PRVNIi KROKY K REALIZACI PROGRAMU

% Nainstalujeme si na PC program Keil uVision5 5.36 nebo vyssi a STM32
ST-LINK Utility V3.8.0, ktery je k dispozici na Moodle.

¢ Po instalaci nebo po prvnim spusténi zmackneme ikonu programu pack.
Vybereme ST electronic, STM32F4 a poklepeme na ni. 1 se potrebné
knihovny.

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

MNMEde s aa9 o] rPrmR | @ povmgatlerrer. B #|@-| 0 0 & @[[F] &
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File Packs Window Help

o | Device:
4| . Devices | Hoards | bl [[4] o packs | Examples | b
Search: - X Pack Action Description
Device 7 5“’“9‘! [=I-Device Specific DPacks No device selected -
-7t STM32FZ Series ptevices T<]||| =-Generic 48 Packs
1 %% STM32F3 Series 30 Devices [ AlibabazAliOSThings | & Install AliOS Things software pack
=% STM32F4 Series 205 Devices [ Arm-PacksiPKCS11 € Install | OASIS PKCS #11 Cryptographic Token Interface
5% STM32F401 20 Devices r-Packs:Unity & Install Unit Testing for C (especially Embedded Software)
%% STM32F401CB I Devices - ARM=AMP & Install Software components far inter processor communication (Asymmetric Mukti Processing AMP)
- % STM32F401CC 2 Devices CMSIS i P _Up to date CMSIS (Cortex Microcontroller Software Interface Standard)
=% STM32F401CD 2 Devices MSIS-Driver & Uptodate | CMSIS Drivers for external devices
&% STM3I2FA01CE 2 Devices & MSIS-Driver_Va..| €% Install CMSIS-Driver Validation
=% STM32F401RB 1 Device & MSIS-FreeRTOS @ Install Bundle of FreeRTOS for Cortex-M and Cortex-A
&% STM32FA0TRC 1 Device B MSIS-RTOS_Va... | &% Install CMSIS-RTOS Validation
% STM32FA01RD 1 Device ez bedClient m ARM mibed Client for Cortex-M devices
Y g 1 Device - ARM:mbedCrypto & Install ARM mbed Cryptographic library
@1 STM3I2FA0TRETx | ARM Cortex M4 24 MHz 96 kB RAM. 512 kE ROM - ARM:mbedTLS % Install ARM mbed Cryptegraphic and S5L/TLS library
w % STM3ZFA0IVE 2Devices - ARM:minar 5 _Install mbed 05 Scheduler for CortexM devices
[# &fﬁ STM32F401VC 2 Devices - ARM:=TFM &y _Install+ Trusted Firmware-M (TF-M) reference implementation of Arm's Platform Security Architecture (PSA
[ @3 STM32F401VD 2 Devices [#-ASN::Filter Designer 7@ Install Intuitive graphical FIR/IIR digital filter designer
& 4% STM32F401VE 2 Devices - EmbeddedOffice:Fled.. €3 Install Flexible Safety RTOS
s “B STM32FAD5 5 Devices eil:: ARM_Compiler 1 Upto date | Keil ARM Compiler extensions for ARM Compiler 5 and ARM Compiler &
=% STM32Fa07 Do - KeiliMXRTI0S_MWR | &5 Installs NXP i.MX RT 1051/1052 MDK-Micdleware examples and CMSIS-Drivers
w9 STM32FA1G 10 Devices - KeilsiMXRT1060_MWP 7@ Install+ NXP i.MX RT 1061/1062 MDK-Middleware exarmples and CMSIS-Drivers
% STM3ZFAT! 10 Devices - Keil:iMXRTI064 MWP | %5 Install+ NXP i,MX RT 1064 MDK-Middleware examples and CMSIS- Drivers
% STMI2FA12 14 Devices #-Keil:Jansson 7@ Install Jansson is a C library for encoding, decoding and manipulating JSON data
w8 STM32F413 14 Devices 1 Keil:LPC5556x_TFM-PF _5-2 Install+ NXP LPC3556x MCU Family TF-M Platforrn Support
@ % STM32F415 1 Devices [ Keil:LPCXpresso55569... | & Install+ NP LPC55560 Series LPCXpresso55569 Board Support Pack
% STM32FA17 D [ KeilsMDK-Middleware | € Up to date | Middleware for Keil MDK-Professional and MDK-Plus
&% STM32FA23 7 Devices  Keil:STM32LS 0 TFM-... | $3 Install+ STMicroelectronics STM32L5 Series TF-M Platform Suppert
Y STM32FART 10 Devices [ hwlPazhwl P 2 Install IwlP is a light-weight implementation of the TCP/IP protocel suite
% STM32FA29 21 Devices - MDK-Packs:AWS loT_. _ﬁ- Install SDK for connecting to AWS [oT from a device using embedded C
@ 5 STM32F43T 9 Devices (- MDK-Packs:Azure_loT | £ Install+ Microsoft Azure loT SDKs and Libraries
5 %2 STM32F439 14 Devices - MDK-Packs:cSON | Install Ultralightweight JSON parser in ANSI C
i STM32F446 11 Devices £ MDK-Packs:Google_lo...| € _Installs Google Cloud loT Device Connectar
%% STM32F60 34 Devices MOK-Packs::HTTP Par.. & Install HTTP request/response parser for C
EJ 4 STM32F4T9 16 Devices [ MDK-Packs:loT_Socket & Install Simple IP Socket (BSD like)
-5 STM32FT Series 115 Devices =l . MOK-Dacke:lemn i Inctall Mimimalictic 1SN narcer/talanizer in _I_—J
“
Output 3 x

FEL CVUT Petr Skalicky, katedra radioelektroniky 1



PRVNIi KROKY K REALIZACI PROGRAMU

% Propojime kabelem PC s vyvojovym modulem. Na modulu se rozsviti
cervena dioda a v ¢asti ST-Link sviti dioda téz cervené viz. obrazek. Zelena
dioda mitize_.a nemusi svitit, zalezi na poslednim ulozeném progra

e AN /ST_Link
N J. ‘ i - ' ez V}/]VOJ. OV}/]
Modul

% 7Z Moodle si nakopirujeme soubor Blinky_ START.zip, rozbalime direktorar
Blinky_START umistime na disk.

% Otevreme direktorar Blinky START, kde budou umistény nasledujici
programy.

FEL CVUT Petr Skalicky, katedra radioelektroniky 2



| PRVNi KROKY K REALIZACI PROGRAMU
Rsuntan)

Soubar Domud Sdileni Zobrazen(
T , b Blinky START »
/tr Oblibené polozky Mazew . Daturm zmeény Typ Velikost
= Maposledy naviticer DebugConfig 1. 70, 2620 809 Sloika soubord
B Plocha . Flash 6. 10, 2020 13:21 Shozka soubord
. Stafene soubory ! RTE P, 10 2020 900 Slofka soubord
| Abstract T 106 2020 2:09 Textovy dokument | kB
M Tento pocitac :l Blirky T, 10, 2020 909 Soubor C 4 kB
| Dokumenty || Blinky.c.bak 1. 10, 2020 9:.09 Soubor BAK TkB
o Hudba || Blinky.uvguix . 10, 2020 %09 Soubor UVGUIEX 165 kB
=| Obrazly || Blinky.uvgui. GG B. 10, 2020 13:26 Soubor GG 177 kB
m Plocha || Blinky.uvguix.student 1. 10. 2020 5:09 Soubor STUDEMNT 79 kB
§ Staiene soubory || Blinky.uvoptx 6. 10. 2620 13:26 Soubor UVOPTX 42 kB
& Videa Blinky . 10. 2020 13:26 pVisiond Project 33 kB
.i Intel_240 (C) j Buttons_ [, 10, 2020 %00 Soubor C | kB
s MODE_FADTRE (E:) & | Dbg_RAM T, 10, 2020 9:09 MNastaveni konfigu... 2 kB
O CZ (M) || EventRecorderStub.scvd 1l {3 Soubor SCVD | kB
g% homes (\DiskStatio | LED_NUCLEQ_F401 1. 10. 2020 9:0 Soubor C 1 kB

** Vyvojove prostredi Keil uVision5 spustime poklepanim na zelenou ikonku
Blinky

¥ Pro seznameni se ze systémem a oveéreni funkcénosti bude potreba doplnit

programy Blinky.c, LED_NUCLEO_F401.c a Buttons_ NUCLEO_F401.c.

Drive, néz k tomu pristoupite, zkontrolujeme propojeni modulu s vyvojovym

prostredim.

% Po spusténi prostredi uvidime obrazovku
FEL CVUT Petr Skalicky, katedra radioelektroniky 3



PRVNIi KROKY K REALIZACI PROGRAMU

%
File

1inking. ..

5T-Link Debugger L:57 16

Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
NMEBEHE| § B9 ¢|@= | BRA R EE/E G B Ma# a-|leocd &-||B- X
— v L |
& - 00| | smazra0t Fash FESE R B 1
s 3 E| ) pinge | ] stm3zmaoteen | v x
= “% Project: Blinky | 29 7
=) fe STM3I2F401 Flasl E=1s] RCC->CFGR &= ~RCC CFGR SW: // Belect PLL as system clock source
G B Source Fils 51 | RCC->CFGR |= RCC CFGR_SW FLL:
> 22 while (({RCC->CFGR & RCC CFGR SWS) != RCC CFGR SWS PLL):; // Wait till PLL is system clock src
= Blinky.c 53 |3 e e = s
[ ] Buttons MUCNEQ_F401, 4
ﬁ cmsis_armecch 55 unsigned int output:
:ﬁ cmsis_compiler.h e
P consis versionh 57 MATN functior
--I CMsis_VErsion. i . 7 oy
7T core_emaih 59 int main (void)
] LED_NUCLEQ_F401.c \ 60 54 int32 t num = 5;
E’_‘T mpu_armv7.h &1 int32 t btns = 0:
<[ stdinth =
z .m | 63 SystemCoreClockSetHSI () ;
L stdioh 4 SystemCoreClockUpdate () ; // Get Core Clock Freguency
- [%] stm32f401xe.h 6
Eﬁ stm32fdach 66 LED Initialize():
i T Buttons Imitialize():
ET systern_stm32fdioch 28 = 0
=SR] I;)ocumenta'ticn 63 while (1} // Hekonecna smycka
i d Abstract.bd — 70 H btns = Buttons GetState(): /{ Cteni tlacitka
0 CMSIS T1 LED On (mum) ;
: T2
E’% Device 73 3
; Lé startup_stm32f401xe.s (Start 74 |
<] | v~ 5|3 v
[E] Project Books | {} Funti.., | Oy Templa..| >
il | L B
Build Output L |
{ uint32_t pocet, i; ~
Blinky.c(8l) : warning: #550-D: wariable "btns" was set but nevay used
int32 t brons = 0;
Blinky.c: 3 warnings, 0 errors
assembling sctartup stm32f40lxe.s...
compiling system stm32f4xx.c...
W

CAP NUM) SCRL OVR RAN

¢ Pravé tlacitko mysi na nazev projekt
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NEJDULEZITEJSi NASTAVENI |

M ] Blinkyc rﬁ T m

’0’ V4 V4 v
E|--9“r$ Project: Blinky il I 2o * Po V.ybram pOlOZky
El% STMM32F4A01 "'+_'- & DOCoNCRER g= ~RCC Optlon for. ...
=9 A% Options for Target 'STM32F401 Flash'... Ak+F7 |= RCC .1,
7 S _SCFGR +»» Uvidime okno

El|:| Blin Add Group...
""" I:I ﬁ Manage Project

""" g Open Map File
""" 5 OsensuidLo Device Target | Output | Listing | User | C/Ce+ | Asm | Linker | Debug | Utiies |
(%] Rebuildalitarg|| STMicroelectronics STM32F401RETx ~Code Generation
..... 57 %] Buitd Target ARM Compiler: IUse default compiler version 5 j
----- [ [l 9 ¥tal (MHz): |
""" | v | Show Include F Operati :
..... |_'°| - i ng system: | None [™ Use Cross-Module Optimization
System Viewer File: ¥ Use MicroLIB ™ Big Endian
STMIZF401xE svd Floating Poirt Hardware: ISingIE: Precision j
™ Use Custom File
0:0 DeVice _ pOUélty — Read/Only Memory Areas — Read/Write Memory Areas
default  off-chip Start default  off-chip Start
. procesor . , ROM1: RAM1:
% Target — hodinovy - -~
kmaitocet ROM3: RAM3:
% Debug — dalsi onchi -
, IROM1: IRAM1:
stranka
IROMZ: IRAMZ:
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| NEJDULEZITEJSi NASTAVENI I

Deuic:EITargEtl[h.rtputl Ust.ingl |ser ID"EHI.F!&m I

" Use Simulator  with restrictions Sediings | 1’

[~ Limit Speedto Real-Time

¥ Load Application at Startup ¥ Run to maini) ¥ Load Application at Startup ¥ Run to main{)
Initizlization File: Initizlization File:

E .. | Edi.
— Restore Debug Session Settings — Restore Debug Session Settings
¥ Breakpoints ¥ Toolbox [ Breakpoints ¥ Toaolbox

¥ Watch Windows & Peformance Analyzer v Watch Windows

¥ Memory Display V¥ System Viewer [ Memory Display [v System Viewer

CPU DLL: Farameter: Driver DLL: Farameter:
SARMCM3.DLL |-REMAP -MPU SARMCM3.DLL | -MPU

Dialog DLL: Farameter: Dialog DLL: Farameter:
DCM.DLL pCM4 TCM.DLL pCM4

[~ Wam ff outdated Executable is loaded [~ Wam ff outdated Executable is loaded

Manage Component Viewer Description Files ... |

0K = Defaults |

FEL CVUT Petr Skalicky, katedra radioelektroniky 6



| NEJDULEZITEJSi NASTAVENI |

Debug | Trace | Flash Download | Pack |
~ SW Device
|

2-1

[~ Shareable ST-Link SWDIOC_0:2BAD1477  ARM CoreSight SW-DP (ARM Core_>

Serial Mumber:
| DEEEFFR7RER0857 767162335

% Automnatic Detection D CODE:
Version: HW: V21 Fw: [v2J29m18 ™ Marua Configuration  Devies Marme:

[™ Check version on start Update | Add | Delete | Update | IR len:

— Tanget Com
Clock

|VHeq:| 10 MHz Selec:ted:l 0 MHz

— Debug
Connect & Reset Options Cache Options —— — Download Options
Connect: Imgrma| ;I Reset: IAutndeted ;I W Cache Code v Verify Code Download

|¥ Reset after Connect [ Stop after Reset ¥ Cache Memory | | [ Download to Flash

Fouzit

FEL CVUT Petr Skalicky, katedra radioelektroniky 7
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NEJDULEZITEJSi NASTAVENI

Debug | Trace Flash Download | Pack |

— Download Function

Start: I[I:E[H]]IH]] Size: I[I:[H]]]]EJ

|'H.F|.anrﬁlgmihn

On-chip Fash 02000000H - 0207FFFFH

Start: I— Size: I—

Remove |

Fouzit

Petr Skalicky, katedra radioelektroniky




PREKLAD PROGRAMU

K

e . . % Preklad programu zajistime pomoci
File Edit View Project Flash Debug Peripherals Tools

; ..I JM | {- ! .?-! m— 1k0n
£ @ BSE- 10| ¥ smazra01 Rlash v 4K | )
Projeet s B mmge % Poprekladu zkontrolovat zda je bez
15 Project: Blinky = T chyb, varovani jsou vetsinou
=gz STM3ZFA0T Flazh 50 , ,
=5 Source Files gg nevyznamna
L] Blinky.c . s Code — velikost strojového kodu
_] Buttons_NUCLEQ_F401, cq L
ﬁ cmsis_armec.h 55 programu .
ﬁ cmsis_compiler.h 56 [/ ’:’ RO'data - VellkOSt konStant \Y%
ﬁ cmsis_version.h
ﬁ care_crmd.h . programu . v e
] LED_NUCLEO_F401.c s RW-data — velikost pameéti pro
ﬁ mpu_armv7.h A A
- romenne
_] stdint.h b
1 stdio.h
Build Cutput
Blinky.c: 3 warnings, 0 errors
asgembling startup stm3Zf40lxe.f...
compiling system stm32f4xx.c..
linking...
Program Size: Code=894 RO-dgfa=46Z2 BW-data=4 ZI-data=1028
" A\Flash\Blinky.axf"™ - 0 Erfor(=s), 3 Warning(s).

Build Time Elaps=sed: 00:00:03
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SPUSTENI PROGRAMU

% Spusténi programu zajistime v zalozce Debug — Start/Stop Debug Session
nebo pomoci ikonky lupy s pismenem d. Je-li vse v poradku, pak by se v
levém dolnim rohu mel na kratkou dobu objevit modry prouzek indikujici
prenos strojového kédu do vyvojového modulu a nasledujici zprava.

pVision H

EVALUATION MODE
! % Running with Code Size Limit: 32K

oK

s Po zmacknuti OK prechazime do okna Debug, které je na nasledujici
strance. Pro zacatek se spokojime s nasledujicimi okny:

v' Okno se zdrojovym programem nebo obsahem zvoleného souboru

v' Okno Disassembly s prekladem radku, na ktery ukazete ve zdrojovém
programu.

v" Okno Project se soubory projektu nebo se stavem registra Registers

v’ Muzeme s1 aktivovat okno Memory, Watch a dalsi.

FEL CVUT Petr Skalicky, katedra radioelektroniky 10



OBRAZOVKA DEBUG PROSTREDI

File Edit Wiew Project Flash Debug Peripherals Tools 5SVCS  Window Help

NMBE@| 4 B9 || B BRAR|ESE/E G B Ma#|@d] e oo e [@:] A
sBe neeu v [OReEEHI T 2-%-8-8-| %-
Registers. 2 El Disassembly L=
Register I'ufalue Lt ] a0 int32 t pum = 5; A
= c x08000294 2405 MOVS 4, $0x05
- RD 08000255 g1 int32 t btns = 0;
R B20000408 e
2 00000000 x08000296 BFOO NOP
- Rm3 08000430 €3: SystemCoreClockSetHSI() ;
R4 02000452 x08000298 FIFFFFS3 BL.W SystemCoreClockSetHSI (0x080001C2)
RS B0R000404 64: SystemCoreClockUpdate () /{ Get Core Clock Frequency W
-~ R6 x0D000000 i &
- R7 (00000000 W : e e &
- RY 00000000 | 53 L}
- R10 (00000000 54
R 00000000 55 unsigned int output: Name Type
- R12 (00000000 B e [ oo num | 0x08000484 Jint
- R13{5F) (20000408 37 MAIN function Ent 2 |
N | R =
- R14 (LR} 02000425 58 L fm——— - -— - —-—- -, -, -, -, -, ,,C—.,—.—-—-—-,—,;,—-—_—,——-,—_-.—, ., — ] RHEET. CRRIESHOR |
- R15 {PCh (030002534 58 int main (void)
#- xFSR 61000000 % &0 1 int32 t num = 5; |
B | & int32 t btns = 0; ol e e
- &2 | — |
El- 63 SystemCoreClockSetHSI () s
J a4 SystemC ClockUpdat ,' X L
Thread ystemCoreClockUpdate () Nl A |[k2i]D|]DDDB
Privileged : 65 ]
MSP &6 LED Initialize(}; |ox20000000: 00 24 F4 00 00 OO OO0 00 OO OO 00 OO OO0 OO
1682 [t | &7 Buttons Initialize(): |0x2000000E: 00 OO 0O OO0 00 OO 00 00 0O 0O QO 00 00 OO0
0.00018820 : 5_3 \0x2000001C: OO0 ©O0 ©O 0O OO0 00 OO 0O OO0 QO 00 00 00 00
- - | 69 while (1) //|ox20000022: 00 00 0O OO OO OO0 00 OO OO OO0 0O 0O OO0 00 v
EProjectiEReg’lste:s < - - B . N : e - *
Command A EI callstack = Locals £ x |
Bunning with Code Size Limit: 32K ~ Mame Lecation/Value Type
Load "C:\\Users\\GG\\Desktop\\Blinky START\\Flash\\Blinky.axf" (B & S IW |in.tf0 |
= 3 % num | BDB000484 |auto - int |
= S @ btns §<notinscope> |au‘to-int |
AS5IGN BreakDisable BreakEnable Break¥®ill BreakList BreakSet |
5T-Link Debugager 11: 0.00016820 sec L62 Cb CAP NUM SCRL OVR; RAW

CES 1628

R
™ n 610200

Spuéténi programu - F5, dioda ST Link — blika a méni barvu. Krokovani - F11

nebo F10. Nastaveni hodin nekrokovat preskocit na Breakpoint.
FEL CVUT Petr Skalicky, katedra radioelektroniky 11



UPRAVA PROGRAMU BLINKY PRO REALIZACI ZAKLADU ULOHY 1

¢ Program Blinky.c obsahuje dva systémové podprogramy a dva
inicializacni podprogramy pro tlacitko a diodu LED. Oba se skryvaji v
souborech LED_NUCLEO_F401.c a Buttons_ NUCLEO_F401.c. V téchto
podprogramech jsou prazdné podprogramy, do kterych je potreba napsat
1nicializaci vyvodu viz. Soubor MAM_2022-Konfigurace GPIO bran.pptx.

Dale je potreba doplnit rutinu pro cteni tlacitka a rozsviceni a zhasnuti
LED.

SystemCoreClockSetHSI();
SystemCoreClockUpdate(); /I Get Core Clock Frequency

LED _Initialize();
Buttons_ Initialize();

% Vami navrzena reseni je mozné porovnat u resenimi uvedenymi na
nasledujicich dvou stranach.

% Pro dalsi ulohy jiz nebudeme vypisovat inicializaci I/O vyvodu uvedenym
zpusobem, ale pouzijeme pripravenou knihovnu Nastaveni_GPIO.zip.
Ta nam umozni inicializovat vyvod zapisem na jeden radek takto:

PIN_OUTPP_Initialize (GPIOA,9);
PIN_OUTPP_Initialize (GPIOB,5);
PIN_IN_Un_Initialize (GPIOA,1);

FEL CVUT Petr Skalicky, katedra radioelektroniky 12



KONFIGURACE A OVLADANI LED NA BRANE GPIOA VYVOD PA5

// PODPROGRAM PRO INICIALIZACI A NASLEDNE ROSVICENIi a ZHASNUTI LED NA BRANPA5S

#include "stm32f4xx.h" /I Device header
#define LED 5

int32_t LED_Initialize (void) /I void mozno nahradit prom énou
{ RCC->AHB1ENR |= (1ul << 0); /I Povoleni hodinového signalu pro GPIOA
/I Nastaveni vyvodu PA.5 (Zelena LED) na vystup push-pull
/[ bez upnuti k napdjeni nebo zemi

GPIOA->MODER &= ~((3ul << 2*LED)); // Stav po nulovani (ruseni p redchoziho
stavu)
GPIOA->MODER  |= ((lul << 2*LED)); // Vystup
GPIOA->OTYPER &= ~((lul <<  LED)); // Push-Pull
GPIOA->OSPEEDR &= ~((3ul << 2*LED)); // Ruseni p redchoziho stavu
GPIOA->OSPEEDR |= ((1ul << 2*LED)); // Medium speed
GPIOA->PUPDR &= ~((3ul << 2*LED)); // Bez Pull DOWN i Pull UP
return (0);
}
int32_t LED_On (uint32_t num)
{ if  (num < 16)

{ GPIOA->BSRR |= (1ul << LED); }
/[ nebo GPIOA->BSRRL |= (1ul << LED);

return (0);
}
int32_t LED_Off (uint32_t num)
{ if (num < 16)

{ GPIOA->BSRR |= (1ul << LED)<<16; }
/I nebo GPIOA->BSRRH |= (1ul << LED);
return (0);
FEL CVUT Petr Skalicky, katedra radioelektroniky
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KONFIGURACE A CTENI STAVU TLACITKA NA VYVODU PC13

// PODPROGRAM PRO INICIALIZACI A NASLEDNE ZJISTENI STAVU TLACITKA NA VYVODU PC13
#include "stm32f4xx.h" /I Device header

int32_t Buttons_Initialize (void)

{ RCC->AHB1ENR |= (1ul << 2); /I Povoleni hodinového signélu pro GPIOC
I/l 'V reqgistru AHB1ENR nastaven bit 2
/[ (po citano od 0)

/l Nastaveni vyvodu PC.13 (Modré tla ¢itko) na vstup, bez upnuti k napdjeni nebo
zemi

GPIOC->MODER &= ~(3ul << 2*13); Il Vstup

GPIOC->OSPEEDR &= ~(3ul << 2*13); /[ RuSeni p redchoziho stavu

GPIOC->OSPEEDR |= (1lul << 2*13); /I Medium speed

GPIOC->PUPDR &= ~(3ul << 2*13); /l Bez upinacich odporu

return (0);
}

uint32_t Buttons_GetState (void)
{ if (GPIOC->IDR & (lul << 13)) == 0) return(1);
else return (0);

}

FEL CVUT Petr Skalicky, katedra radioelektroniky
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VOLNE POUZITELNE A REZERVOVANE VYVODY NA NUCLEO F401

VOLNE POUZITELNE GPIOx VYVODY, KTERE MUZEME
KONFIGUROVAT
GPIOA - PAO az PA12,
PA2 a PA3 - realizuji sériovy kanal vyuzivany ST Linkem
PA13, PA14, PA15 - realizuji rozhrani JTAG/SWO
zapis do PA2, 3, 13, 14, 15 vede ke ztraté komunikace s modulem

Odstranéni je popsano na nasledujici strance
GPIOB - PB0 az PB10, PB12 az PB15

GPIOC - PCO0 az PC15

VYVODY PREDURCENE PRO ALTERNATIVNI FUNKCE
USART2 - PA2, PA3 - nejsou propojeny na konektor
A/D prevodnik (skupina A) - PAO, PA1l, PA2, PA3, PA4+7, PB1,
PB12+15, PC0+5
Komparacni systém kanal 1 - PA6, PB4, PC6
kanal 2 - PA7, PB5, PC7
Zachytny systém kanal 1 - PA6, PB4, PC6
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OZIVENi MODULU PO SPATNEM ZAPISU DO BRANY PA

Nefungujici modul NUCLEO v pripadech spravné nainstalovaného
vyvojového prostredi Keil 1 ST-Link. K situaci dochazi pri zapisu do celé
brany PA. Odstranéni:

% Spustit ST link

“* V polozce Target-Settings nastavit variantu Connect Under Reset a OK
% Erase Chip

TR STM32 ST-LINK Utility = = |
File Edit View Target ST-LINK External Loader Help [
Target | ST-LINK  External Loader Help

Sl Bl B

Connect
M di
sk ST-LIME .
Address: | 0x08000000 v | Size: | 0x1000 Data Width: Serial Number Disconnect CTRL+D
(BEFFF524351 775087 232654 w | | Refresh
Device Memory | Binary File < Erase Chlp CTRL-E |Hz bits
Device Memory Firrmuare Yersion Y2)3325 m [
STM 32 Target Information
5TM32L 0% B4k Erase BankZ
Target [
Erase Sectors...
T arget Woltage 23y
Prograrm...

Cornection settings
Port Mode

JTAG SwiD TQT‘
O @ Connect Under Feset w
Frequency
e ——
1.8 MHz W Enable debug in Low power mode

Program & Verify..  CTRL+P

Blank Check

Memory Checksurmn

Reset Mode Target memery compare with file

17:07:08 : No ST-LINK detected ! |Hardware Reset ]
Log File Option Bytes... CTRL+B
Generate Trace LOG File | Open Cortaining Folder
MCU Core...
ok | | Cancel |
Automatic Mode...
| Disconnected Device ID & - | Core State : Mo Memary Loaded Settings...
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OZIVENi MODULU PO SPATNEM ZAPISU DO BRANY PA

Nasledné by meélo okno ST Link vypadat takto:

File Edit View Target ST-LINK External Loader Help
T - —
Hd @& 2 85
Memory display Device STM32L0xx 64k
Device ID 0x417
Address: | 0x08000000 w | Size: 0x1000 Data Width: | 32 bits  w
| | | | Revision ID Rev A

Flash size G4KBytes
Device Memory @ 0x08000000 : | Binary File | |:| LiveUpdate

Target memory, Address range: [0x08000000 0x03001000]
Address 0 |a E
(he02000000 00000000 00000000 00000000
(ee02000010 00000000 00000000 00000000
(he02000020 00000000 00000000
(02000030
(he02000040

(03000080 00000000

£

Lo l3edW o WSINITLLCW VIO IVELA

17:19:50 : SWD Freguency = 1,8 MHz,
17:19:50 : Connection mode : Connect Under Reset.
17:19:50 ; Debug in Low Power mode enabled,
17:19:50 : Device ID:0x417

17:19:50 ; Device flash Size : 64Bytes
17:19:50 ; Device family :STM32L0xx 69k
17:23:31 : Flash memary erased.

17:23:58 : Flash memory erased.

17:24:22 ; Flash memory is blank.

'Z)ebug in Low Power mode enabled. bem'ce ID:0x417 |Core Skate ; Live Update Disabled
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IDEOVE RESENi ZAKLADU ULOHY 1

( START )
v

SystemCoreClockSetHSI()
SystemCoreClockUpdate()

v

Nastaneni vyvodu PA5()
Nastaveni vyvodu PC13()

v

Interval blikani=0,1s

ANO

Py
LED_on()
v
Zpozdéni
v
LED_off()
v

Zpozdéni

Zmeéna zpozdéni

ANO T
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Vytvoreni potrebného zpozdéni mizeme realizovat

0 Monostabilnim obvodem (¢islico-analogové reseni)

o Citadem poéitajicim impulzy hodinového signilu (Gisté &slicové
reseni). V procesorech jsou proto (¢itace/casovace) podporované
prerusovacim systémem

0 Zpozdénim vytvorenym dobou trvani programu viz. obrazek.

/pozdéni realizujeme pomoci podprogramu, v kterém zkusmo
nastavime hodnotu odpovidajici pozadovanému zpozdéni. Ta je
postupné dekrementovana/ inkrementovana za
pomoci instrukeci. Stabilita programovém reseni
Zpozdéni je dana stabilitou synchronizacniho

hodinového signalu procesoru za predpokladu, ze:

M=délka intervalu

0 Instrukce trvaji vzdy stejné dlouhou dobu

0 Procesor nevykonava jinou cinnost, nez je
vlastni generovani zpozdéni. Napr. se neobjevi
obsluha preruseni.



PROGRAMOVE GENEROVANE ZPOZDENI V JAZYCE C A ASEMBLERU

const uint32_t doba_zpozdeni = 0x22800; // nutno vyzkousSet dobu trvani. Zm &na hodnoty
Il m GZe zp usobitvp  rekladu pouZiti jiné instrukce
/I a diky tomu dojde ke skokové zm éné zpozd é&ni.
void Delay (uint32_ t pocet ns)
{ uint32_t pocet, i;
for (i = 0;i < pocet _ns; |++)
{ for (pocet = 0; pocet < doba zpozdeni; pocet++) i=i;}

skkkkkkkkkkkkkkkkkhkkkhkkkkhkkkhkkhkkhkkkkhkkkhkkkkhkkkhkkhkkkkhkk kkkkkkkkkkkkkkhkkkhkkkhkkkhkkkhkkhkkkhkkkhkkkkhkkkhkkkkx
* Jméno funkce DELAY
* Popis Softwarové zpozd &ni procesoru
* M é&ni stav registr a RO a R3
* Vstup RO = po cet opakovani cyklu zpozd éni
* Vystup Zadny
;* Komenta ¥ Podprogram zpozdi pr tb&h vykonavani programu
skkkkkkkkkkkkkhkkkkkkkkhkhhkhkhhkkkkkkkhhhkkkkkkkkhkhkhkkkkkk kkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkhkhhkkkkkkkkhkkhkk
DELAY : Nav &stiza céatku podprogramu

PUSH {LR} ; UloZeni hodnoty navratové adresy - LR do z asobniku
WAIT1

LDR R3, =doba ; VloZeni konstanty doba pro prodlevu d o R3
WAIT SUBCS R3, R3,#1 ; Ode c¢teni 1 od R3,tj. R3 = R3 - 1 anastavenip riznakového

; registru
BNE WAIT ; Skok nanav &stip #inenulovosti R3 (skok dle p Fiznaku)
SUBS RO, RO, #1 ; Ode cteni 1l od RO,tj. RO=R0O - 1 a nastavenip riznakového
; registru

BNE WAIT1 ; dokud neni nula v RO, sko ¢i na waitl

POP {LR} ; Navrat z podprogramu, obnoveni hodnoty LR ze zasobniku

BX LR ; @ havrat do hlavniho programu

; Nebo jednodussi varianta POP {PC} misto p redchozich dvou radk u

POP {PC}
skkkkkkkkkkkkhkkkkkkkkkkhkhkhkhkhkkkkkhkkkhkhkkkkkkkkhkhkhkkkkkk kkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkhkhhhkkkkkkkkhkhkkk

END ;Konec programu, jakykoliv kod za timto radkem p reklada ¢ nep relozi
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