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What wilk

What is STM327?

we learn today?

How to use STM32-specific development software
How to program simple embedded programs in C
How to debug your programs

How to add simple peripherals to STM32
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Product of STMistcanbel ectronics A
A family of 32-bit Flash microcontrollers
Based on Arm® Cortex®M pr o c e gm.coms A



https://www.st.com/
https://www.arm.com/products/silicon-ip-cpu

Cortex-MM series
Cortex-M3 announced by ARM Holdings in 2004

ARM Cortex-M uses ARMv7-M microarchitecture
(not to be confused with ARM7 devices)

First devices to market were Luminary Micro LM3S101 & LM3S102



Cortex-M series

Cortex-MO
Cortex-MO+
Cortex-M1
Cortex-M3
Cortex-M4
Cortex-M7
Cortex-M23
Cortex-M33
Cortex-M35P




What wilk

A brief introduction to STM32

you take home?

An understanding of how it compares to other available solutions
Access to STM32-specific development software
Sources for STM32 hardware

Optional : Your very own STM32 experimenter
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Is STV

32 like Arduino?

Yes

A microcontroller executes user0s progr ams
Small form factor

Low cost
Modern tools make it simple to learn and use
Widely documented on the Internet

NoO

Arduino is based on Atmel AVR 8-bit architecture at 16 MHz

STM32 is based on Arm® Cortex®-M 32-bit architecture at 32 MHz to 480 MHz
Not all STM32 software is open source



STM32 Experimenter’s
Starter Kit

Check your kit for the following items:
Solderless breadboard containing:
STM32 ABlue Pill o board
ST-LINK V2 USB interface
Four push buttons

Rainbow-colored jumper wires
USB to TTL serial adapter
USB cable (A to Micro-B)

Bag of LEDs and resistors
LCD module



The

Blue Pill

Low cost, generic ARM development module
Based on STM32F103C8T6

40 pin DIP (dual in-line package)

Headers are usually optional
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Blue Pill Pin

Assignments

LEGEND
PHYSICAL PIN
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ST-LII

Connection to blue pill (4 wires)
GND T ground reference
SWCLK T clock
SWDIO i data
3V31 3.3V power

The ST-LINK/V2 device programmer should already be connected to your Blue Pill

Donot di sconnect
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Solderless Breadboard
Basics

A Spring-loaded sockets hold wires in place

A Red lines indicate electrical connections
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Important safety information

Always unplug the ST-LINK/V2 from the USB port when making wiring updates.

Do not add or remove components when board is powered on.




Software Instaliation

STM32CubelDE application

Additional source code
LCD example code

Code from exercises




Software Instaliation

Install STM32CubelDE application
File: en.st-stm32cubeide 1.0.2 3566 20190716-0927 x86 64.exe.zip

Webpage: https://www.st.com/content/st _com/en/products/development-tools/software-
development-tools/stm32-software-development-tools/stm32-ides/stm32cubeide.html

To download the software from the ST web site, you will need to register
Just copy the installation file from the instructor
Installation is reported to require 6 GB of available hard drive space



https://www.st.com/content/st_com/en/products/development-tools/software-development-tools/stm32-software-development-tools/stm32-ides/stm32cubeide.html

Install STM32CubelDE

A Execute the installation program

AT hi

ACI

S
c k

nWel comeo

NINext

N\

> 0

S

(

m STMicroelectronics STM32CubelDE -

Welcome to the STMicroelectronics

" ’ STM32CubelDE Wizard

f=.augmentad

Setup will guide you through the installation of
STMicroelectronics STM32CubeIDE.

relevant system files without having to reboat your
computer.,

Click Mext to continue.

Mext =

Itis recommended that you close all other applications
before starting Setup. This will make it possible to update

Cancel




License Agreement

AC I

c k

N

Agr

m STMicroelectronics STM32CubelDE -
License Agreement

Please review the license terms before installing
STMicroelectronics STM32CubeIDE.

Press Page Down to see the rest of the agreement.

SLADD48 Rev4/March 2018

BY INSTALLING COPYING, DOWMLOADING, ACCESSING OR OTHERWISE USING THIS
SOFTWARE PACKAGE OR ANY PART THEREOF (AND THE RELATED DOCUMENTATION)
FROM STMICROELECTROMICS INTERMATIOMAL M.V, SWISS BRANCH AND/CR ITS
AFFILIATED COMPAMNIES (STMICROELECTRONICS), THE RECIPIENT, OM BEHALF OF
HIMSELF OR. HERSELF, OR. OM BEHALF OF ANY ENTITY BY WHICH SUCH RECIPIENT IS
EMPLOYED AND fOR ENGAGED AGREES TO BE BOUND BY THIS SOFTWARE PACKAGE

If you accept the terms of the agreement, didk I Agree to continue. You must accept the
agreement to install STMicroelectronics STM32CubelIDE.

< Back I Agree Cancel

s TMicroelectronics Software License Agreement S

LICEMSE AGREEMEMT. W




Choose Install Location

D STMicroelectronics STM32CubelDE — X
A Please use suggested location: | Choose install Location m
N Ch the folder in which to install STMicroelectroni
NACGST\STM32Cubel DE STr?ﬂgz?:uhiIDE.Er in whi ins icroelectronics
AT h IS IS t h € nwo Setup will install STMicroelectronics STM32CubelDE in the following folder. To install in a
B n . different folder, dick Browse and select another folder. Clidt Mext to continue.
Al't doesnotL | 1 ke
ACl 1T ck ANext >0

Destination Falder

C\ST\STM32CubelDE 1.0.2] Browse...

Space reguired: 1.9 GB
Space available: 100.3 GB

< Back Mext = Cancel

®




Choose Driver Components

A Leave all three components

selected

ACI

c k

n

nst al

m STMicroelectronics STM32CubelDE

Choose Components

Choose which features of STMicroelectronics STM32CubeIDE you

want to install.

Check the components you want to install and unchedk the components you don't want to
install, Click Install to start the installation.

Select components to install:

Space reguired: 1.9 GB

W T Diescription
SEGEER. Mink drivers P
ST-LIMK drivers
ST-LIME server

< Back Install

Cancel

®




Approve Driver installation

D STMicroelectronics STM32CubelDE

ACIl I ck ﬁlnstallc‘)‘.__uu__

A Repeat two more times
A Installation now begins
AThis screen-shot is not right L

ou like to install this device software?

Name: STMicroelectronics Universal Serial Bus ...
Publisher: STMICROELECTRONICS (GRENOBLE 2) SAS

5 trust software from
CROELECTRONICS (GRENOBLE 2) SAS".

Install

Don't

ould only install driver software from publishers you trust. How can | decide which device sof

i install?

]
m

—

)
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Installation Complete

A Hopefully you get to this screen

ACI

c k

NINext

> 0

mSTMicroeIectronics STM32CubelDE

Installation Complete
setup was completed successfully,

Completed

Show details

< Back

Mext >

Cancel

¢




Installation is Complete

A Leave option checked:
AnCr eat e

ACI

c k

nFi

des kit ¢

n i

S h

mSTMicroeIectronics STM32CubelDE

Lys

= ougmentad

Completing STMicroelectronics

STM32CubelDE Setup

STMicroelectronics STM32CubeIDE has been installed on

Wour computer,

Click Finish to dose Setup.

< Back Finish

Cancel

®




Configure the STM32CubelDE

A A brief detour for high DPI monitors
A Right-click the desktop icon

ASel ect NnPropertieso fro IDE t menu

STM32Cub...
1.0.2




Properties

AC I

c k

on

t

h e

~

hComp

I:l."E STM32CubelDE 1.0.2 Properties

Security Details Previous Versions
General Shortcut Compatibility
m STM32CubelDE 1.0.2
&
Target type: Application
Target location: STM32CubelDE
Target: ubelDE_1.0.2\STM32CubelDE\stm32cubeide.exe
Startin: C:AST\STM32CubelDE_1.0.2\STM32CubelDE
Shortcut key:  |None

Run: Normal window

Comment:

Open File Location

OK

Change Icon...

Cancel

Advanced...

Apply

®




Compatibility

AC I

c k

t

h e

nNChange

hi

m STM32CubelDE 1.0.2 Properties

Security Details Previous Versions

General Shortcut Compatibility

If this program isn't working correctly on this version of Windows,
try running the compatibility troubleshooter.

Run compatibility troubleshooter

How do | choose compatibility settings manually?

Compatibility mode
|:| Run this program in compatibility mode for:

Windows 8

Settings

Reduced color mode
8-bit (256) color

Run in 640 x 480 screen resolution
[ ] Disable fullscreen optimizations

|:| Run this program as an administrator

Change high DPI settings

GChange settings for all users

OK Cancel Apply

ut t on




Override

A Check the
noOverr
box

de

hi gh

DPI

STM32CubelDE 1.0.2 Properties X

Choose the high DPI settings for this program.

Program DPI

[] Use this setting to fix scaling problems for this program
instead of the one in Settings
Open Advanced scaling settings

A program might look blurry if the DPI for your main display
changes after you sign in to Windows. Windows can try to fix
this scaling problem for this program by using the DPI that's set
for your main display when you open this program.

Use the DPI that's set for my main display when

I signed in to Windows

Learn more

High DPI scaling override

ol Override high DPI scaling behawor
Scaling performed by: .

Application v

OK Cancel

®



Override

AChoose nNnSystemo
drop-down list box.

ACIl 1 ck AOKO
ACIl 1 ck the AOKO
on the APropert

A <end of high DPI settings detour>

b
i

f

u
e

STM32CubelDE 1.0.2 Properties X

Choose the high DPI settings for this program.

Program DPI

Use this setting to fix scaling problems for this program
instead of the one in Settings
Open Advanced scaling settings

A program might look blurry if the DPI for your main display
changes after you sign in to Windows. Windows can try to fix
this scaling problem for this program by using the DPI that's set
for your main display when you open this program.

Use the DPI that's set for my main display when

I signed in to Windows

Learn more

High DPI scaling override

Override high DPI scaling behavior.
Scaling performed by:

Application v

Application
System (Enhanced) ‘ Cancel

®




Start the Application

A Double-click on the desktop icon to start the
STM32CubelDE application

STM32Cub...
1.0.2




Select Workspace Location

ACheck the box | abeled AUse this as the def a
ACl 1T ck nLauncho
L[ STM32CubelDE Launcher X

Select a directory as workspace
5TM32CubelDE uses the workspace directory to store its preferences and development artifacts.

Workspace: | ChUsers\Dale\5TM32CubelDE\workspace_1.0.2 w Browse...

Elgs.e this as the default and do not ask again:

Launch Cancel

T

¢




Windows Security Alert

A Adjust as you see fit

ACI

c k

t he

nAI

@ Windows Security Alert

Windows Defender Firewall has blocked some features of this

Al

Windows Defender Firewall has blodked some features of stm32cubeide, exe on all public and
private networks,

E Mame: stm32cubeide. exe
Publisher: Urknown

Path: C:lstistm32cubeide_ 1.0, 2\stm32cubeide\stm32cubeide, exe

&llow stm32cubeide.exe to communicate on these networks:
Private networks, such as my home or work netwark

[ ]Public networks, such as those in airports and coffee shops (not recommended
because these networks often have lite or no security)

What are the risks of allowing an app through a firewall?

QE.JI::W ACCESS Cancel

e



Override File Association

A'You might get this message

ACheck the ARemember my deci
ACIl 1 ck RAYeso

si ono box

"L Override... X

9-' The .cproject file extension is currently associated to an unreachable program

o (CASTVWSTM32CubelDE_1.0.105TM32CubelDE\plugins\com.st.stm32cubeade.mcu.ide_
1.0.2.201907121423N resources\project_importeriwindows'5TM32CubelDE (project
importer).exe).

Would you like to associate the .cproject files to the 5TM32CubelDE instance in use?

es Mo




Welcome to STM32CubelD

A Maximize the window

ACI

c k

nNStart

New

&9 sTM32CubelDE Home

Welcome to STM32CubelDE

Start a project

i)

Import SW/ TS
project

Quick links

B Read STM32CubelDE Documentation

[7 Getting Started with STM32CubelDE

@ Explore What's New in STM32CubelDE

[5 workspace_1.0.2 - STM32CubelDE — X
File Edit Source Refactor Navigate Search Project Run Window Help

5 ) Information Center £3 A L
Eg A

Support & Community

Twit STH




STM32 Target Selector

AWait for ATarget Selectiono window to popul
Alt can take a while

Progress Information

O-I Initializing 5TM32 Target Selector...

Cancel




ST

In the search field,
type

ASTM32F -

Target Selector

[ STM32 Project

Target Selection
Select STM32 target

Part Num

Line
Package

Other

Advanced Graphi

[ Enable

MCUs/MPUs List: 15

-

STM32F030C6
STM32F030C8
STM32F030CC
STM32F030F4
STM32F030K6
STM32F030R8
STM32F030RC
STM32F031C4
STM32F031C6
STM32F031E6
STM32F031F4
STM32F031F6
STM32F031G4

17

te

STM32F030C6Tx
STM32F030C8Tx
STM32F030CCTx
STM32F030F4Px
STM32F030K6Tx
STM32F030R8Tx
STM32F030RCTx
STM32F031C4Tx
STM32F031C6Tx
STM32F031E6Yx
STM32F031F4Px
STM32F031F6Px

031G4Ux

LQFP48
LQFP48
LQFP48
TSSOP20
LQFP32
LQFP64
LQFP64
LQFP48
LQFP48
WLCSP25
TSSOP20
TSSOP20
UFQFPN28

32 kBytes

16 kBytes
32 kBytes

32

16

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Cancel




Search for Part Number

[ STM32 Project

Target Selection

ASel ect NSTM32F103CS8 Select STM32 target

from the drop-down list box

Q

Core
Series
Line
Package

Other

MCL/MPL Selector

AThis is the chip on the Blue PIill MCUIMPU Filters

Board Selector

Cross Selector

Part Mumber Search

stm32f103 ~

STM32F103C4
STM32F103C6
STM32F103C3
STM32F103CEB
STM32F103R4
STM32F103R6
STM32F103R8

STM32F103RE

Price From 1.732 to 5.48

®
1.732

®




Select Part Number

ACl T ck on t he

line in the MPU List

ACl i ck NnNNext

N

>0

[ sTM32 Project

Target Selection
Select STM32 target

B B2 o

Part Number Search

Q [STM32F103C8

Core >
Series >
Line >
Package 4
Other ¥
Price From 2.056 to 2.056

L
2.056

10 =37
®

Eeprom =0 (Bytes
@

Flash = 64 (kBytes)
@

Ram = 20 (kBytes)
L

Freq. =72 (MHz)
®

Advanced Graphic

MCUs/MPUs List: 1 item )

STM32F103C8

Features Block Diagram Docs & Resources M Datasheet ] Buy

STM32F103C8

Mainstream Performance line, ARM Cortex-M3 MCU with 64 Kbytes Flash, 72 MHz CPU,
motor control, USB and CAN

Unit Price for 10kU (USS): 2.056
Active

Product is in mass production

.L LQFP48

The STM32F 103xx medium-density performance line family incorporates the high-performance ARM®Cortex®-M3 32-bit RISC core
operating at a 72 MHz frequency, high-speed embedded memories (Flash memory up to 128 Kbytes and SRAM up to 20 Kbytes), and an
extensive range of enhanced /Os and peripherals connected to two APB buses. All devices offer two 12-bit ADCs, three general purpose
16-bit timers plus one PWM timer, as well as standard and advanced communication interfaces: up to two 12Cs and SPIs, three USARTS.
an USB and a CAN

The devices operate from a 2.0 to 3.6 V power supply. They are available in both the —40 to +85 °C temperature range and the —40 to
+105 °C extended temperature range. A comprehensive set of power-saving mode allows the design of low-power applications.

The STMA2F103xy medilm-density nerfarmance line familv incliides devices in siv different nackane tnes” fram 2R nins tn 100 ning

B

STM32F103C8Tx  Active 2056 LQFP48 64 kBytes 20 kBytes 37 72MHz 00

Cancel




Project Setup

AType nABlue Pill o
AProject Name: o f
AWe wi | | use this

as the basis for other projects
ACIl i ck AFinisho

N

[ STM32 Project

Project Setup
Setup 5TM32 project

Project Name: | Blue Pill

Use default location

C:/Users/Dale/5TM32CubelDE/workspace_1.0.2

Options
Targeted Language
I:'EI i I:::I C++

Targeted Binary Type
(@) Executable () Static Library

Targeted Project Type
(®) STM32Cube () Empty

@' < Back Mext =

Finish

Browse...

Cancel g




Open STM32CubeMX
Perspective

ACheck the ARemember my decisiono box

ACl 1 ck nNYeso

DOpen Associated Perspective?

This kind of project 15 associated with the 5TM32CubeMx perspective. Do you want
to open this perspective now?

Yes Mo

X




Wait

A Must wait K
Al't 6s OK
Alt 6s doi ng

of work for us right now

an

L STM32 Project

Project Setup
Setup 5TM32 project

a ma

Project Marme: | Blue Pill

Use default location

Lacatian: C:/Users/Dale/5TM32CubelDE/workspace_1.0.2

Options

Targeted Language
C C++

Targeted Binary Type
Executable Static Library

Targeted Project Type
5TM32Cube Ermnpty

Perform Project Creation. Please Wait For Completion ...

Browse...

= Back

@

Mext > Finish

Cancel




STM32CubeMX

ASTM32CubeMX is a device
configuration tool

AThis is the main STM32CubeMX

screen, showing the
NPi nout

ACl i ck on the
ASel ect t he

A This brings up the
nNSYS Mode and

& Configur

NSyst

ANSYSo

Conf

Eworkspace_LO.Z - Device Configuration Tool - STM32CubelDE

Eile Edit Navigate Search Project Run Window Help

ue
bl
: ! v ‘ 4
B Src . N
£ Inc
[ Blue Pillioc System Core >
T STM32F103C8TX.
Analog
Timers >
Connectivity >
Computing

Middleware >




Configure Debug

mworkspace_ﬂ.o.z - Device Configuration Tool - STM32CubelDE

- O X
File Edit MNavigate Search Project Run Window Help

. ~ R P A -Riki@ I Y o0 0 [Quick Access] | g | 5|
A F r O m t h e n D e b u g fypProje.. 32 = B [ BluePillioc 2 = 78
drop_down IISt, 5% ¥ Project Manager

v [E BluePill

select NnSeri al 5 s v Pinout
L’Eﬁ Envers SYS Mode and Configuration : {0 Pinout view == System view

A NOte that Some Of the plns i;::cﬂ i Debug |Serial Wire — v 4

I n the API nout O Cverimcek | SystomC... - 1 5o Debug

R Timebd Serial Wire
have changed g
: LITAG (5 pins)

- . . . GFIO Trace Asynchronous Sw ]
AWe will use Serial Wire Debug WIC

RCC

(SWD) to program the chip

WWDG
- a—
A Close the
~ d d C Anaslog >
n S Y S IVI O e a n Warning: This IP has no parameters to be configure

panel by clicking on the T >
left arrow 7
( r I g h t U n d e r t h Computing 2

Middleware >

Connectivity >




Find LED Driver Pin (PC13)

E workspace_1.0.2 - Device Configuration Tool - STM32CubelDE

File Edit Navigate Search Project Run Window Help

o

N-ER®-

AThe Blue Pill has an LED ML
connected to pin PC13 0% -

v [Z BluePil

Project Manager

v Pinout

[ Includes

A ﬁ P C 1 3 0 m e a n S P O S?:civers ~p— [p—
(2 Startup Categaries | A->Z ———— :
= Inc

A POI’t C |S a. GPIO pln, Or EEIT‘;SE;S;W SyStem(iore v
hGeneral Pur pos: o

IWDG

NVIC

AType npcl3o 1 nt oo

SYS_JTMS-SWDD

search field

In the Pinout view

A Note that the PC13 pin
begins to flash
on the chip diagram

Analog
Timers
Connectivity >
Computing >

Middleware




Configure PC13 as OQutput Pin

2
A Click on the PC13 pin on the diagram E
AS e | eGPHIO_ Gutputo -
In the context menu = B B ] R B R
A This will tell the STM32CubeMX GPE_ Ot
code generator to initialize this pin = SYS_ITMS-SIND 0
as a figeneral purp poy  Resel State
which is what we need to flash pod  RTC_OUT
the LED that is connected to it pof  RTC_TAMPER
wrd GFlO Input
A Note that the PC13 pin sl GPIO Output
now has a green background, wod GPIO_Analog
Indicating that it is now ] EVEMNTOUT
properly configured a1l GPIO_EXTH3

paz |




Assign Label to Pin

A Right-click the PC13 pin

and sel ect NEnt e
from the context menu
AENt er ANLEDO and

A Note the label next to PC13
has changed to

A This name will also be reflected
In the generated code

N

GPIO_Ovpet |15
PC1:

PO1-..
NRZT
[WESEA
(WODA
PAD-..

PA1
pAZ

S5 TCRANCLE

ugaT |

Enter User Label
hex  =ignal Unpinning
hos & Pin Stacking

Ol G A Al =

vono

WES
FA13

) /4

STHMEZ F103CE T
LOFP48

Ol G A Al =

Sra_JTMESENDID




Generate Code

ACl'it ck the ADevice Configuration Tool Code G
AThe STM32Cube MX application now writes all the code for the project

ANow plug the ST-LINK device programmer into your laptop

AThe power LED on your Blue Pill should light up

A Another LED might be on or blinking as well

Dworkspace_LD.Z - Device Configuration Tool - STM32CubelDE

File Edit Mavigate 5earch Project BRun Window Help

NrER|B-S-Bittrididile §l - | 6

{yProje.. 22 = B [rBlue Pillioc; 3




Compile+Debug

AClick the fADebdF o

AThe AEdI t |
dialog appears

ACIl 1 ck AOKO
AYou mi ght
ACI 1 ck nAAIl Il

aunch conf

get anot her

OW accesso

t ool

[ Edit Configuration O

Edit launch configuration properties

Name: | Blue Pill.elf

(£ Main | 5 Debugger| Startup | & - Source| [C] Common

C/C++ Application:

| Debug/Blue Pill.elf | Search Project... Browse...
Project:
| Blue Pill Browse...

Build (if required) before launching

Build Configuration: | Use Active ~

() Enable auto build () Disable auto build

(®) Use workspace settings Configure Workspace Settings...

Rewvert Apply

(@Y




Switch to Debug Perspective

AThe AConfirm Perspective Switcho dialog app
ACheck ARemember my deci siono
ACIl i ck ASwitcho

DConfirm Perspective Switch X

e.' This kind of launch is configured to open the Debug perspective when it suspends.

This Debug perspective s designed to support application debugging. It incorporates
views for displaying the debug stack, vanables and breakpoint management.

Do you want to switch to this perspective now?

Swirtch Mo

 —

I
)

3




Ready to

ANow we see some code!

)ebug

Dworkspacef‘LO.Z - Blue Pill/Src/main.c - STM32CubelDE

File Edit Source Refactor MNavigate 5earch  Project Bun Window Help
Nl | Eite i o | B @ 2 i i -
4 Debug i3 Project Exp = B [ Blue Pillioc [€] main.c 22

AR T | HaL_1nit();

v m Blue Pill.elf [STM32 MCU Debugging]
v ({2 Blue Pill.elf [cores: 0]
w o Thread #1 [main] 1 [core: 0] (Sus;
= main() at main.c:76 (30004
gl C/ST/STM32CubelDE_1.0.2/5TM32C
po| ST-LINK (ST-LINK GDB server)

/* USER CODE BEGIN Init */

[F

. &

/* USER CODE END Inift */

/* Configure the system clock */
SystemClock Config();

W ST

J/* USER CODE BEGIN SysInit */

=1 o

/* USER CODE END SysInit */

=)

/* Initialize all configured peripherals */

a
a
o
a
a
8
a
a
.
a
a
a
a
a
a
a
a
8
9

®  MX_GPIO Init();

a1 /* USER CODE BEGIN 2 */

az

a3 /* USER CODE END 2 */

a4

a5 /* Infinite loop */

96 /* USER CODE BEGIN WHILE */

a7 while (1)
/* USER CODE END WHILE */
/* USER CODE BEGIN 3 */

/* USER CODE END 3 */
<
& Conscle 33 Registers Problems Executables

Blue Pill.elf [STM32 MCU Debugging] ST-LINK (ST-LINK GDE server)

Download verified successfully

Writable Smart Insert

T6:

1

_ O X
Hletcoro-| 0
[Quick Access] | g% | & [ e
= 0 | @V %8 6E 4L % = 0O
. felre -
Name Type Value
W
>
= e Memor B
- & REE e -
Lal
v




Review

If all goes well, the application compiled the generated code, downloaded it to the
device and started a debug session. The program is now halted at the first executable
line in the main() function and awaits your command.

Notice that the line 76 has a green background. That is the next line of code to be
executed. It should be a call to the HAL _Init() function, to initialize the Hardware

Abstraction Layer (HAL).



Step Over

ACl'itck the AStep Over (F6)0 tool bar 1 con

mworkspace_LO.Z - Blue Pill/Src/main.c - STM32CubelDE

File Edit 5ource Refactor MNavigate 5Search Project Bun  Window Help

i | EBifviE | B E MR oS G
15 Debug 7 Project Exp = 8 [ BluePillicc [€] main.c £3
| 76 | HAL Init();

x ——




[ Blue Pillioc [€] main.c 33 = B
HAL Tnit(); A

o

Confirm Step

é /* USER CODE BEGIN Init */
Ja
28 J* USER CODE EMND Init */
AT_he green background should now 52 /* Configure the system clock */
highlight line 83, a call to the 55 | systemClock Config();
SystemClock_Config() function 85 /* USER CODE BEGIN SysInit */
86
A This proves that the toolchain is working 87 /* USER CODE END SysInit */
and properly Conflgured ‘J ;; /* Initialize all configured peripherals */
98  MX_GPIO Init();
= S¥ USER CODE BEGIN 2 */F
o2
a3 /* USER CODE END 2 */
=F
95 /* Infinite loop */

=1 /¥ USER CODE BEGIN WHILE */
97 while (1)

93 1

aq /¥ USER CODE EMND WHILE */

/* USER CODE BEGIN 3 */

G G & &
d ka = &
et

/* USER CODE END 3 */ W




Stop Debugging

AClitck the ATerminate (Ctrl +F2)o0 tool bar
A This stops the debug session

Eworkspace_LO.Z - Blue Pill/Src/main.c - STM32CubelDE

File Edit 5ource Refactor Navigate 5Search Project Bun  Window Help

InR B R A WA N NI IS N R I i
35 Debug i3 Project Exg = B [ Blue Pillioc [g] main.c 2

o = /B HAL Init();

C

o)



Close the STM32CubelDE

A Close the STM32CubelDE application
ACheck the ARemember my decisiono box

ACl i ck NnExi to

I Confirm Exit X

9-' Do you want to exit the 5STM32CubelDE?

Exit Cancel




Congratulations!

Your STM32CubelDE software is installed and configured correctly
We now take a short break J




Embedded “Hello, world!”

There Iis no console to which we can #dAprinto
We will blink the built-in LED on GPIO pin PC13

No jumpers are required for this experiment

Connect ST-LINK/V2 device to USB port (if it is not already still connected)

Observe fast blink rate of PC13 (~5 Hz) T but only on a brand-new Blue Pill



Minimum Code for LED blink

This is the absolute minimum code needed to blink an LED

It is quite cryptic at first glance
You need to have access to the 1,000+ page data sheet to find all the information

RCG >APB2ENR=RCC_APB2ENR_IOPCEN; // enable GPIO port C
GPIOG >CRH = GPIO_CRH_MODE13; // PC13 = output, 50 MHz

while (1) {
GPIOG >BSRR = GPIO_BSRR_BS13: // LED off
GPIOG >BRR = GPIO_BRR_BR13; // LED on




Open STM32CubelDE

Ewmrkspa[ej,ﬁ‘z - Blue Pill/Src¢/main.c - STM32CubelDE - O X

File Edit Source Refactor MNavigate Search Project Run Window Help
S - ;@-vah B-a~-[f-@F-i-i® i 4F

A Restart the STM32CubelDE application

K
i
-

4
4
4
]

Quick Access| ,

= | (B 3

4 Project Explorer §3 = B8 [€ main.c 23 = B 5= Q0u. i3 = A"
Alt remembers where we left off o o o B s o R
[T Blue Pill * USER CODE BEGIN Init * :I main.h )
++ SystemClock_Config(voi
“ USER CODE END Init * 4% MX_GPIO_Init(void) : voi

@ main(void) : int

® SystemClock_Config(voi

@ 5 MX_GPIO_Init(void) : voi

* USER CODE BEGIN SysInit */ ® Error_Handler(void) : vo
' A assert_failed(uint8_t*, uir

* Configure the

systemclock_Cunfig( );

" USER CODE END SysInit

/* Initialize all configured peripherals *
MX_GPIO_Init();
/* USER CODE BEGIN 2 */

whi
r

USER CODE BEGII
* USER CODE END 3 */ v
< > < >
[#! Problems 3 = g iy Build Analyzer 53 = = < =8
3 7 Blue Pillelf - /Blue Pill/Debug - Sep 26, 2019 10:45:40 PM
0 |tems- . oy Memory Regions Memory Details
Description Resource
Region Start address End address Size ™
EsRAM 0x 20000000 0x20005000 20 KE ,,
<] >
< >

Writable Smart Insert 83:1




Expand “Blue Pill” Project

-]

ADouble-cl i ck on t he

In the Project Explorer panel
ADouble-c | i ¢ k Blue Pitl.ilboa® i
AThis opens the CubeMX perspective

ALet 6s make one sm

Dworkspacej .0.2 - Device Configuration Tool - STM32CubelDE

File Edit Navigate Search Project Run Window Help

- | ®~-R-EBidi-id-id-§l-t
= 0O  [g mainc @

BES ~

i Project Explorer &3

v L5 Blue Pill
1{ Binaries
it Includes
2 Drivers
@ Src
(2 Startup
= Debug
= Inc

System Core

|Z| Blue Pill.elf.launch Analog

[ Blue Pillioc

[3 STM32F103C8TX_FLASH.Id Timers >
Connectivity >
Computing
Middleware >

Praoject Manager

{JF Pinout view

=== System view

Quick Access| :

® | &4
= g

B Console 53

No consoles to display at this time.




Change to “System View?”

ACl i ck on
A(Cl nstead

[T workspace_1.0.2 - Device Configuration Teol - STM32CubelDE
File Edit Navigate Search Project Run Window Help

A | DR r@iDitri i~ vt &oow - 0
= B8  [g mainc [ Bive Pill.io

lf5 Project Explorer 3

— O X
[ aces] | 9 | I 4
= O

Project Manager

v [ BluePill
¥ Binaries
l% :;Flwes Q I:l i0F Pinout view =2 System view
2 Drivers
&3 Src Categories | - :
(2 Startup Middleware
(= Debug System Core >
= Inc
2| Blue Pill.elf.launch Analog >
[ Blue Pillioc
[T§ STM32F103C8TX_FLASH.Id Timers >
System Core Analog Timers Connectivity Comp

Connectivity >

Computing >

Middleware »

B Console 52
No consoles to display at this time,

@~ =0

gy




Configure GPIO

mworkspacej 0.2 - Device Configuration Tool - STM32CubelDE - ] X
File Edit MNavigate Search Project Run Window Help
S HR A RIS S EFCEr D0 (Quicccees] | 8 | G 4
Ve - ~
ACl 1 ck on t he N GRiremomons =0 Gome @ = O
BS ¥ Praject Mana
. ~ [ Blue Pill .
ANow we see the 4 s v Pinout
> [l Includes 4
~ ! - Q 4 GPIO Mode and Configuration ioF Pinout. ..
nNGPI O Mode and ( g . "
8 s !
I (2 Startup
pan e == Debug System Core ™ O Group By Peripherals
> = Inc "
B BIueP!II.'e\f.Iaunch DMA
m Blue Pill.ioc GPIO
|1 STM32F103CBTX_FLASH.Id WDG Search Signals
NVIC :| [ Show only Modified Pins System Core Analc
RCC
m _|GPIO... mm
WWDG PC13... Low Oulp Nop Low LED |
. ]
Analog >
Timers >
Connectivity 2
Computing >
Middleware > i i
2 Select Pins from table to configure them. Multiple selection
* is Allowed. o——
&) Console &2 * B~ =

No consoles to display at this time.




Select “PC13” line

mworkspace_l.o,z - Device Configuration Tool - STM32CubelDE

A'We have configured a single
GPIO pin, PC13

Alts full name is
PCIAVMPER-RT C

A Click on its line to reveal options

File Edit MNavigate Search Project Run Window Help

"5 Project Explorer i3 = 0
) P

v E Blue Pill

> 1;;" Binaries
[l Includes

5> (22 Drivers
(3 Src
(2 Startup

> = Debug

> = Inc
= Blue Pill.elf.launch
[ Blue Pillioc
[ STM32F103C8TX_FLASH.Id

Aw i | B~ R~ @iditp-iy~id-

[€] main.c

System Core Vv

DMA

IWDG
NVIC
RCC

WWDG
O

Analog >
Timers >
Connectivity 2
Computing >

Middleware b

E) Console 2

Project Manager

v Pinout

GPIO Mode and Configuration :
Configuration :
[ Group By Peripherals
Search Signals
[ Show only Modified Pins

Pi___|Signa[GPIO_|GPIO_|GPIO._|Maxi__ [User _[Modi |
PC13...nfa Low Outp.. Nop.. Low LED v

PC13-TAMPER-RTC Configuration :

GPIO output level Low ~ I

GPIO mode Output Push Pull v I

GPIO Pull-up/Pull-down No pull-up and no pull-down |

Maximum output speed Low v |

User Label LED |

No consoles to display at this time.

O

X

[ i| 5 | @ E

Tools

= 0

Pinout... = System view
System Core Analc
aE——

wgvrﬁ‘v‘:'[j




Change GPIO output level

GPIO Mode and Configuration

: -
AChange AGPI O output | ev: el )
] Group By Peripherals

nH

Search Signals

| . | ] Show only Modified Pins

mmmm

PC13... nfa Low Outpu... Mo pu... Low LED

- PC13-TAMPER-RETC Configuration :

GPIO output level Low w
Low

GPIO mode High

GPIO Pull-up/Pull-down |N|:| pull-up and no pull-down V|

Maximum output speed |L|:|w o |

User Label LED |

®



Save the changes

Cl i ck t ICal+S)t8atbar buttdn
For you youngsters, .hatdos a nAfloppy di sko




Generate Code Option

ACheck the ARemember my
ACl i ck nAYeso

deci si onbo

checkDbox

D Question

9.' Do you want generate Code?

Yes




g, Observe, Question

Click the RiDeEbutgo®Il haids butt on

Once the fiDebug Perspectiveo |l oadils <click t
Observe that the second LED (not the Power LED) is now off

But why?




Active High vs. Active Low

A GPIO can be configured as a digital output pin

]t can be programmed to be either nhigho or
Its output state can be changed at any time

On the Blue Pill, the LED connected to PC13
Thi s means the LED turns on when the output
When the output pin is Ahigho, the LED turn
The opposite iIs true for the Arduinoods Unoo
]t is on when the output is Ahigho and off

Both systems work just fine T just be sure you know which one you have!



Stop Debugging

Click the fATerminate®™ Ctrl|l +F2)0 tool bar ico

The nC/ C++0 perspective returns

Now iIitbés time to add our own <code




A Note About User Code

The STM32CubeMX code generator wi |l | presery
These areas are indicated by comments in the generated code, e.qg.,

Code between these two comments will be preserved
Any code you write elsewhere will be over-written the next time code is generated



A Look at ma

in()

| n t hmeainfco | et lier e 1 s anah(Joncti on cal |
It is the starting point for all programs written in the C language

In reality, some initialization stuff happens before the main() function is called
L e ttakesa look at out main() function in more detalil

e d

N



More About main()

Her e 6 s wnaina() functianrlooks like, stripped of all non-executable comments:
Int main(void) {

HAL Init ();

SystemClock_Config  ();

MX_GPIO Init ();

while (1) {

}

}

First it calls some initialization functions
Then goes into an endless loop



The while() Loop in main()

Let 6s take a whilelepin duonoakn() fartction h e

while (1)
{

We see two areas for AUsSer codeodo where we ¢
(t hat wo n-@ritten §yehe codesgenerator!)

/4 \
{

{ =)
5 g"
’\/ll



e €
Let’s Steal Some Code

Why write when you can steal? J

Scroll down to line 154 in main.c

It looks like this:
HAL GPIO_ WritePin (LED_GPIO _Port, LED Pin, GPIO PIN RESET);

This is a call to the function HAL _GPIO_WritePin()
This comes from ST6s HAL (Hardware Abstraction

|l t has a si mi |l ar digitaWecite() fonationas Ar dui nods
It takes as parameters a port, a pin and a state

Highlight this entire line of code and copy it



Paste Code into main()

Paste the stolen code into the while() loop within the main() function at line 102:
Paste it again
It should look like this:

while (1)
{

HAL_GPIO_WritePin (LED_GPIO_Port, LED_Pin, GPIO_PIN_RESET);
HAL _GPIO_WritePin (LED_GPIO Port , LED Pin, GPIO PIN_RESET);

}




Change One Parameter

Change the last parameter (state) in the second HAL_GPIO_WritePin() function call

while (1)
{

HAL _GPIO_WritePin (LED_GPIO_Port , LED Pin, GPIO_PIN_RESET);
HAL _GPIO_WritePin (LED_GPIO_Port, LED Pin, GPIO _PIN_ SET);

}




Let’s

ACIl i ¢k t hmain@dD etbouogl |%F r

A Since we have unsaved code changes,
we are now reminded

Jebug

A'We are also given the opportunity to always
automatically save changes
before debugging, which is handy

ACheck the AAl ways say
ACIl 1 ck AOKO

|l Save and Launch [ X

Select resources to save:

El main.c

Select All Deselect All

':3?‘ OK Cancel




Step Through the Code

A The Debug perspective appears

A As before, the HAL _Init() function
IS highlighted

ACIl 1 ck
toolbar icon

on t he i

A Keep clicking until you get into
the while() loop

A Observe the LED
A GPIO _PIN_RESET = LOW = ON
AGPIO_PIN_SET = HIGH = OFF

g -

€

Eworkspacej.().Z - Blue Pill/Src/main.c - STM32CubelDE - O x
File Edit Source Refactor MNavigate Search Project Run Window Help
Amlhd BiE| = | BimEID i Gidevi® ¢ v i AR CRCR PR i |
35 Debug 52 = B  [d mainc 2 [§ startup_stm... [€] system_stm3... = B8 =V » =8
1‘?-‘ iv T ~ % g
EG
v E Blue Pill.elf [STM32 MCU Debugging] - mesht MName Type Value
~ ¢ Blue Pill.elf [cores: 0] USER CODE END
v o Thread #1 [main] 1 [core: 0] (Su
= main() at main.c:76 0x3000¢ ‘
gt C:/ST/STM32CubelDE_1.0.2/STM32 CU Confi ELOM e
ot ST-LINK (ST-LINK GDB server) /* Reset of all peri +
HAL_Init();
SER C BEGIN T
CODE END T
/* Configure the system clock
SystemClock_Config();
SER CODE BEGIN SysInit */
E END Sys
/* Initialize all configured peripherals */
MX_GPIO Init();
/ SER E BEGIN 2 */
SER CODE END 2 */
v
< >
B Console 2 = 08
- LB EEE -
Blue Pill.elf [STM32 MCU Debugging] ST-LINK (ST-LINK GDB server)
Download verified successfully ~
v
< >
Writable Smart Insert 76:1 \\
\ )

(




Run at Full Speed

Click on the AResull (F8)0 tool bar 1 con
Observe the LED again

|t appears to be on, Dbut I1s iIin fact blinkin
Let 6s sl ow it down a bi't




Add Some Delays

Click the fATerminate® Ctrl|l +F2)0 tool bar i con

Type the following line of code between the two HAL _GPIO_WritePin() function calls:

HAL Delay(250);
Note: Capitalization counts!
The parameter (250 in this case) is the number of milliseconds to delay

Type it again (or just copy what you already typed) after the second
HAL_ GPIO_WritePin() function call

That section should look like this now:

HAL_GPIO_WritePin (LED_GPIO_Port , LED_Pin, GPIO_PIN_RESET);
HAL_Delay(250);

HAL_GPIO_WritePin  (LED_GPIO_Port , LED_Pin, GPIO_PIN_SET);
HAL_Delay(250);

@ .
\ﬁﬁ/)



T i me

to Debug

Click t hreaingdetbouogl #Fr i con

Once the Debug perspective loads,U™ | ick the
Observe the LED

It should be blinking about two times per second (~2 Hz)

Once the novelty fades, click W e ATer mi nat




Add

Another LED

Select one of the LEDs from the kit package (red, green or blue)

Also get one of the included resistors from the LED package
They are all the same value

Install the LED and resistor per the live demonstration
Add a jumper wire from GPIO pin AO to LED anode

Use the resistor as a jumper from the LED cathode to the breadboard ground rall



Configure New LED Pin

ASel ect the fADevice Conf[lyuration Tool 0 pers

ASel ec BlughPilgocdi t ab i n t hEope s | S
ASel ect the APinout Vi eb‘ e e e Caresd; 5 2@
AType fAPAO0O into the se = — *
A GPIO pin PAO begins to blink in the diagram '
A Click on the PAO pin T, |

ASel eGPIO Gutputo from t he ¢ _

ARight-c | i ck PAO and sel ec -

AEnter ALED20 and press o

ACl i ck GuB®)voe t(ool [5] r ic e > B g 3 @ B4 ape

&



Add Code for LED2

—I N

Select the nNnC/ (CHgf 0 perspective
Sel ec main.doe tiab n

Copy line 102:
HAL _GPIO_WritePin (LED_GPIO _Port, LED_Pin, GPIO_PIN_RESET);

i t he edi tor

Paste as line 103

Change ALED o to ALED2 o in two places:
HAL _GPIO_WritePin (LED2 GPIO_Port, LED2 Pin, GPIO _PIN_RESET);

Copy this new line (line 103) and paste as line 106

Change A_RESET0 to A_SETO
HAL_GPIO_ WritePin (LED2_GPIO_Port, LED2_Pin, GPIO_PIN_SET);




Verify Code for New LED

The new code within the while() loop should look like this now:

HAL_GPIO_WritePin (LED_GPIO_Port , LED_Pin, GPIO_PIN_RESET),
HAL_GPIO_WritePin  (LED2_GPIO_Port, LED2_Pin, GPIO_PIN_RESET),
HAL_Delay(250);

HAL_GPIO_WritePin (LED_GPIO_Port , LED_Pin, GPIO_PIN_SET);
HAL_GPIO_WritePin  (LED2_GPIO_Port, LED2_Pin, GPIO_PIN_SET);
HAL_Delay(250);




the New LED Code

Cl i ck t hreainD etbouogl 13 r i con

Once the fiDebugo perspective |l oadlIF click t
Observe the two LEDs blinking

We connected the second LED as nactive high
The new LED turns on when the output | evel
It should be on when the on-board LED is off, and vice versa

Once this no |l onger Asparks joyo, B ick the

@ .
\ﬁﬁ/)



»

3link an LED

Timers to

w3

We told the STM32 to blink some LEDs and it is doing exactly that

It is also doing absolutely nothing else at the same time
besides taking up space, consuming power and contributing the to heat death of the universe

The STM32 has many peripheral devices that could help us here
For example, we could set up a timer to per

Il n the Ainterrupt handlero routine, or MAbac
This would leave the foreground task free to do other work without LED timing concerns

The STM32F103C8 has three gener al pur pose t
All of these timers can blink the LEDs directly using pulse-width modulation (PWM)



A pulse-width modulated signal is a periodic (i.e., repeating) signal with a duty cycle

The duty cycle 1s the ratio of how |l ong the
For example, a Nn50% duty cycleo is on haltf
PWM signals have many uses in electronics, not just blinking LEDs

Let 6s configure a timer to blink our new LE
| t s no coincidence t hat we chose PAO to dri ve



Configure Pin to Use PWIM

Select the nDevi c eCubeMX) persgectivea on Tool o (

Sel ec8BlugPileaocdi tab in the editor

Select the APinout viewo tab, i1f 1t i1s not
Click PAO pin (LEDZ2) in the diagram

Select ATI M2 CH10 in the context menu

This changes the function of pin PAO (Port A, pin 0)
Previously it was GPIO_Output, and we used code to turn the LED on and off
Now PAO is connected to Timer2
Timer2 has four independent PWM channels i we have selected channel 1

Rightc | i ck PAO, select AENnter User Label o and

€
L\ : /,



Configure Timer2 for PWM

TIMZ Mode and Configuration :
A-s7 Mode
AUnder ATi merso, sele Slave Mode [Disabis <]
AC on .I: | g ur e t h e ﬁ MO d e c‘) Syste 2 TriggerSnurce|Disable V|
Anal N Clock Source  |Internal Clock ~
4 ~ \ nalog \
AF or n CI OC k S our ceo ) Channel1 [PWM Generation CH1 V| OC k (0]
AF or ﬁ C h anne I 1 C‘) Timers ™ ChanneI2|DisabIe V|
1
~ . — Channel3 |Disable W |
select NPWM Generat. - _
TIMA Channeld [Disable w
Combined Channels |Disable
TIM3 [] Use ETR as Clearing Source
TIM4 A
- [ XOR activation
1 One Pulse Mode
Conn... 2
c \ Configuration
omp...

Middl... »




Configure Timer2 Channel 1

O XOR N
A I N t h e ﬁ C O n f I g u Configuration
A Some window adjustments
may be reqUired @ Parameter Settings | @ User Constants | @ NVIC Settings | @ DMA Settings | @ GPIO Settings
i Configure the below parameters
AF o Prestalero, ent er o o o
. ~ ~ Counter Settings
A F or n C oun t er P € Prescaler (PSC - 16 bits value) 65000
p ~ N Counter Mode Up
A F or n P u I Seo ’ en Counter Period (AutoReload Register- 16 b... 123
) . Internal Clock Division (CKD) Mo Division
A C I | C k t rCE'I'l‘% S I_ﬁ_l e auto-reload preload Disable
T ~ Trigger Output (TRGO) Parameters
tOOIbar Icon Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)
- . Trigger Event Selection Reset (UG bit from TIVx_EGR)
AThis generates the new code  PM Generation Channel 1
Mode PWM mode 1
Fulse {16 bits value) a0
Fast Mode Disable




Start Timer2 in PWHM

Mode

Timers do not start automatically

We wi | | add code (one | i ne) to start Ti mer?2

Select AC/ C++Hgperspective

Sel emin.con tab i n editor
Note line 93 was added: MX_TIM2_Init();
On line 95, add t hi sUSER QDBE BEGIN 200 dsee c(twii anrh)i:n t

HAL TIM_PWM_Start(&htim2, TIM_CHANNEL 1);
Cli ck o maii.dde b wg | % r i con

Click nNnResume ([p )OO toolbar 1 con

!/'\\
{

N <M
5 &"ﬁ
’\/‘l



Observations

Observe LED blinking pattern
The on-board LED is still blinking at ~2 Hz

The off-board LED is now blinking in a different pattern
eéeven t hougotremore thek code from the while() loop

Once we assigned pin PAO to TIM2_CHJ1, it is no longer connected to GPIO Port A
PAO is entirely controlled by the timing parameters we selected for Timer2 (TIM2)



Parameters

PWM signals require three main parameters to be specified

A clock source (we sel prestakerd wel ctheorsrea In 6G10dd
A period (we chose f11230)

A duty cycle (or npul seo; we chose Nn300)



Clock Source and Prescaler

The combination of clock source and prescaler determine the speed of the timer
The default clock speed of the STM32F103 is 8 MHz (8,000,000 cycles per second)

This is generated internally on the STM32F103 chip using the HSI oscillator
HSI stands for AHIigh Speed I nternal o oscill ator
No external components are required
Clock accuracy is around £2% over the entire temperature range (-40°C to 105°C)

This clock source is then divided by the value contained in the prescaler

Since we selected a value of n650000 (i1t coul d
the resulting clock frequency driving Timer2 is:

ym i tog ¢ tump cary ¢Qd



PWM Period and Duty Cycle

We chose a value of nAl1230 for the period of
This results in Timer2 completing a cycle approximately once every second
We chose a value of n300 for the duty <cycl e

This means that the LED is on for around a quarter of the time,
and off for the remaining three-quarters of the cycle

You should see this reflected in the blinking pattern on LED2



Increase Clock Speed

B . . Dk| V| : RCC Mode and Configuration :
AThe Blue PIill contains an 8 MHz quartz crystal R .,
with much better speed tolerance than the HSI Sy Core High Speed Clock (HSE) Disable v

A Typical tolerances for quartz crystals are measured . Low Spoed Clock LSE) |88
I n ﬁ p ar t S p er mi I l I 0N (\) I ggl’; L1 Master Clock Output Crysta.l.-’CeramicResnnatnr
AThe STM32F103 contains a phase-locked loop e
(PLL) that can multiply the clock frequency — E—
Usel L.onstants WG Settin gs
iSelect the fDevicegpContf " SR
perspective L
) o . Analog - B | @ © i
ASel ec BluaPhileocah tab I n the _ S0 Dt T
voltage f
AUnder fiSystem Coreo, SE€ comeny > e
. ~ . ~ RCC Parameters
AFOT AHIi gh Speed Cl ock _ ( Computing > HSI Calibration Value 16
select NCrystal/ Cer ami C e HSE Startup Timou... 100

LSE Startup Timout... 5000



The Clock Tree

>
. [ LSE :
A Select the ‘ .
"nCl ock Configu
J % [T e o
AB e h O I d t h e ﬁ CI S SysteTiclcckMux ILI "TGCcme System fi [MHz
in its default configuration o] ) srseen e sk e
g ) .I—'_,_\_I_,_I_I p|1_|‘ c ﬁFEI‘I peripheral clocks (M
AYou can zoom in and out =
AThe possible clock sources T LK‘- o
are on the left side = R e S R —
A Routing options are in the
middle part
A The resulting clock(s) are on
the right side (in blue boxes) TR B D=




Configure the Clock Tree

AFor
s el

AF o rPLLEVUIO |

AFor
s el

AFoOTr N Rr&sBalero ,
sel ect n/ 20

A APB1 can only run at 36 MHz

N
ec

ANow the chip will run at 72 MHz

L 0]

=]J 8 To FLITFCLK (MHz}

System Clock Mux
HSI

SYSCLK {MHzAHE Pre:

11

caler HCLK {MHz) APB1 Pre

PLLCLK 1
,--’i'
Enable C...

N

= oLk

"IT_éI

4

'I

36

- HLLR ID AHGD DUS, COre

nnnnnnnnnnnnnnnnn

To Cortex System timer (MHz
FCLK (MHz}

APB1 peripheral clocks (M

APEB1 Timer clecks [MHz)
APB2 peripheral clocks (M
APB2 timer clocks (MHz)




Debug and Observe Results

Click tHe+Sh $aveo( |z r i1 con
This triggers new code generation

¥

Once the Debug perspective | oads [pclick the

Once the new code I s ¢gemip.coattedd,l Iri alkc otnhe

LED2 is now flashing much faster
About nine times faster

The original LED is still blinking at ~2 Hz

That 60s b eHAdL Dslay() tudcteon knows the current clock frequency
The parameter we supplied (250) is number of milliseconds to delay, or about ¥ of a second



Using Buttons as Inputs

A Connect a jumper wire from GPIO pin Al to top-left pin on yellow push button
A There should already be a jumper installed from the other button pin to the ground rail

ASel ect the nADevice Connguration Tool 0O pers

ASel ect tPH.econi Blabbe i n t he " Pinoutview  Systomview
A Use the search tool to find pin PAL

A All matching pins start to blink

ACl i ck on pin GPAAIhmutod se
ARight-cl i ck on PA1l and sel

f g
[

\v

AENt er Abuttono

O} Q = | Q a1 v



Configure

ASe| ect nsS y sten GPIO Mode and Configuration : {EF Pinout view === System view
ACl 1 ck AGPI Oo b

ACl i ck on pin fHgrEs

Configuration

L] Group By Peripherals

AFor N GP-Up@PullllwIWIr seach signais
S e I e c tu IZﬁ(‘I‘) P u I I | - | [ Show only Modified Pins System Core Analog

ACIl i ck t hCal+Sh = ,mm

] PA1 nfa nfa Input __. Mo pu... nfa
tOOlbaI‘ ICON PC13-_.n/a Low  Qutpu... Mopu. Low  LED

AThis generates new code

-PA1 Configuration -

GPIO mode |Input mode V|
GPIO Pull-up/Pull-down |N|:| pull-up and no pull-down V|
User Label | |




Add Code for Button Test

Select the AC/ Hgrdo perspective
Sel ecmain.dvetiab i n the editor
Add the following code after line 110:

if( HAL_GPIO_ReadPin ( button_GPIO_Port , button Pin == GPIO_PIN_RESET) {
TIM2- >CCR1 = 60;

} else {
TIM2- >CCR1 = 0;

}




Button Code

Test New

Cli ck t hmain@d etbauogl 3= r i con
Once the Debug perspective | oads [B:l1 ck the
Test the effects of button presses on LED26

Analysis:
When the button is not pressed, no electrical connection is made with input pin PA1
Since we confuippurmrecdciastmpultlo be active on this
When the button I s pressed, PA1l I s connected tc
The HAL _GPIO_ReadPin() function returns the constant value GPIO_PIN RESET (or 0)

Hover your mouse pointer over GPIO_PIN RESET to see for yourself

This sets the duty cycle of TI M2 CH1 to A600, \
Ot her wise, the duty cycle iIs set to AnA0Oo, or al\

Click the #JFe2r)ndi naotod b(aGt rilcon wlBEMn you gr ok

/4 \
{

{ =)
5 g"
’\/ll



Device

The STM32F103C8 device supports a USB Full Speed (FS) interface for devices
|l t does not support AUSB hosto mode

STM32CubeMX will supply basic code for six (6) types of device classes:
Audio

Communication (virtual serial port)
Download Firmware Update (DFU)
Human Interface Device (HID)
Custom Human Interface Device
Mass Storage

Step by st e plugatny'siHackVidge ofmom s et ting up a USB
https://www.youtube.com/watch?v=YZnCOunlwU



https://www.youtube.com/watch?v=YZjnCOun1wU

Enable USB

interface

Select the nDevice Conflllguration Tool o pers
Sel ect tPHeconBlalbbe i n the editor

Under AConnectivityo, click on nUSBO

Check the ADevice (FS)o checkbox

@ .
\ﬁﬁ/)



