Uvod do STM32F407 dosky

=  STM32F407VGT6 microcontroller featuring 32-bit ARM® Cortex® -M4 with FPU core, 1-
Mbyte Flash memory, 192-Kbyte RAM in an LQFP100 package
=  On-board ST-LINK/V2 on STM32F4DISCOVERY (old reference) or ST-LINK/V2-A on
STM32F407G-DISC1 (new order code)
= USB ST-LINK with re-enumeration capability and three different interfaces:
= Debug port
= Virtual Com port (with new order code only)
= Mass storage (with new order code only)
Board power supply: through USB bus or from an external 5 V supply voltage
External application power supply: 3V and 5V
LIS302DL or LIS3DSH ST MEMS 3-axis accelerometer
MP45DT02 ST-MEMS audio sensor omni-directional digital microphone
CS43L22 audio DAC with integrated class D speaker driver
= Eight LEDs:
= LD1 (red/green) for USB communication
= LD2 (red) for 3.3 VV power on
= Four user LEDs, LD3 (orange), LD4 (green), LD5 (red) and LD6 (blue)
= 2USB OTG LEDs LD7 (green) VBUS and LD8 (red) over-current
= Two push-buttons (user and reset)
= USB OTG FS with micro-AB connector
= Extension header for all LQFP100 I/Os for quick connection to prototyping board and
easy probing
= Comprehensive free software including a variety of examples, part of STM32CubeF4
package or STSW-STM32068 to use legacy standard libraries




Visual Studio a rozsirenie VisualGDB
1. Spustime Visual Studio, file, new, project

w Start Page - Microsoft Visual Studio &7 | Quick Launch (Ctrl+Q) P - 8 x
File | Edit View Project Debug Team Tools Android  Architecture  Test  Apalyze Window  Help

New * | #3  Project.. Crl+Shift=N
Open [ - -
Up @  Web Site... Shift+Alt+N T
Close %2 Team Project... | 5
Close Solution f Eile.. Ctrl+N
Save Selected ltems Ctrl+S Project From Existing Code...
Save Selected ltems As... See what's new in the NET Framework
@ save Al Ctrl+Shift+5 Explore what's new in Visual Studic Team Services

Export Template...

Source Control »
Page Setup... Start using your MSDN benefits for Azure
Print... Ctrl+P Connect to Azure @

Account Settings...
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Recent Projects and Solutions [ New on Microsoft Platforms
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Show output from:

Tree... Task.. Find... SSH...  Visual.. Solution E...

Clang... Packa.. Error.. Prepr... Output EUETE RN TT Team Expl.. Class View Property M...
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2. VisualGDB, embedded project wizard

MNew Project ? *

Search Installed Ter 2 -

b Recent NET Framework 452 = Sortby: Default -

4 |nstalled )
Android Project Wizard VisuzlGDEB Type: VisualGDB

4 Templates An Embedded project built under Visual

b Visual C# Custom Project Wizard VisualGDE Studio.

b Visual Basic
Visual F#
Visual C++
S0L Server
JavaScript
VisualGDE
Python
TypeScript

Embedded Project Wizard VisualGDB

=

Linux Project Wizard VisualGDE

=

MinGW/ Cygwin Project Wizard VisualGDB
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= =

Game
Build Accelerator

bt Other Proiect Tunes -

b Online Click here to go online and find templates.

MName: [STM32F4-LEDBIink |

Location: c\projectsitemp d

Solution name: [[] Create directory for soluticn
[] Add to Source Contral

| 0K | | Cancel

3. Vytvarame novy firmvérovy subor



/"~ New Embedded Project ] X

C:
(:";)QS New Embedded Project

ﬁ?@) Create a new project with | MSBuild {recommended) v

VisualGDB will generate a native Visual Studio project for your embedded toolchain. Building it requires Visual Studio or
Device Selection MSBuild.

samele Sefeeten @ Embedded binary (.elf)
Debug Method Additional output files: & bin [ ihex

&2 O Staticlibrary (a)
/& O Unit test project

CppUTest

() Generate a Cfile (@ Generate a C++file
':__/ O Import a project built with command-line tools
f | O Create a project from a custom template

[ 1 would like to setup advanced project settings Enable multithreaded build

Next > Cancel

4. Ako robime firmvér pre STM32F4 dosku, ktora obsahuje STM32F407VG
mikroregulator, oznaime ARM a nainstalujeme ovladace, ak este nie su



" New Embedded Project

Project Type

Device Selection

Sample Selection

Debug Method

New Embedded Project

Please select a toolchain that will be used to build your project:

AVR in C:ASysGCCavr
GCC 530 GDB 777, Revision 1
ESP32 in C:\SysGCClesp32
GCC 520 GDE 770 Revision 3: ESPDF2 T
ESP&ZBE in C:\SysGCClesp8266

520 GDE 717, Revision 1T loeT SDK 20

HSNEIJ in C:\SysGCCimsp430-elf
580 GDE 7.7, Revisian 1

- O7

{dl:mnload toolchain for bfin-elf)

GCC 463 GDE 74

{dcmnload Inulchaln for m32c-elf)
GCC473 GDBZ7,

{download toolchain for m32r-elf)
GCC 480 GDB 757,
{download toclchain for mE8k-elf)
GOC480 GDB 757,
{dl:mnload toolchain for mspd30)
GCC 463 GDB 74,

{download toclchain for powerpc-eabi)

| GOC490 GDB 7.7,

Seled a H'llmmnlcham tﬂ IDcahng gdb.exs...
Jlr Download more toolchains. ..

0 RTOS SOK 1.50; OTA: NodeMCU

4

(4

ATI1SAMTX256
ATIISAMTXE12
ATIISAMTXC128
ATY1SAMTHCISE

64K
128K
32K
64K

256K
512K
128K
256K

downloadable
downloadable
downloadable
downloadable

@ Please select a device

Nt

Finish

Cancel

/" Mew Embedded Project

Project Type

Sample Selection

Debug Method

New Embedded Project

Plzase select a toolchain that will be used to build your project:

. ARM in C:\SysGCClarm-eabi

(® Select a device from list () Specify flags manually () Use ARM mbed
Devices by name

Devices by type

Supported devices:

|@ Download more devices

Fiter.  [F407

RAM size
152K
192K
192K

ROM size

512K
1024K
512K
1024K
512K

Device

STM32F407IE
STM3I2F407IG
STM3ZF407VE
STMIZF407VG
STM3IZF407ZE

192K

State

installed
installed
installed
installed
installed

BSP Version [43

Exectte from |FLAsH

Floating point support |Soﬂware

C Library Type | Mewlibnano

Reduce the size of C++ binaries

Provide default stubs for system calls

'

Shared files location: C:\Users\virtual\.ﬂppData\LocaI\‘u'isualGDE\EmbeddedESPs\arrn-eabi\com.syspmgs.arrn.|| Change |

< Previous || Next >

I Einish




5. STM32F4 doska obsahuje 4 LED pripojené na piny PD12 az PD15, pozri schéma
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V tomto projekte rozblikdme zelenu LED, pripojentd na PD12. Nastavime GPIO a 12 ako

port a Cislo.

L3
¢ .f)\
Project Type

Device Selection

Debug Method

4" Mew Embedded Project

New Embedded Project

(® Show basic samples () Show STM32 CubeM¥ Samples
Select a sample project to generate: | LEDBlink (HAL)

This is a very basic sample project - a classical blinking LED example.

LED Paort Group GPIOD

LED Port Number |12

Delay imsec) 500

< Previous

MNext =

Cancel
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6. STM32F4 doska obsahuje vstaveny ST-Link programator. Ak pripojime dosku,
VisualGDB ju automaticky rozpoznd. Vyberieme programator a spustime test.

Project Type

Device Selection

Sample Selection

" Mew Embedded Project

New Embedded Project

Debug using: | *&= ST-Link v2.1
ST-Link w21

LISB S/N: 0

Diebugged de

4419

[] Connec g @) USE Devices () Debug Methods
SWD/JTAG Frequency (normall; | 2000
SWDIJTAG Frequency (boosted): | 2000
Debug protocol: Default  SWD(HLA)  JTAG(HLA)  StLinkSWIM - SWD  JTAG
Program FLASH memaory: Abways  MNever [ rebuilt since last load
Feset device: Before programming [ | After programming
@ Advanced settings

- [

X KHz
» KHz

Cancel

VisualGDB sa pokusi spustit OpenOCD a pripoji sa, kde potvrdi, Ze debugovanie bude

mozné.

T T Debug using:  #&= ST-Linkv2.1 -

Device Selection

Sample Selection

D New Embedded Project

el

VisualGDB is testing your debug settings:

2 -

match requeste
match requested s
d 1888 kHz

€4 VisualGDB

‘0' Connection test succeeded. If you encounter problems while debugging, please double-check the gdb stub output for wamings and hints.

ion on tcp/

n (error -408)

Settings tested successfully. Terminate

< Previous Cancel




7. Stlacime Finish. Vytvori sa projekt. Ctrl-Shift-B a projekt sa ,,buildne”

&) STM32F4-LEDBIink - Microsoft Visual Studio & | Quick Launch (Ctrl-Q) Pl- B X
File Edit View Project Build Debug Team Tools Android  Architecture Test  Apalyze  Window
i@-0 @2 M| - | Debug - VisualGDe - b VisualGDB Debugger ~ | 57 _ii kg

LEDBlink.cpp &
{} (global scope) ¥ || @ main v v

@ m-sa@| o p -

int main(void
o (void) - Search Solution Explorer (Ctrl;) P-
HAL_Init(); %3] Solution ‘'STM32F4-LEDBIink' (1 project)
4[] STM32F4-LEDBlink
__GPIOD_CLK_ENABLE(); b =B References

GPIO_InitTypeDef GPIO_InitSt t H
—nEElypene —inFESTructure b 5 External Dependencies

GPIO_InitStructure.Pin = GPIO PIN_12; b 27 Header files
5 Resource files
GPIO_InitStructure.Mode = GPIO_MODE_OUTPUT_PP; 4 Source files

GPIO_InitStructure.Speed = GPIO SPEED_HIGH; =
GPIO_InitStructure.Pull = GPIO_NOPULL;
HAL_GPIO_Init(GPIOD, &GPIO_InitStructure);

4 Device-specific files
++ LEDBlink.cpp

+¢ system_stm32fdoce
3 Visual GDE settings

v - vy

for (53)]
= {
HAL_GPIO_WritePin(GPIOD, GPIO PIN_12, GPIO_PIN_SET);
HAL_Delay(5088);
HAL_GPIO_ WritePin(GPIOD, GPIO_PIN_12, GPIO_PIN_RESET);
HAL_Delay(50@);

Selution E...

Team Expl... Class View Property M...

> I X

Properties

Qutput

Show output from: Build s %= H

1> stm32fdxx 11 utils.c -
1> Linking VisualGDB/Debug/STM32F4-LEDBlink. ..

i3 =================== Memory utilization report -----—---———---—-—-—-—-——-

1> Used FLASH: 2568 bytes out of 10824KB (0%)

1> Used RAM: 36 bytes out of 192KB (0%)

=== === Build: 1 succeeded, © failed, @ up-to-date, © skipped ========== -

S5H Co...  VisualG... Find Re...

TreeBro... Clangl.. Packag.. ErrorlList TaskList Breakpo.. Find Sy... Output RUETE [

Preproc...

A Publish =

Ready Ln27 Col 13 Ch10

8. Stlac¢ime F5 a spustime debuggovanie. Sledujme ako LED blika. Nastavime breakpoint
na GPIO_WriteBit() riadok. Breakpoint sa spusti automaticky a ledka sa vypne.
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9. Ctrl-Shift-G otvorime okno registrou.

w STM32F4-LEDBlink (Debugging) - Microsoft Visual Studio

File Edit View Project Build Debug Team Jools Android  Architecture
Q- ‘ ~ o HWF | = = P Continu
+ Process: [0] STM32F4-LEDBlink - Lifecycle Events - Thread: [1]

Registers

&' | Quick Launch (Ctrl+Q) P o 0® x
Test Apalyze Window Help
e~ il - ‘@ Application Insights ~ ; [ o] ‘ | 2 ¥ 2 4 BT CodeMap | =5 Z
- ¥ Stack Frame: main() M

@ 4 r5 r7 = @x28@lffed ri = @x00E00E00E

r@ = @x48020c88 rl = 8x2881ffed r2 =
rlg = rll

jdig 159 B

131¢

LEDBlink.cpp & X
{} (global scope)

__GPIOD_CLK_ENABLE();
GPIO InitTypeDef GPIO InitStructure;

GPIO_InitStructure.Pin = GPIO_PIN_12;

GPIO_InitStructure.Mode GPIO_MODE_OUTPUT_PP;
GPIO_InitStructure.Speed = GPIO_SPEED_HIGH;
GPIO_InitStructure.Pull = GPIO_NOPULL;

HAI ADTA Thi+l{ADTAN  RADTA TrnitShrncturals

Real-time watch

Real-time watch is not enabled in this session
‘You can enable it via VisualGDB Project Properties -> Dynamic Analysis page.

£F ot . BB A ME R

Ln18

ré =
sp = 8x2881ffed lr = @x08@802cd pc =|@x@38882cc|fpscr = GxBEEOEOED

ajdig uc

)jdxg wiea] R

JeN:

openocd

sing 1800 kHz
Info : Unable
sing 1880 kHz
adapter speed:
target halted
Thread

xPSR: 0x01080800 pc: 0x0800035c msp: 8x20020060

to match requested speed 2000 kHz, u

1800 kHz
due to debug-request, current mode:

LDl Call Stack  Live Variables

A Publish =

10. Hodnota PC registra 0x80xxxxxx indikuje, Ze program je spusteny z flash pamate.
Stlatme F10 sa posunieme o jeden riadok v kdde. Teraz by LED mala svietit.
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11. Debuggovanie ukonéime pomocou Shift-F5. Pravy click na projektovy uzol v Solution
Explorery a stlac ,,VisualGDB Project Properties”.

D¢ STM32F4-LEDBIink - Microsoft Visual Studio & | Quick Launch (Cti-Q) Pl- & x
File Edit View Project Build Debug Team Tools Andreid  Architecture  Test  Analyze Window  Help
F@-0 | @ -2 MW O - O - Debug - VisualGDB - P VisuglGDB Debugger = | 57 - b - | = = | M -
LEDBlink.cpp + X Ml Solution Explorer > I x
1 (glabal scope) ~ij&l main ’ VisualGDB Project Properties S g r@‘ & f -
GPTOD_CLK_ENABLE(); B Program and Start Without Debugging rer (Ctri+) p-
GPIO InitTypeDef GPIO_InitStructure; & Build F4-LEDBIink' (1 project)
GPIO_InitStructure.Pin = GPIO PIN_12; Rebuild n
Clean enend
GPTO_InitStructure.Mode = GPID_MODE_DUTPUT_PP; - L [rendenas
GPIO_InitStructure.Speed = GPIO SPEED HIGH; -
GPIO_InitStructure.Pull = GPTO_NOPULL; Analyze v |files
HAL_GPIO_Init(GPIOD, &GPIO InitStructure); Project Only » les
g-specific files
for (53) Scopeto This okecpp
a = { teping ) New Solution Explorer View h_stm32fdc
HAL_GPIO_WritePin(GPIOD, GPIO_PIN 12, GPIO_PIN_SET); . B
=T - — et
HAL Delay(500); . Show on Code Map settings
HAL_GPIO_WritePin(GPIOD, GPIO_PIN 12, GPIO_PIN_RESET); Profile Guided Optimization »
HAL_Delay(50@);
3 - Build Dependencies 3
i Add v
B Class Wizard.. Ctrl+Shift+X
o - [5:) Manage MNuGet Packages... T b
et as StartUp Project
Set as StartUp Proj
Output Debug S wrr—
- roject Properties -
Show output from:  VisualGDE Program Output e ‘ | | = Source Control »
Info : dropped 'gdb' connection (error -408) ¥ cut e -
(e Sy STM32F4-LEDBIink
X Remove Del -
Rename c\projects\ternp\STM32
-
Unload Project
Rescan Solution
ame.
L I T T R T T e T & Open Folder in File Explorer

Ready n21 Col 1 oy F Properties sl 4 Publish «

12. Clicknime “Change settings” and nastavme SRAM namiesto of FLASH

Visual GDB Project Properties - STM32F4-LEDBlink O =
Corfiguration: | Debug v| | =EAdd 7 Delete
[search P | B Embedded Project ~

”

Embedded Project This project is built using an embedded cross-compiler toolchain. VisualGDB manages the basic buld settings automatically.
Mote that changing options on this page will affect all corfigurations of the project

Embedded Frameworks Embedded device

Change settings E Convert to stand-alone project
Unit Tests m . . f prel

Devices by name  Devices by type

ol
? MSBuild settings Supported devices: Filter: l:l

Device RAM size ROM size State (3
Hlebigl=aiitos STM32F4052G 192K 1024K installed
STM32F407IE 152K 512K installed
STM3ZF407IG 152K 1024K installed
gdaceiiiiug STM32F407VE 192K 512K installed
STM3ZF407VG 192K 1024K installed
Dynamic Analysis STM3ZF407ZE 152K 512K installed v
h)? Custom build steps BSP Version 43 ~
Execute from [sRam |
m Additional Memaries . . FLASH I
Floating paint support
C Library Ty i
tl)b Custom debug steps ey ype 15T e
Reduce the size of C++ binaries
D CrErmeTeE Provide default stubs for system calls
Shared files location:  |C:\Users'wirtual'AppData’Local'Visual GDB\EmbeddedB! Change 1 Regenerate MCU files
7  Rawterminal v v

View VisualGDB buid varables for this confiquration oK Cancel Apply




13. Nakolko predosli projekt bol nahrany vo Flash pamati, budeme musiet znovu
rebuildnut projekt. Zopakujeme predoslé kroky, a pozrieme hodnotu v PC registry, ak
je v rozsahu 0x20xxxxxx, tak vieme, Ze program bol nahrany do SRAM.

ud STM32F4-LEDBIink (Debugging) - Microsoft Visual Studio & | Quick Launch (Ctrl+Q) P’ x
File Edit View Project Build Debug Team Tools Android  Architecture  Test Anpalyze  Window  Help

0~ ‘ N | = < b Continue ~ | g _: @ Application Insights = _ :: | e ‘ | 3> ¢ A T CodeMap | " _ED
Process:  [0] STM32F4-LEDBlink - Lifecycle Events = Thread: [1] - Y Stack Frame: main() - _

Registers
re = @x48020ce@ rl = @x2e@lffes r2 = 18 r4 = @x28088a25 r5 = @ r6 = @x@epeeand ry = ex2e0lffee ri - exoooeeees
rg = rle = ril = sp = @x2001ffed 1r = @x200002cd pc =|@x200082cc [fpscr = Gx00000000

LEDBlink.cpp & %
{ } (global scope) ¥ | @ main
HAL_GPTO_Init(GPIOD, &GPIO_InitStructure);

for (53)

HAL_GPIO_WritePin(GPIOD, GPIO_PIN_12, GPIO_PIN_SET);
HAL Delay(50@);

HAL_GPIO WritePin(GPIOD, GPIO_PIN_12, GPIO_PIN_RESET);
HAL Delay(58@);

Real-time watch X | | openocd

sing 1800 kHz

adapter speed: 1880 kHz

target halted due to debug-request, current mode:
Thread

xPSR: 0x01000800 pc: @x@800835c msp: @x2002000¢
Real-time watch is not enabled in this session Info : Unable to match requested speed 8000 kHz,
sing 4080 kHz

Info : Unable to match requested speed 888@ kHz,
sing 4080 kHz

adapter speed: 4080 kHz

You can enable it via VisualGDB Project Properties -> Dynamic Analysis page.

2 oma e B R A MEBE R & & B B EIEEEY CalStack Live Varisbles

Ln 23 Col 61 Ch 35 A Publish =

Chod programu z SRAM ndm neskracuje FLASH prepisovacie cykly, ako ked'
nahravame pamat alebo pouzivame breakpointy. Avsak pouzivanie SRAM ma svoje
nevyhody. Vacsie programy sa nemusia zmestit do SRAM, takze pre velké programy s vela
premenami to nemusi byt najvhodnejsie rieSenie.

Nakoniec si pozrieme View->Embedded Memory Explorer, aby sme videli, ktoré
konkrétne funkcie su zodpovedné za pouzZivanie pamati.



