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STM32Cube™ Introduction

* STMCube™ is an STMicroelectronics original
Initiative to ease developers life
» By reducing development efforts
* By reducing development time
* By reducing development cost, with free solutions

« STM32Cube™ applies on STM32 portfolio
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http://www.st.com/stm32cube

STM32Cube™ Qverview

« STM32Cube™ is a software development platform that combines
« A PC software configuration tool called STM32CubeMX
« STM32 embedded software bricks called STM32CubeFx/Lx

= | 4§ . | Graphical
YamEr e ) = i :

= ) r User

STM32CubeMX | Interface
\Configuration tool on PC/ =
T _E B E B
User code |_STM32CubeH7.zip |
> STM32CubeF7.zip
STM32Cube STM32CubeF4.zip
Middleware STM32CubeF3.zip

il | U= =y | P STM32CubeF2.zip | Firmware

o o [E] - _SIM32CUbeETZib ]  Library
STM32Cube STM32Cubel 4.zip
STM32 Hardware abstraction layer m
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STM32CubeMX
Configuration tool on PC

| STM32F0 | STM32F1 | STM32F2 |
| STM32F3 | STM32F4 | STM32F7 |
| STM32HO | STM32L0 | STM32L1 |

| STM32L4 |

C code generation
for initialization,
depending on user
choices
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STM32Cube Work Flow

:

User Application
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STM32CubeFx/Lx FW Package

STM32 embedded

Application level Demonstrations

software (—————————————— — —

| e ~\
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————————— boards boards boards boards
STM32CubeF7.zip

STM32CubeF4.zip

Device

!

Downloadable manually from www.st.com/stm32cube
"_’,d or via STM32CubeMX download libraries menu

J
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http://www.st.com/stm32cube

STM32Cube V1

STM32CubeFx/Lx FW Package

« Abstraction of STM32
* Through portable APIs

( N
L User Code ) - High STM32 coverage
r \ » Most of peripherals covered
STM32Cube
P — * Production Ready
[TE:}TP ][-f'q'][ .l ][D{G ] [M]  Quality: CodeSonar™
L -
L J
- Complete
STM32Cube « >150 peripheral examples!
Hardware Abstraction layer CMSIS
* Permissive terms

\ » Open source BSD license


http://www.st.com/stm32f4
http://www.st.com/stm32f4

STM32Cube V1

STM32CubeFx/Lx FW Package

* TCP/IP stack

« LwlIP open source standard

s

STM32Cube

Hardware Abstraction Layer

CMSIS

User Code - USB Library
) g - Host & Device made by ST
( N
STI\hﬂﬁEWCareube » Graphics
LwiP = « STemWin from ST and
[TE‘:HP ]["%’]{ !l ]{D{g ] [f“q’o—-‘j] SEGGER
: - * File System

» FatFS open source standard

RTOS

* FreeRTOS open source
standard (with CMSIS-RTOS
abstraction)

>40 examples !



STM32Cube V1

STM32CubeFx/Lx FW Package HE

: » Customer focusing on his
_ User Code ) application differentiation
( STM32Cube
Middleware
LwiIP - _ _
o ) o< ) o) =
\_ J

STM32Cube
Hardware Abstraction Layer CMSIS
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STM32Cube V1 — STM32CubeMX mm

Microcontroller configuration, step by step

« STM32Cube includes the f,fmrf*ﬁ"fie? » 8 ﬂ]

) |

Iy

STM32CubeMX which is a graphical | essss=— : =5
software configuration tool that J{Mﬁ o rowmsier oo [of sl s st of sic owes

Configure the brlow parameters :
allows generating C initialization
code using graphical wizards. —— =

‘N

- Step 1: Select the microcontroller | —. . " = P EEEE
« Through easy filtering capabilities s = = =

- Step 2: Configure the microcontrollers === = =

ettt A Tk 2ed |
-

* Pin out wizard » :
« Clock tree wizard

 Peripherals and Middleware wizards o=
« Power consumption wizard E

- Step 3: Initialization code generation _.

» Generates code for your favorite IDE !

Ly ! e
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STM32Cube™ V1 — Key Benefits

« Simplify and Speed up Application
Development for STM32!

* Through STM32CubeMX:

* MCU Selector

» Graphical Peripheral Configuration

* Power Consumption Wizard

» Peripheral Initialization Code Generation

» With automatic updater feature

* Ensuring the developer is aware of new versions
and fixes, as well as new components

« Through extensive set of “ready-to-run”
peripheral examples and application examples,
with ready project files for IAR, Keil and GCC
included in the STM32CubeFx/Lx packages

( User Application
* More than Cost-friendly ! :
y = :
* 100% FREE embedded software! J

* 100% FREE software tool !
» ST-branded, ST-supported !

« Users gain time with initialization code
generation, and remain focused on their key
application code

‘YI www.st.com/stm32cube
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STM32CubeMX Overview

Sde.owgmrented



STM32CubeMX for STM32 configuration
and Initialization C code generation

* The STM32CubeMX, a graphical software
configuration tool that allows to generate C
initialization C code using graphical wizards.

+ STM32CubeMX has the following key
features:

7
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Easy microcontroller selection covering whole
STM32 portfolio.

Board selection from a list of STMicroelectronics
boards.

Easy microcontroller configuration (pins, clock
tree, peripherals, middleware) and generation of
the corresponding initialization C code.

Generation of configuration reports.

Generation of IDE ready projects for a selection
of integrated development environment tool
chains.

STM32CubeMX projects include the generated
initialization C code, STM32 HAL drivers, the
middleware stacks required for the user
configuration, and all the relevant files needed to
open and build the project in the selected IDE.

Power consumption calculation for a user-
defined application sequence.

Self-updates allowing the user to keep the
STM32CubeMX up-to-date.

Downloading and updating STM32Cube™
firmware packages allowing the download from
www.st.com of the MCU firmware package
required for the development of the user
application
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STM32CubeMX C Code generation

-
overview
« During the C code generation process, STM32CubeMX performs the following
actions:
* It downloads the relevant STM32Cube firmware package if it is missing from the STM32CubeMX
repository.

« It copies from the firmware package, the relevant files in Drivers/CMSIS and
Drivers/STM32xx_HAL_Driver folders and in the Middleware folder if a middleware was selected.

* It generates a Projects folder that contains the toolchain specific files that match the user project
settings.

* It generates the initialization C code ( .c/.h files) corresponding to the user MCU configuration and
stores it in the Inc and Src folders. By default, the following files are included:

stm32fdxx hal conf.n this file defines the enabled HAL modules and sets some parameters (e.g. External High Speed
- oscillator frequency) to pre-defined default values or according to user configuration (clock tree).

stm32f4xx_hal_msp.c this file defines all initialization functions to configure the IP instances according to the user
(MSP=MCU Support package) configuration (pin allocation, enabling of clock, use of DMA and Interrupts).

main.c is in charge of:
- Resetting the MCU to a known state by calling the HAL_init() function that resets all peripherals,
initializes the Flash memory interface and the SysTick.
- Configuring and initializing the system clock.
- Configuring and initializing the GPIOs that are not used by IPs.
- Defining and calling, for each configured IP, an IP initialization function that defines a handle
structure that will be passed to the corresponding IP HAL init function which in turn will call the IP HAL
MSP initialization function.

Lys
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STM32CubeMX Repository

* Downloaded software and firmware releases will be stored in the
Repository folder. The Default folder is defined in STM32CubeMX-
>Help->Updater Settings->Repository Folder.

o STM32CubeMX Untitled a " Updater Settings
{ Updater Settings | Connection Parameters.
File Project Window B
“‘"L;"*'"a“&“"’; 2 Help 1 Firmware Repasitory A Repﬂﬂltﬂw {18)
chu 40 About Alt+A Repository Folder C:\Users\user name\STM32Cube
U CheckforUpdates Alt+C C:/Usersfle-yan chin/STM32Cube Repasitory/ 4 | STM32Cube
5% Install New Libraries Alt+U ;
xs Updater Settings .. Alt+S Chedk and Update Settings 4 REF"Ds'tDW
=i © Manual Check [ 10 STM32Cube_ PW_FO W1.0.0
TR & Automatic Check Interval between two Checks (days) |5 v STM32Cube FW_FO_VLLO
l' \ e @!:I utomatic (= nterval between [n] [= ays,
""“"““‘u S —— b} STM32Cube FW_FO_V1.2.0
é SRR Data Auto Refresh b} STM32Cube FW_FO_V13.0
’ (7) No Auto-Refresh at Application start
sel Descrigten Instabed Versim  Avadabie Voruine - [ 1) STM32Cube_PW_F0_W1.4.0
(@ Auto-Refresh Data-only at Application start
Ne STM32CubeF( Relesses () Auto-Refresh Data and Docs at Application start P4 5TM32Cube FW_F0_V1.5.0
PR A Sy = - Interval between two data-refreshs (days) |3 a4 STMBECUE]E_FW_FU_H 6.0
I Prmewn Package i Pk SN0 L L [ 1) STM32Cube_PW_FO_W1.7.0
= . . b 1) STM32Cube FW_FO_V18.0
I overs Paciage & Ry SACTD 138 158 by STM32Cube FW_F1_V1.0.0
- = STM32Cube PW_F1_W1.1.0
E B Frovare Pockage & Famky SN0 1AL 1AL
b STM32Cube FW F1 V120
B Fowee Paciage o Famky SPER 118 L3
[ 10 STM32Cube_FPW_F1_W1.3.0
1 rmewe Poctage for oy SN0 L1 L1 > 5TM32CUbE_FW_F1_‘lﬂ.4.U
‘ T Femaes Peciage ey SRS ey s [+ 1 STM32Cube_FW_F1_W1.4.0
I P Pactage o by SRR Lae Las [ 1) 5TM32Cube_FW_F1_ V1560
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STM32CubeMX Documentation

Technical Documentation

Product Specifications

Description Version Size
Related Tools and Software
ﬁ DB2163: STM32 configuration and initialization C code generation 3.0 250 KB
Related Tools and Software
Part Number Descript
£ e
STM32CubeF3 RTOS. Te Technical Notes & Articles
STMIZI pescription Version Size
Embedde
STM32CubeF1 system, | 'ﬁ TNOOT2: Software tocichains and STM32 features 24 98 KB
ucleo, [
Embedde
STM32Cubel1 RTOS, Tt
STM32 M
Embedde
STM3Z2CubeF7 SyStEITi, | DESCI'iD“DI'I version Size
kit and E
STM320 ‘@ UM1T18: STM32CubelMX for STM32 configuration and initialization C code generation 8.0 12,438 KB
STSW-5TM32095 ecli
psep
Embedde
STM32CubelD RTOS, Tt
Mucleo, [
Embedd Release Motes
mbedde
SIM32tubers system.|  Description Version Size
Embedde .
STM32CubeF4 . tle m, [lr '@ RNOOS4; STM32CubeMX release 4.6.0 11.0 245 KB
ucleo, Locewve § e e e s

Links to various STM32Cube offering

STM32CubeF0
\_ J o — e ——

‘,I http://www.st.com/stm32cube
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STM32Cube: STM32CubeF0 Firmware Package

* Browse to

* C:\users\your
name\STM32Cube\Repository\
STM32Cube\STM32Cube_FW
~V1.8.0 or later

Lys
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4 | STM32Cube_FW_F0_V1.5.0

. _htmresc

.. Documentation
4 | Drivers

> g BSP

[ L CMSIS

I 4 | STM32F0o HAL Driver I

4 0 5TM32F0oc HAL _Driver

g8 Inc

M Src
|| stm32fl_hal.c
|| stm32fle_hal_adc.c

4 Inc
L Src
= 1 Middlewares
4 | Projects
B L. STM32ZF030RE-MNucleo
Bl STM32F031KG-MNucleo
Bl STM32F042KG-Nucleo
Bl STM32ZFOTORE-Mucleo
4 | STM32F072B-Discovery
. Applications

[+
[ 1) Demonstrations
[+

I _ Examples 'ﬁ

HAL drivers for
STM32F0xx
product family

|| stm32fle_hal_adec_ex.c
stm32flho_hal_can.c
strm32flio_hal_cec.c
stm32flee_hal_comp.c
stm32flo_hal_cortex.c

[ ==
=
[ ==
[ ==

HAL examples for
STM32F072
Discovery board

4 | Projects
. STM32F030RE-Mucleo
. STM32F031KE-Mucleo
STM32F042K6-MNucleo
. STM32F070RB-Mucleo
| STM32F072B-Discovery
4 | Applications

[+ . FreeRTOS

[= 1) TeuchSensing

[ Jy USB_Device

> | Demonstrations

I
[
P
I
]

4 | Examples

1) Templates
= 1, Templates_LL

. 5TM32F072RB-Mucleo
L 5TM3ZF091RC-Mucleo
. STM32F0308-Discovery
. STM32072B_EVAL
. STM32091C_EVAL

LT T A . T

Project templates for
IAR, Keil and System
Workbench

) ADC
L COMP
. Cortex
| CRC
J DAC
\ DMA
Ju FLASH
| GPIO
j I2C

1 IWDG
| PWR
L RCC
J RTC
L SPI

L TIM
L TSC
| UART

[x
[
[>
[
[
[x
[>
[>
[
[x
[x
[>
[>
[
[x
[x
[>
b L) WWDG
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STM32Cube FW Package Features

+ STM32Cube gathers together, in a single package, all
the generic and highly portable embedded software
components required to develop an application on
STM32 microcontrollers.

* The package includes a low level hardware abstraction
layer (HAL) that covers the microcontroller hardware,
together with an extensive set of examples running on
STMicroelectronics boards.

It also contains a set of middleware components (*)
with the corresponding examples. They come with very
permissive license terms:

* Full USB Host and Device stack supporting many classes.
» Host Classes: HID, MSC, CDC, Audio, MTP
» Device Classes: HID, MSC, CDC, Audio, DFU

Evaluation boards | Discovery boards ST'\:;))Za:l;deO Dedicated boards

Utilities

USB Host 4 FAT file
TCPAP & Device system CMSIS

* Graphics
+  STemWin, a professional graphical stack solution available 2 ' i
in binary format and based on the emWin solution from ST ] HEMers AbStraction Leyer (HAL) l I Beard Suppoit Rackage (B5F) I
partner SEGGER HAL level
* LibJPEG, an open source implementation on STM32 for : i - : . 5 :
JPEG images encoding and decoding. {STMa2F0 | {STM2F1| [sTmaor2|{ |sTMa2ra| [sTwozra| fsTmazt1i |sTmaztol
* CMSIS-RTOS implementation with FreeRTOS open source | Hardware
solution

- FAT File system based on open source FatFS solution (*) middleware components availability depends on STM32 Series

» TCP/IP stack based on open source LwIP solution
* SSL/TLS secure layer based on open source PolarSSL

+ A demonstration implementing all these middleware

cm\ents is also provided
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STM32CubeF0 Documentation

* The STM32Cube documentation vary from one STM32 — @
series to another. )

--------

* More high-end MCUs(e.g. STM32F4) are supported by

more middleware libraries, like for STemWin graphics II..'I. w
library and LwIP TCP/IP Stack. S

Description Version Size

- DB2347: STM32Cube embedded soffware for STM32F0 series including HAL drivers, 20 219 KB
LISB, File System, RTOS and Touch sensing

Description Version Size

- ANAT35: STM32Cube firmware examples for STM32F0 Series 20 281 KB
Description Version Size

= UM1779: Getling starfed with STM32CubeF0 firmware package for STM32F0 series 4.0 387 KB
- UM1785: Description of STM32Fox HAL drivers 20 10,604 KB
s UNT787: o Mo2CUDer D NUCIED QemonsiTalon Himivare 30 03 RB
By UM1819: Demonstration firmware for STM32091C-EVAL board 1.0 4247 KB
By UM1913: Developing applications on STM32Cube with Touch Sensing 1.0 3416 KB

‘Y] http://www.st.com/web/en/catalog/tools/PF260612
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Demo: STM32CubeMX Overview



STM32Cube: STM32CubeMX

Step by step:

« MCU selector
* Pinout configuration
» Clock tree initialization

* Peripherals and

. New Project
middleware parameters o

Load Project
» Code generation Help

» Power consumption
calculator

SHelouwgmented




u
LAF
P83

Pinout Wizard

Clock Tree wizard

System Clock Mux
HSL N
>@
(MH2)
Hse SYSCLK (MHz)
! @ 16

HSI RC
16 MHz [
PLL Source Mux
{HSL | >
—.
Input frequenc > (16
e ——— ) ks
IR L =) 5
ViHz

Lys
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A X192 v 42
*N |:/P

/4
MainPLL g

PLLCLK
\-.-*/
1
- Edab
v

- Seguence Chart

= Basic Parameters

Word Length
Parity
Stop Bits

= Advanced Parameters
Data Direction
Qwer Sampling

& Bits (induding Parity)
MNone
1

Receive and Transmit
16 Samples

Baud Rate

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

Peripherals & Middleware
Wizard

Power Consumption

Wizard

— 30

20

23 "PRUN

15
10
5
0

Consumption (mA

E:ELiEF‘

0.00 02 050 075 100 125 150 175 200

Time (ms)

— Sequence — Average Current |




STM32CubeMX

©.. Generates Initialization C Code
© based on user choices !

TIYYYYE
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STM32CubeMX: MCU Selector

Easy Optional filtering:

:;"&:Sdm; Soard Selectr

| MOUNe .

Core
New STM32L4 ultra-low-power MCUs
advanced audio and energy efficiency

Series

° Line + 256 10 512KB Flash
+ Up to 160KB RAM
aC a e Pree P 004 1221 ,’
¥ ®
6.9 on
% From 1110 254 =
- u 5 2
* Ad d ch
vanced choices... B s S B
e
] p- ) E
MOUs L 1073 tews g Dy e J
Flsh From § 12 208 dbvtes) v
) ¥
. . H a4 Fatho Retrence Nanging Sahes Uit Prics for 108U from USS Pactage Flash RAV 0 freq
* Peripherals choices... | ... ... S e o rom 5w
= FMENCE  BTOFDXITE  hdne wn P8 bbwm B 5 aws 5
2 0 BMGFEINCC S‘ledgq x At L lA 'lfid 255 Byt Lidym ) oy
Fr. Fom 1 00 O i S i D b= e I R L
[ = ® EVIZFI0G mem‘rx ‘-\c!'n! .I\Sl }W!} A2 kdytes _‘ans 3 4!%
- m | o SR e L WA e W B e
S‘V&E)ﬁ_( 5"43?0))}01 Mtve L:tl AQFPS3 25633\&! 3 iBytes 51 Lo
BIMIFIIKA STNIFOIX € At oo e 6Byt AE <] |
ERGIEE BTNIF0ICET Atne Lot e 22kdyvies ASms = A3
EMVOFIIER.  STOFDER  Ade X WCFE et Aees @ mM
r P OrOre e o TR wm  des B e
’I S ) ] TN P Mtve s fesoen 32 idvtes Ay s i v
. '
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MCU selector continued

» Second tab provides shortcuts to ————

predefined boards equipped with O -
LMUserTTes e M e -
STM32 MCU I Intatre o pegpats weh ey Sefut e s ]
Potturd Suectes Soudh a2 fiem

* Predefined boards come with pinouts pas e ielite S e

. | Baw10 07| pesmien MGEFNTE hGFETET

already assigned to use the S ——— P o

. 19 s Lre 04 161 Mgl OEFEN T ECE Ty

connections and features of the i o i Hasig g
. | [ 7] pamita s EheRusd i
particular board. ki | e o !
ODgwIG 103 Jodewids MO+ R SNOFTITETe i

. - . Vcwr> LEl Juseatée MQEG AN ENENOCT

 Alternative board configurations are not |:=== = == e =

Bf i = — pczmexa _SPCr IR

covered. S m— T e

s 5| pden NIGEO1 0N ENGLATICN

19 Lot Dy b} Pdeatd MRLED RO _Emoxanan

1943 Digmey Clegmert | osainad NOIGIGTER _STRNOTRSTY

let 0 Mot MOS0 FITSS ANCFITSETy

it s pdaati Mamanss _EICIRIT

Do) Int Pdesid e T EICFINST

S Fcyiwe s fldoatd NOS0LTII FPERTRITY

@ Pesermrers o cad !LGH}‘:KIS FRGEXFEY

19 vesnae Surne Padeat MO0 FDEL el

R 0 e WO S0z

e odesie PaEdFaeE MaFuse

TR L oot MRG0 FROXCERITY

Picess 0 w MOEOLISFE ETCAIENRET,

& Trgmay Sarex i Moz _EmFsdseTs

19 Touh 66 g PuderiA NOS 066 ERCLORIT

19 Jsduatd MRS _ERCF RSt

g ¢ NadeatA MR EDCARRITE

fladeatd oo Ese AN

paswtt NOmiaR SROAaRTE

Judesid MO arRes Iy ERET?
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STI\/I32CubeI\/IX Pinout conﬁguratlon =

File Pro,ectp uthow Hlp
* Pinout from: EwRU b NP § Heptmiominmeio e §~0+848

Pinout | Clock Configuration l Configuration | Power Consumption Calculator |

i - % LWIP

 Peripheral tree et

L @e

« Manually

H 4\ ADC1
& A\ ADC2
L. .
« Automatic signal 5o

e & CRC

remapping 0 oac

7 €3 DCMI

> >
TE
\Oo
-

i & DMA2D
JﬂETH

- Management of i =

& FMC

dependencies JZ,’SE:

between e

0o 1283

peripherals and/or > o s e

TP TT TR

i & RCC

middleware ) @l

- & RTC

(FatFS, LWIP, : n‘;r:\Mod |Master with Master Clock Out v

- [7] SAI_Bin Synchronous Slave Mode

FREERTOS, USB J‘_BSDIO

i % SPI1

etC) i o SPI2

i & SPI3

i & SPI4

- 4\ svs
m s o Tt

B M\ TIM2
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STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes
* Dimmed: o SN U STMSZHAZTVIA =iE

File Project Pinout Window Help

the mode is not available because| o wu &5 2 » & Fporntsossmsements o 05— @ + % & =

Pinout | Clock Configuration | Configuration I Power Consumption Calcdamr|

it requires another mode to be set ||——w g
(just put the mouse on top of the || .. L
dimmed mode to see why) %Am

7 4\ ADC2
&4\ ADC3
5 CANL
[ & CAN2
@ & CRC
i
i
f
E

i &) DAC
& € DCMI
i & DMA2D

Dimmed: | Leepa
The additional
periphery must
be selected

B
@ o 1201
€9 1202
@ o 1203
F o 1252
@ o 1283
i
E
B
;
E

STM32F427VITx
LQFP100

i & IWDG
i & RCC
i & RNG
i & RTC

~SALAMode [Master with Master Clodk Out v
[] SAI_B in Synchronous Slave Mode i EE 223131 3
&) SDI0 £ 38 §§§§§ :f
G % SPI1
- & SPI2
G % SPI3
[+ & SPI4
o
2

Lyys Ao
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STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes
* Green: ° STMBZCubeMX Untited's =i

. . . . FilesProjectPinout: Wincow -l
Periphery is assigned to pinout BEBU B3 TP & Frenommtsgummmnts ¢ G- 0+ & Q ]

Pinout | Clock Configuration | Configuration l Power Consumption Calulamr|

L E S LWIP -
L@ Us
moeu
=-1IPs

&\ ADC1
&4\ ADC2
@4\ ADC3
[ ® CANL
[ & CAN2
@ & CRC
i
i
f

i &) DAC
i 69 DCMI
i & DMA2D

7 % ETH
-Mode [ MII =

Green:
Periphery will
be functional

STM32F427VITx
LQFP100

E- & SATL
+SALA Mode [Master with Master Clock Out v
SAI_Bin Synchronous Slave Mode

-4\ SbI0
- ® SPI1
i & SPI2
[ % SPI3
i
6
£

i o SPI4
74\ 5vS

Ly i

Slelowgmented -~
4 -\ TIM2




STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes
° YeIIOW Loy v e VITx. —

File Project Pinout Window Help

Only some functionalities of oMU &0 7P & Drepommsouspementas o 0 =@+ % 4 2

. Pinout | Clock Configuration | Configuration | Power Consumption Calculator |
periphery can be used e :

L Ee
&\ ADC1
B4\ ADC2
@4\ ADC3
@ o CAN
@ o CAN2
e
o
B
o
E

i o CRC
i &) DAC
i 69 DCMI

i & DMA2D
_). o E‘TH

i & FMC
0o 1201

On ADC only
some channels
can be used

B
E

€9 1202
@ o 1203
F o 1252
@ o 1283
i
E
B
;
E

STM32F427VITx
LQFP100

i & IWDG
i & RCC
i & RNG
i & RTC

~SALAMode [Master with Master Clodk Out v
SAI_Bin Synchronous Slave Mode

-4\ SbI0
G % SPI1
[ & SPI2
G % SPI3
£
B
2

i o SPI4
74\ 5vS

Ly o

Slelowgmented -~
4 -\ TIM2




STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes
- Red: " STl et STUGZHZTT =5

File Project Pinout Window Help

Signals required for this mode BLRU 6T 7P & Cpommtspurmets o §—@+ 4 144

Pinout | Clock Configuration | Configuration I Power Consumption Calcdamr|

can’t be mapped on the pinout e :

(see tooltip to see conflicts) Ee

&-1Ps

&4\ ADC1
&4\ ADC2
&4\ ADC3
[ ® CANL
[ & CAN2
B ® CRC
&3 DAC

~ g s

Red: & Em
Periphery

cannot be used % s

in this pinout e

i & FMC
0o 1201
£ g 1202

STM32F427VITx
LQFP100

o o IWDG
Setu i & RCC
i & RNG
i & RTC

C- & SAIL

~SALAMode [Master with Master Clodk Out v
[] SAI_B in Synchronous Slave Mode 3 § ; 23333 A3
Bozz fEBgd g h

-4\ SbI0
[ ® SPI1
G- & SPI2
G % SPI3
[#- & SPI4
B
E

Lyys Ao

Slelowgmented A
4 -\ TIM2




STM32CubeMX: Pinout configuration

* Ensure “Keep Current Signal Placement” is unchecked (by
default)

4. Pin conflict

e 2. 12C1 pin between 12C1 and
'\ assignment LPTIM. I2C1_SCL
= — 34 moved to alternative
—___Selected _

3. LPTIM1 with

external trigger
“ 7 | selected

j i 5



STM32CubeMX: Pinout configuration

« Keep User Placement renamed to Keep Current Signal
Placement and is unchecked by default

. stmmumwn‘umxm

Fie Praect Pinput Window Help

B U & O Virewcureesousiaenent # & 0 = @ 4 Fed o o, AWV Saseid Y D
Prout | Dad Canfouraton)

Keep Current Signal Placement
checked now CubeMX cannot
move selected signals to
different alternate pin

Warrtform Gereraton

I2C1 cannot be moved
and LPTIM1 external
trigger cannot be used




STM32CubeMX: Pinout configuration

- Signals can be set/moved directly from the pinout view

» To see alternate pins for a signal Ctrl+Click on the signal, you can then
drag and drop the signal to the new pin (keep pressing the Ctrl key)

3. Move pin to new
position

2. Show alternative
positions

STMI2L053CHT x

vavava LOFPY




 Immediate
display of all
clock values

* Management of
all clock
constraints

* Highlight of
errors

7
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STM32CubeMX: Clock tree

File Project Wil p

&uQUQQ‘I‘\P-&‘-*\\w‘

Pinout| Clock Configuration | Configuration | Power Consumption Calculator |

System Clock Mux
HS:

&
SYSCLK (hdz) AHB Prescaler
16 0 ST

HOLK M Hz)

180 Mz mox

- e

—i8 ————————————»

R
APEL Prescaier
g™ 1) Th.2

APB2 Prescaler

> /1

Ethernet PTP clock (MHz)

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

To Cortex System timer (MHz)
FCLK Cortex clock (MHz}

APB1 peripheral clocks MHz)

APB1 Timer clocks {MHz)
APB2 peripheral clocks MHz)
APB2 timer clocks (MHz)

40MHz clocks {MHz)

SAI'A clocks (MHz)

SAI-B docks (MHz)




STM32CubeMX: Peripheral and
middleware configuration

* Global view of used
peripherals and
middleware

* Highlight of
configuration errors
+ Not configured
v OK
X Error

* Read only tree view on
the left with access to
IPs / Middleware
having no impact on
the pinout

7
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STM32CubeMX: Peripheral and
middleware configuration

S N s e e . ;
& SAIl Configuratio: s

[ Perameter Sefings | o/ NVIC Settings [ o/ GPIO Settings | /DA Settngs|

» Parameters with

Configure the below parameters :
management of
dependencies and 5 SAIA
1 Basic Parameters
constraints e =
Audio Mode Master Transmit
Frame Length {only Even Values) 24 bits
* Interrupts Data size 245is
Slot Size DataSize
Frame Parameters
° First Bit MSB First
G P I O Frame Synchro Active Level Length 1
Frame Synchro Definition Start Frame
Frame Synchro Polarity Active Low
° D M A Frame Synchro Offset First Bit

Slot Parameters
First Bit Offset 1]
Number of Slots 1
Slot Active Final Value 0x00000000
Slot Active Neither

Clock Parameters
Clock Source SAI PLL Clock
Master Clock Divider

7
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STM32CubeMX: Peripheral and
middleware conflguratlon o

lgmm o WIC Settngn | o GPIO Settngs | o OMA Sattrca

- Manage Interruptions a "
* priorities can only be set in the NVIC
global view

- Manage GPIO parameters

- Manage DMA

» Configure all the parameters of the
DMA request

* Runtime parameters (start address, ...)
are not managed

7
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- Manage all interruptions

* Manage priorities and sort

by priorities

 Search for a specific
interrupt in the list

Lys

Sde.owgmrented

NVIC Panel

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

- Sort by Premption Priority and Sub Prority

Search |

] @ [7] Show only enabled interrupts

Interrupt Table
Non Maskable Interrupt

Enabled Preemption Priority Sub Priority

=

Memory management fault

Pre-fetch fault, memory access fault

Undefined instruction or illegal state

Debug Monitor

System tick timer

Flash global interrupt

ADC1, ADC2 and ADC3 global interrupts

CAN1TX interrupts

CAN1RXO0 interrupts

CAN1RX1interrupt

CAN1 SCE interrupt

TIM2 global interrupt

USART1 global interrupt

UART4 global interrupt

CAN2 TX interrupts

CAN2 RX0 interrupts

CAN2 RX1interrupt

CAN2 SCE interrupt

DCMI global interrupt

OEEEEEEEEEEEEEEEEEEE

[ ] Enabled Preemption Priority =

Sub Priority [

4

Aoty ][ o

‘




DMA Panel

* Manage All DMA
requests including
Memory to Memory DMA Request Stream it

QO DMA ream U 0 0 0
DCMI DMA2 Stream 1 Peripheral To Memory

» Set Direction and
priority

+ Set specific parameters (k| [ode=_]

DMA Request Settings

Src Memory Dst Memory
Mode {Nonna! v ’ Increment Address

Use Fifo Threshold |Three QuartersFul v | Data Width Halfword v | | Halfword |

Burst Size {amaan... ,v} 8Increm... ,J

Lfepy [ ok [ concel |

Lys
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* Most of the GPIO
parameters are set
by default to the
correct value

You may want to
change the
maximum output
Speed

You can select
multiple pin at a time
to set the same
parameter

o Pin Configuration.

5 1dfe]

[apc3 | can [ canz| Dovi | Em [ Fmc [ uarT4 | usarTil

GPIO Panel

Search Signals

1 Search (Crtl+F)

|

[] Show only Modified Pins

»~
Pin Name

PAS

GPIO mode
PIO. MODE_AF PP
GPIO_MODE_AF_PP

GPIO Pull-up/Pull-d...

op D and P
No pull-up and no pu...

Maximum output sp...

Low

Modified

PA1D

GPIO_MODE_AF_PP

No pull-up and no pu...

Low

PB8

GPIO_MODE_AF_PP

No pull-up and no pu...

Low

PB9

GPIO_MODE_AF_PP

No pull-up and no pu...

Low

PD3

GPIO_MODE_AF_PP

No pull-up and no pu...

Low

PEO

GPIO_MODE_AF_PP

No pull-up and no pu...

Low

PE1

GPIO_MODE_AF_PP

No pull-up and no pu...

Low

PE4

GPIO_MODE_AF_PP

No pull-up and no pu...

Low

FEEEEEEEE

PAS Configuration :

GPIO mode

|GP10_MODE_AF_PP

GPIO Pull-up/Pull-down

Maximum output speed

[7] Group By IP

Lys
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STM32CubeMX: Code generation

. =] main.c |
* Generation of all the C BT s ,
. g . . o .y
initialization code . ...
25 finclude "stm3Zf4xx hal_h" H
28 finclude "cmsis_os.h"
. . . . 27 #include "lwip.h"
 Automatic integration with | 22 sinciude masn device ne
- 2%
partners toolchains M| 20/ Define structures +/
31 ADC HandleTypeDef hadel:;
33
* User code can be added in e o0 e 0/
1 1 1 35 % USER CODE END 0 */
dedicated sections and will be ||| &= L e e
- 28 static volid SystemClock Config{wvoid);
kept upon regeneratlon 259 static wolid StartThread(void const * argument) ;
40 static void MEX GPIO Init (void);
41 static void MX ADC]1 Init (void):;
. . . 4z static void MX NVIC Init(void):;
* Required library code is .
. . 44 int main (void)
automatically copied or s B
45 f* USEER CODE BEGIN 1 */
47
referenced in the project |
45 f* MCU Configuratiomn—————————————————————————————————————
(updater) 50 f* Beset of zall peripherzls, Initializes the Flash interfa
51 HAL Init(}:
52 % Configure the system clock */ -
< | m | v
r Ln:1 Col:1 Sel:0 Do\ Windows AMSI NS
’l ———

Sde.owgmrented



STM32CubeMX: Updater

» Help->Updater settings
» Choose location of STM32CubeFx firmware libraries repository
* Choose manual or automatic check

« Configure connection parameters

* Try to “Use System Proxy Parameters” first
« If it doesn’t work check with IT department
« Alternatively, manually check and download from ST website

 Help->Install new libraries : Manage the content of the library
repository
 Click on the check button to see what is available

» Select the library you want to install and click install now
» The libraries will be automatically downloaded and unzipped

Slvlowgmentad



STM32CubeMX: Project settings

* Project -> Settings
» Set project name and location

A full folder will be created named with the project name.

Inside this folder you'll find the saved configuration and all the generated code
Select toolchain (Keil, IAR, Atollic, SW4STM32)
You can choose to use the latest version of the firmware library or a specific one

|Froject ]| code Generator | Advanced settinga

Project Settingsa
Project Name

Project Location
Ci\Jsers\e-yan chin\Documents\Seminar\STM32L0 Nucleo Jakarta 2017\ I Browse ]

Toolchain Folder Location
;C:V..l--ru\b-vnn chin\Documents \Seminar \STM321L.0 Nucleo Jakarta 2017\

Toolchain / IDE
|EWARM - | Generate Under Root

Linker Settings
Minimum Heap Size |0x200 |
Minimum Stack Size |0x400

Meu and Firmware Package

Mcu Reference
|5TMI2M072ROTX

Firmware Package Name and Version

r |§TM32CuUbe FW_FO V1.9.0

|V Use Default Firmware Location
Sde.owgmrented

|2 nwr e -yart chin/STMI2C Ube Reponitory /STMI2Cube FW_FO_V1.9.0 | Hresye



STM32CubeMX: Code Generator settings

« Code generator options

« Either copy the full library or only the
necessary files or just reference the

 Project Settings I

| Project || Code Generator | Advanced Settings

STM32Cube Firmware Library Package

fl IeS frO m th e CO m m O ﬂ I'e pOS|tO I'y (@ Copy all used libraries into the project folder
() Copy only the necessary library files
® G e n e rate a.I I pe rl p h e ra.IS I n Itl al IZatI O n () Add necessary library files as reference in the toolchain project configuration file
in the stm32fYxx_hal_msp.c file or o
0 n e fl Ie p er p e rl p h e ral [7] Generate peripheral initizlization as a pair of ".c/.h’ files per peripheral
. . [ Backup previously generated files when re-generating
« Keep user code or overwrite it (code (eep User Code when e generatng
betwee n U Ser Cod e CO m m e nt Delete previously generated files when not re-generated
SectlonS) HAL Settings

[7] set all free pins as analog (to optimize the power consumption])

» Delete or keep files that are not T
useful anymore

Template Settings

 Set free pins as analog, this settings S s
helps keep low consumption (if
SWD/JTAG is not selected in
pinout, this option will disable it)

« Enable full assert in project, this help
discover incorrect HAL function Lo Lcna )
f —r parameter used in user code
> /4

Slvlowgmentad



Code Generator options :

STM32Cube Firmware Library package

| Project | Code Generator || Adyanced Settings |

STM32Cube Firmware Library Package
@ Copy all used libraries into the praject folder
() Copy only the necessary library files

() Add necessary library files as reference in the toolchain project configuration file

« Copy all used libraries into the project folder

A0 kel e w30 Sl ymartcard.c

3o hal adcc A3 _hal_smantiand_et

il hal_sdc_enc wmiitan_hal smbure
320w hal_compe 1R300 hal_spic
_ 30w kel _cotecs | mIDo el tim .«

_ seend20n Ml _crec | Sra32Ce_hal_tim_exc
st _het_cre_exc _ emido_hal_tyc.c
- - (a3 had_cryp e | 320 Nl uart <

P rOJ e Ct D rlve r st 20ux_hol_cryp_ex.c I hal_uert_exc

CubeMX repository

erd2i0u ksl dec.c Am3N0n Ml usart.c

F O I d e r st d 2o hed_dac_exc )20y _hal_wwig c
o320 bl drmac

a2 hol_thashc

i i0xx had flash ecc

st 20 bl _flach_amfunc.c

st 2Whx_hed_gpio

e e

Copy all driver files [ In project are used only peripheral files selected in CubeMX
from CubeMX it e

. IRt L
r e p 0 S I to ry __ sedl0n_hal_msp_templates
mm-:: yi

Stored in
project_folder/Drivers/STM32XXXX_HAL_Driver folder

Lys
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Code Generator options :

STM32Cube Firmware Library package
O jesetngs =

| Project| Code Generator | Advanced Settings |

STM32Cube Firmware Library Package

(") Copy all used libraries into the project folder

i@ Copy only the necessary library files

(") Add necessary library files as reference in the toolchain preject configuration file

« Copy only the necessary library files

|| stm3210:ec_hal.c
|| stm32llhoc_hal_cortex.c

Project Driver | stm3210sx_hal_dma.c

Folder || stm32I0s0c_hal_flash.c
|| stm32llhac_hal_flash_ex.c

CubeMX repository i

|| stm3210:ec_hal_flash_ramfunc.c
|| stm32I0:ec_hal_gpic.c

Copy only files for L stm3200c hal i2c.c
peripherals selected I__I;tm3i:gﬂ-:a:-'EC-ﬂ-c
H |_| Mo_Nal_pwr.c
in CubeMX /‘\wsc
Stored in
"I project_folder/Drivers/STM32XXXX_HAL_Driver folder

Sde.owgmrented



Code Generator options :

STM32Cube Firmware Library package

| Froject | Code Generator | Advanced Settings|

STM32Cube Firmware Library Package
(") Copy all used libraries into the project folder

() Copy only the necessary library files

@ Add necessary library files as reference in the toolchain project configuration fils

- Add necessary library files as reference in the toolchain project
configuration file

Project Driver e
Folder (Jlsre]

CubeMX repository

[ No Driver folder in project file

CubeMX not copy anything from
repository.
Project use drivers from
CubeMX repository y




Code Generator options:
Generate peripheral initialization as a pair pm
of “.c/.h’ files per IP

Generated files

Generate peripheral initialization as a pair of .c/.h' files per IP

Backup previously generated files when re-generating
Keep User Code when re-generating

Delete previously generated files when not re-generated

By default this option is not used. All peripheral initialization code are
generated in main.c

Main.c

MX_GPIO_Init

MX_SPI_Init

MX_USART _Init {

Initialization done directly in
main.c file

MX_ XXX _Init

£
g
z



Code Generator optios:
Generate peripheral initialization as a pair
of ".c/.h’ files per IP

Generated files

Generate peripheral initialization as a pair of '.c/.h' files per IP

Backup previously generated files when re-generating
Keep User Code when re-generating
Delete previously generated files when not re-generated

» Generate dedicated initialization .c and .h file for each periphery

- Advantage is that with .h file we can call MX_XXX init functions from
every file in project not only from main.c

Initialization in separated .c
and .h files called from main

usart.c

Sde.owgmrented



Backup previously generated files when
re-generating

Generated files

Generate peripheral initialization as a pair of ".c/.h' files per IF

Backup previously generated files when re-generating

Keep User Code when re-generating

Delete previously generated files when not re-generated

- Backup old files from Src and Inc folder into Backup folder

Project folder Project folder
Src Folder Regeneratlng Src Folder

Backup Folder —\ Backup Folder

Src files Src files

Inc Folder Inc Folder

Backup Folder N Backup Folder

Inc files N Inc files

Old files are backuped




Keep User Code when re-generating

* Generated code contains USER CODE areas

» This areas are reserved in new code generation, if this option is selected

/* USER CODE BEGIN PFP */

/* USER CODE END PFP */
/* USER CODE BEGIN @ */

<

Here can user put his code,
code will be preserved during
project generation

/* USER CODE END @ */
int main(void)

{
/* USER CODE BEGIN 1 */

/* USER CODE END 1 */
/* MCU Configuration-------ff------mmmmmmmmo e */
/* Reset of all peripheralsf /Initializes the Flash interface and the Systick. */
HAL_Init();

/* Configure the system ¢
SystemClock_Config();
/* Initialize all configufed peripherals */
/* USER CODE BEGIN 2 *

k */

/* USER CODE END 2 */
/* USER CODE BEGIN 3 *
/* Infinite loop */
while (1)

Generated files

|| Generate peripheral initislization as @ pair of '.c/.h' files per IP

{ [] Badkup previously generated files when re-generating
} kKeep User Code when re-generating
/* USER CODE END 3 */ Delete previously generated files when not re-generated




Keep User Code when re-generating

* Generated code contains USER CODE areas

* This areas are reserved in new code generation, if this option is
selected

* Areas present in files generated by CubeMX
* Main.c
» Stm32I0xx_it.c
« Stm32I0xx_hal_msp.c

 Areas cover important areas used for:
Includes

/* USER CODE BEGIN PFP */

Variables
/* USER CODE END PFP */

Function prototypes | /* USER CODE BEGIN @ */
Functions /* USER CODE END @ */

Slvlowgmentad



Code Generator options:
Delete previously generated files when
re-generating

Generated files
Generate peripheral initialization as a pair of '.c/.h' files per IP
Backup previously generated files when re-generating
Keep User Code when re-generating

Delete previously generated files when not re-generated

CubeMX

Project Regenerating Project

gpio.c gpio.c

usart.c usart.c

spi.c

configuration it is deleted by Delete spi.c

[ Spi.c not used in new
CubeMX




Set all free pins as analog

* This settings optimize power consumption of unused pins

HAL Settings
Set all free pins as analog (to optimize the power consumption)

CubeMX

Generating

Enable Full Assert

Not used pins(grays)
will be in project
configured as analog

Project

MX_GPIO_Init

Initialization of unused
pins is in MX_GPIO_Init

STM32F429Z|Tx
LQFP144

oo |
feass |
fpraz |
feas |
fexio |
e |
[z |
=2
=
e |
fres |
oo |
=
e |
s |
=N
=N
frois |
froi |
oo |
=5
frou |
=n
oo
fros |
fpos |
o |
[P |
i |
e |

* If the JTAG/SWD is not selected in CubeMX, MX_GPIO _Init reconfigure

JTAG/SWD pins to analog and this disable debug possibilities
Kys
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Enable Full Assert

HAL Settings

Set all free pins as analog (to optimize the power consumption)
Enable Full Assert

* Feature very useful during debugging

* Function input parameters are checked if they are in correct range, if not
application jJump into assert_failed function in main.c

. ] . N
- vsa con o 2 e

HAL GPIO TogglePin(GPIOA, (0x1<<17)); gum AT g

/* USER CODE END 2 */ P y

: : )
If parameter is not in valid

: : : . . : : range program jump into
?{101d assert _failed(uint8 t* file, uint32_t line) assert_failed function )
/* USER CODE BEGIN 6 */

/* User can add his own implementation to report the file name and line number,

ex: printf("Wrong parameters value: file %s on line %d\r\n", file, line) */
/* USER CODE END 6 */

}
o £ 4

Sleiowgmented




Advanced options

e Project Sethngs
et Code Garat e st | .
s — » API Driver Selector
=3 e « Hardware Abstract Layer —use a high

||ReT

abstraction level based on standalone

processes
* Low Layer — deeply knowledge Hardware
and process flow

: S » - Generated function Call
* The option to generate Initialization
function Call of each periphery or not.
WIER[~ ™
— ot |

7
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Warning and disclaimer

 Universal design for the entire STM32 family range at times prevents
the tool from focusing on specific features of a particular product.

* The STM32CubeMX GUI tool is not a replacement for the
reference manual or datasheet
» Always refer to written documentation for further information!

» Important features are often available on the product or in the HAL but not in the
GUIL.

» The GUI helps start a project and initialize a working starting
configuration — but the configuration can be dynamically changed at
runtime (i.e. GPIO, NVIC priority or clock settings).



STM32CubeMX: Power consumption

* Power step
definitions

- Battery selection

 Creation of
consumption graph

* Display of

* Average
consumption

* Average DMIPS
+ Battery lifetime

Lys
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General PCC
configuration

panel

calculator

inSenes 2~ nPadd 1
Cxody  ASNOmh

SfDsdarge 0.3 %ot
Nomina fokiage 20V
¥ax Cont Q.. 7500.0mA

¢ ROex
[Paciiguaton | Pover Consumption Canisir
Steg S — — rSequenc —Tmﬂ’ﬂt—l
EEN W | e am | o G|
Step Megs Vw Range/Sce Memory CuBsfreg  CockConfig Perpheras Sizo Current Durzfion
1 RN <t Rangitih  ALAH R HSIPL ADCfs_ LIS M. 7.35mA |nors
Sequence
: ~_configuration
‘Euulsn =
Consumption Profile by Step
2751|
é [N
550 Result
£ overview
25 P SLEEP
g |
038
i} 1000 2,000 300 100 300 £,000 700 3,000 8,000 10,000

Time (ms)

;—[dc by Stzp ==LAverage Cm-;rl

Sequence Time /TaMar 18.4s/1038°C

Baflery Life Esimabion  Syears, 2 months, 17 days. 8 hours

Aseeae Consumpbon 36358 pA
Ayerapz DUPS 0.35 DS




General PCC parameters

STM3I2F070RBTx

—
)

Series STM32F0
Line STMI2F0x0 V...
Datashest 027114 Rev2

MCU selection inherited from STM32CubeMX

» Use the direct link to the datasheet to get more detailed
information.

Ta 25°C f Vpp 3-6V

)

Parameter selection Alkaline(D LR20) (2x1)

%)

« Temperature and voltage choice may be limited, depending

on the selected MCU. | Change || Reset |
- Battery selection — select typical or define your own In Series| 2/~ In Paralel | 115
Capadity 20500.0 mAh

» Battery is defined by capacity, voltage, self discharge and

.. . Self Discharge 0.3 %%/month
current limitations.

Mominal Voltage 3.0V
Max Cont Curr...7500.0 m&

Information notes
» Purpose is to warn about estimation limitations.

Information Notes

7
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Bui

« A sequence is a set of ordered steps.

Load existing
sequences and
adapt them.

Create new steps
by adding or
duplicating
existingones.

Lys
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Compare
sequences, even

with different
MCUs.

INg a sequence

Check automatically if
proposed power step
transitions are valid.

Sequence Transitions chech
Load l l Save l ’ Delete ] l Compare l ’r Enabled
Sequence Table \
Step Mode vdd RangefScale  Memory  Clock Config  Src Freg CPU/Bus... Periphe Add. Cur... Step Cur... Duration DMIPS Voltage ...
1 RLM 3.6 Rangel-High |FLASH HSEBYP PLL 16.0MHz  |32.0 MHz 0 maA 9.6 mA 0.5 ms 33.0 Battery
2 LOWPOWER_RUN |3.6 MoRange FLASH MSI AHEDIV1 [131.0kHz |131.0kHz \ 0 mA 48 pA 1ms 0.13509375 |[Battery
3 STOP 3.6 MNoR.ange nja LSIRTC 37.0kHz 0 Hz \ A 1.4pA 3 ms 0.0 Battery
4 WU_FROM_STOP  |3.6 MoRange nfa M5I 65.0 kHz 65.0 kHz mA 1.45 mA 210.0ps 0.0 Batter
5 RUM 3.6 Rangel-High |FLASH HSEEYP 8.0 MHz 3.0 MHz _\" Awy b 14wart romem
Flenaty by P curtent sogence (seleciad MCU STAOXS1CATY
| CRECH YINSoon Letwten 2op S (RN, Fange - Hgn) asd sep 2 ILOWPOWER_FUN Nofarge )
Flosshie e sdapts] RUN [Rarget Hgh Rangel lecum, Rangsd Low|
Somsiie nevt stepis] LOAPOWER_RUN JeoRangs]
.................... Trarator stywed |
(Aect armemon between sap 2 (LOWFOWER_MUN Nofange | snd waep 3 (STOF, NaMenge)
Pontse nexd shepts) AU (Fange ! Hgh Rusgel Medum, Range)-Lon)
Poasdee ool slepisl LOWFOWER_ Rt poRange|
Fosshie ned steplsl HEEP [Ranget Hgh Fange? Madun Sange’ Lowl
Possiie nevt st8pia] LOAPOWER SLEER |[Nafange]
Step Display Posadie road shepis) STOP [MaRange!
.................... Trarager shraee |
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Hands-on Demo : GPIO and
EXTI with STM32CubeMX

‘.i.".ucv!!‘éi!'ed



GPIO and EXTI Hands-on Demo

 Part 1. Configure a GPIO in External Interrupt mode.

M:<
Edge
—_ k EXTI j

Pushbutton
event
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GPIO EXTI

» This hands-on describes how to use the GPIO HAL APls.
The User pushbutton, configured as input with interrupt, will be used to change
the states of the LEDs.

* For this hands-on, the STM32CubeMX will be used to generate the initialization
codes for the GPIOs and System clock. This process will speed up the
development as the initialization codes are generated by the STM32CubeMX tool.
The user then will only need to add the user codes as per application.
Recommended especially for first time users of the STM32.

- Create an new project

* Target MCU: STM32F072RBT6
« Save this project in folder below with project name: Lab-GPIO_EXTI

* C:\..\STM32FO0 Discovery Exercises\Lab-GPIO_EXTI
* In the Project->Settings, same as before, make sure that the following are set:

* Project

» Toolchain/IDE: MDK-ARM V5

» Firmware Package Name and Version: STM32Cube FW_FO0 V1.9.0 (or download the STM32CubeFO0 latest version)
» Code Generator

» Copy only the necessary library files (to reduce the size of the project folder)

"I - Keep User Code when re-generating

Sleiowgmented

» Delete previously generated files when not re-generated
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Screenshots
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Lab-GPIO_EXTI: STM32CubeMX Config

* Objective:
» Configure the GPIOS for LEDs

» Configure the GPIO for the User pushbutton as input with interrupt(EXTI).

* Use the STM32CubeMX to configure the GPIOs accordingly:

* Pinout Tab

 GPIOs
» PAO (User pushbutton) — GPIO EXTIO
* PC9 (LD_R - Green) — GPIO output

» Sys (System)
« Enable Serial Wire Debug (SWD)

Although the SWD debug pins are active after reset, it is a good practice to make sure the debug
pins are reserved for debug purposes while assigning pins for your application. This avoids
assigning it for other alternate function by mistake while still in firmware development stage

7
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Step 3. Type

“pa0” in Screenshots mm

Find column

File Project Pinout Window Help

BehUE 68 V © RE20 -

[T Keep Current Signals Placement « ,§| - @ +|F'nd§pa0| v |[7] Show User Label | (o C{ = | £ Q| A 2P $
| Pinout |dod<Cmﬁgwab’on I Configuration | Power Consumption PAD
onfiguration -

MiddleWares E

[+ % FATFS

[+}- & FREERTOS

- US

Peripherals

[+ % ADC

[+ & CAN =

[+ & COMP1

[+ & COMP2

- % CRC
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GPIO_Output
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fep 4. click on PAO REAERRRARRRARARREE

& select

Ly “GPIO_EXTO”
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Screenshots mm

' STM32CubeMX Untitled*: STM32F072RBTx o=

File Project Pinout Window Help

R @ AOex

[] Keep Current Signals Placement < g| - @ 4+ | Find| - | Show User Label | =, L = | B a| AL 79§
Finout | Clock Configuration | Configuration I Power Consumption CaJmJatorl
- % CRC - in,
-- & HDMI_CEC
&% 1c1
-- W oI2C2
[+ @ 1251
--ﬁ' 1252 Step 7. Select 5YS_SWDIO
&® “Debug Serial Wire”
& % IWDG
-- W RCC =
-6 RTC PA13 & PA14 will be _
" ¥ s used for SWD SR GPIO_Output
-- W SPI2
= A Ay -
- A vesA S
vDDA '
- [ System Wake-Up 2 aPIo_EXTI0 [0
- [7] System Wake-Up 4 :;
- [7] System Wake-Up 5
S setps FEEERRRERRERRERAR
- [7] System Wake-Up 7
- Timebase Source | SysTick - -
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Lab-GPIO_EXTI: STM32CubeMX Config mm

* Clock Configuration Tab

» System Clock using HSI (8MHz) as clock source:
* HSI as SYSCLK clock source
* SYSCLK = HCLK(AHB) = 8MHz
« APB1(PCLK1) = 8MHz
« APB2(PCLK2) = 8MHz
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Step 8. Click on
“Clock Configuration”

Screenshots

Window Help

Qa2 c00iTP: G

“ RE0x
Pinout| Clock Configuration | Configuration | Power Consumption Calculator |
RTC Clock Mux 12C1 Clock Mux =
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Ei\gx_f'e:(.eno,f . . | 8 To I2C1 (MHz)
‘ 32.768 Ll LsE } Sy S ‘ ToRTC Clock selection is —
LSI RC 13 ”»
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1 /1 4] g gl —s I
Input frequency PLL ‘ { 48 | To USB (MHz) s | To USART1 (MHz)
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Lab GPIO _EXTI: STM32CubeMX Config cont.

« STM32CubeMX configuration cont.:

» Configuration Tab

« GPIO
* PC9 (Output Push Pull mode, no pull-up/down, Fast output speed, User Label: LD_R (green) )

* PAO (External Interrupt mode with the correct edge detection, no pull-up/down, User Label: B1
User) . Refer to schematics for the correct edge trigger.

* PA13 (Set as SWD pins. No further action. User Label: SWDIO)
* PA14 (Set as SWD pins. No further action. User Label: SWCLK)

* Enable External Line 4 to Line 15 interrupt with Software priority (Preemption Priortiy) set to 1.

« System tick timer - Care must be taken when using HAL_Delay(), this function provides accurate
delay (in milliseconds) based on variable incremented in SysTick ISR. This implies that if
HAL_Delay() is called from a peripheral ISR process, then the SysTick interrupt must have higher
priority (numerically lower) than the peripheral interrupt. Otherwise the caller ISR process will be
blocked.

* RCC - no further changes needed for this particular discovery board and exercise

Lys
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Screenshots
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Lab GPIO_EXTI: STM32CubeMX Project Setting

 Code Generator tab

« STM32Cube Firmware Library Package
+ Select “Copy only the necessary library files”

* Generated files

» Select “ Keep User Code when re-generating” & “Delete previously generated files when not re-
generated”

» Project tab

* Project name
» Enter the project name and the subdirectory

+ Toolchain/IDE
+ Select “MDK-ARM V5” for Keil V5 compiler

Lys
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File |Project| Window

Step 16. Click
“Project” and
elect “Settin

”»

Screenshots

/é“’m"“ © Project Settings

Lys
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i @ Generate C Ctrl+Shift+G = @ (7
Q Generate Rfffort Ctrl+R
Pind o Settings .. Alt+P wer C
of T

! [ user-defined
B % FREERTOS

[ Enabled

=-Peripherals

Debug Serial Wire: Set

Timebase Source:SysTick

One Pulse Mode
= & WWDG
[[] Activated

[F=5 (TR =)
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the necessary library files”

- Code Generator | Advanced Settings

STM32Cube Firmware Library Package

(") Copy all used libraries into the project folder

I@u Copy only the necessary library fileg

(") Add necessary library files as reference in the toolchain project configuration file

|

Step 18. Select “Keep User
Code when re-generating”

Generated files
|| Generate peripheral initialization as a pair of '.c/.h' files per peripheral

[ "] Backup previously generated files when re-generating

Keep User Code when re-generating

Delete previously generated files when not re-generated

HAL Settings
[T set all free pins as analog (to optimize the power consumption)
[”] Enable Full Assert

Template Settings

Select a template to generate customized code

Step 19.
Click “OK”

ok |

Cancel




Screenshots

[l

Step 20. Key in
project name and
subdirector

 Project Settings

Code Generator W

Project Settings

Project

Project Mame
Lab-GPIO_EXTI

Project Location

C:\UsersYe-yan chin\Documents\Seminar\STM32F0 Discoveryy

Toolchain Felder Location
C:\Jsersle-yan chin\Documents\Seminar\STM32F0 Discovery \Lab-GPIO_EXTIY

Toolchain / IDE
MDK-ARM V5

Generate Under Root

tep 21. Selec
MDK-ARM V5

Toolchain for Keil

compiler

Linker Settings
Minimum Heap Size Ox 200

Minimum Stack Size 0x400

Mcu and Firmware Package

Mcu Reference
STM32F072RETx

Firmware Package Name and Version
STM32Cube FW_FO V1.9.0

Step 22.
Click “OK”

Use Default Firmware Location
C:fUsersfle-yan chin/STM32Cube/Repository /STM32Cube_FW _F0_V1.9.0

m [ ok | [ concel
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Lab GPIO_EXTI: STM32CubeMX Project Setting

- Save the project once all configuration are done.

» To complete, perform the following:

» Generate Report (optional)
« This will create a .pdf, .txt, and .jpg file
» Generate Code

» This will generate a project based on the Toolchain/IDE selected and all the necessary
user and library files.

* Open the KEIL MDK-ARM 5 Project (Lab-GPIO_EXTI.uvprojx)

* When the Code Generation is done, just click “Open Project”. Or you can manually
open from the specified folder.

* \.\STM32FO0 Discovery Exercises\Lab-GPIO_EXTI\MDK-ARM

* Now you are ready to write some codes.

Lys
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Lab GPIO_EXTI: Firmware Modification

* In KEIL environment, open main.c file.

« Study the generated GPIO configuration. Verify if the configurations done by
the STM32CubeMX tool are correct.
 In Main.c file -> MX_GPIO_Init ()

* In the STM32CubeMX Pinout configuration, you have only configured PAO(User
PB), PC9(LD_R), PA13(SWDIO) and PA14(SWCLK). How come there are
configurations for the other pins? What are these configurations for?

* main.c

« The STM32CubeMX tool only generates the initialization code, further modifications
of the user files (e.g. main.c, stm32F0xx_hal _msp.c, stm32|0xx_it.c) are needed to
complete the implementation.

 In the main.c file, you will find sections for user code. Copy the highlighted codes
below to the corresponding USER CODE sections in the main.c file.

« It is important the codes are copied within the USER CODE sections. This will allow
you to regenerate another initialization code using STM32CubeMX tool without
deleting the user codes.

Lys
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Lab GPIO EXTI: Firmware modification

cont.

* For USER CODE BEGIN 0/USER CODE END 0O

/* USER CODE BEGIN 0 */
uint8 t MODE_SELECTION;
/* USER CODE END 0 */

* For USER CODE BEGIN 3/ USER CODE END3

[* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

if(MODE_SELECTION==0){
/* Toggle LEDs - Use the HAL functions from stm32I0xx_hal_gpio.c file */
HAL_GPIO_TogglePin(GPIOC, GPIO_PIN_9); //LD_R (green)—-PC9
HAL_Delay(100); //100ms

}

else if(MODE_SELECTION==1){
/* Turn OFF the LEDs */
[* - Use the HAL functions from stm32fOxx_hal_gpio.c file */
/* Hint: Highlight + right click on the function and use “Go to definition...” */
HAL_GPIO_WritePin(GPIOC, GPIO_PIN_9, GPIO_PIN_RESET); //Turn off LD_R(green)
HAL_Delay(100); //100ms

IS72R
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Lab GPIO EXTI : Firmware modification

cont.

» Cont. For USER CODE BEGIN 3/ USER CODE END3

else if(MODE_SELECTION==2){
/* Turn ON the LED */
[* - Use the HAL functions from stm32f0xx_hal_gpio.c file */
[* Hint: Highlight + right click on the function and use “Go to definition...” */
HAL_GPIO_WritePin(GPIOC, GPIO_PIN_9, GPIO_PIN_SET); /ILD_R (green) — PC9

/* Delay - Use the HAL delay function from stm32I0xx_hal.c file */
HAL_Delay(1000); /l1secs

}

}
/* USER CODE END 3 */

Lys
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Lab GPIO EXTI : Firmware modification

cont, ™=

* For USER CODE BEGIN 4/ USER CODE END 4

[* USER CODE BEGIN 4 */
/**
* @brief EXTI line detection callback. The function will be call by EXTIO_IRQHandler in “stm32f0xx_it.c” .
* @param GPIO_Pin: Specifies the pins connected EXTI line
* @retval None
*/
void HAL_GPIO_EXTI_Callback(uint16_t GPIO_Pin)
{
if(GPIO_Pin == GPIO_PIN_O0)
{
MODE_SELECTION++;
if(MODE_SELECTION > 2) MODE_SELECTION=0;
/* Debounce - wait until the button is released . Read the GPIO to get the state. Refer to the schematics. */
[* - Use the HAL functions from stm32I0xx_hal_gpio.c file */
/* Hint: Highlight + right click on the function and use “Go to definition...” */
while(HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_0) != GPIO_PIN_RESET); //Blue pushbutton — PAO

}

}
"l /* USER CODE END 4 */
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Lab GPIO_EXTI: Verification

* Build, then Download and Debug
* Run the code

* Expected behavior:

* When User button is pressed an interrupt is triggered and will call the EXTI IRQ handler
in stm32I0xx_it.c file. The IRQ handler will then call the HAL_GPIO_EXTI_Callback()

function in main.c file where the global variable (MODE_SELECTION) will be
incremented.

« MODE_SELECTION == 0 (Default), Green LED will toggle
« MODE_SELECTION == 1, Green LED will turn off.
« MODE_SELECTION == 2, Green LED will turn on.

grented



Lab GPIO_EXTI: Dlscussmn (Interrupts) mm

* Flow of interrupt

e Pushbutton event occurs 0
« EXTI detects valid edge L / 1 \
« EXTI generates interrupt request o 4 s
« Ifthe interrupt channel is enabled, the NVIC will acknowledge the interrupt '“'m"T—‘O @ CORTEX-Mo+
request and checks the priority B
*  When priority is higher, NVIC fetches EXTI Line interrupt vector. -
(Otherwise the interrupt will be set as pending until its priority becomes the
highest compared to other pending interrupts)
+ Core executes EXTI IRQ Handler. Note that the handler will eventually call |
a callback function where the user will have to add and write the
corresponding service routine. ° 0
In main.c
Main() In stm3flOxx_it.c
{ }/0|d EXTIO_1 IRQHandler(void) Pushbutton event
HAL GPIO_EXTI_IRQHandler(GPIO_PIN_0);
while(1)
¢ )
Interrupt In stm32f0xx_hal_gpio.c
trigger > .7 void HAL_GPIO_EXTI_IRQHandler(uint16_t GPIO_Pin)
{
/* EXTI line interrupt detected */
} if(__HAL_GPIO_EXTI_GET_IT(GPIO_Pin) I= RESET)
{
In main.c J v _ HAL_GPIO_EXTI_CLEAR_IT(GPIO_Pin);
HAL GPIO_EXTI Callback(GPIO_Pin);
HAL GPIO_EXTI Callback(uintl6_t GPIO_Pin) }
{ }

-+ User Code to manage the

interrupt
ST
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This flow of xxx_IRQhandler calls and xxx_Callback
calls is similarly implemented for the other peripherals
when interrupt request is enabled.




Demo 1: Running Sample code on
the STM32F072 Discovery Board
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Hands-on sample code: RTC Alarm

* Objective:

Understand where to look for example codes in STM32Cube

Run “RTC_Alarm” example code on STM32F072 Discovery board which trigger
turning onTED LD5 when the clock reaches the alarm setting

+ Description:

LED LD5 is connected to PC9 and and RTC is set to 00:20:00 at initial
Alarm will be generated after 30 seconds on 02:20:30 and turns on LED LD5

* Procedure:

Lys
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Use window explorer to locate \STM32Cube\Repository subdirectory
+ eg> c:\users\le-yan chin\STM32Cube\Repository

Check for the package FO firmware
« eg>STM32Cube FW_F0 V1.8.0

Copy the whole directory content to other place to retain the original firmware
package

Go to respective \Project subdirectory you copied and click into \STM32F072-
Discovery subdirectory

° eg>
C:\Users\.\STM32Cube_FW_FO0_V1.8.0\Projects\STM32F072B-Discovery

Select “RTC_Alarm” for Keil toolchain in \..\Examples\RTC\RTC_Alarm\MDK-
ARM subdirectory

o eg>
C:\Users\..\Projects\STM32F072B-Discovery\Examples\RTC\RTC_Alarm\MDK-ARM

4 ||, 5TM32Cube FW_F)_V1.8.0
. _htmresc
. Documentation
= 1) Drivers
= 1) Middlewares
4 | Projects
. STM32F030RE-Mucleo
. STM32F031KE-MNucleo
L STM32F042KB-MNucleo
. STM32F070RE-Mucleo
L STM32F072B-Discovery
1. Applications

kA v ¥ OV W

= . Demonstrations

4 . BExamples

W ADC

B COMP

[ 1) Cortex

i CRC

i DAC

\ DMA

W FLASH

. GPIO

prle

L TWDG

. PWR

i RCC

i ETC

4 | RTC_Alarm
 EWARM

. Inc

[

T A A T

[ 9 K kT K ki

—> For IAR

. mpk-amm  —> For Keil

. Src

| swastmzz —>  FOr AC6-
. TruesTuDio ——>  For Atollic



Hands-on sample code: RTC Alarm
(cont'1)

* Procedure:

* Click to run the “Project.uvprojx” for Keil toolchain platform

v|"’|l Search M

J! « Projects » STM32F072B-Discovery » Examples > RTC » RTCAlarm » MDK-ARM »
—— ——)"

Organize = k3 Open ~ Share with « New folder

7
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~

2 Favorites Name Date modified Type Size
Bl Desktop L. RTE 18-Mar-169:31 AM  File folder
@ Downloads . STM32F072B-Discovery 18-Mar-1610:02 A...  File folder
2| Recent Places || Project.uvguix.le-yan chin 18-Mar-16 10:38 A...  File 137 KB
D Project.uvoptx 18-Mar-16 10:38 A... UVOPTX File 16 KB
. Libraries l & Project.uvprojx 18-Mar-1610:02 A... pVision5 Project 20 KB
Documents 7] startup_stm32f072xb.lst 18-Mar-16 9:58 AM  LST File 33KB
@ Music || startup_stm32f072xb.s 16-Feb-16 1017 AM  SFile 12KB
|| Pictures



Hands-on sample code: RTC Alarm
(cont’2) ==

* Procedure:
* In Keil IDE, click the “Rebuild” (

) icon to rebuild all the target files in the project

kA CiUsers\le-yan chin\Documents\Training\STM32F0 RTOS seminar 6May 2016\5TM32Cube_FW_F0_V1.5.0\Projects\STM32F072B-Discovery\Fxamples\RTC\RTC_Alarm\MDK-

File  Edi ew Project Flash Debug Peripherals Tools 3SVCS  Window  Help
| & o 2 o | [ 0L L] EE JE M| @ ashowTime Ha#|lale o & &
|| 0| ¥%| s™32r072B-Discovery [+] 4K | b B @ 0 @
Project e i A ] startup_stm32f072xb.s | ] main.c
=% Proj Rebuild all target files 65 /% DTivate FTUNCTLIONS —mm—— e o e e #/
El-4% STM32F072B-Discovery 13
3 Example/MDK-ARM 67 L1/=* .
. 68 * @Bbrief Main program
[d Drivers/CMSIS &g + @param None
[ Drivers/STM32F0_ - 70 *+ @retval None
d Doc 71 *f
5 | Example/User 72 dint main(void)
. 73 R
J Drivers/BSP/STM32F 74% /* STM32F0xx HAL library initialization:
’ CMSI5 15 - Configure the Flash prefetch
TE — Systick timer is configured by default as source of time base, but user
77 can eventually implement his proper time base source (a general purpose
T8 timer for example or other time source), keeping in mind that Time base
T4 duration should be kept Ims since PPP TIMECOUT VALUE=s are defined and
80 handled in milliseconds basis.
81 — Low Lewel Initialization
82 | ®/
83 HAL Init():
oA -




Hands-on sample code: RTC Alarm
(cont’3)

* Procedure:
« When build finish without error, click the “Start/Stop Debug” ( |@]| ) icon to go into

debug mode

Isers\le-yan chin\Documents\Training'\STM32F0 RTOS seminar 6May 2016\5TM32Cube_FW_FO_V1.5.00\Projects\STM32F072E-Dis mples\RTCVRTC_Alarm\MDK-ARM\Pr

Edit View Project Flash Debug Peripherals Tools 5VCS Window Help

SH@| L@ o | | P 0 M| == E /G| @ ashowTime Hae@l e o & &)

e 0| §8| smszrorzBDiscovery [+] AX | b B @ 2 @ @) Stari/Stop Debug Session (Cul+F5)

o @ Ij startup_stm32f072xb s |_°] main.c Enter or leave a debug session

Project: Project &% f* Private functionpg ---------------- - - - - - - -+ i i ;i i i  F  ————————————— #*

s STM32F072B-Discovery 66

£3 Example/MDK-ARM 67 [1/%= .

. a3 # @brief Main program

-0 Drivers/CMSIS == + @param None

[ Drivers/STM32F0we - 70 = Eretval None

£3 Doc 71 =/

| Example/User T2 int main(void)

. T3 IR
' Drivers/BSP/STM32F ?4% /* STM32F0xx HAL library initialization:
‘ CMSI5 TS - Configure the Flash prefetch

Te — Systick timer is configured by default as =source of time base, but user
TT can eventually implement his proper time base source (a general purpose
T8 timer for example or other time source), keeping in mind that Time base
79 duration should be kept lms since PPP_TIMECQUT VALUEs are defined and
80 handled in milliseconds basis.
81 — Low Level Initialization
82 - #*
83 HRL Init()}:
84




Hands-on sample code: RTC Alarm

* Procedure:
* In Debug mode use the “Find” command to locate “aShowTime” variable

7

Slvlowgmentad

(cont’4)

File view Project Flash
|_‘] Undo

| O4m
- RET
Regist oo Cut

Reqis -
=

Y

Redo

Copy
Paste

Mavigate Backwards

Mavigate Forwards

.
"

..l in)

Insert/Remove Bookmark
Go to Mext Bookmark
Go to Previous Bookmark

"\5. Clear All Bookmarks

|5} Find...
Replace...
Find in Files...

Incremental Find

- Cutlining
I
B 8

= li' <, Configuration...

Advanced

Debug Peripherals Tools SVCS  Window Help
c-z fpm oo M| == e | B EEE K
Cirl+Y i )
[ pVision | 2
Chrl+X = |
-— lace ©in Find in Files
Ctrl+C Rep I
cdsv ||| Findwhat:  [aShowTime =] 5]
Ctrl=- Look in: ICurrerrt Document ;I
Ctrl+5Shift=- -
Ctrl+F2 i_r‘
F2
) Find options
Shift+F2
L .
Cirl=Shift=F2 |, [T Match case [” Regular expression
L [T Match whole word [~ Searchup
Ctri+F ||
sHea Find Next | Bookmark Al Help
Ctrl=Shift<F [~
L
G+l |+ sTM32FOxx HAL library initial
N — Configure the Flash prefe
— Systick timer i=s configu:
r can eventually implement
timer for example or othe
duration should be kept 1




Hands-on sample code: RTC Alarm
(cont’5) =

* Procedure:

» Move the cursor pointer to the variable “aShowTime”, right click the mouse and
select {Add “aShowTime” } to “Watch 1”

- L
Insert/Remove Breakpoint Fa
rtup_stm32f072xb.s | ] main.c o =
Enable/Disable Breakpoint Ctrl=F9
— CutPut
- CutPutPolarity j Go To Definition Of ‘aShowTime' |
s - CutPutType 1 —
EtcHandle. Init. HourFol Go To Reference To ‘aShowTime'
RtcHandls g ch] —— - (‘—
RtcHandle - Cnp| ashowTime’ to... I watch1 | -

3 -
thHandle.In]_.t.DutPut. Insert Tracepoint at "aShowTime'... 4 L J =
REtcHandle.Init.COutPut]

RtcHandle.Init.CutPut] Enable/Disable Tracepoint Memory 1 ;l
if (HAL RTC Init (&Rtcl 'P- Insert/Remave Bookmark Ctrl=F2 Memory 2
= - 7 Undo Ctrl=Z Memory 3
f* Imitialization E] Y Redo Chrl=¥ Memory 4
Error Handler(); )
} # Cut Ctrl=X Logic Analyzer
B 53 Copy Ctrl=C =T :
f*§%-2—- Configure Rla] Search up
/* Configure RTC Zlar D Paste Bt
RIC BlarmConfigl(): Select All Ctri+A
- 1 Mexd Bookmark Al Help
/* Infinite loop */ Execution Profiling L4
while (1)
= Cutlining [
"I f*%%-3- Di 1 ced MR R R R R R R R EREEES
) ) RTC Time
Slvlowgmentad } —




Hands-on sample code: RTC Alarm
(cont’c) ™=

* Procedure:
» Expand the variable “aShowTime” in the Watch 1 to see detail value

||ﬁ ashowTime E§ﬁ|| 3 @ﬁ|| “
e - - -

o Watcg

- e Value

o]l o e ) =% aShowTime | 05200000...

'y &3timestructureget, RTC FOEMAT BIN):

e ®f ] v [0] 000

00 x @ [1] 0:00

% v [2] 000

- X ¥ 31 000

:put Di=able - v [4] (=00

th Polarity ¥ [5] 000

in Drain "f,."r Q [ﬂ] 00

= RTC HOURFORMAT 24;

iv = RTC ASYNCH PREDIV; v m 0:00

;= RTC_SYNCH PREDIV; v 18] 000

= RTC_OUTPUT DISAELE; @ 9] 0:400

rity = RTC_OUTPUT PCLARITY HIGH; @ [10] 000
= RTC OUTPUT TYPE OPENDRAIN;

_ _ _ ¥ [11] 02400

le) !'= HAL OK) H ¥ [12] 000

v [13] 000

*/ v [14] 000

¥ [15] 000

¥ [18] 000



Hands-on sample code: RTC Alarm

cont’7

* Procedure: File Edit Project Flash Debug Peripherals Tools  SVCS
. e i |V | status Bar o T
« Click on “View” menu and check N& e e BB
i Toolbars L4 =
= s
“ . . . ” | RST J == = i
the “Periodic Window Update Lol o -~
Registers E Project Window
Regster | €3 Books Window RTC TimeShc
Bl {} Fundions Window |'5DE ol =
_ HAL RTC GetTi
(I, Templates Window /% Get the RI
@ Source Browser Window L5EQ 2200 ML
] Build Qutput Window
L]
3 Error List Window i"p—ﬂﬂmmb's Ll
T3 Find In Files Window - CutPut
- OmtPutl
lEI Command Window I - CutPuat]
= @ oi b Wind RtcHandle. Ind
et S RtcHandle.Ini
(@ Symbaols Window RtcHandle. Ini
] % Registers Window RtcHandle. In]
. i RtcHandle.Ini
@ Call Stack Window nteHandle . In
Watch Windows L
Memory Windows ] = if ( _RIC_:
- Serial Windows a1 /% Initiali
el System i Wi Error Handl
= |_rrtemE|| Analysis Windows * , _
- Mo Trace 318
"""" Stac System Viewer L F*%%-2- Confi
%+ Toolbox Window /* Configure
‘ ’l ETC_ARlarmConi
e C—"=| v | Periodic Window Update I




Hands-on sample code: RTC Alarm
(cont’8) ™2

* Procedure:
 Click the “Run” ( ) icon to run the project, observe the eShowTime variable
change in Watch 1 window

aag'le-yan chin\Documents\Training\STM32F0 RTOS seminar 6May 2016\5TM32Cub Watch 1
View Project Flash Debug Peripherals Tools SVCS  Window Help Mame Value Type

C:\

NAd @] 4 sB| 9| | RRBR|EEE 5% sshouTime I rines..
------ unsigned...
™ = [
| .'L I®| ' {} {} +{}| v |na.&l- = - . - @ 1] 032 2 unsigned...
Registers a E Disassembly il [+ [2] O30 s unsigned...
Register | Value 730 e v 3 0:32'2 unsigned...
;:: i STHEEFG? HAL llzl;hrg‘iy ...... @ [4] 030 '0" unsigned...
(x0800156 : - Gonligure the Elas | :
Te: - Systick timer is ¢ @ [3] 0:3A unsigned...
77: can eventuallwv imz | v [5] 030 0 unsigned...
(08001201 || —— [ vrsigned..
(08001660 slartup_stm}?fﬂmh.yy ] main.c ] ------ v (8] 000 unsigned...
Egggg?gg; &5 f* Private functions --———- | | {7 ¢ o 000 unsigned...
M;FFFFFF g€ e ¥ [10] 0x00 unsigned...
RS (eFFFFFFFF ST/ e v 1] 000 unsigned...
- ; ;
OKFFFFFFFF o8 éprief Main program | o @12 00 unsigned...
a3 * @param None
R10 (=FFFFFFFF 70 *+ @retval Neme | ¥ [13] 0] unsigned...
Sl SKERRERRER e = S I @14 |00 unsigned...
R12 IxFFFFFFFF ; . ;
R13 (SP) 20000470 72 int main(veid) i il ¥ [15] 000 unsigned...
H'la‘ll:i:l:{::l (020001 E!.EI 73 |{ ------ ¥ [16] 000 unsigned
e - - T4 f# STHM32FO=x=x HALL library 9
R15 (PC) (e 0B00156C A T T @ M1 A0 B ——
’I - - (61000000 75 - Configure the Fla:
TE - Systick timer i= ¢
te.owgmented | [+ Banked o T




Hands-on sample code: RTC Alarm
(cont’9)

* Procedure:

« a) Try to modify the code only to turn on the LED LD5 when eShowTime is
02:20:20

* Hint : look for “salarmstructure.AlarmTime.Seconds”

* b) Try to change the start up time from 12:00:00
* Hint : look for “stimestructure”



Demo 2: Running the Demonstration
project on the STM32F072 Discovery
Board

Sde.owgmrented



Hands-on sample code: Demostrations

* Objective:
» Understand where to look for example codes in STM32Cube

* Run “Demostrations” examBIe code of STM32F072 on Discovery board to test the
touchsense button, USB HID interface and Gyro sensor.

+ Description:

« LED LD5 is connected to PC9 and 4 touchsense buttons are connected to
TS G1 103,TS_G1 104, TS G2 I03,TS G2 104,TS G3 102, TS G3 103

* Using User button to select different application options in the project such as
Sliding position, HID, Gyro movement.

* Procedure:
» Use window explorer to locate \STM32Cube\Repository subdirectory
* eg> c:\users\le-yan chin\STM32Cube\Repository

» Check for the package FO firmware
« eg>STM32Cube_FW_FO0 V1.8.0

» Copy the whole directory content to other place to retain the original firmware
package

» Go to respective \Project subdirectory you copied and click into \STM32F072-
Discovery subdirectory
. eg>
C:\Users\..\STM32Cube_FW_FO0_V1.8.0\Projects\STM32F072B-Discovery

Select “Demonstrations” subdirectory in \STM32F072-Discovery subdirectory
3 eg>

C:\Users\..\STM32Cube_FW_F0_V1.8.0\Projects\STM32F072B-
Discovery\Demonstrations

Lys
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F

o STM32Cube FW_FO_V1.E.0

_htmresc

. Documentation

[= ) Drivers

[+ 1) Middlewares

4 || Projects

I
B
b (K
>
F

. 3TM32F030RE-Mucleo
STMI2R031KE-Mucleo
STMI2F042K6-Mucleo
STM3ZFOT0RB-Mucleo
S5TM32F072B-Discovery

[ J. Applications

4 | Demonstrations

[
[
[

[
[

Binary
EVWARM

Inc
MDEK-ARM
Src
SWASTM32
True5TUDIO

. Examples

| Templates

| Templates_LL

TR ATIEATIAAN R



Hands-on sample code: Demostrations
(cont’1) =

* Procedure:

» Select project file “Project.uvprojx” to run on Keil toolchain

eg> C:\Users\.\STM32Cube_FW_FO0 V1.8.0\Projects\STM32F072B-
Discovery\Demonstrations\MDK-ARM\project.uvprojx

%v| L. v Computer » OSDisk (C:) » Users » le-yan chin » 5TM32Cube » Repository » S5TM32Cube FW_FD V180 » Projects » STM32F072B-Discovery » C

Organize - Open - Share with « Mew folder

; Middlewares
J Projects

L 5TM32Cube FW_FO_V1.8.0 - Mame Date modified Type Size

. _htmresc

- E} ot || Project.uvoptx 15-May-17 10:09 ...  UVOPTX File 27 KB
. Documentation =

- - || Project.uvprojx 15-May-17 10:09 ...  pVision5 Project 27 KB
| Drivers

- | 7] startup_strm32f072xb.s 15-May-1710:09 ...  5File 12 KB

i

i

; STM32F030RE-Mucleo
, STM32F031KE-Mucleo
, STM32F042K5-Mucleo
, STM32FOTORE-Mucleo
) STM32F072B-Discovery
.. Applications

T G

. Demonstrations
\. Binary

1. EWARM
L Inc

1. MDK-ARM

o7
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Hands-on sample code: Demostrations
(cont’2)

* Procedure:
In Keil IDE, click the “Rebuild” (

) icon to rebuild all the target files in the

prOJect.
A C\Use n chin\Documents\Training'STM32F0 RTOS seminar 6May 2018\5TM32Cube FW_F0_V1.5.0\Projects\STM32F072B-Discov
File Project Flash Debug Peripherals Tools SVCS  Window Help
ﬁﬁ @ s B9 o @ | ® B R EEJE G| @ ashowTime EREY
£ (E e | ¥8| smezrorzeDiscovery ] X | b B & 2 @
roject 7T Rebuila o=l ] startup_stm32f072xb.s | ] main.c
E'qg Projq Rebuild all target files 68 static void T5L Test (void):
lal STM32F072B-Discovery_[ &9
70 s=tatic woid ProcessSensors (void) ;
71
72 s=tatic void SystemClock Config(void);
73 s=tatic volid Error Handler (void);
T4
75 Jf#% Priwvate functiomns ---———————————————
T8
77 _I.-"rra-r
78 # @brief Main program
739 * @Eparam None
&80 * [Eretval HNone
81 ®
82 int main(wvoid)
83 [H4{
84
r 85 f* B5TM32F0xx HAL library initialization:
’I g6 - Configure the Flash prefetch
le.ougrented 87 - Systick timer i= configured by default as =source




Hands-on sample code: Demostraions
(cont’3) =

* Procedure:
« When build finish without error, click the “Start/Stop Debug” ( |@]| ) icon to go into

debug mode
3ining\STM32F0 RTOS seminar 8May 2016\5TM32Cube_FW_FO_V1.5.00\Projects\STM32F072B-Dis monstrations\MDEK-ARM\Project.uvpr
Debug Peripherals Tools SVCS  Window  Help
e | R E O E | O [ashowime Hae@e o)A
0728-Discovery x| 4N | dby = @ 2 @ @) Start/Stop Debug Session (Ctrl=F5)
. = Enter or leave a debug session
] startup_stm32f072xb.s ] mainc | ] main.c
75 [f#* Priwvate functions ———————————————— - =/
T8
77 _I,-":-:':-:'
T8 #* @brief Main program
79 * @Bparam None
80 * @retval None
81 * f
82 int main(wvolid)
83 i
84
85 f#% STHM32FO0xx HAL library initialization:
86 - Configure the Flash prefetch
87 — Systick timer iz configured by default as source of time base, but user
88 can eventually implement hisz proper time base source (a general purpose

Lys
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Hands-on sample code: Demostrations
(cont’'4)

* Procedure:
 Click the “Run” ( ) icon to run the project.

E Chlsersle-yan chin'\Documents\Training5TM32F0 RTOS seminar 6May 20160\5TM32Cube FW_FO_V1.5.0\Projects\STM32F072E-Discoven\De

= Cldm o | WO T M| IEEJE M| B eshownime ] 2 @ |[@)
amllel‘*} (UEUR ¢|ﬂa-! -l - D@ -
Reglsters .l Run (F5) Disassembly
Register Start cmlje execution 83: {
= g84:
03004745 85: % BTM32F0=x HAL library initialization:
[thDDDDII:FD g36: - Configure the Flash prefetch
_______ RZ 00000000 . D g87: — Svatick timer i=s conficured bv defauwlt as source of -
02004738
(x080049E4 startup_stm321072x0.5 ] min.lﬁ
Eg Eggggﬁggl ;: f/* Private functions --————————————————
R7 (FFFFFFFF 77 5/ **
R& (FFFFFFFF . .
78 * @Bbrief Main program
k) (FFFFFFFF 75 « @param None
R10 (FFFFFFFF a0 + @retval None
R11 (FFFFFFFF a1 * ]
R12 (FFFFFFFF 82 int main(void)
R13 (5P) Cc20000FFD a3 | (
R14 (LR) (02000345 24
[Ny 15 FO) nggg‘;é‘;ﬁ 85 /* STM32FOxx HAL library initialization:
"I Bl Banked 86 - Configure the Flash prefetch
e.ougmented E_.I_____F_EE__ 87 — By=stick timer i=s configured by default as source of




Hands-on sample code: Demostrations
(cont’s) ™=

* Procedure:
* Press User button B1 1sttime

Change the Discovery board level position to see the LEDs on change.

* eg LED LD4 turns on shows the board level swing to left, opposite swing direction will turn
on LED LD5; similarly LED LD3 turns on shows board level swing to front and opposite
direction will turn on LED LD6

Press User button B1 2" time, LED LD3 and LD6 turns on
Connect a mini-USB cable at the USB User socket
The movement of the Discovery board will take control of the PC mouse pointer

Press User button B1 3™ time, all LED turns off

Slide the touchsense buttons and observe the LEDs on/off changes; indicating the
position of the finger sliding
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