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1.1.1 GPIO Lab



1.1.1 Configure GPIO for LED toggling

* Objective
* Learn how to setup pin and GPIO port in CubeMX
* How to Generate Code in CubeMX and use HAL functions

* Goal

» Configure GPIO pin in CubeMX and Generate Code
» Add in to project HAL_Delay function and HAL_ GPIO_Toggle function
 Verify the correct functionality on toggling LED
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1.1.1 Configure GPIO for LED toggling

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

» Configure LED pin as GPIO_Output

LD3
Green ),'l
{ PGI3 PG13 R$3. I N 2
510
LD4
N
{ PG4 PG14 AN ! N 2
680
LEDs
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1.1.1 Configure GPIO for LED toggling

* For debug purpose is recommended to select debug pins
SWD or JTAG
» Select can be done in TAB>Pinout>SYS
* On discovery is available only SWD option

» If SWD/JTAG is not selected and the Set all free pins as analog
(MENU>Project>Settings>TAB>Code Generator) is selected, debug is not possible

o SYS
: é----DEI::ug Serial Wire Debug (SWD) -
e | System Wake-Jp

SYS_JTCK-5WCLE

HAL Settings

|| set all free pins as analog (to optimize the power consumption)

|| Enable Full Assert

SYs_JTMs-5WDIO

Ly,
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1.1.1 Configure GPIO for LED toggling

Clock Configuration overview 10

- External clock enabling
 TAB>Pinout

- [] Master Clock Output 1

[ Master Clock Output 2

e

« Select HSE and LSE clocks ack Configuration | Configuration | Power Consumption Calculator
» Bypass or crystal -- “ DMA2D T
W © ETH
1. Set HSE crystal kR
B ® RCC i oo
. -High Speed Clock (HSE) | Crystal/Ceramic Res... .. s T3C2
i & 1203
--Low Speed Clock (LSE) Disable -
| o 1252
iw
1]
v
(1]

» [ Audio Clock Input (125_CKIN)

--High Speed Clodk (HSE) | Disable
~Low Speed Clock (LSE) |Disable

----- [ Master Clock Qutput 1

2. CubeMX reserve pins

RCC_OSC_IN |gli//f
RCC_OSC_OUT [ggh¥

----- [ Master Clock Qutput 2

----- [] Audio Clodk Input {125_CKIN)
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1.1.1 Configure GPIO for LED toggling mm

* In order to run on maximum frequency, setup clock system

RTC Clock Mux

To RTC (KHz)

Ethernet PTP clock (MHz)

P HCLK to AHB bus, core, memory
To IWDG (KHz) i phoshi

To Cortex System timer (MHz)

System Clock Mux
HeL

L FCLK Cortex clock (MHz)
HeE SYSCLK (MHz) AHEB Prescaler HCLK (MHz) APEBL Prescaler

+—@ ™ 180 el = [ udaE = M APE1 peripheral clocks (MHz)
45 MHz max

180 MHz max
PLL Source Mux - I —»- APB1 Timer clocks (MHz)

HsT /{ APBZ Prascaler
—

Ba YT APE2 peripheral clacks (MHz)

Input frequency

KI —- APB2 timer clocks (MHz)

48MHz clocks (MHz)

125 source Mux

125 clocks (MHz)

PLLI2S

SAI-A clocks (MHz)

MCO2 source Mux

urce Mux

SAL-B clocks (MHz)

r e
'I / 1225 LCD-TFT clocks (MHz)

PLLSAL
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1.1.1 Configure GPIO for LED toggling

* GPIO Configuration
» TAB>Configuration>System>GPIO

File Project Window Help
BoHR S0 -2

| Pinout I Clock Cmﬁgu'aﬁml Configuration lPawar Consumption Calculator
{ ration
E-MiddleWares
E % FATFS
i - User-defined
. B © FREERTOS
; ‘.. [7] Enabled
E--P-_Eripherals

- @& CRC

- Activated

=+ & DMAZD

. Activated Middlewares

oo TWDG

- Activated

G- % RCC

- High Speed Clock (HSE):C

e T I T T
- Activated

- & TIMG

- ----- Activated

- [ ] One Pulse Mode

= & TIM7

- ----- Activated

- [] One Pulse Mode

5 & WWDG

- Activated




1.1.1 Configure GPIO for LED toggling

* GPIO(Pin) Configuration

e Select Push Pull mode

* No pull-up and pull-down % Pin Configuration
GPIO | RCC
» Output speed to HIGH
Is important for faster Search Signals
peripheries like SPI, USART | Search (Cith+F) [l Show eny Modfied Pins
e Button OK Pin Name Signal on Pin GPIO mode GPIO Pull-up/Pu... Maximum outpu... Lser Label Modified

Output Push Pul Mo pull-up and no... High

PG 14 Configuration :

| 0
GPIO mode lOutput Push Pull - I
GPIO Pull-up/Pull-down lNo pull-up and no pull-down - I I
Maximum output speed I High - I

User Label | |

Ly,
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1.1.1 Configure GPIO for LED toggling

* GPIO(Pin) output speed configuration
» Change the rising and falling edge when pin change state from high to low or low to high
» Higher GPIO speed increase EMI noise from STM32 and increase STM32 consumption

 Itis good to adapt GPIO speed with periphery speed. Ex.: Toggling GPIO on 1Hz is LOW
optimal settings, but SPI on 45MHz the HIGH must be set

GPIO output LOW speed GPIO output MEDIUM speed
LOW LOW >
HIGH HIGH

GPIO output FAST speed GPIO output HIGH speed
LOW B LOW  fresssssnnnnnnnnns >
HIGH HIGH
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1.1.1 Configure GPIO for LED toggling

* Now we set the project details for generation
* Menu > Project > Project Settings § )

@ Project Settings

Project | Code Generator

Project Settings

» Set the project name

» Project location

» Type of toolchain Project Name
\GPIO_LAB |

« Now we can Generate Code Project Location

) |F:‘lP.adek‘l,_Training_examples\F‘HLab‘qJSB‘l, " Browse I
* Menu > Project > Generate Code Project Folder
|F:‘lP.adek'\_Training_examples‘lFﬂﬂLab‘UJSB‘l.GPID_Lﬁ.B |

Toolchain f IDE
[EWRRM 8.70 -

Mecu and Firmware Package
Mecu Reference
STM32F429ZITx

Firmware Package Mame and Version

|5TM32Cube FW_F4v1.3.0 - Use latest available version

m ok | | concel
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1.1.1 Configure GPIO for LED toggling

* Now we open the project in our IDE
» The functions we want to put into main.c
« Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags
* Into infinite loop while(1){ }

 For toggling we need to use this functions
« HAL_HAL_Delay which create specific delay
« HAL_GPIO_WritePin or HAL_GPIO_TogglePin

Ly,
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1.1.1 Configure GPIO for LED toggling

* Now we open the project in our IDE
» The functions we want to put into main.c
« Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags
* Into infinite loop while(1){ }

 For toggling we need to use this functions
« HAL_HAL_Delay which create specific delay
« HAL_GPIO_WritePin or HAL_GPIO_TogglePin

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{
HAL_GPIO WritePin(GPIOG, GPIO PIN 14, GPIO PIN SET);
HAL Delay(500);

HAL_GPIO WritePin(GPIOG, GPIO PIN_14, GPIO PIN_RESET);
HAL Delay(500);

}
Kys /* USER CODE END 3 */
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1.1.2 EXTI lab

Ly,
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1.1.2  Configure EXTI to turn on LED

* Objective
* Learn how to setup input pin with EXTI in CubeMX
* How to Generate Code in CubeMX and use HAL functions

* Goal

» Configure GPIO and EXTI pin in CubeMX and Generate Code
* Add into project Callback function and function which turn on led
 Verify the correct functionality by pressing button which turns on LED
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1.1.2  Configure EXTI to turn on LED

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

» Configure LED pin as GPIO_Output

» Configure Button pin as GPIO_EXTIX 5
L
=
I:II

; o
LD q
R26 Green ):1 o
{PGI13 PGI3  —1 2
510
LD4
Red M
(TG PG4 R27 I 2
680
LEDs
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1.1.2 Configure EXTI to turn on LED

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

» Configure LED pin as GPIO_Output
» Configure Button pin as GPIO_EXTIX

VDD

*w
>
O] 3o
el I: g5 GPIO_EXTIO
100nF Q Q
R23 ] %
PAD — o
CPAO > SB2 330 a
=
wl

USER & WAKE-UP Button

£vd
S5
dan
Fd
Sv'd
9v'd

Ly,
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1.1.2 Configure EXTI to turn on LED

* In order to run on maximum frequency, setup clock system

* Details inlab O

RTC Clock Mux

32768 g: LSE — - 32 To RTC (KHz)

L 130 Ethernet PTP clock (MHz)

LS1RC J_—’ .
HCLK to AHE bus, core,
2 32 To IWDG (KHz) - = core, memary

o and DMA [MHz)
32 KHz
perac System Clock Mux — /8 ———————® 2%  ToCortex System timer (MHz)
HSL
16 - e 16 FCLK Cortex clock (MHz)
16 MHz HsE SYSCLK (MHz) AHE Prescaler  HCLK (MH1) APB1 Prescaler
’ @ ™ 180 41 T — 180 —##j4 ¥ YT 435 APE1 peripheral clocks (MHz)
45 MHz max
130 MHz max
PLL Source Mux PLekla X2 — 90 APBI Timer clocks (MHz)
- /f APB2 Prescaler
o e lei2 = T 30 APB2 peripheral clocks (MHz)
Input frequency ja v X360 v —j2 v 4 e mes
HEE
M N /P X2 - 180 APB2 timer clocks (MHz)
4-26MHz
- > a0 48MHz clocks (MHz)
125 source Mux
MainFLL  ©
a5 125 clocks (MHz)
PR e
*N FR
ja v 1w
n PLLIZS Q .
12288 — = = SAL-A clocks (MHz)
MCO2 source Mux
i e
.
SATL-B source Mux
180 feHgd e
Ext dock
> SAL-B clocks (MHz)
MCO1 so
X43 ¥ ja. | PRI, =
N nQ
A 16 w1 v - R
. PLLLCDCLK
2.7 2ol > LCD-TFT clocks (MHz)
’I PLLCLK PLLSAIL IR
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1.1.2  Configure EXTI to turn on LED

* GPIO Configuration
» TAB>Configuration>System>GPIO

File Project Window Help
BoHR S0 -2

| Pinout I Clock Cmﬁgu'aﬁml Configuration lPawar Consumption Calculator
{ ration
E-MiddleWares
E % FATFS
i - User-defined
. B © FREERTOS
; ‘.. [7] Enabled
E--P-_Eripherals

- @& CRC

- Activated

=+ & DMAZD

. Activated Middlewares

oo TWDG

- Activated

G- % RCC

- High Speed Clock (HSE):C

e T I T T
- Activated

- & TIMG

- ----- Activated

- [ ] One Pulse Mode

= & TIM7

- ----- Activated

- [] One Pulse Mode

5 & WWDG

- Activated




1.1.2  Configure EXTI to turn on LED

* GPIO(Pin) Configuration

» Select External Interrupt Mode with Rising edge trigger detection

* NO pu”_up or pu”_down % Pin Configuration
. GPIO | RrCC
* PG14 can be let in default
Settl ngS Search Signals
| Search (Crtl+F) Show only Modified Pins
e Button OK

S
Pin Mame Signal on Pin GPIO mode GPIO Pull-up/Pu... Maximum outpu... |Jser Label Maodified

W
o pull-up and no. .. [Hig

PAD/WKUP Configuration :

GPIO mode External Interrupt Mode with Rising edge trigger detection -

GPIO Pull-up/Pull-down I [No pull-up and no pull-down - ]

User Label | |

Ly,
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1.1.2  Configure EXTI to turn on LED

* NVIC Configuration

» We need to enable interrupts for EXTI
» TAB>Configuration>System>NVIC

File Project Window Help
(o wl &0 4= 2P

| Pinout | Clock Cmﬁgwaﬁml Configuration lpowa Consumption Calculator

¢ ration
[ﬁ---l“l:idtleWarﬁ

. = FATFS
i [T User-defined
- & FREERTOS
, i... [ Enabled
I'é!--l’-:l:ripherals

B % CRC

L [7] Activated
= & DMA2D
‘.. [] Activated Middlewares

= % IWDG
i... [ Activated
B % ROC

.- High Speed Clock (HSE):(
o T T T

e Activated

= & TIM6 OMA !1—!!
: +
= Activated S . N

- ["] One Pulse Mode GPIO _'\.:;

=% TIM7 =

- ----- Activated I NVIC :Lpﬂ I

{... [ ] One Pulse Mode P —
RCC S,

= % WWDG L
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1.1.2  Configure EXTI to turn on LED

© NVIC Conflgurathn i @ NVIC Configuration gw
¢ Enable Interru pt for Priority Group 4 bits for pre-emption priority O bits for subpriarity - [7] Sort by Premption Priarity and Sub Prority
EXTI LineO
Search E] @ [7] Show only enabled interrupts
« Button OK
Interrupt Table Enabled Preemption Priority Sub Priority
Mon Maskable Interrupt [ o 0
Memary management fault ] ] ]
Pre-fetch fault, memory access fault ] ] ]
Undefined instruction or ilegal state [ 0 0
Debug Monitor [ |o 0
System tick timer 0 0
PVD through EXTI Line 16 interrupt [ 0 0
RCC global interrupt o 0
I Lined interrupt ] 0
Enabled Preemption Priority Sub Priority
Kys [Creay | [ ok | [cona
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1.1.2  Configure EXTI to turn on LED

* Now we set the project details for generation

* Menu > Project > Project Settings I Project Settings =)
. Lag”

» Set the project name [ Project | Code Generata

» Project location Project Settings

« Type of toolchain F;‘;f‘;";me |
® Project Folder

NOW We Can Generate COde |P:‘E~135T‘,|]0cs\5TM32F4‘I,Training\.F4t’aining Munich 2014 Cube examplesYabslab2_EXTI |
* Menu > Project > Generate Code Toolchain | IDE
’EW.ARM 6.7/0 -

Mcu and Firmware Package

Mcu Reference
STM32F42521Tx

Firmware Package Mame and Version

|STM32CuI:|e FW_F4v1.3.0 - Use latest available version

m ok | | cancel
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1.1.2  Configure EXTI to turn on LED

HAL Library work flow 1
/‘/Peripheral Initializations\

including peripheral interrupt NVIC
initializations

Generated by
CubeMX

HAL_EXTIO_IRQHandler H EXTIO_IRQHandler

Configure the GPIO to generate interrupt on
rising or falling edge

\

Edge detection callback
HAL_GPIO_EXTI_Callback

life.augmented



1.1.2  Configure EXTI to turn on LED

HAL Library work flow 2
/‘/Peripheral Initializations\

including peripheral interrupt NVIC
initializations

MX_GPIO _Init
inside main.c

Configure the GPIO to generate interrupt on
rising or falling edge

\

HAL_EXTIO_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

Ly,
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1.1.2  Configure EXTI to turn on LED

HAL Library working flow 3

Peripheral Initializations
including peripheral interrupt NVIC
initializations

inside
sStm32f4xx_it.c

HAL_EXTIO_IRQHandler H EXTIO_IRQHandler

Configure the GPIO to generate interrupt on
rising or falling edge

Edge detection callback
HAL_GPIO_EXTI_Callback

Ly,

life.augmented



1.1.2  Configure EXTI to turn on LED

HAL Library work flow 4

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Configure the GPIO to generate interrupt on
rising or falling edge

HAL_EXTIO_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

User must define Callback
it is declared by default as
empty weak

life.augmented



1.1.2  Configure EXTI to turn on LED

HAL Library work flow 5

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Configure the GPIO to generate interrupt on
rising or falling edge

HAL_EXTIO_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

Usually in main.c between
[* USER CODE BEGIN */
tags

life.augmented



1.1.2  Configure EXTI to turn on LED

HAL Library work flow summary 3. creat

1. init NVIC I 2dae
Peripheral Initializations

]
including peripheral interrupt NVIC | ‘ :
initializations 1

2. init GPIO

Configure the GPIO to generate interrupt on
rising or falling edge

5. HAL EXTI < \ 4. EXTI interrupt
interrupt handler handler

e T

HAL_EXTIO_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback HAL files clearing
6. HAL EXTI flags, check errors,
callback
I

Ly,

life.augmented



1.1.2  Configure EXTI to turn on LED

* Now we open the project in our IDE
» The functions we want to put into main.c
» Between /* USER CODE BEGIN 4 */ and /* USER CODE END 4 */ tags
» We create function which will handle the EXTI interrupts

« The HAL callback function for EXTI
« void HAL_GPIO_EXTI_Callback(uint16_t GPIO_Pin)

* For LED turn on we need to use this functions
« HAL_GPIO_ WritePin

Ly,
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1.1.2  Configure EXTI to turn on LED

* Now we open the project in our IDE
» The functions we want to put into main.c
» Between /* USER CODE BEGIN 4 */ and /* USER CODE END 4 */ tags
» We create function which will handle the EXTI interrupts

« The HAL callback function for EXTI
« void HAL_GPIO_EXTI_Callback(uint16_t GPIO_Pin)

* For LED turn on we need to use this functions
« HAL_GPIO_WritePin

/* USER CODE BEGIN 4 */
void HAL_GPIO EXTI_Callback(uintl6_t GPIO Pin)
{
if(GPIO Pin == GPIO PIN 0) {
HAL GPIO WritePin(GPIOG, GPIO PIN 14, GPIO PIN SET);
} else {
__NOP();

)
&7 |}

le.augmented /* USER CODE END 4 */




1.2.1 Low Power mode SLEEP
lab
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1.2.1 Use SLEEP mode with EXTI

* Objective
* We use the EXTI setup from lab 1
* Learn how to setup SLEEP in HAL
* Create simple project with SLEEP mode with wake up on pin press

* Goal

* Use project from EXTI lab

» Learn how to setup the SLEEP in HAL, and which events can wake up
MCU

 Verify the correct functionality by measuring consumption

life.augmented



SLEEP Mode

; 4 N
GPIO’s FLASH « Core is stopped
RTC/backup reg. ° Peripherals are running
\§ J

IWDG

GP timers

SPI | fl??ez

USB USART

ADC Reset

Power
regulator

-

Ly,
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1.2.1 Use SLEEP mode with EXTI

HAL Library work flow summary 4. creat

1. init NVIC I Sdge
Peripheral Initializations

]
including peripheral interrupt NVIC | ‘ :
initializations 1

2. init GPIO

Configure the GPIO to generate interrupt on |
rising or falling edge : 5. EXTI interrupt
: handler
T
3. Use WFI
<| Enter into SLEEP mode(WFI) ~ HAL_EXTIO_IRQHandler EXTIO_IRQHandler

6. HAL EXTI
interrupt handler

Edge detection callback
HAL_GPIO_EXTI_Callback HAL files clearing
7. HAL EXTI flags, check errors,
callback

Ly,
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1.2.1 Use SLEEP mode with EXT]

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

* Function to enter SLEEP

« HAL PWR_EnterSLEEPMode(uint32_t Regulator, uint8 t SLEEPEnNtry)
» We can measure consumption  Optons for node ‘b2 BT o

Categorny: Factory Settings

General Options
Runtime Checking
C/C++ Compiler

Assembler ST-LINK

QOutput Converter I Reset

Custom Build -
Build Actions ’Ccnnect during reset h

/ Interface Clock setup
=" simulator

Angel © JTAG CPUclock: 720 MHz
CMSIS DAP B
GDE Server @ SWD SWO clock: [] Auto

To be able to reprogram
the STM32 which is in
LP mode, use
connection during
reset option

TAR ROM-monitor 2000 lkHz
I-§et/ITAGiet
JLink/I1-Trace
TI Stellaris
Macraigor

PE micro
I=Imi

XDS100/200/1CDI

Ly,

) [ QK I [ Canicel
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1.2.1 Use SLEEP mode with EXT]

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

» Function to enter SLEEP
« HAL PWR_EnterSLEEPMode(uint32_t Regulator, uint8 t SLEEPEntry)
» We can measure consumption

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)

{
HAL Delay(1000);

HAL PWR_EnterSLEEPMode (PWR_LOWPOWERREGULATOR_ON,PWR_SLEEPENTRY_WFI);

¥
/* USER CODE END 3 */

Ly,
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1.2.1 Use SLEEP mode with EXT| mm

» Consumption still to high?
* Is STM32 really in SLEEP?
* |s the Systick disabled?

/* USER CODE BEGIN 3 */

/* Infinite loop */

while (1)

{
HAL Delay(1000);
HAL SuspendTick();
HAL PWR_EnterSLEEPMode (PWR_LOWPOWERREGULATOR _ON,PWR_SLEEPENTRY WFI);
HAL ResumeTick();

}
/* USER CODE END 3 */

* |s this better?

Ly,
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1.2.2 Use STOP mode with EXTI

* Objective
* We use the EXTI setup from lab 1
e Learn how to setup STOP in HAL
* Create simple project with STOP mode with wake up on pin press

* Goal

* Use project from EXTI lab
* Learn how to setup the STOP in HAL, which events can wake up you
 Verify the correct functionality by measuring consumption
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STOP Mode

ﬂ:ore Is stopped \

GPIO’s « HSE, MSI clocks are OFF

RUCHEEIEL g 23,  SRAM and registers
content is preserved

IWDG

* Peripherals with HSI, LSI,
LSE clock option can be
GP timers # ON

SPI KGPlO’S keep their setup/

Reset

Power
regulator

% 2

>i
OR>
OFO
ol e




1.2.2 Use STOP mode with EXT]

HAL Library work flow summary

4. create

f edge

1. init NVIC
Peripheral Initializations .
including peripheral interrupt NVIC | ‘ :
initializations ]
2. init GPIO
Configure the GPIO to generate interrupt on |
rising or falling edge : 5. EXTI interrupt
: handler
T
: 3. Use WFI
Enter into STOP mode(WFI) — — HAL_EXTIO_IRQHandler EXTIO_IRQHandler
]
‘ 8. Reconfigure _ 6. HAL EXTI
Clock reconfigure clock after interrupt handler
wakeup
N~ i
Edge detection callback
HAL_GPIO_EXTI_Callback HAL files clearing
7 HAL EXTI flags, check errors,
callback
I

Ly,
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1.2.2 Use STOP mode with EXT]

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

» Function to enter SLEEP
« HAL PWR_EnterSTOPMode(uint32_t Regulator, uint8 t STOPEnNtry)
« HAL PWREXx_EnterUnderDriveSTOPMode(uint32_t Regulator, uint8 t STOPEntry)
« We can measure consumption [ Options for node "lab2 BXTT" |

Categarny: Factory Settings

General Options
Runtime Checking
C/C++ Compiler

Assembler ST-LINK

QOutput Converter Reset

[ Connect during reset =

ons

To be able to reprogram
the STM32 which is in
LP mode, use
connection during
reset option

7 Linker
Debugger Interface Clock setup

Simulator
Angel © 4TAG CPUclock: 720 M
CMSIS DAP B
GDB Server @ SWD SWO clock: [ Auto

IAR. ROM-monitor 2000 lHz
IHet/ITAGIet
J-Link/J-Trace
TI Stellaris
Macraigor

PE micro
=] wii

XD5100/200/1CDI

Ly,
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1.2.2 Use STOP mode with EXT]

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

* Function to enter SLEEP
« HAL PWR_EnterSTOPMode(uint32_t Regulator, uint8 t STOPEnNtry)
« HAL PWREXx_EnterUnderDriveSTOPMode(uint32_t Regulator, uint8 t STOPEntry)
« We can measure consumption

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{
HAL_Delay(1000);
HAL_PWR_EnterSTOPMode (PWR_LOWPOWERREGULATOR_ON,PWR_STOPENTRY_WFI);
SystemClock Config();

}
/* USER CODE END 3 */

Ly,
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1.2.2 Use STOP mode with EXT]

« Or different function (for STM32F42X/43X)

/* USER CODE BEGIN 3 */

/* Infinite loop */

while (1)

{
HAL Delay(1000);
HAL_PWREx_EnterUnderDriveSTOPMode (PWR_LOWPOWERREGULATOR_UNDERDRIVE_ON,PWR_STOPENTRY_WFI);
SystemClock_Config();

¥
/* USER CODE END 3 */
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1.2.3 Low Power mode STANDBY
lab

life.augmented

STM32F42xx Technical Training 06/12/2016



1.2.3 Use STANDBY mode

* Objective
* For this lab create CubeMX project
* For testing purpose enable LED on PG14
e Learn how to setup STANDBY in HAL
* Create simple project with STANDBY mode with wake up on pin press

« Goal

e Learn how to setup the STANDBY in HAL, which events can wake up you
 Verify the correct functionality by measuring consumption

life.augmented



1.2.3 STANDBY Mode

ﬂ:ore and all peripherals\
Core are OFF, except RTC and
 HSE, HSI clocks are OFF,

LSI LSE can be ON
« SRAM and registers

content is lost, except
RTC, and standby circuitry
B

S
 GPIO’s are in high Z,
¢

12C except Reset, RTC OUT

Qnd WKUP 1,2,3 /
Power

RTC OUT WKUP 1,2.3




1.2.3 Use STANDBY mode

HAL Library work flow summary

1. init NVIC

Peripheral Initializations
including peripheral interrupt NVIC | ‘
initializations

2. Standby

~~

Enable Wake-up pin

; 4. create
3. Use WFI
Enter into STANDBY mode(WFI) ‘ . f edge

J
5. Wake up
Reset

STM with reset
~N

Ly,
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1.2.3 Use STANDBY mode

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

» For Wake up we need to setup wake up pin
« HAL_PWR_EnableWakeUpPin(uint32_t WakeUpPinx)

* Function to enter STANDBY
« HAL_PWR_EnterSTANDBYMode();

i Ty
Options for node "lab2_EXTT" =5

« We can measure consumption Categoy;

General Options

Runtime Checking
C/C++ Compiler
Assembler ST-LINK
QOutput Converter Feset
Custom Build =

Build Actions 7

[Connect during reset -

Interface Clock setup

To be able to reprogram T e e vk 70 e

CMSIS DAP

the STM32 which is in Owo | |SHockd: Blado

IAR ROM-mionitor 2000 lHz

IHet/ITAG]et
LP mode, use ik e
TI Stellaris

connection during

PE micro

reset option [E=

m ¥DS100,/200/1CDI
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1.2.3 Use STANDBY mode

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

» Function to enter SLEEP
« HAL PWR_EnterSTOPMode(uint32_t Regulator, uint8 t STOPEnNtry)
« HAL PWREXx_EnterUnderDriveSTOPMode(uint32_t Regulator, uint8 t STOPEntry)

« We can measure consumption

/* USER CODE BEGIN 3 */

/* Infinite loop */

while (1)

{

HAL GPIO TogglePin(GPIOG, GPIO PIN 14);
HAL Delay(2000);
HAL_PWR_EnableWakeUpPin(PWR_WAKEUP_ PIN1);
HAL_PWR_EnterSTANDBYMode();

¥
/* USER CODE END 3 */
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1.2.3 Use STANDBY mode mm

» We cannot go into STANDBY again?

- Try to clear wake up flag

- HAL_PWR_CLEAR_FLAG(PWR_FLAG_WU);

/* USER CODE BEGIN 2 */

HAL PWR_CLEAR_FLAG(PWR_FLAG WU);
/* USER CODE END 2 */




1.3.1 Data transfer over DMA lab
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1.3.1 Use DMA in M2M transfer

* Objective
e Learn how to setup DMA transfer in CubeMX
* Create simple DMA memory to memory transfer from RAM to RAM

* Goal
* Use CubeMX and Generate Code with DMA
* Learn how to setup the DMA in HAL
 Verify the correct functionality by comparing transferred buffers
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Use DMA In M2M transfer

I-Code
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°
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o
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1.3.1 Use DMA in M2M transfer

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* For DMA we don’t need to configure any pins

R EEEE R EEEREEEEEEREEEEREREEEEEEE

A REEEEEELEEELEEEREEEEEE

STM32F439ZITx
LQFP144

FFEELE

£l
[

e |
=l
Pes |
=
ps |
Pess |
pess.|
lpra_|
or1 |
lpr2_|
pr3 |
lors |
rs |
luss |
lvoo_|
lors |
pr7_|
lpra_|
prs |
leF10 |
priv. |
s
lpco_|
=
lec2 |
=N
lvoo_|
Jussh |
=
[voou
lpac.|
Pa1_|
lp2_|

3
IS

"I 1 2 1 o [ 2 1 e B 1 e o £ £ 1 £ B P L W
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1.3.1 Use DMA in M2M transfer

* In order to run on maximum frequency, setup clock system

* Details inlab O

RTC Clock Mux

32768 g: LSE — - 32 To RTC (KHz)

L 130 Ethernet PTP clock (MHz)

LS1RC J_—’ .
HCLK to AHE bus, core,
2 32 To IWDG (KHz) - = core, memary

o and DMA [MHz)
32 KHz
perac System Clock Mux — /8 ———————® 2%  ToCortex System timer (MHz)
HSL
16 - e 16 FCLK Cortex clock (MHz)
16 MHz HsE SYSCLK (MHz) AHE Prescaler  HCLK (MH1) APB1 Prescaler
’ @ ™ 180 41 T — 180 —##j4 ¥ YT 435 APE1 peripheral clocks (MHz)
45 MHz max
130 MHz max
PLL Source Mux PLekla X2 — 90 APBI Timer clocks (MHz)
- /f APB2 Prescaler
o e lei2 = T 30 APB2 peripheral clocks (MHz)
Input frequency ja v X360 v —j2 v 4 e mes
HEE
M N /P X2 - 180 APB2 timer clocks (MHz)
4-26MHz
- > a0 48MHz clocks (MHz)
125 source Mux
MainFLL  ©
a5 125 clocks (MHz)
PR e
*N FR
ja v 1w
n PLLIZS Q .
12288 — = = SAL-A clocks (MHz)
MCO2 source Mux
i e
.
SATL-B source Mux
180 feHgd e
Ext dock
> SAL-B clocks (MHz)
MCO1 so
X43 ¥ ja. | PRI, =
N nQ
A 16 w1 v - R
. PLLLCDCLK
2.7 2ol > LCD-TFT clocks (MHz)
’I PLLCLK PLLSAIL IR
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1.3.1 Use DMA in M2M transfer mm

* DMA configuration
» TAB>Configuration

e System>DMA
« TAB>DMA2 1. TAB >

Configuration
« Button AD[F)..E e \/Z.System @
RoER &6J J/w » e~
\ |

| Pinout | ClodiConﬁgwabonI Configuration rower Consumption Calculator

onfiguration
E| ‘MiddleWares

E} fi FATFS @ DMA Configuration g
Dl ... [7] User-defined
. 5% FREERTOS

DMA1 fOMAZ || MemToMem

. Enabled DMA Reguest Stream Direction Friority

3. TAB>DMA 2

—1
i [0 Activated I I

5o RNG
e [[] Activated I et l’ Delete ]

= & TIM& DMA Reguest Settings
Peripheral Memory
e Activated
- [] one Pulse Mode Mode dress -] "]

E

.+ am 4. Add DMA
----- Activated -1 - | |Byte - |
. [] One Pulse Mode Chan n el /Sln le o | |Sin e = |
= & WWDG g =

- [[] Activated
Kys Coen ] &) (o]
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1.3.1 Use DMA in M2M transfer

- DMA configuration
« Select MEMTOMEM

1. MEMTOMEM

DMA request
* Normal mode
DMA Fequest Direction Priority
* Increment source and MEMTOMEM DMA2 Stream 0 Memory To Memoary
destination address
* FIFO setup
- Burst size 5. Data width anb addresses
« Button OK —_ Burst
\ add | | Delete |
2. Normal DMA Reguest Settings
Src Memory Dst Memory
mode
Mode Mormal - Increment Address
Use Fifo Threshaold | Half Full - Data Width Eyte - Eyte -
4. FIFO setup o
Burst size snge v | snde -
i L E——
( 6. OK Fﬁ- ok || cancel
Ly
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1.3.1 Use DMA in M2M transfer mm

* Now we set the project details for generation

* Menu > Project > Project Settings & Project Settings g
» Set the project name =
» Project location Project Settings
« Type of toolchain r;::c;ﬂe |
° Project Location
NOW We Can Generate COde |D:‘lRadek\._Training_examples\F‘U:lrague_ZU14_modif_my‘,|_abs || Browse I
* Menu > Project > Generate Code Project Folder
|D:Eadek\_Training_examples\F‘} - prague_2014_modif_my'\Labs\DMA_M2M |
Toolchain [ IDE
lEW#\RM .70 -

Mcu and Firmware Package

Mcu Reference
STM32F435ZITx

Firmware Package Name and Version

|STM32CL|IJE FW_F4Vv1.3.0 - Use latest available version

Ly,
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1.3.1 Use DMA in M2M transfer mm

- Start process DMA (same for TIM, ADC)

» Non blocking start process
» The end of the process must be checked by polling

1. init DMA
Peripheral —~—
Initializations
‘ 2. Start DMA
Start Process —
(HAL_DMA _Start)
l 3. DMA transfer data

Poll for process complete
(HAL_DMA _PollForTransfe

4. Check if transfer is complete

Ly,
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1.3.1 Use DMA in M2M transfer

* Return values

» Most of CubeMX functions have return values, which indicate, if operation was successful,
timeout occurs of function end with error

» Is recommended handle this return values to be sure that program working as expected

Ex: Poll for process complete
(HAL_DMA _PollForTransfer)

N

HAL OK HAL_ERROR HAL_BUSY

DMA transfer was successfully
finished and data was

transferred to destination

without error

Ly,
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1.3.1 Use DMA in M2M transfer

* Return values

» Most of CubeMX functions have return values, which indicate, if operation was successful,
timeout occurs of function end with error

» Is recommended handle this return values to be sure that program working as expected

Ex: Poll for process complete
(HAL_DMA _PollForTransfer)

N

HAL OK HAL_ERROR HAL_BUSY

Error occurs during DMA
transfer you use
HAL DMA GetError for
details what happened
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1.3.1 Use DMA in M2M transfer

* Return values

» Most of CubeMX functions have return values, which indicate, if operation was successful,
timeout occurs of function end with error

» Is recommended handle this return values to be sure that program working as expected

Ex: Poll for process complete
(HAL_DMA _PollForTransfer)

N

HAL OK HAL_ERROR HAL_BUSY

DMA transfer in progress,
user can only abort the
transfer
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1.3.1 Use DMA in M2M transfer

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* HAL functions for DMA
« HAL_DMA_Start(DMA_HandleTypeDef *hdma, uint32_t SrcAddress, uint32_t DstAddress,
uint32_t Datalength)
« HAL_DMA PollForTransfer(DMA_HandleTypeDef *hdma, uint32_t CompleteLevel, uint32_t
Timeout)

Ly,
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1.3.1 Use DMA in M2M transfer

« We create two buffers
* One with source data
e Second as destination buffer

/* USER CODE BEGIN © */

uint8 t Buffer_Src[]={9,1,2,3,4,5,6,7,8,9};
uint8 t Buffer Dest[10];

/* USER CODE END © */




1.3.1 Use DMA in M2M transfer

 HAL_DMA Start start the M2M data transfer

- HAL_DMA PollForTransfer check if the transfer ends successfully

/* USER CODE BEGIN 2 */
HAL_DMA_Start(&hdma_memtomem_dma2_streamd, (uint32_t) (Buffer_Src), (uint32_t) (Buffer_Dest), 10);
while(HAL_DMA_PollForTransfer(&hdma_memtomem_dma2_stream@, HAL_DMA_FULL_TRANSFER, 100) != HAL_OK)

{
__NOP();

¥
/* USER CODE END 2 */
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1.3.2 Data transfer over DMA with
interrupt lab
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1.3.2 Use DMA M2M with interrupt

* Objective
* Learn how to setup DMA transfer with interrupt in CubeMX
* Create simple DMA memory to memory transfer from RAM to RAM

* Goal
* Use CubeMX and Generate Code with DMA
* Learn how to setup the DMA in HAL
 Verify the correct functionality by comparing transferred buffers
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1.3.2 Use DMA M2M with interrupt

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* For DMA we don’t need to configure any pins

STM32F439ZITx
LQFP144

e |
=l
Pes |
=
ps |
Pess |
pess.|
lpra_|
or1 |
lpr2_|
pr3 |
lors |
rs |
Juss |
lvoo_|
lors |
pr7_|
lpra_|
prs |
leF10 |
priv. |
s
lpco_|
=
lec2 |
=N
lvoo_|
Jussh |
=
[voou
lpac.|
Pa1_|
lp2_|
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1.3.2 Use DMA M2M with interrupt mm

* In order to run on maximum frequency, setup clock system

* Details inlab O

RTC Clock Mux
P
32768 g: LSE = |—= 32 |ToRTC(KH)
LSI Ll 130 Ethernet PTP clock (MHz)
LSI RC J_—’ .
HCLK to AHE bus, core,
32 |ToIWDG (KHZ) " 180 o g care. memory
32 KHz
. System Clock Mux — /8 — % 225  ToCortex System timer (MHz)
HSL
b " 16  FCLKCortex clock (MHz)
16 MHz HsE SYSCLK (MHz) AHE Prescaler  HCLK (MH1) APB1 Prescaler
’ @ ™ 180 41 T — 180 —##j4 ¥ YT 435 APE1 peripheral clocks (MHz)
45 MHz max
180 MHz max
PLL Source Mux Fl¥la X2 —# 30 APB1Timer clocks (MHz)
. /f APB2 Prescaler
- Enable C53 iz T ERETEE 30 APB2 peripheral clacks (MHz)
Input frequency ja v X360 T 42w E] z max
HEE
- M N /P X2 - 180 APB2 timer clocks (MHz)
4-26MHz
4 - > ag 48MHz clocks (MHz)
125 source Mux
MainPLL /2
96 125 clocks (MHz)
X1 ¥ iz >
N IR
iz > 1>
. PLLIZS /Q .
= - SAL-A clocks (MHz)
MCO2 source Mux
SYSCLK E L i
.
SAIL-B source Mux
190 e ga v -
Ext.dock
> SAIL-B docks (MHz)
MCO1 so
x43 ¥ j4 x i1 = L
N Q
i 16 el T e
. : PLLLCDCLK : i
s o 2 b LCD-TFT clocks (MHz)
’I PLLSAT IR
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1.3.2 Use DMA M2M with interrupt mm

* DMA configuration
» TAB>Configuration

e System>DMA
. TAB>DMA2 1. TAB >

Configuration
« Button AD[F)..E e \/Z.System @
RoER &6J %’? » e~
\ |

| Pinout | Clock Conﬁgwahonl Configuration '%wer Consumption Calculator

onfiguration
E| ‘MiddleWares

E} © FATFS & DMA Configuration g
Dl ... [7] User-defined
. 5% FREERTOS

DMA1 fOMAZ Y MemToMem

L Enabled DMA Request Stream Direction Friority

3. TAB>DMA 2

—1
i [0 Activated I I

= o RNG
e [] Activated l i l’ Peleiz ]

= & TIM& DMA Reguest Settings
Peripheral Memory
e Activated
- [] one Pulse Mode Mode dress -] "]

E

.+ am 4. Add DMA
----- Activated -1 - | |Byte - |
. [] One Pulse Mode Chan n el /Sln le o | |Sin e = |
= & WWDG g =

- [[] Activated
KYI [aemy ][ oc ) [ concel |
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1.3.2 Use DMA M2M with interrupt

- DMA configuration
« Select MEMTOMEM

1. MEMTOMEM

DMA request
* Normal mode
DMA Fequest Direction Priority
* Increment source and MEMTOMEM DMA2 Stream 0 Memory To Memoary
destination address
* FIFO setup
- Burst size 5. Data width anb addresses
« Button OK —_ Burst
\ add | | Delete |
2. Normal DMA Reguest Settings
Src Memory Dst Memory
mode
Mode Mormal - Increment Address
Use Fifo Threshaold | Half Full - Data Width Eyte - Eyte -
4. FIFO setup |
Burst size snge v | snde -
i L E——
( 6. OK % ok || cancel
Ly
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1.3.2

* DMA configuration

Use DMA M2M with interrupt
1. TAB >

ConfiguratioD
» Enable DMA2 Stream interrupt

File Project Window Help / /
Button OK d

BoUR &0 +- a7 2. System > NVIC

| Pinout | Clack Configuration | Configuration | pawer Cansumption Calculator | \
onfiguration
Z-MiddleWares ,
E} % FATFS % NVIC Cenfiguration

B [ User-defined
B © FREERTOS

E|IP5 o Enaied Search | | E] E] Show only enabled interrupts

E| % CRC Interrupt Table Enabled  Preemption Priority Sub Priority

| b= Activated MNon Maskable Interrupt B o o

B % DMA2ZD Memory management fault [ 0 0

Pre-fetch fault, memory access fault [ 0 0

Activated Undefined instruction or ilegal state [ 0 0

- Debug Manitor 0 o 0

System tick timer & o 0

3 R E n ab | e D M A2 PVD through EXTI Line 16 interrupt [« 0 0

RCC global interrupt [a 0 0

ki

interrupts

Activated
: [] One Pulse Mode
B o TIM7
P Activated
: [] One Pulze Mode
B o WWDG

B Activated

life.augmented
MCUs Selection

Priority Group [0 bits for pre-emption priority 4 bits for subpriority

- ] Sort by Premption Priority and Sub Prority

NVIC ks )

RCC é'%é

4. OK

\@a Sub Priority

ﬂm ) Lot |




1.3.2 Use DMA M2M with interrupt

* Now we set the project details for generation

* Menu > Project > Project Settings & Project Settings M
» Set the project name =
» Project location Project Settings
« Type of toolchain r[::':‘tr:‘ame |
° Project Location
NOW We Can Generate COde |D:‘IRadek'\_Training_examples‘lF*’U:lrague_ZU14_modif_rny‘,|_abs‘l, || Browse I
* Menu > Project > Generate Code Project Folder
|D:Eadek\_Training_examples\F‘} - prague_2014_modif_my'\Labs\DMA_IT |
Toolchain [ IDE
lEW#\RM .70 -

Mcu and Firmware Package

Mcu Reference
STM32F435ZITx

Firmware Package Name and Version

|STM32CL|IJE FW_F4Vv1.3.0 - Use latest available version

m ok | | cancel
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

I
— DMA Initializations !

< including peripheral interrupt NVIC Generated by CubeMX
————_____initializations

—

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

( HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler \

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt mm

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

m interrupt generation at e%

of process
HAL DMA_Start_ IT

/\\

HAL_OK HAL_ERROR HAL_BUSY

/\

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

end of process callback

DMA_ XferCpltCallback
process Error callback

Defined by user

\DI\/IAXferErrorCallback !
- — !
1
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

DMA Initializations
w peripheral interrupt NVIC
initializations Generated in main.c

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

I
I
I
I
I
I
I
I
I
¥ ,
Mth interruptm I
( of process :
HAL_DMA_Start_IT '
!
[
HAL_OK HAL_ERROR HAL_BUSY ! HAL_DMA_IRQHandler H DMA2_StreamO_IRQHandler
I
—— !
| end of process callback o
DMA_XferCpltCallback b ‘ .
: We recommend to use it
| INn Maln.c
——
process Error callback 2\ 4

DMA_XferErrorCallback S '
—| i
1
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1.3.2 Use DMA M2M with interrupt mm

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

User defined functions. The
user must define functions by
himself and put function names
into DMA structure

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback
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1.3.2

HAL Library DMA with IT flow

Use DMA M2M with interrupt mem

DMA Initializations

including peripheral interrupt NVIC

initializations

Start process with interrupt generation at end

of process
HAL_DMA_Start_IT

N

HAL_OK

HAL_ERROR

HAL_BUSY

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback

Ly,

life.augmented

HAL_DMA_IRQHandler DMA2_StreamQ_IRQHandler

Generated In
stm32f4xx_it.c




1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler DMA2_StreamQ_IRQHandler

end of process callback
DMA_ XferCpltCallback

Defined in
stm32f4xx_hal _dma.c

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

I
I
DMA Initializations !
including peripheral interrupt NVIC : Start DMA buffer transfer
initializations I : .
: Not blocking function
I :
mss with interrupt gem : program can continue
< of process :
HAL_DMA_Start_IT '
S NS l
l
HAL_OK HAL_ERROR HAL_BUSY ! HAL_DMA_IRQHandler H DMA2_StreamO_IRQHandler
i
I
I
I

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Interrupt indicate DMA
process is half/complete
or error was detected

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_StreamQ_IRQHandler \

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt mm

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Process interrupt

Start process with interrupt generation at end iInformation
of process
HAL_DMA_Start_IT
HAL_OK HAL_ERROR HAL BUSY HAL_DMA_IRQHandler DMA2_StreamO_IRQHandler

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

end of process callback

DMA. XferGpitCallback Data correctly transferred

Complete callback
function

process Error callback
DMA_XferErrorCallback
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1.3.2 Use DMA M2M with interrupt mm

HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

end of process callback
DMA_ XferCpltCallback

process Error callback
DMA_XferErrorCallback

Error was detected
Error callback function
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1.3.2 Use DMA M2M with interrupt

HAL Library DMA with IT flow

DMA Initializations 1. DMA init
including peripheral interrupt NVIC —~——]
initializations :

2. DMA transfer

Start process with interrupt generation at end

of process S,tart
HAL_DMA_ Start_IT '
I
HAL_OK HAL_ERROR HAL BUSY : HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler
—
1
5. DMA 1: 4. AAL DVMA - L g \ c?grr? I\Iﬂe?et frniffér
end of process callback ' transter management \p,
DMA_XferCpltCallback was correct
] !
1
1
!
process Error callback 5. Error in DMA
DMA_XferErrorCallback transfer
e 1
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1.3.2 Use DMA M2M with interrupt mm

* Now we open the project in our IDE
» The functions we want to put into main.c
* Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

 DMA callback function

 We need to add the name of callback function into DMA structure

» HAL functions for DMA

« HAL DMA Start IT(DMA_HandleTypeDef *hdma, uint32_t SrcAddress, uint32_t DstAddress,
uint32_t Datalength)

Ly,
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1.3.2 Use DMA M2M with interrupt mm

« We create two buffers
* One with source data
e Second as destination buffer

/* USER CODE BEGIN © */

uint8 t Buffer_Src[]={9,1,2,3,4,5,6,7,8,9};
uint8 t Buffer Dest[10];

/* USER CODE END © */




1.3.2 Use DMA M2M with interrupt

* DMA callback creation function prototype

/* USER CODE BEGIN © */
uint8_t Buffer Src[]={9,1,2,3,4,5,6,7,8,9};
uint8 t Buffer Dest[10];

void XferCpltCallback(DMA HandleTypeDef *hdma);
/* USER CODE END © */

* DMA complete callback with nop where we can put breakpoint

/* USER CODE BEGIN 4 */
void XferCpltCallback(DMA HandleTypeDef *hdma)

{

}
/* USER CODE END 4 */

__NOP();//we reach this only if DMA transfer was correct

Ly,
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1.3.2 Use DMA M2M with interrupt

* DMA Start

» Before we start the DMA with interrupt we need to set the callback into DMA structure
« Thenis possible use the HAL_DMA Start_IT to begin DMA transfer

/* USER CODE BEGIN 2 */

hdma_memtomem_dma2_stream@.XferCpltCallback=&XferCpltCallback;

HAL DMA Start IT(&hdma_memtomem dma2 stream@, (uint32 t)Buffer_Src,(uint32_t)Buffer Dest,10);
/* USER CODE END 2 */

Ly,
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2.1.1 UART Poll lab

00000000000




2.1.1 Simple UART communication

* Objective
* Learn how to setup UART in CubeMX
* How to Generate Code in CubeMX and use HAL functions
« Work in pairs, one will create transmitter and second receiver

* Goal

* Configure UART in CubeMX and Generate Code
* Learn how to send and receive data over UART without interrupts
 Verify the correct functionality

life.augmented



2.1.1 Simple UART communication

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* Pin selection
» We are looking for free pins where is possible to create wire loopback connection

life.augmented



2.1.1 Simple UART communication

Table 6. MCU pin description versus board function (page 1 of 7)
° P|n Selectlon MCU pin Board function
c 5 F
. . [ = 2 2
« We are looking for free pins 3 : 5|8 - 2
 looking for free p EERHHHRHEEEHEE H HEFFIRE
where is possible to create S &|8|8 g|S |8 ERE HE g
wire loopback connection
BOOTO |138 E 21
= =
NRST |25 | B @ % @ o 5 12
= €| | &
PAD 34 0 18
PA1 35 E 17
PAZ 36 E 20
PA3 a7 8|8 19
[ S
PAd a0 “E} E 22
Image from e == -
STM32F429-Discovery PR 42 HE 24
t
user manual e o 2 ) .
/ g
PAB 100 g g 3 53
PAD 101 52
PAID 102 51
=+
FA11 103 E x 50
wr
PA12 104 E = 49
Kys :
PA13 105 4 48
life.augmented @
R ——



2.1.1 Simple UART communication

* Pin selection

» We are looking for free pins where is possible to create wire loopback connection

Table 12. STM32F427xx and STM32F429xx alternate function mapping

AFO | AF1 AF2 AF3 | AF4 | AF5 | AF6 AFT AF8 AF9 AF10 AF11 AF12 | AF13 | AF14 | AF15
Port CAN1/2/TIM | OTG2_HS
Timele/ | 12c1/ | SPHs1 | sPiziass | SPiaus |usaRTeU - FMCISDIO
svs | mwiz | Tmswis | TORe" | DR Sisls | TTAN | ARTiz [ARTase| 121314 | lOTG1 | ETH | [orofed | pom | Lep | svs
oo | . e | TMs_ | Tme_ | ] o JusarT2_ | aera 1x ) ) ETH_MIL . . | Eeven
CH1 ETR CTs - CRS TOUT
_ETR
ETH_MIL_
TiM2_ | TIMs_ USARTZ_ RX_CLK/E ) ) | even
paL | - CHZ CH2 : : : : RTs _ JUARTSRX TH_RMIL TOUT
REF_CLK
paz |- TiMz_ | Tims. | Time_ | . ~ JusarTz_ i . . ETH_ i i | even
CH3 CH3 CH1 TX MDIO TOUT
|| nage fr0| Nn TIMZ_ | TIM5_ | TiMe_ USARTZ_ OTG_HS_ | ETH_MIL EVEN
g PA3 h CH4 CH4 CH2 - N : RX - N ULPI_DO CcoL B B LCD_BS TOUT
ST M 3 2 F429 spi_ | SPE ysarte OTG_HS_ | DCMI_ | LoD | EVEN
Pag | - - - - - - | nssT - ; - - - _HS_ _ _
NSS cK SOF | HSYNC | VSYNC | TOUT
datasheet —
TiM2
L TiM8_ SPIT_ OTG_HS_ EVEN
PAS |- | CHITIM2 . cHiN | © | ‘scK . . - - ULPT_CK - . - © | tour
Port A -
TIMI_ | TIM3_ | TIMB_ SPIT_ DCMI_ EVEN
\ PAG | - BKIN CHI BKIN | -~ | MISO - - - TIM13_CH1 - - - PIXCLK | “CP-82 | touT
ETH_MII_
TiM1 TMa_ | TiMe SPI RX DV EVEN
PAT | - CHIN | cHz | cHIN | | MOSI : : : TImt4_GH ETH_RMII : : © | Tout
_CRS_DV
TIM1_ i2c3_ | ~ JusarTi_ ] i OTG_FS_ i ] ] EVEN
PAB | MCO1 CH1 ° ) SCL CK SOF LCD_RS | oyt
PAg TIM1_ 12C3_ USART1_ DCMI_ EVEN
- CHZ - - |swmea| - - T - - - - - DO - | Tour
oato | . TIMT_ ] ] i i ~ JusarTi_ ] i OTG_FS_ i ] DCMI_ | even
CH3 RX [ D1 TOUT
TIM1_ USART1_ OTG_FS_ EVEN
r PA11 - CHa - - - - - oTs - CANT_RX e - - - LCD_R4 | 1007
, ‘ TIMI_ USART1_ OTG_FS_ EVEN
life.qugmented Pmz (- ETR . : : . . RTS . CAN1_TX DP : . . LCD_RS | rour




2.1.1 Simple UART communication

» Hardware preparation
» We connect selected pins together by jumper, this help us to create loopback on UART

N/ PD3 |

PC12,.5)

3z
3 MB10758
very

Ri
2F4291-DISCO g

=]

Hardware
connection
RX <-TX
TX>RX

Ly,
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2.1.1 Simple UART communication

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX UART selection

» Select USARTL1 in asynchronous mode
» Select PA9 and PA10 for USARTL1 if weren't selected

it

wrE EERE W

- & UARTS

i & UARTZ

" % UARTS USART1_RX
% USART1 USART1_TX

E----Mnde Asynchronous
. “Flow Control (R5232) | Disable
4 & USART2

Ly,
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2.1.1 Simple UART communication

* In order to run on maximum frequency, setup clock system

* Details inlab O

RTC Clock Mux
== —a 32 |ToRTC(KHz)
Ls1 » 180 Ethernet PTP clock (MHz)
.
. HCLK to AHB bus, core, memaory|
32 |ToIWDG (KHz) " 2 oMAmMHY
System Clock Mux [ /&8 ———————® 225 To Cortex System timer (MHz)
HsI RC
HEL
16 = ——————————% 16  FCLK Cortex clock (MHz)
16 MHz - SYSCLK (MHZ) | AHE Prescaler  HCLK (MHz) APE1 Prescaler
(0 ™ 180 J1. T — 180 —¢+/4 0T 45 APB1 peripheral clocks {MHz)
180 MHz max
PLL Source Mux =) 30 APE1Timer clocks (MHz)
HSL ,4/ APBZ Prascaler
b Enabls £33 Lejz = T 30 APE2 peripheral clocks (MHz)
Input frequency PP X360 v iz v - 90 MHz max
HIE
L) M =N /P %2 —® 130  APB2timer clocks (MHz)
4-26MHz
PP 30 |48MHz docks (MHz)
; 125 source Mux
Main PLL Q
——» 25 125 clocks (MHz)
PET RN N R, .
N IR
SALL-A source Mu
Pra 1 -
PLLI2S e :
- — — 1235  [SAI-A docks (MHz)
MCO2 source Mux
s
.
SAI1-B source Mux
MHz) MCOZ [Ws 180 il e
1225 |SALE docks (MHz)
MCO1 so
X435 v i4 T—— .
*N 4]
) MCOL L -l T - - I
. PLLLCDCL K
T e ¥ VR 1225  |LCD-TFT clocks (MHz)
. PLLCLK PLLSAT IR
life.augmented S— —




2.1.1 Simple UART communication

* CubeMX UART configuration
» Tab>Configuration>Connectivity>USART1

% STM32CubeMX Untitled™: STM32F429Z1Tx

File Project Window Help

|Pinout| Clock Configuration
Configuration
E-MiddleWares
E} “ FATFS
- [[] User-defined
5 & FREERTOS

i... [ Enabled

- ¥ CRC Middlewares

i [0 Activated
DMAZD

o 7] Activated

IWDG

- % RNG
=] | (=8
TIMG —r .

i [C] Activated USART: Universal Synchronous/Asynchronous Receiver Transmitter
. [[] One Pulse Mode configured. You can generate code using the current values.

@ TIM7 NVIC :||-)'5’I

Activated

USART1
. Mode: Asynchronous
- B WWDG
" [7] Activated




2.1.1

* CubeMX USART configuration check:

Ly,

life.augmented

BaudRate
World length
Parity

Stop bits
Data direction
Oversampling

Simple UART communication

@ USART1 Configuration

o Parameter Settings | o/ NVIC Settings | </ DMA Settings | </ GPIO Settings
Configure the below parameters :

[=] Basic Parameters

Word Length & Bits (including Parity)
Parity More
Stop Bits 1

= Advanced Parameters

Data Direction Receive and Transmit

Over Sampling 16 Samples

Baud Rate
BaudRate must be between 110 Bits/s and 10.5 MBits/s,




2.1.1 Simple UART communication

* CubeMX USART GPIO configuration check:

* On high baud rate set the
GPIO speed to HIGH b Confou

USART1 |

Search Signals

» TAB>Configuration>System>

| search (CriHF) Show only Modified Pins
>GPIO :
Pin Name Signal on Pin GPIO mode GPIO Pull-up/Pu...] Maximum outpu... User Label Modified
» Set the HIGH output speed .
] USART1_RX Alternate Functio... Pull-up
Button OK

PA10 Configuration :

GPIO mode [Altemate Function Push Pull

GPIO Pull-up/Pull-down [Pull-up

Maximum output speed [High

User Label |

Ly,
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2.1.1 Simple UART communication

* Now we set the project details for generation

» Menu > Project > Project Settings § s Pproject Settings e
» Set the project name [ Project | Code Generator|

» Project location Project Settings
Project Mame
\USART_Pool |

» Type of toolchain

* Now we can Generate Code LEE T " |

|D:\,Radek‘l,_Training_examples‘l,l:drjrague_zn14‘|J_abs

* Menu > Project > Generate Code Project Folder
|D:\,Radek‘l,_Training_examples‘l,l:drjrague_zn14‘|J_abs1l|U5.ﬁ.RT_Poo| |

Toolchain / IDE
[EW.&RM 5.70 -

Mcu and Firmware Package

Mcu Reference
STM32F42521Tx

Firmware Package Mame and Version

|5TM32CU|:|E FW_F4v1.3.0 -

Use latest available version

"I Ok ] [ Cancel

life.augmented




2.1.1 Simple UART communication

HAL Library init flow

( Peripheral Initializations ><_ o _
' — CubeMX UART init start in
main.c file

MX_USART1_UART_Init();

2

Init UART1 structure

3

HAL_UART_Init(&huartl);

.

HAL_UART_Msplnit callback

|

Init GPIO and NVIC for UART

|

life.augmented



2.1.1

Simple UART communication

HAL Library init flow

1. We need init

Peripheral Initializations UART1

]

MX_USART1_UART_Init();

life.augmented

2

Init UART1 structure

3

HAL_UART_Init(&huartl);

.

HAL_UART_Msplnit callback

|

Init GPIO and NVIC for UART

|




2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1

@x_USARTl_UART_mit();)q_ CubeMX create for Us

# function which handle
Init UART1 structure UART initialization

3

HAL_UART_Init(&huartl);

.

HAL_UART_Msplnit callback

|

Init GPIO and NVIC for UART

|

life.augmented



2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

Init UART1 structure

3

HAL_UART_Init(&huartl);

.

HAL_UART_Msplnit callback

|

Init GPIO and NVIC for UART

|

life.augmented



2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

- _n

<r_: Init UART1 structure >4— CubeMX fill the UART
* structure with parameters

; which we choose in
HAL—UART—Imt(imartl); Configuration window

HAL_UART_Msplnit callback

|

Init GPIO and NVIC for UART

|

life.augmented



2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

3 _n

Init UART1 structure 3. Store UART1 configuration

‘ into structure

HAL_UART _Init(&huartl);

.

HAL_UART_Msplnit callback

|

Init GPIO and NVIC for UART

Ly,
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2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

3 _n

Init UART1 structure 3. Store UART1 configuration

' into structure
<E—IAL_UART_Init(&huart1); ><—. Function wrote

;' parameters from structure
HAL_UART_Msplnit callback into UART1 registers

|

Init GPIO and NVIC for UART

Ly,
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2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

3 _n

Init UART1 structure 3. Store UART1 configuration

‘ into structure

HAL_UART_Init(&huartl); | 4 \rite to UART1 registers
@L_UART_MSpInit callback><_. Optional callback from
HAL_UART _Init function,

- ' be default empty weak
Init GPIO and NVIC for UART function

i
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2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

3 _n

Init UART1 structure 3. Store UART1 configuration

‘ into structure

HAL_UART_Init(&huartl); | 4 write to UART1 registers
@L_UART_MSpInit callback><—. CubeMX configure here
UART1 GPIOs and

_ t enable UART1 clock
Init GPIO and NVIC for UART system

|

i

Ly,
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2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

3 _n

Init UART1 structure 3. Store UART1 configuration

‘ into structure

HAL_UART_Init(ihuartl); 4. Write to UART1 registers

HAL_UART_MSp“’]it callback 5. UART1 init callback

Init GP10 and NVIC for U@q_ CubeMX configure here
UART1 GPIOs and

enable UART1 clock
system and NVIC

Ly,
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2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

3 _n

Init UART1 structure 3. Store UART1 configuration

‘ into structure

HAL_UART_Init(&huartl); | 4 \rite to UART1 registers

¥ —

HAL_UART_MSp“’]it callback 5. UART1 init callback
Init GPIO and NVIC for UART 6. UART1 GPIOS, NVIC and RCC init

Ly,

life.augmented



2.1.1 Simple UART communication

HAL Library init flow

1. We need init
Peripheral Initializations UART1
‘ 2. Call UART1 init
MX_USART1_UART_Init(); function

3 _n

Init UART1 structure 3. Store UART1 configuration

‘ into structure

HAL_UART_Init(&huartl); | 4 \rite to UART1 registers

; —

HAL_UART_MSp“’]it callback 5. UART1 init callback
Init GPIO and NVIC for UART 6. UART1 GPIOS, NVIC and RCC init

7. Next periph init or user code

Ly,
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2.1.1 Simple UART communication

HAL Library transmit flow

( Peripheral Initializations )ﬂ\ Generated by
t CubeMX

Polling process Function blocks
HAL_UART_Transmit Polling with timeout
HAL_TIMEOUT HAL_OK HAL_ERROR HAL_BUSY

life.augmented



2.1.1 Simple UART communication

HAL Library transmit flow

; — Created by user
Peripheral Initializations

I S

— .
< Polling process
_____ HAL_UART_Transmit

‘\
Function blocks

Polling with timeout

|

HAL_TIMEOUT HAL_OK HAL_ERROR HAL_BUSY




2.1.1 Simple UART communication

HAL Library receive flow

( Peripheral Initializations )ﬂ\ Generated by
t CubeMX

Polling process Function blocks
HAL UART_Receive Polling with timeout
HAL_TIMEOUT HAL_OK HAL_ERROR HAL_BUSY

life.augmented



2.1.1 Simple UART communication

HAL Library receive flow

; — Created by user
Peripheral Initializations

I S

— .
< Polling process
____ HAL_UART Receive

‘\
Function blocks

Polling with timeout

|

HAL_TIMEOUT HAL_OK HAL_ERROR HAL_BUSY




2.1.1 Simple UART communication

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags
* Into infinite while function

* For transmit use function
« HAL_UART_Transmit(UART_HandleTypeDef *huart, uint8_t *pData, uintl6 _t Size, uint32_t Timeout)

* For receive use function
« HAL UART_Receive(UART_HandleTypeDef *huart, uint8_t *pData, uintl6 t Size, uint32_t Timeout);

Ly,
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2.1.1 Simple UART communication

* Transmit solution

» Create data structure for data
/* USER CODE BEGIN © */

uint8_t data[]={0,1,2,3,4,5,6,7,8,9};
/* USER CODE END © */

 Call transmit function from while loop

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{
HAL UART Transmit(&huartl,data,10,1000);

¥
/* USER CODE END 3 */




2.1.1 Simple UART communication

» Receilve solution

* Create data structure for data

/* USER CODE BEGIN © */
uint8 t data[10];
/* USER CODE END © */

 Call transmit function from while loop

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{
HAL_UART_Receive(&huartl,data,10,1000);

¥
/* USER CODE END 3 */

life.augmented
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2.1.2 Use UART with interrupt

* Objective
e Learn how to setup UART with interrupts in CubeMX
* How to Generate Code in CubeMX and use HAL functions
» Create simple loopback example with interrupts

* Goal

* Configure UART in CubeMX and Generate Code
* Learn how to send and receive data over UART with interrupts
 Verify the correct functionality

life.augmented



2.1.2 Use UART with interrupt

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* Pin selection

* It will be same as previous lab we use again PA9 and PA10

e - rrEELE w

- © UARTS
G- & UARTZ
- & UARTS
- ® USART1
: é----Mnde Asynchronous

~ -Flow Control (R5232) | Disable
- & USART2

LISART1_RX
LSART1_TX

Ly,
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2.1.2 Use UART with interrupt

« Hardware preparation

» We connect selected pins together by jumper, this help us to create loopback on UART

Hardware
loopback

PGS i) B

’ oND () 38!

Ly,
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2.1.2 Use UART with interrupt mm

* In order to run on maximum frequency, setup clock system

* Detailsinlab 0

RTC Clock Mux
LSE a3 [TorTC Mz
Lt 180 Ethemnet PTF clock (MHz)
.
. ) 5o HCLK to AHB bus, core, memary
3 I _—
32 |ToIWDG (KHz) and DMA (MHz)
System Clack Mux — /8 —————————® 215  To Cortex System timer (MHz)
HSLRC
H
16 2 ] = 16 FCLK Cortex clock (MHz)
16 MHz - SYSCLK (MHz) | AHE Prescaler  HCLK (MHz) APEI Prescaler
. @ ™ 130 41 v — = a0 YT 45 APB1 peripheral clocks (MHz)
PLL Source Mux PO @ X2 —w 50 APBI Timer clocks (MHz)
- /f APBZ Prescaler
Enable 53 2T o 50 APB2 peripheral clocks (MHz)
Input fraquency jg& X360 T — 42 ¥ - b S
HSE
M =N /P X2 —w= 130  APB2 timer clocks (MHz)
P > 20 |48MHz docks (MHz)
_ / 125 source Mux
Main PLL /Q
Extdock
s
——® 35 25 docks (MH2)
X192 ¥ == j2 ¥ .
N IR
i YR
PLLI2S ‘e I
— i 1225  [SAL-A clocks (MHz)
MCO2 source Mux
.
.
SALL-B source Mux
- v e
Extdock
1235  |SAL-E docks (MHz)
MCO1 so
X493 ~ FET i > -
N /9
. -l T
.
iz > PIRE. 1225  |LCD-TFT clocks (MHz)
. PLLSAI /R
life.augmented e — =




2.1.2 Use UART with interrupt

* CubeMX UART configuration
» Tab>Configuration>Connectivity>USART1

% STM32CubeMX Untitled™: STM32F429Z1Tx

File Project Window Help
i BodR ST 4= 2P
|Phnut|[io¢:kﬂmﬁguaﬁm ‘Configuration § power Consumption Calculator

Configuration
=-MiddleWares
- & FATFS

boo. [ User-defined
FREERTOS
i [[] Enabled

- ¥ CRC Middlewares

i [0 Activated
DMAZD

o 7] Activated

IWDG

- % RNG
TIMG —r .

Activated USART: Universal Synchronous/Asynchronous Receiver Transmitter
. [[] One Pulse Mode configured. You can generate code using the current values.

@ TIM7 NVIC :||-)'5’I

- [] Activated

USART1
. Mode: Asynchronous
- B WWDG
" [7] Activated




2.1.2

Use UART with interrupt

* CubeMX UART configuration check:

» BaudRate

» World length
» Parity

» Stop bits

» Data direction
» Oversampling

Ly,
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@ USART1 Configuration

«/7 Parameter Settings | o/ NVIC Settings | </ DMA Settings | o/ GPIO Settings
Configure the below parameters :

= Basic Parameters

Word Length @ Bits (induding Parity)

Parity Nane
Stop Bits 1
= Advanced Parameters
Data Direction Receive and Transmit

Ower Sampling 16 Samples

Baud Rate
BaudRate must be between 110 Bits/s and 10.5 MBits/s.




2.1.2 Use UART with interrupt

* CubeMX USART configuration NVIC settings
« TAB>NVIC Settings SRUSARTL Contau i

« Enable interrupts | o/ Parameter Settings | /" NVIC Settings | /7 DMA Settings | «// GPIO Settings

Interrupt Table Enabled Preemption Priority

« OK |

life.augmented




2.1.2 Use UART with interrupt

* Now we set the project details for generation
» Menu > Project > Project Settings I s project settings )

 Set the project name Project | Code Generatar]
» Project location Project Settings

Project Name
\USART_IT| |

» Type of toolchain

* Now we can Generate Code e " |

|D:\,Radek‘l,_Training_examples\,l:*%jrague_zn14\,Labs‘|,

* Menu > Project > Generate Code Project Folder
|D:\P.adek‘l._Training_examples\,F‘U:rague_Zﬂ14\,Labs‘l|lJSART_1T |

Toolchain / IDE
lEW.ﬁRM 8,70 -

Mcu and Firmware Package
Mcu Reference
STM32F439ZITx

Firmware Package Mame and Version

|STM32CUI:|E FW_F4V1.3.0 - Use latest available version

m Ok | [ concel

life.augmented —




2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Receive_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler H USART1_IRQHandler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.2 Use UART with interrupt

HAL Library UART with IT transmit flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler H USART1_IRQHandler

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.2 Use UART with interrupt

HAL Library UART with IT transmit flow

I
I
— Peripheral Initializations !
< including peripheral interrupt NVIC Generated by CubeMX
————_____initializations

—

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL _OK HAL_ERROR HAL_BUSY

( HAL_UART_IRQHandler H USART1_IRQHandler \

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

m interrupt generation at e%

of process
HAL UART Transmlt IT

/\\

HAL_OK HAL_ERROR HAL_BUSY

/\

HAL_UART_IRQHandler H USART1_IRQHandler

end of process callback

HAL_UART_TxCpltCallback
process Error callback

Defined by user

HAL UART ErrorCallback !
— — " !
1

life.augmented



2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

i
Perlpheral Initializations :

ludi heral interrupt NVIC i i
w anfl'tﬁ’alfzr:u;”ngrr“p Generated in main.c and
stm32f4xx_hal _msp.c

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler H USART1_IRQHandler

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

(mm interruptm

of process
HAL_UART_Transmit_IT

HAL_UART_IRQHandler H USART1_IRQHandler
A

HAL_UART _ErrorCallback S
—|

HAL_OK HAL_ERROR HAL_BUSY 1
i
1
—— l
| end of process callback o
HAL_UART_TxCpltCallback Dy ‘ _
i We recommend to use it
| INn Main.c
|
process Error callback 2\ 4

1
1
1
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler H USART1_IRQHandler

Defined as __weak you can
find name of this functions in
stm32f4xx_hal uart.c

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler USART1_IRQHandler

end of process callback
HAL_UART_TxCpltCallback

Generated In
stm32f4xx_it.c

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler USART1_IRQHandler

end of process callback
HAL_UART_TxCpltCallback

Defined in
stm32f4xx_hal _uart.c

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

1
Peripheral Initializations :
including peripheral interrupt NVIC : Send buffer over UART
initializations I . .
: Not blocking function
1 .
mss with interrupt gem : program can continue
< of process :
HAL_UART_Transmit IT '
P WS l
l
HAL_OK HAL_ERROR HAL_BUSY . | HAL_UART_IRQHandler H USART1_IRQHandler

i
1
1
1

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Interrupt indicate the data
register is empty we can
send more data or error

was detected

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

7 N
HAL_OK HAL_ERROR HAL_BUSY HAL_UART_IRQHandler USART1_IRQHandler
_ N v

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Process interrupt

Start process with interrupt generation at end iInformation
of process
HAL_UART_Transmit_IT
HAL_OK HAL_ERROR HAL BUSY HAL_UART_IRQHandler USART1_IRQHandler

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC

1
1
1
1
!
initializations 1 C -

| Send more data if is buffer

1
Start process with interrupt generation at end : not empty
of process :
HAL_UART_Transmit_IT !
!
HAL_OK HAL_ERROR HAL_BUSY i (| HAL_UART_IRQHandler USART1_IRQHandler

A
1
1
1

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler H USART1_IRQHandler

end of process callback

HAL_UART_TxCpltCallback If data buffer is empty use

Complete callback
function

process Error callback
HAL_UART _ErrorCallback
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Transmit_IT

N

HAL _OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler H USART1_IRQHandler

end of process callback
HAL_UART_TxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Or if error was detected
use Error callback
function

Ly,
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2.1.2 Use UART with interrupt

HAL Library UART with IT receive flow

Peripheral Initializations 1. UART1 init
including peripheral interrupt NVIC 1
initializations 1
1

2. UART1 send

Start process with interrupt generation at end

of process bL.]ﬁer
HAL_UART_Transmit_IT !
I
HAL_OK HAL_ERROR HAL_BUSY . | HAL_UART_IRQHandler H USART1_IRQHandler
——— 1
) 4. Send more \ 3. UART1 Tx
data or manage register empty
end of process callback 5. Buffer sent error ~—
HAL_UART_TxCpltCallback .
] !
1
1
!
process Error callback 5. Transmit error
HAL_UART_ErrorCallback '
e 1

Ly,
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2.1.2 Use UART with interrupt

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For transmit use function
« HAL UART_ Transmit_IT(UART_ HandleTypeDef *huart, uint8_t *pData, uintl6 _t Size);

* For receive use function
« HAL UART_Receive IT(UART_ HandleTypeDef *huart, uint8 t *pData, uintl6 t Size);

Ly,
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2.1.2 Use UART with interrupt

« Buffer definition

/* USER CODE BEGIN © */

uint8 t tx buff[]={e,1,2,3,4,5,6,7,8,9};
uint8 t rx buff[10];

/* USER CODE END © */

« Sending and receiving methods

/* USER CODE BEGIN 2 */
HAL UART Receive IT(&huartl,rx_buff,10);
HAL UART Transmit IT(&huartl,tx buff,10);
/* USER CODE END 2 */




2.1.2 Use UART with interrupt

« Complete callback check
« We can put brakepoints on NOPs to watch if we send or receive complete buffer

/* USER CODE BEGIN 4 */
void HAL_UART_RxCpltCallback(UART_HandleTypeDef *huart)

{
__NOP();//test if we reach this position
}
void HAL UART_ TxCpltCallback(UART HandleTypeDef *huart)
{
__NOP();//test if we reach this position
}

/* USER CODE END 4 */
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2.1.3 UART DMA lab

00000000000




2.1.3 Use UART with DMA transfer

* Objective
e Learn how to setup UART with DMA in CubeMX
« How to Generate Code in CubeMX and use HAL functions
* Create simple loopback example with DMA

* Goal

* Configure UART in CubeMX and Generate Code
* Learn how to send and receive data over UART with DMA
 Verify the correct functionality

life.augmented



2.1.3 Use UART with DMA transfer

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* Pin selection

* It will be same as previous lab we use again PA9 and PA10

e - rrEELE w

- © UARTS
G- & UARTZ
- & UARTS
- ® USART1
: é----Mnde Asynchronous

~ -Flow Control (R5232) | Disable
- & USART2

LISART1_RX
LSART1_TX

Ly,
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2.1.3 Use UART with DMA transfer

« Hardware preparation

» We connect selected pins together by jumper, this help us to create loopback on UART

Hardware
loopback

PGS i) B

’ oND () 38!

Ly,
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2.1.3

* Details inlab O

/4

life.augmented

Use UART with DMA transfer

* In order to run on maximum frequency, setup clock system

Input frequency

RTC Clock Mux

I To RTC (KHz)
— -
[ 32 |ToIwDG (KHz) _———————
i AT e——
. System Clock Mux
H
16 Sl .
16 MHz wise SYSCLK (MHz) AHE Prescaler  HCLK (MHz) AP81 Prescaler
e @ ™ 130 Bl = a0 -
45 MHz max
PLLCLK|
PLL Source Mux - X2
- /f APBZ Prescaler
—~@ I
Enable G538 30 MHz max
j8 T X0 T T 42 T -
HSE
- /M N i X2 |
= -
) . 125 source Mux
Main PLL /Q
Ext clock
—
S
X132 ~ iz = -
N iR
j2 v 1>
PLLI2S ‘e I
MCO2 source Mux
=
=
SAIL-B source Mux
- - -
Ext clock
MCO1 sox
K43 Y44 v 1 - >
N Q
- - -
=
s -
PLLSAL T

180 Ethernet PTP clock (MHz)

HCLK to AHB bus, core, memaory

10 and DMA (MH2)

225 To Cortex System timer (MHz)

16 FCLK Cortex clock (MHz)

45 APBI peripheral clacks (MHz)
S0 APBI Timer clocks (MHz)

20 APB2 peripheral clocks (MHz)

180 APE2 timer clocks (MHz)

48MHz docks (MHz)

96 125 dlocks (MHz)

SAL-A clocks (MHz)

1225

1225 SAL-B docks (MHz)

1225 LCD-TFT clocks (MHz)




2.1.3 Use UART with DMA transfer

* CubeMX UART configuration
» Tab>Configuration>Connectivity>USART1

% STM32CubeMX Untitled™: STM32F429Z1Tx

File Project Window Help

|Pinout| Clock Configuration
Configuration
E-MiddleWares
E} “ FATFS
- [[] User-defined
5 & FREERTOS

i... [ Enabled

- ¥ CRC Middlewares

i [0 Activated
DMAZD

o 7] Activated

IWDG

- % RNG
=] | (=8
TIMG —r .

i [C] Activated USART: Universal Synchronous/Asynchronous Receiver Transmitter
. [[] One Pulse Mode configured. You can generate code using the current values.

@ TIM7 NVIC :||-)'5’I

Activated

USART1
. Mode: Asynchronous
- B WWDG
" [7] Activated




2.1.3

* CubeMX USART configuration check:

Ly,

life.augmented

BaudRate
World length
Parity

Stop bits
Data direction
Oversampling

Use UART with DMA transfer

@ USART1 Configuration

o Parameter Settings | o/ NVIC Settings | </ DMA Settings | </ GPIO Settings
Configure the below parameters :

[=] Basic Parameters

Word Length & Bits (including Parity)
Parity More
Stop Bits 1

= Advanced Parameters

Data Direction Receive and Transmit

Over Sampling 16 Samples

Baud Rate
BaudRate must be between 110 Bits/s and 10.5 MBits/s,




2.1.3

* CubeMX USART configuration DMA settings

 TAB>DMA Settings
« Button ADD

Ly,
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@ USART1 Configuration

Use UART with DMA transfer

| o/ Parameter Settings | o/ nviC Settings [ <) DVA Settings IQ:? GPIO Settings

DMA Request Stream Direction Priority
I add | | Delete |
DMA Reguest Settings
Peripheral Memary
Mode |Nl:|rma| - | Increment Address "] "]
UseFifo [ ] Threshold |One Quarter Full - Data Width |B\,-'te - ‘ |B\,-'te - ‘
Burst Size |Single - ‘ |Single - ‘
| ey | [ ok | [ concel |




2.1.3 Use UART with DMA transfer

+ CubeMX USART configuration DMA Tx settings

« Set USART1_TX request * USARTL Configuration
« Memory to peripheral direction |8/ Paenete setings | of hic stings | o DM Settnas | of GPI0 setings

¢ Normal mode DMA Reguest Direction
5 ; DMAZ Stream 7 Memary To Peripheral
» Byte data width

* Increment memory address

[_Add | [ Deete |

DMA Reguest Settings
Peripheral Memory

Mode [Normal - l Increment Address

Use Fifo Threshold |HaIfFuII v| IDa'ﬁ Width ’the v] ‘Byte v|

—
Burst Size Single - Single -

Loy | [ ok ][ concal ]

Ly,
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2.1.3 Use UART with DMA transfer

* CubeMX USART configuration DMA Rx settings

* Button ADD © USARTI Configuration
. Set USARTL_RX request | o Parameter Settings | o/ NVIC Settings | «/” DMA Settings | o/7 GPIO Settings

(V]

 Peripheral to memory direction DHA Request i SEE— Priority
b Normal mOde Peripheral To Memory
» Byte data width

* Increment memory address

[_Acd | [ Deete |

DMA Reguest Settings

Peripheral Memaory
Mode ’Normal - ] I Increment Address

Use Fifo Threshold |HaIfFuII v‘ IDaIa Width [the |Eh,rte

Burst Size |Single |Sing|e

Ly,
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[_peey | | | [Lcancel ]




2.1.3 Use UART with DMA transfer

* CubeMX USART configuration NVIC settings

 TAB>NVIC Settings % USARTI Configuration
« Enable DMA2 interrupts for | o/ Parameter Settings| /" NVIC Settings | o/” DMA Settings | o/ GPIO Settings |
USARTl Interrupt Table Enabled Preemption Priority Sub Priarity
USART1 global interrupt | o o
e Button OK DMAZ2 Stream?2 global interrupt /] 0

DMAZ Stream7 global interrupt

Ly,
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2.1.3 Use UART with DMA transfer

* Now we set the project details for generation
* Menu > Project > Project Settings I Project Settings

» Set the project name Project | Code Generator|

» Project location Project Settings

Project Name
\UART_DMA |

» Type of toolchain

« Now we can Generate Code et ]

|D:‘P.adEk‘l,_Training_Examples\FqJ:wague_?_U 14\Labs! || Browse

* Menu > Project > Generate Code Project Folder
|D:‘P.adEk‘\_Training_exampﬂes\FqJ:wague_ZU141I.Labs‘\UART_DMA |

Toolchain [ IDE
’EWARM 6.70 -

Mcu and Firmware Package

Mcu Reference

STM32F4352ITx

Firmware Package Mame and Version

|5TM32CUIIIE FW_F4V1.3.0 - Use latest available version

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

HAL_DMA_IRQHandler DMA_Stream_IRQ
Handler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

I
I
i
Peripheral Initializations :
including DMA stream initializations

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

Generated by CubeMX

DMA_Stream_IRQ

HAL_DMA_IRQHandler

Handler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

interrupt generation at end of process

HAL_UART Receive_ DMA
; \ ™~

HAL_OK HAL_ERROR HAL_ERROR

< tart process with DMA end of transfer

AL_DMA_IRQHandler DMA_Stream_IRQ
Handler

; end of process callback

HAL_UART_RxCpltCallback

Defined by user

process Error callback
AL_UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

i

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

Generated in main.c and
stm32f4xx_hal _msp.c

HAL_DMA_IRQHandler DMA_Stream_IRQ
Handler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

< ST process with DMA end of ransfer—

interrupt generation at end of process
HAL_UART_ Receive_ DMA

.~ \

HAL_OK HAL_ERROR HAL_ERROR

AL_DMA_IRQHandler DMA_Stream_IRQ
Handler

We recommend to use it
INn main.c

< end of process callback

HAL_UART_RxCpltCallback

process Error callback
HAL UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

DMA_Stream_IRQ
Handler

HAL_DMA_IRQHandler

end of process callback
HAL_UART_RxCpltCallback

Generated In
stm32f4xx_it.c

process Error callback
HAL_UART _ErrorCallback
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

DMA_Stream_IRQ

HAL_DMA_IRQHandler Handler

end of process callback
HAL_UART_RxCpltCallback

Defined in
stm32f4xx_hal _dma.c and
then linked to
stm32f4xx_hal uart.c

process Error callback
HAL_UART _ErrorCallback

[
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

. \
m:a with DMA end of transfer

< interrupt generation at end of process

~_ HAL UART_Receive_ DMA —

HAL_OK HAL_ERROR HAL_ERROR

Receive buffer over UART
with DMA
Not blocking function
program can continue

HAL_DMA_IRQHandler DMA_Stream_IRQ
Handler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Interrupt indicate the DMA
receive half/complete
buffer or DMA error was
detected

DMA_Stream_IRQ
Handler p

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

-
\

HAL_DMA_IRQHandler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

Process interrupt
iInformation from DMA and
UART

DMA_Stream_IRQ
Handler

/

HAL_DMA_IRQHandler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

HAL_DMA_IRQHandler DMA_Stream_IRQ
Handler

If data buffer is full HAL
use Complete callback
function

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_UART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

HAL_DMA_IRQHandler DMA_Stream_IRQ
Handler

Or if DMA error was
detected use Error
callback function

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback

Ly,
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2.1.3 Use UART with DMA transfer

HAL Library UART with DMA RX flow

Peripheral Initializations 1. UART; "?md
including DMA stream initializations DMAZ2 init
] I
1
1
Start process with DMA end of transfer 2. UART1
interrupt generation at end of process receive buffer
HAL_UART_Receive_DMA ~1
HAL_ OK HAL ERROR HAL _ERROR

HAL_DMA_IRQHandler DMA_Stream_IRQ

Handler
— 4. Process S. D'V]'cﬁ"b“ﬁer
end of process callback - butter Interrupt ~—

HAL_UART_RxCpltCallback _'\ECelvgd

process Error callback 5. Receive error
HAL UART _ErrorCallback ———

Ly,
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2.1.3 Use UART with DMA transfer

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For transmit use function
« HAL UART_Transmit DMA(UART_HandleTypeDef *huart, uint8_t *pData, uintl6_t Size);

* For receive use function
« HAL UART_ Receive DMA(UART_ HandleTypeDef *huart, uint8 t *pData, uintl6 t Size);

Ly,
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2.1.3 Use UART with DMA transfer

« Buffer definition

/* USER CODE BEGIN © */

uint8 t tx buff[]={e,1,2,3,4,5,6,7,8,9};
uint8 t rx _buff[10];

/* USER CODE END © */

- Sending and receiving methods with DMA

/* USER CODE BEGIN 2 */
HAL _UART Receive DMA(&huartl,rx_buff,10);
HAL _UART Transmit DMA(&huartl,tx buff,10);
/* USER CODE END 2 */




2.1.3 Use UART with DMA transfer

« Complete callback check

* We can put breakpoints on NOPs to watch if we receive complete buffer

/* USER CODE BEGIN 4 */

void HAL_UART _RxCpltCallback(UART_HandleTypeDef *huart)
{

¥
/* USER CODE END 4 */

__NOP();//check if we receive all data

life.augmented



2.2.1 SPI Poll lab
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2.2.1 Simple SPI communication

* Objective
* Learn how to setup SPI in CubeMX
* How to Generate Code in CubeMX and use HAL functions

* Goal

» Configure SPI in CubeMX and Generate Code
* Learn how to send and receive data over SPI without interrupts
 Verify the correct functionality
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2.2.1 Simple SPI communication

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* Pin selection
» We are looking for free pins where is possible to create wire loopback connection

life.augmented



2.2.1 Simple SPI communication

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX SPI selection

» Select SPI1 Full-Duplex Master
e Select PA5, PAG, PAY for SPI1 if weren't selected

- & SPI1
| é----MﬂdE Full-Duplex Master -

. Hardware M55 Signal

{25 TIdS

OSIW TIdS
SO TIdS
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2.2.1 Simple SPI communication

» Hardware preparation
» Connect PA6 and PA7 together with jumper

Hardware
loopback

life.augmented



2.2.1 Simple SPI communication

* In order to run on maximum frequency, setup clock system

* Details inlab O

RTC Clock Mux
== —a 32 |ToRTC(KHz)
Ls1 » 180 Ethernet PTP clock (MHz)
.
. HCLK to AHB bus, core, memaory|
32 |ToIWDG (KHz) " 2 oMAmMHY
System Clock Mux [ /&8 ———————® 225 To Cortex System timer (MHz)
HsI RC
HEL
16 = ——————————% 16  FCLK Cortex clock (MHz)
16 MHz - SYSCLK (MHZ) | AHE Prescaler  HCLK (MHz) APE1 Prescaler
(0 ™ 180 J1. T — 180 —¢+/4 0T 45 APB1 peripheral clocks {MHz)
180 MHz max
PLL Source Mux =) 30 APE1Timer clocks (MHz)
HSL ,4/ APBZ Prascaler
b Enabls £33 Lejz = T 30 APE2 peripheral clocks (MHz)
Input frequency PP X360 v iz v - 90 MHz max
HIE
L) M =N /P %2 —® 130  APB2timer clocks (MHz)
4-26MHz
PP 30 |48MHz docks (MHz)
; 125 source Mux
Main PLL Q
——» 25 125 clocks (MHz)
PET RN N R, .
N IR
SALL-A source Mu
Pra 1 -
PLLI2S e :
- — — 1235  [SAI-A docks (MHz)
MCO2 source Mux
s
.
SAI1-B source Mux
MHz) MCOZ [Ws 180 il e
1225 |SALE docks (MHz)
MCO1 so
X435 v i4 T—— .
*N 4]
) MCOL L -l T - - I
. PLLLCDCL K
T e ¥ VR 1225  |LCD-TFT clocks (MHz)
. PLLCLK PLLSAT IR
life.augmented S— —




2.2.1 Simple SPI communication

* CubeMX SPI configuration

» Tab>Configuration>Connectivity>SPI1

° ChECk the SettlngS File Project Window Help
LEECEEHE IR
* Button OK | Pinout | Clock Configuration | Configuration | power Consumption Calculator |

tiol i
g,m;w:m @ SPI Configuration u

- & FATFS

v/ Parameter Settings | o/ NVIC Settings | o/ DMA Settings | o/ GPIO Settings
Configure the below parameters :

» The CLK frequency

with core on 180MHZjl| = ¢ =4
. f En
IS n OW 45 M H Z El---P?:ripherals =] Basic Parameters
. & ﬁ o Frame Format Maotorola
e For this clock use 148 Data Size 8 Bits
HIGH GPIO Speed & " DMAZ First it MSB First I
o A= Clock Parameters
B l'i IWDG| Prescaler {for Baud Rate) 2
- Ead) | [ Baud Rate 45,0 MBits/s |
=} @& RCC Clock Polarity (CPOL) Low
e High { Clock Phase (CPHA) 1Edge | §
= & RNG = Advanced Parameters
. ad CREC Calculation Disabled — %
El- & SPI1 NS5 Signal Type Software o
..... Model
=} & TIMG
i Ac
don D or
EH & TIMZ
i AcC
..... D Qar
[=F @ WwWiD
...... Adl

Ly,
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2.2.1 Simple SPI communication

* CubeMX SPI — GPIO configuration

 The SPI CLK frequency
with core on 180MHz

@ Pin Configuration

is now 45MHz o et |
» For this clock use S
H IG H G P I O Speed | Search (CrtlF) Show only Modified Pins
Fin I‘G\ame Signal on Pin GPIO mode GPIO Pull-up/Fu... | Maximum outpu. .. | User Label Maodified
. . |PAS SPI1_SCK Alternate Functio... [No pull-up and no. . JHigh [¥]
 Tab>Co nflgurat|0n>System> IIPAﬁ SP11_MISO Alternate Functio... No pull-up and no. . JHigh | [
Alternate Functio. .. [Mo pull-up and no.. JHigh F
>GPIO PAT SPI1_MOSI ternate Functia... [No pull-up Hig | [
« Tab>SPI1
» Seth High output speed
e Button OK

‘ ’I |?| Select Pins from table to configure them. Multiple selection is Allowed.

lite.augmented Group By IP




2.2.1 Simple SPI communication

* Now we set the project details for generation

» Menu > Project > Project Settings § s Pproject Settings ——
» Set the project name [ Project | Code Generator|

» Project location Project Settings

Project Mame
'SPI_Pool |

* Now we can Generate Code LEE T " |

|D:\,Radek‘l,_Training_examples‘l,l:drjrague_zn14_modif_my‘l,|.abs‘l,

» Type of toolchain

* Menu > Project > Generate Code Project Folder
|D:\,Radek‘l,_Training_examples‘l,l:drjrague_zn14_modif_my‘l,|.abs‘l,SPI_Poo| |

Toolchain / IDE
[;EW.&RM 8.70 L

Mcu and Firmware Package

Mcu Reference
STM32F43521Tx

Firmware Package Mame and Version

|5TM32CuI:ue FW_F4v1.3.0 - Lse latest available version

m ok | | cancl
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2.2.1 Simple SPI communication

HAL Library transmit receive flow

Peripheral Initializations

L |

Polling process Function blocks
HAL_SPI_TransmitReceive Polling with timeout
HAL_TIMEOUT HAL_OK HAL_ERROR HAL_BUSY




2.2.1 Simple SPI communication

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

* For transmit and receive use function

« HAL_SPI_TransmitReceive(SPI_HandleTypeDef *hspi, uint8_t *pTxData, uint8 t
*PRxData, uintl6 t Size, uint32_t Timeout)

Ly,
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2.2.1 Simple SPI communication

* Transmit receive solution
* Create data structure for data

/* USER CODE BEGIN PV */

uint8 t tx buffer[]={9,1,2,3,4,5,6,7,8,9};
uint8 t rx_buffer[10];

/* USER CODE END PV */

» Call transmit receive function

/* USER CODE BEGIN 2 */
HAL SPI TransmitReceive(&hspil,tx_ buffer,rx_ buffer,10,100);
/* USER CODE END 2 */



2.2.2 SPI Interrupt lab
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2.2.2 Use SPI with interrupt

* Objective
* Learn how to setup SPI with interrupts in CubeMX
* How to Generate Code in CubeMX and use HAL functions
» Create simple loopback example with interrupts

* Goal

* Configure SPI in CubeMX and Generate Code
* Learn how to send and receive data over SPI with interrupts
 Verify the correct functionality

life.augmented



2.2.2 Use SPI with interrupt

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX SPI selection

» Select SPI1 Full-Duplex Master
e Select PA5, PAG, PAY for SPI1 if weren't selected

- & SPI1
| é----MﬂdE Full-Duplex Master -

. Hardware M55 Signal

{25 TIdS

OSIW TIdS
SO TIdS
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2.2.2 Use SPI with interrupt

» Hardware preparation
» Connect PA6 and PA7 together with jumper

Hardware
loopback

life.augmented



2.2.2

* In order to run on maximum frequency, setup clock system

Use SPI with interrupt

* Detailsinlab 0

RTC Clock Mux
LSE a3 [TorTC Mz
Lt 180 Ethemnet PTF clock (MHz)
.
. ) 5o HCLK to AHB bus, core, memary
3 I _—
32 |ToIWDG (KHz) and DMA (MHz)
System Clack Mux — /8 —————————® 215  To Cortex System timer (MHz)
HSLRC
H
16 2 ] = 16 FCLK Cortex clock (MHz)
16 MHz - SYSCLK (MHz) | AHE Prescaler  HCLK (MHz) APEI Prescaler
. @ ™ 130 41 v — = a0 YT 45 APB1 peripheral clocks (MHz)
PLL Source Mux PO @ X2 —w 50 APBI Timer clocks (MHz)
- /f APBZ Prescaler
Enable 53 2T o 50 APB2 peripheral clocks (MHz)
Input fraquency jg& X360 T — 42 ¥ - b S
HSE
M =N /P X2 —w= 130  APB2 timer clocks (MHz)
P > 20 |48MHz docks (MHz)
_ / 125 source Mux
Main PLL /Q
Extdock
s
——® 35 25 docks (MH2)
X192 ¥ == j2 ¥ .
N IR
i YR
PLLI2S ‘e I
— i 1225  [SAL-A clocks (MHz)
MCO2 source Mux
.
.
SALL-B source Mux
- v e
Extdock
1235  |SAL-E docks (MHz)
MCO1 so
X493 ~ FET i > -
N /9
. -l T
.
iz > PIRE. 1225  |LCD-TFT clocks (MHz)
. PLLSAI /R
life.augmented e — =




2.2.2 Use SPI with interrupt

* CubeMX SPI configuration
» Tab>Configuration>Connectivity>SPI1
» Check the settings T ———
« Button OK AL UL T ILLIEE,

Pinout | Clock Configuration I Configuration IPower Consumption Calculator
onfiguration | I
- MiddleWares

-
@ SPI1 Configuration

&/ Parameter Settings | o/ NVIC Settings | o/ DMA Settings | o/ GPIO Settings
Configure the below parameters :

- © FREER

M=
9---Pgripherals

Bﬁ CRe [= Basic Parameters
' [Motorola

Data Size 8 Bits
Acti First Bit MSE First

- & TWDG = Clock Parameters

Acti Prescaler (for Baud Rate) 2
- % RNG Baud Rate 8.0 MBits/s

; Acti Clock Polarity (CPOL) Low

Clock Phase (CPHA) 1Edge

= Advanced Parameters

CRC Calculation Disabled
NS5 Signal Type Software

Frame Format
TIMode

m ooty | [ ok ][ cancl |

Series c . =

Requir

life.augmented |5T|\u1321=4 STM32F429/435 STM32F4297ETx |LQFP 144 None




2.2.2 Use SPI with interrupt

* CubeMX SPI configuration
 TAB>NVIC Settings
« Enable SPI interrupt o SPIL Configuration

° Button O K | Qi,'? Parameter Settings JNVICSEttlngs Q’? DMA Settings I {{9 ePIo Setti'wgs|

Interrupt Table Enabled Preemption Priority Sub Priorit:
5P11 global interrupt | o o

Ly,
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2.2.2 Use SPI with interrupt

* Now we set the project details for generation
* Menu > Project > Project Settings © Project Settings

» Set the project name Project | Code Generator|

» Project location Project Settings

Project Mame
SPLIT |

» Type of toolchain

Project Location

¢ N OW We Can G e nerate COde |D:‘P.adek\,_Training_examples\,F‘UJrague_Zﬂ14_modiF_my‘|,Labs‘l, " Browse ]

e Menu > PrOjeCt > Generate COde Project Folder
|D=‘Radek"._Training_exampleﬂ.F@rague_zo14_mndif_my1abs\5p1_rr |

Toolchain [ IDE
[jfwnnm 8.70 v

Mcu and Firmware Package

Mcu Reference
STM32F438ZITx

Firmware Package Name and Version

‘5TM32CLI|3E FW_F4v1.3.0 - Use latest available version

Ly,
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2.2.2 Use SPI with interrupt

HAL Library SPI with IT transmit receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_SPI_TransmitReceive_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_SPI_IRQHandler H SPI1_IRQHandler

end of process callback
HAL_SPI_TxRxCpltCallback

process Error callback
HAL_SPI_ErrorCallback

Ly,
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2.2.2 Use SPI with interrupt

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For transmit use function

« HAL SPI_TransmitReceive IT(SPI_HandleTypeDef *hspi, uint8 t *pTxData, uint8 t
*pRxData, uintl6 t Size)

Ly,
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2.2.2 Use SPI with interrupt

» Buffer definition

/* USER CODE BEGIN © */

uint8 t tx buff[]={e,1,2,3,4,5,6,7,8,9};
uint8 t rx_buff[10];

/* USER CODE END © */

« Sending and receiving methods

/* USER CODE BEGIN 2 */
HAL SPI TransmitReceive IT(&hspil,tx buff,rx_buff,10);
/* USER CODE END 2 */



2.2.2 Use SPI with interrupt

« Complete callback check
* We can put breakpoints on NOPs to watch if we send or receive complete buffer

/* USER CODE BEGIN 4 */
void HAL_SPI_TxRxCpltCallback(SPI_HandleTypeDef *hspi)

{
__NOP();

}
/* USER CODE END 4 */
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2.2.3 SPI DMA lab
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2.2.3 Use SPI with DMA transfer

* Objective
* Learn how to setup SPI with DMA in CubeMX
« How to Generate Code in CubeMX and use HAL functions
* Create simple loopback example with DMA

* Goal

* Configure SPI in CubeMX and Generate Code
» Learn how to send and receive data over SPI with DMA
 Verify the correct functionality
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2.2.3 Use SP| with DMA transfer

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX SPI selection

» Select SPI1 Full-Duplex Master
e Select PA5, PAG, PAY for SPI1 if weren't selected

- & SPI1
| é----MﬂdE Full-Duplex Master -

. Hardware M55 Signal

{25 TIdS

OSIW TIdS
SO TIdS
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2.2.3 Use SP| with DMA transfer

» Hardware preparation
» Connect PA6 and PA7 together with jumper

Hardware
loopback
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2.2.3

* Detailsinlab 0

/4

life.augmented

Use SPI with DMA transfer mm

* In order to run on maximum frequency, setup clock system

Input frequency

RTC Clock Mux

Ta RTC (KHz)

To IWDG (KHz)

System Clock Mux

—_—

— 8 ————————»

HSIRC
H
16 Sl .
16 MHz wise SYSCLK (MHz) AHE Prescaler  HCLK (MHz) AP81 Prescaler
e @ ™ 130 Bl = a0 -
45 MHz max
PLLCLK|
PLL Source Mux - X2
- /f APBZ Prescaler
—~@ I
Enable G538 30 MHz max
j8 T X0 T T 42 T -
HSE
- /M N i X2 |
= -
) . 125 source Mux
Main PLL /Q
Ext clock
—
S
X132 ~ iz = -
N iR
j2 v 1>
PLLI2S ‘e I
MCO2 source Mux
=
=
SAIL-B source Mux
- - -
Ext clock
MCO1 sox
K43 Y T4 v 1 - >
N Q
- - -
=
s -
PLLSAL T

180 Ethernet PTP clock (MHz)

HCLK to AHB bus, core, memaory

10 and DMA (MH2)

225 To Cortex System timer (MHz)

16 FCLK Cortex clock (MHz)

45 APBI peripheral clacks (MHz)
S0 APBI Timer clocks (MHz)

20 APB2 peripheral clocks (MHz)

180 APE2 timer clocks (MHz)

48MHz docks (MHz)

96 125 dlocks (MHz)

SAL-A clocks (MHz)

1225

1225 SAL-B docks (MHz)

1225 LCD-TFT clocks (MHz)




2.2.3 Use SP| with DMA transfer

* CubeMX SPI configuration
» Tab>Configuration>Connectivity>SPI1
» Check the settings T ———
« Button OK AL UL T ILLIEE,

Pinout | Clock Configuration I Configuration IPower Consumption Calculator
onfiguration | I
= res

-
@ SPI1 Configuration

&/ Parameter Settings | o/ NVIC Settings | o/ DMA Settings | o/ GPIO Settings
Configure the below parameters :

F En
E---Pgriphera Is

ﬁ CRe [= Basic Parameters
. [Motorola

i 2'1 Data Size 8 Eits
o [] Act First Bit MSE First

IWDG = Clock Parameters
Acti Prescaler (for Baud Rate) 2
RNG Baud Rate 8.0 MBits/s
o [] Act Clock Polarity (CPOL) Low
% SPI1 Clock Phase (CPHA) 1Edge

Mode:H{ | |Z} Advanced Parameters

TIME CRC Calculation Disabled
| NS5 Signal Type Software
Acti

[Tone
TIM7
i [T Acti

Frame Format
TIMode

m _ [WY][D"][W_]

Series

Requir

life.augmented |5T|\u1321=4 STM32F429/435 STM32F4297ETx |LQFP 144 None




2.2.3

 TAB>DMA Settings
e Button ADD
 SPI1_RX

* Memory increment
e Button ADD
 SPI1_Tx

* Memory increment
e Button OK

Ly,
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Use SPI with DMA transfer

* CubeMX SPI configuration DMA settings

@ SPI1 Configuration

| &/ Parameter Settings | /7 NVIC Settings

o/ DMA Settings o GPIO Settings

DMA Request Stream Direction Priority
1|
SPI1_TX DMAZ Stream 3 Memary To Peripheral Low
| add ||| Delete |
DMA Reguest Settings
Peripheral Memaory
Mode [Normal - l Increment Address
Use Fifo Threshold |Half Ful - Data Width [B',rte -] |B\,-'te -‘
Burst Size |Single - ‘ |Single - ‘
| ey | [ ok | [ concel |




2.2.3 Use SPI with DMA transfer

* CubeMX SPI configuration NVIC settings
 TAB>NVIC Settings & SPI1 Configuration

« Enable DMA2 interrupts for | parameter setings [« WIC Settngs | /7 o settings | /7 GPI0 settngs
SP I 1 Interrupt Table

= alonAl infe W
* Button OK DMAZ Stream0 global interrupt
DMAZ Stream3 global interrupt

Enabled Preemption Priority Sub Priority

Ly,
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2.2.3 Use SP| with DMA transfer

* Now we set the project details for generation

* Menu > Project > Project Settings § s Project Settings E'
» Set the project name | Project | Code Generator |

» Project location Project Settings
. Project Name
» Type of toolchain 1_DwA |
Project Location
® N OW We Can G e n e rate COd e |D;\Radek‘||_Training_examples‘ﬂ:-quague_m 14 modif_mylLabs} || Browse l

° Menu > PI’OjeCt > Generate COde Project Folder

|D:‘P.adek‘l._Training_examples‘d:-quague_m14_modif_my‘,|.abs‘l,‘5PI_DM.A |

Toolchain / IDE
[;EWARM 6. 70 P

Mcu and Firmware Package

Mcu Reference
STM32F4392ITx

Firmware Package Mame and Version

‘5TM3ZCU|JE FW_F4V1.3.0 - Use latest available version

m ok | | cancel
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2.2.3 Use SPI with DMA transfer

HAL Library SPI with DMA TX RX flow

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
HAL_SPI_TransmitReceive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

Handler

HAL_DMA_IRQHandler H DMAZ2_StreamO_IRQ

end of process callback
HAL_SPI_TxRxCpltCallback

process Error callback
HAL_SPI_ErrorCallback

Ly,
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2.2.3 Use SP| with DMA transfer

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For transmit use function

« HAL SPI_TransmitReceive_ DMA(SPI_HandleTypeDef *hspi, uint8_t *pTxData, uint8_t
*pRxData, uintl6 t Size)

Ly,
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2.2.3 Use SP| with DMA transfer

» Buffer definition

/* USER CODE BEGIN © */

uint8 t tx buff[]={e,1,2,3,4,5,6,7,8,9};
uint8 t rx_buff[10];

/* USER CODE END © */

« Sending and receiving methods

/* USER CODE BEGIN 2 */
HAL _SPI TransmitReceive DMA(&hspil,tx_buff,rx_buff,10);
/* USER CODE END 2 */



2.2.3 Use SP| with DMA transfer

« Complete callback check
* We can put breakpoints on NOPs to watch if we send or receive complete buffer

/* USER CODE BEGIN 4 */
void HAL_SPI_TxRxCpltCallback(SPI_HandleTypeDef *hspi)

{
__NOP();

}
/* USER CODE END 4 */
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2.3.1 12C Poll lab
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2.3.1 Simple 12C communication

* Objective
e Learn how to setup i2C in CubeMX
* How to Generate Code in CubeMX and use HAL functions
* Work in pairs, one will create I12C transmitter and second 12C receiver

* Goal

* Configure 12C in CubeMX and Generate Code
* Learn how to send and receive data over 12C without interrupts
 Verify the correct functionality

life.augmented



2.3.1 Simple 12C communication

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX SPI selection

» Select 12C3 Periphery
» Select PA8, PC9 for 12C3 if weren't selected

I2C3_5CL
I2C3_SDA

life.augmented




2.3.1 Simple 12C communication

» Hardware preparation
» Connect together PA8 and PC9 pins from both boards, and GND

e
) PF11
~ » WiPF13
A w T
| w9
949 PES
& g_,j:'rno
2.9 PE12
RE XA LU
\§ 9! P8I0
"9 i Pe12
R e o
| » ”-,: PD8
- e m P020
—ay " = -
», PO,

PO

Hardware connection
PAS8 <-> PAS
PC9<->PC9
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2.3.1 Simple 12C communication

* CubeMX I2C configuration

» Tab>Configuration>Connectivity>12C3
* Check the settings

@& 5TM32CubeMX IZC_MaSter.ioc: 5TM32 x [2C_Master
i

File Project Window Help

» Define Slave address §l s cpue &5 +- 2

to 2 O | Pinout | Clock Configuration| Configuration | Power Cansumption Caleulator |

« Button OK

parameters :

é---Pgripherals
£ ® CRC

:

[=] Master Features
12C Speed Mode Standard Mode
12C Clock Speed (Hz) 100000

= Slave Features
Clock Mo Stretch Mode Disabled

EAL B Primary Address Length selection T-hit

S o | Dual Address Acknowledged Disabled

B % IWDG Primary slave address 20

- [ Ad General Call address detection Disabled

Ly,
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2.3.1 Simple 12C communication

* CubeMX I2C configuration
« Tab>GPIO Settings
« Check Pull-UP :
* Check GPIO speed o) [2C3 Configuration S5

| o/ Parameter Settings | </ NVIC Settings | </ DMA Settings || &/ GPIO Settings’

Search Signals

Search (Cril+F)

[ Show only Modified Fins

o~
Pin Name Signal on Pin GPIO mode GPIO Pull-up/..

. Maximum out. .. Uszer Label Modified
PAS 12C3_5CL Alternate Func... |Pull-up High [l
PCa 12C3_SDA Alternate Func... Pull-up High ]

7

\\

4 N

Check if the Pull-UP resistor are
necessary in case you are using
external one
Check the GPIO speed
This two parameters can limit
I2C maximum speed

o )

‘ ’I || Select Pins from table to configure them. Multiple selection is Allowed.

life.augmented
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2.3.1 Simple 12C communication

* Now we set the project details for generation

» Menu > Project > Project Settings § s Project Settings E'
» Set the project name | Project | Code Generator |

» Project location Project Settings
. Project Name
* Type of toolchain 12¢_Master |
‘ NOW We Can Generate COde r[:T‘i:;;:?j:rnaining_examples‘qlz-q_labs‘\temp |

* Menu > Project > Generate Code

Toolchain Folder Location
|D:‘P.adek‘l._Training_examples‘qF-q_Iabs‘\temp\IZC_Master‘l, |

Toolchain / IDE
[EWARM P

Mcu and Firmware Package

Mcu Reference
STM32F4392ITx |

Firmware Package Mame and Version
STM32Cube FW_F4VL.7.0 |

m ok | | cancel
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2.3.1 Simple 12C communication

« Buffer definition

/* USER CODE BEGIN PV */

/* Private variables

uint8 t data tx[10]={1,2,3,4,5,6,7,8,9,0};
uint8 t data rx[10];

/* USER CODE END PV */

« Master simple send and receive functions

/* USER CODE BEGIN 2 */

HAL Delay(100);

HAL I2C Master Transmit(&hi2c3,20,data tx,10,1000);
HAL Delay(2);

HAL I2C Master Receive(&hi2c3,20,data rx,10,1000);
/* USER CODE END 2 */

‘ /4



2.3.1 Simple 12C communication

- Slave simple send and receive functions

/* USER CODE BEGIN 2 */

statusl=HAL I2C Slave Receive(&hi2c3,data rx,10,10000);

status2=HAL I2C Slave Transmit(&hi2c3,data rx,10,10000);
/* USER CODE END 2 */

 During this example the SLAVE must begin the code execution first to be
prepared on MASTER Receive/Send requests



2.3.2 12C Interrupt lab
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2.3.2 Use 12C with interrupt

* Objective
* Learn how to setup 12C with interrupts in CubeMX
* How to Generate Code in CubeMX and use HAL functions
» Create simple loopback example with interrupts

* Goal

* Configure 12C in CubeMX and Generate Code
* Learn how to send and receive data over 12C with interrupts
 Verify the correct functionality
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2.3.2 Use 12C with interrupt

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX SPI selection

» Select 12C3 Periphery
» Select PA8, PC9 for 12C3 if weren't selected

I2C3_5CL
I2C3_SDA
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2.3.2

» Hardware preparation

Use |2C with interrupt

» Connect together PA8 and PC9 pins from both boards, and GND

4 Py
! PF11
~ s WiPF13
A 9w TS
| w9
~ 9D, PES
4909 PE10
& -,..1‘: PE12
RE XA LU
EXCHT
"9 i Pe12
I\’ » i P14
3" ros

f& LK.k

(133d33:

Hardware connection
PAS8 <-> PA8
PC9<->PC9

gaazaiasgiy’

3

+v33
:

g33ad
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2.3.2

* CubeMX I2C configuration

Tab>Configuration>Connectivity>12C3

Ly,
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Check the settings

Define Slave address
to 20

Button OK

Use |2C with interrupt

% STM32CubeMX HC—ME'H'E STM32 x [2C_Master

File Project Window Help

BEoRUE  &Fi+-iap

| Pinout | Clock Configuration| Configuration | Power Cansumption Caleulator |

é---Pgripherals
£ ® CRC

..... M

[=] Master Features
12C Speed Mode Standard Mode
12C Clock Speed (Hz) 100000

s = Slave Features

Lo @ | Clock Mo Stretch Mode Disabled

T ﬁ N Primary Address Length selection T-hit

12012 Dual Address Acknowledged Disabled
Primary slave address 20
General Call address detection Disabled




2.3.2 Use 12C with interrupt

* CubeMX I2C configuration
« Tab>GPIO Settings
« Check Pull-UP :
* Check GPIO speed o) [2C3 Configuration S5

| o/ Parameter Settings | </ NVIC Settings | </ DMA Settings || &/ GPIO Settings’

Search Signals

Search (Cril+F)

[ Show only Modified Fins

o~
Pin Name Signal on Pin GPIO mode GPIO Pull-up/..

. Maximum out. .. Uszer Label Modified
PAS 12C3_5CL Alternate Func... |Pull-up High [l
PCa 12C3_SDA Alternate Func... Pull-up High ]

7

\\

4 N

Check if the Pull-UP resistor are
necessary in case you are using
external one
Check the GPIO speed
This two parameters can limit
I2C maximum speed

o )

‘ ’I || Select Pins from table to configure them. Multiple selection is Allowed.

life.augmented
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2.3.2 Use 12C with interrupt

* CubeMX I2C configuration

i Tab> NVIC Settlngs @ [2C3 Cmﬁgumtiun

« Enable interrupts nfisemeinsotinen) o NIC Settho: | ois cotines [ nfcnccine
Interrupt Table Enabled Preemption Priority

i B UttO n O K [2C3 event interrupt I o]

12C3 error interrupt ] 0

life.augmented




2.3.2 Use 12C with interrupt

* Now we set the project details for generation

* Menu > Project > Project Settings © Project Settings s |
» Set the project name Project | Code Generator|
» Project location Project Settings
« Type of toolchain E‘jﬁ; |
Project Location

« Now we can Generate Code
* Menu > Project > Generate Code

|D:\.F‘.adek‘l._Training_examples‘lF4_Iabs‘l,temp |

Toolchain Folder Location
|D:\.F‘.adek‘l._Trair1ing_examples‘lF‘}_Iabs‘l,temp‘l,IZC_Slave_lT‘l, |

Toolchain / IDE
EWARY -

Mcu and Firmware Package

Mcu Reference
STM32F4352ITx |

Firmware Package Mame and Version
STM32Cube FW_F4V1.7.0 |

m ok | | cancel
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2.3.2 Use 12C with interrupt

« Buffer definition

/* USER CODE BEGIN PV */

/* Private variables

uint8 t data tx[10]={1,2,3,4,5,6,7,8,9,0};
uint8 t data rx[10];

/* USER CODE END PV */

- Master simple send and receive functions with interrupts

/* USER CODE BEGIN 2 */

HAL I2C Master Transmit IT(&hi2c3,20,data _tx,10);

HAL Delay(2);

HAL I2C Master Receive IT(&hi2c3,20,data rx,10);
/* USER CODE END 2 */

» Master callbacks

/* USER CODE BEGIN 4 */

void HAL I2C MasterTxCpltCallback(I2C HandleTypeDef *hi2c){}
void HAL I2C MasterRxCpltCallback(I2C HandleTypeDef *hi2c){}
d /* USER CODE END 4 */

lifecaugrre



2.3.2 Use 12C with interrupt

» Slave receive

/* USER CODE BEGIN 2 */
HAL I2C Slave Receive IT(&hi2c3,data rx,10);
/* USER CODE END 2 */

» Slave transmit in callback

/* USER CODE BEGIN 4 */
void HAL_I2C_SlaveTxCpltCallback(I2C_HandleTypeDef *hi2c){

}

void HAL_I2C SlaveRxCpltCallback(I2C HandleTypeDef *hi2c){
HAL I2C Slave Transmit IT(&hi2c3,data rx,10);

}
/* USER CODE END 4 */

Ly,
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2.3.3 12C DMA lab
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2.3.3 Use 12C with DMA transfer

* Objective
e Learn how to setup UART with DMA in CubeMX
« How to Generate Code in CubeMX and use HAL functions
* Create simple loopback example with DMA

* Goal

* Configure UART in CubeMX and Generate Code
* Learn how to send and receive data over UART with DMA
 Verify the correct functionality
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3.1.1 Use RTC Alarm lab

00000000000




3.1.1 Use RTC and Alarm with interrupt

* Objective
* Learn how to setup RTC with interrupt in CubeMX
* Create simple RTC project with periodic alarm interrupt

» Goal
» Use CubeMX and Generate Code with RTC
* Learn how to setup the RTC in HAL
 Verify the correct functionality by periodic RTC alarm interrupts

life.augmented



3.1.1 Use RTC and Alarm with interrupt

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

» Set Internal Alarm on Alarm A or Alarm B

« Set GPIO to toggle with LED as alarm indication

| = & RTC
LD3 i E
TG pai3 R26 dreet N"f; . -Alarm A | Internal Alarm —

510° é----ﬁ.]arm B | Disable -
LD4

oy Red  iMWakeUp | Disable b
< PGl14 PG14 My l 2

680 — 5 - Timestamp Routed to AF1
LEDs |:-:'I o Tamper1 Routed to AF1

8]

c g----{:alihraﬁnn Disable -

- Reference dock detection
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3.1.1 Use RTC and Alarm with interrupt s

* In order to run on maximum frequency, setup clock system

* Details inlab O

RTC Clock Mux
PR
32768 g: LSE = —w 32 |ToRTC(KHz)
LSI # 180  Ethernet PTP clock (MHz)
LSIRC .
HCLK to AHB bus, core, memary
2 32 To IWDG (KHz) > 0 iomamHn
32 KHz
perac System Clock Mux — /8 ———————® 2%  ToCortex System timer (MHz)
HSL
@ " 15  FCLKCortex clock (MHz}
16 MHz HsE SYSCLK (MHz) AHE Prescaler  HCLK (MH1) APB1 Prescaler
’ @ ™ 180 41 T — 180 —##j4 ¥ YT 435 APE1 peripheral clocks (MHz)
45 MHz max
130 MHz max
PLL Source Mux PLekla X2 — 90 APBI Timer clocks (MHz)
- /f APB2 Prescaler
- Enable G5S ‘-2 EREE 30 APB2 peripheral clocks (MHz)
Input frequency ja v X360 v —j2 v 4 e mes
HEE
- M N /P X2 - 180 APB2 timer clocks (MHz)
4-26MHz
- > a0 48MHz clocks (MHz)
125 source Mux
MainFLL  ©
a5 125 clocks (MHz)
PR e
*N /
ja v 1w
n PLLIZS Q .
= = = SAL-A clocks (MHz)
MCO2 source Mux
SYSCLE i e
.
SATL-B source Mux
i el v
Ext dock
> SAL-B clocks (MHz)
MCO1 so
X43 ¥ PP PRI, =
N nQ
h 16 - v - I
. PLLLCDCLK
2.7 2ol > LCD-TFT clocks (MHz)
’I PLLSAIL
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3.1.1 Use RTC and Alarm with interrupt

« RTC Configuration
« TAB>Configuration
« Control > RTC
» Set parameters which you want

1. TAB > Configuration

File Project Window Help

/

| Pinout | Clock Cenfiguration Configuration |l power Consumption Calculator |

7
@ RTC Configuration

- @& FREERTOS
-u: [7] Enabled

2. RTC

Qf,‘? Parameter Settings | Q& NVIC Settings

Configure the below parameters :

= General
Hour Format
Asynchronous Predivider value
Synchronous Predivider value
=] Calendar Time
Data Format

Activated

RNG

Activated

RTC

‘... Alarm AcInternal Alarm
TIMG

Activated

[] One Pulse Mode
TIM7

Activated

[] One Pulse Mode

Control

Diay Light Saving: value of hour a...

= Alarm A

life.augmented

3. Check configuration

Hourformat 24
127
255

BCD data format
Daylightsaving Subih

Alarm Mask Alarm Mask Mone
Alarm Sub Second Mask Al Alarm 55 fields are masked.
Alarm Date Week Day Sel Date
Alarm Date 1
Store Operation
StoreOperation

oy ] ok ] [icand




3.1.1 Use RTC and Alarm with interrupt

* RTC Configuration NVIC — <ttn 43/
J |of porometer setings |/ WIC S ___1.TAB> NVIC
« TAB>NVIC Setup Interrupt Table

||RTC Tamper and Time5Stamp interrupts through EXTI . | . |II ||:|
O i 0 ] ! 1

» Enable Alarm interrupt
e Button OK
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3.1.1 Use RTC and Alarm with interrupt

* Now we set the project details for generation

* Menu > Project > Project Settings % Project Settings

Project | Code Generator

Project Settings

» Set the project name

» Project location
Project Mame
|F'.TC_Alarm |

» Type of toolchain

Project Location

|D:‘IP.adek‘l,_Training_examples‘l,F‘U:wague_ZU14_modif_my‘,|.abs‘l, || Browse l
Project Folder

|D:‘IP.adek‘l,_Training_examples‘l,l:‘}jague_zo14_modif_my‘,|.abs‘lP.TC_Alarm |

« Now we can Generate Code
* Menu > Project > Generate Code

Toolchain / IDE
l;EWhRM 8.70 v

Mcu and Firmware Package

Mcu Reference
STM32F4332ITx

Firmware Package Mame and Version

|STM32CubE FW_F4VL13.0 - Use latest available version

Ly,
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3.1.1 Use RTC and Alarm with interrupt

* The RTC can be preserved during RESET(ok LP modes)
* CubeMX not enable the RTC by default

 We need to add HAL _PWR_EnableBkUpAccess() and _ HAL RCC _RTC_ENABLE() before
we call MX_RTC _Init()

» Set the first alarm to 1s
e In MX_RTC_Init

* We create the RTC interrupt handler and we reconfigure the Alarm A time
« HAL _RTC_AlarmAEventCallback(RTC_HandleTypeDef *hrtc)

« HAL _RTC_GetAlarm(RTC_HandleTypeDef *hrtc, RTC_AlarmTypeDef *sAlarm, uint32_t Alarm,
uint32_t Format)

« HAL _RTC_SetAlarm_IT(RTC_HandleTypeDef *hrtc, RTC_AlarmTypeDef *sAlarm, uint32_t
Format)

« RTC alarm indication will be done by LED
« HAL_GPIO_TogglePin(GPIO_TypeDef* GPIOX, uint16_t GPIO_Pin)

Ly,
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3.1.1 Use RTC and Alarm with interrupt

* RTC enable

/* Initialize all configured peripherals */

HAL PWR_EnableBkUpAccess();//enable PWR backup domain access (RTC,BKReg)
__HAL_RCC_RTC_ENABLE();//Enable RTC. not created by cube because the RTC can run.
MX_GPIO Init();

MX_RTC_Init();

* In MX_RTC_Init we set first Alarm to 1s

/**Enable the Alarm A
*/
sAlarm.AlarmTime.Hours = 0;
sAlarm.AlarmTime.Minutes =
sAlarm.AlarmTime.Seconds =
sAlarm.AlarmTime.SubSeconds = ©;

9;
1;

Ly,

life.augmented



3.1.1 Use RTC and Alarm with interrupt

* RTC enable

/* USER CODE BEGIN 4 */
void HAL_RTC_AlarmAEventCallback(RTC_HandleTypeDef *hrtc){
RTC_AlarmTypeDef sAlarm;
HAL_RTC_GetAlarm(hrtc,&sAlarm,RTC_ALARM_A,FORMAT_BIN);
if(sAlarm.AlarmTime.Seconds>58){
sAlarm.AlarmTime.Seconds=0;
telse{
sAlarm.AlarmTime.Seconds=sAlarm.AlarmTime.Seconds+1;
}
while(HAL_RTC_SetAlarm IT(hrtc, &sAlarm, FORMAT BIN)!=HAL OK){}
HAL_GPIO TogglePin(GPIOG,GPIO PIN 14);

}
/* USER CODE END 4 */

Ly,
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3.1.1 Use RTC and Alarm with interrupt

- Advanced task
» The counting stops after 1minute
» Modify the project to create alarm every 1s for infinite time

/**Enable the Alarm A

*/
sAlarm.AlarmTime.Hours = 0;
sAlarm.AlarmTime.Minutes =
sAlarm.AlarmTime.Seconds =
sAlarm.AlarmTime.SubSeconds 0;
sAlarm.AlarmTime.TimeFormat RTC_HOURFORMAT12 AM;
sAlarm.AlarmTime.DayLightSaving = RTC_DAYLIGHTSAVING_NONE;
sAlarm.AlarmTime.StoreOperation = RTC_STOREOPERATION RESET;
sAlarm.AlarmMask = RTC_ALARMMASK_DATEWEEKDAY |RTC_ALARMMASK_HOURS |RTC_ALARMMASK_MINUTES;
sAlarm.AlarmSubSecondMask = RTC_ALARMSUBSECONDMASK ALL;
sAlarm.AlarmDatelWeekDaySel = RTC_ALARMDATEWEEKDAYSEL DATE;
sAlarm.AlarmDatelWeekDay = 1;
sAlarm.Alarm = RTC_ALARM_A;
HAL_RTC_SetAlarm_IT(&hrtc, &sAlarm, FORMAT_BCD);

9;
1;

- We only need to modify the Alarm mask to ignore Days, Hours and Minutes

Lys
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3.2.1 Use TIM with interrupt

* Objective
e Learn how to setup TIM with Interrupt in CubeMX
« How to Generate Code in CubeMX and use HAL functions
* Indicate TIM interrupt with LED toggle

* Goal

* Configure TIM in CubeMX and Generate Code
» Learn how start timer and handle interrupt
 Verify the correct functionality
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3.2.1 Use TIM with interrupt

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX TIM selection B & TIM1
e Select TIM clock source Internal clock P
 Enable GPIO for LED PG14

E----Ela'ue Mode Disable -

+-Channel1 | Disable -
i----{:hannell?_' Disable -
E----Channelﬂ Disable -
i----ChannEH Disable -
é----{:nmbined Channels | Disable -
----- || Activate-Break-Input

----- | | Use ETR. as Clearing Source

----- [ ] XOR activation

"I ” One Pulse Mode
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3.2.1 Use TIM with interrupt

* CubeMX TIM configuration
» Tab>Configuration>Control>TIM1
* Check the settings

File Project Window Help
BoEE &80 +—- 0P
| Pinout | Clock Configuration !Conﬁguraﬁon lpawar Consumption Calculator

% FREERTOS
_ L. [7] Enabled
Iél--l’?:ripherals

- @ CRC

= [ Activated SR
= % DMAZD

- [] Activated
- % IWDG

- [] Activated "
m Sonte — SONRSENEY
El- % RCC

.. High Speed Clock (HSE):(

3 =
Ry e T
i [C] Activated —

Lo GPIO —o%,
- Clock Source :Internal Clo
| o NVIC Sy )
- ----- Activated [y, |
" ["] One Pulse Mode Rﬂ:—%
£ TIMZ

- ----- Activated

L ["] ©ne Pulse Mode

Ly,
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3.2.1 Use TIM with interrupt

* CubeMX TIM configuration

@& TIM1 Configuration

» Tab>Parameter Settings «// Parameter Settngs]| /7 NVIC Settings | o/ DMA Setiings
Configure the below parameters :
* Prescaler to 18000
« Counter period to 10000 o Couns Setines
I Prescaler (PSC - 16 bits value) 18000
° H Counter Mode Up
Tog ether Wlth 180 M H z TI M E R 1 Counter Period (AutoReload Register - 16 bits value ) 10000
C|0Ck we get perlod 1Hz Internal Clock Division (CKD) Mo Division
Repetition Counter (RCR. - 8 bits value) 0
[=| Trigger Qutput (TRGO) Parameters
Master [Slave Made Disable {no sync between this TIM (Master) and its Slaves
Trigger Event Selection Reset (UG bit from TIMx_EGR)

Ly,
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ok | [ cancel




3.2.1 Use TIM with interrupt

* CubeMX TIM configuration | - m cerursion

| o/ Parameter Settings &/’ NVIC Settings | o/ DMA Settings

° > 1
Tab NVI C Settl " gS Interrupt Table Enabled  Preemption Pricrity Sub Pricrity
H TIM1 Break interrupt and TIMS Elobal interrupt lo
* Enable TI M 1 Update Interrupt [TIM1 Update interrupt and TIM10 global interrupt i}
[TIMT TTigger and Commutaton Merrupts ang 1IM LT global Ieerrupt
b B utto n O K TIM1 Capture Compare interrupt |D

Ly,
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3.2.1 Use TIM with interrupt

* Now we set the project details for generation

. . . [ 4

« Menu > Project > Project Settings § o Project settings =)

» Set the project name Project | Code Generator

» Project location Project Settings

. Project Name
» Type of toolchain iy |
Project Location

¢ NOW we Ccan Generate COde |D:\.F‘.adek‘l._Training_examples‘lF‘u:lrague_ZU14_mndif_rny‘,|_abs‘l, || Browse I

Project Folder

* Menu > Project > Generate Code

|D:\Radek‘l._Training_exarnples‘lF4 | prague_2014_modif_my\Labs{TIM_IT |

Toolchain / IDE
[jﬁWARM 8,70 P

Mcu and Firmware Package

Mcu Reference
STM32F4352ITx

Firmware Package Mame and Version

‘5TM32CLI|:IE FW_F4VL1.3.0 - Use latest available version

m ok | [ concel

life.augmented ‘ —




3.2.1 Use TIM with interrupt

HAL Library TIM with IT flow

TIM Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_TIM_Base_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_TIM_IRQHandler HTIMl_UP_TIMlO_IRQHandIer

process callback
HAL_TIM_PeriodElapsedCallback

process Error callback
HAL_TIM_ErrorCallback

Ly,
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3.2.1 Use TIM with interrupt

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For TIM start use function
« HAL TIM Base_Start_IT(TIM_HandleTypeDef *htim)

* TIM callback
« void TIM1 _UP_TIM10 IRQHandler(void)

* GPIO LED toggle
« HAL_GPIO_TogglePin(GPIO_TypeDef* GPIOXx, uint16_t GPIO_Pin)

Ly,
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3.2.1 Use TIM with interrupt

» Solution
« TIM start

/* USER CODE BEGIN 2 */
HAL TIM Base Start IT(&htiml);
/* USER CODE END 2 */

» Callback handling

/* USER CODE BEGIN 4 */

void HAL TIM PeriodElapsedCallback(TIM HandleTypeDef *htim)

{
HAL_GPIO TogglePin(GPIOG,GPIO PIN 14);

}
/* USER CODE END 4 */
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3.2.2 Use TIM with PWM output

* Objective
e Learn how to setup TIM with PWM out in CubeMX

* How to Generate Code in CubeMX and use HAL functions
* Indicate TIM PWM on LED

* Goal

* Configure TIM in CubeMX and Generate Code
* Learn how start timer and set PWM out
 Verify the correct functionality with LED
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3.2.2 Use TIM with PWM output

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX TIM selection J E- & TIM1
» Select TIM clock source - Internal cloc E----Elaue Mode Disable -

» Set Channell to PWM generation T ringer Source | Disable -

-Clock Source | Internal Clock

--Channell PWM Generation CH1

E anneld | Disable

é----{:hannelﬂ Disable —
é----ChanneI# Disable -
é----CDI‘I‘IhiI‘IEd Channels | Disable -

- ----- Activate-Break-Input
----- Use ETR as Clearing Source
- ----- || XOR activation

. | One Pulse Mode
IS7, -
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3.2.2

* CubeMX TIM configuration

Ly,

life.augmented

TAB>Configuration
>Control>TIM1

TAB>Parameter settings
Prescaler to 18000
Counter period to 10000

Together with 180MHz TIMER
clock we get period 1Hz

PWM pulse to 5000 this give
us 1Hz blinking frequency

Use TIM with PWM output

% TIM1 Configuration

=/ Parameter Settings | o/’ NVIC Settings | o/’ DMA Settings | </ GPIO Settings

Configure the below parameters :

[ Settings
Prescaler (P5C - 16 bits value)

13000

Counter Mode

Up

Counter Period (AutoReload Register - 16 bits value )

10000

Internal Clock Division (CKD)

Repetition Cournter (RCR. - 8 bits value)
[= Trigger Qutput (TRGO) Parameters

Master [Slave Mode

Trigger Event Selection

Break State
Break Polarity
Automatic Output State
Off State Selection for Run Made (OS5R)
Off State Selection for Idle Mode {0SSI)
Lock Configuration
= PWM Generation Channel 1
Maode

Mo Division
1}

Disable (no sync between this TIM (Master) and its Slaves

Reset (UG bit from TIMx_EGR)
I
Disable

High

Disable

Disable

Disable

Off

PWM mode 1

I Pulse (16 bits value)

5000

Fast Mode
CH Polarity
CH Idle State

Disable
High

Reset




3.2.2 Use TIM with PWM output

* Now we set the project details for generation

. . . IF

* Menu > Project > Project Settings § @ Project Settings =)

» Set the project name Project | Code Generator|

» Project location Project Settings

. Project Name
» Type of toolchain TM_pum |
Project Location

‘ NOW We Can Generate COde |D:\.F‘.adek‘l._Training_examples‘lF‘u:lrague_ZU14_mndif_rny‘,|_abs‘l, || Browse I

Project Folder

* Menu > Project > Generate Code

|D:\Radek‘l._Training_exarnples‘lF4 - prague_2014_modif_myLabs{TIM_PWM |

Toolchain / IDE
[EWARM 6,70 -

Mcu and Firmware Package

Mcu Reference
STM32F4352ITx

Firmware Package Mame and Version

‘5TM32CLI|:IE FW_F4VL1.3.0 - Use latest available version

m ok | [ concel
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3.2.2 Use TIM with PWM output

- Start process TIM with PWM(same for DMA, ADC)

» Non blocking start process

Peripheral
Initializations

.

Start Process
HAL TIM_PWM_Start




3.2.2 Use TIM with PWM output

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For TIM start use function
« HAL TIM_PWM_Start(TIM_HandleTypeDef *htim, uint32_t Channel)

* GPIO LED toggle
 We wire the Channell PE9 with LED PG14

Ly,
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3.2.2 Use TIM with PWM output

» Solution
« TIM PWM start

/* USER CODE BEGIN 2 */
HAL_TIM_PWM Start(&htiml,TIM_CHANNEL_1);
/* USER CODE END 2 */

« TIM1 Channel 1 and LED connection




3.2.3 TIM with DMA lab
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3.2.3 Use TIM with DMA transfer

* Objective
e Learn how to setup TIM with DMA in CubeMX
« How to Generate Code in CubeMX and use HAL functions
 Indicate TIM DMA transfer with LED toggle

* Goal

* Configure TIM in CubeMX and Generate Code
» Learn how start timer and setup DMA
 Verify the correct functionality with DMA transfer into GPIO register
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3.2.3 Use TIM with DMA transfer

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX TIM selection B & TIM1
e Select TIM clock source Internal clock P
 Enable GPIO for LED PG14

E----Ela'ue Mode Disable -

+-Channel1 | Disable -
i----{:hannell?_' Disable -
E----Channelﬂ Disable -
i----ChannEH Disable -
é----{:nmbined Channels | Disable -
----- || Activate-Break-Input

----- | | Use ETR. as Clearing Source

----- [ ] XOR activation

"I ” One Pulse Mode
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3.2.3 Use TIM with DMA transfer

* CubeMX TIM configuration
» Tab>Configuration>Control>TIM1
* Check the settings

File Project Window Help
T BoWdE &0 +— 0P
| Pinout | Clock Configuration l Configuration Ipowe- Consumption Calculator

% FREERTOS
_ i [7] Enabled
Iél--l’?:ripherals

- & CRC

= [] Activated SR
- % DMA2D

- [] Activated
- & IWDG

- [] Activated "
m Sonte — SONRSENEY
El- % RCC

.. High Speed Clock (HSE):(

3 —
o S
“ [T] Activated .

Lo GPIO —o%,
- Clock Source :Internal Clo
| o NVIC Sy )
- ----- Activated [y, |
" ["] One Pulse Mode Rﬂ:—%
£ TIMZ

- ----- Activated

L ["] ©ne Pulse Mode
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3.2.3 Use TIM with DMA transfer

* CubeMX TIM configuration

@& TIM1 Configuration

» Tab>Parameter Settings «// Parameter Settngs]| /7 NVIC Settings | o/ DMA Setiings
Configure the below parameters :
* Prescaler to 18000
« Counter period to 10000 o Couns Setines
I Prescaler (PSC - 16 bits value) 18000
° H Counter Mode Up
Tog ether Wlth 180 M H z TI M E R 1 Counter Period (AutoReload Register - 16 bits value ) 10000
C|0Ck we get perlod 1Hz Internal Clock Division (CKD) Mo Division
Repetition Counter (RCR. - 8 bits value) 0
[=| Trigger Qutput (TRGO) Parameters
Master [Slave Made Disable {no sync between this TIM (Master) and its Slaves
Trigger Event Selection Reset (UG bit from TIMx_EGR)

Ly,

life.augmented [ Apply ] [

ok | [ cancel




3.2.3 Use TIM with DMA transfer

« CubeMX TIM configuration | = ™ Cnfuston
. | o Parameter Settings | o/ NVIC Settings | < DMA Settings ||
« TAB>DMA Settings — : —
o Button ADD "I'\"Iemarch- Peripheral
» Select TIM1 _UP DMA request
» Memory to peripheral direction

« Set Memory increment
 Circular mode

» Half word data width

e Button OK

=

Peripheral Memary

DMA Reguest Settings

Mode Circular - ] Increment Address

Use Fifo Threshold |H.E|hc Full Data Width Half Word - Half Word -
T —

Burst Size |Single - | |Single - |

Ly,
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3.2.3 Use TIM with DMA transfer

* Now we set the project details for generation

. . . r
« Menu > Project > Project Settings [ & Project ettings )
» Set the project name [ Project | Code Generator|
» Project location Project Settings
. Project M
- Type of toolchain v own |
Project Location
¢ NOW We Can Generate COde |D:\.Radek‘l._Training_examples‘ﬁ%jrague_?_n14_mndif_my\.|_abs\, " Browse ]

e Menu > PrOjeCt > Generate COde Project Folder
D:\Radek\_Training_examples\F4_prague_2014_modif_my\Labs\TIM_DMA |

Toolchain f IDE
’;EWRRM 6.70 L

Mcu and Firmware Package

Mcu Reference
STM32F435Z1Tx

Firmware Package Mame and Version

|STM32CuI:|e FW_F4v1.3.0 - Use latest available version

m ok | | cancel
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3.2.3 Use TIM with DMA transfer

HAL Library TIM with DMA flow

Peripheral Initializations
including DMA stream initializations

d

Start process with DMA
HAL_DMA_Start

—

HAL_OK HAL_ERROR HAL_ERROR

d

Start process with TIM
HAL_TIM_Base_Start

—

HAL_OK HAL_ERROR HAL_ERROR

Ly,
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3.2.3 Use TIM with DMA transfer

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For TIM start use function

« HAL TIM_ Base_Start DMA(TIM_HandleTypeDef *htim, uint32_t *pData, uintl6 t
Length)

* TIM1 trigger DMA transfer
e __HAL TIM_ENABLE_DMA

* DMA start function

« HAL_DMA_Start(DMA HandleTypeDef *hdma, uint32_t SrcAddress, uint32_t
DstAddress, uint32_t Datalength)

* GPIO LED register address
* (uint32_t)(&GPIOG->0ODR)

Ly,
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3.2.3 Use TIM with DMA transfer

* Variable data definition

/* USER CODE BEGIN PV */
uintl6_t data[]={GPIO_PIN_14,0x0000};
/* USER CODE END PV */

* DMA and TIM start

/* USER CODE BEGIN 2 */

__HAL_TIM ENABLE_DMA(&htiml, TIM_DMA_UPDATE);

HAL DMA Start(&hdma_timl up, (uint32_ t)data, (uint32_ t)&GPIOG->0DR,2);
HAL TIM Base Start(&htiml);

/* USER CODE END 2 */

Ly,
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3.2.4 TIM as counter lab
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3.2.4 Use TIM as pulse counter

* Objective
e Learn how to setup TIM as counter in CubeMX
* How to Generate Code in CubeMX and use HAL functions
 Indicate TIM count 5 button press with LED toggle

* Goal

» Configure TIM as counter in CubeMX and Generate Code
» Learn how start timer and handle interrupt
 Verify the correct functionality with LED toggle after 5 button press
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3.2.4 Use TIM as pulse counter

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX TIM selection &% TIM1
e Select TIM clock source ETR2 -Slave Mode | Disable -
 Enable GPIO for LED PG14

:----Channell Disable -
--Channel2 | Disable -
;----{Ihannelﬂ Disable -
~Channel4 | Disable -
- Combined Channels | Disable -
- || Activate-Break-Input

= || Use ETR as Clearing Source
. [ ] XOR activation

----- One Pulse Mode

Ly,
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3.2.4 Use TIM as pulse counter

» Hard ware setting
» Connect Button PAO and ETR pin PE7 with wire together



3.2.4 Use TIM as pulse counter

* CubeMX TIM configuration
» Tab>Configuration>Control>TIM1
* Check the settings

File Project Window Help
BoEE &80 +—- 0P
| Pinout | Clock Configuration !Conﬁguraﬁon lpawar Consumption Calculator

% FREERTOS
_ L. [7] Enabled
Iél--l’?:ripherals

- @ CRC

= [ Activated SR
= % DMAZD

- [] Activated
- % IWDG

- [] Activated "
m Sonte — SONRSENEY
El- % RCC

.. High Speed Clock (HSE):(

3 =
Ry e T
i [C] Activated —

Lo GPIO —o%,
- Clock Source :Internal Clo
| o NVIC Sy )
- ----- Activated [y, |
" ["] One Pulse Mode Rﬂ:—%
£ TIMZ

- ----- Activated

L ["] ©ne Pulse Mode
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3.2.4 Use TIM as pulse counter

* CubeMX TIM configuration |- mt=reee

‘e’ Parameter Settings | o nvic Setﬁngsl «/” DM Settings | /" GPIO Settings
° Tab> Param eter Set'“ n gS Configure the below parameters :

» Counter set to 5, 5 button press

E Counter Settings

» Clock set the ETR pin filter and Fresca o iehim ek :
) ounter Mode p
ed ge reaCtl O n Counter Period (AutoReload Register - 16 bits value ) 5

Internal Clock Division (CKD) Mo Division
Repetition Counter (RCR - 8 bits value) i}
=) Trigger Output (TRGO) Parameters
MasterSlave Mode Disable {no sync between this TIM (Master) and its Slaves
Trigger Event Selection Reset (UG bit from TIMx_EGR)
= Clock
Clock Filter (4 bits value) a
Clock Polarity nion inverted

Clock Prescaler Prescaler not used

Ly,
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3.2.4 Use TIM as pulse counter

* CubeMX TIM configuration | - m cerursion

. | o/ Parameter Settings =/ NVIC Settings | o/7 DMA Settings
» Tab>NVIC Settings — —
Interrupt Table Enabled  Preemption Priority Sub Priority
H TIM1 Break interrupt and TIMS Elobal interrupt lo
° Enable TI M 1 Update Interru pt ITIM1 Update interrupt and TIM10 global interrupt 0
ITIMT TTIGger ang LommUtanon e Opts ang 1M LT olobal TeerrapT
° B utto n O K TIM1 Capture Compare interrupt |D

Ly,
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3.2.4 Use TIM as pulse counter

* Now we set the project details for generation

. . . r
« Menu > Project > Project Settings § @ Project Settings =)
» Set the project name Project | Code Generator |
» Project location Project Settings
. Project Name
» Type of toolchain TIM_Counter |

Project Folder
|D:‘P.adek‘l._Training_examples‘\F‘UJrague_ZU14_modiF_my‘U_abs‘l,TIM_Counter |

« Now we can Generate Code

* Menu > Project > Generate Code Toolchain / IDE
’EWARM 6.70 -

Mcu and Firmware Package

Mcu Reference
STM32F43321Tx

Firmware Package Mame and Version

|STM32CI.||:|E FW_F4v1.3.0 -

Use latest available version

‘7 O] [ cone
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3.2.4 Use TIM as pulse counter

HAL Library TIM with IT flow

TIM Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_TIM_Base_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_TIM_IRQHandler HTIMl_UP_TIMlO_IRQHandIer

process callback
HAL_TIM_PeriodElapsedCallback

process Error callback
HAL_TIM_ErrorCallback

Ly,

life.augmented



3.2.4 Use TIM as pulse counter

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags

* For TIM start use function
« HAL TIM Base_Start_IT(TIM_HandleTypeDef *htim)

* TIM callback
« void TIM1 _UP_TIM10 IRQHandler(void)

* GPIO LED toggle
« HAL_GPIO_TogglePin(GPIO_TypeDef* GPIOXx, uint16_t GPIO_Pin)

Ly,
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3.2.4 Use TIM as pulse counter

» Solution
« TIM start

/* USER CODE BEGIN 2 */
HAL TIM Base Start IT(&htiml);
/* USER CODE END 2 */

» Callback handling

/* USER CODE BEGIN 4 */

void HAL TIM PeriodElapsedCallback(TIM HandleTypeDef *htim)

{
HAL_GPIO TogglePin(GPIOG,GPIO PIN 14);

}
/* USER CODE END 4 */



3.3.1 WWDG lab
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3.3.1 Use WWDG

* Objective
e Learn how to setup WWDG in CubeMX
« How to Generate Code in CubeMX and use HAL functions
» Create simple application to test WWDG

* Goal

« Configure WDGiIn in CubeMX and Generate Code
e Learn how to start WWDG
« WWDG indication via LED
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3.3.1 Use WWDG

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX WWDG selection
» Select WWDG
» Configure PG14 for LED indication

- & WWDG
. [J] Activated
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3.3.1 Use WWDG

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX WWDG selection
» Select WWDG
» Configure PG14 for LED indication

- & WWDG
. [J] Activated
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3.3.1

Use WWDG

* In order to run on maximum frequency, setup clock system

* Details inlab O

life.augmented

RTC Clock Mux

Input frequency

4-26MHz

| —= 32 [ToRTC(KHz)
LI RC J-—"D .
32 |ToIWDG (KHD) —————————
32 KHz
— —
e System Clock Mux /8
HSL
@ —_—
16 MHz . SYSCLK (MHz) | AHB Prescaler  HCLK (MHz) APBL Prescaler
' @ ™ 180 JL T — 180 —¢®j4 T —
45 MHz max
MHz ma
PLLELK
PLL Source Mux - X2
- 4’ APBZ Prescaler
e -
Ly /2
Enable C53 eI
PP k=, | 30 MHz max
HEE
M =N /P Xz
it -
Main FLL 3 125 source Mux
ain -
—»
SCLK
PR e > -
N
SAT1-A source Mux
PLLIZSCLK
ja v 1w A
PLLIZS Q
dock
MCO2 source Mux
PLLSAICLK
SYSCLK —— .
.
SATL-B source Mux
180 e -
Ext dock
MCO1 so
earee PLLSAICLK
K43 T4 w41 w ok
=N ]
e I
2 2 - e 12 - -
PLLSAIL IR

130

180

45

a0

Ethemnet PTP clock (MHz)

HCLK to AHE bus, core, memory
and DMA (MHz)

To Cortex System timer (MHz)

FCLK Cortex clock (MHz)

APEB1 peripheral clocks (MHz)

APE1 Timer clocks (MHz)

APB2 peripheral clacks (MHz)

APB2 timer clocks (MHz)

48MHz clocks (MHz)

125 clocks (MHz)

SAL-A clocks (MHz)

SAL-B clocks (MHz)

LCD-TFT clocks (MHz)




3.3.1 Use WWDG

& WWDG Configuration

* CubeMX ADC configuration ; . _
° TAB>COnﬁgUrati0n>sy5tem> Configure the below parameters :

>WWDG>Parameter Settings
Set prescaller to 8

WWDG window to 80 WWDG counter dock Prescaler 8
WWDG window value a0

WWDG free—running downcounter 127

And free running counter to 127
Button OK

Ly,
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3.3.1 Use WWDG

* Now we set the project details for generation

. . . [ 4
« Menu > Project > Project Settings { @ Project Settings

» Set the project name | Project | Code Generator |
» Project location Project Settings
Project Name

» Type of toolchain [wwoG |

Project Folder

¢ N OW We Can G e nerate COde |D:‘l,F‘.adek‘l,_Training_examples\FqJ:wague_Zﬂ14_modiF_my‘l,Labs‘l,WWDG |

* Menu > Project > Generate Code Toolchain / IDE
[EWARM 6.70 hd

Mcu and Firmware Package
Mcu Reference
STM32F4392ITx

Firmware Package Mame and Version

|5TM32Cube FW_F4v1.3.0 - Use latest available version
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3.3.1 Use WWDG

* How calculate the window APB1,;,,=45MHz, prescaller 8

twwdg i, = fAPBl*4096*NWWDG_PRESCALLER*(N rerresH — Nwinoow ) =

— ( 1
45+10°

)*4096*8*(127-80) = 34.2ms

1

twwd =
I (45*106

)*4096*8* (127 -63) = 46.6ms

We refresh the T[6:0] CNT downcounter

WWDG t0 127  [TT™~~,

In our case 80 [P WI6:0] —

0:-:3F—|——__|____

Fixedos P | | |

|
,’ Refresh not allowed Refresh allowed ime
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3.3.1 Use WWDG

» Solution
 WWDG Start

/* USER CODE BEGIN 2 */
HAL WWDG_ Start(&hwwdg);
/* USER CODE END 2 */

« WWDG refresh

/* USER CODE BEGIN 3 */

/* Infinite loop */

while (1)

{

//30ms or 50ms is outside the WWDG window, 40ms fits inside the window
HAL_ Delay(40);
HAL_GPIO WritePin(GPIOG, GPIO PIN 14, GPIO PIN_SET);
HAL_WWDG_Refresh(&hwwdg, 127);

}
/* USER CODE END 3 */




3.3.2 IWDG lab
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3.3.2 Use IWDG

* Objective
* Learn how to setup IWDG in CubeMX
« How to Generate Code in CubeMX and use HAL functions
* Create simple application to test IWDG

* Goal

* Configure IWDG in CubeMX and Generate Code
e Learn how to start IWDG
* IWDG indication via LED
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3.3.2 Use IWDG

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX IWDG selection
» Select IWDG
» Configure PG14 for LED indication

Ly,
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3.3.2

Use IWDG mm

* In order to run on maximum frequency, setup clock system

* Details inlab O

life.augmented

Input frequency

4-26MHz

RTC Clock Mux

- = oz To RTC (KHz}
LSIRC J-—"b .
32 |ToIWDG (KHD) —
32 KHz
— —
e System Clock Mux /8
HSL
@ —_—
16 MHz . SYSCLK (MHz) | AHB Prescaler  HCLK (MHz) APBL Prescaler
' @ ™ 180 JL T — 180 —¢®j4 T —
45 MHz max
130 MHz max
PLLELK
PLL Source Mux - X2
- 4’ APBZ Prescaler
e -
Ly /2
Enable C53 FE
PP k=, | 30 MHz max
HEE
M =N /P Xz
it -
Main FLL 3 125 source Mux
ain -
—»
SCLK
PR e =
=N IR
SAT1-A source Mux
PLLIZSCLK
b M. ) -
PLLIZS Q
dock
MCO2 source Mux
PLLSAICLK
SYSCLK —— .
SATL-B source Mux
180 e -
Ext dock
MCO1 so
e PLLSAICLK
X435 ¥ 4 ¥ 1w > o
=N ]
6 w1 T e I
-~ i2 - e /2 -
PLLSAIL IR

130

180

45

a0

E

180

Ethemnet PTP clock (MHz)

HCLK to AHE bus, core, memory
and DMA (MHz)

To Cortex System timer (MHz)

FCLK Cortex clock (MHz)

APEB1 peripheral clocks (MHz)

APE1 Timer clocks (MHz)

APB2 peripheral clacks (MHz)

APB2 timer clocks (MHz)

48MHz clocks (MHz)

125 clocks (MHz)

SAL-A clocks (MHz)

SAL-B clocks (MHz)

LCD-TFT clocks (MHz)




3.3.2 Use IWDG

& IWDG Configuration

* CubeMX ADC configuration

« TAB>Configuration>System>
>|WDG>Parameter Settings

Configure the below parameters :

I 4 = Clocking
Set prescailer to I'WDG counter dodk Prescaler 4
 Max value to 50 MinMax values of IWDG down-co... 50

e Button OK
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3.3.2 Use IWDG

* Now we set the project details for generation

* Menu > Project > Project Settings § ' Project Settings

» Set the project name Project | Code Generator |

» Project location Project Settings
. Project Name
» Type of toolchain i

Project Folder

¢ N OW We Can G enerate COde |D:‘P.adek‘\_Training_examples\,F"u:rague_Zﬂ14_modiF_my‘|Labs\IWDG

* Menu > Project > Generate Code Toolchain / IDE
’EWARM 6.70

Mcu and Firmware Package
Mcu Reference

STM32F43921Tx

Firmware Package Mame and Version

|STM32Cube FW_F4Vv1.3.0 - Use latest available version
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3.3.2 Use IWDG

* IWDG refresh interval

1 1

tiwdg - TSI* PIWDG_PRESCALLER *N IWDG_COUNTERVAL — (32*103 ) *4*50 =6.25ms




3.3.2 Use IWDG

» Solution
« IWDG Start

/* USER CODE BEGIN 2 */
HAL IWDG Start(&hiwdg);
/* USER CODE END 2 */

* IWDG refresh
/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{

HAL Delay(7);//try delay 6ms and 7ms
HAL GPIO WritePin(GPIOG,GPIO PIN 14,GPIO PIN SET);

HAL_IWDG_Refresh(&hiwdg);

}
/* USER CODE END 3 */
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3.3.2 Use IWDG

 Hardware IWDG

 Remove IWDG start from project

/* USER CODE BEGIN 2 */
/* USER CODE END 2 */

» Use ST-Link utility and enable IWDG Hardware start

Ly,
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3.3.2 Use IWDG
F—— =)

 Hardware IWDG

Fead Out Pratection BOR Level
» Start ST-Link utility Level 0 v OFF v
° Menu>Targ et>Option bytes |1zer cnnfiﬁuratinn aptian byte

[V nRST_STDEY [¥]nRST_STOR

or CTRL+B
* Uncheck the WDG_WS
« Button APPLY
* Now the IWDG is automatically started after reset

I1zer data storage option bytes

Drata 0 [H]: Drata 1 [H]:

» 1’ DO NOT FORGET disable E——

I W D G a to ati C Start afte r Flazh protection mode: Wite protection -
u Sectar Start address  Size Fraotection =
ou en d th |S exam I e [7] Sector 0 0x08000000 16K Mo Pratection
y p [ Sectar 1 Ox08004000 16K Mo Pratection E
[ Sectar 2 0=08003000 16K Mo Pratection
[ Sector 3 Q«0800C000 16K Mo Protection
[ Sectar 4 0=02010000 B4K Mo Protection
[ Sectar & 0=08020000 128k Mo Protection
[ Sectar & 0«08040000 128K Mo Protection
[ Sectar 7 0028060000 128K Mo Protection
[ Sectar 8 0=08080000 128K Mo Protection
|_|I Sector 9 0«080480000 128 K. Mo Protection | i
] i 3
I Unzelect all I [ Select all ]

Lys orb | cowe )
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4.1.1 Use DAC as wave generator

* Objective
* Learn how to setup DAC as wave generator in CubeMX
« How to Generate Code in CubeMX and use HAL functions

* Goal

* Configure DAC as wave generator in CubeMX and Generate Code
e Learn how start it in project

life.augmented



4.1.1 Use DAC as wave generator

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX DAC selection
 Select DAC OUT2

£ & DAC
: ----- OUT1 Configuration

c1no 2Wd

- External Trigger




4.1.1 Use DAC as wave generator

* CubeMX DAC configuration
. TAB>Configuration>Anang>DAC>Parametr Settings

File Project Window Help
* Enable BoW& &g +- 29
@) utput buffer Pinout | Cleck Configuration | Configuration | Power Consumption Calculator |
onfiguration 1

° B Utton O K a---lul:iddle'lﬂarﬁ [ @ DAC Configuration M

| =& FATFS
b-.. [F] User-defined | |« Parameter Settings | </ NVIC Settings | </ DMA Settings | <7 GPIO Settings
=} & FREERTOS Configure the below parameters :

‘.. [F] Enabled
é---PFr'lpherals
& CRC = DAC Out2 Settings i

i.oe [] Activated Output Buffer Enable Output Buffer
= & DAC Trigger Mone

.. QUT2 Configurd
-+ & DMA2D

. [ Activated
=k & IWDG

‘.. [7] Activated |
% RCC
High Speed Clod|
[+ % RNG

. [ Activated
= & TIM6

- Activated
[ One Pulse Mof
= & TIM7

- Activated
[] One Pulse Mof
= & WWDG

. [7] Activated

Middlewares

{1}

DAC 11l r""ic?
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4.1.1 Use DAC as wave generator

* Now we set the project details for generation

. . . r
« Menu > Project > Project Settings { ¢ Project settings =)
» Set the project name Project | Code Generator |
* Project location Project Settings
. Project Name
» Type of toolchain IDACE_Wave |
Project Location
¢ NOW We Can Generate COde |D:‘P.adek‘l._Training_examples‘\F‘UJrague_ZU14_modi1"_my‘u_abs‘l, " Browse ]

Project Folder

* Menu > Project > Generate Code - :
|D:‘l,F‘.adek‘l,_Tra|n|ng_examp|es‘lF4J:wague_2014_mod|F_my‘lJ_abs‘|D.ﬁCE_Wave |

Toolchain / IDE
[EWRRM 6.70 Pw

Mcu and Firmware Package

Mcu Reference
STM32F43321Tx

Firmware Package Mame and Version

|5TM32CL|I:|E FW_F4v1.3.0 - Use latest available version

m ok | | cancel
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4.1.1 Use DAC as wave generator

- Start process DAC generation (same for DMA, ADC)

» Non blocking start process

Peripheral
Initializations

.

Start Process
HAL_DAC_Start

.

Set value
HAL DAC_SetValue
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4.1.1 Use DAC as wave generator

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags
» and /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

* For DAC start use function
« HAL_DAC_Start(DAC_HandleTypeDef* hdac, uint32_t Channel)

* DAC set DAC value

« HAL _DAC_SetValue(DAC HandleTypeDef* hdac, uint32_t Channel, uint32_t Alignment,
uint32_t Data)
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4.1.1 Use DAC as wave generator

- Solution
 DAC setup and start

/* USER CODE BEGIN 2 */
HAL_DAC_Start(&hdac,DAC_CHANNEL 2);
/* USER CODE END 2 */

* Create the wave

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{
HAL DAC_SetValue(&hdac, DAC_CHANNEL 2, DAC_ALIGN 12B R, value dac);
if(value_dac>4095)
{
value dac=0;

}
HAL Delay(1);

¥
/* USER CODE END 3 */
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4.2.1 ADC Poll lab
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4.2.1 Use ADC in polling mode

* Objective
* Use the DAC part from previous lab
* Learn how to setup ADC in CubeMX
 How to Generate Code in CubeMX and use HAL functions

» Goal
« Configure ADC in poll in CubeMX and Generate Code
» Learn how to start ADC and measure the DAC

* Verify the measured wave in STMStudio
(http://www.st.com/web/en/catalog/tools/PFE251373 require JAVA)
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http://www.st.com/web/en/catalog/tools/PF251373

4.2.1

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX DAC selection
» Select DAC OUT2
 Select ADC IN13

Use ADC In polling mode

-|-Peripherals

£ & DAC

OUT1 Configuration

QOUT2 Configuration

External Trigger

¢1No 2ovd




4.2.1 Use ADC in polling mode

« Hardware connection
» Connect DAC out2 PA5 and ADC1 IN13 PC3 together




4.2.1

Use ADC In polling mode

* CubeMX ADC configuration
» TAB>Configuration>Analog>ADC1>Parametr Settings

 SetADC1

» Set sampling time
for CH13

e Button OK

* DAC from previous
example

Ly,
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SRS = I < R T S

e

Pinout | Clock Configuration | Configuration l’ower Consumption Calculator |

onfiguration
@---F‘!idllleWa]l{
! B® FA

: o Er
9---Pgripherals

I

% ADC1 Configuration

«// Parameters Setttings { o/7 NVIC Settings | o/ DMA Settings | «/7 GPIO Setiings

=

Configure the below parameters :

= ADCs_Common_Settings

Mode Independent mode

=] ADC_Settings
Clock Prescaler PCLEZ divided by 2
Resolution 12 bits (15 ADC Clock cycles)
Data Alignment Right alignment
Scan Conversion Mode Disabled

Continuous Conversion Mod Deabled
Disabled
Disabled

EQC flag at the end of single channel canversion

Discontinuous Conversion Mode
DMA Continuous Requests
End Of Conversion Selection

=] ADC_Regular_ConversionMode

Mumber Of Conversion 1
External Trigger Conversion Edge Mone
=2 Rank 1
Channel Channel 13
Sampling Time 23 Cydes
= ADC_Injected_ConversionMode
Mumber Of Conversions a
= WatchDog
Enable Analog WatchDog Mode

Continuous Conversion Mode
ContinuousConvMade

Parameter Description:

Enable or Disable the Continuous Conversion Mode

Middlewares




4.2.1 Use ADC in polling mode

* Now we set the project details for generation

* Menu > Project > Project Settings B Project Settings ]
» Set the project name Project | Cade Generator]

» Project location Project Settings
. Project N
« Type of toolchain foc pool |
. Project Folder
NOW We Can Generate COde |D:‘IP.adek‘l._Training_examples‘,l:‘}jrague_zo14_mndif_my\.|.abs‘lP.DC_PonI |
* Menu > Project > Generate Code Toolchain | TDE
lEWARM 5.70 -

Mcu and Firmware Package

Mcu Reference
STM32F4392ITx

Firmware Package Mame and Version

|5TM32CL||:|E FW_F4Vv1.3.0 -

Lse |atest available version

Lys o] [ e
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4.2.1 Use ADC in polling mode

- Start process ADC(same for DMA, DAC, TIM)

» Non blocking start process

Peripheral
Initializations

.

Start Process
HAL_DAC_Start

Peripheral
Initializations

.

Start Process
HAL_DAC_Start
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4.2.1 Use ADC in polling mode

« Open the project in our IDE
* The functions we want to put into main.c
* Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags
« and /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

 For DAC start use function
« HAL_DAC_Start(DAC_HandleTypeDef* hdac, uint32_t Channel)
« HAL_ADC_PollForConversion(ADC_HandleTypeDef* hadc, uint32_t Timeout)
« HAL_ADC_GetValue(ADC_ HandleTypeDef* hadc)

* DAC functions
« HAL_DAC_Start(DAC_HandleTypeDef* hdac, uint32_t Channel)

« HAL DAC_ SetValue(DAC HandleTypeDef* hdac, uint32_t Channel, uint32_t Alignment,
uint32_t Data)
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4.2.1 Use ADC in polling mode

» Solution
» Variables

/* USER CODE BEGIN PV */
uint32_t value_adc;
uint32_t value_dac=0;

/* USER CODE END PV */

* DAC setup and start

/* USER CODE BEGIN 2 */

HAL_DAC_Start(&hdac,DAC_CHANNEL_2);

HAL_DAC_SetValue(&hdac, DAC_CHANNEL_ 2, DAC_ALIGN_12B_R, value_dac);
/* USER CODE END 2 */
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4.2.1 Use ADC in polling mode

- Solution
« Main loop with DAC set and ADC set

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{
HAL_ADC_ Start(&hadcl);
HAL_ADC_PollForConversion(&hadcl,10);
value adc=HAL ADC_GetValue(&hadcl);
HAL DAC_SetValue(&hdac, DAC_CHANNEL 2, DAC_ALIGN 12B R, value dac);
value dac++;
if(value_dac>4095){
value dac=0;
}
HAL Delay(1);

}
/* USER CODE END 3 */
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4.2.1 Use ADC in polling mode

* Test the functionality
« \We need the address of variable value_adc

* This can be found usually in debug mode in watch, my address is
0x2000005C (depends on compilator and optimizations)

111 STM Studio New config® o 50

e Start the STMStudiO File Run Views Options_Hile
ERL LI e =l
® Set the ST L|nk SWD [ show norkspace | [<<] i VarViewer1

T
Display Variables | write Variables | 4,000

3,200

* Right click into I
Display variable o

settings

3,200
3,100

* Select NEW — - i

2,800

2,700
2,600
2,500
2,400
2,300
2,200
2,100
2.000
1,900
1,200
1,700
1.600
1,500
General Display 1.400

1.200
varviewerl  Heyadecimal 1om

Walue

MName Function Type Description  Color

List of variables 1,000
Mo Variable aoo
200

700
B00
1S7]
400

-
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4.2.1 Use ADC in polling mode

- STM studio settings

« Setvalue adc addresg Display Variables settings

my 0x2000005C Mame Address Type

* Set 16bit unsigned val 0x2000005C unsigned 16-bit
* Right click on this line

* Select Send To
VarViewerl

Color

Display Variables settings

Mame Address Type Color

0 new_0 S T T IS unsigned 15-bit

Send Te F YVarViewerl

Import ...

Update
"I Mame Expression Type Color
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4.2.1 Use ADC in polling mode

- STM studio settings

* Viewers settings is on botto

« Set the correct upper value Viewers settings

to 4096(12bit) General Display
Point Viewer | VarViewerl as Curve -
varviewer1 Hexadecimal
List of Variables

Delete || Delete Al

Value Range

lower Value 0.0

r upper Value 4100.0
v/
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4.2.1 Use ADC in polling mode

- STM studio settings

* Now preSS Il STM Studio New config* \ \

File Run Views Options Help

green play button §i cp e u @ muee_-| =[5}
_ _ _ Var\lieweﬂ.

« And you will see or v [l

C O n te n t Of Display Variables settings

Name Address

Val u e_ad C 0x2000005C unsigned 16-bit

AcqgVar Function Scope

Function Type Description

Viewers settings
General | Display
VarViewer1 as

VarViewerl o decimal

List of Varizbles

3,800 3,800 4,000 4,100 4,200 4,300 4,400 4,500 4,600 4,700 4,800 4,900

Value Range )
Time
’ I lower Value
pper vl .
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4.2.2 ADC Interrupt lab

STM32F42xx Technical Training 06/12/2016




4.2.2 Use ADC with interrupt

* Objective
* Use the DAC part from previous lab
* Learn how to setup ADC with interrupt in CubeMX
* How to Generate Code in CubeMX and use HAL functions

» Goal
* Configure ADC in interrupt in CubeMX and Generate Code
e Learn how to start ADC and measure the DAC

* Verify the measured wave in STMStudio
(http://www.st.com/web/en/catalog/tools/PFE251373 require JAVA)
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http://www.st.com/web/en/catalog/tools/PF251373

4.2.2

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX DAC selection
» Select DAC OUT2
 Select ADC IN13

Use ADC with interrupt

-|-Peripherals

£ & DAC

OUT1 Configuration

QOUT2 Configuration

External Trigger

¢1No 2ovd




4.2.2

Use ADC with interrupt

* CubeMX ADC configuration
» TAB>Configuration>Analog>ADC1>Parametr Settings

 SetADC1

» Set sampling time
for CH13

e Button OK

* DAC from previous
example

Ly,
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SRS = I < R T S

e

Pinout | Clock Configuration | Configuration l’ower Consumption Calculator |

onfiguration
@---F‘!idllleWa]l{
! B® FA

: o Er
9---Pgripherals

I

% ADC1 Configuration

«// Parameters Setttings { o/7 NVIC Settings | o/ DMA Settings | «/7 GPIO Setiings

=

Configure the below parameters :

= ADCs_Common_Settings

Mode Independent mode

=] ADC_Settings
Clock Prescaler PCLEZ divided by 2
Resolution 12 bits (15 ADC Clock cycles)
Data Alignment Right alignment
Scan Conversion Mode Disabled

Continuous Conversion Mod Deabled
Disabled
Disabled

EQC flag at the end of single channel canversion

Discontinuous Conversion Mode
DMA Continuous Requests
End Of Conversion Selection

=] ADC_Regular_ConversionMode

Mumber Of Conversion 1
External Trigger Conversion Edge Mone
=2 Rank 1
Channel Channel 13
Sampling Time 23 Cydes
= ADC_Injected_ConversionMode
Mumber Of Conversions a
= WatchDog
Enable Analog WatchDog Mode

Continuous Conversion Mode
ContinuousConvMade

Parameter Description:

Enable or Disable the Continuous Conversion Mode

Middlewares




4.2.2 Use ADC with interrupt

* CubeMX ADC configuration
. TAB>NVIC settings * ADC1 Configuraton B

| o Parameters Setttings ||/ NVIC Settings }| /7 DMA Settings | &/ GPIO Settings|

) Enable ADCl Interrupt Interrupt Table Enabled Preemption Priority
° B utton O K |ADC1, ADC2 and ADC3 global interrupts | |U

life.augmented




4.2.2 Use ADC with interrupt

* CubeMX NVIC configuration

» Because we want use the
Systick for delay in interrupt
The ADC interrupt priority must
be changed

» TAB>Configuration>System>NVIC

* Change ADCl File Py t Wind Hel
) i . || File Projec indow Help
preemption priority BB d5i+=0p

to 1 | Pinout | Clodk Configuration | Configuration | Power Consumption Calaulator |

|Cor uration '
e.?:?“hwi,ﬁ = % NVIC Configuration M
. B % FATFS
\Userdefined . Priority Group [4 bits for pre-emption pricrity 0 bits for subpriority - ] Sort by Premption Priority and Sub Prority
=3 ﬁ FREERTOS I Search | | E] E] Shaw only enabled interrupts
i || Enabled
Lo Interrupt Table Enabled  Preemption Priority Sub Priority
: ——1 |Non Maskable Interrupt [F

Memory management fault
II System

Pr{ NonMaskablelnt IRQn tss fault
Undefined instruction or ilegal state
4=
—

m

Debug Monitor
System tick timer
PVD through EXTI Line 16 interrupt

Do clobalintarn ot

Sjooo oo o

0UT2 Configuration: Set

E IR AEEBEEEEE

A= EEEEEE

- & DMA2D I ADC1, ADC2 and ADC3 global interrupts o GPIO —o%
Lo L T TPTDRCTaTORT errorTTErTT bl
NVIC Sl o
Activated
RCC RC Sy e?
i High Speed Clock (HSE):Crys — 4
RNG
Activated =
< m 3
MCUs Selection |
Series Lines | E\rad Peripherals
STM32F4 STM32F429/4; e
STM32F4 STM32F429/4 | pe
STM32F4 STM32F429/4; lhe
’I STM32F4 STM32F425/4 [ Enabled Preemption Priority l:l Sub Priority - | pe
life.augmented [ Aeely J[ ok ][ cancel |




4.2.2 Use ADC with interrupt

* Now we set the project details for generation

. . . r

« Menu > Project > Project Settings §| @ Project Settings s |

» Set the project name Project | Code Generator |

» Project location Project Settings

. Project Name

» Type of toolchain apc_IT |

Project Folder
¢ NOW We Can Generate COde |D:‘P.adek‘l._Training_examples‘\F‘UJrague_ZU14_modiF_my‘U.abs‘l,ADC_1T |

* Menu > Project > Generate Code Toolchain / IDE

’EWARM 6.70 -

Mcu and Firmware Package

Mcu Reference
STM32F43321Tx

Firmware Package Mame and Version

|STM32CI.||:|E FW_F4v1.3.0 -

Use latest available version

‘7 b [ cone
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4.2.2 Use ADC with interrupt

HAL Library ADC with IT flow

ADClnitializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_ADC_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_ADC_IRQHandler H ADC_IRQHandler

process callback
HAL_ADC_ConvCpltCallback

process Error callback
HAL_ADC_ErrorCallback

Ly,
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4.2.2 Use ADC with interrupt

« Open the project in our IDE
« The functions we want to put into main.c
» Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags
» and /* USER CODE BEGIN 4 */ and /* USER CODE END 4 */ tags

* For DAC start use function
« HAL_ADC_Start_IT(ADC_HandleTypeDef* hadc, uint32_t Channel)
« HAL_ADC_GetValue(ADC_ HandleTypeDef* hadc)

- ADC complete callback function
« HAL_ADC_ConvCpltCallback(ADC _HandleTypeDef* hadc)

* DAC functions
« HAL _DAC_Start(DAC_HandleTypeDef* hdac, uint32_t Channel)

« HAL DAC_ SetValue(DAC HandleTypeDef* hdac, uint32_t Channel, uint32_t Alignment,
uint32_t Data)

Ly,
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4.2.2 Use ADC with interrupt

» Solution
» Variables

/* USER CODE BEGIN PV */
uint32_t value_adc;
uint32_t value_dac=0;

/* USER CODE END PV */

* DAC setup and start ADC/DAC

/* USER CODE BEGIN 2 */

HAL_DAC_Start(&hdac,DAC_CHANNEL_2);

HAL_DAC_SetValue(&hdac, DAC_CHANNEL_ 2, DAC_ALIGN_12B_R, value_dac);
HAL_ADC_Start_IT(&hadcl);

/* USER CODE END 2 */

Ly,
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4.2.2 Use ADC with interrupt

- Solution
* ADC complete callback routine

/* USER CODE BEGIN 4 */
void HAL _ADC ConvCpltCallback(ADC_ HandleTypeDef* hadc)
{

value adc=HAL_ ADC_GetValue(&hadcl);

HAL DAC_SetValue(&hdac, DAC_CHANNEL 2, DAC_ALIGN 12B R, value dac);

value dac++;

if(value_dac>4095){

value dac=0;

}

HAL Delay(1);

HAL ADC_Start IT(&hadcl);

}
/* USER CODE END 4 */

Ly,
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4.2.2 se with interrupt

- STM studio settings

» Check functionalityf i smstioNew conte-

File Run Views Options Help

again with SO UG men o
STMstudio VarViewer1

Display Variables | Write Variables

Display Variables settings

MName

Expression

AcqVar Function Scope

Function Type Description  Color

Viewers settings
Display

VarViewer1 as

VarViewerl Hexad

cimal

List of Variables

3.800 3,800 4,000 4,100 4,200 4,300 4,400 4,500 4,600 4,700 4,800 4,800

o
Value Range )
Time
’ I lower Value
upper vl .

life.augmented







4.2.3 Use ADC with DMA

* Objective
* Use the DAC part from previous lab
e Learn how to setup ADC with DMA in CubeMX
 How to Generate Code in CubeMX and use HAL functions

« Goal
* Configure ADC in DMA in CubeMX and Generate Code
* Learn how to start ADC and measure the DAC

* Verify the measured wave in STMStudio
(http://www.st.com/web/en/catalog/tools/PFE251373 require JAVA)

life.augmented


http://www.st.com/web/en/catalog/tools/PF251373

4.2.3

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

* CubeMX DAC selection
» Select DAC OUT2
 Select ADC IN13

Use ADC with DMA

-|-Peripherals

£ & DAC

OUT1 Configuration

QOUT2 Configuration

External Trigger

¢1No 2ovd




4.2.3 Use ADC with DMA

* CubeMX ADC configuration
« TAB>Configuration>Analog>ADC1>Parameter Settings
« SetADC1

» Set sampling time
for CH13

* DMA Continuous requests

@ ADC1 Configuration

W Parameters Setttings IQt;? NVIC Settings | /" DMA Settings | o/ GPIO Settings
Configure the below parameters :

Mode Independent mode
e Button OK [ ADC_Settings
Clock Prescaler PCLEZ divided by 2
. Resolution 12 bits (15 ADC Clock cydes)
b DAC fro m p reVI 0 u S Data Alignment Right alignment
Scan Conversion Mode Disabled
exam p | e Continuous Conversion Mode Disabled
Discontinuous Conversion Mode Disabled
DMA Continuous Reguests Enabled
End Of Conversion Selection EQC flag at the end of single channel conversion
= ADC_Regular_ConversionMode
Number Of Conversion 1
External Trigger Conversion Edge Mone
Hank 1
Channel Channel 13
Sampling Time 28 Cydles
(=l ADC_Imjected_ConversionMode
Number Of Conversions 0
= WatchDog
Enable Analog WatchDog Mode

Ly,
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4.2.3 Use ADC with DMA

* CubeMX ADC configuration

« TAB>DMA Settings % ADCI Configuration
Button ADD | o/ Parameters Setttings | /7 NVIC Setthgsl@j? DMA Settings ky &PIO Sett'ngs|

- N

« DMArequest ADC1
» Peripheral to memory direction

 Circular mode

* Memory increment
» Half word data width
e Button OK

IAddI’Deletel

DMA Reguest Settings
Peripheral Memaory

Mode lClrmIa' - ] Increment Address

Use Fifo Threshold ‘Half Ful Data Width Halfword  ~

Burst Size |Sing|e - |

Ly,
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4.2.3 Use ADC with DMA

* Now we set the project details for generation

. . . r
 Menu > Project > Project Settings J| & Project Settings

» Set the project name Project | Code Generator |
* Project location Project Settings
. Project Name
» Type of toolchain (ADC_DMA |

Project Folder
|D:‘P.adek‘l._Training_examples‘\F‘UJrague_Zﬂ14_modiF_my‘U.abs‘l,ADC_DM.A |

« Now we can Generate Code

* Menu > Project > Generate Code Toolchain / IDE
’EWARM 6.70 -

Mcu and Firmware Package

Mcu Reference
STM32F43321Tx

Firmware Package Mame and Version

|STM32CL||:|E FW_F4v1.3.0 -

Use latest available version

Ly,
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4.2.3 Use ADC with DMA

HAL Library ADC with DMA flow

ADClnitializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_ADC_Start DMA

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMAL1_StreamX_IRQHandler

process callback
HAL_ADC_ConvCpltCallback

process Error callback
HAL_ADC_ErrorCallback

Ly,
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4.2.3 Use ADC with DMA

« Open the project in our IDE
* The functions we want to put into main.c
* Between /* USER CODE BEGIN 2 */ and /* USER CODE END 2 */ tags
« and /* USER CODE BEGIN 3 */ and /* USER CODE END 3 */ tags

 For DAC start use function
« HAL_ADC_Start DMA(ADC_HandleTypeDef* hadc, uint32_t* pData, uint32_t Length)

* DAC functions
« HAL_DAC_Start(DAC_HandleTypeDef* hdac, uint32_t Channel)

« HAL _DAC_SetValue(DAC HandleTypeDef* hdac, uint32_t Channel, uint32_t Alignment,
uint32_t Data)

Ly,
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4.2.3 Use ADC with DMA

» Solution
» Variables

/* USER CODE BEGIN PV */
uint32_t value_adc;
uint32_t value_dac=0;

/* USER CODE END PV */

* DAC setup and start ADC/DAC

/* USER CODE BEGIN 2 */

HAL_DAC_Start(&hdac,DAC_CHANNEL_2);

HAL_DAC_SetValue(&hdac, DAC_CHANNEL_ 2, DAC_ALIGN_12B_R, value_dac);
HAL_ADC_Start_DMA(&hadcl, (uint32_t*)&value_adc,1);

/* USER CODE END 2 */

Ly,
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4.2.3 Use ADC with DMA

« Solution
« ADC main routine

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)

{
HAL DAC_SetValue(&hdac, DAC_CHANNEL 2, DAC_ALIGN 12B R, value dac);
value dac++;
if(value_dac>4095){
value dac=0;
¥
HAL Delay(5);
HAL_ADC_Start(&hadcl);
HAL Delay(5);

}
/* USER CODE END 3 */

Ly,
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4.2.3

Use ADC

- STM studio settings

* Check functionalit
again with
STMstudio

Ly,

life.augmented

il 5TM Studio New config*

with DMA

B

File Run Views Options Help

B

Display Variables | Write Variables

Display Variables settings

MName

Expression

AcqVar Function Scope

Function Type Description

Caolor

Viewers settings

Display
VarViewer1 as

VarViewerl  po.odecimal

List of Variables

Value Range

lower Value

upper Yalue

VarViewer1

3.800

3,800

4,000

4,100

4200 4300 4400
Time

4,500

4,600

4,700

4,800

4,800







5.1 Use BSP for SDRAM initialization

* Objective
e Learn how import BSP into project
* Which part need to by configured in GUI
* Try to write data into SDRAM and read it

* Goal

» Successfully import BSP into your project
« Learn which part you need to import
* How to setup the project
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5.1 Use BSP for SDRAM initialization

* Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

- We need only blank project with clock initialization

* We only set the RCC and configure the core to maximum speed

B ® RCC
: ngh Speed Clodk (HSE) Crystal/Ceramic Res...,
g----an Speed Clock (LSE) |Disable -

- .
[ '8

16 MHz
HZE

— 1" _lg-ﬁ__

SYSCLK {(MHZ) AHB Prescaler  HCLK (MHz) APEL Prescaler
180

il = —{ 180 i 4 -

180 MHz max
PLLCLE i
APBZ Prescaler
Enable G55 s

PLL Source Pux
HEI
-—

H5E




5.1 Use BSP for SDRAM initialization

* Now we set the project details for generation

* Menu > Project > Project Settings J # Project Settings [
» Set the project name Project | Code Generator

» Project location Project Settings
. Project Mame
» Type of toolchain 55P_SORAM |
Project Folder
¢ NOW We Can Genera‘te COde |D:‘P.adek‘l._Training_examples\F4jrague_2ﬂ14_n1ndiF_my‘,Labs‘,ElSP_SDRAM |
* Menu > Project > Generate Code Toolchain / IDE
’EWARM 6.70 -

Mcu and Firmware Package

Mcu Reference
STM32F43521Tx

Firmware Package Mame and Version

|5TI"«"I32CL||:|E FW_F4V1.3.0 -

Use |atest available version

Lys o ] [ cone
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5.1 Use BSP for SDRAM initialization

* Now we have bank project
* For SDRAM we need to include more parts

Our project

r————————————

BSP package I

Discovery drivers

stm32f4xx_discovery.c stm32f4xx_discovery_sdram.c stm32f4xx_discovery_io.c I

I Components I

I ili9341.c lis3dsh.c stmpe81l.c I

————————————d

HAL API

Ly,
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| BSP_SDRM Configuration

Files b

= @ BSP_SDRAM - BSF_SDRA_.. v
—= (1 Application
2 L0 EwwaRd
| Ash startup_stm 3243 %o s
Lg [ User
main.c
[ stm32tde_hal_msp.c
] strn32ida_itc
—= (1 Drivers
2 [0 SIS
| [ system_stm32fdacc
L3 (3 STM32F 4 _HAL_Driver
stm32fda_halc
[c] stm32fdex_hal_corex.c
[c] stm32fdwx_hal_dma.c
[c] strn32fdxx_hal_dma_ex.c
stm32fda_hal_flash.c
[c] stm32fdex_hal_flash_ex.c
stm32fdoc_hal_flash_ra...
stm32fdoc_hal_gpio.c
[t stm32fdao_hal_pwr.c
[ stm32fdo_hal_pwr_ex.c
[c] strn32fdxx_hal_rco.c
stm32fdac_hal_roc_ex.c
3 Qutput




5.1 Use BSP for SDRAM initialization

BSP SDRAM organization

HAL API

' stm32f4xx_hal_spi.c




5.1 Use BSP for SDRAM initialization

BSP SDRAM organization

1. include
Our project stm32f4xx_discovery sdram.h

2. include I
stm32f4xx_discovery.h

HAL API

' stm32f4xx_hal_spi.c
W —— ww




5.1 Use BSP for SDRAM initialization

BSP SDRAM organization
[l?ggp_ac@e_ 3. include stm32f4xx_hal.h I ________ |

Discovery drivers I

I
I I
I
I
I

r N |
4. stm32f4xx_hal.h include all

peripherals which are used in I
stm32f4xx_discovery.c




5.1 Use BSP for SDRAM initialization

BSP SDRAM organization

|
r N |
5. stm32f4xx_hal.h include all

peripherals which are used in I
stm32f4xx_discovery_sdram.cj I




5.1 Use BSP for SDRAM initialization

BSP SDRAM organization

Our project

6. HAL _SDRAM _Init
Is function from
stm32f4xx_discovery sdram.c |

stm32f4xx_discovery_io.c I

h |

—
7. HAL_SDRAM _Init —

call functions from
stm32f4xx_1l_fmc.c

8. stm32fdxx_Il_fmc.c use
stmpe8ll.c functions from I

I— stm32f4xx_hal sdram.c I
- —— Y, -

/ HAL API
| stm32f4xx_hal_spi.c
Wwﬂm

stm32f4xx_Il_fmc.c stm32f4xx_hal_sdram.c




5.1 Use BSP for SDRAM initialization

Source files | Include files

User Code

BSP Drivers Stm32f4xx_discovery.c ' Stm32f4xx_discovery.h
Stm32ffxx_discovery_sdram.c ' Stm32ffxx_discovery_sdram.h

HAL Drivers ' stm32f4xx hal conf.h

Ly,

life.augmented



5.1 Use BSP for SDRAM initialization

* The copy part

 In our project in Drivers folder create folder BSP

[CM5I5]
I [STM32F40x_HAL_Driver]

@ BS5P_SDRAM ioc

* Now go into CubeMX repository ..\STM32Cube FW_F4 V1.3.0\Drivers\BSP\
» And copy Components and STM32F429I-Discovery into BSP folder

Gopy folders into BSP\ﬁﬁ.L;J ........................................................................................
|| [Adafruit_Shield]
= I e [Components]
[BSP] I [STM324x91_EVAL]
_J[CMSIS] (I [STM324xG_EVAL]
[ J[STM32F4xx_HAL_Driver] I [STM32F401-Discovery]
[STM32F429]-Discovery]
[STM32F4-Discovery]
Lys [ [STM32F4x-Nucleo]




5.1 Use BSP for SDRAM initialization

Warkspace
L . : ESP_SDRAM Configurati M
- Now we need to add this files also in project L i — ]
. . Files o M
» Create BSP folder in project B (JBSP_SDRAM - BSP_SDRA. . v
 Right click on project in Workplace>ADD>Grou —E [ Application
9 _ Pro] P P 2 C1 EwaRM
* Name it BSP | A= startup_stm32f43%00 s
» Now right click on BSP>ADD>Files I_E Sriram_,:
« From Drivers\BSP\STM32F429I-Discovery\ stmJzt-hoc hal msp.c
add stm32f429i_discovery.c | oy 55; SHACLo L
and stm32f429i_discovery sdram.c stm321428i_discavery.c .
stm32f42di_discovery_sdr.. >
—= ] Cirivers
-3 (1 CMSIS
system_stm32fdoc

L= (] STh32ZF 4w HAL_ Driver
stm32fdxx_hal.c
stm32fdxe_hal_cortex.c
stm32fdxx_hal_dma.c
stm32fdxx_hal_dma_exc
stm32fdxe_hal_flash.c
stm32fdxe_hal_flash_exc
stm32fdxe_hal flash_ra..
strn32fdex_hal_gpio.c
st 32f4ec_hal_pwr.c
strn 32t _hal_pwr_ex.c
stm32fdxe_hal_rcc.c
stm32fdex_hal_roc_exc

utput

EEEEEEEE L

‘7’ =
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5.1 Use BSP for SDRAM initialization

* The stm32f429i_discovery.c contains functions
for all components on discovery kit
(LCD, GYRO,...)

* Then we also need add into project HAL library
which handle their interface (12C, SPI, ... ) i—EID =

STM3ZF dox, HAL Driver
* Right click on STM32F4xx_HAL_Drive>ADD

stm32fdex_hal.c
. : ] stm3gfdw_hal_cortex.
from \Drivers\STM32F4xx_HAL_Driver\Src ) stm32fboc_hal_cortex.c
» stm32f4xx_hal_i2c.c

stm32fdex_hal_croc
» stm32f4xx_hal_spi.c

stm32fdex_hal_dma.c

st 32t _hal_dma_ex.c

st 32fdo:_hal_flash.c

st 32fdo:_hal_flash_exc
straZfda_hal flash_ramfunc.c
[ strn32fdxx hal gpio.c
] strn32idee hal ifcc |
st 32t do_hal_pwr.c
st 32fdo_hal_pwr_ex.c
strn 32t hal_roo.c

st 32fdex_hal_roo exc
stmacta_hal_sdram.c
st 32fdeo_hal_spi.c

st 32fdee_|l_fmc.c

» stm32f4xx_hal_sdram.c
» stm32f4xx_Il_fmc.c

bbb dbdbhhhhd
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5.1 Use BSP for SDRAM initialization

* Now add the include paths for this new files
* Right click on project>Options>Category C/C++Compiler>Preprocesor
* Into Defined symbols add USE_STM32F4291 DISCO
» This allow use BSP functions

* Into additional includes add
$PROJ_DIRS\..\..\Drivers\BSP\STM32F429I-Discovery

e Button OK
» Button OK close project options

Defined symbols: (one per line)
USE_HAL DRIVER a

¥ 2 e
Edit Include Directories 5 E_STM.EEF-‘-EHLD |50

Incude directarn
FPROJ_DIREN M Minc
$PROJ_DIRSN 5 ADrivershSTM3IZF 3w _HAL_Driverng

FPROL_DIREN. & ADrvershCMSIS N nclude
THEELLL THES [ i ful [1 i

m

I k. ] [ Cancel




5.1 Use BSP for SDRAM initialization

A FRFddddFd A A A SR A FAF Module Sele

* Now last thing is allow to include
new HAL files which we added

Ly,
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Open stm32f4xx_hal_conf.h in ..\Inc\
Uncomment files which we added
HAL SDRAM_MODULE_ENABLED
HAL 12C_MODULE_ENABLED
HAL SPI_MODULE_ENABLED

,ja-a-

ction #FF#44444454 5488855808888 8848F /)

# @hrief This is the list of modules te be used in the HAL driver

=

#define HAI. MODULE_ENABLED

/i #define
//#define
Ji#define
/i #define
//#define
Ji#define
/i #define
//#define
J/#define
/i #define
//#define
J//#define

HAL ADC_MODULE _
HAL CAN MODULE |
HAL CRC_MODULE
HAL CRYP MODULE

L
HAL DAC MODULE ENABL

HAL DCMI MODULE
HAL DMAZD MODU
HAL ETH MODULE

E EI
L

ENABL

NABL
NABL
ENAR.

D

E
E

HoE e EE e
(=]

5

E
ENABL
El

ED
HAL NAND MODULE ENABLED
ED

HAL NOR_MODULE _

HAL PCCARD MODU.

HAL SHAM MODULE

ENABL
LE ENABLED

ENABLED

define HAL 3DRAZM MODULE ENALBLED

J//#delfine HAL HASH MODULE ENAELED

define HAL I2C MODULE_ENAELED

//#define HAL 125 MODULE ENABLED

//#defin= HAL IWDG MODUL
//#define HAL LTDC MODUL
//#define HAL RNG MODULE ENAR
//#defin= HAL RTC MODULE ENAR
//#define HAL SAT MODULE ENAR
//#define HAL SD MODULE ENAB
J/wdefine HAL TIM MODULE ENABLED
//#define HAL UART MODULE ENABLED
//#defin= HAL USART MODULE ENAB
//#define HAL TRDA MODULE ENAB
//#define HAL SMARTCARD MOD
//#define HAL WWDG MODULE ENABL
//#define HAL PCD MODULE ENABLED
//#define HAL HCD MODULE ENABLE
$define HAL GPIO_MODULE_ENABLED
$define HAL DMA MODULE_ENABLED
$define HAL RCC_MODULE_ENABLED
$define HAL FLASH MODULE_ENABLED
$define HAL PWR_MODULE_ENAELED
gdefine HAL CORTEX MODULE_ENABLED

NAB
NAB

=]

EE
EE

=
(=]

T I I S I )
L= I ]

=}

[ S I S

[

[l

[

&

[l
IL'*'I
= E
0= 0=
‘g L]
[
5]
=]

E
&




5.1 Use BSP for SDRAM initialization

* Into main.c now we add include of stm32f429i discovery sdram.h

/* USER CODE BEGIN Includes */
#include "stm32f429i discovery sdram.h"
/* USER CODE END Includes */

* Now we can use the SDRAM init functions from BSP

/* USER CODE BEGIN 2 */
BSP_SDRAM_Init();
/* USER CODE END 2 */

* Now you can try to write into SDRAM area
In stm32f429i_discovery sdram.h you can find where is the SDRAM
memory and how is their size
« SDRAM_DEVICE_ADDR ((uint32_t)0xD0000000)
« SDRAM_DEVICE_SIZE ((uint32_t)0x800000) /* SDRAM device size in MBytes */



5.1 Use BSP for SDRAM initialization

« SDRAM test

/* USER CODE BEGIN PV */
volatile uint32_t value;
/* USER CODE END PV */

/* USER CODE BEGIN 2 */

BSP_SDRAM_Init();
*((uint32_t*)SDRAM_DEVICE_ADDR)=0x12345678;
value=*((uint32_t*)SDRAM_DEVICE_ADDR);

/* USER CODE END 2 */




5.2 BSP LCD lab
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5.2  Use BSP for LCD init and writing

* Objective
e Learn how import BSP LCD into project
* Because the LCD use the SDRAM we use project from lab 25
* Which part need to by configured in GUI
* Try to write text on LCD

« Goal

» Successfully import BSP LCD into your project
» Learn which part you need to import
» How to setup the project
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5.2  Use BSP for LCD init and writing

BSP LCD organization

Discovery drivers

stm32f4xx_discovery.c stm32f4xx_discovery lcd.c stm32f4xx_discovery sdram.c

I Components | Utilities

1119341.c lis3dsh.c stmpe811l.c I
-

HAL API

(Sim3ziocl fmec ]| SMeAoallide Sm3Mh el 126

life..




5.2  Use BSP for LCD init and writing

BSP LCD organization

1. include
stm32f4xx_discovery lcd.h

Our project

2. stm32f4xx_discovery lcd.h
use the discovery BSP and
ili9341.c lis3dsh.c stmpe811.c SDRAM

I Components

HAL API

“Stmaziaxx_Il_fmc.c | Stm32txx hal_fde.c Stma2taxx_hal i26.C




5.2  Use BSP for LCD init and writing

BSP LCD organization

Our project
3. stm32f4xx_discovery lcd.h | e '|
use driver ili9341.c which is
TFT LCD controller Discovery drivers
/ discove /£ discove 0 stm32f4xx_discovery sdram.c

I
4. stm32f4xx_discovery lcd.h [S
use LCTD controller from HAL

\/Z___I\




5.2  Use BSP for LCD init and writing

BSP LCD organization

Utilities

2. stm32f4xx_discovery lcd.h
use fonts from utility folder

HAL API

(Sim3ziocl fmec ]| SMeAoallide Sm3Mh el 126




5.2  Use BSP for LCD init and writing

(J BSP_SDRAM - BSP_SDRAM Confi... v

- We use the project from BSP SDRAM e
because the LCD also use the SDRAM Laﬂuigfﬂup_stmﬂfﬁﬂm
e [£] main.c
* We need copy the Fonts from Utilities 5tm32f4x:<_hal_msp.u:
folder in CubeMX repository o o B m 3Pt o

stm32f429i_discovery.c
stm32f429i_discovery_sdram.c
—=1 ] Drivers
5101 CMSIS

system_stm32fdocs
= [ STh32F 4w HAL Driver
stm32fdex_halc
stm32fdxx_hal_cornex.c
st 32fdex_hal_croc
stm32fda_hal_dma.c
stm 32fdx_hal_dma_ex.c
st 32fdex_hal_flash.c
stm32fdx_hal_flash_ex.c
stm32fdex_hal_flash_ramfunc.c
stm32f40_hal_gpio.c
stm32fdx_hal_iZc.c
strn 3 2f4_hal_puwr.c
st 32f4o_hal_pwr_ex.c
stm32fdxx_hal_rcc.o
stm32fdax_hal_roc_exc
stm32fdx_hal_sdram.c
strn 32f4x_hal_spi.c
stm32fdx_||_frme.c

Lys
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5.2  Use BSP for LCD init and writing

* The copy part

 In our project in Drivers folder create folder Utilities
| I [Drivers]

Jlinc]

[ [Projects]
[Src]
[Ukilities]
-mxproject

@ BSP_SDRAM

* Now go into CubeMX repository ..\STM32Cube FW_F4 V1.3.0\Utilities\
» And copy Fonts into Utilities folder

2 [ Copy folders into &L

| [Driversy Utilities -

(T [inc] ~— | J[CPU]

[ [Projects}] - [Fonts]

Sl JLog]

| [Utilities] [ [Media]

'] .mxproject _J[PC_Software]
Fe @« BSP_SDRAM

life.augmented



5.2  Use BSP for LCD init and writing

+ We add the driver for LCD from HAL S -
1 (1 STh32F o HAL_Driver

* Right click on STM32F4xx_HAL_Drive>ADD stm 32 fdwe_hal.c
from \Drivers\STM32F4xx_HAL_Driver\Src strn32fde_hal _corex.c

+ stm32f4xx_hal_ltdc.c st 32f4x0_hal_cro.c
. Stm32f4xx hal dma2d.c stm32fde hal dma.c

] strm3z2fdxx_hal dmazd.c

stmactde_hal_dma_ex.c
strn32fdx_hal_flash.c
st 324w hal_flash_ex.c
—F (] stm32fdxx_hal flash_ramfunc.c
— ] . stm32fdoe_hal_gpio.c

| @ [ strn32f4xx_hal_ pwr EX.C
—& o] strn32fdxx_hal_rococ

stm32fdx_hal_rcc_exc
st 32fdae_hal_sdram.c

stm32fdxx_hal_spi.c
IS7; strn 32 |_frnc.c




5.2  Use BSP for LCD init and writing

* We add the driver for BSP LDC

* Right click on BSP>ADD from \Drivers\BSP\STM32F429I-Discovery\
» stm32f429i_discovery_lIcd.c

* Right click on BSP>ADD from \Drivers\BSP\Components\ili9341\
. ili9341.c

= | | ="M S T




5.2

* Now last thing is allow to include
new HAL files which we added

* Open stm32f4xx_hal _conf.h in ..\Inc\
» Uncomment files which we added
« HAL_DMA2D MODULE_ENABLED
« HAL_LTDC _MODULE_ENABLED

Ly,

life.augmented

Use BSP for LCD init and writing

S FEGEEEFEEFESSSEEEEEFE448% Module Selection FEEE8EESSFFERERRERFEEEE

’f**
* gbrief This 1s the list of modules te be used in the HAL driver
=/

#define HAL MODULE ENABLED

//#define HAL ADC MODULE ENABLED

//#define HAL CAN MODULE ENABLED

//#define HAL CRC MODULE ENABLED

il

//#define HAL CRYP MODULE ENABLED
//#define HAL DAC MODULE ENABLED

fFdafip= HAT, DOMT MODULE ENABLED
I define HAL DMAZD MODULE ENABLED

ELTNE T

//#define HAL NAND MODULE ENABLED
//#define HAL NOR MODULE ENABLED
//#define HAL PCCARD MODULE ENABLED
//#define HAL SRAM MODULE ENABLE
$define HAL SDRAM MODULE ENABLED
//#define HAL HASH MODULE ENABLE
$define HAL I2C MODULE ENEBLED
N#damﬁ HAL 125 MODULE ENABLE

_dALRNGM

UL E ENAELE!

//#dsFins HAL RTC_MODULE_ENABLED
//#define HAL SAT MODULE ENABLE
//#define HAL SD MODULE ENABLED

#define HAL SPI MODULE ENABLED
//#define HAL TIM MODULE ENABLED
//#define HAL UART MODULE ENABLED
//#define HAL USART MODULE ENABLE
//#define HAL TRDA MODULE ENABLED
//#define , SMARTCARD MODULE ENABLED
//#define HAL FWDG MODULE ENABLED
//#define HAL PCD MODULE ENABLE
//#define HAL HCD MODULE ENAELE
#define HAL GPIO MODULE_ENEELED
#define HAL DMA MODULE_ENABLED
#define HAL RCC MODULE_ENABLED
#define HAL FLASH MODULE ENABLED
#define HAL PWR_MODULE_ENABLED
#define HAL CORTEX MODULE ENABLED

B

)
)




5.2  Use BSP for LCD init and writing

* Into main.c now we modify include from
stm32f429i_discovery sdram.h to stm32f429i discovery Icd.h

/* USER CODE BEGIN Includes */
#include "stm32f429i discovery lcd.h"
/* USER CODE END Includes */

* And remove the BSP_SDRAM _Init()

/* USER CODE BEGIN 2 */
/* USER CODE END 2 */



5.2  Use BSP for LCD init and writing

- Simple LCD demonstration

/* USER CODE BEGIN 2 */
BSP_LCD_Init();//init LCD
//set the layer buffer address into SDRAM
BSP_LCD_LayerDefaultInit(1l, SDRAM_DEVICE_ADDR);
BSP_LCD SelectlLayer(1l);//select on which layer we write
BSP_LCD DisplayOn();//turn on LCD
BSP_LCD Clear(LCD_COLOR_BLUE);//clear the LCD on blue color
BSP_LCD SetBackColor(LCD COLOR _BLUE);//set text background color
BSP_LCD SetTextColor(LCD COLOR WHITE);//set text color [ H=sElEay
//write text
BSP_LCD DisplayStringAtLine(2, "Cube STM32");
BSP_LCD DisplayStringAtLine(3,"BSP");
BSP_LCD DisplayStringAtLine(4,"LCD DEMO");
/* USER CODE END 2 */

4l Cube STM32
[vs! BSP
., LCD DEMO

Lys
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5.3 Use BSP to access EEPROM

* Objective
e Learn how import BSP EEPROM into project
* We use the project from lab 26
* Which part need to by configured in GUI
* Try to write text into EEPROM and read it
* Read text from EEPROM and display it on LCD

« Goal

» Successfully import BSP EEPROM drivers into your project
» Learn which part you need to import
» How to setup the project

life.augmented



5.3 Use BSP to access EEPROM

BSP EEPROM organization

I stm32f4xx_discovery_Icd.c
I stm32f4xx_discovery_sdram.c
I stm32f4xx_discovery.c

| |
Utilities

HAL API

T Smazoclmes | Stma2ixx_hal_ftde.c Stm32fxx_hal 20.C |




5.3 Use BSP to access EEPROM

BSP EEPROM organization

1. Use functions from

i stm32f4xx_discovery_eeprom.c

| BSP package I

| Riscovery divers
: : . tm32f4xx_di dram.

I stm32f4xx_discovery _io.c stm32f4xx_discovery eeprom.c

|

I Components | Utilities

i119341.c lis3dsh.c stmpe811l.c

HAL API

T Smazoclmes | Stma2ixx_hal_ftde.c ~Stm32f4xx_hal 26.C |




5.3 Use BSP to access EEPROM

2. stm32f4xx_discovery _eeprom.c
call functions from
stm32f4xx_discovery io.c

| o _—

Discovery drivers

I stm32f4xx_discovery_sdram.c
| L . stm32f4xx_discovery.c

4 3. stm32f4xx_discovery_io.c call
functions from

119341 ¢ lis3dsh.c stm32f4xx_discovery.c

pin init and write/read functions

Utilities

I Components

/

HAL API

T Smazoclmes | Stma2ixx_hal_ftde.c " Stma2faxx_hal i2c.c |




5.3 Use BSP to access EEPROM

BSP EEPROM organization

stm32f4xx_discovery_lIcd.c
stm32f4xx_discovery_sdram.c
/]

4. stm32f4xx_discovery.c Utilities
Use stm32f4xx_hal i2c to
commutate with eeprom memory Fonts
—
HAL API

- stm32f4xx_hal sdram.c
W stm32f4xx_hal_Itdc.c




5.3 Use BSP to access EEPROM

1 FBSP_SDRAM - BSP_SDRAM Confi...
—= [ Application

- We use the project from BSP LCD lab 26 s
. CIlser
because we want to display the memory L‘ﬂ Bnenc
] stm32fde_hal_msp.c
content on LCD [C] strn32fdoit.c "
—=[JBSP

ili9341 .c
stm32f429i_discovery.c
stm32f429i_discovery_lcd.c
stm32f429i_discovery_sdram.c
—= (1 Drivers
[ £ C1CMSIS

system_stm 32 s
L= (] SThIZF o HAL Driwer
stm32fde_hal o
stm32fdac_hal_cotex.c
stm32fdo_hal_croc
strn 324y _hal_dma.c
strn 324 _hal_dma?d.c
stm32fdo_hal_dma_ex.c
stm32fde_hal_flash.c
stm32fdo_hal flash_exc
st 32 fdxx_hal_flash_ramfunc.c
stm32fdo_hal_gpio.c
stm32fdoc_hal _i2co
strn32fdxe_hal_ltde.c
stm32f4_hal_pwer.c
st 32f4oc_hal_pwr_ex.c
stm 32 hal_rcoc
stm32fde:_hal_rocc_exc
stm 324 hal_sdrarm.c
stm32fdo_hal_spi.c
stm32fdo |_frc.c

1ttt
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5.3 Use BSP to access EEPROM

- We add the driver for BSP LDC
* Right click on BSP>ADD from \Drivers\BSP\STM32F429I-Discovery\

» stm32f429i discovery eeprom.c
» stm32f429i discovery io.c

H1B5F
149341 .
1 st A5
stmagtd24_discovery_eeprom.c
stm32f429i_discovery io.c
c] strradtddY_discoveny_[cd.c
stmagtd24_discovery_sdram.c




5.3 Use BSP to access EEPROM

- Add the define of EEPROM into project options
* Right click on project>Options>Category C/C++Compiler>Preprocesor
 Into Defined symbols add EE_M24LR64
» This allow use EEPROM functions
« Button OK close project options

Defined symbaols: {one per line)

USE_HAL_DRIVER -
STMI2F4 35

WLZEl 5 DISCO
EE_MZ4LR&4 i




5.3 Use BSP to access EEPROM

* Use the ATM7-M24LR-A board with M24LR memory
and connect it into STM32F429i-Discovery kit

®
PWR 25

“S R10 R12
IRIHENZL 515 05l5] >
®'8a :,A-IJRA‘; 02

P

Y-H7

o L
2 2
" I 5

: LE
B[] " Iz
L /B2 mB10758

PD3 |5y
11D D
pcr2izy @ |
PC101 ) 5!
PALS 'Sy ! |
PAL2I Gy !
PAL0' %) 231
PAB 15D )
PC8 12y ¢
]
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5.3 Use BSP to access EEPROM

* Into main.c now modify include

/* USER CODE BEGIN Includes */

#include "stm32f429i discovery lcd.h"
#include "stm32f429i discovery io.h"
#include "stm32f429i discovery_ eeprom.h"
#include <string.h>

/* USER CODE END Includes */

* Define variables

/* USER CODE BEGIN PV */

uint8 t text_to write[]="test text";//write to eeprom

uint8 t text to read[200];//read from eeprom

uint32 t address=0;//address in eeprom

uintlé_t read num=1;//number of bytes which we want to read from
eeprom

/* USER CODE END PV */



5.3 Use BSP to access EEPROM

* Into stm32f4xx_hal _it.c add global variable for i2c handle

/* USER CODE BEGIN © */
extern I2C HandleTypeDef I2cHandle;
/* USER CODE END © */

- and define handler functions for 1I2C DMA

/* USER CODE BEGIN 1 */
void DMA1l_Streamd4_IRQHandler()

{
HAL_DMA_IRQHandler(I2cHandle.hdmatx);

}

void DMA1l Stream2_ IRQHandler()

{
HAL _DMA IRQHandler(I2cHandle.hdmarx);

}
/* USER CODE END 1 */

Ly,
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5.3 Use BSP to access EEPROM

% 7l Mok
1)

* Into main.c add

/* USER CODE BEGIN 2 */

/*LCD init*/

BSP_LCD_Init();

BSP_LCD_LayerDefaultInit(l, SDRAM_DEVICE_ADDR);
BSP_LCD_SelectlLayer(1);

BSP_LCD_Displayon();
BSP_LCD_Clear(LCD_COLOR_BLUE);
BSP_LCD_SetBackColor(LCD_COLOR_BLUE);
BSP_LCD_SetTextColor(LCD_COLOR_WHITE);

......

/*EEPROM init*/
BSP_EEPROM_Init();
/*Write text into EEPROM*/
BSP_EEPROM_WriteBuffer(text_to _write,0,(strlen(text_to write)+1));
/*Read text from EEPROM*/
do{
BSP_EEPROM_ReadBuffer((uint8 t*)&(text_to_read[address]),address, (uintl6_t*)&read num);
twhile(text_to_read[address++]!=0x0);
/*Display text*/
BSP_LCD DisplayStringAtLine(2,text_to_read);
/* USER CODE END 2 */

Ly,
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5.4 BSP GYRO lab

00000000000




5.4 Use BSP to access GYROSCOPE

* Objective
* Learn how import BSP GYROSCOPE Into project
* We use the project from lab 26
* Which part need to by configured in GUI
* Read data from GYROSCOPE and display it on LCD

« Goal

» Successfully import BSP GYROSCOPE drivers into your project
» Learn which part you need to import
» How to setup the project

life.augmented



5.4 Use BSP to access GYROSCOPE

BSP GYRO organization

Discove ry drivers stm32f4xx_discovery_lIcd.c
stm32f4xx_discovery_sdram.c

stm32f4xx_discovery.c

stm32f4xx_discovery _io.c stm32f4xx_discovery_gyroscope.c
I Components | Utilities

1119341.c lis3dsh.c stmpe811l.c I
-

HAL API

T Smazoclmes | Stma2ixx_hal_ftde.c Stm32fxx_hal 20.C |




5.4 Use BSP to access GYROSCOPE

BSP GYRO organization

1. Use functions from

i stm32f4xx_discovery_eeprom.c

| BSP package I

DISCOVEI'y drivers stm32f4xx_discovery_lIcd.c
stm32f4xx_discovery_sdram.c

stm32f4xx_discovery.c

stm32f4xx_discovery _io.c stm32f4xx_discovery_gyroscope.c
I Components | Utilities

i119341.c lis3dsh.c stmpe811.c I
-

HAL API

T Smazoclmes | Stma2ixx_hal_ftde.c " Stma2faxx_hal i2c.c |




5.4 Use BSP to access GYROSCOPE

2. stm32f4xx_discovery_gyroscope.c
call functions from
stm32f4xx_discovery io.c

| BSP package /

[~ Discovery diivers
I stm32f4xx_discovery_io.c, stm32f4xx discovery gyroscope.c
B

stm32f4xx_discovery.c

4 3. stm32f4xx_discovery_io.c call
functions from
stm32f4xx_discovery.c
pin init and read functions

I Components Utilities

i119341.c lis3dsh.c

HAL API

T Smazoclmes | Stma2ixx_hal_ftde.c " Stma2faxx_hal i2c.c |




5.4 Use BSP to access GYROSCOPE

BSP GYRO organization

Discovery drivers

stm32f4xx_discovery_sdram.c
stm32f4xx_discovery _io.c stm32f4xx_discovery_gyroscope.c

4. stm32f4xx_discovery.c Utilities

" : Use stm32f4xx_hal spi to
: I h. T
H19344.c 15305 commutate with gyroscope e
|

HAL API
et mee | Stm32tx hal_ftde.c Stm32fxx_hal 20.C |




5.4 Use BSP to access GYROSCOPE

1 FBSP_SDRAM - BSP_SDRAM Confi...
—= [ Application

- We use the project from BSP LCD lab 26 s
. Clser
because we want to display gyro values LE mam_,:
] stm32fde_hal_msp.c
on I—CD L@ [ stm3d o it "
—=[JBSP

ili9341 .c
stm32f429i_discovery.c
stm32f429i_discovery_lcd.c
stm32f429i_discovery_sdram.c
—= (1 Drivers
[ £ C1CMSIS

system_stm 32 s
L= (] SThIZF o HAL Driwer
stm32fde_hal o
stm32fdac_hal_cotex.c
stm32fdo_hal_croc
strn 324y _hal_dma.c
strn 324 _hal_dma?d.c
stm32fdo_hal_dma_ex.c
stm32fde_hal_flash.c
stm32fdo_hal flash_exc
st 32 fdxx_hal_flash_ramfunc.c
stm32fdo_hal_gpio.c
stm32fdoc_hal _i2co
strn32fdxe_hal_ltde.c
stm32f4_hal_pwer.c
st 32f4oc_hal_pwr_ex.c
stm 32 hal_rcoc
stm32fde:_hal_rocc_exc
stm 324 hal_sdrarm.c
stm32fdo_hal_spi.c
stm32fdo |_frc.c

1ttt
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5.4 Use BSP to access GYROSCOPE

* We add the driver for BSP LDC
* Right click on BSP>ADD from \Drivers\BSP\STM32F429I-Discovery\

» stm32f429i discovery _gyroscope.c
» stm32f429i discovery io.c

* Right click on BSP>ADD from \Drivers\BSP\Components\
» [3gd20.c

stmadtddY_discovery_gyroscope.c
stm32f429i_discovery_io.c
I_discovens_[cd.C
57 .Etr'r'lEEf'{lEBi_diEEDUEW_EEIFELrTI.E




5.4 Use BSP to access GYROSCOPE

* Into main.c now modify include

/* USER CODE BEGIN Includes */

#include "stm32f429i discovery lcd.h"
#include "stm32f429i discovery_ gyroscope.h"
#include "stm32f429i discovery io.h"
#include <stdio.h>

/* USER CODE END Includes */

* Define variables

/* USER CODE BEGIN PV */

float valxyz[3];//gyroscope values
uint8_t buffer[200];//text buffer
/* USER CODE END PV */




5.4 Use BSP to access GYROSCOPE

* Into main.c add

/* USER CODE BEGIN 2 */

/*¥LCD init*/

BSP_LCD_Init();
BSP_LCD_LayerDefaultInit(1l, SDRAM _DEVICE_ADDR);
BSP_LCD_SelectLayer(1);
BSP_LCD_DisplayOn();

BSP_LCD Clear(LCD_COLOR_BLUE);
BSP_LCD_SetBackColor(LCD_COLOR_BLUE);
BSP_LCD_SetTextColor(LCD_COLOR_WHITE);
/*Gyroscope init*/

BSP_GYRO_Init();

/* USER CODE END 2 */

Ly,
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5.4 Use BSP to access GYROSCOPE

* Into main.c add

/* USER CODE BEGIN 3 */

/* Infinite loop */

while (1)

{
/*Get Gyrospope value*/
BSP_GYRO_GetXYZ(valxyz);
/*Display X*/
sprintf(buffer, "x:%f",valxyz[0]);
BSP_LCD DisplayStringAtLine(2,buffer);
/*Display Y*/
sprintf(buffer,"y:%f",valxyz[1]);
BSP_LCD_DisplayStringAtLine(3,buffer);

/*Display 2%/ %x:2380.0000000

Q NS -
e m—— T

.

sprintf(buffer,"z:%f",valxyz[2]); vi-ng7 . B000000
BSP_LCD DisplayStringAtLine(4,buffer); Zz:210.00000000
/*Delay*/ :

HAL Delay(10090);

}
/* USER CODE END 3 */

Ly,
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A CubeMX Install

* CubeMX tool

* http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF2592427s searchtype=
partnumber

* The CubeMX tool need the java

» Please check if you have actual java on your pc, for sure 32bit and 64bit version

» Optionally you can download the Cube packages for STM32 device if you
don’t want to download them throe CubeMX
+ STM32Cubel0
+ STM32Cubel 1
+ STM32CubeF0
« STM32CubeF2
« STM32CubeF3
+ STM32CubeF4

Ly,
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http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF259242?s_searchtype=partnumber
http://www.st.com/web/en/catalog/tools/PF260508
http://www.st.com/web/en/catalog/tools/PF260821
http://www.st.com/web/en/catalog/tools/PF260612
http://www.st.com/web/en/catalog/tools/PF260266
http://www.st.com/web/en/catalog/tools/PF260613
http://www.st.com/web/en/catalog/tools/PF259243

A CubeMX Install

 Install the CubeMX

After installation run CubeMX

In case you download the package from web we need to find the place where
they need to be stored File Project Window [Help]

G @ W (2 Hep F1
MENU>Help>Updater Settings...

About Alt+A

Install Mew Libraries Alt+U

You will see where is the repository folder
» Default is C:/User/Acc_name/STM32Cube/Repository/

S
i, CheckforUpdates Alt+C
L
W

Updater Settings ... Alt+5

You need to download STM32 packages into this folder

Or CubeMX automatically download them into this folder

Firmware Repository

Repository Folder
C: Users /e opem/STM32Cube Repository

Browse

Ly,
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A

CubeMX Install

* The comparison of the CubeMX repository settings and structure in this folder

Firmware Repository
Repository Folder

CifUsers fmmes opm/STM3I2Cube Repository/

* In case you want to download this files

automatically use in CubeMX
« MENU>Help>Install New Libraries

» Select libraries which you want

* Force download with button Install Now

File Project Window |Help|

B &

Ly,
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Help F1
About Alt+A

Check for Updates  Alt+C

Install Mew Libraries Alt+U

i
(%]
k

Updater Settings ... Alt+5

[Inst

o A Usersynsinl sssn\S TM32Cube\Repository\™" .~

+ Name

|1

]

|| [STM32Cube_FW_F0_V1.1.0]

[ J[STM32Cube_FW_F0_V0.2.0]
[ J[STM32Cube_FW_F0_V1.0.0]

[ J[STM32Cube_FW_F2_V1.0.0]
[ J[STM32Cube_FW_F2_V1.1.0]
[ J[STM32Cube_FW_F3_V0.4.0]
[ J[STM32Cube_FW_F3_V0.5.0]
[ J[STM32Cube_FW_F3_V1.0.0]
[ J[STM32Cube_FW_F3_V1.1.0]
[ J[STM32Cube_FW_F4_V0.8.0]
[ J[STM32Cube_FW_F4_V1.0.0]
[ J[STM32Cube_FW_F4 V1.1.0]
[ JISTM32Cube_FW_F4 V1.2.0]
[ J[STM32Cube_FW_F4 V1.3.0]
[ JI[STM32Cube_FW_L0_V0.5.0]
[ JISTM32Cube_FW_L0_V1.0.0]
[ JISTM32Cube_FW_L0_V1.1.0]
[ JISTM32Cube_FW_L1_V1.0.0]
[ JISTM32Cube_FW_L4 V0.0.2]




A CubeMX Install

* For the code generation the CubeMX use the package from the Repository
folder

» The CubeMX can generate the code for some GUI
» Kell
. IAR
 Atollic

* For the debugging is necessity to have the ST-Link drivers
« STSW-LINKOOQO3 driver for Win XP/Vista/7
» STSW-LINKOO6 driver for Win 8

* For driver installation you will need the Admin rights on your PC


http://www.st.com/web/en/catalog/tools/PF258167
http://www.st.com/web/en/catalog/tools/PF259459
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= CubeMX documentation

* CubeMX user manual UM1718

* http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/user manual/DM00104712.pdf

* CubeMX release note RN0094

* http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/user manual/DM00104712.pdf

* CubeMX technical note TNOO72

* http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/technical note/CD00214439.pdf

Ly,

life.augmented


http://www.st.com/st-web-ui/static/active/en/resource/technical/document/user_manual/DM00104712.pdf
http://www.st.com/st-web-ui/static/active/en/resource/technical/document/user_manual/DM00104712.pdf
http://www.st.com/st-web-ui/static/active/en/resource/technical/document/technical_note/CD00214439.pdf

B STM32F4 documentation

« STM32F429Z1 web page
» http://www.st.com/web/en/catalog/mmc/FM141/SC1169/SS1577/LN1806/PF255419¢#

« STM32F429 Datasheet

* http://www.st.com/st-web-ui/static/active/en/resource/technical/document/datasheet/DM00071990.pdf

« STM32F429 Reference Manual

* http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/reference manual/DM00031020.pdf

« STM32F429 Programming manual

* http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/programming manual/DM00046982.pdf

Ly,

life.augmented


http://www.st.com/web/en/catalog/mmc/FM141/SC1169/SS1577/LN1806/PF255419
http://www.st.com/st-web-ui/static/active/en/resource/technical/document/datasheet/DM00071990.pdf
http://www.st.com/st-web-ui/static/active/en/resource/technical/document/reference_manual/DM00031020.pdf
http://www.st.com/st-web-ui/static/active/en/resource/technical/document/programming_manual/DM00046982.pdf

B STM32F429i-Discovery
documentation

« STM32F429i-Discovery page
* http://www.st.com/web/en/cataloqg/tools/FM116/SC959/SS1532/L.N1848/PF2590907s searchtyp

e=keyword

+ STM32F429i-Discovery user manual with discovery schematics

* http://www.st.com/st-web-
ui/static/active/en/resource/technical/document/user manual/DM00093903.pdf



http://www.st.com/web/en/catalog/tools/FM116/SC959/SS1532/LN1848/PF259090?s_searchtype=keyword
http://www.st.com/st-web-ui/static/active/en/resource/technical/document/user_manual/DM00093903.pdf

WWW.Sst.com/stm32
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