An Introduction to
NEW* STM32/ARM
On Arduino IDE

Focusing on Blue Pill F103C8

Using: STM32F1xx and STM32 Cores by ST-Microelectronics - New July 2017
(integrates CMSIS/STM32 HAL and STM32 Register definitions into Arduino IDE)

* Surgeon General Warning: May be hazardous to your health due to bugs




STM32/ARM Programming Complexity Levels

m) * Entry Level STM32/ARM Programming (today’s presentation)
Arduino IDE using Sketch examples for STM32/ARM processors

Intermediate Level STM32/ARM Programming (today’s presentation)
Arduino IDE beyond Sketch examples for STM32/ARM processors

Advanced Level STM32/ARM Programming (potential future presentation)
STM32CubeMX/Eclipse/GCC/ST-LINK programming STM32/ARM processors

Expert Level STM32/ARM Programming (beyond my paygrade)
Adding/Integrating new STM32/ARM processor/board to Arduino IDE

(reference: Add a new variant (board) - stm32duino/wiki Wiki ... )




Development

Arduino IDE vs STM32/ARM IDEs
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Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Arduino/STM32 History

ST-Microelectronic’s STM32 ARM Device Firmware Upgrade (DFU) ~ 2008

Leaflabs’ Maple STM32F103 board using DFU and IDE ~ 2009

Leaflabs’ Maple MiniSTM32F103 board~ 2011

Chinese Blue/Red (STM32F103C8) Pill ~ 2013

Roger Clark “Arduino IDE with an STM32F103 board” YouTube — 2014
(https://www.youtube.com/watch?v=-zwGnytGT8M)

STM32duino wiki~ 2015
(http://wiki.stm32duino.com)

STM32F1xx/STM32 Boards by ST-Microelectronics for Arduino IDE — New July 2017

(integrates CMSIS*/STM32 HAL and STM32 Register definitions into Arduino IDE)
(https://community.st.com/community/stm32-community/blog/2017/07/13/stm32-cores-enabled-in-arduino-ide)

* stm32duino/Arduino_Core STM32: https://github.com/stm32duino/Arduino Core STM32

* Cortex Microcontroller Software Interface Standard




Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Arduino AVR and STM32/ARM Entry Level Devices

AVR
ATmega328

Arduino Pro Mini

Program using USB to Serial

Arduino Uno R3
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Program using USB Bootloader

STM32/ARM
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Arduino AVR and STM32/ARM Entry Level Devices

Processor ATmega328 ATmega328 STM32F103C8 STM32F103RB
Cost S8 [S4] (Microcenter)  $10 [S8] (Microcenter)  $1.68 (China)@ $10+S&H (Mouser)
Clock 16 MHz 16 MHz 72 MHz 72 MHz

Data 8 bit 8 bit 32 bit 32 bit

Flash 16 KB 16 KB 64 KB 128 KB

RAM 2 KB 2 KB 20 KB 20 KB

EEPROM 1 KB 1KB No # No #

GPIO 14 20 34+1 51

PWM 6 6 15 16

Quadrature Decoder  None None 4 4

ADC 6 (10 bits @ 0.2 MHz) 6 (10 bits @ 0.2 MHz) 10 (Dual 12 bits @ 1 MHz) 13(Dual 12 bits @ 1 MHz)
DMA None None 7 channels 7 channels
Interrupt Controller No No NVIC NVIC

Vcc 5V 5V 3.3Vv* 3.3Vv*

@ https://www.aliexpress.com/item/mini-Stm32f103c8t6-system-board-stm32-learning-development-board/1568685935.html

[S] Sale Price # Emulate EEPROM with Flash  * Most digital pins 5 V tolerant
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STM32/ARM Entry Level - Blue Pill F103C8 Schematic

With Two Minor Fixable Shortcomings

Connectors
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STM32F103CBTE
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Fixing STM32/ARM Entry Level - Blue Pill F103C8
Wrong USB Pullup Value

USB Spec’s 1.5K Pull-Up Resistor

“Blue Pill” has 10K Pull-Up Resistor

Il
V

“Blue Pill” needs 1.8K Shunt Resistor
between 3.3V and pin PA12

USB 1.8K Shunt Resistor
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Fixing STM32/ARM Entry Level - Blue Pill F103C8
Lack of PB2 Pinout

Add
PB2 Jumper Wire New PB2 Pin with
Start Drilling out extra Gnd pad  connected to R4 Insulator
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STM32/ARM Entry Level - Blue Pill F103C8 Plus Pinout

35 GPIO Pins
(with new PB2 pinout)
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Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Arduino IDE without STM32F1xx/STM32 Cores
by ST-Microelectronics

(First pick the board and then the example)

€ sketchjul25a | Arduino 1.83 - @ sketch_jul25a | Arduino 1.8.3 S X
File Edit Sketch Tools Help File Edit Sketch Tools Help
Auto Format Ctrl+T New Ctrl+N
Archive Sketch Open... Ctrl+0
sketch_jul25a Fix Encoding & Reload Open Recent >
vold setup() Serial Monitor Ctrl+Shift+M & Sketchbook > . 2
HBEE YEEIE gl Plotter CtrlaShiftL EoaitNbnagers Examples 1 A
1 Arduine AVR Boards Close Ctrl+W Built-in Examples
WiFi101 Firmware Updater Arduino Yiin Save CtrlsS 01.Basics >
id 22090 {| Board: "Arduino/Genuino Uno" | ®  Arduino/Genuino Uno SaveAs..  Ctrl+Shift=S D2Digial ?
/7 put your| - c P 03.Analog >
Port Arduine Duemilanove or Diecimila 5
) Page Setup  Ctrl+Shift+P e e >
Get Board Info Arduine Nano &
1 Print Ctrl+P 05.Control >
. . 1 Arduine/Genuine Mega or Mega 2360 | ’
Prograrmmer: "AVRISP k| 1 Arduino Mega ADK Preferences Ctrl+Comma OG.ansors >
Burn Bootloader i 07.Display >
Arduine Leonarde Quit Ctrl+Q 5
08.5trings >
Ardufno Leona.rdo EI'H 09.USB X
e 10.5tarterkit_Basickit > v
Arduino Esplora 11.ArduinolSP »
Arduine Mini
Arduino Ethernet Examples for any board
Arduino Fio Adafruit Circuit Playground > S N
Arduine BT Brdge 2 Stepper >
Espl >
LilyPad Arduine USB Spiora Temboo >
Ethernet >
LilyPad Arduina : < . >
irmata iFi
Arduine Pre or Pro Mini ik ’
= GSM >
Arduing NG or older LiquidCrystal s Examples for Arduino/Genuing
i Arduino Robot Control Em T L e e . EEPROM >
Arduine Robot Motor Arduino Industrial 101 . S >
= Linine One popos Motor Spl >
Arduine Gemma D N
Adafruit Circuit Playground Arduino UHDW\Q Senvo > Biie . ’

¥




Arduino IDE with STM32F1xx/STM32 Cores*™
by ST-Microelectronics

STM32F1xx Boards STM32 Boards (with ST-Link)
|:> * Nucleo-F103RB 128KB 20KB 72MHz * Nucleo144
« STM32VL Discovery STM32F100RB 128KB 8KB 24MHz * Nucleo-F2072G 1024KB 128KB 120MHz
BE) - Blue Pill STM32F103C8 64KB 20KB 72MHz " Nucleo-F4252I 2048KB 256KB 180MHz
« MapleMini STM32F103CB 128KB 20KB 72MHz e Nucleo64
* Nucleo-FO30RS8 64KB 8KB 48MHz
*  Nucleo-F091RC 256KB 32KB 48MHz
* Nucleo-F103RB 128KB 20KB 72MHz
« Nucleo-F303RB 128KB  40KB 72MHz
* Nucleo-F401RE 512KB 96KB 84MHz
AVR Boards * Nucleo-F411RE (DPRG alt CPU) 512KB 128KB 100MHz
« Nucleo-LO53R8 64KB  8KB 32MHz
e UnoR3 16KB 2KB 16 MHz * Nucleo-L476RG 1024KB 128KB 80MHz
°\ Nucleo32
* Nucleo-L432KC 256KB 64KB 80MHz
* \Discovery
:> Entry Level +  STM32F100RB-DISCVL 128KB 8KB 24MHz
Show-and-Tell « STM32F407G-DISC1 1024KB 192KB 168MHz

* STM32F746G-DISCOVERY 1024KB 340KB 216MHz

* ST-Microelectronics is in the process of integrating Blue Pill and MapleMini into single STM32 Boards package




Arduino IDE with STM32F1xx/STM32 Cores*™
by ST-Microelectronics

(First pick the board and then the example)

File Edit Sketch Tools Help

@ 5TM32CubeMX_Blink_Print | Arduino 1.8.3 - ]

@ 5TM32CubeMX_Blink_Print | Arduino 1.8.3 —

File Edit Sketch Tools Help

}

Auto Format

Port
Get Board Info

void ME_GPIO_Init({void)

Ctrl+T

LilyPad Arduino USE

Arduino Gemma
Adafruit Circuit Playground
Arduine Yin Mini

Page Setup  Ctrl+Shift+P
Print Ctrl+P

de

ay{1000);

static void MX_GPIO_Init(v

New Ctrl+N
Archive Sketch
- | Open... Ctrl+ 0O
STM32Cubehty Fix Encoding & Reload
Open Recent >
Serial Moenitor Ctrl+Shift+ M ~
Sketchbook >
Serial Plotter Ctrl+Shift+L
Examples ] pat
WiFi101 Firmware Updater Close Ctrl+W Built-in Examples
void setup() .
01.Basics
// put your Board: "BluePill F103C8" e cuies 02.Digital
M¥_GPIO_Ini .Digita
serial ;_Iji Upload method: "STM32duine bootloader” ool Save As... Ctrl+Shift+S 3
SERRan e Arduino BT 03.Analog

04.Communication

void loop() { LilyPad Arduine 05.Control
// put your Programmer: "AVRISP mkll" Arduino Pro or Pro Mini Erfomas S Tmme 06.Sensors
LED_GPIO_Eo Burn Bootloader Ard NG Id .
Serial.printrorzo—rTon—ae—7+ rauing M arolder . 07.Display
Serial. n(GPIO_PIN 13,HEX): Arduino Robot Control ‘,Qf:i N \Ctitq., __| 08.5trings
a0y s Arduino Robet Motor Serial.println {GPIE PIN 09.USB

10.5tarterKit_BasicKit
11 ArduinalSP

Examples for BluePill F103C8

CapacitiveSensor

Arduino Industrial 101 Examples for any board EEPROM
Lining One Adafruit Circuit Playground Firrmnata
Arduino Uno WiFi Bridge

G5M
5TM32F1xx Boards Ethernet
Nucleo F103RE Firmata LiquidCrystal
5TM32 VL Discovery STM32F100RB LiquidCrystal Servo
BluePill F103C8 sD

SPI
MapleMini F103CE Stepper
5TM32 Boards (selected from submenu) Temboo
MNucleo-144 TFT WiFi
Nucleo-64 — .

WiFi Wire

Nucleo-32

* ST-Microelectronics is in the process of integrating Blue Pill and MapleMini into single STM32 Boards package




Arduino IDE with STM32F1xx/STM32 Cores

by ST-Mi troni Pin M |
Nucleo 64
FO30RS
Roger FO91RC I kl I . I I .
ndvine |claee F103R Roger Clark’s Blue Pill Pinout
pill FAO1RE
FA11RE
LO53R8 e
L476RG HE H
DO [ 0 RX PA3 PA3 USART2_RX
D1 |1 X PA2 PA2 USART2_TX - "
D2 |2 PA10 PA10 |
D3 |3 PWM PB3 PB3 TIM2_CH2 i ‘g 8;
D4 | 4 PB5 PBS b AP TR canx HEL
D5 | 5 PWM PB4 PB4 TIM3_CH1 PALG ' Ansiogli e O|3pghc si SEIlLISg O
PA Analog In 7 Olm C1 SD Seriall RX
D6 | 6 PWM PB10 PB10 TIM2_CH3 o ; e [ o B LR serialy ¢ -IIET
D7 | 7 PAS PAS : DO Serial2 RX :::'os:: 2 Q? P 'SPI1 MOSI) :
Ds | 8 PA9 PA9 e B oL NEEEA e H of isce i
D9 | 9 PWM n/a PC7 TIM3 CH2 PA_6 D sP11MISO F Analog In b (o) ] SPILNSS
D10[10| PWM/CS PB6 PB6 TIM4_CH1/SPI1_CS — ; sl % SE ST
D11|11| PWM/MOSI PA7 PA7 TIM3_CH2/SPI1_MOSI e e = ol sempm i .
D12 |12 MISO PA6 PA6 SPI1_MISO pB_10 T{seran X HIE g ole [serial X T
D13 [13 | SCK[User LED] PAS5 PAS SPI1 SCK [User LED] Serial3 RXUEEL &| gg '
D14 SDA PB9 PB9 12C1_SDA 2 o% s
D15 scL PBS PBS 12C1_SCL 0 o olg S st
A0 |14 PAO PAO ADC 0 - i 2z S
Al |15 PAL PAL ADC 1
A2 |16 PA4 PA4 ADC 4
A3 |17 PBO PBO ADC 8
A4 |18 n/a PC1 ADC 11
A5 |19 n/a PCO ADC 10
PC13 User LED PC13 User Button




Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Installing STM32F1xx/STM32 Cores
by ST-Microelectronics into Arduino |IDE

Setup — Assumes Arduino IDE already installed

 In Arduino IDE, click File -> Preferences.
» Click on the edit button next to 'Additional Boards Manager URLS'.
» Add the URL of the STM32F1xx/STM32 Cores boards manager package json file*:

https://raw.qithubusercontent.com/stm32duino/BoardManagerFiles/d1c46284dec37305d563a87¢e
ecfb545e3c66al66/STM32/package stm index.json

» Click OK

» Click Tools -> Board -> Board Manager... -> Type -> Contributed
» Select: STM32F1xx Cores by ST-Microelectronics -> Install

» Select: STM32 Cores by ST-Microelectronics -> Install

* WARNING: This URL is for the previous release which includes STM32F1 supportwhich is missing from latest release.




Installing STM32F1xx/STM32 Cores*
by ST-Microelectronics into Arduino IDE

(Arduino IDE: File -> Preferences)

File -> Preferences mm)

https://raw.githubusercontent.com/stm32duino/BoardManagerFiles/d1c46284dec37305

d563a87eecfb545e3c66a166/STM32/package stm_index.json

—

Preferences X

Seftings Network

Sketchbook location:

C:'\Users'\Daves-DeII\Documents\Arduind

Browse
Editor language: System Default ~ | (requires restart of Arduino)
Editor font size: 12
Interface scale: Automatic | 100 5 % (requires restart of Arduino)

Show verbose output during: [_] compilation [ | upload

Compiler warnings: None

Display line numbers

[ ] Enable Code Folding

Verify code after upload

[ ] use external editor

Aggressively cache compiled core

Check for updates on startup

Update sketch files to new extension on save (.pde -> .ino)
Save when verifying or uploading

Additional Boards Manager URLs: |Files/d1c46284dec37305d563a87eecfb545e3c66a166/STM32/package_stm_index.json ﬁ

Maore nroforonroc ran he adited diracthe in the filo
viore preferences ca e edited directly the Tile

C:\Users\Daves-Dell\AppData\Local\Arduinol5\preferences.txt

At nn han Ardiuino not running’
edit only when Arduing 1s not ru g

=

oK Cancel

* WARNING: This URL is for the previous release which includes STM32F1 supportwhich is missing from latest release.




Installing STM32F1xx Cores

by ST-Microelectronics into Arduino ID

(Arduino IDE: Tools -> Board -> Board Manager)

Contributed =)

Select mm)

& Boards Manager

Type | Contributed R

MOre 1Ard

Industruino SAMD Boards {32-bits ARM Cortex-M0+) by Industruino
Boards included in this package:
Industruino D21G.

Online help
Mare info

STM32F1xx Cores by ST-Microelectronics
Boards included in this package:
Nucleo F103RB, STM32 VL Discovery STM32F100RB, BluePill F103C8, MapleMini F103CB.

Online help
More info

2017.1.20 ~ | | Install -

STM32 Cores by ST-Microelectronics

Boards included in this package:

Nucleo F207ZG, Nucleo F429Z1, Nucleo FO30RS, Nucleo FO91RC, Nucleo F103RB, Nucleo F303RE, Nucleo F401RE, Nucleo F411RE, Mucleo LO53RS,
MNucleo L152RE, Nucleo L476RG, Nucleo L432KC, STM32F100RB-DISCVL, STM32F407G-DISC1, STM32F746G-DISCOVERY.

Online help
More info

Close

Install



Installing STM32 Cores

by ST-Microelectronics into Arduino ID

(Arduino IDE: Tools -> Board -> Board Manager)

Contributed mm)

Select mm)

& Boards Manager

Type | Contributed R

MOre 1Ard

Industruino SAMD Boards {32-bits ARM Cortex-M0+) by Industruino
Boards included in this package:
Industruino D21G.

Online help
Mare info

STM32F1xx Cores by ST-Microelectronics version 2017.1.20 INSTALLED
Boards included in this package:
MNucleo F103RBE, STM32 VL Discovery STM32F100REB, BluePill F103C8, MapleMini F103CB.

Online help
More info

STM32 Cores by ST-Microelectronics

Boards included in this packaage:

Nucleo F207ZG, Nucleo F429Z1, Nucleo FO30RS, Nucleo FO91RC, Nucleo F103RB, Nucleo F303RE, Nucleo F401RE, Nucleo F411RE, Mucleo LO53RS,
MNucleo L152RE, Nucleo L476RG, Nucleo L432KC, STM32F100RB-DISCVL, STM32F407G-DISC1, STM32F746G-DISCOVERY.

Online help
More info

2017.8.31 ~ | Install ”

Close

Install



Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Downloading Arduino Blink Sketch
to Blue-Pill F103C8 using USB-to-Serial

For serial downloading, set BootO pin high (1) and Boot1 pin low (0)

Bootl -> Low (0)

Reset Button

RXD -> PA9
TXD -> PA10

5V ->5V
GND -> G

Note: STM32F103C8 UART1 pins (PA9/10) are 5V tolerant => 5V USB to RS232 Adapters are OK




Downloading Arduino Blink Sketch
to Blue-Pill F103C8 using USB-to-Serial

Setting Up Blue Pill F103C8

* Tools -> Board -> “Blue Pill F103C8”
* Tools -> Upload Method -> “Serial”
* Tools -> Port -> “COMA4” [use Device Manager to check]




Downloading Arduino Blink Sketch
to Blue-Pill F103C8 using USB-to-Serial

Setting Up Blue Pill F103C8

9 Blink | Arduino 1.8.3 - ] X
File Edit Sketch Tools Help

Auto Format Ctrl+T E
Archive Sketch

Blink Fix Encoding & Reload :
Serial Monitor Ctrl+Shift+M ~
Serial Plotter Ctrl+5Shift+L

WiFi101 Firmware Updater

// the set Board: "BluePill F103C8" »| oF power the

1 setup( X
e Upload method: "Serial" >
initia .
I de (1 Port: "COM4" >
1 Get Board Info
Programmer: "AVRISP mkll" *E

Burn Bootloader
i e 0N (HIGH i3 1t

ff wait £ d
f/ turn the LED off by making

i

/ wait for a second

a 3¢

(1000) ;

BlueRill F10: al on COMS




ownloading Arduino Blink Sketch
to Blue-Pill F103C8 using USB-to-Serial

File -> Examples -> 01. Basic -> Blink

@ Blink_with_Serial.print | Arduine 1.8.3
File Edit Sketch Tools Help
MNew Ctrl+N
Open... Ctrl+0
Open Recent
Sketchbook
Examples &
Close Crl+W Built-in Examples
Save Ctil+$ 01.Basics AnalogReadSerial
e im. Ctrl+ Shift+S 02.Digital BareMinimum
03.Analog Blink
EaneSEt pRCTESHESH 4. Communication DigitalReadSerial
(g Gl 03.Control Fade
Preferences  Ctrl+Comma 06.5ensors ReadAnalogVoltage
07.Display
e 08 Strings
) - 09.UsB
10.5tarterKit_BasicKit
11.ArduinolSP

Examples for any board

Adafruit Circuit Playground

Bridge

Ethernet

Firmata

sD

Stepper

Termboo

TFT

WiFi

Examples for Generic 5TM32F103C series
¥




Downloading Arduino Blink Sketch
to Blue-Pill F103C8 using USB-to-Serial

(Change delay values to confirm download)

First press the board reset and then Start Compile/Upload




Enhancing Blink Sketch to include Serial Print
and save-as Blink _and Print

8 Blink_and_Print | Arduino 1.2.3 - O *
Eile Edit Sketch Teols Help

Blink_and_Print

'/ the setup function runs once when you press reset or power the board
void setup() |
/f initialize digital pin LED BUILTIN as an output.
o e . . . pinMode (LED_BUILTIN, OUTEUT):
Initialize Serial Print ) serier reoingsenn:
}

Define Print Variable — s = comne - o;

f/ the loop functicn runs over and over agailn forever
void loop() [
digitalWrite (LED_BUILTIN, HIGH); S/ turn the LED on (HIGH is the wvoltage lewvel)

delay (1000); f/ wait for a second
igitalWrite (LED BUILTIN, LOW): ff turn the LED off by making the woltage LOW
delay{1000); S/ wait for a second

Serial.println{++count);

Print TeXt WithOUt Line End : Serial.print ("Hello World count = ");
Inc Variable & Print with Line End } y

Muclen F103REB, STLink an COMZ



Downloading Arduino Blink _and Print Sketch
to Blue-Pill F103C8 using USB-to-Serial

First press the board reset and then Start Compile/Upload

&% Blink_and_Print | Arduino 1.2

File Edit Sketch

Blink_and_Print

f/ the setup function runs once wWhen you press reset or power the board ~
vold setup() {
initiali digital pin LED BUILTIN as an ocutput.
P UTFUT) ;
Serial.
}
int count = 07
f/ the loop function runs over and owver again forever
void loop() {
digitalWrite (LED BUILTIN, HIGH); S/ turn the LED on (HIGH is the woltage lewvel)
delay (1000) ; [/ wait for a second
digic te (LED_BUILTIN, LOW): /¢ turn the LED off by making the wvoltage LOW
delay (1000} J/ wait for a second
Serial.print{"Hellc World count = ");
Serial.println (++count):
1 W
£ >

EluePill F10 rial on COMS




Running Arduino Blink and Print Sketc

to Blue-Pill F103C8 using USB-to-Seria

Select Serial Monitor, set baud rate, and observe results

A

@ Blink_and_Print | Arduino 1.8.3

File Edit Sketch Tools Help

Elink_and_Print

void setup() {
Serial.begin (9600);

int count = 07

01
1000) 5
7{1000) ;

Serial.println{++count);

Serial.print("Hellc World

BlueFill F10 erial on COM4

- x €5 comd4 - O X
Send
Hello World count = 3
Hello World count = 4
the setup function runs once when you press reset or powser the board ~
initialize digital pin LED BUILTIN as an output.
e (LED_BUILTIN, OUTPUT);:
function runs over and o
rite (LED BUILTIN, HIGH):; f// turn the LED on (HIGH is the woltage level)
[+] Autoscroll Both ML &CR  + | | 9600 baud ~ Clear output
irite (LED_BUILTIN, LOW):; by making the voltage LOW
for a second
count =
W



Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Downloading USB-Bootloader
to Blue-Pill F103C8 using USB-to-Serial

(Add 1.8K USB pull up shunt resistor to match USB’s 1.5K requirement)

 Download and Install maple DFU and STM COM drivers* from:
https://github.com/rogerclarkmelbourne/Arduino STM32/archive/master.zip
* Unzip into Documents\Arduino\hardware directory (may need to create hardware directory)
* Click Documents\Arduino\hardware\Arduino_STM32-master\drivers\win\install_drivers.bat
e Click Documents\Arduino\hardware\Arduino_STM32-master\drivers\win\install_STM_COM_drivers.bat
* Restart computer to complete the driver installation process

 Download and install ST-Microelectronics’ FlashLoader Demonstrator v2.8.0 (en.flasher-stm32.zip) part number:
“FLASHER-STM32” from: http://www.st.com/content/st com/en/products/development-tools/software-
development-tools/stm32-software-development-tools/stm32-programmers/flasher-stm32.html

 Download bootloader binary appropriate based on Blue Pill STM32F103C8’s LED pin from:
https://github.com/rogerclarkmelbourne/STM32duino-bootloader/tree/master/bootloader only binaries
(Most Blue Pill boards have LED on pin PC13, thus use “generic_boot20 _pc13.bin” bootloader)

*WARNING — May need to reinstall drivers after any Window 10 updates




Downloading USB-Bootloader
to Blue-Pill F103C8 using USB-to-Serial
with ST-Micro’s Flash Loader Demonstrator

For serial download, set BootO pin high (1), Boot1 pin low (0), and Press Reset

Bootl -> Low (0)

Reset Button

RXD -> PA9
TXD -> PA10

5V -> 5V
GND -> G




Downloading USB-Bootloader

to Blue-Pill F103C8 using USB-to-Serial
with ST-Micro’s Flash Loader Demonstrator

Select COM port

g Flash Loader Demonstrator — *
‘ 'I augmented
Select the communication port and zet settings, then click nest to open
connection.
Common for all families
+ UART
# Part Mame +| Parity Ewven hd
Baud Rate 115200 *| Echo Dizabled hd
[rata Bits 2 Timeout(z] 10 -
‘ Hext | Cloze

Verify Target
and click Next

Open ST-Microelectronics’ FlashLoader Demonstrator v2.8.0

Select Target (64K)
and click Next

Select Download
and Browse

g Flash Loader Demonstrator -

Lyy.....

8 Target is readable. Pleaze click "Mest' to proceed.

(Bt

Flash Size E4 KB

x i Flash Loader Demonstrator - x
‘ 'I augmented
Please, select your device in the target list
PID (k) |0410
BID (W) |M&
Yersion |22
Flazh mapping
Mame | Start address | End address | Size R o
B Paged 0x G000000  0xSO0O03FF  0x400 (1K)
B Fagel 0« 000400 0xSO00FFF  0x400 (1K)
B Pagez 0x 5000800 0% S000BFF  0x400 (1K)
B Paged 0% 8000C00 0w BO0OFFF  Ow400 (1K)
B Paged 0x 8001000 0:SO013FF  0x400[1K)
B Pages 0« 2001400  OxBO017FF  Ox400 (1K)
B Pageis 0x 8001800 0xBO01BFF  Ox400 (1K)
B Page? 0x GO0TCO0  0xSODIFFF  0x400 (1K)
B Faged 0x 8002000 0:SO023FF  0x400[1K)
B Paged 0x 8002400  0xB0027FF  Ox400 1K)
B Pagell 0% 8002800 0% BO02BFF 0400 (1K)
M Facell (k8002000 0:8002FFF  owoonk FE v
Legend: Protected UnPratected
LCloze | Mesxt LCloze

g Flash Loader Demonstrator

Lyy.....

-]

" Erase
= .
(* Downlaad to device
Download from file
' Erase necessany pages " MNoEraze " Global Erase

@ (h] | 8000000

[™ Optimize [Remove some FFs)

™ Jump to the user program

I~ Werify after download

[ Apply option bptes ‘

™ Upload from device
Upload ta file

L

(" Enable/Dizable Flash protection

|DIsaELE

" Edit option bytes

Back | Mesxt | |

B

| |wRITE PROTECTION ~] =]

LCloze |




Select Directory,
Select Bin Files (*.bin),
Select Bootload File,
and Select Open,

Downloading USB-Bootloader
to Blue-Pill F103C8 using USB-to-Serial
with ST-Micro’s Flash Loader Demonstrator

Verify File
and click Next

File will start
Downloading

When Download Finishes
Click Close and remove

USB-to-Serial & Serial Port*

s# Open
= v 4 & > ThisPC > Downloads » v © | Search Downloads
Organize New folder
2 Dave A Name - Date modified
I This PC Candle_1.0.11
[ Desktop Chipset_10.1.1.42_Public

| Documents enflasher-stm32

4 Downloads en.stm3Zcubemx

b Music grblControl0.2

&= Pictures Intel Components
vid Office 2013

I Videes PCMeter

i System (G PCMeterVd

= Data (D:) =] Documents - Shortcut 7
L DVDR >| generic_boot20_pc13.bin 8/1
50 FPGA (Gr)
[T, I
:IN/ Bin Files (*.bin)

File name: | generic_boot20_pc13.ein

=~ @ @

Type
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
Shorteut

BIN File

Cancel

i@ Flash Loader Demonstrator — bt

( 'I augmented
" Erase

= i J

* Download ta device
Download from file

|E:\U zershDaveiDownloadshgeneric_boot20_pcl3.bin

% Erase necessary pages " Mo Eraze " Global Erase

@ (h) | 2000000 hd

™ Optimize [Remove some FFs)

™ Jump to the user program

I~ Werify after download
™ Apply option bytes | J

" Upload from device
Upload ta file

| ]

" Enable/Disable Flash pratection

[DisaBLE ~| [wrRITEPROTECTION -] =]

" Edit option bytes

Back | Mext | |

Cloze |

i Flash Loader Demonstrator —

( ' I augmented

Target STH32F1_Med-density_B4K
Mapfile  STM32F1_Med-density_E4K.STmap

Operation  DOWMNLOAD
File name  C:\JzershDave\Downloadshgeneric_boot20_pc3.bin

File size 2066 KB (21156 bytes)
Status 9.48 KB (9706 bytes) of 20.66 KB (21156 bytes]
Time: 00:05

I TR Y g data 45%

| |

Lancel |

i@ Flash Loader Demonstrator — bt

( ' I augmented

Target STH3ZF1_Med-denzity B4k
Mapfile  STM3Z2F1_Med-density B4k .S5Tmap

Operation  DOWHLOAD
File name  C:\Uszers\D ave\D ownloadshgeneric_boot20_pc 3.bin

File size 2066 KB (21156 bytes)
Status 20.66 KB (21156 bytes] of 20.66 KB (21156 bytes]
Time 0011

Back | |

*Use Device Manager with Show Hidden
Devices to remove old Serial Port



Switching Downloading
from USB-to-Serial to USB Bootloader

After downloading/installing USB Bootloader

 Remove USB-to-Serial connections RDX -> PA9/TDX -> PA10 and 5V/Gnd

e Reset Boot0 and Bootl jumpers to Low (0)

* Add 1.8K between 3.3V and PA12 to shunt internal 10K USB resistor
 Remove old Serial Port using Device Manager with Show Hidden Devices

* Add USB-to-PC cable to STM32F103C8/Blue Pill

* Use Device Manager “View > Show hidden devices” to check Maple driver



Checking Maple Driver Correctly Loaded

Device Manager: View > Show hidden devices

Other devices/Maple 003 => Missing Maple Driver

libusb-win32 device/Maple DFU => Correct Maple Driver

M Device Manager - O X M Device Manager - O X
File  Action View Help File Action View Help
e @ EH Hm & = T 5 Hm &
E?i Jungo Connectivity @I Jungo Connectivity
— Keyboards E2 Keyboards
L & Memory technology devices “ ' e
Lﬂ Mice and other pointing devices ' Maple DFU
EJ Mod?ms REinSta"* w Mice and other pointing devices
E Monitors NV [ Monitors
IJ_j] Network adapters Maple DFU @I Network adapters
v R Other devices |:> . = P
BA Maple 003 drivers and = Print queues
B Portable Devices Resta rt PC n Prcsceissors )
B0 Print queues B security devices
™ Printers [ Sensors
L3 Processors B Software devices
!_ Security devices I Sound, video and game controllers
T Crmrmrr [ PP | P
< - > < >

* Click Documents\Arduino\hardware\Arduino_STM32-master\drivers\win\install_drivers.bat
Click Documents\Arduino\hardware\Arduino_STM32-master\drivers\win\install_ STM_COM _drivers.bat
Restart computer to complete the driver installation process



Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Downloading Sketch to Blue-Pill F103C8
using USB-Bootloader

For USB-bootloader download, set BootO and Boot1 pins low (0),
plus add 1.8K shunt resistor between PA12 and 3.3V

ik 3
;: & Wiiihie s 1
R Lk TP BootO -> Low (0)
EIRIR T = e
3D ‘ol l- 12 _
B % |2 Bootl -> Low (0)
S L3 'T S
. 912



Downloading “Blink and Print” Sketch
to Blue-Pill F103C8 using USB-Bootloader

With Boot0 and Bootl Low (0), First Verify Board, Select Then Open saved
Connect USB to PC, and STM32duino bootloader, Blink_and_Print Start Compile/Download
observe with Device Manager* and Verify/Set Port unless already open

A Device Manager — O b @ Blink | Arduino 1.83 - ] be @ Blink_and_Print | Arduino 1.8.3 - [} x @ Blink_and_Print | Arduino 1.8.3 - m] X
File Edit Sketch Tools Help Edit Sketch Tools Help File Edit Sketch Tools Help

Eile Action VNiew Help

Auto Format Ctrl+T New Ctrl+N
= = 1 Archive Sketch pen... Crl+0
] [T
Fix Encoding & Reload hd Open Recent > n
== |DE ATA/ATAPI centrollers A . Serial Monitor Ctrl+Shift+M = Sketchbook > N
e :r-; Imaging devices 20 Serial Plotter Ctrl+Shift+L Examples >
. Close Ctrl+W fruns once when you press reset or powel up function runs once when you press resst or pows:
= HPEASCE4 (HP ENVY 4300 series) - WiFi101 Firmware Updater 5 - 0 1 :
- ave Tl+: ) }
l pin LED_BUILTIN as an output ize digital pin C N as utput.
=+ Integrated Webcam Board: “BluePill F103C8" N Save As Ctrl+Shift+S pin LED as an outg alize digital pin LED_BUILTIN as an outp
R QUTEUT) ; de (LED _BUILTIN, OUTPUT);
= Keyboards Upload method: "STM32duino bootloader” > pwes -
=2 . . - Page Setup  Ctrl+Shift+P begin(5600) ;
' libush-win32 devices Port: "COM3 (BluePill F103C8)" > Print Cirl+P
rin rl+]
‘ Maple DEU Get Board Info
. .. . Preferences Ctrl+Comma 31 int count = 0;
@ Mice and other pointing devices Programmer: "AVRISP mkil* > ol
[ Monitors A BEE e e Qlini ikl pns over and over again forever 33 // the loop function runs over and over again forsver
Al V0 U  n T
void loo
I Netwaork adapters i o o » A
Wl - S = U N, HIGH); turn the on (HIG te U N, HIGH): tu he on (HIG
. alWrite (LED BUILTIN, HIGH); // turn the (LED_BUILTIN, HIGH); z LED (HIGE rite(LED BUILTIN, HIGH); // turn the LED on (HIGI
E Portable Devices s (1000) ) wmit £ 3¢ ; // wait £ 00) ; // wait £
R Ports (COM & LPT) 34 alWrite (LED_BUILTIN, LOW); // turn the v : ite(LED BUILTIN, LOW); // turn th by 1 Write (LED_BUILTIN, LOW); // turn the T
- a5 - . waic £ 3 delay (1000) ; // wait for a second “lay(1000) ; /) wait £
Maple Serial (COMS 35 delay(1000); // wait £ secon . ) o . ¥ ¢
# =] P ( ) 26)) . 35 serial.print("Hello World count = "); . Serial.print ("Hello World count = "); .
= Print queues < 5 7 N .

™ Printers

Ll Processors

B Software devices

I Sound, video and game controllers

S Storage controllers v

BluePill F103C8, §

BluePill F103C8, STM32dL

*use Show Hidden Devices # Maple Serial (COMXx) only show up after the first USB bootloader download.

WARNING: If the Maple DFU shows up under “Other devices”
with a question mark, the Maple DFU drivers are missing.




Checking STM32F103C8/Blue Pill Interface

Device Manager: View > Show hidden devices

Before first sketch download

M Device Manager — O

File  Action View Help

& T B BHe &

>

After first sketch download

M Device Manager — 0

File  Action View Help

= T B HE =

I? Jungo Connectivity
— Keyboards
v @ libusb-win32 devices
i Maple DFU
@ Mice and other pointing devices
3 Monitors
? Network adapters
™= Print queues
n Processors
B security devices
[ Sensors
B Software devices

i} Sound, video and game controllers
L

[ AP ey || [

I? Jungo Connectivity
— Keyboards
v @ libusb-win32 devices
./ Maple DFU
L I Memory technology devices
@ Mice and other pointing devices
a Modems
3 Monitors
@ MNetwork adapters
g Portable Devices
v B Ports (COM & LPT)
W STM Serial (COM3)
= Print queues
=l Printers
[} Processors




Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Updating ST-LINK Clone Firmware

ST-LINKV2 7
STMS & STMI2 .

(e.g. www.aliexpress.com > “st-link v2 stlink mini stm8stm32” from $1.76 with free shipping)




Updating ST-LINK Clone Firmware

Download and run ST-LINK, ST-LINK/V2, ST-LINK/V2-1 USB driver signed for Windows7,
Windows8, Windows10 (en.stsw-link009.zip) part number: “STSW-LINKO0O9” from:
http://www.st.com/en/embedded-software/stsw-link009.html

Download, install, and start STM32 ST-LINK utility (en.stsw-link004.zip) part number:
“STSW-LINKOO4” from: http://www.st.com/en/embedded-software/stsw-link004.htm|

Plug ST-LINK into PC and in STM32 ST-Link utility select “Connect to target”

Update ST-Link firmware
* Select: “ST-LINK” > “Firmware update”
* Select: “Device Connect”
Firmware Version: XXXX
Upgrade firmware to: V2.J27.M15
Click: “Yes”



Updating ST-LINK Clone Firmware

Connect to target

8 STR2 ST-LINK iy -

Eile (gt View Jaget ST-UNK Edenallosder Help
G2l B

Devee
[asoonomn <] sae: v [z <] DR

Flash s7e

Device Memory  Binary File
Device Memory

Update ST-Link firmware

Targel ST-UNK el Loader Help
P BT

Memary deslay

Device Memory 8008000001 :  Binary File

Address: [ 008000000 | Sae: | 0x1o00 | Datawith: 320 |

Device Connect & Yes

< ST-Link Upgrade X

" - |
mj

Accept (OK)

ST-LinkUpgrade

ih Upgrade is successful.

s s [c [ascn

|w00s000 |omooaap oeoooseD  [oeomose P M.
- Firmuare Version:  V2.127.M15 STM32 Debug +Vass storage

Upgrade the firmware

LI 51 : DSEEFF 535550755157060929
2m1S

10
: 12BKByes
+Device Famiy :STMIZF I Madum density =

Device fash Size : 128KBytes
Device faméy :STMIZF 1cx Medum density

Febug 1 Low Powes made ercbied. Pevee Biowain

Can not connect to target!

If you're trying to connect to an STM32W1ix device, please select
Mermal or HotPlug mode from Target- > Settings menu,

If you're trying to connect to a low frequency application, please select
a lower SWD Frequency mode from Target->Settings menu.




Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Downloading Sketch to Blue-Pill F103C8 using
ST-LINK Clone w/o virtual COM Setup

* Remove USB-to-PC cable

* Check BootO and Boot1 jumpers to Low (0)

e With or W/O 1.8K between 3.3V and PA12 shunting internal 10K
 Remove old Serial Port using Device Manager with Show Hidden Devices
* Connect ST-LINK Clone to Blue Pill F1I03C8 and PC



Downloading Sketch to Blue-Pill F103C8 using
ST-LINK Clone w/o virtual COM Setup




Downloading Blink Sketch to Blue-Pill F103C8

using ST-LINK Clone w/o virtual COM*

Connect Blue-Pill STM32F103C8
to ST-LINK clone, and observe
with Device Manager*

M Device Manager — [m|
File  Action View Help

L Mol 7 Boel =

=
=

U
=]
&
a
=

=l

O
i
i

Sai

% Imaging devices

Keyboards

Mice and other pointing devices
Meonitors

MNetwork adapters

Portable Devices

Print queues

Printers

Processors

Software devices

Sound, video and game controllers
Storage controllers

Storage velume shadow copies

- Storage volumes

System devices

Universal Serial Bus controllers
Universal Serial Bus devices

§ STM32 STLink

WSD Print Provider

*use Show Hidden Devices
to remove old devices first

Select board, and
Upload method: “STLink”

Select Sketch
File > 01.Basic > Blink

Blink§

File Edit Sketch Tools Help

&9 Blink | Arduino 1.8.3 - [m] x @B Blink | Arduino 183
File Edit Sketch Tools Help
Auto Format Ctrl+T New Ctrl+N
Archive Sketch Open... Cirl+0
Fix Encoding & Reload Open Recent >
Serial Monitor Ctrl+Shift+M ~ Sketchbook b
Serial Plotter Ctrl+Shift+L Examples ] &

WiFi101 Firmware Updater g EHE E::ﬂ: S i
Save Ctrl+5 -Basics 1
Board: "BluePill F103C8" »| or power the ot GETS 02.Digital 3
Upload method: "STLink" > 02.Analog
Port i PR RS 04.Communication i DigitaIReadSerial
Get Board Info Print Ctrl-P 05.Control 3 Fade
E—— Al Preferences  CirisComma 06.5ensors 1 ResdAnalogVoltage
Bum Bootloader o Quit Crleq CDoety ’
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Examples for any board
Bridge

Ethernet

Firmata

LiquidCrystal

SD

BlugPill F1C

Stepper
Temboo
TFT
WiFi

Examples for BluePill F103C8
A

# ST-LINK Clone does not support Serial COM

Start Compile/Download

€9 Blink | Arduine 1.8.3

Filp Edit Sketch Tools Help

Blink §

// the setup function runs once when you press Ieset or Dower the

void setup() {
initiali!

BUILTIN as an output.

BluePill FAC TLink on COMA



Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK clone firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo-F103RB using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control



Downloading Sketch to Nucleo-F103RB
using built-in ST-LINK with virtual COM Setup

Check/Update ST-Link firmware using STM32 ST-LINK utility

&° NUCLEO
-F103RB

)



Downloading Blink and Print Sketch to Nucleo-F103RB
using built-in ST-LINK with virtual COM

Note: Arduino IDE identifies proper UART and compiles using appropriate UART

Connect Nucleo board’s ST-LINK Select board, Then File > O q
to PC using USB cable, and observe  Upload method: “STLink”, Sel enBll_ ek F:jer;"', an.
with Device Manager* and Port: “COM4 ...” elect Blink_and_Print.ino

& Device Manager - O X @ Blink_and_Print | Arduino 1.8.3 - o X @ Blink_and_Print | Arduine 1.8.3 _ O x
File Action View Help File Edit Sketch Tools Help File Edit Sketch Tools Help
- - | AutoFormat Ctr+T ] N CtrleN 7
= mHEm e 00 oI = -
Archive Sketch Open... Cirl+0
i Audio inputs and outputs -~ Blink_and_Prir Fix Encading & Reload M Open Recent > [~
B Batteries % etup Serial Monitor Ctrl+Shift+M | power the board ~ Sketchbook > lonce when you press reset or powsr the board ~
£ Bluetooth Serial Plotter Ctrl+Shift+L Bxamples >
D_B as an o p .
I Computer Close cuew | IED_BUILTIN as an output
v _ Dick drives WiFi101 Firmware Updater
_ Save | [£] Open an Arduino sketch... x
s MBED microcontroller USB Device Board: "Nucleo F103RE" > Save As..
= Samsung 55D 750 EVO 500GE Uploed method: "STLink" 5 Look [ ] Bink_and_P <] @ & ¢om-
s SSD 850 EVO mSATA 25058 o - s ~
= SSZEUEQ y m Port: "COM4 (Nucleo F103RE) > o Name Date modified Type
= ar
- T &9 Blink_and_Print.ino 8/7/2017 354PM  Arduino fi
[ Display adapters Preferen
) DVD/CD-ROM drives Programmer: "AVRISP mkdl" *| (EIGE is the voltage level)
F Human Interface Devices Burn Beotloader bnd - Quit =
. ite{LED BUILTIN, LUW)r 77 tarn the LED ; making the voltage LOW ATGITALT
=z IDE ATA/ATAPI controllers ey gso0m s 7 watc for a second delay(lo|  Desktop
% Imaging devices Serial. ("Helle World count = ") Serial.p -
E= Keyboards Serial. 1o (++count) Serial.p n
@ Mice and other pointing devices L Libraries
[ Monitors -
P Network adapters Lai
[J Portable Devices This PC
v B Ports (COM & LPT) 3
ﬁ STMicroelectronics STLink Virtual COM Port (COM4) l@ B
= Print queues Network
- Object ~ 0
n Processors Objects of type: All Files ("%} ~ Cancel
B Software devices
il Sound viden and name controllers e

*use Show Hidden Devices
to remove old devices first



Downloading Blink and Print Sketch to Nucleo
board using built-in ST-LINK with virtual COM

Set baud rate and observe results

Start Compile/Download Select Serial Monitor

> € COM4 (Nucleo F103RB)

Send

Blink_and_Print | Arduino 1.8.3

&9 Blink_and_Print | Arduine 1.8.3 — [m] X
Edit Sketch Tools Help Eile Edit Sketch Tools Help
Hello World count = 3
Hello World count = 4
=5

Hello World count =

Blink_and_Print Blink_and_Print
~ - A
the // the setup function runs once when you press reset or r the board
up() {
// initialize digital pin LED BUILTIN as an output.
. BUILTIN, OUTEUT);
(8600) 7

// the setup function runs once when you press reset

old setup() {
// initiali:

UILTIN as an output.

digital pin LE
)_BUILTIN, OUTEUT);
(9600} 7

1

int count =

// the L

again
H is the

ILTIN, the LED on (E

BothNL &CR  + | 9600 baud v

LED on (HIGH is the woltage level)
d

turn the
; making the voltage
[ Autoscrol

ILTIN,

a se

by making the voltage LOW

// turn the

y(1000) 7
serial

second

("Hello World count = "7
ntln(++count) ;

n COMd.




Entry Level STM32/ARM Programming

Arduino IDE with example Sketches for STM32/ARM processors

Arduino STM32 History

Arduino AVR and STM32/ARM Entry Level Devices

Arduino IDE without/with STM32F1xx/STM32 Cores by ST-Microelectronics
Installing STM32F1xx/STM32 Cores by ST-Microelectronicsinto Arduino IDE
Downloading Arduino Sketch to Blue-Pill F103C8 using USB-to-Serial
Downloading USB-Bootloader to Blue-Pill F103C8 using USB-to-Serial
Downloading Sketch to Blue-Pill F103C8 using USB-Bootloader

Updating ST-LINK firmware

Downloading Sketch to Blue-Pill F103C8 using ST-LINK Clone w/o virtual COM
Downloading Sketch to Nucleo board using built-in ST-LINK with virtual COM
Un-Bricking Blue-Pill F103C8 using ST-LINK Clone with Reset control wire



Un-Bricking Blue-Pill F103C8
using ST-LINK Clone with Reset control wire

Add Reset wire from ST-LINK Clone’s Reset Pin to Blue-Pill F1I03C8 Reset Pin




Un-Bricking Blue-Pill F103C8
using ST-LINK Clone with Reset control wire

* Check BootO and Boot1 jumpers to Low (0)

e With or W/O 1.8K between 3.3V and PA12 shunting internal 10K

* Remove old Serial Port using Device Manager with Show Hidden Devices
* Connect ST-LINK Clone with Reset control wire to Blue Pill F103C8 and PC



Un-Bricking Blue-Pill F103C8
using ST-LINK Clone* with Reset control wire

Connect Blue-Pill STM32F103C8
to ST-LINK clone, and observe
with Device Manager*

Select board, and
Upload method: “STLink”

Select Sketch

, ) _ Start Compile/Download
File > 01.Basic > Blink

A

Examples for BluePill F103C8

M Device Manager — [m} * & Blink | Arduino 1.8.3 — u] ® @B Blink | Arduino 183 @ Blink | Arduino 1.8.2 - m] X
File Action View Help File Edit Sketch Tools Help File Edit Sketch Tools Help Filly Edit Sketch Tools Help
= - = - Auto Format Crl+T New Ctrl+N
Qh_] $| | | ';j Archive Sketch Open.. Ctrl+0
33 Imaging devices Biink§ Fix Encoding & Reload Open Recent > Blink §
Keyboards Serial Monitor Ctrl+Shift+M @ Sketchbook N
E_)r e . Serial Plotter Ctrl+Shift+L Examples ; A
g Mice and other pointing devices Built-in Examples
] Close Ctrl+W pe
3 Monitors WiFi101 Firmware Updater T
Save Ctrl+5 -
[ Metwork adapters Board: "BluePill F103C8" »| or power the Save As Ctrle Shift=S 02.Digital // the setup function runs once when you press reset or power the
Portable Devices " 3 03.4nal void setup{) |
a . Upload method: 3TLink - Page Set Ctrle Shift P ML // initialize digital pin LED BUILTIN as an output.
= Print queues Port 2geetup LS 04.Communication DigitaIReadSerial . TRUT) ;
=] Printers Get Board Info [ G 05.Control Fade }
06.5ensors ReadAnalogVoltage
[ Processors ] Programmer: "AVRISP mkll" >p Preferences  Ctrl+Comma . S // the loop function runs over and over again forever
B Software devices Burn Bootloader o Quit Crleq S void loop{) [
] Sound, video and game controllers | | S niTEEmeEEE s mes 01 (HIGH is 1 08.5trings (HIGH is t /¢ turn the LED on (HIGH is t
& /7 wait for a AT ha 7/ wait
S Storage controllers LoW) ; /7 turn the v making o b by makinc // turn the
= Storage volume shadow copies // wait for a T hd ) // wait for a
Storage volumes } v 11.ArduinolSP } v
— < > < >
¥m System devices Examples for any board
9 Universal Serial Bus controllers Bridge
\4 Universal Serial Bus devices Ethernet
§ STM32 STLink Firmata
= WSD Print Provider LiquidCrystal
D
BluePill FIC Steppar BluePill FAC TLink on COM4
Temboo
TFT
WiFi

*use Show Hidden Devices
to remove old devices first

# Note: ST-LINK Clone doesn’t support Serial COM




STM32/ARM Programming Complexity Levels

Entry Level STM32/ARM Programming (today’s presentation)
Arduino IDE using Sketch examples for STM32/ARM processors

Intermediate Level STM32/ARM Programming (today’s presentation)
Arduino IDE beyond Sketch examples for STM32/ARM processors

Advanced Level STM32/ARM Programming (potential future presentation)
STM32CubeMX/Eclipse/GCC/ST-LINK programming STM32/ARM processors

Expert Level STM32/ARM Programming (beyond my paygrade)
Adding/Integrating new STM32/ARM processor/board to Arduino IDE

(reference: Add a new variant (board) - stm32duino/wiki Wiki ... )




Development

Arduino IDE vs STM32/ARM IDEs

Effort
A

Bast

M””””\;_c\'\pse’

.______________k;;__

(STMszli:duino IDE with sTM32 Cores
(with example sketches)
> DeSign
AVR > Complexity
ARM )

*e.g. Atollic TrueSTUDIO



Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard



Arduino IDE with STM32F1xx/STM32 Cores*™
by ST-Microelectronics

STM32F1xx Boards STM32 Boards (with ST-Link)
|:> * Nucleo-F103RB 128KB 20KB 72MHz * Nucleo144
« STM32VL Discovery STM32F100RB 128KB 8KB 24MHz * Nucleo-F2072G 1024KB 128KB 120MHz
BE) - Blue Pill STM32F103C8 64KB 20KB 72MHz " Nucleo-F4252I 2048KB 256KB 180MHz
« MapleMini STM32F103CB 128KB 20KB 72MHz e Nucleo64
* Nucleo-FO30RS8 64KB 8KB 48MHz
*  Nucleo-F091RC 256KB 32KB 48MHz
* Nucleo-F103RB 128KB 20KB 72MHz
« Nucleo-F303RB 128KB  40KB 72MHz
* Nucleo-F401RE 512KB 96KB 84MHz
AVR Boards * Nucleo-F411RE (DPRG alt CPU) 512KB 128KB 100MHz
« Nucleo-LO53R8 64KB  8KB 32MHz
e UnoR3 16KB 2KB 16 MHz * Nucleo-L476RG 1024KB 128KB 80MHz
°\ Nucleo32
* Nucleo-L432KC 256KB 64KB 80MHz
* \Discovery
:> Entry Level +  STM32F100RB-DISCVL 128KB 8KB 24MHz
Show-and-Tell « STM32F407G-DISC1 1024KB 192KB 168MHz

* STM32F746G-DISCOVERY 1024KB 340KB 216MHz

* ST-Microelectronics is in the process of integrating Blue Pill and MapleMini into single STM32 Boards package




Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




Download STM32F10xxx Datasheet plus
Reference and HAL/Low-Layer Driver Manuals

Download ST-Microelectronics’ Medium-density performance line ARM®-based 32-bit MCU
STM32F103x8/STM32F103xB— Datasheet from:

http://www.st.com/content/ccc/resource/technical/document/datasheet/33/d4/6f/1d/df/0b/4c/
6d/CD00161566.pdf/files/CD00161566.pdf/jcr:content/translations/en.CD00161566.pdf

Download ST-Microelectronics’ STM32F101xx, STM32F102xx, STM32F103xx, STM32F105xx and
STM32F107xx advanced ARM®-based 32-bit MCUs - Reference Manual — RM0008 from:

http://www.st.com/content/ccc/resource/technical/document/reference manual/59/b9/ba/7f/1
1/af/43/d5/CD00171190.pdf/files/CD00171190.pdf/jcr:content/translations/en.CD00171190.pdf

Download ST-Microelectronics’ Description of STM32F1 HAL and Low-Layer Drivers - User manual —
UM1850 from:

http://www.st.com/content/ccc/resource/technical/document/user manual/72/52/cc/53/05/e3
/4¢c/98/DM00154093.pdf/files/DM00154093.pdf/jcr:content/translations/en.DM00154093.pdf




Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




Download/Install STM32CubeMX
and Open STM32F103C8/Blue Pill

* Download and Install ST-Microelectronics’ STM32CubeMX v4.22.0 (en.stm32cubemx.zip) part
number: STM32CubeMX from:

http://www.st.com/content/st com/en/products/development-tools/software-development-
tools/stm32-software-development-tools/stm32-configurators-and-code-
generators/stm32cubemx.html

* Open STM32F103C8/Blue Pill in STM32CubeMX with Function Selects and Pin Labels
e Select “New Project”
* |In “MCU Selector”, enter “STM32F103C8” in the search field and select STM32F103C8”

* In “Pinout” select:
* “RCC” with Crystal/Ceramic Resonator for High and Low Speed Clocks

« “SYS” with Serial Wire Debug and leave SysTick as Timebase Source
 “USART1” with Asynchronous Mode (used for serial downloading)
e “USB” with Device (FS) (used for USB bootloader downloading)

* In “Package” select pin:

e “PB2” as “GPIO_Input and “Enter User Label” = BOOT1
* “PC13” as “GPIO_Output” and “Enter User Label” = PC13-LED



STM32CubeMX Opened With
STM32F103C8/Blue Pill

% STM32CubeMX Untitled™: STM32F103C8Tx - [m] X

File Project Pinout Window Help

B BHE & O []reepcurentsignais Flacement o o | = @ | Find | showuser tabel |, 4 A |2AlAC P g [ ] BS
: LClE *
Pinout ¢ Clock C Configuration Power C¢ Calculator

[Configuration

© USB_DEVICE

Eperipherals
& ADC1
ADC2
can
CRC
1C1
nC2
wo6
RCC
igh Speed Clock (HSE) | Crystal/Ceramic Resonator
+ Low Speed Clock (LSE) | Crystal/Ceramic Resonator PC13-LED
“[[] Master Clock Output RCC 0SC32 IN
RTC N N
p— RCC_0SC32_0UT
P2 RCC_OSC_IN
sYs
+-Debug | Serial Wire ™ RCC_OSC_ouTt
[[] system wake-up

“.Timebase Source | SysTick ~
A\ TIM1

& M2 STM32F103C8TX
& M2 LQFP48
M4
E--4) USART1
-Mode | Asynchronous ~
EEEGICORRONRSEEa is:ble 2
- & USART2
- @ USART3
ﬁ use

i Device (FS)

-6 WWDG

SYS_JTCK-SWCLK

®
®
®
®
®
®
®

SYS_JTMS-SWDIO
USB_DP

UsSB_DM
USART1_RX
USART1_TX

BOOT1 [y

Create Folder C:/STM32duino/Workspace

Select Project > Settings (Project Settings) > Project Location > Browse to above Folder
Add Project Name “STM32F103C8 BluePill” and click OK

Select File > Save Project and close



Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard
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BOOT1 |[§:=F!

SYS_JTMS-SWDIO
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Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

Open STM32CubeMX

Select “Load Project”

Select STM32F103C8 BluePill.iocand Open
Notice: Clock Configuration has an error flag

# STM32CubeMX STM32F103C8 BluePillioc: STM32F103C8Tx — [] X

File Project Pinout Window Help
M M EE & O [ ]Keep Current Signals Placement « « [ | - @ “'}'| Find v |[v/] Show User Label | 238 | £4

P‘u Clock Configuration Configuration Power Consumption Calculator

IConfiguration
—IMiddleWares
[ FATFS
& ¢ FREERTOS
[ ¢ USB_DEVICE
= Peripherals

- # ADC1

SYS_ITCE-SWCLKE

VoD

H % ADC2
+-® CAN VBAT k
Hls CRC O




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

* Click/open Clock Configuration
* Answer Yes to “Do you want to run automatic clock issues solver” and notice fixed (no red)

L]

File Project Clock Configuration Window Help
BoBRUHR 0 aqa2c00: 2P

Pinout @ Clock Configuration Configuration Power Consumption Calculator

RTC Clock Mux 2
= 11 HSE_RTC | ™
Input frequency
LSE L ) I To RTC (KHz)
P LSIRC !
Clock configuration X
D KH B
1 4 Do you want to run automatic clock issues solver ?
lﬂ ) . HCLK to AHB
[ |nocenne
Otherwise you can do it later by dlicking on button "Resolve Clock Issues” @ —- To Cortex Sys
HSI RC
—Iv FCLK (MHz)
H i i PCLKL
3 [ ] Do not show this message again. i o -Apﬂl periphe
[ ]Remember my decision for next projects. 2 Apm Haes
¢ No
PLL Sot M PCLK2
\uﬂx o |-. B — -APBZ periphe
st [ 72 MHz max
J2 | S pimd USE Prescaler
. 4 X1 ——| 18 |APB2timerc
Input frequency el 0B — . s —I"- To USB (MHz)
_»[I- HSE I Wy wle ADC Prascaler
Lt > PLL -
f2 - &4 To ADCL,2
v
< >




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

* Select Configuration and then GPIO

& STM32CubeMX STM32F103C8 BluePillioc*: STM32F103C8Tx - | X
File Project Window Help

ReRUR : &5 $=—:02p D AN -

Pinout Clock Configuration Configuration Power Consumption Calculator

“onfiguration A
- MiddleWares

= FATFS

“[ ] User-define
=} » FREERTOS

[ ] Enabled

. [=# USB_DEVICE

----- Class For FS IP

é--Peripherals
= L CRC
L) acivate | comecnwy | anog [ swem |
1 o IWDG
~[] Adtivated USART1 &, pMA L=,
= ® RCC
 High Speed CI USB <y |:> =
Low Speed Cli
- ' o NVIC = 7
. Debug:Serial W
Timebase Sou —
= _Q USART1
- Mode:Asynchre
H'® USB

- Device (FS): S v

< >




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

* In Pin Configuration panel and notice:
* PB2 already has Input mode and User Label: BOOT1
e PC13 already has Output Push Pull and User Label: PC13-LED

e Click OK to close Pin Configuration panel

Pin Configuration X
(GPIO. RCC SYS USART1 USB

Search Signals
earch (Crti+F) [_|Show only Modified Pins

Pin Name Signal on Pin  GPIO output l...  GPIO mode  GPIO Pull-up/... Maximum out... User Label Modified
> PB2 In/a [n/a [Input mode [No pull-up and...|n/a [BOOT1 | [v]
) |PC13-TAMPER... n/a [Low |Output Push Pull|n/a [Low |PC13-LED | [+]

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

[ ] Group By Peripherals Ap:> Ok Cancel




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

» Select Project > Settings (Project Settings) > Toolchain/IDE > TrueSUDIO and click OK

¥ Project Settings X
Project. Code Generator Advanced Settings
% STM32CubeMX STM32F103C8 BluePillioc*: STM32F103C8Tx — O X Project Settings
; ) Project Name
[ ) Project Window Help STM32F103C8 BluePill
% & Generate Code  Ctrl+Shift+G S  AQDXx
O Generate Report Ctrl+R : Project Location

Power Consumption Calculator C:\STM32duino\Workspace
Settings ... Alt+P
=MiddleWares - n )
| E+¢ FATFS Toolchain Folder Location

- ~[JUser-define C:\STM32duino\Workspace\STM32F103C8 BluePill\
| E'v FREERTOS

_ Toolchain / IDE

: [=+# USB_DEVICE

: +~Class For FS IP

—Peripherals

phpl pligh Linker Settings
[ Adtvated Minimum Heap Size  0x200
=+ IWDG Minimum Stack Size 0x400
] Adivated USART1 &, pmal=l,
BF# RCC
__High Speed Cl USB-<, GPIO —¥,, Mcu and Firmware Package
Low Speed Cl NIC Mcu Reference
= ?)Y?: cerial v o STM32F103C8Tx
ebug: >erial
Timebase Sou RSy Firmware Package Name and Version
=24 :IS';RTAI N 5TM32Cube FW F1 V1.6.0
- ode:Asyncnrg
B USB . .
 Device (FS): 5 Use Default Firmware Location
A {Users/Daves-Dell/STM32Cube/Repositorv/STM32Cube FW F1 V1.6.0| Browse

ok < ancel

N




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

» Select Project > Generate Code and select Open Folder* (to use File Explorer to view files)

@ STM32Cube TM32F103C8 BluePillioc*: STM32F103C8Tx - O X ® STM32CubeMX STM32F103C8 BluePill.ioc: STM32F103C8T: — O
Project Wi elp File Project Window Help

% & GeneratéCode Ctrl+Shift+G 9 RE0 EoBER &8 +-—ww S v ] - BS

O Generate Report Ctrl+R

Pin¢ R . Power Consumption Calculator Pinout Clock Configuration Configuration Power Consumption Calculator
@ ) Settings ... . Alt+P nfiguration ~

—IMiddleWares —-MiddleWares

i =% FATFS =% FATFS

: ~["] User-define “.["] User-define

=% FREERTOS E!ﬁ FREERTOS

+~Class For FS IP “(lass For FS IP
—-Peripherals || =-Peripherals

: i Enabled
| o o s
: [=+# USB_DEVICE =% USB_DEVICE

Generating TrueSTUDIO project...
|

=# CRC % CRC
-[] Activated Analog *[] Adtivated
=% IWDG Oe TWDG [ -
" [] Adtivated USARTI oma =1, L[] Adivd ® Code Generation X
=% RCC B'® RCC = ) ) i
 High Speed CI USB <, GPIO —%,, | High Spe [ﬁ The Code is successfully ted under C:/STM32duino/Workspace/STM32F103C8 BluePill
Low Speed Ck Low Spe
O'® SYS NVIC=& B SYS Open Folder Close
Debug:Serial W . Debug:
Timegase Sou RIC : 'Timegase Sou ‘ ‘ RECS o ‘
=4y USART1 B4 USART1
- Mode: Asynchrc *-Mode:Asynchrc
=% USB E'® USB
- Device (F§): 5, ‘- Device (FS): S o
< > < >

* Note: If you already have Atollic’s TrueSTUDIO installed and If TrueSTUDIO’s Workspace is already
set to C:\STM32duino\Workspace, then clicking Open Project and OK will open TrueSTUDIO
with the STM32F103C8 BluePill directory showing up in TrueSTUDIO’s Project Explorer.




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

(STM32CubeMX > Generate Code > Open Project - assuming TrueSTUDIO installed and workspace setup)

E Workspace - C/C++ - Atollic TrueSTUDIO for ARM — (] X

File Edit Source Refactor View Navigate Search Project Run Window Help
S W B [ RRKREB]R |- B BI@F v o v B@O~vE v X

: [ [n
Quick Access|:| B |[&E

&5 Project Explorer & - O B Eowm - B
= ¢*=-f? - =4
=% STM32F103C8_BluePill An outline is not available.
(2! Problems © #iTasks & Console [l Properties - B
0 items
FaY
Description Resource




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

(In TrueSTUDIO: opening STM31F103C8 BluePill > Application > User > main.c)
Note: This skeleton of main.c was generated by STM32CubeMX to initialize the STM31F103C8 BluePill we defined in STM32CubeMX
and is ready for the user to add their code between the /* USER CODE BEGIN XXX */ and /* USER CODE END XXX */ tokens.

E Workspace - C/C++ - STM32F103C8 BluePill/Application/User/main.c - Atollic TrueSTUDIO for ARM - X
File Edit Source Refactor View Navigate Search Project Run Window Help

CHHEBRHBIAARGR s Hi® P il Grov|@0 -8 8 =@

[&Project Explorer & = % | 77 B @mainc = “ 8 gE=outine ¥ ETemp... @Build.. BTask.~ =
v 5 STM32F103C8 BluePill 87  /* Configure the system clock */ a ) B R o % T
& Includes :2 SystemClock_Config(); [ mainh
icati = stm32f1xhalh
¥ = Application 98 /* USER CODE BEGIN SysInit */ -
G TrueSTUDIO 91 ® huart1: UART_Hand
~ én User 92  /* USER CODE END SysInit */ ® hpcd_USB_FS : PCD_HandleTy
[& main.c 23 . ) ) # SystemClock_Config(void) : void
& stm32f1x0¢ hal_msp.c 94 /* In1t1a1}2?)all configured peripherals */ £ MX_GPIO_Init{void) : void
Gt 95 MX_GPIO_Init(); 5 MX_USART1_UART_Init(void) : void
& stm32fTxc it 96 MX_USARTL_UART Init(); - -UART_Init{void) : voic
@ Drivers 97 MX_USB_PCD_Init(): +* MX_USB_PCD_Init(void) : vo
= STM32F103C8 BluePill.elf.launch 98 e main(void) : int
[ STM32F103C8_FLASH.Id 99 /* USER CODE BEGIN 2 */ e SystemClock_Config(void) : v
100 % MX_USART1_UART Init(void)
101 | /% USER CODE B 2 %/ & MX_USB_PCD_Init{void) : vo
102 -UsBPCD
103 /* Infinite loop */ % MX_GPIO_Init{void) : void
104 /* USER CODE BEGIN WHILE */ e _Error_Handler(char®, int)
105 while (1) # assert_failed(uint8_t*, u oid
106 {
107  /* USER CODE END WHILE */
108
109  /* USER CODE BEGIN 3 */
110
111
112 /* USER CODE END 3 */ v
< >

2! Problems =
0 items

Description Resource Path Location Type

o B+ @ @ a 7 P 246eM B




STM32/ARM Programming Blink
using STM32CubeMX to Generate Code

(STM32CubeMX > Generate Code > Open Folder - opens File Explorer)

J| < | STM32F103C8 Blu

File Home Share View|

<« v « Workspacg
D Mame

Drivers

Inc

Src

TrueSTUDIO

| .mxproject
STM32F103C8 BluePillioc

b items

Drivers

Inc

CMSIS and STM32F1xx_HAL_Driver standard definitions

main.h — LED pin/port definitions
stm32flxx_hal_conf.h—HAL configuration defines
stm32flxx_it.h —interrupt handler prototypes

main.c
* calls to and high level code for HAL and SystemClock initialization routines
*  MX_GPIO_Init() LED pin/port initialization/configuration routine
*  While(1) loop

stm32flxx_hal_msp.c—=NVIC interrupt routine mapping

stm32f1xx_it.c — NVIC interrupt handler routines

system_stm32flxx.c— System clock initialization routine

TrueSTUDIO - project settings and linker script/command files
.mxproject— STM32CubeMX’s design file/directory information
STM32F103C8 BluePill.ioc —STM32CubeMX’s design specifics

Suggest installing “Notepad++” (https://notepad-plus-plus.org/) for viewing code files.




STM32/ARM Programming Blink
using STM32CubeMX

LED pin/portinitialization code Generated by STM32CubeMX

main.h

#ifndef _ MAIN_H
#define __ MAIN_H

#define LED_Pin GPIO_PIN_13
#define LED_GPIO_Port GPIOC

void _Error_Handler(char *, int);
#define Error_Handler() _Error_Handler(__FILE_,  LINE_)

#endif /* __MAIN_H */

NOTE: STM32CubeMX enables GPIOC clock before writing to GPIOC [

NOTE: This is how HAL writes pin values GPIO_PIN_SET/RESET

Code unique to
this application

main.c

int main(void) {
HAL_Init();
SystemClock_Config();

| MX_GP10_Init();

}

while (1) {

/* USER CODE */
}

'S

e

»

static void MX_GPIO_Init(void) {

/* GPIO Ports Init Structure */

GPIO_InitTypeDef GPIO_InitStruct;

/* GPIO Ports Clock Enable */
__HAL_RCC_GPIOC_CLK_ENABLE();

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(LED_GPIO_Port, LED_Pin, GPIO_PIN_RESET);
/*Configure GPIO pin : LED_Pin */
GPIO_InitStruct.Pin = LED_Pin;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
HAL_GPIO_Init(LED_GPIO_Port, &GPIO_InitStruct);




STM32/ARM Programming Blink
using STM32CubeMX

LED pin/port HAL Initialization Code Generated by STM32CubeMX as Arduino Sketch
/*
STM32CubeMX and HAL Blink Blue Pill F103C8
Turnson an LED on for one second, then off for one second, repeatedly.
LED pin/portinitialization code Generated by STM32CubeMX plus HAL I/0O
substituted for Arduino routines

*/

// LED pin/port definitions generated by STM32CubeMX

#define LED_Pin GPIO_PIN_13 // STM32CubeMX
#define LED_GPIO_Port GPIOC // STM32CubeMX

// MX_GPIO_Init prototype generated by STM32CubeMX
static void MX_GPIO_Init(void); // STM32CubeMX

// the setup function runs once when you press reset or power the board

void setup() {
// initialize digital pin LED_BUILTIN as an output.
// pinMode(LED_BUILTIN, OUTPUT); // Arduino
MX_GPIO_Init(); // STM32CubeMX

}



STM32/ARM Programming Blink
using STM32CubeMX

LED pin/port HAL Loop Code Hand Generated as Arduino Sketch

NOTE: This is how HAL writes pin
values GPIO_PIN_SET/RESET

NOTE: This is how HAL writes pin
values GPIO_PIN_SET/RESET

—

—

// the loop function runs over and over again forever

void loop() {
// turn the LED on (HIGH is the voltage level)
// digitalWrite(LED_BUILTIN, HIGH); // Arduino
HAL_GPIO_WritePin(LED_GPIO_Port, LED_Pin, GPIO_PIN_SET); //HAL
delay(1000); // wait for a second
// turn the LED off by making the voltage LOW
//digitalWrite(LED_BUILTIN, LOW); // Arduino

HAL_GPIO_WritePin(LED_GPIO_Port, LED_Pin, GPIO_PIN_RESET); // HAL
delay(1000); // wait for a second



STM32/ARM Programming Blink
using STM32CubeMX

LED pin/port HAL Initialization Code Generated by STM32CubeMX as Arduino Sketch

// MX_GPIO_Init routine generated by STM32CubeMX
static void MX_GPIO_Init(void) {

/* GPIO Ports Init Structure */

GPIO _InitTypeDef GPIO _InitStruct;

/* GPIO Ports Clock Enable */
__HAL_RCC_GPIOC_CLK_ENABLE();

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(LED_GPIO_Port, LED_Pin, GPIO_PIN_RESET);
/*Configure GPIO pin : LED _Pin */
GPIO_InitStruct.Pin = LED_Pin;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO _InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
HAL_GPIO_Init(LED_GPIO_Port, &GPIO_InitStruct);

NOTE: STM32CubeMX enables |:>
GPIOC clock before writing to GPIOC

NOTE: This is how HAL writes pin :>
Initial values GPIO_PIN_SET/RESET



STM32/ARM Programming Blink
using STM32CubeMX

Downloading STM32CubeMX plus HAL1/O Sketch to Blue-Pill F103C8 using USB-to-Serial

Bootl -> Low (0)

Reset Button

RXD -> PA9
TXD -> PA10

5V ->5V
GND -> G




Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




STM32/ARM Programming Blink
using STM32F10xxx Reference Manual

Bit 4 1OPCEN: IO port C clock enable
Set and cleared by software.
0: 10 port C clock disabled
1: 10 port C clock enabled

73.7 APB2 peripheral clock enable register (RCC_APB2ENR)
Address: 0x18
Reset value: 0x0000 0000
Access: word, half-word and byte access
Mo wait states, except if the access occurs while an access to a peripheral in the APB2
domain is on going. In this case, wait states are inserted until the access to APB2 peripheral
is finished.
Mote: When the peripheral clock is not active, the penpheral register values may not be readable
by software and the returned value is always Ox(.
Y 0 g 28 27 2 25 24 23 22 24 a0 18 18 17 18
TN | Tt | TIMg
Reserved EN EN EN Reserved
L ) [
15 14 12 12 11 10 ] 8 7 6 5 4 3 2 1 0
ADCA |uUsarT| TiMe | sPi | Tmi | apcz | apci | PG | opF | 0P | oPD f orc foPe | 0P AFIO
EN | 1EN | EM | EN | EN | EN | EN EN EN | EN | EN | EN Q| EN | EN | Res EN

// enable Port C clock
RCC->APB2ENR |=0x0010;

Bit 3 1OPBEN: IO port B clock enable
Set and cleared by software.
0: 10 port B clock disabled
1. 10 port B clock enabled

Bit 2 1OPAEN: IO port A clock enable
Set and cleared by software.

0: 10 port A clock disabled
1. 10 port A clock enabled

Bit 1 Reserved, must be kept at reset value.

Bit 0 AFIOEN: Alternate function 10 clock enable

Set and cleared by software.
0: Alternate Function 10 clock disabled
1. Alternate Function 10 clock enabled

Each IO port has
its own clock and
clock enable bit.



STM32/ARM Programming Blink
using STM32F10xxx Reference Manual

922 Port configuration register high (GPIOx_CRH) (x=A..G)
Address offset: 0x04
Reset value: 0x4444 4444

k1| a0 29 28 a7 2% a5 24 23 a2 29 20 19 18 17 16
CNF15[1:0] | MODE1S[1:0] | GCNF14[1:0] MODE14[1:0] CNFf[1:0) MODE13[1:0] CHF1§[1:0] MODE12[1:0]
15 14 13 12 11 10 ] 8 7 3 5 4 3 2 1 0

CNFU[1:0] | MODE1[1:0] | GCNFiD[1:0] MODEAD[1:0] CNFR[1:0] MODES{1-0] CNFa[1-0] MODES[1:0]

Bits 31:30, 27:26, CNFy[1:0]: Port x configuration bits {y=8 .. 15)
2322, 1918, 1514, These bits are written by software to configure the correspoending /O port.
M0, 76,32 Referto Table 20 Port bit configuration table.
In input mode (MODE[1:0]=00):
00: Analog mode
01: Floating input (reset state)
10: Input with pull-up / pull-down
11: Reserved
In output mode (MODE[1:0] = 00):
|:> 00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain

Bits 28:28, 25:24, MODEy[1:0]: Port x mode bits {y=8 .. 15)
21:20, 17216, 13:112,  These bits are written by software to configure the corresponding /O port.

98,54, 10 Referfo Table 20: Port bif configuration table.
00 Input mode (reset state)

01: Qutput mode, max speed 10 MHz.
|:> 10: Output mode, max speed 2 MHz.

11: Qutput mode, max speed 50 MHz.

setup

// clear Port C Bit 13’s output configuration and mode
GPIOC->CRH &=~ 0XO0F0O0000;

// set Port C Bit 13’s output configuration and mode
GPIOC->CRH |= 0X00200000; // output push-pull slow
Alternate setup

// clear/set Port C Bit 13’s output configuration and mode
GPIOC->CRH = (GPIOC->CRH & ~ 0XO0F00000) |

0X00200000;




STM32/ARM Programming Blink
using STM32F10xxx Reference Manual

924 Port output data register (GPIOx_ODR) (x=A..G)
Address offset: 0x0C
Reset value: 00000 0000

M 30 29 28 29 26 25 24 23 22 21 20 19 18 17 16
Reserved
ik 14 13 12 1 10 ] B T [ & 4 a 2 1 0
ODR16 | ODR14 JODR12 JODR1Z | ODR11 | ODR10| ODRS | ODRE | ODRY | ODRE6 | ODRS | ODR4 | ODH3 | ODRZ | QDR1 | 00RO
™w ™w nw W e e ™w e w w w w rw v e red

Bits 31:16  Reserved, must be kept at reset value.

Bits 15:0 ODRy: Port output data (y=0 .. 15)

These bits can be read and written by software and can be accessed in Word mode only.
Mote: For atomic bif setdeset the QDR bits can be individuaily set and cleared by writing fo
the GPIOx_BSRRA register (x = A .. G).

loop

GPIOC->0ODR &=~ 0X00002000; // clear Port C Bit 13’s output
HAL_Delay(1000); // wait for a second

GPIOC-> ODR |=0X00002000; //set Port C Bit 13’s output
HAL_Delay(1000); // wait for a second



STM32/ARM Programming Blink
using STM32F10xxx Reference and HAL Manuals

LED PC13 pin/port Initialization Code Hand Generated
/*

STM32F10xxx Reference and HAL Hand Coded Blink Blue Pill F103C8

Turnson an LED on for one second, then off for one second, repeatedly.

LED PC13 pin/port Initialization and Loop Code Generated by Hand based

on STM32F10xxx Reference and HAL Manuals substituted for Arduino routines

*/

// the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin LED_BUILTIN as an output.

// pinMode(LED_BUILTIN, OUTPUT); // Arduino

// enable Port C clock // Hand Generated

RCC->APB2ENR |=0x0010;

// clear/set Port C Bit 13’s output configuration and mode

GPIOC->CRH = (GPIOC->CRH & ~ 0X00F00000) | 0X00200000;



STM32/ARM Programming Blink
using STM32F10xxx Reference and HAL Manuals

LED PC13 pin/port Loop Code Hand Generated

// the loop function runs over and over again forever

void loop() {
// turn the LED on (HIGH is the voltage level)
// digitalWrite(LED _BUILTIN, HIGH); // Arduino
GPIOC->0ODR |= 0X00020000; // Hand Generated
// delay(1000); // wait for a second (Arduino)
HAL_Delay(1000); // wait for a second (HAL)
// turn the LED off by making the voltage LOW
//digitalWrite(LED_BUILTIN, LOW); // Arduino
GPIOC->ODR &= ~ 0X00020000; // Hand Generated
// delay(1000); // wait for a second (Arduino)

HAL_Delay(1000); // wait for a second (HAL)



STM32/ARM Programming Blink
using STM32F10xxx Reference Manual

Downloading Hand Generated Sketch to Blue-Pill F103C8 using USB-to-Serial

Bootl -> Low (0)

Reset Button

RXD -> PA9
TXD -> PA10

5V ->5V
GND -> G




Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




STM32/ARM Programming Bit, Nibble, Byte
|O using STM32F10xxx Reference Manual

* Setup
e Enable IO Port Clock before configuring 10 pins (RCC->APB2ENR |= 32 bit pattern)
* Write 10 pin Configuration and Mode registers (GPIOx->CRL, GPIO->CRH)

» Set/Clear 10 Bits

* 32 bit GPIOx->ODR read-modify-write sequence
e Set: GPIOx->ODR |= 32 bit pattern to set (only lower 16 bits used);
e Clear: GPIOx->ODR &=~ 32 bit pattern to clear (only lower 16 bits used);

e 32 bit GPIOx->XXX Atomic operation
» Set/Reset register GPIOx->BSRR |= 32 bit set/reset bit pair pattern;
* Reset register GPIOx->BRR |= 32 bit pattern to clear (only lower 16 bits used);

* Writing Multiple Bits (e.g. Nibble, Byte) with read-modify-write sequence
e Clear bits to write using GPIOx &=~ (32 bit data mask);
* Set bits to write using GP1Ox |= (32 bit data) & (32 bit data mask);
* Alternate: Single line version using
GPIOx = (GPIOx & ~ (32 bit data mask)) | ((32 bit data) & (32 bit data mask));




Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




STM32/ARM Programming Quadrature Decoder
using STM32CubeMX to Generate Code

Opening STM32F103 C8 BluePillin STM32CubeMX

* Open STM32CubeMX
* Select “Load Project”
e Select STM32F103C8_ BluePill.iocand Open

File Project Window Help
F - .
d Project K
ookin: |  STM luePill * G-
™ Drivers
New Project Recent ... | ¢
] Src
|| TrueSTUDIO
-Load Project Desktop | & STM32F103C8 BluePillioc -
He|p Docun:e...
G
This PC
Networl (Lioc) ~  Cance |
| ) |
N




STM32/ARM Programming Quadrature Decoder
using STM32CubeMX to Generate Code

Configuring TIM2 in Encoder Mode

* Click + next to TIM2, select “Combined Channels”, select “Encoder Mode”

* Observe pins PAO and PA1l get labeled “TIM1_CH1” and “TIM1_CH2” which are encoder channels A & B

% STM32CubeMX STM32F103C8 BluePillioc*: STM32F103C8Tx — | X
File Project Pinout Window Help

B B W& & 3 [ ]Keep Current Signals Placement @ & | - @ +| Find w Show User Label 2Aa

Pinout Clock Configuration Configuration Power Consumption Calculator
IConfiguration ~
[~ MiddleWares

- FATFS

* FREERTOS

@ USB_DEVICE
= Peripherals
+® ADC1
% ADC2
@ CAN
& CRC
@ I12C1
e 12C2
» IWDG
® RCC RCC_OSC32_IN
@ RTC RCC_OSC32_0UT
® SPI1
- SPI2 RCC_OSC_IN
® SYS RCC_OSC_OUT
4 TIM1
e TIM2
~Slave Mode | Disable

i--Trigger Source |Disable

i~-Clock Source  |Disable

~Channell |Disable

i~Channel2 | Disable

~Channel3 |Disable >
annel4 Disable

SYS_ITCK-SWCLK

PCL3-LED

SYS_ITMS-SWDIO

UsB_DP

LISB_DM
LSART1_RX

LSART1_TX

STM32F103C8Tx
LOFP48
TIM2_CH1

TIM2_CH2

<

ined Channels Encoder Mode v

BOOT1 [k

Use ETR as Clearing Source v




STM32/ARM

Configuring TIM2 and GP10 Settings in STM32CubeMX

In STM32CubeMXselect “Configuration” tab
Select/Click TIM2 under Control and Parameter Settings Tab, enter OxFFFF for Counter Period,

select Encoder ModeTI1and TI2, click Apply and OK

Click Apply and OK

Programming Quadrature Decoder
using STM32CubeMX

Click GPIO Setting Tab and change GPIO Pull-up/Pull-down values for PAO and PA1 to Pull-Up (for testing purposesonly)

oder

i Debug:No Debug
Timebase Source:SysTick|

® T2
Combined I

 wwpg

L [ Activated

Encoder Mode
_____ Parameters for Channel 1 __...
Polarity
IC Selection
Prescaler Division Ratio
Input Filter
_____ Parameters for Channel 2 __...
Polarity
IC Selection
Prescaler Division Ratio

Input Filter

® STM32CubeMX Blue Pill FI03C8 Quadrature Decoder.ioc™ STM32F103C8Tx - [u} X & TIM2 Configuration w
File Project Window Help T tor Sett = = = = -
B BUE &5 4+—:2p n n " arameter Settings o/ User Constants /" NVIC Settings «/" DMA Settings <" GPIO Settings
S Configure the below parameters :
Pinout Configuration  Power Consumption Calculator
figuration Search :| Sear € &
¥ FATES (= Counter Settings
L[] user-definedt Prescaler (PSC - 16 bits value) 1}
& FREERTOS Counter Mode Up
+e ] Enabled Counter Period (AutoReload Register - 16... OxFFFF
= Peripherals Internal Clock Division (CKD) No Division
@ CRC
[ acuvated auto-reload preload Disable
e o ettt
. [] Actvated Master/Slave Mode Disable (no sync between this TIM (Master) and its ...
% SYs Trigger Event Selection Reset (UG bit from TIMx_EGR)

Encoder Mode TI1 and TI2

Rising Edge
Direct

No division
1]

Rising Edge
Direct

No division
1]

TIM2 Configuration

Search Signals

«f Parameter Settings «/ User Constants </ NVIC Settings Q‘Q’" GFIO Settings

[[] show only Modified Fins

Restore Default

Apply ok Cancel

Restore Default

|2/ Select Pins from table to configure them. Multi

le selection is Allowed.

Apply Ok

~
Pin Name Signal on Pin  GPIO outpu...  GPIO jgode  GPIO Pull-u... Maximum o... User Label Modified

PAD-WKUP  [TIM2_CHL n/a [Pull-up [n/a | | |1

PAL TIM2_CH2 nfa [Pull-up [n/a [ [ [l

Cancel




STM32/ARM Programming Quadrature Decoder
using STM32CubeMX

Naming, Configuring, and Saving STM32CubeMX Project

. . Project Settings X
* Select File > Save Project As.. N i _
Project Code Generator Advanced Settings
This opens the Project Settings panel b
Blue Pill F103C8 Quadrature Decoder
* Project Settings > Project > Project Name o e oo M —
E nte r BI u e Pi ” F 103 C8 Qu ad ratu re DeCOd e r E?SécThMai?ljzgﬁli‘rjlzr\vﬁcraktsiggce\Blue Pill F103C8 Quadrature Decoder\
Toolchain / IDE
* Leave Project Location and Toolchain/IDE alone TruesTuDIo | L] Generate Under Root
° CII Ck OK H?rhi‘rn?nittlllne%sp Size |0x200

Minimum Stack Size  |0x400

Mcu and Firmware Package
Mcu Reference
STM32F103C8Tx

Firmware Package Name and Version
STM32Cube FW F1 V1.6.0

Use Default Firmware Location
{Users/Daves-Dell/STM32Cube/Repository/STM32Cube FW F1 V1.6.0/ Browse

Ok Cancel




STM32/ARM Programming Quadrature Decoder
using STM32CubeMX

Generatingand savinginitialization code using STM32CubeMX
* In STM32CubeMX Select Project > Generate Code

| |v| » |BluePillF10..  — O X
Home Share View o
™ « Work... » Blue Pill F...

D Name
Drivers
Inc
Src
TrueSTUDIO

| .mxproject
Blue Pill F103C8 Quadrature Decoder.ioc

< >

=

b items

In Code Generation “The Code is successfully...” message: select “Open Folder’

)

* Drivers

CMSIS and STM32F1xx_HAL_Driver standard definitions

main.h—error handler prototype
stm32flxx_hal _conf.h—HAL configuration defines
stm32flxx_it.h —interrupt handler prototypes

main.c
e calls to and high level code for HAL and SystemClock initialization routines
MX_TIM2_Init() and MX_GPIO_Init() initialization/configuration routines
*  While(1) loop

stm32f1xx_hal_msp.c— HAL TIM Encoder initialization routine
 HAL_TIM_Encoder_MsplInit(TIM_HandleTypeDef* htim_encoder)

stm32flxx_it.c — NVIC interrupt handler routines

system_stm32flxx.c— System clock initialization routine

Suggest installing “Notepad++” (https://notepad-plus-plus.org/) for viewing code files.
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main.c GPIO pin/port and TIM2 initialization code Generated by STM32CubeMX

TIM_HandleTypeDef htim2;
int main(void) {
HAL_Init();
. . SystemClock_Config();
Initialization MX_GPIO_Init();
Call MX_TIM2_Init();
while (1) {
/* USER CODE */

}
} Code unique to

this application

GPIO Initialization |:> static void MX_GPIO_Init(void)
{
/* GPIO Ports Clock Enable */

__HAL_RCC_GPIOA_CLK_ENABLE();
}




STM32/ARM

Programming Quadrature Decoder
using STM32CubeMX

TIM2 initialization routine Generated by STM32CubeMX

/* TIM2 init function */

static void MX_TIM2_Init(void)

{
TIM_Encoder_InitTypeDef sConfig;
TIM_MasterConfigTypeDef sMasterConfig;
htim2.Instance =TIM2;
htim2.Init.Prescaler =0;
htim2.Init.CounterMode =TIM_COUNTERMODE_UP;
htim2.Init.Period = OXFFFF;
htim2.Init.ClockDivision =TIM_CLOCKDIVISION_DIV1;
htim2.Init.AutoReloadPreload =TIM_AUTORELOAD_PRELOAD_DISABLE;
sConfig.EncoderMode =TIM_ENCODERMODE_TI12;
sConfig.IC1Polarity = TIM_ICPOLARITY_RISING;
sConfig.IC1Selection =TIM_ICSELECTION_DIRECTTI;
sConfig.IC1Prescaler =TIM_ICPSC_DIV1;
sConfig.IC1Filter =0;
sConfig.IC2Polarity = TIM_ICPOLARITY_RISING;
sConfig.IC2Selection = TIM_ICSELECTION_DIRECTTI;
sConfig.IC2Prescaler =TIM_ICPSC_DIV1;
sConfig.IC2Filter =0;

if (HAL_TIM_Encoder_Init(&htim2, &sConfig) '= HAL_OK)
{
_Error_Handler(__FILE__, _ LINE_ );
}
sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;

if (HAL_TIMEx_MasterConfigSynchronization(&htim1, &sMasterConfig) !=HAL_OK)

{
_Error_Handler(__FILE_, LINE_);

}
}

Code unique to
this application
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TIM2 STM32CubeMX Settings vs Generated Code

TIM2 Configuration X TIM_HandleTypeDef htim2;

</ Parameter Settings o/ User Constants /' NVIC Settings «/' DMA Settings «/ GPIO Settings htim2.Instance = TIM2;

Configure the below parameters : ht|m2| nlt Prescaler - 0,

Search :| Search (CrihiF v htim2.Init.CounterMode = TIM_COUNTERMODE_UP;

- C°“”te;f:stz‘:lif (FSC - 16 bits value) . htim2.Init.Period = OXFFFF;
EEE:E:: :;:Ued utoRelond Regier - 16.. LDJEFFFF htim2.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
Internal Clock Division (CKD) No Diviion htim2.Init.AutoReloadPreload = TIM_AUTORELOAD_ PRELOAD_DISABLE;
auto-reload preload Disable

i Triggerf\?:s‘t.tiurj'glratgor\iopclaerarnEterS Disable (no sync between this TIM (Master) and its ... Tl I\/I_I\/IasterConfigTypeDef SMaSterconﬂg;
Trigger Event Selection Reset (UG bit from TIMx_EGR) SMaSterconﬁg' MaSterOUtpUtTrigger =TI M_TRGO_RESET;

=) Srzion sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE DISABLE;
Encoder Mode Encoder Mode TI1 and TI2
Polarity Peramelors or Chamel 1 Rising Edge TIM_Encoder_InitTypeDef sConfig;
;fessi:ztrmc;wsm — ﬁ:ediism sConfig.EncoderMode = TIM_ENCODERMODE _TI12;
Input Filter 0 sConfig.IC1Polarity = TIM_ICPOLARITY_RISING;
ooty Parameters for Channel 2 .. Riang e sConfig.IC1Selection = TIM_ICSELECTION_DIRECTTI;
IC Selection Direct sConfig.IC1Prescaler = TIM_ICPSC_DIV1;
;:;E:T!;;Eiwsmn Ratio gu division SCOnfig.I ClFIIter — O,

sConfig.IC2Polarity = TIM_ICPOLARITY_RISING;
sConfig.IC2Selection = TIM_ICSELECTION_DIRECTTI;
sConfig.IC2Prescaler = TIM_ICPSC_DIV1;

Restore Default Apply ok Cancel sConfig.IC2Filter = 0O;
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HAL_TIM_Encoder_Init (TIM2 GPIO Configuration ) routine Generated by STM32CubeMX

|:> void HAL_TIM_Encoder_Msplnit(TIM_HandleTypeDef* /**TIM2 _GPIO Configuration
htim_encoder) PAO-WKUP  ------ >TIM2_CH1
{ PA1 - >TIM2_CH2
*/
GPIO_InitTypeDef GPIO_InitStruct; <:| GPIO_InitStruct.Pin = GPIO_PIN_0|GPIO_PIN_1;
if(htim_encoder->Instance==TIM?2) GPIO_InitStruct.Mode = GPIO_MODE_INPUT;
{ GPIO_InitStruct.Pull = GPIO_PULLUP;
/* USER CODE BEGIN TIM2_Msplnit 0 */ HAL_GPIO_Init(GPIOA, &GPIO_InitStruct);
/* USER CODE END TIM2_Msplnit 0 */ /* USER CODE BEGIN TIM2_Msplnit 1 */
/* Peripheral clock enable */
__HAL RCC_TIM2_CLK_ENABLE(); /* USER CODE END TIM2_Msplnit 1 */
}
C : }
ode unique to

this application
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TIM2 STM32CubeMX Settings vs Generated Code

TIM2 Configuration

o/ Parameter Settings &/ User Constants

Search Signals

[] Show only Madified Fins

Fin Name  Signal on Pin GPIO outpu... GPIO mode GFIO Pull-u... Maximum o...
PAD-WKUP  TIM2_CH1  |n/a |Input mode  |Pull-up [n/a

GPIO_InitTypeDef GPIO_InitStruct;

PAL TIM2_CH2  [n/a |Input mode  [Pull-up [n/a

GPIO_InitStruct.Pin = GPIO_PIN_O|GPIO_PIN_1;
GPIO_InitStruct.Mode = GPIO_MODE_INPUT:
GPIO_[nitStruct.Pull = GPIO_PULLUP;
HAL_GPIO_Init(GPIOA, &GPIO_InitStruct);

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

Restore Default
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LED pin/port HAL Initialization Code Generated by STM32CubeMX as Arduino Sketch
/*
STM32CubeMX and HAL Quadrature Encoder for Blue Pill F103C8
LED pin/portinitialization code Generated by STM32CubeMX as
Arduino routines

*/

// MX_TIM_2 private variable
TIM_HandleTypeDef htim2;

// MX_GPIO_Init and MX_TIM2_Init prototypes generated by STM32CubeMX
static void MX_GPIO_Init(void); // STM32CubeMX
static void MX_TIM2_Init(void); // STM32CubeMX

// the setup function runs once when you press reset or power the board
void setup() {
// initialize digital pins and TIM2
MX_GPIO_Init(); // STM32CubeMX
MX_TIM2_Init(); // STM32CubeMX
}
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GPI1O and TIM2 HAL Initialization Code Generated by STM32CubeMX as Arduino Sketch

/* GPIO init function */ /* TIM2 init function */
static void MX_GPIO_lInit(void) static void MX_TIM2_Init(void)
{ {
/* GPIO Ports Clock Enable */ TIM_Encoder_InitTypeDef sConfig;

/*** copied from HAL_TIM_Encoder_Init ***/

. ; htim2.Instance = TIM2;
GPIO_InitTypeDef GPIO_InitStruct;

htim2.Init.Prescaler = 0;

GPIO_InitStruct.Pin = GPIO_PIN_O|GPIO_PIN_1; htim2.Init.CounterMode = TIM_COUNTERMODE_UP;
GPIO_InitStruct.Mode = GPIO_MODE_INPUT; htim2.Init.Period = OXFFFF;
GPIO_InitStruct.Pull = GPIO_PULLUP; htim2.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
HAL_GPIO_Init(GPIOA, &GPIO_InitStruct); htim2.Init.AutoReloadPreload = TIM_AUTORELOAD_ PRELOAD_DISABLE;
/*** end copy from HAL TI M_Encoder_|nit ***/ sConfig.EncoderMode =TIM_ENCODERMODE_TI12;

} sConfig.IC1Polarity = TIM_ICPOLARITY_RISING;

sConfig.IC1Selection = TIM_ICSELECTION_DIRECTTI;
sConfig.IC1Prescaler = TIM_ICPSC_DIV1;

sConfig.IC1Filter = 0;

sConfig.IC2Polarity = TIM_ICPOLARITY_RISING;

sConfig.1C2Selection = TIM_ICSELECTION_DIRECTTI;
sConfig.IC2Prescaler = TIM_ICPSC_DIV1;
sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
HAL_TIMEx_MasterConfigSynchronization(&htim2, &sMasterConfig);
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GPIO and TIM2 HAL Initialization Code Generated by STM32CubeMX Arduino Sketch: Error Messages
Arduino: 1.8.3 (Windows 10), Board: "BluePill F103C8, Serial"

C:\Users\<name>\Documents\Arduino\Quadrature_Decoder\Quadrature_Decoder.ino: In function 'void MX_TIM2_Init()":

Quadrature_Decoder:51: error: 'struct TIM_Base_InitTypeDef' has no member named 'AutoReloadPreload’
htim2./I\nit.AutoReIoadPreIoad =TIM_AUTORELOAD_PRELOAD_DISABLE;

Quadrature_Decoder:51: error: 'TIM_AUTORELOAD PRELOAD_DISABLE' was not declared in this scope
htim2.Init.AutoReLoadPreIoad = TIM_AUTORELOAD_PRELOAD_DISABLE;

exit status 1

'struct TIM_Base_InitTypeDef' has no member named 'AutoReloadPreload’

3k 3k 3k 3k 3k 3k 3k 5k 3k 5k 5k %k sk 5k 5k sk Sk 5k sk sk 5k 5k sk 3k sk sk sk ok 5k sk sk 5k ok sk Sk ok 3k sk sk 5k 3k 3k sk >k sk 5k 5k sk 3k 5k 5k %k sk 5k 5k sk sk 5k 3k sk sk 5k sk 3k %k >k sk %k 5k %k 3k 5k 5k %k sk 5k 5k >k sk 5k >k sk 5k >k sk %k 5k >k sk 5k 5k %k %k 5k %k %k kk k
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GPIO and TIM2 HAL Initialization Code Generated by STM32CubeMX Arduino Sketch:
Conclusions

 STM32CubeMX Provides a great graphical representation of a STM32Fxxx part’s capabilities
 Lists part’s Peripherals with ability to select/modify capabilities
* Shows pin Functions and names based on selected Peripheral capabilities
* Provides ability to refine Peripheral pin Functional capabilities
* STM32CubeMX Provides ability to generate STM32Fxxx part’s initialization code
* Generated code provides great guidance for hand coding initialization code
* Hand coded version may or may not compile error free as an Arduino/ARM sketch
* When generated code doesn’t compile error free:
* First see if there’s an easy fix, e.g. missing *.c/*.h code
* |If not, suggest using STM32CubeMX graphical representation and generated code

plus STM32Fxxx Reference Manual as basis for hand generating initialization code.



Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




STM32/ARM Programming Quadrature Decoder
using STM32F10xxx Ref Manual

TIM2 STM32CubeMX Settings vs Generated Code

TIM2 Configuration X TIM_HandleTypeDef htim2;

</ Parameter Settings o/ User Constants /' NVIC Settings «/' DMA Settings «/ GPIO Settings htim2.Instance = TIM2;

Configure the below parameters : ht|m2| nlt Prescaler - 0,

Search :| Search (CrihiF v htim2.Init.CounterMode = TIM_COUNTERMODE_UP;

- C°“”te;f:stz‘:lif (FSC - 16 bits value) . htim2.Init.Period = OXFFFF;
EEE:E:: :;:Ued utoRelond Regier - 16.. LDJEFFFF htim2.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
Internal Clock Division (CKD) No Diviion htim2.Init.AutoReloadPreload = TIM_AUTORELOAD_ PRELOAD_DISABLE;
auto-reload preload Disable

i Triggerf\?:s‘t.tiurj'glratgor\iopclaerarnEterS Disable (no sync between this TIM (Master) and its ... Tl I\/I_I\/IasterConfigTypeDef SMaSterconﬂg;
Trigger Event Selection Reset (UG bit from TIMx_EGR) SMaSterconﬁg' MaSterOUtpUtTrigger =TI M_TRGO_RESET;

=) Srzion sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE DISABLE;
Encoder Mode Encoder Mode TI1 and TI2
Polarity Peramelors or Chamel 1 Rising Edge TIM_Encoder_InitTypeDef sConfig;
;fessi:ztrmc;wsm — ﬁ:ediism sConfig.EncoderMode = TIM_ENCODERMODE _TI12;
Input Filter 0 sConfig.IC1Polarity = TIM_ICPOLARITY_RISING;
ooty Parameters for Channel 2 .. Riang e sConfig.IC1Selection = TIM_ICSELECTION_DIRECTTI;
IC Selection Direct sConfig.IC1Prescaler = TIM_ICPSC_DIV1;
;:;E:T!;;Eiwsmn Ratio gu division SCOnfig.I ClFIIter — O,

sConfig.IC2Polarity = TIM_ICPOLARITY_RISING;
sConfig.IC2Selection = TIM_ICSELECTION_DIRECTTI;
sConfig.IC2Prescaler = TIM_ICPSC_DIV1;

Restore Default Apply ok Cancel sConfig.IC2Filter = 0O;
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15 General-purpose timers (TIMx)
15.3 TIMx functional description

15.3.12 Encoder interface mode

To select Encoder Interface mode write SMS=‘001 in the TIMx_SMCR register if the counteris
counting on TI2 edges only, SMS=010if it is counting on TI1 edges only and SMS=011 if itis
countingon both TI1 and TI2 edges.

Select the TI1 and TI2 polarity by programming the CC1P and CC2P bits in the TIMx_CCER register.
When needed, program the input filter as well.

The two inputs Tl1 and TI2 are used to interface to an incremental encoder. The counteris clocked
by each valid transition on TI1FP1 or TI2FP2 (TI1 and TI2 after input filter and polarity selection,
TI1IFP1=TI1 if not filtered and not inverted, TI2FP2=TI2 if not filtered and not inverted) assuming
that it is enabled (CEN bit in TIMx_CR1 register written to ‘1). The sequence of transitions of the
two inputs is evaluated and generates count pulses as well as the direction signal. Depending on the
sequence the counter counts up or down, the DIR bit in the TIMx_CR1 register is modified by
hardware accordingly. The DIR bit is calculated at each transition on any input (T11 or TI2), whatever
the counteris countingon TI1 only, TI2 only or both TI1 and TI2.
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15.3.12 Encoderinterface mode — continued

Encoder interface mode acts simply as an external clock with direction selection. This means that the counter ju:
counts continuously between 0 and the auto-reload value in the TIMx_ARR register (0 to ARR or ARR downto 0
depending on the direction). So the user must configure TIMx_ARR register (e.g. OxFFFF) before starting. In the s
way, the capture, compare, prescaler, trigger output features continue to work as normal.

Figure 134 gives an example of counter operation, showing count signal generation and direction control. It also
shows how input jitter is compensated where both edges are selected. This might occur if the sensor is positior
near to one of the switching points.

For this example we assume that the configuration is the following:

CEN =1 (TIMx_CR1 reg, Counter is enabled)

SMS= ‘011" (TIMx_SMCR reg, both inputs are active on both rising and falling edges)

CC2S= ‘01, CC1S= 01" (TIMx_CCMR1 reg, TI1LFP1 mapped on TI1, and TI2FP2 mapped on TI2)
CC1P=‘0’, CC1E =1, IC1F = ‘0000’ (TIMx_CCER reg, TI1FP1 noninvert, TILIFP1=TI1, enabled, no filter)

CC2P=‘0’, CC2E=‘1’, IC2F = ‘0000’ (TIMx_CCER reg, TI2FP2 noninvert, TI1FP2=TI2, enabled, no filter)
ARR = OxFFFF (TIMx_ARR auto reload register value)
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15.3.12 Encoder interface mode — continued

Figure 134. Example of counter operation in encoder interface mode
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STM32CubeMX — TIM2 Configuration STM32F10xxx Reference Manual — Register Settings
. TIM2 Counter Sett”‘]gs TIMZ_CR]. CEN =1’ [Counter Enabled]
* Prescaler: 0 DIR =0’ [Counter Mode: UP] —reset/default
e Counter Mode: UP
< Period: OXFFFF TIN2_ARR ARR = OxFFFF [Auto Reload value]
*  Clock Division: No Division CKD =’00’[Clock Division: No Division] —reset/default

e Auto Reload Preload: Disable

* TIM2 Trigger Output
*  Master/Slave Mode: Disable
* Trigger Selection:Reset

* TIM2 Encoder
* Encoder Mode: TI1 and TI2 TIM2_SMCR: SMS =011’ [Encoder mode 3 - Both Inputs Active]
e Channel1l
*  Polarity: Rising Edge
*  ICSelection: Direct TIM2_CCMR1: CC1S="01",IC1F =0000’ [TI1FP1 mapped to TI1, and no filter]

: rr:sz:aF';tE:Yi;i°”: No Division TIM2_CCER:  CC1P = ‘0, CC1E = ‘1’, [TILFP1 noninverting, TILFP1 = TI1, enabled]

e Channel 2
* Polarity: Rising Edge TIM2_CCMR1: CC2S ="01’, IC2F =‘0000’ [TI2FP2 mapped to TI2, and no filter]
* |ICSelection: Direct

*  Prescale Division: No Division TIM2_CCER: CC2P =0, CC2E="0’, [TI2FP2 noninverting, TI2FP2 =TI2, enabled]
* Input Filter: 0

ARPE = ‘0’ [Auto Reload Preload: Disable] —reset/default
TIM2_CR2:  TI1S =‘0’ [TIM2_CH1 pin connected to Tl1 input] —reset/default
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15.4 TIMx Registers

15.4.1 TIMx control register 1 (TIMx_CR1)

Address offset: 0x00
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 4] i) 4 3 2 1 0
CKD[1:0] ARPE CMS DIR OPM URS uDIs I CEN I
Reserved
w w w w nw nw w w w I w I

Bits 15:10 Reserved, must be kept at reset value.

Bit 0 CEN: Counter enable

1: Counter enabled

Note: External clock, gated mode and encoder mode can work only if the CEN bit has been
previously set by software. However trigger mode can set the CEN bit automatically by
hardware.

CEN is cleared automatically in one-pulse mode, when an update event occurs.
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15.4.3 TIMx slave mode control register (TIMx_SMCR)

Address offset: 0x08
Reset value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ETP | ECE ETPS[1:0] ETF[3:0] MSM TS[2:0] o SMS[2:0] |
as.

Bits 2:0 SMS: Slave mode selection

When external signals are selected the active edge of the trigger signal (TRGI) is linked to
the polarity selected on the external input (see Input Control register and Control Register

description.

000: Slave mode disabled - if CEN = *1 then the prescaler is clocked directly by the internal
clock.

001: Encoder mode 1 - Counter counts up/down on TI2FP1 edge depending on TI1FP2
level.

010: Encoder mode 2 - Counter counts up/down on TI1FP2 edge depending on TI2FP1

101: Gated Mode - The counter clock is enabled when the trigger input (TRGI) is high. The
counter stops (but is not reset) as soon as the trigger becomes low. Both start and stop of
the counter are controlled.

110: Trigger Mode - The counter starts at a rising edge of the trigger TRGI (but it is not
reset). Only the start of the counter is controlled.

111: External Clock Mode 1 - Rising edges of the selected trigger (TRGI) clock the counter.
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15.4.7 TIMx capture/compare mode register 1 (TIMx_CCMR1)

Address offset: 0x18
Reset value: 0x0000

The channels can be used in input (capture mode) or in output (compare mode). The
direction of a channel is defined by configuring the corresponding CCxS bits. All the other
bits of this register have a different function in input and in output mode. For a given bit,
OCxx describes its function when the channel is configured in output, ICxx describes its
function when the channel is configured in input. Take care that the same bit can have a
different meaning for the input stage and for the output stage.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ocacE] OC2M[2:0] Jocare [ OC2FE JocicE] OC1M[2:0] JociPe [ OCIFE
CC2S[1:0] CC1S[1:0]
—l IC2F[3:0] | IC2PSCI[1:0] ' | IC1F[3:0] | IC1PSC[1-0] '

— Bits 15:12 IC2F: Input capture 2 filter

Bits 9:8 CC2S: Capture/compare 2 selection
This bit-field defines the direction of the channel (input/output) as well as the used input.

00: CC2 channel is confiqured as output.
| 01: CC2 channel is configured as input, IC2 is mapped on TI2+|
; channel Is contigured as Input, 1C2 1S mapped on .

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is working only if
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3 + 3 2 1 0

15.4.9 TIMx capture/compare enable register (TIMx_CCER)
Address offset: 0x20
15 14 13 12 1 10 9 3 7 6
CC4P | CC4E CC3P | CC3E
Reserved Reserved Reserved
w rw w w

| cce | ccae | ccip | cciE
Reserved
I w w I w w

Bit 5 CC2P: Capture/Compare 2 output polarity
refer to CC1P description
CC2E: Capture/Compare 2 output enable
refer to CC1E description
CC1P: Capture/Compare 1 output polarity

Bit 4

Bit 1

Bit 0

CC1 channel configured as input:

This bit selects whether IC1 or IC1 is used for trigger or capture operations.
0: non-inverted: capture is done on a rising edge of IC1. When used as external trigger, IC1

is non-inverted.

1: inverted: capture is done on a falling edge of IC1. When used as external trigger, IC1 is

inverted.

CC1E: Capture/Compare 1 output enable

CC1 channel configured as input:

This bit determines if a capture of the counter value can actually be done into the input
capture/compare register 1 (TIMx_CCR1) or not.
0: Capture disabled.
1: Capture enabled.
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15.4.10 TIMx counter (TIMx_CNT)

Address offset: 0x24
Reset value: 0x0000 0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
w w w w nw w w w wW nw W w w w nw w

Bits 15:0 CNT[15:0]: Counter value

15.4.12 TIMx auto-reload register (TIMx_ARR)

Address offset: 0x2C
Reset value: OXFFFF

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARR[150]
I\ w w nw w nw Y w w w nw "w w W w nw
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Quadrature Decoder Initialization Code Generated by Hand
/*
CMSIS Hand Coded Blink Blue Pill F103C8
Turnson an LED on for one second, then off for one second, repeatedly.
LED pin/port CMSIS Initialization and Loop Code Generated by Hand based
on ST-Microelectronics’ STM32CubeMX and STM32F10xxx Reference Manual
substituted for Arduino routines

*/

// the setup function runs once when you press reset or power the board
void setup() {
// initialize digital pin LED_BUILTIN as an output.
// pinMode(LED_BUILTIN, OUTPUT); // Arduino
// enable Port C clock // CMSIS Hand Generated
RCC->APB2ENR |=0x0010;
// clear Port C Bit 13’s output configuration/mode
GPIOC->CRH &=~ 0X00F00000;
// set Port C Bit 13’s output configuration/mode
GPIOC->CRH |= 0X00200000; // output push-pullslow
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Quadrature Decoder Loop Code Generated by Hand

// the loop function runs over and over again forever

void loop() {
// turn the LED on (HIGH is the voltage level)
// digitalWrite(LED _BUILTIN, HIGH); // Arduino
GPIOC->0ODR |= 0X00020000; // CMSIS Hand Generated
delay(1000); // wait for a second
// turn the LED off by making the voltage LOW
//digitalWrite(LED_BUILTIN, LOW); // Arduino
GPIOC->ODR &= ~ 0X00020000; // CMSIS Hand Generated

delay(1000); // wait for a second
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Downloading Hand Generated Sketch to Blue-Pill F103C8 using USB-to-Serial

Bootl -> Low (0)

Reset Button

RXD -> PA9
TXD -> PA10

AT W



Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




STM32/ARM Programming
Periodic Task Scheduling using HAL_SYSTICK Callback()

Void “HAL_SYSTICK_Callback(void){}” is an ARM Cortex processor predefined “user routine” that is called by the system once every
millisecond by the SysTick interrupt.

Unfortunately, it’s broken in the current release of the STM32F1xx/STM32 Cores by ST-Microelectronics, but will be fixed in the
next release. It can be fix in the current release by adding the missing “HAL_SYSTICK_IRQHandler()” call in the “SysTick_Handler” in:

C:\Users\<name>\AppData\Local\Arduino15\packages\STM32\hardware\stm32\2017.8.31\cores\arduino\stm32\clock.c and

C:\Users\<name>\AppData\Local\Arduino15\packages\STM32\hardware\stm32f1\2017.1.20\cores\arduino\libstm32f1\clock.c

Currently defined as: Should be defined as:
void SysTick_Handler(void) void SysTick_Handler(void)
{ {
HAL_IncTick(); HAL_IncTick();
} HAL_SYSTICK _IRQHandler();



STM32/ARM Programming
Periodic Task Scheduling using HAL_SYSTICK Callback()

/* Sample one second sketch using HAL_SYSTICK_Callback() */ void loop() {
bool SysTickFlag = false; // put your main code here, to run repeatedly:
int1l6_t SysTickCounter = 0; if (SysTickFlag) {
Serial.printIn(" One second SysTick");

void setup() { SysTickFlag = false;

// put your setup code here, to run once: }

Serial.begin(115200); }

HAL_Delay(1000);

Serial.printin("Hello World"); // print something to start // user defined HAL_SYSTICK_Callback
} void HAL_SYSTICK_Callback(void) {

if (--SysTickCounter < 0) {
SysTickCounter=1000;
SysTickFlag = true;
}
}



Intermediate Level STM32/ARM Programming

Based on ST-Microelectronics’ integration of
CMSIS* and STM32CubeMX HAL definitions into Arduino IDE

Arduino IDE STM32/ARM Entry to Advanced Level Devices

Download STM32F10xxx Datasheet plus Reference and HAL/Low-Layer Driver Manuals
Download/Install STM32CubeMXand Open STM32F103C8/Blue Pill

STM32F103C8 Blue Pill Pinout vs STM32F103C8/Blue Pill in STM32CubeMX
STM32/ARM Programming Blink using STM32CubeMX

STM32/ARM Programming Blink using STM32F10xxx Reference Manual

STM32/ARM Programming Bit, Nibble, Byte |0 using STM32F10xxx Reference Manual
STM32/ARM Programming Quadrature Decoder using STM32CubeMX

STM32/ARM Programming Quadrature Decoder using STM32F10xxx Ref Manual
STM32/ARM Programming Periodic Task Scheduling using HAL_SYSTICK_Callback()
My Thoughts About STM32F1xx/STM32 Cores by ST-Microelectronics

* Cortex Microcontroller Software Interface Standard




My Thoughts About
STM32F1xx/STM32 Cores by ST-Microelectronics

Warning: This is a leading/bleeding edge technology — expect bugs

Assuming you are currently using Arduino IDE

* Great way to get started programming STM32/ARMs boards

 Easiest to use with existing/supported Arduino sketches

 Serial and ST-Link downloading worked great, but had problems with bootloader*
 STM32CubeMX is a great tool for design exploration

* STM32CubeMX is not as great for generating Arduino IDE code

* This technology is only useful for listed STM32Fxxx boards

* The STM32Fxxx Register definitions and their usage appears to be solid

* The STM32Fxxx CMSIS/HAL definitions and their usage appears to be having growing pains

My personal preference is an industrial strength ARM IDE like Atollic’s TrueSTUDIO with STM32CubeMX

* My bootloader problems are likely just my lack of experience.



