poljubno zaporedje bitov.

Najbolj razsirjena protokola sta
SDLC - Synchronous Data Link Control IBM 1970
HDLC — High-Level Data Link control ISO 1979, ki ima za osnovo SDLC

HDLC je pravzaprav standardizirana skupina protokolov, vsem pa je skupno pravilo,
da v zaporedju bitov ne sme biti vec kot 5 zaporednih enic (I).

Na ta nacin loc¢imo vsebino sporocila od bajtov, ki dolocajo zacetek in konec
sporocila — zaporediju sestih enic sledi nicla (Flag bajt =01111110).

Oddajnik v sporocilu po vsakih petih zaporednih enkah vstavi 0 (ang. bit stuffing),
sprejemnik pa te nicle izloca.
Pri NRZI kodiranju (0 — sprememba; | — brez spremembe) je obicajno zagotovljena
najmanj ena sprememba nivoja na vsakih 6 bitov = sinhronizacija.

Novejsi protokoli pa za uspesno sinhronizacijo ve¢inoma uporabljajo kodiranje 8b/10b.
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USART: Primer STM32F4 Discovery

Figure 307. USART example of synchronous transmission

O Sinhronski serijski prenos

FX Data out
Data in

—
>
v

Synchronous device

USART (e.g. slave SPI)
CK [————| Clock
|
Figure 308. USART data clock timing diagram (M=0)
Idle or preceding M=0 (8 data bits) Idle or next
transmission _Start ) ) . Stop transmission Figure 310. RX data setup/hold time
Clock (CPOL=0, CPHA=0 | ]
po L L o

HF

Clock (CPOL=0, CPHA=1 1— I_

E=

(capture strobe on CK rising

edge in this example)

; Data on RX (from slave) X Valid DIATA bit X

Clock (CPOL=1, CPHA=0| | |

Clock (CPOL=1, CPEIA=1 | !

tzerue thowo

:
s
;
ﬁ

=
=
=t

et on X 7 L/ O XXX e XX s X X
Start LS8 | ! ; i i  MSB Stop
Data Rx 0 + } i 'y } T T
(trom slave) [ EDEREIEIEREIEIED
LgB | ! : a ! T MsSB
Capture strobe l | 1 l | l F

*LBCL bit controls last data pulse

MEv31159W1
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"
2.1 Vodilo 12C, IIC, I°C (Inter-Integrated Circuit)

O 1982 razvito kot interno vodilo za povezavo med Cipi proizvajalca Philips (NXP)

O 2 liniji za prenos podatkov med dvema napravama (Master in Slave):

>

>

SDA (serial data) — linija za posiljanje in sprejemanje podatkov

SCL (serial clock) - urin signal, ki ga vedno posilja glavna naprava

3 hitrosti :

Standard: do 100 kbit/s

Fast: do 400 kbit/s

High: do 3.4 Mbit/s
Prilagoditev vrednosti pull-up uporov

Visja hitrost, manjsa upornost

Master
Device

Voo

i

Peripheral
Device
1

Peripheral
Device

Video: Microchip 12C: hitps://www.youtube.com/waich?v=gTLRERg6Meel
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https://www.youtube.com/watch?v=qTLRRg6Mee0

"

2.1 Vodilo 12C, IIC, I°C (Inter-Integrated Circuit)

Naslavljanje naprav:

» 7-bitni (najbolj pogost), 8-bitni ali 10-bitni naslov

» naslov naprave pogosto nastavljiv (programiranje, stanje prikljucka)

» nekateri naslovi:
rezerviravni

fiksno dodeljeni

Slave Address

= write to slave
= read from slave

MEE
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Slave
Address

0000
0000
0000
0000
0000
0000
1111
1111

000
000
001
010
011
Ixx
Ixx

OXX

R/W o
bit

0 General call address
START byte
CBUS address

Reserved for different bus format
Reserved for future purposes
Hs-mode master code

Reserved for future purposes

X X X X X X p

|0-bit slave addressing
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"
a Signali na linijah

AV

|
SCL [ |
I |
e — l | F— | F— | M — — | ——
START Bit n-1 Bit n-2 Bit n-3 PR STOP

Sequence (S) Sequence (P)

= Dodatna bita (vedno generira master) :
pogoj start — linij preklopi iz | v O preden linija SCL preklopiiz | v 0
pogoj stop - linija SDA preklopi iz 0 v | potem ko linija SCL preklopiiz O v |
- SCL
generira master (sinhronizacija pri ve¢ masterijih)
Slave lahko upocasnijuje (,,clock stretching®)
- SDA
se lahko spremeni le, ko je SCL v nizkem stanju
mora biti konstanten, ko SCL v visokem stanju

arbitraza pri vec masterijih
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2.1 Vodilo I12C, IIC, I?C (Inter-Integrated Circuit)

O Sinhronski serijski prenos, dvosmerni izmenicni (ang. half duplex)

0 Open drain izhodi, pull-up upori -> , wired-and* vezava ->

0 Multi master z arbitrazo in sinhronizacijo ure

Podatki se vedno posiljajo v sporocilih (ang messages), ki so razdeljena v okvirje (ang. frames)

podatkov in dodatne bite:

Naslovni okvir (ang. address frame) — naslov naprave

Podatkovni okvir (ang. data frame) — podatki, ki se prenasajo.

O Primer komunikacije

start Naslovni
okvir

read /
write

ACK/
NACK

Podatkovni
okvir

ACK /
NACK

Podatkovni
okvir

ACK /
NACK

stop

VIN - 4 — Predavanja

51

© 2025 Trebar, Rozman - FRI



2.1 Vodilo I12C, IIC, I?C (Inter-Integrated Circuit)

0 Podatki se vedno posiljajo v sporocilih (ang messages), ki so razdeljena v okvirje (ang.
frames) podatkov in dodatne bite:

Naslovni okvir (ang. address frame) — naslov naprave

Podatkovni okvir (ang. data frame) — podatki, ki se prenasajo.

O Primer komunikacije

start Naslovni
okvir

read /
write

ACK/
NACK

Podatkovni | ACK /
okvir NACK

Podatkovni | ACK/ | stop
okvir NACK

= Dodatni biti:

read/write —4n bit doloca prenos iz ‘master’ v ‘slave‘ napravo (0) ali ‘master‘ zahteva

podatek iz

ave‘ naprave ().

ACK/NACK - vsak okvir sporocila ima bit ‘acknowledge/noacknovledge*. Ce je bil
naslovni ali podatkovni okvir uspesno prejet je posiljatelju vrnjen bit ACK, sicer NACK.

VIN - 4 — Predavanja
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" N

start

i

Naslovni
okvir

read /
write

ACK/
NACK

Podatkovni
okvir

ACK /
NACK

Podatkovni
okvir

ACK /
NACK

stop

\ A

NIECeR0Rasvadadaadd

SC

L

Dodatni biti:

\

Loy

)

RKO>Z

read/write — en bit doloca prenos iz ‘master’ v ‘slave‘ napravo (0) ali ‘master* zahteva
podatek iz ‘slave‘ naprave ().

ACK/NACK - vsak okvir sporoila ima bit ‘acknowledge/noacknovledge*. Ce je bil

naslovni ali podatkovni okvir uspesno prejet je posiljatelju vrnjen bit ACK, sicer NACK.

pogoj start — linija SDA preklopi iz | v 0 preden linija SCL preklopiiz | v 0

pogoj stop - linija SDA preklopi iz 0 v | potem ko linija SCL preklopi iz O v |

VIN - 4 — Predavanja
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O Primer povezave mikrokrmilnika (Master) s tremiV/l napravami (Slave)

Vsaka naprava Slave ima svoj naslov
Za pravilno delovanje sta pri povezavi naprav na vodilo I12C upora R, in R, (‘pull-up®).

.............. Vcce é
T "'-.__
] E R R, %

0 o8
-----------

Protokol 12C deluje na predpostavki, da sta liniji SDA in SCL ‘open drain‘ ali ‘open
collector"
Katerakoli naprava zagotovi nizek nivo (low) na linijah, ne more pa visokega (high).
Vsaka linija ima zato dodan upor, da privzeto ohranja visok nivo.
To omogoca, da ne pride do kratkega stika, ce ena naprava poskusa dvigniti linijo na
visok nivo, druga pa na nizek nivo.
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0 Povezava dveh naprav:
= Mikrokrmilnik (Master)

= Krmiljenje ventilatorja (Slave)

= Master posilja urin signal (SCL)

Master zapisuje na napravo Slave (SDA)

Master posilja urin signal (SCL)

Master bere iz naprave Slave

VIN - 4 — Predavanja

© 2025 Trebar, Rozman - FRI



O Logicni nivoji:

= Logicna |

= Logicna 0
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"
Tipicen potek I2C komunikacije :

12C signal v celoti:  gpa

3 START 00000000V 000000

SCL|

Linija SDA preklopi iz | v O predno linija SCL preklopi iz | v 0

Idle — SDA = SCL - High
Master SDA — High v Low SDA
Master SCL — drzi High

SCL

0 Naslov naprave Slave je 7-biten (najpogostejsa dolzina)

\>
soa | sttt ) LA L L

SCL
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Tipicen potek I2C komunikacije :

0 Branje/pisanje — R /W (kontrolni bajt: A ... Ay R/W)
R/W = High (Master zahtéva branje podatkov iz Slave)
R/W = Low (Master bo pisal na S

soA | gk A A LA A AL

|_|_l

Kontrolni bajt

kontrolni bajt: A¢ ... Ay R/W

QO Potrditev (Ac|<now|edwliem9urinem ciklu
soa | A 00000
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"
Tipicen potek I2C komunikacije :

O Podatkovni bajt (D5 ... DO)\

son | (e AR oo
A

|_'_l|_'_l

Kontrolni bajt Podatkovni bajt

a STOP

son | fablie ek Lol lode o
se ([T T U LU

Linija SDA preklopi iz 0 v | potem ko linija SCL preklopiiz 0 v | SDA ,
Master SDA — Low v High ==
Master SCL — drzi High SCL
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L ﬁm.. Done | mvede .mﬂ'ﬂdﬁﬁ&ﬁm.
v ETTTTT - |1o01011j0jof] = [00000000[0/Stop 1001 011[1j0] (000100111 = Stop

____....u ) ﬂfm .Itart’w

[x]

[2C — elektricno (osciloskop)

Write Read

7-bit T-bit
ACK Dat ACK ACK
II”Hﬁ-'?Ur-?h:n 112% @ f Address T /‘ Data /"NACK

¢
Start

|

T 123 456789 123 456789 | 123 456789 123 456789
I T O I O Ll b bod L] I A I
;' | R | | |
i | |
i 1L )
|
:’ .
4 -ml 1 1 I 1 5 1 1l 1 = 1 1 I 1 5 1 1 1 1 :lm 1 | 1 m| 1 1 1 1 2|m 1 1 1 m| 1 1 0 T =
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"
Primeri [2C povezav:

0 Digitalno temperaturno tipalo

O O

TC 74 TC 74

12345 VDD (5V) 12345

O g 0O ¥ 0O O < 0O X O

Z 0 2 4 0O 2 0 2 4 0

w oy > 1KQ & 1KQ wog-=

L 1

l T l SDA
— } 4 & SCL
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rimer [2C komunikacije

Focallecn

STM32H7 - Touch

FT5336600

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
<« P A
F———/INT—»|
«—/RST——
SN Al6:0] 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://github.com/LAPSyLAB/S
SLV addr Data[n Data[n+1 Data[n+2 : .
A 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] [ NIEN
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
e — LGN 00h DEVIDE MODE Device Mode[2:0] RW
Swaix Taca ° £6p t2c 01h GEST ID Gesture ID[7:0]
SWO
T Dl i B 02h TD STATUS Number of
ngnxx Autio - Audio touch points[3:0]
@-f Audio 12 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

VIN - 4 — Predavanja
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Primer I2C komunikacije
STM32H'7 - Touch

// Reading from address 0x38 register Vendor's

retval

retval
retval
retval

HAL_TI2C_Mem_Read(&hi2c4,

HAL_TI2C_Mem_Read(&hi2c4,
HAL_TI2C_Mem_Read(&hi2c4,
HAL_TI2C_Mem_Read(&hi2c4,

retval = HAL_I2C Mem Read(&hi2c4,

if (Status != 9)

{

(0x38 << 1), OxAS8,

(0x38 << 1), 0x00,
(0x38 << 1), oxe1,
(0x38 << 1), 0x02,

(0x38 << 1), 0x03,

Chip ID (addr. ©xA8) default value should be 0x51=81

I2C_MEMADD_SIZE_8BIT,&VendorID, 1, HAL_MAX_DELAY);

I2C_MEMADD_SIZE_8BIT,&DeviceMode, 1, HAL_MAX_DELAY);
I2C_MEMADD_SIZE_ 8BIT,&Gesture, 1, HAL_MAX_DELAY);
I2C_MEMADD_SIZE_ 8BIT,&Status, 1, HAL_MAX_DELAY);

I2C_MEMADD_SIZE_8BIT,&dataBuffer, 5, HAL_MAX_DELAY);

TouchX = ( (dataBuffer[@] & ©b1111) << 8) + dataBuffer[1l];
TouchY = ( (dataBuffer[2] & ©@b1111) << 8) + dataBuffer[3];

} else {
TouchX = 0;
Touchy = 0;
}
SLV addr Data[n] Data[n+1] Data[n+2]
B A[6:0] W A D[7:0] A D[7:0] A D[7:0] | Al
Figure 2-5 12C master write, slave read
SLV addr Data[n] Datan+1] Data[n+2]
Bl A0 R[ A D[7:0] A D[7:0] A D[7:0] N

Figure 2-6 12C master read, slave write

VIN - 4 — Predavanja

8-bitni naslovi in reqistri

Work Mode Register Map
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | Host
Access
00h DEVIDE_MODE Device Mode[2:0] RW
01h GEST_ID Gesture ID[7:0]
02h TD_STATUS Number of
touch points[3:0]
03h TOUCHI1_XH I*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 TOUCHI_YL 1" Touch Y Position[7:0] R
A8h ID G FT5201ID CTPM Vendor ID R
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Primer I2C komunikacije
STM32H7 - Audio

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

!

WM8994

——= CIRRUS LOGIC"

Multi-channel Audio Hub CODEC for Smartphones

! [or T (ot |rw [as ] (] ae a8 AT [ (At ] 815 [ ] B9 | B8 B7 81 | B0
1 [N | | || |

1 [ | [ | [ 1 [ |
ACK

T
device ID  (Write) ACK  register address A15-A8  ACK register address A7 - AQ data bits B15 - B8 ACK data bits B7 — 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.

MICEIAST

P 5 2 — ez
o a & g i g = 88 55 2 g 5 &
8 g B g B o # 2 529 83 g8 §
o) EBg b2 fE33: 83328 ¢Eg¢¢
» £¢ 58z K388 83g £ P 5 P
e e |11
i ’ crce
i
8] MICOAT H L
7 [ —
D i L n
D e e | Lpoumen
|~ _ 2p
4 Digital MIC H—{= - DE]
Channels e
= g
: SexoUTLN
b [=—fasoums
SexoUTEN.
i L b i el |
o " oL H LNEQUTIF
armovs s H neouTiv
I H neourzp
H—>—f-ouneouran
[
H LINE DRIVERS UNEOUTFB
oo
| | pe——

MICBIAS2: [P
g 5258 FELE
g £7 #a gy R 3
B 5 i ged
3 & aE

[a5]7 A9 | A8
|
[

1 |
device ID  (Write) ACK register address A15 — A8 register address A7 - A0 ACK oI device ID

Bis [[([eo[es ] [we]]) B1
| | | |
|

| I
(Read) ACK ACK

i
[

device ID data bits B15 - B8 data bits B7 - BO

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

https://qithub.com/LAPSyLAB/S
TM32H7 Discovery VIN Proje
cts/tree/main/STM32H750B-
DK 12C Basic Demo

REGISTER MAP

The WM8994 control registers are listed below.

Figure 73 Control Interface 2-wire (12C) Register Read

16-bitni naslovi in reqistri

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] s 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[MICB1| O [VMID_SEL[1:0]| BIAS_| 0000h
) UTR E|UTL E | T2 EN TILE |TIRE _ENA | _ENA ENA

NA | NA | A NA | NA

R2(2h) [PowerManagement | 0 [TSHUT|TSHUT| 0 |OPCLK| 0 |MIXINL| MIXIN |IN2L_E[INTL_E| IN2R_[INIR_| 0 0| o | 0 | 6000h
VIN — 4 — Predavanja @ _ENA | _OPDI _ENA _ENA [R.ENA| NA | NA | ENA | ENA
s
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" -« =cwusiooc Y
Prlme r 12 C ko munlkaCIJ e Multi-channel Audio Hub CODEC for Smartphones

STM32H7 - Audio 16-bitni naslovi in registri

// Reading from device address ©xla register RO (addr. 0x00) default value should be ©x8994

dataBuffer[@] = 0; dataBuffer[1] = 0x00;
retval = HAL_I2C Master Transmit(&hi2c4, (©@xla << 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

SCLK 5 S | | ; 5 | I ; | I I | ; values.
DEFAULT

_ REG NAME 5 w] ] 2] n|[w] o[ s8] 76| 5] a]s]2a]1]o
SDA yifor [)( ] ot | rW [As [ § (] Ao | a8 ] [A7 [T (] a1 ] a0 ] | yilor Fo o) _[sovre Reset, swResET: ouam
R1(1h) |Power Management 0 0 SPKO | SPKO | HPOU 0 |HPOU[HPOU| 0O 0 [MICB2 | MICBT 0 |VMID_SEL [1:0] | BIAS_| 0000h

| | l | | | ‘ (1) UTR_E[UTL_E [T2_EN TILE [TIRE _ENA | _ENA ENA

_____ < < > - > | I—— T NA NA A NA NA
. | .. I N I ‘ Rpl . R2 (2n) Power Management 0 |TSHUT|TSHUT| 0 |[OPCLK| 0 |MIXINL| MIXIN [IN2L_E[INTL_E| IN2R_ | IN1R_ 0 0 0 0 6000h
START device ID  (Write) ACK  register address A15 - A8 register address A7 — AO ACK START device ID © _Ena | ool =N CENA [RENA| NA | NA | ENA | ENA
S

Br]_H|B1|Bu| |_|_f_
|

data bits B7 - BO ACK STOP

5|D1|RW| EEINERER
| | | \
[ g i

I
device 1D (Read) ACK data bits B15 - B8 ACK

......

»~
A

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

Figure 73 Control Interface 2-wire (12C) Register Read
https://qithub.com/LAPSYyLAB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK [12C Basic Demo
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" JEE
Primer [2C komunikacije — STM32F4

STM32_|2C_CS43L22_Basic.ioc - Pinout & Con|

/* USER CODE BEGIN PV */ . . _ U7

Pinout & Configuration Clo ﬁﬁgzz,ggf Egz 2' SDA HP/LINE_OUTA %
. v Softwa 1 JPB6 5 sCL HP/LINE OUTB (——
HAL_StatusTypeDef retval; - : | 3 o seiwip (=0
. . | 1283 MCK 57 C7 37 [ =
uint8 t ChipID; Syster Core 12c iz 11S3ISCK  5erg 10 38 1 scLk SPKR_OUTA+ ——
1283 8D PCI2 L1z 321 SN SPKR_OUTA- +——
/* USER CODE END PV */ reee — s Ad - 37 LRCK SPKR OUTB: —5—
PDA RESET SPKR_OUTB- ——

e e Cotarsio * ] , U 1
MX_I2C1_Init(); Commectiey —eme ] Il J_ 11| [YHPFILT VB "
- - o ] AINIB -

Cc47 50 29
/* USER CODE BEGIN 2 */ e | e hroom [ [1ur oo =R Amzn (25
@ ETH AIN2A |25

FSMC 2V5 = 24
| Signal on Pin [GH - AIN3B —5=-
PE6 ct_seL s T B e AINIA 2
12c3 Ll 1261 SDA _ |n) J_ _]_ _L _]iCSQ 16 1 va AINGB —22-

T T, T8, T 34| un ADE i

// Set Reset line to 1 (switch device on) SRR P vo 12
: : = iy —ig TSTO AFILTB —gg
HAL_GPIO WritePin(GPIOD, GPIO_PIN_4,GPIO PIN SET); ., ARLTA
gq{i}_ ] GND/Thermal Pad AGND 17

CS#3L22

= = 12C address 0x94

HAL_Delay(1000); // recomended by datasheet

// From Device with address=0x94, Read register with address 0x01 and put value in ChipID
// DevAddress 0x94, tMemAddress=0x01, MemAddSize=8b, *pData,Size, Timeout);
retval = HAL_I2C_Mem Read(&hi2cl, 0x94, 0x01, I2C_MEMADD_SIZE_8BIT, &ChipID, 1, 1000);

CIRRUS LOGIC® [ CS43L22
Low Power, Stereo DAC w/Headphone & Speaker Amps

—— o e E - -~ =
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7.1 Chip L.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)

543122 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

MWUWMMM

CHIP ADDRESS (WRITE) MAP BYTE DATA DATA +1 DATA +n

SDA —||1 0010 1 ADO o‘ woR| 6 5 4 3 2 1 0| |7 6::1 0| |7 5:;1 0|%|7 6::1 c‘ r
4 ACK ACK ACK Ack t
START @ STOP

(=) rezmantd. 03,2023 1. % | Fjgure 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 MMMMMMWMMM&&M

CHIP ADDRESS (WRITE) MAP BYTE ¢ CHIP ADDRESS (READ) DATA DATA +1 DATA+ n
SDA _||100101AD00|‘lNCR'ﬁ543210||_|‘1001O1AD01| ’S_‘| JS|
ACK ACK T ACK ACK f
START START ACK STOP

Figure 17. Control Port Timing, I?°C Read




" M
2.2 Vodilo SPI (Serial Peripheral Interface)

0 1985: pojavi se potreba po visjih hitrostih, kot jih ponuja 12C

O SPI vmesnik ima 3 ali 4 linije, 2 za prenos podatkov:
MISO (Master In Slave Out) — naprava Master sprejme podatke od naprave slave
MOSI (Master Out Slave In) - naprava master poslje podatke napravi slave

SCK (Serial Clock) — urin signal, ki ga poslje naprava master

SS - Slave (Chip) select (omogoca izbiro naprave slave, kadar jih je ve¢ povezanih na master)

SPI
MISO Slave 1

SPI

Master

SPI
MISO Slave 2

Video: Microchip: hitps://www.youtube.com/watch?v=NyxQkGXbGE|
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 a SCLK
. _d MOSI SPI
SPI
MISO Slave 1
Master =

e SCLK
——— (o] SPI
MISO Slave 2

———

O Prenos podatkov je omogocen z na¢inom povezave tocka-v-tocko (ang. point-to-point)
Naprava master posilja napravi slave bit za bitom po liniji MOSI, obicajno najprej MSB bit.

Naprava slave posilja napravi master bit za bitom po liniji MISO, obicajno najprej LSB bit.

0 Prenos podatkov poteka istocasno v obe smeri (ang. full-duplex)

SPI Master SCLK - SPI Slave

b7 b6 b5 b4 b3 b2 b1 b0 b7 b6 bS b4 b3 b2 b1 bO

MISO
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O Vodilo SPI je vmesnik med dvema napravama, ki ima 4 povezave

= Mikrokrmilnik je glavna naprava (Master)
- EEPROM je delovna naprava (Slave)

MISO
MOSI
SCK
CS

<

O 4 naprave na vodilu SPI (Master + 3x Slave):
Mikrokrmilnik (Master)
ADC (Slave)
- EEPROM (Slave)
= LCD (Slave)

- Vsaka naprava Slave ima svoj signal CS
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0 Signali SPI pri prenosu podatkov

= Master generira signale
CS, SCK, MOSI

= Slave generira signal MISO
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O Serijski prenos podatkov iz naprave Master v Slave

C_S =1 CS-iz1vO0

poslan napravi
SCK Slave za zacetek
sekvence

MOSI )  Slave poslusa

signala SCK in
( MOSI
MISO |

Master prenese bajt 0 po liniji MOSI oz n bajtov se prenese
cs "\ -
cs | .
— [T
SCK SCK __JULLLLLAN... UL

Data byte 0 from Master Databyte 0  Data byte n
MOSI g302222% ' 2254

MISO | Miso
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O Prenos podatkov Master to Slave in Slave to Master
cs |\
SCK N AN
Datajbyte from I\q?ster
MOSI @@@@@@@@

Dat[a byte to Mas

ter

MISO PDEDDDE:
0 Konec prenosa: ¥ = 20V 1
Chip Select gre iz Low v High poslan napravi
— Slave za konec
sekvence

S
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= SPI najpogosteje omogoca delovanje pri frekvenci 20 MHz.
= Dual SPI in Quad SPI omogoca delovanje do 144 MHz.

= Dual SPI - izmenicni prenos (ang. half duplex) dveh bitov hkrati
- MOSI (Sl) definiran kot 100, in MISO (SO) pa IO1.

Figure 11. Hardware configuration: Dual-SPl mode

CLK

Control
BK1_l00/SO communication lines

BK1_101/S1

QUADSP' ) Communication lines

BK1_lO2
BK1_103 Glaklablbabababaiaiaiet (10/ NAULD S [—_—" Optional lines

- QUAD SPI —izmenicni prenos (ang. half duplex) stirih bitov hkrati

. preko Iinij |OO, |O1, |02, 103. Figure 12. Hardware configuration: Quad-SPIl mode

Control
communication lines

QUADSPI

¢ Communication lines
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Primeri SPI povezav

O Primer ziroskopa (L3GD20)

Z
SPI Master SPI Slave
(yaw) (STM32L4) (L3GD20 Gyro)
Y
\\ é ¥ (Pitch) SPI2_Clock (PD1) »| MEMS_SCK
@( SPI2_MOSI (PD4) »| MEMS_MOSI
7~
SPI2_MISO (PD3) | MEMS_MISO
GPIO PD7 »| GYRO_CS
_ GPIO PD2 »| GYRO_INT1
- \ GPIO PES8 | GYRO_INT2
| GPIO PEO | XL _CS
ﬁ\: GPIO PCO »| MAG_CS
X
(Roll)
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Primer SPI komunikacije - STM32F4

/* USER CODE BEGIN PV */

// Global variables

uint8 t indata[2];

uint8_ t outdata[2] = {0,0};

uint8_t lis_id;

HAL_StatusTypeDef SPIStatus;

/* USER CODE END PV */
MX_SPI1 Init();

/* USER CODE BEGIN 2 */

// Config accelerometer

// Read WHOAMI register

HAL_GPIO WritePin(GPIOE, GPIO_PIN_3, GPIO_ PIN RESET);

outdata[@] = @xef | 0x80 ;

39 3V Us

| & Reserved

[l 1
VDD _I0
100nF 14 VDD

%5 NC
A= NC
5
12
13
16
10

GND
GND
GND
GND
Reserved

SCL/SPC
SDA/SDI/SDO
SEL/SDO

CS

INT2
I/DRDY

LIS3DSH

// read whoami (Ox0f) + b7=read

HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

lis_id = indata[1];

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_SET);

74

LIS3DSH

MEMS digital output motion sensor

ultra low-power high performance three-axis “nano” accelerometer
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System Core ?
Analog ?
Timers

Connectivity ™

CAN1

CAN2
@ ETH

FSMC
v |2C1
@ 12c2

12C3
@ sDIo
'

SPI2

SPI1_SCK
SPII_MOSI
SPI1_MISO
S 12C/SPI

MEMS_INT2
MEMS_INT1

Pin Name

PAB
PA7

© 2025 Trebar, Rozman - FRI

@& GPIO Settings
ngs | @& DM

SPI1_SCK n/a
SPI1_MISO n/a
SPI1_MOSI n/a
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SPI HAL Read WhoAml register value

outdata[@] = oxof | ox80 ;

// read whoami (0x0f) + b7=read

HAL_SPI Trakscel\ﬁﬁsml &outdata,

&indata, 2, HAL_MAX_DELAY);

UM1725

SPI Firmware driver API description

HAL_SPI_TransmitReceive

Function name

HAL_StatusTypeDef HAL_SPI_TransmitRecejve (SPI_HandleTypeDef * hspi, uint8_t * pTxData, uint8_t *

pRxData, uint16_t Size, uint32_t Timewsut)

Function description

Transmit and Receive an amount of data in blockjng

Parameters
hspi: pointer to a SPI_HandleTypeDef structure that
pTxData: pointer to transmission data buffer
pRxData: pointer to reception data buffer
Size: amount of data to be sent and received
Timeout: Timeout duration

Return values

HAL: status

VIN - 4 — Predavanja

ntains the configuration information for SPI module.

bit 0: READ bit. The value is 1.
bit 1-7: address AD(6:0). This is the address field of the indexed register.
it 8-15: data DO(7:0) (read mode). This is the data that is read from the device (MSb first).

: data DO(...-8). Further data in multiple byte reading.

Multiple bytes SPI read protocol (2-byte example)

cs /

SPC

SOl OO OO OO

AW
ME AD5 AD4AD3 ADZ AD1 ADO

SDO O COOECOOOOOOOo0—

DOTDOEDOS0D04D0O30D02 DO1 D00 DO150014D013 DO 1200110010009 D OB

AM10131V1
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LISSDSH

MEMS digital output motion sensor
ultra low-power high performance three-axis “nano” accelerometer

3.3 Communication interface characteristics
3.3.1 SPI - serial peripheral interface
Subject to general operating conditions for Vdd and Top.
Table 5. SPI slave timing values
value
Symbol Parameter Unit
Min. Max.
tc(SPC) SPI clock cycle 100 ns
fc(SPC) SPI clock frequency 10 MHz
3.3.2 I2C - inter IC control interface
Subject to general operating conditions for Vdd and Top.
Table 6. I2C slave timing values
12C standard mode (! 1C fast mode ("
Symbol Parameter Unit
Min. Max. Min. Max.
fiscy SCL clock frequency 0 100 0 400 kHz
6 Digital interfaces

The registers embedded inside the LIS3DSH may be accessed through both the I°C and
SPI serial interfaces. The latter may be SW configured to operate either in 3-wire or 4-wire

interface mode.

The serial interfaces are mapped onto the same pins. To select/exploit the I°C interface, the
CS line must be tied high (i.e. connected to Vdd_IO).

Table 9. Serial interface pin description
Pin name Pin description
SPI enable
CS 12C/SP1 mode selection (1: SPI idle mode / 12C communication
enabled; 0: SPI communication mode / 12C disabled)

VIN - 4 — Predavanja
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7 Register mapping
Table 16 provides a list of the 8/16-bit registers embedded in the device and the related
address:
Table 16. Register address map
Register address
Name Type Default Comment
Hex Binary

INFO1 r oD 00001101 0010 0001 Information register 1
INFO2 r 0E 00001110 0000 0000 Information register 2
WHO_AM_I r OF 00001111 0011 1111 Who | am ID
CTRL_REG3 riw 23 00100011

CTRL_REG4 rw 20 00100000

Control registers

CTRL_REGS5 riw 24 00100100

CTRL_REG6& riw 25 00100101

STATUS r 27 00100111 Status data register
OUT_X_L r 28 00101000

OUT_X_H r 29 00101001

OUT_Y_L r 2A 00101010

0000 0000 Qutput registers

QUT_Y_ H r 2B 00101011

ouT Z L r 2C 00101100

OUT_Z_H r 2D 00101101

// read whoami (0x0f) + b7=read
outdata[@] = oxof | ox80 ;
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Primerjava SPI vs [°C

0 Oba sinhronska protokola za lokalne komunikacije
O SPI (Motorola), 12C (Philips — danes NXP)

* Hitrejsi (20Mbps+) * Enostavnost (manj
* Full duplex povezay, standard za 2
. e ,Low power" povezavi)
Prednosti DualSPI, QuadsSPI . Dodajanje novih naprav
* Enostavna implementacija * Multi-Master

* Izbira dolzine enot (npr. |12 bitov) Ima mehanizem ACK
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Primer: Raspberry Pi <> I°C, SPI, UART

0 Diagram povezav 2c n SDA
RPi — Raspberry Pi el

SPI

Tx Rx
]

RPi Rx Tx Device
UART O —

O UART - preprost; majhna hitrost; ura ni potrebna; omejena na eno napravo, priklju¢eno na RPi.

O 12C - hitrejsi od UART, vendar ne tako hitro kot SPI; lazje povezovanje Stevilnih naprav; RPi
poganja uro, tako da ni tezav s sinhronizacijo.

O SPI - najhitrejsi od treh; RPi poganja uro, tako da ni tezav s sinhronizacijo; prakticna omejitev
Stevila naprav na RPi.

O https://www.mbtechworks.com/hardware/raspberry-pi-UART-SPI-12C.html
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Primer: Arduino <> UART, SPI, I12C

RX, (In,)

Device

2

TXZ
(out,)

Rpull-up H] Rpull-un

0 Asinhronski serijski prenos: UART
TX,
(Out,)
Device 1
RX, (In,) | <
O Sinhronski serijski prenos: 12C
SPI
SDA
MOSI
SCK SCL
—_—
Master Slave
SS_
Master
MISO

Slave,

Sla\ﬁ't-z2

O https://www.deviceplus.com/arduino/arduino-communication-protocols-tutorial/
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Primeri naprav: STM32H750B < UART, SPI, 12C

Figure 3. Hardware block diagram

STLINK-V3E

TAG connector

STDC connector

i

32.768 kHz crystal

UART3 |
}—a—— SWD |
}7

RTC

128-Mbit SDRAM

oTG

'

Mil

UART1

LCD

STM32H745X1/ STM32H750XB

in TFGA240+25

—

USBE connector l

Ethernet ‘

1

PoE ‘

4.3-inch RGB LCD
<

2x512-Mbit Quad-SPI
Flash memory

SAI2

QSPI

il

PDM

v Ao codes Primer LAB vaje

4-Gbyte eMMC

SDMMC1|

Power supply

PWR

2x FDCANs

L]

FDCAN1Q|
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SPI2

UART2

ARDUINO® connector

STMod+ connector

(@0]
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