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" JEE
VIN projekt - VP6: STM32F4 VIN Demo

= Osvezitev: STM32F4 ]

m CubelDE projekt STM32F4 in V/I naprave
1 CubelDE projekt, GPIO in VCOM port
1 PWM - LED dimmer, brencac
1 SPI - LISSDSH pospeskomer
0 12C - CS43L22 zvocni Cip
0 ADC

m Sledenje (,tracing“) - CubeMonitor, osciloskop
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VIN Projekt — Osnovna platforma
STM Discovery F4 (Cortex M4) STM32F407 ST Di scovery

*STM32F407VGT6 microcontroller featuring 32-bit
Arm® Cortex®-M4 with FPU core, 1-Mbyte Flash memory and ST M 3 2
192-Kbyte RAM in an LQFP100 package
*USB OTG FS
ST MEMS 3-axis accelerometer
*ST-MEMS audio sensor omni-directional digital microphone
*Audio DAC with integrated class D speaker driver
*User and reset push-buttons
*Eight LEDs:
+LD1 (red/green) for USB communication
+LD2 (red) for 3.3 V power on
*Four user LEDs, LD3 (orange), LD4 (green), LD5 (red)
and LD6 (blue)
*Board connectors:
*USB with Micro-AB
*Stereo headphone output jack
+2.54 mm pitch extension header for all LQFP100 I/Os
for quick connection to prototyping board and easy

probing

*External application power supply: 3V and 5V
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Delo na STM32F4 razvojnem sistemu

Prikljuditev :

*  Mini USB priklop na krajsi stranici, svetita rdeCi LED diodi

 Micro USB priklop (VCom port)

Poseben zacetni projekt za STM32F4 (e-udilnica) :
« dodajanje vsebine (main.c):

m CubelDEWorkspace - STM32_USB_Key_LED/Core/Sr¢/main.c - STM32CubelDE
File Edit Source Refactor Mavigate Search Project Run Window Help

(g |BvR vE a|ldd @ErE@vEr@rovO0~vhvds-{dBEr fvfvrerer e
& Project Explorer * BV 8B @maing x
@ CubelDE_Workspace A @103
» @ Delo 104  /* Infinite loop */
o 105  /* USER CODE BEGIN WHILE */
> @ Node_V4 (in node_v4 Lot while (1)
~ & Sluzba 107
[ CAN_IEX_Module 108
& CAN_IEX_Module_bak 109 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);
. . 110 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_13);
[ H7-857-ACD-05 111 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);
> & ORLab-STM32 12 - = il
» > ORLab-STM32H7 113 KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_@);
» & ORLab-STM32H7_bak 114 HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState);
@ RALab-STM32H7 115

» [ STM32_USB_Key AdvDebug 118

117 snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
[ZSTM32_USE Key _FreeRTOS_AdvDebug 118 CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));
& STM32CubelDE_Adv_Debug 119
~ i STM32F4_Discovery_VIN_Projects 12e /* USER CODE END WHILE */
: 121

» & Audio_playback_and_record 122 /% USER CODE BEGIN 3 */
» @ Buzzer PWM_Demo 123 HAL_Delay(1000);

[ CAN_IEX_Module_Base 124 }

[0 CAN_IEX Sniffer 125 /* USER CODE END 3 */
» O Initial_Breadboard VIN 126 }

-t e 127

Lastni viri :

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects

https://github.com/LAPSYLAB/STM32F4 Docs and Examples

https://github.com/LAPSYyLAB/ORLab-STM32

& Mini USB

[}

Mikro USB
VCom-port

@ | STM32F4DISCOVERY Discovery kit with STM32F407VG MCU ¢
@ | VINLab-STM32 - GitHub repozitorij
@ | ORLab-STM32 - GitHub repozitorij #*

= .
[l STM32F4 - Dokumentacija #
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© Rozman,Skraba, FRI


https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects
https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples
https://github.com/LAPSyLAB/ORLab-STM32

Osnovni projekt CubelDE — GPIO — razli¢ni nivoji programiranja

Baremetal - zbirnik

INTT T0:
push {r5, re6, 1lr}
// Enable GPIOD Peripheral Clock (bit > in AHBIENR register)
ldr ré, = RCC_RHBIENR // Load peripheral clock reg address to ré
1dr r5, [ré] // Read its content to r5
orr r5, 0x00000008 // Set bit 2 to enable GPIOD clock
str r5, [ré] // Store result in peripheral clock register

// Make GPIOD Pinl2 as output pin (bits 25:24 in MODER register)

Baremetal - C

/* USER CODE BEGIN 2 */

RCC->AHB1ENR |= 0x08;
// Enable clock for GPIOD

HAL -C

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

ldr r6, =GPIOD BASE // Load GPIOD BASE address to ré GPIOD->MODER |= 0x01000000; // HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);
1dr r5, [r6,#GPIOD_MODER] // Read GPIOD MODER content to r5 . . .
and r5, Ox00FFFFEF // Clear bits 21-74 for P12-15 MODE Register: bit 12 == out
orr r5, 0x55000000 // Write 01 to bits 51-24 for P12-15 /* USER CODE END WHILE */
str r5, [ré] // Store result in GPIOD MODER register /* USER CODE END 2 */
{r5, ré, }
pop TR e e /* USER CODE BEGIN 3 */
/* Infinite loop */ HAL_Delay(1000);
LED_ON:| /* USER CODE BEGIN WHILE */ }
push {r5, ré, 1lr} : * *
// Set GPIOD Pins to 1 (through BSSR register) while (1) / USER CODE END 3 /
ldr ré, =GPIOD BASE // Load GPIOD BASE address to ré {
mov r5, #LEDs ON - .
str r5, [r6,#§PIODﬁBSSR] // Write to BSRR register GPIOD->ODR "= 0X1000, //
pop {r5, ré, pc} Toggle PD12
LED_OFF: i i *
. . . /* USER CODE END WHILE */ V?ld HAL_GPIO_T?gglePln(GPIO_TypeDef GPIOx,
// Set GPIOD Pins to 0 (through BSSR register) uintl6_t GPIO_Pin)
ldr r6, =GPIOD_BASE // Load GPIOD BASE address to ré « {
mov 5, $LEDs OFF /* USER CODE BEGIN 3 */ int32 t odr:
str r5, [r6, #GPIOD BSSR] // Write to BSRR register for (int i=@; i<0x1000000; i++) {}; uin _C odr;

pop {r5, ré, pc} .
// waste some time
} /* Check the parameters */

7% USER CODE END 3 */ assert_param(IS_GPIO_PIN(GPIO_Pin));

https://github.com/LAPSyLAB/ORLab-
STM32/tree/main/GPIO LEDs

/* get current Ouput Data Register value
*/
odr = GPIOx->ODR;

https://github.com/LAPSyLAB/STM32F4 Discovery
VIN Projects/tree/main/LED GPIO C Baremetal C

/* Set selected pins that were at low
level, and reset ones that were high */
GPIOX->BSRR = ((odr & GPIO_Pin) <<

GPIO_NUMBER) | (~odr & GPIO_Pin);

}

https://github.com/LAPSyLAB/STM32F4_Discov
ery VIN Projects/tree/main/LED Blink Demo

RA, OR
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https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_Blink_Demo
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_Blink_Demo

Delo v CubelDE

Vzpostavitev zaCetneqga projekta :

 Uvoz obstojecega
* Open projects from File System
« Select project(s)

* Nov projekt Cube MX

Kopiranje obstojecega

Prevajanje, zagon :

« Project -> Build Project
* Run -> Debug

Step (Into,Over), Breakpoint

m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE
File Edit Source Ref-wrﬂhﬂah Saar gam roject Run Window Help

m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

=g

m CubelDEWorkspace - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run \
New Alt+shift+N > | %
Open File... 5
. Open Projects from File System...
I} Recent Files >
i [I import Projects from File System or Archive ] X
i Import Projects from File System or Archive B
! This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.
)
!
! Import source: ‘ D:\OneDrive - Univerza v Ljubljani\Delovni\Workspaces\CubelDE\STM32F4_Discovery VIN ~ ‘ Directory... Archive...
)
[ type filter text | Select Al
~
Folder Import as Deselect All

STM32F4_Discovery VIN_Projects Eclipse project
STM32F4_Discovery VIN_Projects\Audio_playback_and_r Eclipse project
|

" [ Close newly imported projects upon completion

: Use installed project configurators to:

Search for nested projects

E Detect and-tons

2 of 8 selected

<

[] Hide already open projects

2 project natures

Navodila :

U B R vEminidigy &y Open Project
& Project Explorer & Close Project . QHQQ!%)EE%.%{H ErOJEkt
n it > Co L
=== Build All Ctrl+B 2) Edit > Pa:)tz
> ®OR i 8 ; -
Build Configurati >
o RA B“fld e 3) Delete the DebugJaungh file.
v BVIN L 1) Project > {lgap.
« © STM32F4 Discovery Projects (in 5Tn  Puild Working Set ’ 5) Project > Build Project.
> & Audio_playback_and_record e 6) Rebug As Stm32 Application.
+ [ Buzzer PWM_Demo Eilgopatcly 7) And debug the anplisation
» [ Initial_Breadboard VIN Build Targets > 8) Add hreakpeint on first instruction if necessary
» [ LED_Blink_Demo
PR Dl P AFRALL C/C++ Index ’
* CubelDE projekt z CubelMX

m CubelDEWorkspact

32CubelDE 1) Edit > Copy.

N>R BS i %o e M= idiey O vi®™S L i Source Refactor Novh Search Project Run Window Help 2) Edit > Paste
¥ Debug ® 5 Project M’EF!-_ZJ = Berime.txt L8 main.c Bstm3~ LB ®~v&~vEisvidigy (Y & & Run 3) Bename the igg files
~ [E LED Blink_Demo Debug [STM32 Cortex-M C/C ;i :/@m int & Project Explorer % # Debug 4) Delete the Debyg.Jaunch file.
~ i LED_Blink_Demo.elf [cores: 0] 75-int main(void) v 2RI Run History 5) Project > (leap.
~ o Thread #1 [main] 1 [core: 0] (Suspende 76 { 7 BOR O Run As 6) Genetate the CubelX.
= main() at main.c:84 0x800057¢ 77 /* USER CODE BEGIN =RA Run Configurations... 7) Project > Build Project.
& arm-none-eabi-gdb (8.3.1.20191211) 78 v EVIN ; 8) Debug As Stm32 Application
8 ST-LINK (ST LINK GDB server} 79  /* USER CODE END 1 ¥ 1 STM32F4 Discovery Projects (in STM3274 D/ DQE"Q History 9) el
80 » & Audio_playback_and_record B2argis § . ) the :
81 /* MCU Configuratio + [ Buzzer PWM_Demo Debug Configurations...
:2 — w211 per > [ Initial_Breadboard_VIN Breakpoint Types
8 HAL_Init() ;' > [ZLED Blink Demo Toggle Erezl et
e e e LR nEn e AT

/* USER CODE BEGIN

/* USER CODE END In

/* Configure the sy
- —— -'_:.- -7

Toggle Breakpoint
- e s mm o)

Skopiram, preimenujem, generiram jgg, ¢lean in build

© Rozman,Skraba, FRI



CubelDE — delo s projekt

Kopiranje/preimenovanje projekta:
+ Kopiranje projekta Cube MX I:
* Znotraj CubelDE

Kopiranje CubelDE projekta z CubeMX .ioc da
1) Edit > Copy.
2) Edit > Paste.

@
3) Preimenuj .iW

5) Project > Clean.

6) Generiraj kodo s CubeMX.

7) Project > Build Project.

8) Debug As Stm32 Application.
9) Debug aplikacije.

4) Zbrisi Debug.launch dato%tr

Skopiram, preimenujem ioc, generiram kodo, briSem Debug.launch, clean in build

+ Kopiranje projekta Cube MXII:
° Uporaba OrOdJa STM Cube Project Copy

€=

I8 Copy Project

Project name: | STM32_SPI_LIS302DL_Basic

[ Use default location

Location: ‘

Browse...

Choose file system: | default ~

Project location directory must be specified

Copy

Cancel

5TM32_SPI_LIS302DL _Basic.ioc
SR 5B KeytEBaunch—

-------’

Uhodni Projekt: |/

Ime Hovega Projekta: |NewProject

Kopira) Projekt

Pomoé

Brskaj

[ Izberite mapo

«

Organiziraj »

v [}« Cub.. >

& Sluzba

@ Workspaces
&/ Arduino_IDE

&/ BlucPil
&/ CubelDE

Misko3
ORLab-5TM32

STM32F4_Discov.. »

Nova mapa

ORLab-STh32_TODO_Projects

STM32Cube_FW_F4_VTZ6)
STM32F4 Discovery_Projects
STM32F4 Discovery_TODO_Projects
STM32F4_Discovery_VIN_Projects

v

<

X

v o O Preiséi STM32F4 Discovery....

Datur

Ime

@ Audio_playback_and_record

e n e e oo0e

git

Buzzer_PWM_Deme
Initial_Breadboard_VIN
LED_Blink_Demo
LED_Blink_Deme_QEMU
LED_GPIO_C_Baremetal.C
LED_PWM_Demo.
STM32_SPI_LIS302DL_Basic
STM32_USE_Key_LED

Mapa:

STM32_SPI_LIS302DL_Basic

Izberite mape

https://github.com/LAPSYLAB/STM32F4 Docs _and Examples/tree/main/Documentation/CubelDE

VIN - LV
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https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples/tree/main/Documentation/CubeIDE

" N

Vir: UM2217 - HAL and Low-layer drivers

Bookmarks ~

o @ Now M Ed Programska knjiznica ‘_ UM2217
3 ’I life.augmented
e 1 General information 2
ke 2 Acronyms and definitions Vsebuje predprlpraVIJene User manual
R e funkcije za delo s sistemskimi
B AL kv runkciy _ Description of STM32H7 HAL and low-layer drivers
EE.»E.Over\wiew of low-layer |n V/I na pravaml.

drivers

This section contains the following APls:
@kt 6 Cohabiting of HAL and LL

) i : . HAL_IncTick
[k 7 HAL System Driver This section contains the following APIs _Inc '? 0
&R+ 8 HAL ADC Generic Driver HAL USART Transmi'l'(} . HAL_GetTick()
i o . HAL_USART_Receive( L HAL GermickPrio
< 11 HAL COMP Generic Driver This section contains the following APIs: | A US ART_TransmitReceive() *  HAL_SetTickFreq()
& 12 HAL CORDIC Generic ) - it IT() . HAL_GetTickFreq()
Driver . HAL_J‘HItO . HAL UsART_TranSﬂ'H . A
e 13 HAL CORTEX Generic «  HAL_Deinit() HAL USART Receive_IT() *  HAL_Delay()
. - ’ - . tReceive_IT() «  HAL_SuspendTick()
#kt 14 HAL CRC Generic Driver . HAL_Msplnit() . HAL USART_Tfaﬂsm’tRecewe- _ P
@kt 15 HAL CRC Extension Driver . - . . HAL ResumeTick
ke 16 HAL CRYP Generic Driver ) HAL_MspDelnit() . HAL_USART_Transmrt_DMA 0 - ‘ 0
<. 17 HAL CRYP Extension ! «  HAL_InitTick() HAL_USART. Receive_DMA() +  HAL_GetHalVersion()
Driver * - - . : A
@i 18 HAL DAC Generic Driver . HA L_USART_TJ’&HSF"“R eceive_DMA()

@kt 19 HAL DAC Extension Driver
@kt 20 HAL DCMI Generic Driver
=B 21 HAL DFSDM Generic

Driver 3524

This secti ;
1o . On contains th .

s 22 HAL DMAD Generic Operation fun(:tions HAL j2¢ Init) ) fo"OWlng APls:

Driver Th is i . * - N
ol oot DA Generic Drver ) Ze;:_'m; Contains the following Aps: :AL_QC_DeInit(}
5. 24 HAL DMA Extension _GPJ : : * A N

Driver b . H A n O__Readpm 0 . L-’zc—MSme t()
ke 25 HAL DSI Generic Driver -GPIO_Wri tePin() HAL r2c MspDen;
@ke 26 HAL DTS Generic Driver . HAL_Gp Y B . HA - nit()
@i 27 HAL ETH Generic Driver . - — TOQQ lePin 0 L_IZC_Regis !‘erCaﬂba
kv 28 HAL ETH Extension Driver HAL_ GPIO_ LockPin 0 * HAL_QC_ UnRegijst o0
#h 29 HAL EXTI Generic Diver * HAL_Gpjo EXTI_IRQH . HAL_f2¢ Rean er Caﬂback( )
= ?)(:i\ZI:L FDCAN Generic . HAL GPIO_EXT[_ and”ero - HAL ‘Izc‘ gfsferAddrCaﬂbackﬁ
@kt 31 HAL FLASH Generic Driver N - ~Callback 0 - _U-"-'Registenq ddr Callback()
ofe 32 HAL FLASH Extension

Driver UM2217 - Rev 6 page 2/4020
@kt 33 HAL FMAC Generic Driver

afe 3:4 HAL GFXMMU Generic v

‘M 4 2 of4020 B M Q@ ©
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Electrical characteristics

STM32F4DISCOVERY

STM32F405xx, STM32F407xx

Table 11. Voltage characteristics

Symbol Ratings Min Max Unit
Vpp—Vss | External main supply voltage (including Vppa, Vpp)!"! | 0.3 40
Input voltage on five-volt tolerant pin(?) Vgs—0.3 | Vpptd Vv
Vi Input voltage on any other pin Vgs—0.3 4.0
|AVppyl Variations between different Vpp power pins - 50
Vssx - Vss| _Variati_ons between all the different ground pins ) 50 mV
including VRgr_
see Section 5.3.14:
Vespmewm) | Electrostatic discharge voltage (human body model) g?;ﬂ?;ggﬁg?m
sensitivity)
Table 12. Current characteristics
Symbol Ratings Max. Unit
oD Total current into Vpp power lines (source)") 240
lyss Total current out of Vgg ground lines (sink)(") 240
Output current sunk by any I/0 and control pin 25
o Qutput current source by any I/Os and control pin 25 mA
| @) Injected current on five-volt tolerant 1/0(3) —5/+0
INPIN) Injected current on any other pin(®) 5
g™ | Total injected current (sum of all /O and control pins)®) +25
VIN - LV 12 © Rozman,Skraba, FRI
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" JEE
VIN projekt - VP6: STM32F4 VIN Demo

m Osvezitev: STM32F4

m CubelDE projekt STM32F4 in V/I naprave
[ 1 CubelDE projekt, GPIO in VCOM port }
1 PWM - LED dimmer, brencac
1 SPI - LISSDSH pospeskomer
0 12C - CS43L22 zvocni Cip
0 ADC

m Sledenje (,tracing“) - CubeMonitor, osciloskop

VIN - LV 13 © Rozman ,Skraba, FRI



CubelDE — Vzpostavitev novega projekta

Nov projekt :
m CubelDEWorkspace - STM32_USB_Key_LED/Berime.txt - STM32CubelDE
File Edit Source Refactor Mavigate Search Project Run Window Help

Makefile Project with Existing Code
Open File... C/CHt Project

---------------1

5 STM32 Project from an Existing STM32CubeMX Configuration File (ioc)

9 Project...
sz frnis Cresy Convert to a C/C++ Project (Adds C/C++ Nature)
Close All Editors Ctrl+Shift+W & Source Folder
Save Ctrl+S & Folder
Save As... & Source File
Save All Ctrl+Shift+S [ Header File
Revert [% File from Template

@ Class F
Move... Fea..  Large Pi Docs & Reso. [ pata K4
Rename.. 2 9 Other... Ct T

L= Y VoLl LUULD DCULIWN T
&1 Refresh F5 15 #define BUF

[[ sTM32 Project

Target Selection

& §TM32 target or STM32Cube example selection is required e
kit leverages the capabilities of

the STM32F407 high-performanc
microcontrollers, to allow users t
develop audio applications easil:
Itincludes an ST-LINK/V2-A
embedded debug tool, one

2 — Poisci plosco g "

™ Export
|
[uni P icuni X
Check/Uncheck All |

* . STM32F407G... Di... Active 19.89 :

MCU/MPU Selectcr [FBoard Selector

Commer?h mEmm_—_————— .‘ I [ - | overview  xlcommer.. | Type ] Markstin._. Xuntt Price... x| Mounted . ¥} I
Part l STM32F407 o l I I
Number | |STM32F407G-DISC1 | \ -« . J
| e —— . N N S BN BN BN BN BN B
Vendor 4

VIV = Ly o 14 © Rozman,Skraba, FRI



Osnovni projekt CubelDE — CubeMX

{STM32Cube MCU packages and

Konfiguracija : prikljucki, kn

software pack

® Copy enly the necessary library files

O Add necessary library files as reference in the tooichain project configuration file

r Generated files

HAL Settings

[ Backup previously generated files when re-gener

[ Generate peripheral initialization as a pair of ".c/.h' files per peripheral

I Keep User Code when re-generating

Delete previously generated files when not re-generated

[] Set all free pins as analog (to optimize the power consumption)
[ Enable Full Assert

Template Settings

Select a template to generate customized code

Input frequency

¢ IE =

Input frequency

Input frequency

MHz

LSE

LSIRC

32 KHz

HSIRC

16 MHz

RTC Clock Mux

HSE, - HSE_RTC O

LSE
e

HSI

v . CS_12CISPI [UIS3|

jiznice STM32F4

Proisct Settings
Projact Name
LED_GPIO_C_Barematal, |

Project Location
[D:\DelovniCubel DE\CubelDi |

Application Structure

|Advanced [ Ba not generate the main()

Toskhain Foider Location

Tookhain / IDE
[sTM3zCubeiDE | = at R

Linker Sattings

Minimum Heap Sce  [1x200
PDM_OUT [MP450T02_DOUT]
Minimum Stack Sze  [0:00 |
Thrsad-safe Ssttings
Conex-MaNS
[] Enabie mut-thresded support 81 [Blug PushBution]

Thread-safe Locking Strategy
t nding on RTOS selection,

Defautt

Meu and Firmware Package
Mcu Reference
STM3ZF407VETx

-

ware Package Name and Version
B Use Istest available version

~ To IWDG (KHz)

System Clock Mux

1

HSE|

V)
_-— -
SYSCLK (MHz)

AHB Prescaler HCLK (MHz) APB1 Prescaler

PLLCLK

PLL Source Mux

18 v #{x336 v 12
m *N

168

MainPLL g
12S source Mux

PLLIZSCLK PLLIZSCLK

X192 v |_| 12 VL >
pues N R
Ext.clock
MCO2 source Mux
_SYSCLK

PC15-0SC32_0UT

OTG_FS_PowerSwitchon

[LIS302DL_INT2]

MEMS_INT2

02DL_CS_J2CISPI]

PC14-0SC32_IN

PHO-0SC_IN
PH1-0SC_OUT

[c543L22_SDA]

Audio_SDA

o

3 4 s 3

=

z 3
i & Z 3
& g H o
z i 5 4
2 23 2 3
o ) 3 8
5 g e
3 S5 -
a 4B F- T
I g @ @ =)
g e - 4 4 3
3 = £ 3 @ @ =
B n o < o o 2

STM32F407VGTx

LQFP100

memeory and DMA (MHz)

To Cortex System timer (MH,

FCLK Cortex clock (MH

APB1 peripheral clocks (MHz)

APB1 Timer clocks (MHz)

APB2 peripheral clocks (MHz)

APB2 timer clocks (MHz)

48MHz clocks (MHz)

125 clocks (MHz)

[cS43L22_LRCK]
[LIS302DL_SCLSPC]
SPI_MISO [LIS302DL_5DO]

1253_Ws
SPH_SCK

]

g
=t
2
=1
2
z
=1
@
.
e
@

7
3
=
&

BOOT1
[MP45DT02_CLK] [PB10

CLKIN

4 — Preveri
nastavitve
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SWDIO
OTG_Fs_DP
OTG_F5_DM
0TG_Fs_D
VBUS_FS§

1283_MCK [CS43L22_WCLK]
LR 4

LD6 [Blue Led]

LD5 [Red Led]

LD3 [Orange Led] I

LD4 [Green Led]
LN



|
Osnovni projekt CubelDE — USB Virtual COM Port

Konfiguracija : USB Device,CDC Class = Virtual COM Port

Berimetxt [ *LED_GPIO_C_Baremetal C.ioc &
D .

Berimext [ *LED GPIO C Baremetal

Pinout & Confir

Pinout & Configuration Clock Configuratid
v Software Packs
USB_DEVICE Mcde and Configuration

Class For HS IP|Disable |

al_______-|®

Categories | A->Z

Tiners

ol -|®

Categories | A Wode Connectivity ™ Class For FS IP Disable ~
Mode |Device_Only + Disable
System Core be CAN1 Audic Device Class
T rrrir T -y y B N B 8§ N N ]
ﬁ Activate_SOF CAN2 Communication Device Class (Virtual Port Com)
Analog 5 _ @ ETH o PR S, 7 (.. W e e
Activate_VBUS FsmcC Human Interface Device Class
] + 12C1 Custom Human Interface Dg s (HID)
Timers } @ 12c2 Mass Storage Class
12C3
N I . . @ sDIO
rConnectl\nty J i + SPI1
- . .
SPI2
CANA1 @ UART4,
CAN2 - @ UART
@ USAR -
g Virt. COM Port*
FSMC USART3 yy =
W 12C1 USARTE
@ 122 v USB_OTG_FS —
Configuration
1263 USB_OTG_HS
@ splo
v SPI1 Multimedia
SPI2
Security
@ UART4
@ UARTS Configuration Computing :
@ USART1 Mimev:e- -
USART2 Reset Configuration — s o

USART3 *

s Wi AR G s s i e el ® GPIO Settings FATFS
= Q USB OTG FS . & Parameter Settings @ User Constants E::E:;OS
I- I S S . . -' e
MBEDTLS
L2 ¥ B I
([ Gos oeviee
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Osnovni projekt CubelDE — USB Virtual COM Port

Konfiguracija : USB Device,CDC Class = Virtual COM Port

STM32F4_GPIO_PWN_SPLI2C_C. Demo.ioc-Projoct Manager »

Pinout & Configuration Clock Configuration Project Manager

STM32Cube MCU packages and embedded software packs

QO Copy all used libraries into the project folder

| © Copy only the necessary library files 1

O Add necessary library files as reference in the toolchain project configuration file

Project

ba —
generiranje

Generated files

Generate peripheral initialization as a pair of ".c/.h' files per peripheral ko d e

Code Generator

] Backup previously generated files when re-generating

Keep User Code when re-generating

Delete previously generated files when not re-generated

Advanced Settings

VIN - LV 17 © Rozman,Skraba, FRI



Osnovni projekt CubelDE — USB Virtual COM Port B% 7
> B STM32_WavePlayer
v [E STM32F4 GPIO_PWM SPI 12C € NDemn
v s . . > @l Includes New
Program : za poSiljanje po USB Virtual COM Port > @ Core Go Into
* & Drivers Open in New Window
/* Private variables ------------ */ ’ * & Middlewares il
> 2 USB_DEVICE
[0 STM32F4_GPIO_PWM_SPI_z = Copy
/* USER CODE BEGIN PV */ STM32FA07VGTX FLASHId - PDaSIti
3 STM32F407VGTX_RAM.Id elete
t#tdefine BUFSIZE 256 o ALADYE cource
char SendBuffer[BUFSIZE]; « & STM32F4 Docs and Examples Move...
int Cou nter‘; » = Documentation Rename...
* USER CODE END PV */ L oveneex - Import..
/ » [H STM32_F407G_MISKA_pospese .4 D - —

7 l ' S B > & STM32_Wav_Player SD_USB
—
L&+ README.md

v = STM32F4_TODO_Projects i amental Build of Selected Projects

N VCP koda g _ Bqu
/* Infinite loop */

/* USER CODE BEGIN WHILE */ pI’Oj ect
while (1)

{

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]\r\n",Counter++);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));
/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

. m CubelDEWorkspace - STM32_USB_Key_LED/Core/Sr Das T a2l
HAL—Delay ( 19@9) ) File Edit Source Refactor Navigate Search Proj %:Iriuwfdow He{pWF- -
} HvdeleEvhvainidigyaer e @ Run
/* USER CODE END 3 */ Ei‘.‘nPrc:Ject Explorer &= ‘_m
v 2RI Run History
» =20R O RunAs

= RA

Ty P T g

9 — Debug
p rOJ ECt © Rozman,Skraba, FRI
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Osnovni projekt CubelDE — USB Virtual COM Port

Program : sprejem na PC strani (povezava z Micro-USB kablom)

PuTTY Configuration ? X
4 & upravitelj naprav Category:
¢ Datoteka Deanje Pogled Pomot =} Session Basic options for your PuTTY session
e . “Loggin
q @m0 U L B X ik Termi%gl g Specify the destination you want to connect to
i : o
| @ USB Composite Device - Keyboard Serial line Speed

Bl com1s |[115200 |

@ USB Mass Storage Device

USB Root Hub - Features
: ':l):; ;'“ Ei ::t = V}findow (ifmnection type: -
§ USB Root Hub (USE 3.0) ~Appearance (OssH Serial () Other: |Telnet v
& Krmilniki 23 2vok, video in igre - Behaviour
‘y Midke in druge kazalne naprave
l f-a;‘v.e.eurn‘g:_vrn'.r opremo r e
9§ Naprave z univerzalnim serijzkim vodilom :ﬂ\-l'.‘-'—'-‘LITT" I a W

¥ Omreine kartice

== Pogoni DVD/CD-ROM
B Prencsne naprave
3 Procesosji
[ Racunalnik
g3 Sistemiske naprave
= Tipkovnice
#8 Vnosne naprave (HID
v IR Vrata (COM n LPT
W Communications Port (COMT)
W Intel(R) Active Management Technology - SOL (COM3)
W Pninter Port (LPT)
Jé’ﬂéc“fﬁvwcu"m&"mmf COM Port (COM14)
W USB Senal Device (COM15)
(0 T

§ Zvoénivhodi in chod
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m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help
H~HR|® & ~Rinidig~ e~ Open Project

CubelDE — Zagon, debug o s

» = O0R

Build Configurations >
= RA
v & VIN Build Project

Build Working Set

Prevajanje, zagon :
* Project -> Build Project

v = 5TM32F4_Discovery Projects (in ST
> = Audio_playback_and_record
» [ Ruzzer PWM Damn Build Automatically

Clean...

m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help < >
Ovd@lev_ ~v@inidigya v [ v & @ Run

& Project Explorer &
v = FRI

> = 0R

s >

Run History
O RunAs

Run Configurations...
v =VIN

Debug Hist
« & STM32F4 Discovery Projects (in STM22F4 D Sl s

> = Audio_playback_and_record * Debug As ] .
° Run -> Debug > [0 Buzzer PWM _Demo Debug Configurations...
> [ Initial_Breadboard_VIN Breakpoint Types
> [ LED_Blink_Demo . :
. P arm Nl M TR Toggle BreaprInt

m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE

File Edit Source Refaﬁrﬂ-ﬂ& Saardam 2roject Run Window Help
Ordelasgm(Srimrzse Mo tiditr 0~ @ ~idsy

T Project ExSToTdP - — Berime.txt  l@ main.c stm3
~ [E LED Blink_Demo Debug [STM32 Cortex-M C/¢ />~ @retval int

74 *
- Step (Into,Over), Breakpoints ¥ LED ink Demo of cores 0 75 e matn(vota)
1 1 ~ o Thread #1 [main] 1 [core: 0] (Suspended . 7& {
= main() at main.c:84 0x800057¢ 77 /* USER CODE BEGIN

2 arm-none-eabi-gdb (8.3.1.20191211) 78 ;

& ST-LINK (ST-LINK GDB server) ;Z /* USER CODE END 1
81 /* MCU Configuratio
82

8 L8 F -lall per

8| HAL_Init();
- ..

86 /* USER CODE BEGIN

88 /* USER CODE END In

Build <->Debug
project, ...

=] /* Configure the sy
-r-----'—.c--f

Toggle Breakpoint
-_—— s e e o
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LED

LED3

LEDS

LEDG

CLCM data RAM 64 KB

External memory
cantralier (FEMC)
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Vir: RM0090 Reference manual

RMO0090
Lyy ...

Reference manual
STM32F405/415, STM32F407/417, STM32F427/437 and
STM32F429/439 advanced Arm®-based 32-bit MCUs
......... 267
General-purpose 0s (GPIO) - - v '_ -_ ------------------- 26?‘:'
g1 GPIO introduction -« 25_{
g2 GPIO main features - - SO PRPRT L 225;9
O f nct‘ona‘ descriptlon ..................................
8.3 32\1 u General-purpose t{e] {GF'lO). ........................ 270
a32 VO pinmultiplexer and mapping -+t 274

\l-eg' me e
833 VO port contro! ‘ 8 G .....
p34 VO pordatae0® eneral-purpose 1105 (&pig)
8.35 |/O data bitwise h

g

: bit lockin
register {GF’IDx_,qFR'Hg
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GPIO krmilnik — /izhod

Figure 25. Basic structure of a five-volt tolerant I/O port bit

T — - — — — — — — = l
To on-chip Analog |
peripheral - |
Alternate function input
| ——
| : | on/off
N
, Read 15 ) (1
- &0 [
| s
= | TTL Schmitt
» | = | chmi :
& 1 ) Protection
% f--il .é : | trigger onloﬁl diode
= 1 c '

. g - Input driver .
Writ = 1 = 1 Leinput driver ] o I/O pin
wite _y 5|}l 8 i e e p

g a2 V,
ARHE : oo onfo Protection
- = diod
= AL [ P-mos I 1ode
1 2 1 Qutput
=l control
Read/write 1|3 : —{ N-MOS i
1 1 1
From on-chip - Ves Push-pull
peripheral Alternate function outd‘.ll open-grai;'l or ;
. Y disabled __ _7, Analo
. S S S S S S ——— g
ai15939b

Potrebni koraki za krmiljenje izhoda:
1. RCC_AHB1ENR(Peripheral Clock Register): b;=1 .. Port D Enable
2. MODER (Mode Register): 01: General purpose output mode
3. Default vrednosti Ze ustrezne v registrih :
OTYPER (Output TYPE Register): 0: Output push-pull (reset state)
OSPEEDR (Output SPEED Register): 00 — Low speed (reset state)
PUPDR (Pull Up/Down Register): 00 — No pull (reset state)

4.  dologi stanje izhoda s pisanjem v ODR ali BSRR (nastavljamo na 1/0)
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INT
P

P

LED

LED

Osnovni projekt CubelDE — GPIO — razlicni mogoci nivoji programiranja

Baremetal - zbirnik

T I10:
ush {r5, re6, 1lr}
// Enable GPIOD Peripheral Clock (bit > in AHBIENR register)

ldr r6, = RCC_AHBIENR
ldr r5, [ré]

orr r5, 0x00000008
str r5, [ré]

// Read its content to r5
// Set bit © to enable GPIOD clock

// Make GPIOD Pinl2 as output pin (bits 25:24 in MODER register)
ldr r6, =GPIOD_BASE // Load GPICD BASE address to ré

1dr r5, [r6,#GPIOD MODER] // Read GPIOD MODER content to r5

and r5, Ox00FFFFFF // Clear bits 31-24 for P12-15

orr r5, 0x55000000 // Write 01 to bits 3.-24 for P12-15
str r5, [ré] // Store result in GPIOD MODER register
op {r5, ré, pc}

_ON:

push {r5, ré, 1lr}

// Set GPIOD Pins to 1 (through BSSR register)

ldr ré, =GPIOD BASE // Load GPIOD BASE address to ré
mov r5, #LEDs_ON

str r5, [r6,#GPIOD BSSR] // Write to BSRR register

pop {r5, ré, pc}

) OFF:
push {r5, ré, 1lr}

// Set GPIOD Pins to 0 (through BSSR register)

ldr r6, =GPIOD_BASE // Load GPIOD BASE address to ré
mov r5, #LEDs_OFF

str r5, [r6,#GPIOD BSSR] // Write to BSRR register

pop {r5, ré, pc}

https://qgithub.com/LAPSYLAB/ORLab-
STM32/tree/main/GPIO LEDs

// Load peripheral clock reg address to ré

// Store result in peripheral clock register

Baremetal - C

/* USER CODE BEGIN 2 */

RCC->AHB1ENR |= 0x08;
// Enable clock for GPIOD

GPIOD->MODER |= 0x01000000; //
MODE Register: bit 12 == out

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
GPIOD->0DR "= 0x1000; //
Toggle PD12

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
for (int i=@; i<0x1000000; i++) {};
// waste some time

}
/* USER CODE END 3 */

f https://github.com/LAPSyLAB/STM32F4 Discovery

HAL -C

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)
{

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN 12);

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(1000);

¥
/* USER CODE END 3 */

void HAL_GPIO_TogglePin(GPIO_TypeDef* GPIOX,
uint16_t GPIO_Pin)

{
uint32_t odr;

/* Check the parameters */
assert_param(IS_GPIO_PIN(GPIO_Pin));

/* get current Ouput Data Register value
*/
odr = GPIOx->ODR;

/* Set selected pins that were at low

Potrebni koraki za krmiljenje izhoda:

1. RCC_AHB1ENR(Peripheral Clock Register): b,=1 .. Port D Enable

2. MODER (Mode Register): 01: General purpose output mode

3. Default vrednosti Ze ustrezne v registrih :
OTYPER (Output TYPE Register): 0: Output push-pull(reset state)
OSPEEDR (Output SPEED Register): 00 — Low speed (reset state)
PUPDR (Pull Up/Down Register): 00 — No pull (reset state)

4. doloéi stanje izhoda s pisanjemv ODR ali BSRR (nhastavljamo Na

’ VIN Projects/tree/main/LED GPIO C Baremetal C

=

1/0)

level, and reset ones that were high */
GPIOX->BSRR = ((odr & GPIO_Pin) <<
GPIO_NUMBER) | (~odr & GPIO_Pin);

}

https://github.com/LAPSyLAB/STM32F4_Discov
ery VIN Projects/tree/main/LED Blink Demo
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https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_Blink_Demo
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_Blink_Demo

VD
R3g
Dotnled [l "
e, =
. . . . = Q.
Osnovni projekt CubelDE — GPIO - tipka, LED diode il hgs
o T ﬁﬁ E
HAL - C | - ’
- 330
UM1725 N\ o =)
/* USER CODE BEGIN PV */ 220K
#tdefine BUFSIZE 256 User manual -
char SendBuffer[BUFSIZE];
int Counter; Description of STM32F4 HAL and low-layer drivers USER & WAKE-LIP Bution
int KeyState=0; .
31.24 10 operation functions P "'\\ Green M7
* * : R4
/* USER CODE END PV */ This section contains the following APls: : LE — At ' -
«  HAL_GPIO_ReadPin() I T
api 1 5 gRG
. HAL_GPIO_WritePin LEm IR | 1
_ _ Q I | T okt
/* Infinite 1 %) . HAL_GPIO_TogglePin() 1 I LS P
nfinite loop . . 1 Red T
/* USER CODE BEGIN WHILE */ HAL_GPIO_LockPin() | LEDS  —pm— POu :R,-u | H 3
while (1) - HAL_GPIO_EXTI_IRQHandler() I 1o o
{ «  HAL_GPIO_EXTI_Callback() 1 L, e A
| LED® [FBE |'111.1'R42 1 H 2 \
\ - GRI . .
HAL_GPIO_TogglePin(GPIOD, GPIO PIN_12); S ————— =

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_13);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);

KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN 0);
HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState);
snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(1000);

}
/* USER CODE END 3 */

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 USB Key LED
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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/STM32_USB_Key_LED

" JEE
VIN projekt - VP6: STM32F4 VIN Demo

m Osvezitev: STM32F4

m CubelDE projekt STM32F4 in V/I naprave
1 CubelDE projekt, GPIO in VCOM port
[ 1 PWM - LED dimmer, brencac }
1 SPI - LISSDSH pospeskomer
0 12C - CS43L22 zvocni Cip
0 ADC

m Sledenje (,tracing“) - CubeMonitor, osciloskop
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"
Timer - Counter
(Casovnik - Stevec)

] Obicajno vec€ enakovrednih kanalov

o Uporabni za
- Stetje dogodkov (Capture)
- tvorjenje Casovnih signalov (Waveform)
- zakasnitve (DELAY s Casovnikom !)

40 MHz

20 MHz

10 MHz

- merjenje intervalov
- periodicne prekinitve

- tvorba signalov s pulzno Sirinsko modulacijo (PWM)

Variacije ,,Duty Cycle*: R Lo
LED dlmmer“ . Du‘ty Cy‘c\e ‘ ; DLIH:y C)I/cle‘
krmiljenje hitrosti motorjev \ |

.enostavni“ DAC — povprecje

90%

Duty Cycle

kodiranje podatkov \

Medium Dim

o |
P osignal [ | | | | || |
T I T |

Data =] 1 z 4 a

15 (ms) 20

Bright

time

Variacije periode:
krmiljenje servo motorjev
priblizek sinusnih tonov (50% duty)

primer: nota C2 = 262Hz,
perioda T=1/262=3.8ms

izhod: brendac

amso
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mmm—————— L4
. U4 \ {Green f‘}
b I e Fz  R40 1 2
I | =i|n
. . R . Reset_State 1 : LD -
Opanpe
STM32F4 — PWM signali za LED diode (LED dimmer 1 B ona 836 o i
ADC2_EXTI1H] e Lan,
ADC3_EXTI15 1 G
FSMC_D1 — 1 h'_]j A,
FSMCDAl : LEDS ) PDI4 IR f:
GPIO_Input 1 1680 LOG
HAL - C GPIO_Output 1 I, Bl A
- GPIO_Analog LED% Py s VR4Z 1 3
EVENTOUT ‘\ -
GPIO_EXTI15 e e 4 —

CubeMX :
1. New project -> STM32 Project -> Board -> 407DISC1
2. CubeMX: Spremeniti USB Host v USB Device :
Connectivity -> USB_OTG_FS -> Mode v Device Only

|Z| Berime.txt m LED_PWM_Demo.ioc main.c

Pinout & Configuration Clock Configuration

Middleware -> DEVICE_USB in Class Virtual Com Port v Software Packs
Q & TIM4 Mode and Configuration :
T . ategories | A
3. Spremeniti pine PD12-PD15 (LED diode) v TIM4_CH1-4 S . —

Slave Mode |D|sable ~ |

tim4 Vse kanale spremeniti na PWM Generation CH1-4 System Core 7
| \ ll Clock Source |Internal Clock V| |
4' CIOCk * : 1 Channel1 PWM Generation CH1 V| 1
Ura Stevca = 1 MHz ﬁgg; 1 Channel2 [PWA Generation CH2 ~] |
Prescaler (PSC - 16 bits Value) =84-1=83 (CIOCk 1MhZ) o gig3 : Channel3 [PYWM Generation CH3 ~] :
(PSC - 16 bits value) must be between 0 an \ 0 ~ly
Perioda stetja je 100 (duty cycle pa lahko 0-100) Gombined C e
Counter Period = 100-1 = 99 Timers - [ Use ETR as Clearing Source
(AutoReload Register - 16 bits valu e e
TIMA [1 One Pulse Mode
Ti2

TIM3

Configuration

Reset Configuration

arameter Settings

Configure the below parameters :

afoamoin ] © © @
W&Wgﬁ--_--___‘ |

[ wowsT.

Prescaler (PSC - 16 bits value) 84 1,
————— ————

T4 \‘.Camrmw e gy 2
Counter Period (AutoReload ... 100- 1

Hn emal Clock Division (CRO) . -r\IU-lesmn

Connectivity > auto-reload preload Disable

e D . ~ Trigger Output (TRGO) Parameters
Y — Multimedia > Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)

—
Trinner Fuent Selartinn Res=eat (116G hit from Ty FGRY
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Osnovni projekt CubelDE — GPIO — PWM, LED diode

HAL - C

/* USER CODE BEGIN PV */
#define BUFSIZE 256

char SendBuffer[BUFSIZE];
int Counter;

int KeyState=90;

int Duty=0;

/* USER CODE END PV */

/* USER CODE BEGIN 2 */

HAL_TIM PWM Start(&htim4, TIM_CHANNEL 1);
HAL_TIM PWM Start(&htim4, TIM_CHANNEL 2);
HAL_TIM PWM_Start(&htim4, TIM CHANNEL 3);
HAL_TIM PWM Start(&htim4, TIM_CHANNEL 4);

/* USER CODE END 2 */
/* Infinite loop */
/* USER CODE BEGIN WHILE */

while (1)

{
htim4.Instance->CCR1 = Duty;
htim4.Instance->CCR2 = 100-Duty;
htim4.Instance->CCR3 = Duty;
htim4.Instance->CCR4 = 100-Duty;

KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_@);

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Duty:%d\r\n",Counter++,KeyState,Duty);

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));
/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
Duty = (Duty + 10) ;
if (Duty > 100 )
Duty = 0;

HAL_Delay(1000);

}
/* USER CODE END 3 */

CubeMX :
1. New project -> STM32 Project -> Board -> 407DISC1
2. CubeMX: Spremeniti USB Host v USB Device :
Connectivity -> USB_OTG_FS -> Mode v Device Only
Middleware -> DEVICE_USB in Class Virtual Com Port

3. Spremeniti pine PD12-PD15 (LED diode) v TIM4_CH1-4
tim4 Vse kanale spremeniti na PWM Generation CH1-4

4. Clock :
Ura Stevca =1 MHz
Prescaler (PSC - 16 bits value) = 84-1 = 83 (clock 1Mhz)
(PSC - 16 bits value) must be between 0 and 65 535
Perioda Stetja je 100 (duty cycle pa lahko 0-100)
Counter Period = 100-1 = 99
(AutoReload Register - 16 bits value )

m%i

=

el el el el el el el el el el o

e l
1
1

el
1
1
1
1

el
=]
el

=

https://github.com/LAPSyYLAB/STM32F4 Discovery VIN Projects/tree/main/LED PWM Demo
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Osnovni projekt CubelDE — GPIO — PWM, LED diode

/* USER CODE BEGIN PV */ HAL - C RIGOL F 1440
#tdefine BUFSIZE 256

char SendBuffer[BUFSIZE];
int Counter;

int KeyState=0;

int Duty=0;

/* USER CODE END PV */

/* USER CODE BEGIN 2 */

Max Duty

HAL_TIM PWM Start(&htim4, TIM CHANNEL_ 1);
HAL_TIM PWM Start(&htim4, TIM CHANNEL_ 2);

HAL_TIM_PWM_Start(&htim4, TIM_CHANNEL_3); Min Duty
HAL_TIM_PWM_Start(&htim4, TIM CHANNEL_4);
/* USER CODE END 2 */
/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
htim4.Instance->CCR1 = Duty;
htim4.Instance->CCR2 = 100-Duty; RIGOL
htim4.Instance->CCR3 = Duty;
htim4.Instance->CCR4 = 100-Duty;
KeyState = HAL_GPIO_ ReadPin(GPIOA, GPIO_PIN 0); Min Duty

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Duty:%d\r\n",Counter‘++,KeyState,Duty);1
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));
/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

Duty = (Duty + 10) ; Max Duty
if (Duty > 100 )
Duty = 0;

HAL_Delay(10090);

i
i
i
i
|
i
i
i
[
i
i
it

}
/* USER CODE END 3 */

https://github.com/LAPSyYLAB/STM32F4 Discovery VIN Projects/tree/main/LED PWM Demo
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Vezava brenc¢aca

PrikljuCitev na STM32 :

Testno vezje (primer) :

1 x PWM izhod za brenc¢ac¢ (PA15), 1 x GND

GPIO Vrsta Povezava

PA15 Brencac +

GND Brencac -

PD12-PD15 Dig. Izhodi vgr. LED diode
VIN - LV

vame L P2
']" swmgjimo
SVa Euvqsmv
T

37T
2 m: lecorc]

(D
(EP11 MoST) (SPI3 Mos]

m

(EETSER (Pv)




melody.h

STM32F4 — PWM signali/melodija za brencaca (Buzzer)

HAL - C

£ = z s ¥
Brencac se prikljuci na PA15 (TIM2->CH1) in GND
CubeMX : i ¢ B oEEd
1. New project -> STM32 Project -> Board -> 407DISC1 8
2. CubeMX: Spremeniti USB Host v USB Device : e [E mo.ioc - Pinout & Configuration _

Connectivity -> USB_OTG_FS -> Mode v Device Only

8 . ) t & Configuration Clock Configurat
Middleware -> DEVICE_USB in Class Virtual Com Port

w Software Packs

L C::'w TIM2 Mode and Configuration :
3. spremenitiipin PATSVATIM2=>ChiT e
tim2 kanal 1 spremeniti na PWM Generation CH1 Slave Mode Disable <]
Trigger Scurce|DisabIe V|
4. Clock : "Clock Source Internal Clock N ~
Ura Stevca = 1 MHz Channel1 |PWM Generation CH1 1 V|
Prescaler (PSC - 16 bits value) = 84-1 =83 (clock 1Mhz) Timers ety -
Perioda Stetja se bo dolocala glede™a noto (duty cycle je ve RTC‘ Channel3 Disable ~|
Counter Period (AutoReload Register -6 bits value ) TIM1 Channel4 [Disable ~]
ARR = 1000000 (ura $tevca) / Frekv.ndte[Hz] Combined Channels |Disable |
CCR1 bo vedno ARR/2 (50% duty cycle) T4 [l Use ETR as Clearing Source
TIM5 [ XOR activation
v . os . TIM6
Ve informacij BeriMe.txt et PP clock (12 M7 [ One Pulse Mode
TIM8
Ha) Mpus. core, Time
mamary an T
Nux TIM12 . i i
TIMA3

® Parameter Settings @ User Constants

Configure the below parameters :

Q|Search (Ctri+F) © ® i ]

FCLK Cortex clock (MHz) TIM14

SYSCLK (MHz) AHB Prescaler HCLK (MHz) APB1 Prescaler

Nota:

4
—‘ APB1 peripheral clocks (MHz)

e ———————— Connect... >

42 MHz

o o o o i e e e o e

’ - . ~~ Counter Settings ———
‘ ARR_period = (int)(1@@0@08/NoteFreq): //Already prescaled to 1 MHz APElm:c:cfﬁrE-l . -P:staler (-PSE-‘IEEut: 83 -‘l
i setPWM(htim2, TIM_CHANNEL_1, ARR_period, ARR_period/2); i Muttime... > — R N ——— -
. Counter Period (AutoRel... 0
1 Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex]; 1 Raruritu ¥ ounter Period (AutoRe
1 1
I snprintf (SendBuffer,BUFSIZE,"Melody[%d],Note #%d F=%d Hz Duration:%d ms| ARR=%d ccrl
I ¢DC_Transmit_FS(SendBuffer,strlen(SendBuffer));
1
AL Delay(DelavmSecs )iy m o o o o
VIN - LV 32 © Rozman,Skraba, FRI
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STM32F4 — PWM signal/ton za bren¢aca (Buzzer)

HAL - C
/* USER CODE BEGIN PV */

int NoteFreq = 440 ; // Note A4 = 440 Hz
int NotePeriod; //Already prescaled to 1 MHz

/* USER CODE END PV *

/* USER CODE BEGIN 2 */

HAL_TIM PWM_Start(&htim2, TIM_CHANNEL 1);

/* USER CODE END 2 */

/* USER CODE BEGIN WHILE */

while (1)

{
htim4.Instance->CCR1
htim4.Instance->CCR2
htim4.Instance->CCR3

/

=
P ot Al &= Ly OH,
Bugeee —m el o

/* USER CODE BEGIN © */
void setPWM(TIM_HandleTypeDef timer, uint32_t channel, uintl6_t period, uintl6_t pulse)

HAL_TIM_PWM_Stop(&timer, channel); // stop generation of pwm
TIM_OC_InitTypeDef sConfigOC;

timer.Init.Period = period; // set the period duration
HAL_TIM_PWM Init(&timer); // reinititialise with new period value
sConfigOC.0CMode = TIM_OCMODE_PWM1;

sConfigOC.Pulse = pulse; // set the pulse duration
sConfigOC.0CPolarity = TIM_OCPOLARITY_HIGH;

sConfigOC.OCFastMode = TIM_OCFAST_DISABLE;
HAL_TIM_PWM_ConfigChannel(&timer, &sConfigOC, channel);
HAL_TIM_PWM_Start(&timer, channel); // start pwm generation

}
/* USER CODE END @ */

Duty konser

htim4.Instance->CCR4 = Boeyg ‘
<0002 ) A

KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_0);

NotePeriod = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz < 22?2

setPWM(htim2, TIM_CHANNEL_1, NotePeriod, NotePeriod/2);

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Duty:%d PWM-Freq:%d PWM-Period:%d\r\n",Counter++,KeyState,Duty,NoteFreq,NotePeriod);

VIN - LV
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STM32F4 — PWM signali/melodija za bren¢aca (Buzzer)

HAL - C

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

melodyCount = sizeof(melodySizes)/ sizeof(uint32_t);

for(melodyIndex = @; melodyIndex < melodyCount; melodyIndex++)

Melody.h:

[/ A "Crazy Frog" song of Crazy frog album**#t######E/ /
const uint32_t CrazyFrog notes[] = {
NOTE_D4, @, NOTE_F4, NOTE_D4, ©, NOTE_D4, NOTE_G4, NOTE_D4, NOTE_C4,
NOTE_D4, ©, NOTE_A4, NOTE_D4, ©, NOTE_D4, NOTE_AS4, NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @, NOTE_C4, NOTE_A3, NOTE_E4,
NOTE_D4,
0,NOTE_D4,NOTE_D4
s

const uint32_t CrazyFrog_durations[] = {

( 8, 8, 6, 16, 16, 16, 8, 8, 8,
) 8, 8, 6, 16, 16, 16, 8, 8, 8,
for(noteIndex = @; noteIndex < melodySizes[melodyIndex]; noteIndex++) 8, 8, 8, 16, 16, 16, 16, 8, 8, 2,
{ 8,4,4
// buzzerSetNewFrequency(melody[melodyIndex][noteIndex]); }s
NoteFreq = melody[melodyIndex][noteIndex]; [ [HHEHEHHEHEHEND Of Crazy FrogitHHHHHHHE/ /
if (NoteFreq == @) NoteFreq = 1;
ARR_period = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz
setPWM(htim2, TIM CHANNEL_1, ARR_period, ARR_period/2);
Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex];
HAL_Delay(Delaymsecs);
} Melody.h:
snprintf (SendBuffer,BUFSIZE,"\r\n\r\nEnd of Melody[%d]\r\n\r\n",melodyIndex); const uint32_t* melody[] ={marioMelody, secondMelody,

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

Titanic_Melody,Pirates_notes,CrazyFrog notes};

const uint32_t* noteDurations[] = {marioDuration, secondDuration,
Titanic_duration,Pirates_durations,CrazyFrog_durations};

const uint16_t melodySlowfactor[] ={15, 30, 20, 20, 20};

const uint32_t melodySizes[] ={sizeof(marioMelody)/sizeof(uint32_t),
sizeof(secondDuration)/sizeof(uint32_t),
sizeof(Titanic_duration)/sizeof(uint32_t),
sizeof(Pirates_durations)/sizeof(uint32_t),
sizeof(CrazyFrog_durations)/sizeof(uint32_t)};

https://github.com/LAPSyLAB/STM32F4 Discovery VIN Projects/tree/main/Buzzer PWM Demo

VIN - LV 34

© Rozman,Skraba, FRI


https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/Buzzer_PWM_Demo

STM32F4, H7 — PWM signali/melodija za bren¢aca (Buzzer)

/* Infinite loop */

/* USER CODE BEGIN WHILE */ F1/\l- - C:
while (1)

{

melodyCount = sizeof(melodySizes)/ sizeof(uint32_t);

for(melodyIndex = @; melodyIndex < melodyCount; melodyIndex++)

{

for(noteIndex = @; noteIndex < melodySizes[melodyIndex]; noteIndex++)

{

}

// buzzerSetNewFrequency(melody[melodyIndex][noteIndex]);

NoteFreq = melody[melodyIndex][noteIndex];
if (NoteFreq == @) NoteFreq = 1;

ARR_period = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz
setPWM(htim2, TIM_CHANNEL_1, ARR_period, ARR_period/2);

Delaymsecs = noteDurations[melodyIndex][noteIndex] * melodySlowfactor[melodyIndex];

HAL_Delay(Delaymsecs);

snprintf (SendBuffer,BUFSIZE,"\r\n\r\ntEnd of Melody[%d]\r\n\r\n",melodyIndex);

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

Melody.h:

const uint32_t* melody[] ={marioMelody, secondMelody,
Titanic_Melody,Pirates_notes,CrazyFrog notes};

const uint32_t* noteDurations[] = {marioDuration, secondDuration,
Titanic_duration,Pirates_durations,CrazyFrog_durations};

const uint16_t melodySlowfactor[] ={15, 30, 20, 20, 20};

const uint32_t melodySizes[] ={sizeof(marioMelody)/sizeof(uint32_t),
sizeof(secondDuration)/sizeof(uint32_t),
sizeof(Titanic_duration)/sizeof(uint32_t),
sizeof(Pirates_durations)/sizeof(uint32_t),
sizeof(CrazyFrog_durations)/sizeof(uint32_t)};

Melody.h:

// Zapisi not v [Hz]
#define NOTE_C4 262
#define NOTE_CS4 277
#define NOTE_D4 294
#define NOTE_DS4 311
#define NOTE_E4 330
#define NOTE_F4 349
#define NOTE_FS4 370
#define NOTE_G4 392
#define NOTE_GS4 415
#define NOTE_A4 449

// Zapisi melodij v notah [Hz] in trajanju
[ /AR Y "Crazy Frog" song of Crazy frog
album* * st/
const uint32_t CrazyFrog_notes[] = {
NOTE_D4, O, NOTE_F4, NOTE_D4, ©, NOTE_D4, NOTE_G4,
NOTE_D4, NOTE_C4,
NOTE_D4, ©, NOTE_A4, NOTE_D4, ©, NOTE_D4, NOTE_AS4,
NOTE_A4, NOTE_F4,
NOTE_D4, NOTE_A4, NOTE_D5, NOTE_D4, NOTE_C4, @,
NOTE_C4, NOTE_A3, NOTE_E4, NOTE_D4,
0,NOTE_D4,NOTE_D4
¥

const uint32_t CrazyFrog_durations[] = {
8, 8, 6, 16, 16, 16, 8, 8, 8,

, 8 6, 16, 16, 16, 8, 8, 8,

, 8, 8, 16, 16, 16, 16, 8, 8, 2,

4,4

00 00 0O

3
[/ ##HHHHHHEEND of Crazy Frog#it#Hii#iitt//

https://github.com/LAPSyLAB/STM32F4 Discovery VIN Projects/tree/main/Buzzer PWM Demo
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" JEE
VIN projekt - VP6: STM32F4 VIN Demo

m Osvezitev: STM32F4

m CubelDE projekt STM32F4 in V/I naprave
1 CubelDE projekt, GPIO in VCOM port
1 PWM - LED dimmer, brencac
{ 1 SPI - LISSDSH pospeskomer }
0 12C - CS43L22 zvocni Cip
0 ADC

m Sledenje (,tracing“) - CubeMonitor, osciloskop

VIN - LV 36 © Rozman ,Skraba, FRI



VP 6 - STM32 CubelDE, SPI in LIS3DSH

Gradiva

SPI - serial peripheral interface

Subject to general operating conditions for Vdd and Top. o T ———

5

541

Digital main blocks

State machine

The LIS3DSH embeds two state machines able to run a user defined program.

The program is made up of a set of instructions that define the transition to successive
states. Conditional branches are possible.

From each state (n) it is possible to have transition to the next state (n+1) or to reset state.
Transition to reset point happens when "RESET condition” is true; Transition to the next step
happens when “NEXT condition” is true.

Interrupt is triggered when output/stop/continue state is reached.

Each state machine allows to implement gesture recognition in a flexible way, free-fall,
wake-up, 4D/6D arientation, pulse counter and step recognition, click/double click,
shake/double shake, face-up/face-down, turn/double turn:

Table 8. LIS3DSH state machines: sequence of state to execute an algorithm

next

'
|
'
i
1
'

reset

=) ] INTset

AMT0212v1

SPI slave timing values | | I
Vaue () |
el Parameter r Unit I
Min. Max.
|
] SPI clock cycle 100 n ns I
) SPI clock frequency L] 10 MHz
" A2 eatin Hma & I I
I’C - inter IC control interface | I
Subject to general operating conditions for Vdd and Top. I I
12C slave timing values I I
12 standard mode "/ 2]} fast mode ) Unit I
ni
Min. Max. Mirl Max. I
SCL clock frequency o 100 oi 400 kHz |
I I
Table 7. Absolute maximum ratings I I
Symbol Ratings Iﬂaximum value Unit
Vdd | Supply voltage I oswas v I

- -

Application hints

Figure 5. LIS3DSH electrical connection

o
Vd
L oa
o o ¥ M
y Vedio O—([1] [4d]
ne |0 ] L]
l_“ we |7 ToPwiew [ 7
INT1/DRDY
100nF {7 C13
e’ i 1
051 — — — 8
INT 2
|S. LJ .SI
o |0 |w
g2 °
: 5|2
3 @i
3 3
@ oy
GND
——® Digital signal fromite signal contraller Signal's levels are defined by proper selection of Vdd_IO
AMTO211V1

https://qgithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/STM32F407 Discovery kit/LIS3DSH.pdf
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II H %ﬁgﬂﬁ SCLSPC |4 f|PAS CFAT > SPILSCK \i
VP 6 - STM32 CubelDE, SPI in LIS3DSH 100nF 4] v spASDISDo S0 PAT > SPI1_MOSI
: SDI/S {_PAT e Sy |
. 7 | PAG SPII_MIS0
3 SELISDO —g——pE3  |—ab cs pose
= NC s 1 : PE3 = I
CubeMX nastavitve : K NC I I
: : 5
Pinout & Configuration —=—| GND 1 |
LEL1E) o I g MEMS INT2 |
3 | - . B
16 | SHD INT2 =55y CPEL__ ) MEMS_INT1 g
SPI1 Mode and Configuration 10 GND INTI/DRDY _PE0O__ >
Reserved V4
categones e e e e T T T e et
i LIS3DSH
System Core > Mode |FuII—DupIex Master =
Hardware NSS Signal |Disable
Analog 2 MEMS
spi.c:
Timers 2
/* USER CODE END SPI1 Init 1 */
Connectivity ~— > hspil.Instance = SPI1;
N hspil.Init.Mode = SPI_MODE_MASTER;
CANA hspil.Init.Direction = SPI_DIRECTION_2LINES;
CANZ hspil.Init.DataSize = SPI_DATASIZE_B8BIT;
@ ETH hspil.Init.CLKPolarity = SPI_POLARITY_LOW;
FSMC hspil.Init.CLKPhase = SPI_PHASE_1EDGE;
v 12C1 y hspil.Init.NSS = SPI_NSS_SOFT;
®:§E§ hspil.Init.BaudRatePrescaler = SPI_BAUDRATEPRESCALER 256;
prry=iylay hspil.Init.FirstBit = SPI_FIRSTBIT_MSB;
i = hspil.Init.TINMode = SPI_TIMODE_DISABLE;
- : hspil.Init.CRCCalculation = SPI _CRCCALCULATION_DISABLE;
hspil.Init.CRCPolynomial =
@ UART4 ettings ® DMA Ssttings | 4 if (HAL_SPI_Init(&hspil) != HAL _0K)
@ UARTS @ Parameter Settings Us {
@ USART .
USART? Configure the below parameters : Error_Handler();
USART3 Q[Search(CtitF) | ®  ©® }
USARTE ) /* USER CODE BEGIN SPI1 Init 2 */
- P ~ Basic Parameters
v USB OTG_FS
USB_OTG_HS Frame Format Matorola
— Data Size 8 Bits
First Bit MSB First
Multimedia 5 rGIﬂDhE'WE—————————-.

Prescaler (for Baud Rate) VI\
Security ? ‘----;---------B’\ Spremenimo iz 2 v 256

(pocasnejsa kRomunikacija)
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VP 6 - STM32 CubelDE, SPI in LIS3DSH

Figure 6. Read and write protocol

Ccs \ _

SPC (VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV RN
S I D i I D I D OB D BB D O 0D B

DI7 DI DI5 D4 DI2 DIZ2 DA DID

O —

DOT DOE DOS DO4 D03 02 DO1 DO

sDo

A2

ANV _
T M5 ADs ADd4 AD3 ADZ AD1 ADD

bit 0: RW bit. When D, the data DI{7:0) is written into the device. When 1, the data DO(7:0)
from the device is reqd. In the latter case, the chip drives SDO at the start of bit 8.

bit 1-7: address AD(8:0). This is the address field of the indexed register.
bit 8-15. data DI(7:0) [write mode). This is the data that is written into the device (MSb first).
bit 8-15. data DO(7:0)| (read mode). This is the data that is read from the device (MShb first).

= (@ rozmanzs. 04.2022,0.. (%)

[0x3F

8.3 WHO_AM_I

Who_AM_| registér.

Table 19.  WHO| AM I register default value
T e O e e e e e |

// Config accelerometer

// Read WHOAMI regisfer

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN RESET);
outdata[@] = oxof | Ox80 ; // read whoami
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DEYAY);
lis_id = indata[1];

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN SET);

// Write to CTRL register (enable 3 axes meaurements on 25Hz)

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN RESET);

outdata[@] = @x20 ; // switch on axes

outdata[1] = ox47 ;

HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);
HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN SET);

Gradiva

8.5

SPI - serial peripheral interface

Subject to general operating conditions for Vdd and Top.

SPI slave timing values Oy

“u, m
b1 Parameter Unit I
Min. I Max. I
3 SPI clock cycle 100 I sl
) SPI clock frequency ] 10 MHz |y
B 8 eatin Hma & I I
Table 7. Absolute maximum ratings "
Symbol Ratings iﬂaximum value Unit I
vdd | Supply voltage y 031048 v I
\Jd
L L K ,
CTRL_REG4 (20h) &) rozman26. 04, 2022, 0.. (%
Control register 4. S) 0x47 (25Hz, all axes on)
Table 22. Control register 4
| ODR3 | ODR2 | ODR1 I ODRO | BDU | ZEN I YEN ‘ XEN |
Table 23. CTRL_REGH4 register description
ODR 3:0 Qutput data rate and power mode selection. Default value:0000 (see Table 24)
BDU Block data update. Default value:0
o= — |EWWW“1MTﬁ"°' updated until M5B and L5B reading)
l Zen Z axis enable. Default value:1
I (0:Z axis disabled; 1:Z axis enabled) I
I Yen Y axis enable. Default value:1 I
(0:¥ axis disabled; 1:Y axis enabled)
I X X axis enable. Default value:1
| (ask 0=X axis disabled; 1=X axis enabled JJ
LB | L& B __ & & _§ _§ _§ _d
Table 24. CTRL4 ODR configuration
ODR3 ODR2 ODR1 ODRO ODR selection
0 1] 0 0 Power down
0 1] 0 1 3125 Hz
0 [] 1 0 6.25 Hz
0 3 1 1 12.;Hz
rl---- N _ N _ N _ N N N _§B B B I | [y

https://qgithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/Documentation/STM32F407 Discovery Kkit/LIS3DSH.pdf
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VP 6 - STM32 CubelDE, SPI in LIS3DSH Gradiva

Figure 6. Read and write protocol 7 Reister mappin
cs b = Table 16 provides a list of the 8/16-bit reqisters embedded in the device and the related
address:
A VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV A
R O e S 6 S o S O S S Tabie 16. _Roglstor address map
DI7 DIE OIS D4 DI3 DIZ DN D0 - Register address—\
ME ADS ADd ADZ AD2 AD1 ADD Mame Type Default Comment
s00 I e o
DOT DOS DOS D04 DO3 DO2 DO1 DOo INFO1 r | oD 00001101 0010 0001 Information register 1
AMATI29V1 INFO2 r | 0E 00001110 0000 0000 Information register 2
WHO_AM_| . | OF 00001111 [ 0011 1111 Who | am 1D
bit 0. BW bit. When 0, the data DI{7:0) is written into the device. When 1, the data DO(7:0) |
from the device is read. In the latter case, the chip drives SDO at the start of bit 8.
QUT_X_L r 28 00101000 ||
bit 1-7: address AD(6:0). This is the address field of the indexed register. OUT X H . 29 00101001 |
bit 8-15. data DI(7:0) (write mode). This is the data that is written into the device (MSb first). OuT ¥ L ¢ 24 00101010 ||
. ) i . — 0000 0000 Output registers
bit 8-15. data DO(7:0) (read mode). This is the data that is read from the device (MShb first). QUT_Y_H r 2B oo101011 ||
QuUT_Z L r 2G 00101100
OuT_Z_H L P 00101101

T T T T T Ld

// Read x,y,z axes 8.23 OUT_X (28h - 29h)
outdata[@] = O0x29 | 0x80 ; // read x

X-axis output register.

Table 49. OUT_X_L register default value

HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY); T o [ o] o] o o] o o [ o |

AccelX = indata[1];
outdata[@] = @x2B | @x80 ; // read y I f‘”'f"' | U?ﬂwg:wj aw:.mur o [ o [ o [ o ]}
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

Acce]_Y:j_ndata[]_]; -------------------J

outdata[@] = @x2D | ©x80 ; // read z
HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

AccelZ = indata[1];

https://qgithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/Documentation/STM32F407 Discovery Kkit/LIS3DSH.pdf
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/* USER CODE BEGIN PV */
#define BUFSIZE 256
charSendBuffer[BUFSIZE];
intCounter;

Sprem en|J|Vke int KeyState=e;

// Global variables
uint8_t indata[2];

uint8_t outdata[2] = {0,0};
Glavna zanka uints_t 1is_id;

int8_t AccelX;

int8_t Accely;

int8_t AccelZz;

I n I C I al I ZaC IJ a HAL_StatusTypeDef SPIStatus;

/* USER CODE END PV */

VP 6 - STM32 CubelDE, SPI in LIS3DSH

main.c : dodana koda

/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)

{

// Read x,y,z axes
outdata[@] = @x29 | @x80 ; // read x

HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

AccelX = indata[1]; /* USER CODE BEGIN 2 */
outdata[@] = @x2B | ex80 ; // read y // Config accelerometer
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY); // Read WHOAMI register
AccelY = indata[1]; HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO_PIN_RESET);
outdata[@] = Oxof | @x80 ; // read whoami
outdata[@] = @x2D | ©x80 ; // read z HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2,
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY); HAL_MAX_DELAY) ;
lis_id = indata[1];
Accelz = indata[1]; HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_SET);

HAL_Delay(500);

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Duty:%d PWM-Freq:%d PWM-Period:%d // Set CTRL register @x47 -> [0x20]

Accel[ID:%02x] X:%04d Y:%d HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_RESET);
Z:%04d\r\n", Counter++,KeyState,Duty,NoteFreq,NotePeriod,lis_id,AccelX,AccelY,AccelZ); outdata[@] = @x2@ ; // switch on axes
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer)); outdata[1l] = @x47 ;
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2,
/* USER CODE END WHILE */ HAL_MAX_DELAY);

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO_PIN_SET);

HAL_Delay(500);
outdata[l] = 0xe00 ;

/* USER CODE END 2 */

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 SPI LIS302DL_ Basic
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VP 6 - STM32 CubelDE, SPI in LIS3SDSH - Osciloskop scK

SPSCK
SPIl MOSI
SP11 MIS0 MOSI

Cs _12C/8P1

Figure 6. HRead and write protocol

cs L

SPC '.. .__-'_'... _.'I—I_ I_i—.l Ii_hl..l J."_"-I _.'ﬁ.-, :.'_-... .-.J_.'.\_,-.'_.'._ III.—'._I‘ _.'ﬁ'-l II.—'._I ,-'I'_I'._ _.'I—I-. II_J—.II. II.'—
soi O OO e
AN _ DI7 DI D5 D4 DI3 D2 D MO

M5 ADS aD4 ADZ AD2 AD1 ADO

s00 OO0

DO7 DOs DOS D04 D03 DOz DO1 DOO

MISO

CHi= 1.884  [HEER 1.08U  Time 28.80u:

RIGAOL T° O . Z28ml)  RIGOL T° O
T . X . . . . . = T "

[ 71 NN
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" JEE
VIN projekt - VP6: STM32F4 VIN Demo

m Osvezitev: STM32F4

m CubelDE projekt STM32F4 in V/I naprave
1 CubelDE projekt, GPIO in VCOM port
1 PWM - LED dimmer, brencac
1 SPI - LISSDSH pospeskomer
[ 1 12C - CS43L22 zvoéni &ip |
0 ADC

m Sledenje (,tracing“) - CubeMonitor, osciloskop
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VP 6 - STM32 CubelDE, 12C in CS43L22 Gradiva

CIRRUS LOGIC CS43L22

Low Power, Stereo DAC w/Headphone & Speaker Amps

+1.65V o +3.47 V

rnterfalce Supply +1.60 W to +5.25V __

51 I*C Control

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.

001 2 3 4 5 6 7 8 9 10 111213 1415 16 17 18 19 24 25 26 27 28
CHIP ADDRESS (WRITE) MAP BYTE DATA DATA +1 DATA +n

rd4 £ L

2TF T 27
SDA —Hw 1 A0 o] [ 54 321 0] [7 g}1o||7 ES‘,WG“}| 0] r

T ACK ACK ACK ACK?
START STOP
"k e il L

Figure 16. Control Port Timing, I*C Write
ADO - GND Addr=0xe4 |

0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
STOP
CHIP ADDRESS (WRITE) MAP BYTE CHIP ADDRESS (READ) DATA DATA+1 DATA+n
SDA 1 00 1 01 ADO O wer| 6 5 4 3 2 10 100 10 1 ADD A 0 0
—II | [oer] \I_IL I Z :; Z; |
ACK ACK 1- ACK
START START ACK SToP
Figure 17. Control Port Timing, I°C Read
5.1.1  Memory Address Pointer (MAP,

The MAP byte comes after the address
pseudo code above for implementation d

te and selects the register to be read or written. Refer to the
ils.

5.1.1.1 Map Increment (INCR)

The device has MAP auto-increment capability enabled by the INCR bit (the MSB) of the MAP. If INCR is
set to 0, MAP will stay constant for successive 1°C writes or reads. If INCR is set to 1, MAP will auto-in-
crement after each byte is read or written, allowing block reads or writes of successive registers.

Battery
T

4 i | eattary Lovel Monitaring & Compansation | . StereoiMano
1 B Full-Bridge
I M ¥ Speaker
Serial : Outputs
Audio ™| 1 o o—_ | | T
Input 1 (3 ol Vakma, . Left HP/Line
I 2 ||  Hona bz, ti-bit
= % Limier, Bass, »{ .roac [+ Outout
Reset —tm| 2| | |8 Tredle Adwst 1 Right HP/Line
w Output
| | Z$7+
H : L ————)———d 1
1 Beep [ ) GrouncContaren
1] : Sumimtag : o +—|— SpeakerHP
4 - e
FC 1z | i 1 sﬁffm
| —E VHE
Control HIE | 1
| I +1.65 Vo +263 Y
I Charge P -
Nl + || e Sy
+1 EEViD"Z.BBV_I ”le L!U I_+‘I.SSV|.0+2.63V
Digital Supply Left Right Analog Supply
Inputs Inputs

7. REGISTER DESCRIPTION
All registers are read/write except for the chip 1.D. and Revision Register and Interrupt Status Register which are
read only. See the following bit definition tables for bit assignment information. The default state of each bit after a

power-up sequence or reset is shown as shaded in the table. Unless otherwise specified, all “Reserved” bits must
maintain their default value.

7.1 Chip LD. and Revision Register (Address 01h) (Read Only)

7 6 5 4 3 2 1 0
M CHIPID CHIFIDO | REVID2 REVID1 REVIDO |
Chip 1.D. (Read Only)
1.D. code for the CS43L22.

CHIPID[4:0] ] Device

11100 |cs43L2z

Chip Revision (Read Only)
CS43L22 revision level.

\

~N
o
-

N
.
N

Level

000 A0
001 Al
010 BO
011 B1

s .

’______‘

’

\—------_

https://github.com/LAPSYLAB/STM32F4 Docs and_Examples/blob/main/Documentation/STM32F407 Discovery kit/CS43L22 F2.pdf
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Delo na STM32F4 razvojnem sistemu

"’ lifer augrrented

UM1725°

User manual

Description of STM32F4 HAL and low-layer drivers

36 HAL I12C Generic Driver
36.1 12C Firmware driver registers structures
36.1.1 12C_InitTypeDef

12C_InitTypeDef is defined in the sim32fdxx_hal_i2c.h
Data Fields

uint32_f ClockSpeed
wint32_f DutyCycle
uint32_t OwnAddress1
uwint32_t AddressingMode
uint32_f DualAddressMode
uwint32_t OwnAddress2
wint32_t GeneralCallMode
uint32_t NoStretchMode

Field Documentation

uint32_t12C_InitTypeDef::ClockSpeed

Specifies the clock frequency. This parameter must be set to a value lower than 400kHz

uint32_t I12C_InitTypeDef::DutyCycle

Specifies the 12C fast mode duty cycle. This parameter can be a value of 12C_dufy_cycle_in_fast_mode

wint32_t 12C_InitTypeDef::OwnAddress1

Specifies the first device own address. This parameter can be a 7-bit or 10-bit address.

wint32_t 12C_InitTypeDef::AddressingMode

Specifies if 7-bit or 10-bit addressing mode is selected. This parameter can be a value of

12C_addressing_mode

Lastni viri :

=7 Y Contnt
Contents
1 General information ..........iiiii i it i it 3
2 Acronyms and definitions. . ... . ..o i s 4
3 Overview of HAL drivers
3.1 HAL and user-application files. . ... .. . e 8
3141 HAL driverfiles . ... .. .. ... ... ..................8
3.1.2 User-application files. .. . ... ... . i i e e s 8
3.2 HAL data structUures .. ... e s 10
3.21 Peripheral handle SIUCIUTES . ... ... ... i 10
3.22 Initialization and configuration structure . ... ... . . 1
323 Specific process structures . . ... ... 12
33 APl classification . .. ... . e 13
3.4 Devices supported by HAL drivers ... ... ... ... ... . ... . . 14
3.5 HAL driVEr TUIBS. ... .o e s e e e e 16
351 HAL APT naming fmulEs. . .. ... e e e e e 16
352 HAL general naming rules. .. ... ... L. e 17
353 HAL interrupt handler and callback functions . ... .............................. 18
3.6 HALgeneric APIS .. ... . e 18

https://github.com/LAPSYLAB/STM32F4 Docs and Examples
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O VP 6 - STM32 CubelDE, 12C in CS43L22 E -

- B B &N B §B N N N _§N _§N 3 C54 C55
u7 0.0220F| 0.0220F 2 CN4
. ' :Ei:,gcbé ggz ‘ ]2 SDA HP/LINE_OUTA :: T T
CubeMX nastavitve I - TN e [ e —
u e AD SPRR/HP = I\ R6S 1
- - 1253 MCK A | 7 = ! o 5T-225.02
(12C1 Ze nastavljen) ! e
I — CI2 SR | SDIN SPKR_OUTA- [—— Jie
= —— —Hue  gmombB Lo L.
Il - I l o - vp ? TI] TuF TD,IUF }3\'
- - _ - - :ll 14 3l “VHPFILT VP —]
STM32_I2C_CS43L22_Basic.ioc - Pinout & Configuration T L I s L e Lo - .
C47 C50 i 9] R47 | LLuF(¥7R Audio_DAC_OUT
IuF1X7Ii[ LuF (X7R 12 | pyp AIN2B _g_ 100 1 |
. . S == AIN2A -5 I*
Pinout & Configuration T ; 5 As
_I_ _]_ _L _]1 6 ‘VHP AIN3A > os1 T 52
cap ==ca1 ==cs3 == E NS rtvrd P I TJrinERss RSS pcs PDM_OUT
0.1uF 0.1uF 0.1uF 100 1TTuFX7R) K [
T . 0 | 1ero vo |12 .
= 3V 361 1510 AFILTB (25 St
33 r 27 o
1 12C1 Mode and Ci co [ pnD My o Cd6 J;f(spzskz v Not Fitted
0.1uF GND/Thermal Pad AGND C48 | S0pF(COG)
Caregons IR Lo e
-
12C [12C . -
System Core > i2c.c:
b p - * 12C1 init function *
Analag Configuration / Lac L function
= void MX_I2C1_Init(void)
i > ese i { i
Timers Reset Configuration /* USER CODE BEGIN I2C1 Init @ */

/* USER CODE END I2C1_Init @ */

Connectivity ™

L

arameter Settings /* USER CODE BEGIN I2C1 Init 1 */

CAN: Configure the below parameters : /* USER CODE END I2C1 Init 1 */
CAN? Q © O] hi2cl.Instance = I2C1;
@ ETH rf"° \laster Features I ————— - "| hi2cl.Init.ClockSpeed = 100000;
1 - hi2cl.Init.DutyCycle = I2C_DUTYCYCLE_2;
| 12C Speed Mode Standard Mode || hi2cl.Init.OwnAddressl = 0;
I \ 12C Clock Speed (Hz) 100000 ] hi2cl.Init.AddressingMode = I2C_ADDRESSINGMODE_ 7BIT;
N S T e hi2cl.Init.DualAddressMode = I2C_DUALADDRESS_DISABLE;
[2C3 . hi2c1.Init.OwnAddress2 = 0;
@ SDIO Clock No Stretch Mode - Disabled hi2cl.Init.GeneralCallMode = I2C_GENERALCALL_DISABLE;
v SPI Primary Address Length selecti... 7-bit hi2cl.Init.NoStretchMode = I2C_NOSTRETCH_DISABLE;
SpP2 Dual Address Acknowledged Disabled if (HAL_I2C_Init(&hi2c1l) != HAL_OK)
Pri lave add 0 {
nmary slave address . . Er‘r‘or‘_Handler‘();
@ UART4 General Call address detection  Disabled }
@ UARTS /* USER CODE BEGIN I2C1 Init 2 */

/* USER CODE END I2C1_Init 2 */
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VP 6 - STM32 CubelDE, I12C in CS43L.22 -
Spremenljivke

main.c : dodana koda

/* USER CODE BEGIN PV */

uines. Chipro; Inicializacija
HAL_StatusTypeDef retval;
/* USER CODE END PV */

/* USER CODE BEGIN 2 */
HAL_GPIO WritePin(GPIOD, GPIO_PIN_4,GPIO_PIN_SET); // Set Reset Line to 1 (switch device on)

HAL_Delay(1000); // recomended by datasheet

/* Infinite loop */ // From Device with address=0x94, Read register with address 0x01 and put value in ChipID
/*.USER CODE BEGIN WHILE */ // DevAddress_0x94, tMemAddress=0x01, MemAddSize=8b, *pData,Size, Timeout);

while (1) retval = HAL_I2C_Mem_Read(&hi2cl, ©x94, ©x@1, I2C_MEMADD_SIZE 8BIT, &ChipID, 1, 1000);

{ -

/* USER CODE END 2 */

HADO -> GND Addr=0x94 ||

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12); 0 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
HAL_GPIO_ TogglePin(GPIOD, GPIO_PIN_13); bbb
HAL_GPIO_ TogglePin(GPIOD, GPIO_PIN_14); <rop

CHIP ADDRESS (WRITE) MAP BYTE i CHIP ADDRESS (READ)  DATA
KeyState = I:IAL_@PIO_ReadPln(GPIOA, GPIO_PIN_O); SDA —l ‘ P ——— | |m|5 s 7 3210 Il_l [T 00 101 A07] E{S"_o
HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState); T Aok § S

START START

snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d Duty:%d PWM-Freq:%d PWM-Period:%d Accel[ID:%02x] Figure 17. Control Port Timing, I°C Read

X:%04d Y:%d Z:%04d
ChipID:%02x\r\n",Counter++,KeyState,Duty,NoteFreq,NotePeriod,lis_id,AccelX,AccelY,Accelz,ChipID);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(1000); G I avn a Zan ka
}
/* USER CODE END 3 */

}
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" JEE
VIN projekt - VP6: STM32F4 VIN Demo

m Osvezitev: STM32F4

m CubelDE projekt STM32F4 in V/I naprave
1 CubelDE projekt, GPIO in VCOM port
1 PWM - LED dimmer, brencac
1 SPI - LISSDSH pospeskomer
0 12C - CS43L22 zvocni Cip
.~ OADC ]

m Sledenje (,tracing“) - CubeMonitor, osciloskop
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Breadboard vezava — STM32F4

Prikljucitev na STM32 : 3 x analogni, 1x digitalni vhod, 4x vgrajene LED diode

Testno vezje (primer) - STM32F4 :

GPIO Vrsta Povezava
PAO User tigka ModraLiPka
r------ L N N B B BN | B |

PA1 Analogni vhod ADC1_IN1
'-P N N N S .-

L B B B N R _§N B |
D12-PD15 Dig. Izhodi vgr. LED diode

QY s ol (Eolia
22} m " GD
_& Em cl
(EP11 iosD) EFiE Tos)
1) (5713 5C7) (EFIL 51)

EEmesysi- ] 'ma’:’

4 .E’ -
VIN - LV : _



Reset_State

VIN projekt - VP 6 ADC

Konfiguracija 2: (PA1ADC1_IN1) HiA

ETH_REF_CLK
ETH_RX_CLK

Pinout & Configuration Clock Configuration Project Mana

v Software Packs v Pinout
4 TIM2_CH2
Q @ ADC1 Mode and Configuration b _ TIM5 CH2
Categories | A~ T e s
SYStem Core :} L8 B B &N B & B & §B §B B § | USARTz_RTS
Analog ~ 07 N2 GPIO_Output

-}~ GPIO_Analog
EVENTOUT
GPIO_EXTI1

MEMS_INT2 [LIS3020L_INT]

£ IIN3
ey
ADC3

e O © s
W IN7

SNEN = = 1= 1< 1= 1= = &

Timers > [7IN8
Connectivity > [ Ins y
H IN10 PHE0Se_ I
i i > PH1-05C_ouT
Multimedia 1 in44
L Configuration |~
Security > <
Reset Configuration PDN_OUT MRiSDT2_ D0UT
Computing #
& DMA Settings & GPIO Settings
I - -
Middleware and Software Pac...? ® User Constants @ NVIC Settings { §1 e Pty
" Testno vezje (primer) - STM32F4 : @ Parameter Settings I anci_t |3 .‘ I
GPIO Vrsta Povezava I ’ E I
PAO User tipka Modra tipka Search Signals I z I
PA1  Analognivhod ~ ADCI_IN1 5
PA2  Analognivhod  ADCI_IN2 Search (Ctri+F) \ = '

L B B B N N N N N _§ J R N N B

PA3 Analogni vhod ADC1_IN3

PD12-PD15 Dig. Izhodi vgr. LED diode rm Slgnal on Pin |GPIO outpu... GPIO mode E
0

I PA1 ADC1_IN1 nla Analog mode

ﬁ----------------'

1 © Rozman,Skraba, FRI
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VIN projekt - VP 6 STM32-CubelDE projekt, ADC

Program : za branje tipal in poSiljanje po USB Virtual COM Port
/* Infinite loop */

/* USER CODE BEGIN PV */

/* USER CODE BEGIN WHILE */

while (1) -

{ int AnalogValuel,AnalogValue2,AnalogValue3;

/* USER CODE END PV */

HAL_ADC_Start(&hadcl);
HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY);
AnalogValuel = HAL_ADC_GetValue(&hadcl);

HAL_GPIO TogglePin(GPIOD, GPIO PIN 12); // On-board LED

HAL_GPIO TogglePin(GPIOB, GPIO_PIN 5); //External LED on PB5
KeyState = HAL_GPIO ReadPin(GPIOB, GPIO _PIN 4); //External Key on PB4

snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d Duty:%d PWM-Freq:%d PWM-Period:%d
Accel[ID:%02x] X:%04d Y:%d Z:%04d ChipID:%02x
ADC1:%d\r\n",Counter++,KeyState,Duty,NoteFreq,NotePeriod,lis_id,AccelX,AccelY,AccelZ,ChipID,AnalogVal
uel);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

&2 coMm17 - puTTY

/* USER CODE BEGIN 3 */
HAL Delay(1000);

}
/* USER CODE END 3 */
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Osnovni projekt CubelDE — USB Virtual COM Port

Program : sprejem na PC strani (povezava z dodatnim Micro-USB kablom)

m5 Pu onfiguration !
r &2 PuTTY Configurati ? X
Datoteka Dejanje Pogled Pomoc Category:
) - . - . —| Session Basic options for your PuTTY session
& M HE B EXE ~ ~Logging
-~ Terminal Specify the destination you want to connect to
l—ﬂ Omrezne kartice . -Keyboard ‘5%“@’?— 2 S5 — Y
B Prenosne naprave ‘Bell ficomg 115200| )
O Procesorji  Features Connection type:
[ Racunalnik ?-WlnAdow . ﬁtm- -i —
) . Appearance (_)SSH ¥ (@) Serial | (_) Other: | Telnet M
£m Sistemske naprave _Behaviour -

¥ Software components
— Tipkovnice
' USB Connector Managers
B7 Varnostne naprave
i Vdelana programska oprema
¥l Vnosne naprave (HID) CM”’ Y
v~ B Vrata (COM in LPT)
¥ Standard Serial over Bluetooth link (COM5)
i Standard Serial over Bluetooth link (COME)
iSTMicroeledmnics STLink Virtual COM Port (COMS8)
F L B N B N N N | ‘
| # USB Serial Device (COM9) I
L § N N N N N N |

[ Zasioni
Iy Zvocni vhodi in izhodi
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" JEE
VIN projekt - VP6: STM32F4 VIN Demo

m Osvezitev: STM32F4

m CubelDE projekt STM32F4 in V/I naprave
1 CubelDE projekt, GPIO in VCOM port
1 PWM - LED dimmer, brencac
1 SPI - LISSDSH pospeskomer
0 12C - CS43L22 zvocni Cip
0 ADC

[ m Sledenje (,,tracing“)—CubeMonitorJ osciloskop
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STM32CubeMonitor

STM32CubeMonitor is a tool that allows real-time sampling and visualization of user variables while the application is running. It runs on Windows, Linux
or macOS, and provides a browser-based interface.

The user can define their own flow to monitor variables for their STM32 microcontroller-based application.
Example design and dashboard views are shown below.

{48 Design - STM32CubeMonitor

sz ® =

GubeMonitor
Q filter nodes Basic_Flow_STM32F4_VIN_ + -
~ STMicroelectronics = =
Chart
E@ ‘ START Acquisition
B D show points N IEEEIN
@ p2p connected (STM32F40xxx/4 1xxx) 80
70
60
Eé ‘ STOP Acquisition 50
40
30
- 20
& 1w
F}
g [

@ p2p connected (STM32F40xxx/4 1xxx) @ processing on
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VIN projekt - VP 6 STM32-CubelDE projekt

Program : za demonstracijo razlicnih funkcionalnosti— ADC, PWM — LED, Buzzer, SPI - Accel, 12C - audio

/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)
{
htim4.Instance->CCR1
htim4.Instance->CCR2
htim4.Instance->CCR3
htim4.Instance->CCR4

Duty;
100-Duty;
Duty;
100-Duty;

KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_©);

// Read x,y,z axes

outdata[@] = Ox29 | @x80 ; // read x
HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO_PIN_RESET);
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

AccelX = indata[1];

outdata[@] = Ox2B | @x80 ; // read y
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

AccelY = indata[1];

outdata[@] = Ox2D | ©x80 ; // read z
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_SET);

AccelZ = indata[1];

' 4

HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY);
AnalogValuel = HAL_ADC_GetValue(&hadcl);
HAL_ADC_Start(&hadcl);

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

if ( (HAL_GetTick() - TickLast) > 1000) { // Do this each second !

Duty = (Duty + 10) ; // Add 10 if delay 1 sec, add 1 on shorter delay...
if (Duty > 100 )

Duty = 1;

// 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(&hi2c1, ©x94, ©0x01, I2C_MEMADD_SIZE_8BIT, &ChipID, 1,
1000) ;

// Change Period and set 50% duty for buzzer PWM output
NotePeriod = (int)(1000000/NoteFreq); //Already prescaled to 1 MHz
setPWM(htim2, TIM_CHANNEL_1, NotePeriod, NotePeriod/2);

// Print values on USB VComPort

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Duty:%d PWM-Freq:%d PWM-
Period:%d Accel[ID:%02x] X:%04d Y:%d Z:%04d ChipID:%02x
ADC1:%d\r\n",Counter++,KeyState,Duty,NoteFreq,NotePeriod,lis_id,AccelX,AccelY,A
ccelZ,ChipID,AnalogValuel);

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

TickLast = HAL_GetTick(); // Reset counter
¥

// HAL_Delay(1000);

}
/* USER CODE END 3 */

}

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32F4 GPIO PWM SPI 12C C Demo

VIN - LV
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Basic_Flow_STM32F4_VIN_
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" JEE
VIN projekt - VP6: STM32F4 VIN Demo

m Osvezitev: STM32F4

m CubelDE projekt STM32F4 in V/I naprave
1 CubelDE projekt, GPIO in VCOM port
1 PWM - LED dimmer, brencac
1 SPI - LISSDSH pospeskomer
0 12C - CS43L22 zvocni Cip
0 ADC

[ m Sledenje (,,tracing“)}— CubeMonitor{osciIoskop ]
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Spoznavanje merilne opreme...

Prednja stran osciloskopa - shema
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Spoznavanje merilne opreme — informativna vsebina ...

Prednja stran osciloskopa - realna
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| JE—

rednja stran osciloskopa - kontrole
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Spoznavanje merilne opreme...

PC aplikacija za osciloskop (USB povezava)
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"
Zaslon osciloskopa — meritev periode

RIGOL T°[D
T

VIN - LV

f Programska
— nastavitev:
A¥ 1= 28 B  Delay 10ms
S =5

* Perioda 20ms
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"
Zaslon osmloskopa meritev amplitude
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Osnovni projekt CubelDE — GPIO — PWM, LED diode

HAL - C RIGOL F 1.l
/* USER CODE BEGIN PV */ : =
#define BUFSIZE 256
char SendBuffer[BUFSIZE];
Max Duty
/* USER CODE END PV */
/* USER CODE BEGIN 2 */

HAL_TIM_PWM Start(&htim4, TIM_CHANNEL_1);
HAL_TIM_PWM Start(&htim4, TIM_CHANNEL 2);

HAL_TIM_PWM Start(&htim4, TIM_CHANNEL_3);

HAL_TIM_PWM Start(&htim4, TIM_CHANNEL_4); Min Duty

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */

while (1)

{
htim4.Instance->CCR1 = duty; -
htim4.Instance->CCR2 = 100-duty; RIGOL

htim4.Instance->CCR3 = duty;
htim4.Instance->CCR4 = 100-duty;

* * .
/* USER CODE END WHILE */ Min Duty
/* USER CODE BEGIN 3 */

snprintf (SendBuffer,BUFSIZE,"USB:0.1 secs. Duty=%d%%\r\n",duty);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

duty = (duty + 1) ;
if (duty > 100 )

————————— e —

e Max Duty
HAL_Delay(100); GPIO prikljucki : |
PD12-PD15: 4 LED diode
;* USER CODE END 3 */ 1= 1.E0U T TR

https://github.com/LAPSyYLAB/STM32F4 Discovery VIN Projects/tree/main/LED PWM Demo
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. RIGOL T°O

VP 6 - STM32 CubelDE, SPI in LIS3SDSH - Osciloskop scK

5P _SCK
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Cs _12C/8P1

Figure 6. HRead and write protocol
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’

VP 4 - STM32H7 CubelDE, 12C4 branje

GPIO prikljucki :

main.c : dodana koda PB6,9: 12C1,

/* USER CODE BEGIN 2 */

HAL_GPIO WritePin(GPIOD, GPIO_PIN 4,GPIO PIN SET);
HAL_Delay(1000); // recomended by datasheet

// From Device with address=0x94, Read register with address ©x01 and put value
// DevAddress_0x94, tMemAddress=0x01, MemAddSize=8b, *pData,Size, Timeout);
retval = HAL_I2C_Mem Read(&hi2cl, ©x94, ©x01, I2C_MEMADD_SIZE 8BIT, &ChipID, 1, 1000);
/* USER CODE END 2 */

// Set Reset line to 1 (switch device on)

ChipID

I2C Addr 06x94<<1 RegValue ..

I2C Addr 6x94<<1

V)
=
o

E I2C RegAddr ox01
<

ACK

<
=

8 8 B N B B &R B §B B N 3

PD4: Reset (1=Dev-ON)

NACK

u? ADO -> GND Addr=0x94 I
Audio_SDA PBY 1 R | is
awicsey  SEP —the 5 SDA HPILINE_ OUTA |
CPBES 2 scL HP/LINE OUTB (—— 001 2 3 4 5 6 7 8 8 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
IS L seo. JUUTUUTUUUUUTTUTUT U U U U U UT U U g MU U g Me Me UL
1253 MCK 7 =
SISCK per— reio l SCiK. SPKR_OUTA+ 34— STCF'
gg;_‘shll)s PC12 :\:— l 2 SDIN SPKR_OUTA- + CHIP ADDRESS (WRITE) MAP BYTE CHIP ADDRESS (READ) DATA DATA+1 DATA+n
, A4 LRCK SPKR OUTB+ f——
AvdioRST 53 EDS RESET SPKR_OUTB- (—— SDA _|‘100101ADDU|||n:n|6543210I|_||100101AD(]1||’m :j
R43 l VP i—5— )
||| o 10 VHPFILT ve |2 — ACK AcK 4 ACK ACK
FLYN
-—— .- -“7- o=h == [ 4 kY Amip [ START START sTOP
o o N1 —— . . w
1WF(XTR) 1oF (XTR) 8| R 2 Figure 17. Control Port Timing, I’C Read
- L ANA 2
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https://qithub.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 12C CS43L22 Basic
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VP 4 - STM32H7 CubelDE, 12C4 branje

— GPIO prikljucki :
main.c : dodana koda PD12,13:12C4

// Reading from address 0x38 register Vendor's Chip ID (addr. ©xA8) default value should be ©x51=81

retval = HAL_I2C_Mem Read(&hi2c4, (8x38 << 1), OxA8, I2C_MEMADD_SIZE_8BIT,&dataBuffer[5], 1, HAL_MAX_DELAY);

A A A N
sDA | frsprsffesfeaf ook oreelPefeatedeneelsy [ieakerabiofeake ko forfedosorfortertoeol
SCL

T F B 1.440 GOL F B 1.44U GE0L F B l.490 ML
v L o 7|

----------~

(R [ RN o 11 B
%%Wﬂ" UL g 0 R

B = .AEL) CHZ= 2.8E Time 18.08us =25 . 600 EEE Z.AGL CHZ= 2@l Time 18.88us G- 145.6us BB 2.8al) CHz= 2 .@E0 Time 18.80us D=2Zoc.dus BB 28810 CHZw 2.66L) Time

RegValue 6x51

I2C Addr 6x38<<1 E I2C RegAddr ©xA8
<

ACK

I2C Addr ox38<<1 B
7]
o<

Write
ACK
NACK

https://github.com/LAPSYLAB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK 12C Basic Demo
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" JEE—
VIN projekt - VP6: STM32-breadboard vezave

m Osvezitev: STM32 breadboard vezave
m Osciloskop

m Uporaba osciloskopa — VP4 :
1 SPI
0 PWM
112C

[ m VIN Projekt — STM32F4 (AirMouse, Wav-audio), Smarteh }
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USB_DEVICE Mode and Configuration

‘D sable |

Ai r M O u S e ST I\/I 3 2 F4 Class For FS IP Human Interface Device Class (...

Disable

v . v . Audio Device Class
Beremo pOSpeSkomer In SporOCamO premlke Communication Device Class (Virtual P

Download Firmware Update Class (DF]

kazalca na zaslonu preko ustreznega USB profila Human Interface Device Class (HID)

Custom Human Interface Device Class

AVtor: Bernard KUChIer while (1) Mass Storage Class

{

// Read accel values into AccelX,Y,Z

()

if (AccelX < min_xval){

8 2l 1 = o i newxval = AccelX - min_xval;
£ T ©009 o | e [ e Tz ‘ } else if (AccelX > max_xval) {
ey (7 i iand newxval = AccelX - max_xval;
Jerardhuchier D : > }
2 if (AccelY < min_yval){
g newyval = AccelY - min_yval;
. } else if (AccelY > max_yval){
newyval = AccelY - max_yval;
r-mouse-accelerometer }
if ((newxval > 10) || (newxval <-10)) //Determines the necessary
amount of change in value from the sensor to start moving the mouse
cursor
{

mousehid.mouse_y = (newxval/10); //Divides the value from the
sensor by 10 in order to make a slower acceleration of the mouse
cursor and thereby making it more accurate to use

}

else mousehid.mouse_y = 0;

if ((newyval > 10) || (newyval <-10)) {
mousehid.mouse_x= (newyval)/10;
} else mousehid.mouse_x = 0;

USBD_HID_SendReport(&hUsbDeviceFS,&mousehid, sizeof (mousehid));
//Send data to USB

https://github.com/LAPSYLAB/STM32F4 Docs and Examples/tree/main/STM32 F407G_MISKA pospesevalniki
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"
Primer kompleksnejse demo USB-Audio aplikacije :

"Wave player - Predvajalnik .wav datotek iz USB kljucka na izhod za slusalke,,
Avtor: Matic Pristavnik VreSnjak

[ The Coconut,
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"
Smarteh

Matricni senzorji (LIR, LIDAR)

\ \‘ ¥

Osnovni PLC komplet za uporabo :
3206 *Model pametne hise
*VIN LAB vaje

*RS485, Modbus, osciloskopi, ...
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" JEE
VIN projekt - VP5: STM32-Edge computing,
CubelDE projekti, Misko3

{ m Diskusija, vprasanja ? }
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