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Agenda

 Installation of STM32CubeMX

* CubeMX features

HAL overview

CubeMX and HAL basics

« CubeMX configuration and project generation
 First HAL project generated by CubeMX
» Project structure

Interrupts in CubeMX and HAL

DMA in CubeMX and HAL
« Communication peripheries in CubeMX and HAL

@ther peripherals ADC, TIM, ...
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A CubeMX install

¢ CubeMX tool

* http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF2592427s searchtype=
partnumber

* The CubeMX tool need java

» Please check if you have last java on your pc, for sure 32bit and 64bit version

» Optionally you can download the Cube packages for STM32 device if you
don’t want to download them throe CubeMX

- STM32Cubel 0

- STM32Cubel 1

« STM32CubeF0

- STM32CubeF1

 STM32CubeF2

« STM32CubeF3

« STM32CubeF4
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http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1533/PF259242?s_searchtype=partnumber
http://www.st.com/web/en/catalog/tools/PF260508
http://www.st.com/web/en/catalog/tools/PF260821
http://www.st.com/web/en/catalog/tools/PF260612
http://www.st.com/web/catalog/tools/FM147/CL1794/SC961/SS1743/LN1897/PF260820?s_searchtype=partnumber
http://www.st.com/web/en/catalog/tools/PF260266
http://www.st.com/web/en/catalog/tools/PF260613

A

 Install the CubeMX

* Run CubeMX

CubeMX install

=arey

File Project jow

+ Window Help
EHeous &8 9P

New Project
Load Project

Help

For project
generation we also
need configure

repository
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The CubeMX is

used for
4\ configuration

N
Then CubeMX is

CubeMX

repository

able to generate
project

Project



A CubeMX install mm

* In case you download the package from web we need to find the place where
they need to be stored |

File Project Window IHeIpl

FAE & 41'{ Help F1
 MENU>Help>Updater Settings... & About Atsa [
il Checkfor Updates Alt+C

Install Wew Libraries Alt+L

* You will see where is the repository folder 7 Updater Settings ... Alt+S
» Defaultis C:/User/Acc_name/STM32Cube/Repository/ C i et |

* In case that you have in your repository path diacritics, the CubeMX may not work
properly, please change you repository path (ex: C:/Repository)

* You need to download STM32 packages into this folder

CubeMX
* Or CubeMX automatically download them into this folder repository
F'.Ire:::ry' T::dsler i /
|C:;'User5f— w/STM32Cube Repository |
crowse | Specifying path to

repository

Lys
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A CubeMX install

* The comparison of the CubeMX repository settings and structure in this folder

Firmware Repository ¢ \Users'ymsinl sesn 'S TM32Cube\Repository\".*
Repository Folder T Name
CifUsers fmmes opm/STM3I2Cube Repository/ l% {5%’“32(1!1& B ED V0 3 G

| Browse | [J[STM32Cube_FW_F0_V1.0.0]

[ JISTM32Cube_FW_F0_V1.1.0]
[ JISTM32Cube_FW_F2 V1.0.0]
[ JISTM32Cube_FW_F2 V1.1.0]
[ JISTM32Cube_FW_F3_V0.4.0]

* In case you want to download this files [STM32Cube_FW _F3_VD.5.0]
. . [JI5TM32Cube FW_F3 V1.0.0]
automatically use in CubeMX 3 [STMZ2Cube_FW_F3 V1.1.0]

- MENU>Help>Install New Libraries J[STHI2Cube P F4 V0801

[ JISTM32Cube_FW_F4_V1.0.0]

. i i i [J[STM32Cube_FW_F4_V1.1.0]
Select libraries which you want ST AW R4 V1 2.0]

« Force download with button Install Now (J[STM32Cube FW_F4 V1.3.0]
I:l [STM32Cube FW_1LD V0.5.0]

[J[STM32Cube_FW_10_V1.0.0]
S [J[STM32Cube_FW_LO_V1.1.0]
File Project Window [Help| CJISTM32Cube_FW_L1_V1.0.0]

A | & ?  Help F1 g [STM32Cube_FW_L4_V0.0.2]
i About Alt+A
ﬁh Check for Updates  Alt+C

E_E_ Install New Libraries Alt+U
}‘.‘r Updater Settings ...

Example how the
repository structure
looks like

‘W CubeMX can download for you the
uie-cugmented repository packages automatically




A CubeMX install mm

* The comparison of the CubeMX repository settings and structure in this folder

* In case you want to install files manually use in CubeMX
« MENU>Help>Install New Libraries - IEr—

All Softwares and Firmwares Releases
Releases Information was last checked 2 days ago.

File Project Window |Help|
Description Installed Version Available Version
; (17 Hel F1
Lo W& . P STM32CubeMX Releases r
i About Alt+4
[[] Software to configure and manage STM32 MCUs 4.8.0-A9 4.11.0 L
ﬁ Check for Updates  Alt+C P T T
@ In Sta ” N EW LI bra ri =] A|t+ U . Firmware Package for Family STM32F7 1.0.0RC3 1.0.0RC3
}': U F‘d ater Settin gs .. Alt+5 [C] Firmware Package for Family STM32F7 (Size : 443 ME) 1.0.0RC2
[Inst ] ]
[T] Firmware Package for Family STM32F7 (Size : 100 MB) 1.0.0RC1
[T] Firmware Package for Family STM32F7 (Size : 91.5 MB) 0.4.0
H 113 ”
° CI ICk F ro m LoCal .- b Utto n [C] Firmware Package for Family STM32F7 (Size : 118 MB) 0.3.0
1 H ckage for Famil 167, 2
» Select the file from the USB stick package ] G R R e )
[T] Firmware Package for Family STM32F7 (Size : 73.1MB) 0.1.0

\HAL\STM32Cu bG_FW_F?_V1 .0.0.zi p STM32CubeF4 Releases

[T] Firmware Package for Family STM32F4 (Size : 65 MB) 1.8.0RC1 i

Technical Description

Check Install Now

Lys
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A CubeMX install mm

* For the code generation the CubeMX use the package from the Repository
folder

* The CubeMX can generate the code for some GUI
. Keil
* IAR
» Atollic
» System Workbench(Free)

* For the debugging is necessary to have the ST-Link drivers
« STSW-LINKOQ3 driver for Win XP/Vista/7
« STSW-LINKOOQOG driver for Win 8

 For driver installation you will need the Admin rights on your PC

Lys
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http://www.st.com/web/en/catalog/tools/PF258167
http://www.st.com/web/en/catalog/tools/PF259459




STM32Cube: STM32CubeMX

Step by step:

« MCU selector
 Pinout configuration
* Clock tree initialization

* Peripherals and

. New Project
middleware parameters i

Load Project

« Code generation Help

* Power consumption
calculator

Lys
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USB_OTG_FS_DP

aec_osc i [Ea) USB_OT6_FS_OM
RCC_0sc_out USART1_RX
USART1_Tx
! SOI0_D1
s et o [BR) spo_po

XZLuvsn

Y

nout Wizard

Clock Tree wizard

HSI RC

STM32CubeMX

System Clock Mux

Hg

16 MHz

et

PLL Source Mux

Ml |
.
Input frequency - {16 " X1z v

4-26MHz

Lys
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Main PLL

|

f2
fP

L
fQ

FLLCLE

-,
"

SYSCLK {MHz}
16 L

= Basic Parameters

Word Length & Bits (induding Parity)
Stop Bits 1

= Advanced Parameters
Data Direction Receive and Transmit

Qwer Sampling 16 Samples

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

Peripherals & Middleware
Wizard

Power Consumption
Wizard

- Seguence Chart

— 30
<
£ "hauu
5 20
" 15
£ 10
5 z:s\_iEP
S 5

o]

000 025 050 075 100 125 150 175 Z.00

Time (ms)
— Sequence — Average Current |




STM32CubeMX

p=g g i g u v L7 g B ] B 17y e sy ey
fl‘:flf]!:(?ﬁ"rr‘l', l"l,']“['[ B \‘l—f\“‘r‘ -
S o A B ey R T T T T T
" AT gy Ny oy iy Sy Sy Sy Sy Sy "
Sy Ny SNy | - — \":.“ ‘._‘.\._,'.

Generates Initialization C Code
based on user choices !
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STM32CubeMX: MCU Selector

Easy Optional filtering:

MCU Filter
Series : Lines :[5TM32F4£I439 v] Package :[AH
. Peripheral Selection MCLUs List: 24 Ttems
¢ Se rl eS Peripherals MNb MCU Lines Package
ADC 12-bit 0 STM32F429BGTx  [STM32F429/439 LQFP208
STM32F429BITx  |STM32F429/439 LQFP208
. CAN STM32F4291GHx  |[STM32F429/439 UFBGA1TE
° I_I ne STM32F420IHx  |STM32F420/439 UFBGA176
] STM32F4291GTx  |[STM32F429/439 LQFP175
DAC 12-hit 0 STM32F4290ITx  |STM32F429/439 LQFP175
DCMI F STM32F429NGHx  |STM32F429/439 TFBGA216
° P aCka g e Ethernet El STM32F425MIHx  |5TM32F429/439 TFBGAZ16
FMC ] STM32F4292GTx  |STM32F429/439 LQFP 144
] STM32F4292ITx  |STM32F429/439 LOFP 144
12C 3 STM32F4292GYx  |[STM32F429/439 WLCSP143
. 125 0 STM32F4292IYx  |STM32F429/439 WLCSP143

Peripherals

Lys
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STM32F439BGTx

STM32F429/433

LQFP208

STM32F439BITx

STM32F429/439

LQFP208

LTDC

STM32F4391GHx

STM32F429/439

UFBGA17G

STM32F4351IHx

STM32F429/439

UFBEGA 176

RTC

STM32F439IGTX

STM32F429/439

LQFP178

SAI

STM3I2ZF4351ITx

STM32F429/433

LQFP 178

SDI0

STM3I2F439MGHxX

STM32F429/439

TFEGAZ1G

SPI

Timer 16-hit

Timer 32-bit

STM32F439MNIHx
STM32F4392GTx
STM32F43921Tx

STM32F429/439
STM32F429/439
STM32F429/433

TFEGAZ16
LQFP144
LQFP144

STM32F4392GYx

STM32F429/439

WLCSP 143

LART

STM32F 4391 x

STM32F429/439

WLCSP 143

LISART

LIS I IO 0 I 0 IC 0 IO I 0SS 20 0 IO IO )

USE OTG_FS
* JUSE OTG_HS

] R e 1 I e R

<|




STM32CubeMX: Pinout configuration

File Project Pincut Window Help

* Pinout from: BoWW BT WP $ [eepcurentSgalsplacement 0 ¢ J =@ + % 4 4

Pinout | Clock Configuration | Configuration | Power Consumption Calculator

* Peripheral tree

* Manually

&4}, ADC1
&) ADC2
&) ADC3

* Automatic signal g

. -- % CRC
remapping ﬁﬁgﬁzfu
-- % DMA2D sy
E} % ETH Sall =0 A [G=

- Management of P = 2
dependencies o
between }
}:_ﬁ SDIO

m

- 1202
peripherals and/or

middleware o

(FatFS, LWI P, . ) i ﬁsmsm_: Mode |Master with Master Clock Out | o

-5 1263 g
; |
[] SAI_B in Synchronous Slave Mode
i fh, SYS

Lys

lifs.augmented




STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes

e Dimmed: ©  STM32CubeMX Untitled*: STM32F427VIT

File Project Pinout Window Help

the mode is not available because | & wu &0 29 & Drearntsmareennts « J=@ + = | 4
it requires another mode to be set || Scmiastn [cnfarein [roe Crspoten e
(just put the mouse on top of the

dimmed mode to see why)

Ee

#- 4 ADC1
3\ ADC2
51\ ADC3
7 & CANL
H- & CAN2
H- & CRC
-6 DAC
-9 DCMI
H- & DMA2D

m

Dimmed:
The additional
periphery must
be selected

[ % FMC
[ % 1201
€9 12C2
B & 12C3
[ % 1252
B & 1253
B
B
B
B
E

STM32F42TVITx
LQFPT00

i & TWDG
i & RCC
i & RNG
i & RTC

-SAL_A Mode [Master with Master Clock Out |

G-/} SDIO
[ & SPI1
[ & SPI2
& SPI3
[ & SPI4
B SYs

- & TIML
G-t TTIM2

Lys
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STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes

File Project Pinout Window Help

Periphery is assigned to pinout | & Gu 45 »» ¢ Ceocmmsodkmommy c T-@ 4+ | o
Pinout | Clock Configuration | Configuration | Power Consumption Caleulator
@0 LwIP =

7 & DMA2D
% ETH

_ ‘.- Mode [M11 =

i & FMC

i 6 1201

-9 12C2

76 1203

i & 1252

i & 1263

i & IWDG

7 & RCC

7

7

=}

m

Green:
Periphery will
be functional

STM32F42TVITx
LQFPT00

. % RNG
- % RTC

£ ® SAI1

-SAL_A Mode [Master nith Master Clock Out =
- [] 5AI1_B in Synchronous Slave Mode

(-4 SDIO
G- & SPI1
G- @& SPI2
G- & SPI3
£
£
E
:

H- & SPI4
-\ SYS

B 5 TIM1
g TTM2

Lys
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STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes

File Project Pinout Window Help

Only some functionalities of BoWU &0 2P § Drepomentsousteennts ¢ §—@+ % 4 %
penphery can be use d P:Inou.t|clodu:onﬁguranon|::onﬁgwanon|PowerConamnonCalqjamr

| - ® LWIP -

m

i % FMC
H- & 12C1
-9 12C2
i 6 I12C3
He o 1252
i & 1263
H- & IWDG
i & RCC
i
i
3}

On ADC only
some channels
can be used

STM32F42TVITx
LQFPT00

- ® RTC

-SAL_A Mode [Master with Master Clock Out |
- [] SAI_B in Synchronous Slave Mode

G-/} SDIO
G- & SPI1
[H- & SPI2
- & SPI3
[
[t
[
:

H- & SPI4
-\ SYS

B 5 TIM1
g TTM2

Lys
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STM32CubeMX: Pinout configuration

* Different possible states for a peripheral modes

File Project Pinout Window Help

Signals required for this mode BoWU 8T 7P & CemCmatsposromnto o J— @+ 4 4 &
Pinout | Clock Configuration | Configuration | Power Consumption Caleulator

can’t be mapped on the pinout g 7
(see tooltip to see conflicts) e

#- 4 ADC1

3\ ADC2

51\ ADC3

i & CAN1

e & CAN2

i @ CRC

-6 DAC

s} €9 DCMI

i & DMA2ZD

- % ETH

‘.- Mode [M11 =)
& @& FMC
- & 1201
€9 12C2
[ & 1203
[t @& 1252
[ & 1253
[
[
[
[
k

A
ﬁﬁ\\ﬁﬁﬁﬁﬁﬁﬁ

m

Red:
Periphery
cannot be used
in this pinout
setu

STM32F42TVITx
LQFPT00

i o IWDG
i % RCC

i & RNG

i % RTC

o & SAI1
-SAL_A Mode [Master with Master Clock Out |
- [] 5AI1_B in Synchronous Slave Mode

(-4 SDIO
G- & SPI1
G- @& SPI2
G- & SPI3
£
£
E
:

i

H- & SPI4
-\ SYS

B 5 TIM1
g TTM2

Lys
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STM32CubeMX: Pinout configuration

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

4. Pin conflict

$8 omms bet 12C1 and
g 2.12C1 pin etween an
ianm SWD. 12C1 SD
39 oact __assignment : _SDA
" % DAC2 T —— .
Sl L moved to alternative
B 6 1201 oo
= 2 position
[ & COMP4
) [ & COMP6
Xselected oo e .
o o V8 3 i & DACL ) e
DbgDsabI [+ & DAC2 Q Qg
- [7] System Wake-Up 1 (@) HRTTR 1 B allvaflerfleal 2B e fl o [ ] e | e 22 51 2 RN
i [C] System Wake-Up 2 ; :
L.I9C IZC —
B 6 TIM1 J
B & TIM2 L1 VBl svs_ITMS-SWDIO
- & TWDG i F
B¢ TIM3 = ALz
[ © OPAMP2 - PALL
- & TIM6 Palo
- & RCC
B & TIM7 L pA3
[ & RTC pAs
- & TIM15 .08 s
B & TIM16 | ca
B & SYS 3 =
- & TIM17 T i ! =
i i-Debug |Serial Wire - g 334RETx =
el e —— i L 4 " | OFPE. P
3 SWD | System Wake-Up 1 - L PR
. .. [ System Wake-Up 2 PE14
TIM1 FE13
selected =
/ -- T2 0 TEI=ETTETETET=T==T=l=l= ==
woems b EAEEEEE R A
- % TIMG
- o TIM7 L
‘ , I E- 6 TIMIS
- & TIM16
lifa.augmented - & TIM17




STM32CubeMX: Pinout configuration

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

B d &, @ Q || Keep Current Signals Plaoementi}:- e 00 =@ <4 Fnd - |®, 4 =, [¥] Show user Label : (7| i

Wﬁnﬁguraﬁoﬂ | Power Consumption Calmlator|
-

Keep Current Signal
Placement checked
now CubeMX cannot

LW 12C1 SCL
LNEN 12C1_SDA

move selected signals | L
to different alternate B
pin
--?‘r‘ RTC
[ © SPI1
E}_ﬁ '

o |
pan_|
[paz |

I2C1 cannot be moved
and SWD/JTAG cannot
o v 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)

2. Show alternative (Move pin to new
positions position




* Immediate
display of all
clock values

« Management of
all clock
constraints

* Highlight of
errors

Lys
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STM32CubeMX: Clock tree

REBU GG Wpidiaas

Pinout | Clock Configuration | Configuration | Pawer Consumption Calculator

=
RTC Clock Mux
e
- e
L -
m i E To RTC (KHz
L L3 Ethernet PTP clock (MHz)
L ac J, P
e romen o e ———
32KH:
i Eystem Clock Mux 48 ———® 3  ToCortex System timer (MH3
..
= S|
16 e % 1§  FCIK Cortex clock (MHz)
1688Hz SYSCLK (MHz) AHB Prescaler HOLK M Hz) APE] Prescaler
16 o Lo 5 s 16 APEL peripheral clads MHz)
180 MHz max
PLL Source Mux X1l B 16 APELTimer cocks [MHz)
- e P82 Prescaier
Ol css L /1 16 APB2 peripheral clods MHz)
=116
“ t 4—-/ i 16 APE2 timer clocks (MHz)
- 48MHz clocks (MHz)
125 source Mux
\"\
e |
|
I - 128 clocks (MHz)
= o
-
SANL-A source Mux
PULSAK PLUXAK a
I R 7 B, =l
=] - . b w1335 SAAclocks (M)
MLCC roe Mux
dl PLLSAILK -
g o
[ Sall-E 1l Aur
e - - ¥
- k]
-—
d -  EEE— SAL-B clocks (MHz)
MO0 1source Mux
- X3 v g4y PUSMAE L, s )
[ pa w 9 ‘ -
- - - - : L
-— Ll PULCDAK = i P
£ LCD-TFT clocks (MHz)
e PLLSAL 2 |
J
-
JEE L ) D




STM32CubeMX: Peripheral and
middleware configuration

* Global view of used
peripherals and e
middleware ERUTIE ST O —

* Highlight of
configuration errors i =

+ Not configured e T T N I

+ OK = ] | e | @)

x Error oo

* Read only tree view on ﬁ"‘e“ -
the left with access to || ..
IPs / Middleware ome
having no impacton  ||".- = v

STM32F 4 STM32F427/437 [STM32F 4271GHx

.
h n ISTM32F4 32F427/437 427TIHx UFBGAT;
e p I O u STM32F4 STM32F427/437 STM32F4271GTX LQFP1;

Lys
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» Parameters with
management of
dependencies and
constraints

* Interrupts
* GPIO

- DMA

Lys
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STM32CubeMX: Peripheral and
middleware configuration

% SAIl Configuration

o/ Parameter Settings || /? NVIC Settings | o/’ GPIO Settings | </ DMA Settings

Configure the below parameters :

= SALA

Basic Parameters
Protocal
Audio Mode
Frame Length {only Even Values)
Data Size
Slat Size

Frame Parameters
First Bit
Frame Synchro Active Level Length
Frame Synchro Definition
Frame Synchrao Polarity
Frame Synchro Offset

Slot Parameters
First Bit Offset
Mumber of Slots
Slot Active Final Value
Slat Active

Clock Parameters
Clock Source
Master Clock Divider

Free

Master Transmit
24 hits

24 Bits

DataSize

MSE First

i

Start Frame
Active Low
First Bit

v]

:
000000000
Meither

SAI PLL Clock
Dizabled

| »

m

rody | [ ok | [ cance




STM32CubeMX: Peripheral and
middleware configuration

% UART4 Configuration =

o Parameter Settings | «/ NVIC Settings | /7 P10 Settings | o/ DMA Settings |

Interrupt Table Enabled Preemption Priority Sub Priority

° M an ag e I nte rru pti ons UART4 global interrupt | . :

« priorities can only be set in the NVIC
global view

- Manage GPIO parameters

- Manage DMA

« Configure all the parameters of the i) (o) (i)
DMA req UeSt % UART4 Configuration

[ Parameter Settings [ /7 NVIC Settings | </ GPIO Settings | < DMA Settings |
i Ru ntl me pa ra mete rS (Start add reSS, PR ) DMA Request Stream Direction Priarity
a re n Ot m a n a g e d U.;\RT‘I_TX DM.;\I Stlre;m 4 Memary "ro Peripheral Low
DMA Request Settings
Peripheral Memary

Mode [Normal v] Incremen t Address = =

UseFifo [[]  Threshold |HalfFul - Datawidth |Byte e ] iBybe |
Burst Size !Single - | iSingIE |

(Laeey ) [ ok ][ concd ]
lifs.augmented




- Manage all interruptions

* Manage priorities and sort
by priorities

« Search for a specific
interrupt in the list

Lys
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NVIC Panel

% NVIC Configuration ==
Pricrity Group | 0 bits for pre-emption prierity 4 bits for subpriarity v: [7] Sort by Premption Priarity and Sub Prority
Search | [] Show anly enabled interrupts
Interrupt Table Enabled  Preemption Priority Sub Priarity
Mon Maskable Interrupt [ o ]
Memory management fault [ 0 0
Pre-fetch fault, memory access fault [ 0 0
Undefined instruction or illegal state o o 0
Debug Monitor ] o 0
System tick timer ® o 0
Flash global interrupt 0 o 0
ADC1, ADC2 and ADC3 global interrupts [ 0 0
CAN1TX interrupts o o ]
CAN1RX0 interrupts ] o 0
CAN1RX1interrupt ] o 0
CAN1 SCE interrupt [ o 0
TIM2 global interrupt ] o 0
USART 1 global interrupt o o 0
JART4 global interrupt [ o 0
CANZ T¥ interrupts ] o 0
CANZ RX0 interrupts 0 o 0
CANZ RX1interrupt ] o 0
CANZ2 SCE interrupt o o ]
DCMI global interrupt [ o 0
| Enabled Preemption Priority | | Sub Priarity | |
[ Apply ] [ Ok ] [ Cancel




DMA Panel

- Manage All DMA " DMA Configurstion
requests including viaal "> et
M e m O ry to M e m O ry DMA Request Stream Direction Priarity
D:MI - IZ.JM.;.Z Stlre;m 1 PeripheraI‘Tc Memory L;w

» Set Direction and
priority

+ Set specific parameters [ add_ | [ e |
DMA R.equest Settings
Src Memory Dst Memory
Made [Normal - Increment Address
L 2|
Use Fifo Threshold %Three Quarters Full ] Data Width iFHaIFWord vi EHaIFWord v-‘i
Burst Size {Slncrem... v]| ismuem... v]
-} -
| ooy || Ok || cancel |

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

Lys
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GPIO Panel

% Pin Configuration

| aDc3 | cana | canz| DeMI | e | Fuc | uaRT4 | usARTY|

Search Signals

Search ;’C."t'.*.'::f. [] Show only Modified Fins
-~
Fin Mame Signal an Pin GPIO mode GPIO Pull-upfPulld...  Maximum output sp... Maodified
A [ [X 2 0 and no ]
FPAg DCMI_DO GPFIO_MODE_AF_ PP |Mo pull-up and no pu... [Low ]
FA10 DCMI_D1 GFIO_MODE_AF_PP Mo pull-up and no pu... Low ]
FB3 DCMI_D& GPIO_MODE_AF_PP  |Mo pull-up and no pu... Low ]
FBS DCMI_D7 GPIO_MODE_AF_ PP |Mo pull-up and no pu... [Low ]
FD3 DCMI_D5S GFIO_MODE_AF_PP Mo pull-up and no pu... Low ]
FEO DCMI_D2 GFIO_MODE_AF_PP  |Mo pull-up and no pu... Low ]
FE1 DCMI_D3 GFIO_MODE_AF PP |Mo pull-up and no pu... [Low ]
FE4 DCMI_D4 GFIO_MODE_AF_PP  |Mo pull-up and no pu... Low ]
PAS Configuration :
GPIO mode |GPIO_MODE _AF _PP -
GPIO Pull-up/Pull-down No pull-up and no pull-down v:
Maximum output speed an v)l
[ Group By IP [ Apply ] [ ok ] [ Cancel




STM32CubeMX: Code generation

« Generation of all the C
initialization code

» Automatic integration with
partners toolchains

* User code can be added in
dedicated sections and will be
kept upon regeneration

* Required library code is
automatically copied or
referenced in the project
(updater)

Lys
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=] main.c |
23 L kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ~
2 “y

24 f* Imcludes ————————— - e =
5 finclude "stm3Zf4xx hal_h"
finclude "cmsis_os.h"
$include "lwip.h"

m

28 finclude "usk_device.h"
Z5
30 f* Define structures */
31 ADC HandleTypeDef hadel:;
3z
33
34 /% USER CODE BEGIN 0O */
35
36 S* USER CODE END O */
37 f* Private function prototypes ----—-——————————————————————
28 static volid SystemClock Config{wvoid);
259 static wolid StartThread(void const * argument) ;
40 static void MEX GPIO Init (void);
41 static void MX ADC]1 Init (void):;
42 static void MX NVIC Init(void):;
43
44 int main (void)
45 [Hi1
48 /% USEER CODE BEGIN 1 */
47
48 /% USER CODE END 1 */
45 S+ wcov Ccomfiguratiomn——————————H—H—+—-H+"->-——--—-—---——-—----""—————
50 f* Beset of zall peripherzls, Initializes the Flash interfa
51 HRAL Init():
% Configure the system clock */ -
1 i | b

Ln:1 Col:1 5el:0

Dos\Windows AMST NS




STM32CubeMX: Updater

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

« Set Connection proxy
* Inside ST use Ips5.sgp.st.com port 8080 with your windows login name and password

- 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

Lys
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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

% Project Settings =
Project | Code Generator

Project Settings

Project Name

Project Location

.C:‘JJsers\huvarqd\Domments‘!ACube .

Project Folder
|c: YUsers'fauvargd \Documents WACube

Toolchain / IDE
EWARM 5.70 -

Mcu and Firmware Package

Mcu Reference

STM32F4377TYx
r Firmware Package Mame and Version
’I STM32Cube FW_F4 ¥1.1.0 r | Use latest available version

lifs.augmented




STM32CubeMX: Code Generator settings

@ Project Settings

| Project || Code Generator |

® C Od e g e n e rato r O pti O n S STM32Cube Firmware Library Package
. . (@ Copy all used libraries into the project folder
b Elther CO the fUII Ilbra Or Onl the (7) Copy only the necessary library files
Py ry y

necessa ry fl Ies or J u St refe rence th e (7) Add necessary library files as reference in the toolchain project configuration file
files from the common repository N

° Generate al I pe rl pherals I n Itlal Izatlon [ Generate peripheral initialization as a pair of *.c/.h' files per IP
. . [7] Backup previously generated files when re-generating
in the stm32fYxx_hal_msp.c file or e Uoer ol when re-generati
One fl Ie pe r pe rl p h e ra I Delete previously generated files when not re-generated

» Keep user code or overwrite it (code AL Settngs
betwee N U ser COd e comme nt [ set all free pins as analog (to optimize the power consumption)
SeCtI on S) [7] Enable Full Assert

» Delete or keep files that are not
useful anymore

« Set free pins as analog, this settings
helps keep low consumption (if a« ] [ cn=
SWD/JTAG is not selected in L
pinout, this option will disable it)

« Enable full assert in project, this help
discover incorrect HAL function
‘1, parameter used in user code
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STM32Cube Firmware Library package

STM32Cube Firmware Library Package

i@ Copy all used libraries into the project folder:

(71 Copy only the necessary library files

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

° Copy all used Iibraries into the prOjeCt folder ﬁ[__] ....................................................................................................................................

[2 stm3X 4x_hal_adec_ex
[2) stm3 X 4ox_hal_can
[2) stm3 X 4ox_hal_cortex

Project Driver B stm32 4oc_hal_cryp_ex

Folder [ stm3%4xx_hal_dac_ex
[ stm32F 4xx_hal_dcmi

CubeMX repository

[ stm3X 4x_hal_dma
[ stm3 A 4ox_hal_dma_ex

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

[ stm324xx_hal_gpio

[ 2 T O O O O O O O T O O O+ O O O O+ I O O

repository E:ngz_z_hash
Bﬂ:ﬂ /L
Stored in
‘YI project_folder/Drivers/STM32XXXX_HAL_Driver folder
lifs.augmented EI stnﬂhz_l'ﬂ_i I‘dg c
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STM32Cube Firmware Library package

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 file

» Copy only the necessary library files

5 stm32F dx_|

[ stm3XF 4ox_hal_cortex
[ stm3%¥4xx_hal_dma
[ stm3%4xx_hal_flash

: Project Driver B atm32Hhex frnd ke o
CubeMX repository ) [ stm32%4xx_hal flash_ramfunc
/ Folder [ stm324x_hal_pio

[ stm3¥4ox_hal_pwr
[£ stm32f4ox_hal_pwr_ex
[2 stm324ox_hal_rcc

[£) stm3XF4ox_hal_rcc_ex

Copy only files for
peripherals selected in
CubeMX

Stored in
project_folder/Drivers/STM32XXXX_HAL_Driver folder

Lys
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STM32Cube Firmware Library package

STM32Cube Firmware Library Package

(7 Copy all used libraries into the project folder

(71 Copy only the necessary library files

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

- 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
‘ink CubeMX repository y

lifs.augmel




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

Generated files

Generate peripheral initizlization as a pair of '.cf.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

* In default not used

» Generate initialization of peripherals selected in CubeMX in main.c

Main.c

MX_GPIO_Init

MX_SPI_Init

Initialization done directly in
MX USART _Init main.c file

MX_ XXX_Init

lifs.augmented



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
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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 oo oo oo e e oo */
/* Reset of all peripheralsf fInitializes 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
« Stm32f4xx_it.c
» Stm32f4xx_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 @ */

Lys
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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

CubeMX

Lys
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[ Spi.c not used in new




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)

Enable Full Assert

CubeMX

Generating

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

Project
MX_ GPIO _Init

m Initialization of unused
STM32F429ZITx . o .
LQFP144 : pins is in MX_GPIO_Init

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 jump into assert_failed function in main.c

. . . )
/* USER CODE BEGIN 2 */ Thls_functlon trying to
HAL_GPIO_ TogglePin(GPIOA, (@x1<<17)); configure not existing
/* USER CODE END 2 */ pin PA17 )

If parameter is not in valid h

, , , . e . . 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 */

}

' £ 4

lifs.augmented
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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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calculator

_ =

File Tools Windows Help

E}._:li&l.] @&g o P

Pinout | Configuration| Power Consumption Ca\culator|

Microcontroller Selection

STM3zLL
STM32L100
STM32L100R(8-8)Tx
024295_Revi

STM32L100R8 v

Family:
SubFamily:
MCU:
Datasheet:
Part Number:

Sequence

(et (o) [tetes]

Sequence Table

Step Mode Range  Memory ClockC... SrcFreq  CPU/Bus. Peripher.. Add. Cu... Duration  DMIPS

e |16.0 MHZ

Step Cu...

.. 131.0 kHz z |NULL 3.0 ph

16.0 MHz |NULL

0 mA

Parameter Selection

Ambient Temperature ...
Vdd Power Supply (V):

Battery Selection

Battery:

Capacity: 19000.0 mAh

(.08 %j/month
36V

230.0 mA

500.0 mA

Self Discharge:

Nominal Voltage:
Max Cont Current:

Max Pulse Current:

Information notes

Help

3 |LOWPOW... NoRange  |FLASH

[MS131... 1310 kHz [130.0kHz [WULL  JomA  [48.0pA  [1ms [0.16375 |
Step
I Add H Delete H Duplic... H Up H Down ]
2
Sequence Chart
',55
£
[ .
§ 3 \E.RUN
=}
Q
£z
5 3:LOWPOWER_RUN
Q 1 1:LOWF+4ER_RI..IN
g e
Qo
0.00 025 050 075 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

Time (ms)

— Sequence — Average Current |

Reslts

Total Sequence Time 5.0 ms

Battery Life Estimation 11 months , 2 days & 14 hours

2359 mA
10.15 DMIPS

Average Consumption

Average DMIPS




STM32CubeMX Documentation

Document _______________Descripon

UM1718: STM32CubeMX for STM32 Description how use CubeMX tool
configuration and initialization C code
generation

RN0094: STM32CubeMX release 4.8.0 Changes made in new versions
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Configure GPIO for LED toggling

 Objective
» Learn how to setup pin and GPIO port in CubeMX
* How to Generate Code in CubeMX and use HAL functions

» Goal
« Configure GPIO pin in CubeMX and Generate Code
« Add in to project HAL_Delay function and HAL_GPIO_Toggle function
« Verify the correct functionality on toggling LED

lifs.augmented



Configure GP|O for LED toggling

 Create project in CubeMX
* Menu > File > New Project
« Select STM32F4 > STM32F429/439 > LQFP144 > STM32F439ZITx

» Configure LED pin as GPIO_Output

LD3

Green ),'l
{ PGI3 PG13 R%?. I >| 2
510
LD4
npy Red 7
(PG4 PG14 —1 N 2
680 1

LEDs

Lys
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Configure GPIO for LED toggling

* For debug purpose is recommended to select debug pins
SWD or JTAG

» Select can be done in TAB>Pinout>SYS
* On discovery is available only SWD option

- If SWD/JTAG is not selected and the Set all free pins as analog
(MENU>Project>Settings>TAB>Code Generator) is selected, debug is not possible

: é----DEI::ug _Serial Wire Debug (SWD) a
- | System Wake-Jp

e
—
)
=
9
®,
=
L
o
L

HAL Settings

|| set all free pins as analog (to optimize the power consumption)

|| Enable Full Assert

SYs_JTMs-5WDIO

Lys
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Configure GP|O for LED toggling

» GPIO Configuration
« TAB>Configuration>System>GPI|O

File Project Window Help
BoUE 85 +— o

| Pinout I Clock Configuration| Configuration l Fower Consumption Calculator

tpnﬁguraﬁnn
E-MiddleWares
: B % FATFS
i booe [7] User-defined
B % FREERTOS
: ‘.. [7] Enabled
E---Pf_-ﬁpherals
& ® CRC

e Activated

- & DMA2D

. Activated Middlewares

[ & IWDG

. Activated

B & RCC

‘.. High Speed Clock (HSE):(
- Activated

£ & TIM6

- ----- Activated

P [ ] One Pulse Mode

B % TIMZ

- ----- Activated

- [] One Pulse Mode

- % WWDG

e Activated




Configure GP|O for LED toggling

* GPIO(Pin) Configuration

e Select Push Pull mode
* No pull-up and pull-down

» Output speed to HIGH
Is important for faster
peripheries like SPI, USART

e Button OK

Lys
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P
@ Pin Configuration

B

GPIO | pCe

Search Signals

| Caorh .-’r_—.-l-u_:'
Search (i)

[] Show only Modified Pins

-~
Fin Name

Signal on Fin

GPIO mode
Output Push Pull

GPIO Pull-up/Pu...
Mo pull-up and no... High

Maximurm outpu. .. User Label

Modified

PG 14 Configuration :

GPIO mode | Output Push Pull -
GPIO Pull-up/Pull-down !No pull-up and no pull-down - I I
Maximum output speed High - l
User Label |
[~] Group By TP [ Apply ] [ Ok




Configure GPIO for LED toggling

* Now we set the project details for generation

* Menu > Project > Project Settings

i

@ Project Settings

Project | Code Generator

Project Settings

» Set the project name

* Project location

» Type of toolchain Project Name
GPIO_LAB

Project Location

® N ow we can G ene rate COd e Fi\Radek)__Training_sxamples\F4y abiJISBY

Project Folder

® Menu > PrOjeCt > Generate COde F:\Radek\__Training_examples\F4\Lab\USE\GPIO_LAB

Toolchain f IDE
EWARM 8,70 -

Mecu and Firmware Package

Mcu Reference
STM32F429Z1Tx

Firmware Package Mame and Version

STM32Cube FW_F4V1.3.0 Use latest available version

m ok | | concel

lifs.augmented




Configure GPIO for LED toggling

* Now we open the project in our IDE
» The functions we want to put into main.c
« Between /* USER CODE BEGIN 3 */and /* USER CODE END 3 */tags
* Into infinite loop while(1){ }

* For toggling we need to use this functions like this:

/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{
HAL_GPIO TogglePin(GPIOG, GPIO PIN_14);
HAL Delay(500);

}
/* USER CODE END 3 */

* Now compile the code

‘#)ownload it intro STM32 and RUN

lifs.augmented






STM32Cube™ V1 Introduction

« STM32Cube™ Version 1:

A configuration tool, STM32CubeMX generating initialization code from user choices

» A full embedded software offer, delivered per series (like STM32CubeF4) with:

* An STM32 Abstraction Layer embedded software: STM32Cube HAL
» A consistent set of Middlewares: RTOS, USB, TCP/IP, Graphics, ...

« Available at st.com as free solution

STM32CubeMX

¢ STM32Cubel 1 :
2"3’0 STM32CubeF4 éf?"
06 (’b'Q
e'sfq STM32CubeF0 \\ ‘0
{ . A, STM32CubeF2 —(G?\
r “abyq A STM32CubeF1 STM32CubeF3 5’\)56’
’I PI Withip, .10

. ble:
Hie-eugmented " all series . - Middleware stacks when aPpii®?


http://www.st.com/stm32cube
http://www.st.com/stm32f4
http://www.st.com/stm32f4

STM32Cube HAL

Evaluation boards Discovery boards Nucleo boards

Board Demonstrations D

Middleware level Applications

)
e )
Networking . .
LwIP TCP/IP UsSB Graphics File system RTOS
Host & Device STemWin FATFS FreeRTOS
& Polar SSL

\__Middleware 4
CMSIS
Drivers \ )
STM32F0 STM32F1 STM32F2 STM32F3
STM32F4 STM32F7
STM32L0 STM32L1 STM32L4
@ardware /

Lys
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STM32Cube HAL Documentation
Document |Descripion

UM1725: Description of STM32F4xx Important document with list of HAL
HAL drivers functions and description

UM1730: Getting started with Simple description of HAL package
STM32CubeF4 firmware package for

STM32F4 Series

lifs.augmented



STM32Cube HAL Middleware doC mm
Document |Descripion

UM1713: Developing applications on Use LwIP stack with STM32Cube
STM32Cube with LwlP TCP/IP stack

UM1721: Developing Applications on Possibility of file system
STM32Cube with FatFs

UM1722: Developing Applications on How to work together with Cube and

STM32Cube with RTOS RTOS
UM1734: STM32Cube USB device USB device library possibility
library explanation

UM1720: STM32Cube USB host library  USB host library possibility explanation

lifs.augmented



STM32Cube HAL Example doc
Document |Description

UM1709: STM32Cube Ethernet IAP Description of IAP example
example

UM1743: STM32CubeF4 demonstration Explanation of demonstration examples
platform

UM1723: STM32Cube PolarSSL Explanation of PolarSSL example
example

lifs.augmented



STM32Cube FW Package Organization

Can be found in
CubeMX repository

Cube F4 HAL
package
Getting started with ] Supporting files like fonts,
CubeF4 document or pictures for graphic
examples, ...

Lys
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STM32Cube FW Package Drivers

STM32F4xx_HAL_Driver

Register definitions for :
Core, startup files, HAL Drivers for each Board Support Package

ARM cortex libraries periphery in STM32 contains funct.ion which
use HAL drivers to
communicate with other

components present n
IS7] EVAL/Discovery boards

lifs.augmented \ /




STM32Cube FW Package Middlewares

Advanced set of ]

libraries
[ Developed/Owned by ST

Third Party libraries ]

STemWin — STM32_Audio FatFS — FreeRTOS
STM32_USB_Device Library g STM32_USB_Host_Library

PolarSSL —!




STM32Cube FW Package Projects

Complete projects for
STM32 boards STM32Nucleo,
Discovery kits, Eval
Boards

STM32F-Discovery
| | |
Templates =SS Applications Demonstations De.monstratis)n N
project combine
k multiple

Middlewares
together
Empty project only with Simple examples for Advanced examples
startup file prepared for STM32 Peripheries | which use Middlewares
modification (GPIO, USART, ...) (USB virtual com port)










HAL general concepts
The HAL in STM32Cube FW package

~
Evaluation boards Discovery boards Nucleo boards

Board Demonstrations D

Middleware level Applications ( \

e N\
Networking . .
LwIP TCP/IP UsSB Graphics File system RTOS
Host & Device STemWin FATFS FreeRTOS
& Polar SSL
)
HAL
Drivers
STM32F401 STM32F405/7 STM32F429 STM32F439
F4 Family

Lys
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HAL general concepts

Introduction to HAL

* The STM32Cube Hardware abstraction layer (HAL) is the replacement for the
standard peripheral library

* The main objectives of the HAL is to offer
» User friendly APIs that hide the HW complexity and focus on the functionality

« Portable APIs that allowing easy migration of user application across different product
families

» All HAL drivers follow a strict C coding rules and were tested using
CodeSonar C code static analysis tool from GrammaTech

* HAL documentation is provided as a PDF manual based on Doxygen extracts

lifs.augmented


http://www.st.com/st-web-ui/static/active/en/resource/technical/document/user_manual/DM00105879.pdf

HAL general concepts

HAL based project organization

Source files i Include files

User Code ‘[

HAL Drivers " " stm32fAxx hal_conf.h

) D

Note;

system_stm32f4xx.c
keeps the system

clock as HSI

& {—
) /4
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HAL general concepts

: 76
Introduction to HAL "
 Structure of project generated with CubeMX with HAL

=% Project: EmptyProject
= %5 EmptyProject Configuration
=5 Drivers/STM32Fdxx_HAL_Driver

CUbeMX COpy used U] stm32fd_hal_rec.c

) U] stm32fd_hal_flash_ex.c
HAL dr|VerS from .j stm32fdw_hal_roc_ewc

I’epOSitOI'y .j ctrn32fdo_hal_cortex.c
] stm32fio_hal_flash.c
ij stm32fdwe_hal_pwr_ex.c
L] stm32fdio_hal_gpio.c
Use Standard .j stm32fdoc_hal_flash_ramfunk.c

system_stm32f4xx.c 1 stm32fdor_hal.c
from CMSIS L] stm32fdehal_dma.c

ij ctrn32fdog_hal_pwr.c
=45 Drivers/CMSIS

ij system_stm32fdwec
- Application/User

ij stm32fdw_hal_msp.c
ij rmain.c

L] stm32fde it.c

Default startup file for 5[5 Application/MDK-ARM } e
selected microcontroller ] startup_stm32f42%0cs

HAL Drivers

CMSIS

User Code
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HAL general concepts

Introduction to HAL

 Structure of project generated with CubeMX with HAL

Stm32f4xx_hal _msp.c
contains initialization of
service peripherals (RCC,
GPIO, DMA, ...)

Main function have
default initialization of all
peripherals selected in

CubeMX

Prepare stm32f4xx_it.c\

=% Project: EmptyProject
=55 EmptyProject Configuration
E-F Drivers/STM32Fd HAL_Driver
.j stm32fdo_hal_rcc.c
] stm32fdoc_hal_flash_ex.c
.j stm32fdw_hal_roc_ewc
.j ctrn32fdo_hal_cortex.c
] stm32fio_hal_flash.c
.j stm32fdwe_hal_pwr_ex.c
L] stm32fdio_hal_gpio.c
.j strm32fdwo_hal_flash_ramfunc.c
L] stm32fdoe_hal.c
L] stm32fdo_hal_dma.c
.j stm32fde_hal_pwr.c
=i Drivers/CMSIS
.j system_stm32fdwec
=5 Application/User
L] ﬁmﬂEfdn&msp.c

HAL Drivers

CMSIS

User Code

main.c

and define interrupts
used in CubeMX

lifs.augmented

] stm32fdioc it.c
=-Z Application/MDK-ARM
.j startup_stm32f4 29005

} CMSIS



HAL general concepts
HAL based project organization

Source files i Include files

User Code ‘[

HAL Drivers " " stm32fAxx hal_conf.h

defined interrupt vector
table and handle reset
vector

CMSIS ‘[




HAL general concepts

HAL based project organization

; Vector Table Mapped to Address 0 at Reset
AREA RESET, DATA, READONLY

EXPORT _ Vectors Interrupt vector table
EXPORT __ Vectors_End T
EXPORT __ Vectors_Size definition

__Vectors DCD [ELRS ; Top of Stack
DCD dset_Handler ; Reset Handler
DCD MI_Handler ; NMI Handler

HardFault_Handler
MemManage_Handler
BusFault_Handler

UsageFault_Handler

; Hard Fault Handler
: MPU Fault Handler

Bus Fault Handler

; Usage Fault Handler

Name of interrupts
method which can be
used in user program

__weak by default

SVC_Handler
DebugMon_Handler
0 ; Regke
endSV_Handler

; Window WatchDog )
; PVD through EXTI Line detection
; Tamper and TimeStamps through the EXTl line

defined interrupt vector
table and handle reset
vector

lifs.augmented




HAL general concepts
HAL based project organization

_ | Reset interrupt
Source files ; handler
; Reset handler

Reset Handler PROC
EXPORT Reset Handler

[WEAK] |

IMPORT SystemInit .
IMPORT main 1. Called Systemlnit
— method

LDR RO, =SystemInit
BLX RO

2. Memory initialization

LDR RO, = main and jump to main
BX RO '
ENDP

CMSIS -[ | defined interrupt vector
table and handle reset
Kys |

vector
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HAL general concepts
HAL based project organization

Source files i Include files

User Code ‘[

HAL Drivers

Basic STM32 initialization. If
variable in external memory
will be initialized before
main function, here must be

CMSIS .
— ; external memory initialized




stratup_stm32f429xx.s

System_stm32f4xx.c

Memory initialization

Call main function

HAL general concepts

STM32 startup

Define interrupt table, HEAP,
STACK and handle reset vector
interrupt(STARTUP)

—

Can be used to initialize the
STM32 before RAM is
initialized(usable for MCUs with
external memory)

Copy data from FLASH to RAM

Now main function will be
executed




HAL general concepts
HAL based project organization

Source files i s

HAL header file, it should
be included in user code

Peripheral driver with
cross family portable APls

DI
— T\
— g

xtended peripheral
HAL global APIs (HAL Init,
HAL Delnit, HAL Delay,...)

eatures APls

& {—
) /4
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HAL general concepts
HAL based project organization

Source files i Include files

Config file for HAL, should
be customized by user to

select the peripherals to be
included

User Code

HAL Drivers = | s & Estm32fAxx hal confh

Contains HAL common
type definitions and macros
e

CMSIS ‘|: |
STM32 register definition




HAL general concepts
HAL drivers Vs. Refman peripherals

* In order to offer easy to use APIs, each HAL driver handles a unique
usage of the peripheral

» For example in F4x reference manual you have SPI peripheral which can be used
as SPI or I2S. In this case the two HAL module drivers are defined:

« stm32f4xx_hal_spi.c and stm32f4xx_i2s.c
* In F4x family, this is also the case for

 USART which can be: USART, UART, IRDA or Smartcard
 FMC which can be: NOR, NAND, SRAM ,SDRAM or PCCARD
» SDIO which can be: SD or SDMMC

* The system peripherals SYSCFG and EXTI do not have dedicated
HAL drivers, they are intrinsically managed in the HAL

USART periphery (RM)

stm32f4xx_hal_uart stm32f4xx_hal_usart Stm32f4xx_hal_irda Stm32f4xx_hal_smardcard

lifs.augmented



HAL general concepts
Compatibility Across STM32 Series -

- The HAL offers Portable APls across all the STM32 Series for what
concerns the functional operations and routines of a given peripheral.

- However, considering the IPs specificities and implementation
differences from one STM32 Serie to the other, the only discrepancies
that may be found would be in the peripheral initialization (i.e.
PPP_InitTypeDef) and in the RCC configuration (i.e.
RCC_OsclnitTypeDef and RCC_ClklInitTypeDef)

Hardware Abstraction Layer API

STM32F0 STM32F1 STM32F2 STM32F3 STM32Fxx/Lxx



HAL general concepts
AL extension APIs(1/3)

- Case1: APIs that are specific to particular part numbers within a
product family

87

| §

| §

1! stm32fdxx_hal ex.c stm32fdxx_hal ex.h
stm32fdxx_hal_ppp.c 1! —"ePPP- —" PP

e i -

Specific API ]

—

Example: case of Flash APls which depend on part number in F4x family

/* EXtension Pr‘ogr‘am oper‘a‘tion 'Functions *************************************/

#if defined(STM32F427xx) || defined(STM32F437xx) || defined(STM32F429xx) || defined(STM32F439xx) ||\
defined(STM32F401xC) || defined(STM32F401xE) || defined(STM32F411xE)

HAL_StatusTypeDef HAL_FLASHEx_AdvOBProgram (FLASH_AdvOBProgramInitTypeDef *pAdvOBInit);

void HAL_FLASHEx_AdvOBGetConfig(FLASH_AdvOBProgramInitTypeDef *pAdvOBInit);

HAL_StatusTypeDef HAL_FLASHExX_OB_SelectPCROP(void);

HAL_StatusTypeDef HAL_FLASHEx_OB_DeSelectPCROP(void);

#endif /* STM32F427xx || STM32F437xx || STM32F429xx || STM32F439xx || STM32F401xC || STM32F401xE || STM32F411xE */

#if defined(STM32F427xx) || defined(STM32F437xx) || defined(STM32F429xx)|| defined(STM32F439xx)
uintle_t HAL_FLASHEx_OB_GetBank2WRP(void);
#endif /* STM32F427xx || STM32F437xx || STM32F429xx|| STM32F439xx */

y oy J
lifs.augmented



HAL general concepts
AL extension APIs(1/3)

- Case1: APIs that are specific to particular part numbers within a
product family

=% Project: EmptyProject
= %5 EmptyProject Configuration
=5 Drivers/STM32Fdxx_HAL_Driver
ij stm32fdwo_hal_rcc.c
L] stm32fbo_hal_flash_ex.c
ij stm32fdw_hal_roc_ewc
— .j stm32fdio_hal_cortex.c

Extension file with ] stm32fdxchal_flash.c

. . ,j stm32fdwe_hal_pwr_ex.c
sp(:tmflc functions for F4xx B st hal_opioc
arts

ij stm32fdwo_hal_flash_ramfunc.c

L] stm32fe_hal.c

L] stm32fd_hal_dma.c

ij stm32fdwe_hal_pwr.c
=45 Drivers/CMSIS

ij systerm_stm32fdwonc
- Application/User

ij stm32fdw_hal_msp.c

ij rmain.c

L] stm32fdeit.c
L3 Application/MDK-ARM

"I .j startup_stm32f4 29005

lifs.augmented

Example: case of Flash APls which
depend on part number in F4x family




HAL general concepts
AL extension APIs(2/3) -

- Case2: APIs that are specific to a product family

@
4
O

l

|I stm32fdxx_hal ex.c stm32fdxx_hal ex.h
stm32fdxx_hal_ppp.c L -"3l_PPP_ -hal_PPP_

)

Specific API ]

Example: case of RCC extension APls for F4x family

/* Exported functions ----------mmmm oo */
HAL_StatusTypeDef HAL_RCCEx_PeriphCLKConfig(RCC_PeriphCLKInitTypeDef *PeriphClkInit);
void HAL_RCCEx_GetPeriphCLKConfig(RCC_PeriphCLKInitTypeDef *PeriphClkInit);

Lys
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HAL general concepts
AL extension APIs(2/3) -

- Case2: APIs that are specific to a product family

Example: case of RCC extension

APIs for F4x family = % Project: EmptyProject
= %5 EmptyProject Configuration

=5 Drivers/STM32Fdxx_HAL_Driver
ij stm32fdwo_hal_rcc.c
L] stm32fbo_hal_flash_ex.c
ij stm32fdw_hal_roc_ewc
ij strm32fdo_hal_cortex.c
L] stm32fdn_hal_flash.c
ij stm32fdwe_hal_pwr_ex.c
L] stm32fde_hal_gpio.c
ij stm32fdwo_hal_flash_ramfunc.c
L] stm32fe_hal.c
L] stm32fd_hal_dma.c
ij stm32fdwe_hal_pwr.c
=45 Drivers/CMSIS
ij systerm_stm32fdwonc
- Application/User
ij stm32fdw_hal_msp.c
ij rmain.c
L] stm32fdeit.c
L3 Application/MDK-ARM

‘1’ .j startup_stm32f4 29005

lifs.augmented

Extension file with
specific functions for F4xx
family




HAL general concepts
AL extension APIs(3/3)

- Case3: In case a peripheral is present in particular part numbers of
one single family, no extension files are used but simply a new
module driver is provided

No extension

rd - -7 o .
=== === - | B ettt
- 1
' [ ;, I M ‘ : \- |

! C ¢ C bl — e =
| R ! — IIl —— e B |
| — 1 — I — L= |
— . —_— e f—
: 1‘ = :;: |
\ stm32fdo_hal ex.c stm32 hal exh |
| stm32fdxx_hal_ppp.c \sthZMn_hal_newppp_c’“ —nal_pPpPpP- _hal_ppp_ I
A"
e e e e e e e = = N [N N
~
~ i - ‘

Example: LTDC is only present in F4x family in STM32F429 or STM32F439

#ifdef HAL_LTDC_MODULE_ENABLED

#if defined(STM32F429xx) || defined(STM32F439xx)

/* Private typedef ---------cmmm oo */
/* Private define -----------mmm oo */
/* Private macro ---------- - oo */
/* Private variables ---------cccmmm e e e */
/* Private function prototypes -----------------oommm e */

Lys

lifs.augmented



HAL general concepts
Root part number selection

» The selection of root part number should be done through the project
configuration by using specific P/N defines:

2

T B
Cptions for node "EmptyProject” g
ez [ Factony Settings ]
General Options [ Muiti-file Campilation
Runtime Checking Dizzard Unuszed Publics
Assembler | Language 2 | Code | Optimizations | Output | List | Preprocessor ||« |+
Output Converter .
Custam Build [[ignare standard include directories!
Build Actions Additional include directories: jone per line)
Linker SPROJ_DIRS\..\. \nc - [
Debugger SPROJ_DIRS. N MDrivershSTM32Fdor_HAL_Drivertdne
Simulator SPROJ_DIRSY. N MDrivershCMS1S4Include
Angel SPROJ_DIRSY N MDrivers\CMSIS4Device \ S TS TM32F e Inch
CMSIS DAP N
GDE Server Preinclude file:
IAR ROM-monitor (=)
I4et/TTAGet _
ILink/1-Trace ! line)
I Stellaris LUISE_HAL _DRIVER . [C]Preprocessor output to file
V—— STMIZF42%0c Preserve QD.I'I'II'I'IE!'ItS .
PE micro . il Fenerate Hine directives
RDI
STLIMK
Third-Party Driver
r ¥DS5100/200/ICDT
’I ] I [ Cancel
lifs.augmented
L




HAL general concepts
HAL configuration file

» The HAL config file stm32f4xx_hal_conf.h allows to select the modules
to include:

[* S Y Module Selection ##HHHH#HHHHHHHHHHHIHHH I HIHHHES X/

/**
* @brief This is the list of modules to be used in the HAL driver
*/

#define HAL_MODULE_ENABLED

//#define HAL_ADC_MODULE_ENABLED

//#define HAL_CAN_MODULE_ENABLED

//#define HAL_CRC_MODULE_ENABLED

//#define HAL_CRYP_MODULE_ENABLED

//#define HAL_DAC_MODULE_ENABLED

//#define HAL_DCMI_MODULE_ENABLED

//#define HAL_DMA2D_MODULE_ENABLED

//#define HAL_ETH_MODULE_ENABLED

//#define HAL_NAND_MODULE_ENABLED

//#define HAL_NOR_MODULE_ENABLED

* It defines also some system and HAL parameters including
» HSE clock/HSI clock values
* Instruction/data cache and prefetch queue setting

« VDD voltage value

Lys
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HAL general concepts
Callbacks

* Cube HAL library use the callbacks
» To inform application about interrupts

» About periphery initialization/deinitialization
* The callback functions are defined as _ weak

* You can find them in stm32f4xx_hal_xxx.c

/**
* @brief Tx Transfer completed callbacks
* @param hspi: pointer to a SPI_HandleTypeDef structure that contains

* the configuration information for SPI module.
* @retval None
*/

__weak void HAL_SPI_TxCpltCallback(SPI_HandleTypeDef *hspi)

{
/* NOTE : This function Should not be modified, when the callback is needed,

the HAL_SPI TxCpltCallback could be implemented in the user file
*/
}
Lys
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HAL general concepts
Init functions

5

« HAL_XXX_Init() functions

* Inside init function are written data from input parameters/structure
into registers

- Before the register write is processed HAL_XXX_ Msplnit callback is
called

HAL_xxx_Init() start

MSP callback defined as _ weak

HAL_xxx_Msplnit()

CubeMX generate the MSP callback

Initialize periphery automatically in
stm32f4xx_hal _msp.c

HAL_ Init() end



HAL general concepts
IAL API returns parameters

 AHAL API can return a value of enumerated type
HAL _StatusTypeDef:

« HAK_OK : API executed with success
« HAL_ERROR : API call parameters error or operation execution error

« HAL_BUSY : APl was not executed because peripheral is busy with other
operation

« HAL_TIMEOUT : API timeout error

HAL_XXX Function

«— N

HAL_OK HAL_ERROR HAL_ERROR

Lys
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HAL general concepts
IAL global APIs HAL_Init()

* HAL_Init() : need to be called as first function in main

* Initializes data/instruction cache and pre-fetch queue

+ Sets Time base to generate interrupt each 1ms with lowest priority , it can use systick (default)
or other time source

» Sets priority grouping to 4 preemption bits

» Calls function HAL Msplnit() which a is user callback function to do MCU system level
initializations (Clocks, GPIOs, DMA, Interrupts).

HAL_Init() start

Data/Instruction Cache init " . .
Systick init MSPInit is callback from Init faction,

NVIC priority configuration allow to configure additional
peripheries related to initialized
periphery (GPIO, NVIC, ..)

HAL_Msplnit()

HAL Init() end

HAL _Init() function complete

Lys
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HAL general concepts
IAL global APIs HAL_Init() ™=

* HAL_Init() : need to be called as first function in main
* Initializes data/instruction cache and pre-fetch queue

+ Sets Time base to generate interrupt each 1ms with lowest priority , it can use systick (default)
or other time source

» Sets priority grouping to 4 preemption bits

» Calls function HAL Msplnit() which a is user callback function to do MCU system level
initializations (Clocks, GPIOs, DMA, Interrupts).

HAL_Init() start Defined in Cube HAL

Data/Instruction Cache init
Systick init __weak function in HAL

NVIC priority configuration Generated by CubeMX in
stm32f4xx_hal _Msp.c file

HAL_Msplnit()

HAL_ Init() end

Lys
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HAL general concepts
AL global APIs HAL _Init() ™=

* HAL_Init() : need to be called as first function in main

HAL_StatusTypeDef HAL_Init(void)
{
/* Contigure Flash pretetch, Instruction cache, Data cache */
#if (INSTRUCTION_CACHE_ENABLE != 0)
__HAL_FLASH_INSTRUCTION_CACHE_ENABLE();
#endif /* INSTRUCTION_CACHE_ENABLE */
#if (DATA_CACHE_ENABLE != 0)
__HAL_FLASH_DATA_CACHE_ENABLE();
#endif /* DATA_CACHE_ENABLE */
#if (PREFETCH_ENABLE != 0)
__HAL_FLASH_PREFETCH_BUFFER_ENABLE();
#endif /* PREFETCH ENABLE */
/* Set Interrupt Group Priority */
HAL_NVIC_SetPriorityGrouping(NVIC_PRIORITYGROUP_ 4);
/* Use systick as time base source and configure 1ms tick (default clock after Reset is HSI) */
HAL_InitTick(TICK_INT_PRIORITY);
/* Init the low level hardware */
HAL MspInit();
/* Return function status */
return HAL_OK;

Instruction/data cache and

prefetch initialization based
on stm32f4xx_ha|_cW

}

Lys
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HAL general concepts
AL global APIs HAL _Init()

* HAL_Init() : need to be called as first function in main

HAL_StatusTypeDef HAL_Init(void)
{
/* Configure Flash prefetch, Instruction cache, Data cache */
#if (INSTRUCTION_CACHE_ENABLE != 0)
__HAL_FLASH_INSTRUCTION_CACHE_ENABLE();
#endif /* INSTRUCTION_CACHE_ENABLE */
#if (DATA_CACHE_ENABLE != 0) P .
__HAL_FLASH_DATA_ CACHE_ENABLE(); NVIC priority grouping
#endif /* DATA CACHE_ENABLE */ setup
#if (PREFETCH_ENABLE != 0)
__HAL_FLASH_PREFETCH_BUFFER_ENABLE();
#endif /* PREFETCH ENABLE */
/* Set Interrupt Group Priority */
HAL NVIC SetPriorityGrouping(NVIC PRIORITYGROUP 4);
/* Use systick as time base source and configure 1ms tick (default clock after Reset is HSI) */

HAL InitTick(TICK INT PRIORITY); \

/* Init the low level hardware */

HAL MspInit(); Default systick init wit

/* Ret f i * . .

Petu‘jn”}:zL_ngt on status */ default mterrupt prlorlty
} 0 (HIGH priority

Lys
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HAL general concepts
AL global APIs HAL _Init()

* HAL_Init() : need to be called as first function in main

HAL_StatusTypeDef HAL_Init(void)
{
/* Configure Flash prefetch, Instruction cache, Data cache */
#if (INSTRUCTION_CACHE_ENABLE != 0)
__HAL_FLASH_INSTRUCTION_CACHE_ENABLE();
#endif /* INSTRUCTION_CACHE_ENABLE */
#if (DATA_CACHE_ENABLE != 0)
__HAL_FLASH_DATA_ CACHE_ENABLE();
#endif /* DATA_CACHE_ENABLE */
#if (PREFETCH_ENABLE != 0)
__HAL_FLASH_PREFETCH_BUFFER_ENABLE();
#endif /* PREFETCH_ENABLE */
/* Set Interrupt Group Priority */
HAL_NVIC_SetPriorityGrouping(NVIC_PRIORITYGROUP_ 4);

/* Use systick as time base source and confi HAL MSp'ﬂlt callback ig HSI) */
HAL InitTick(TICK INT PRIORITY); -

/* Init the low level hardware */ function generated by

HAL MspInit(); CubeMX in

/* Return function status */

return HAL_OK; stm32f4xx_hal_msp.c

}

Lys
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HAL general concepts
IAL global APIs HAL_Init()

« HAL_Msplnit() generated by CubeMX

+ contains setup selected in CubeMX

[ @ NVIC Configuration g
/ * ok L Pricrity Group :4 bits for pre-emption priority 0 bits for subpriority » | [7] Sort by Premption Priority and Sub Prori
* Initializes the Global MSP. Search [#] |4 [C] show only enabled interrupts
*
. / . . Interrupt Table Enabled Preemption Friority Sub Priority
void HAL_MSpInl't (VOld) Non Maskable Interrupt [ 0 0
{ Memory management fault ] 0 0
Pre-fetch fault, memory access fault [ 0 0
/* USER CODE BEGIN MSpInit (%] */ Undefined instruction or illegal state O] 0 0
Debug Monitor 7] 0 0
System tick timer i [ 0
* . k PVD through EXTI Line 16 interrupt I 1 1
/* USER CODE END MspInit © RCT iobal ntarrupt SR 5
HAL_NVIC_SetPriorityGrouping(NVI ORITYGROUP_4);

/* System interrupt jo#t™/
/* SysTick IRQn interrupt configuration */
HAL_NVIC_SetPriority(SysTick_IRQn, 0, 0);

/* USER CODE BEGIN MspInit 1 */

/* USER CODE END MspInit 1 */

}

Enabled Preemption Priarity Sub Priority

’ Apply ” Ok ” Cancel

Lys
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HAL general concepts
IAL global APIs HAL Init() ~

« HAL_Msplnit() generated by CubeMX

+ contains setup selected in CubeMX

/**
* Initializes the Global MSP.

*/ agn
void HAL_MspInit(void) Space fOf a(_jdltl_onal
{ user initialization

/* USER CODE BEGIN MspInit @ */

/* USER CODE END MspInit @ */
HAL_NVIC_SetPriorityGrouping(NVIC_PRIORITYGROUP_4);
/* System interrupt init*/

/* SysTick IRQn interrupt configuration */
HAL_NVIC_SetPriority(SysTick_IRQn, 0, 0);

/* USER CODE BEGIN MspInit 1 */ Space for additional
/* USER CODE END MspInit 1 */ user initialization
}
1S7]
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HAL general concepts
IAL global APIs (1/2)

Implemented in file stm32f4x_hal.c, main function are:

HAL _Delnit()
» Resets all peripherals

 Calls function HAL_MspDelnit() which a is user callback function to do system level De-
Initalizations. HAL_MspDelnit() is defined as “weak” empty function in HAL

HAL_GetTick()

* Get current tick counter (incremented in Time base interrupt)

* Used by peripherals drivers for timeout management

HAL Delay()
* Implements a delay in ms

HAL_ InitTick()

» Weak function that configures the source of the time base, by default it is systick but can be
redefined by user

Lys
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HAL general concepts
IAL global APIs (2/2)

* HAL_IncTick()

» Increment a global variable "uwTick" used as application time base . Should be called from
Time base ISR (systick, timer, ...)

* HAL_SuspendTick() / HAL_ResumeTick()
» Suspend Tick increment
* Resume Tick increment.

- HAL_GetHalVersion()
e Returns the HAL revision

Lys
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HAL general concepts
AL Tick functions

Are defined as _ weak by default used systick clocked from AHB

In case you want change the clock source you need to change all Tick methods
« HAL_GetTick
* HAL InitTick
« HAL_ SuspendTick()
« HAL_ResumeTick()

Use HAL_SuspendTick before MCU enter into low power mode, interrupt can wake up STM32 from
LP mode

After wakeup use again HAL_ResumeTick for enable time domain

Lys
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HAL service peripherals

08

. 1
Introduction
* HAL service peripherals the main system IPs , including:
- GPIO
- RCC
- DMA

» Cortex (NVIC and Systick APIs)
« PWR (power management APIs)

* The HAL offers simple to use, portable APIs for above system IPs with
extensions provided also for non common features (ex: product
specific low power mode, specific clock configurations ,...)

lifs.augmented
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HAL functions/macros

* In stm32f4xx_hal_xxx.c are defined function for specific periphery

* In stm32f4xx_hal_xxx.h are defined macros which can be used to
control the periphery

* Macros require better knowledge of periphery functions

Hardware Abstraction Layer (HAL)

L]

HAL macros

STM32F4xx




HAL service peripherals
RCC macros ™

11

» Simple macros for RCC operations
« Enabling peripheral clocks ( CLK_ENABLE) Enable peripheral clock
. . . Ex.:
» Disabling peripheral clocks ( CLK DISABLE o
9 PEmp LCLK_ ) __GPIOA_CLK_ENABLE():
» Force periphery reset ( FORCE_RESET)

* Release periphery reset (RELEASE_RESET) _ — _
Disable peripheral clock
Ex.:

GPIOA CLK DISABLE();
- RCC macro example: — L (;

__PERIPH_ACTION(); Force pelr_:if(hery reset

__GPIOA_FORCE_RESET();

Release periphery reset
Ex.:

__GPIOA_RELEASE_RESET();
e

Name of periphery:
GPIOA, USART1,
TIM1, ...




HAL service peripherals

Enabling Peripherals

- All peripherals clocks can be enabled using the RCC macros

* A peripheral clock should be enabled before being used. —

IS

life.augrr

/* Exported macro

Enable or disable the AHB1 peripheral clock.
After reset, the peripheral clock (used for registers read/write access) I

------------------------------------------------------------ */ In file

stm32f4xx_hal_rcc.

is disabled and the application software has to enable this clock before

/** @brief

* @note

*

* using it.

*/
#tdefine _ GPIOA_CLK_ENABLE()
#tdefine _ GPIOB_CLK_ENABLE()
#tdefine _ GPIOC_CLK_ENABLE()
#tdefine _ GPIOD_CLK_ENABLE()
#tdefine _ GPIOE_CLK_ENABLE()
#tdefine _ GPIOH_CLK_ENABLE()
#tdefine _ CRC_CLK_ENABLE()
#tdefine _ BKPSRAM_CLK_ENABLE()
#tdefine _ CCMDATARAMEN_CLK_ENABLE()
#define _ DMA1 CLK_ENABLE()
#define _ DMA2_CLK_ENABLE()
#define _ GPIOA CLK _DISABLE()
#define _ GPIOB_CLK DISABLE()
#define _ GPIOC_CLK DISABLE()
#define _ GPIOD CLK DISABLE()
#define _ GPIOE_CLK DISABLE()
#define _ GPIOH_CLK DISABLE()
#define _ CRC_CLK _DISABLE()
#tdefine _ BKPSRAM_CLK_DISABLE()
#define _ CCMDATARAMEN CLK DISABLE()
#tdefine _ DMA1 CLK DISABLE()

#define

DMA? ClK DTSARI E()

(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR

(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHB1ENR
(RCC->AHRT1ENR

= ~(RCC_AHB1ENR_GPIOAEN))
= ~(RCC_AHB1ENR_GPIOBEN))

(RCC_AHB1ENR_GPIOAEN))
(RCC_AHB1ENR_GPIOBEN))
(RCC_AHB1ENR_GPIOCEN))
(RCC_AHB1ENR_GPIODEN))
(RCC_AHB1ENR_GPIOEEN))
(RCC_AHB1ENR_GPIOHEN))
(RCC_AHB1ENR_CRCEN))
(RCC_AHB1ENR_BKPSRAMEN))
(RCC_AHB1ENR_CCMDATARAMEN))
(RCC_AHB1ENR_DMA1EN))
(RCC_AHB1ENR_DMA2EN))

Enable Periphery
register access

~(RCC_AHB1ENR_GPIOCEN))
~(RCC_AHB1ENR_GPIODEN))
~(RCC_AHB1ENR_GPIOEEN))
~(RCC_AHB1ENR_GPIOHEN))
~(RCC_AHB1ENR_CRCEN))
~(RCC_AHB1ENR_BKPSRAMEN))
~(RCC_AHB1ENR_CCMDATARAMEN))
~(RCC_AHB1ENR_DMA1EN))

~(RCC AHR1ENR DMA?2EN))

Disable periphery
register access




HAL service peripherals

Reset Peripherals

- All peripherals can be reset to their default start using the RCC

Macros

* After Force periphery rese the reset must be release otherwise the

periphery will not react on changes

/** @brief
*/
#define _ AHB1_FORCE_RESET()
#define _ GPIOA_FORCE_RESET()
#define _ GPIOB_FORCE_RESET()
#define __ GPIOC_FORCE_RESET()
#define _ GPIOD_FORCE_RESET()
#define _ GPIOE_FORCE_RESET()
#define _ GPIOH_FORCE_RESET()
#define __ CRC_FORCE_RESET()
#define _ DMA1_FORCE_RESET()
#define _ DMA2_FORCE_RESET()

Force or release AHBl peripheral reset.

(RCC->AHB1RSTR
(RCC->AHB1RSTR
(RCC->AHB1RSTR
(RCC->AHB1RSTR
(RCC->AHB1RSTR

OXFFFFFFFF)

(RCC->AHB1RSTR
(RCC->AHB1RSTR
(RCC->AHB1RSTR
(RCC->AHB1RSTR

#define _ AHB1_RELEASE_RESET() (RCC->AHB1RSTR = 0x00)

|= (RCC_AHB1RSTR_GPIOARST))
|= (RCC_AHB1RSTR_GPIOBRST))
|= (RCC_AHB1RSTR_GPIOCRST))
|= (RCC_AHB1RSTR_GPIODRST))
(RCC->AHB1RSTR |= (RCC_AHB1RSTR_GPIOERST))
|= (RCC_AHB1RSTR_GPIOHRST))
|= (RCC_AHB1RSTR_CRCRST))
|= (RCC_AHB1RSTR_DMA1RST))
|= (RCC_AHB1RSTR_DMA2RST))

Held periphery in
RESET, periphery
registers are in
default state

In file
stm32f4xx_hal_rcc.h

#define _ GPIOA RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIOARST))
#define _ GPIOB_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIOBRST))
#define _ GPIOC_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIOCRST))
#define _ GPIOD_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIODRST))
#define _ GPIOE_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIOERST)) Rel_ease RESET’
#define _ GPIOF_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIOFRST)) [)EBFI[)f]EBr)/ can be
#define _ GPIOG_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIOGRST))
#define _ GPIOH_RELEASE_RESET() (RCC->AHB1RSTR &= ~(RCC_AHBIRSTR_GPIOHRST)) now enabled
"‘ #define _ GPIOI_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_GPIOIRST))
o cugrem fdefine _ CRC_RELEASE_RESET()  (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_CRCRST))
#define _ DMA1_RELEASE_RESET() (RCC->AHBIRSTR &= ~(RCC_AHBIRSTR_DMAIRST))
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HAL service peripherals
RCC - macros ™

* RCC macros are defined in stm32f4xx_hal_rcc.h file, they are needed for
peripherals clock gating, reset control and sleep mode clock config
- Peripheral clock enable/disable: __ TIM1_CLK_ENABLE()/ __ TIM1_CLK_DISABLE()
» Peripheral reset enable/disable: ~ GPIOA _FORCE_RESET()/ _ GPIOA_RELEASE_RESETY()

» Peripheral Sleep mode clock enable/disable:  SPI3_CLK _SLEEP_ ENABLE()/
SPI3_CLK_SLEEP_DISBALE()

14

» Other RCC macros are available for direct register access, they can be used
in the application instead of the HAL clock config APls, for example, when
restoring clock after Stop mode, user can use directly below macros

« __ HAL_RCC_HSE_CONFIG
« __HAL_RCC_PLL_ENABLE
« __HAL_RCC_GET_FLAG

Lys
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HAL structures

HAL function sometime require structure as parameter

For example: [ strESZf4xx_haI_gp|o.c }

» void HAL_GPIO _Init(GPIO_TypeDef *GPIOx, GPIO_InitTypeDef *GPIO _Init)

Precise name of structure we will found in stm32f4xx_hal_ xxx.c

The structure definition is in stm32f4xx_hal xxx.h header file
» We can use go to definition option of IDE

/**

* @brief GPIO Init structure definition .
Ny [ stm32f4xx_hal_gpio.h ]
typedef struct N
{
uint32_t Pin; /*1< Specifies the GPIO pins to be configured.
This parameter can be any value of @ref GPIO _pins_define */
uint32_t Mode; /*1< Specifies the operating mode for the selected pins.
This parameter can be a value of @ref GPIO_mode_define */
uint32_t Pull; /*1< Specifies the Pull-up or Pull-Down activation for the selected pins.
This parameter can be a value of @ref GPIO _pull define */
uint32_t Speed; /*1< Specifies the speed for the selected pins.

This parameter can be a value of @ref GPIO_speed _define */
uint32_t Alternate; /*!< Peripheral to be connected to the selected pins.
This parameter can be a value of @ref GPIO_Alternate_function_selection */
}GPIO_InitTypeDef;



HAL structures

/**
* @brief GPIO Init structure definition .
*/ stm32f4xx_hal_gpio.h
typedef struct
{
uint32_t Pin; /*1< Specifies the GPIO pins to be configured.
This parameter can be any value of|@ref GPIO_pins_define */
uint32_t Mode; /*!1< Specifies the operating mode for the selected pins.
This parameter can be a value of @ref GPIO mode define */
uint32_t Pull; /*1< Specifies the Pull-up or Pull-Down activation for the selected pins.
This parameter can be a value of @ref GPIO pull define */
uint32_t Speed; /*1< Specifies the speed for the selected pins.

This parameter can be a value of @ref GPIO speed define */
uint32_t Alternate; /*!< Peripheral to be connected to the selected pins.
This parameter can be a value of @ref GPIO Alternate function_selection */
}GPIO_InitTypeDef;

* To discover what parameter fill into structure find the @ref name

* @defgroup| GPIO_pins_define [5PIO pins define
-~

*/

#definef&EIO_PIN_e <‘\ ((uintl6_t)oxeeel) /* Pin 0 selected */

#define|GPIO_PIN_1 ((uintl6_t)oxe002) /* Pin 1 selected */

#define|GPIO_PIN_2 ((uintl6_t)oxeee4) /* Pin 2 selected */

#define|GPIO_PIN_3 ((uintl6_t)oxeee8) /* Pin 3 selected */

#define| GPIO_PIN_4 ((uintl6_t)oxe010) /* Pin 4 selected */

#define|GPIO_PIN_5 ((uintl6_t)oxe@020) /* Pin 5 selected */

#define|GPIO_PIN_6 ((uintl6_t)oxe040) /* Pin 6 selected */

#define|GPIO_PIN_7 ((uintl6_t)oxe080) /* Pin 7 selected */

#define|GPIO_PIN_8 ((uintl6_t)oxe100) /* Pin 8 selected */

#define|GPIO_PIN_9 ((uintl6_t)o0xe200) /* Pin 9 selected */

#define| GPIO_PIN_10 ((uintl6_t)oxe400) /* Pin 10 selected */

#define|GPIO_PIN_11 ((uintl6e_t)oxe800) /* Pin 11 selected */ ]
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HAL service peripherals
RCC - clock configuration (1/2)

» Two functions needed for clock configuration
« HAL_RCC_OscConfig
« HAL RCC_ClockConfig

« HAL_RCC_OscConfig (RCC_OsclnitTypeDef *RCC_OsclnitStruct)

» Configures/Enables multiple clock sources : HSE, HSI, LSE, LSI, PLL

/**
* @brief RCC Internal/External Oscillator (HSE, HSI, LSE and LSI) configuration structure definition
*/

typedef struct

{

uint32_t OscillatorType; /*!1< The oscillators to be configured.

This parameter can be a value of @ref RCC_Oscillator_Type */
uint32_t HSEState; /*1< The new state of the HSE.

This parameter can be a value of @ref RCC_HSE Config */
uint32_t LSEState; /*1< The new state of the LSE.

This parameter can be a value of @ref RCC_LSE Config */
uint32_t HSIState; /*1< The new state of the HSI.

This parameter can be a value of @ref RCC_HSI Config */

uint32_t HSICalibrationValue; /*!< The calibration trimming value.
This parameter must be a number between Min_Data = 0x00 and Max_Data = Ox1F */

uint32_t LSIState; /*1< The new state of the LSI.
This parameter can be a value of @ref RCC_LSI Config */
RCC_PLLInitTypeDef PLL; /*1< PLL structure parameters */

}RCC_OscInitTypeDef;

Ay/s
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HAL service peripherals

RCC - clock configuration (1/2)

» Two functions needed for clock configuration

« HAL_RCC_OscConfig

« HAL RCC_ClockConfig

« HAL_RCC_OscConfig (RCC_OsclnitTypeDef *RCC_OsclnitStruct)

» Configures/Enables multiple clock sources : HSE, HSI, LSE, LSI, PLL

/**
* @brief RCC Internal/External /**
*/

typedef struct

{
uint32_t OscillatorType;

uint32_t HSEState;
uint32_t LSEState;
uint32_t HSIState;
uint32_t HSICalibrationValue;

uint32_t LSIState;

RCC_PLLInitTypeDef PLL;
}RCC_OscInitTypeDef;

Ay/s
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*/

typedef struct

{
uint32_t PLLState;

uint32_t PLLSource;

uint32_t PLLM;

uint32_t PLLN;

uint32_t PLLP;

uint32_t PLLQ;

JRCC_PLLINnitTypeDef;

/*1<

/*¥1<

/*¥1<

/*¥1<

/*1<

/*1<

* @brief RCC PLL configuration structure definition

The new state of the PLL.
This parameter can be a value of @ref RCC_PLL_Config

RCC_PLLSource: PLL entry clock source.
This parameter must be a value of @ref RCC_PLL_Clock_Source

PLLM: Division factor for PLL VCO input clock.
This parameter must be a number between Min_Data = © and Max_Data = 63

PLLN: Multiplication factor for PLL VCO output clock.
This parameter must be a number between Min_Data = 192 and Max_Data =

PLLP: Division factor for main system clock (SYSCLK).
This parameter must be a value of @ref RCC_PLLP_Clock_Divider

PLLQ: Division factor for OTG FS, SDIO and RNG clocks.
This parameter must be a number between Min_Data = © and Max_Data = 63



HAL service peripherals
RCC - clock configuration (2/2)

« HAL_RCC_ClockConfig (RCC_CIkInitTypeDef *RCC_ClIkInitStruct, uint32_t
FLatency)

» Selects system clock source

» Configures AHB, APB1 and APB2 clock dividers

» Configures Flash Wait States

» Updates systick config following HCLK clock changes to generate 1ms timebase

/**
* @brief RCC System, AHB and APB busses clock configuration structure definition
*/
typedef struct
{
uint32_t ClockType; /*!< The clock to be configured.
This parameter can be a value of @ref RCC_System_Clock_Type */
uint32_t SYSCLKSource; /*!< The clock source (SYSCLKS) used as system clock.
This parameter can be a value of @ref RCC_System_Clock_Source */
uint32_t AHBCLKDivider; /*1< The AHB clock (HCLK) divider. This clock is derived from the system clock (SYSCLK).
This parameter can be a value of @ref RCC_AHB_Clock_Source */
uint32_t APB1CLKDivider; /*!< The APB1 clock (PCLK1) divider. This clock is derived from the AHB clock (HCLK).
This parameter can be a value of @ref RCC_APB1_APB2_Clock_Source */
uint32_t APB2CLKDivider; /*!< The APB2 clock (PCLK2) divider. This clock is derived from the AHB clock (HCLK).

This parameter can be a value of @ref RCC_APB1_APB2_Clock_Source */

}RCC_C1lkInitTypeDef;

—_—y
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HAL service peripherals
RCC - clock configuration (2/2)

« HAL_RCC_ClockConfig (RCC_CIkInitTypeDef *RCC_ClIkInitStruct, uint32_t
FLatency)

» Selects system clock source

» Configures AHB, APB1 and APB2 clock dividers

» Configures Flash Wait States

» Updates systick config following HCLK clock changes to generate 1ms timebase

/**
* @brief RCC System, AHB and APB busses clock configuration structure definition
*/
typedef struct
{
uint32_t ClockType; /*!< The clock to be configured.
This parameter can be a value of @ref RCC_System_Clock_Type */
uint32_t SYSCLKSource; /*!< The clock source (SYSCLKS) used as system clock.
This parameter can be a value of @ref RCC_System_Clock_Source */
uint32_t AHBCLKDivider; /*1< The AHB clock (HCLK) divider. This clock is derived from the system clock (SYSCLK).
This parameter can be a value of @ref RCC_AHB_Clock_Source */
uint32_t APB1CLKDivider; /*!< The APB1 clock (PCLK1) divider. This clock is derived from the AHB clock (HCLK).
This parameter can be a value of @ref RCC_APB1_APB2_Clock_Source */
uint32_t APB2CLKDivider; /*!< The APB2 clock (PCLK2) divider. This clock is derived from the AHB clock (HCLK).

This parameter can be a value of @ref RCC_APB1_APB2_Clock_Source */

}RCC_C1lkInitTypeDef;

—_—y
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HAL service peripherals
RCC-APls

 Main function structure, generated by CubeMX

int main(void)

{
/* USER CODE BEGIN 1 */

Initialize Systick,
NVIC, and call .
HAL_Init_ MSP Lo and the systick. */

/* USER CODE END 1 */
/* MCU Configuration---5
/* Reset of all peps
| HAL Init(); |
/* Configure the system clock */

| SystemClock Config(); L
/* Initialize all config Initialize STM32

h/ll)*(_ﬁzég_égéz(ééGIN 2 */ clock tree, based on
Clock Configuration

/* USER CODE END 2 */ in CubeMX
/* USER CODE BEGIN 3 */

/* Infinite loop */
while (1)
{

}
/* USER CODE END 3 */

}

Lys
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HAL service peripherals
RCC - APlIs

* MX_GPIO_Init function structure, generated by CubeMX

/** System Clock Configuration
*/
void SystemClock_Config(void)
{
Enable clocks for
RCC_OscInitTypeDef RCC_OscInitStruct;

RCC_ClkInitTypeDef RCC_ClkInitStruct; . PWR periphe
~_ ry

__PWR_CLK_ENABLE(); Configure voltage

__HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAGE_SCALE1); scale (refer RM)

RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE;
RCC_OscInitStruct.HSEState = RCC_HSE_ON;
RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON;
RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;
RCC_OscInitStruct.PLL.PLLM = 8;

RCC_OscInitStruct.PLL.PLLN = 336;
RCC_OscInitStruct.PLL.PLLP RCC_PLLP_DIV2;
RCC_OscInitStruct.PLL.PLLQ = 4;
HAL_RCC_OscConfig(&RCC_OscInitStruct);

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_SYSCLK|RCC_CLOCKTYPE_PCLK1
|RCC_CLOCKTYPE_PCLK2;
RCC_C1kInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1;
RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV4;
RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV2;
HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY 5);



HAL service peripherals
RCC - APlIs

« SystemClock _Config function structure, generated by CubeMX

/** System Clock Configuration
*/

void SystemClock_Config(void)
{

RCC_OscInitTypeDef RCC_OscInitStruct;
RCC_ClkInitTypeDef RCC_ClkInitStruct;

__PWR_CLK_ENABLE();

__HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR VOLTAGE_SCALE1); e o | HSERTC, | AN

o9

RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE; | 32768
RCC_OscInitStruct.HSEState = RCC_HSE_ON; -

RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON; LS RC - J
RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE; l
RCC_OscInitStruct.PLL.PLLM = 8;
RCC_OscInitStruct.PLL.PLLN = 336; . Syste
RCC_OscInitStruct.PLL.PLLP RCC_PLLP_DIV2; 1
RCC_OscInitStruct.PLL.PLLQ = 4; ﬂ :
HAL_RCC_OscConfig(&RCC_OscInitStruct); i s

L J

[
1
&}

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_SYSCLK|RCC_CLOCKTY i Tl
|RCC_CLOCKTYPE_PCLK2; LY Source N A
RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK; .
RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1; Input frequency ] P P
RCC_HCLK_DIV4; :: @ .
RCC_HCLK_DIV2; E«—ﬁj o

F— X336 * 12 ad |
M BE

RCC_ClkInitStruct.APB1CLKDivider
RCC_ClkInitStruct.APB2CLKDivider .
HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_5); - 1 1

Main PLL




HAL service peripherals
RCC - APlIs

« SystemClock _Config function structure, generated by CubeMX

/** System Clock Configuration
* / = 162 Ethernst FTF dock (MHZ)
void SystemClock_Con'Fig(void) B - HCLK to AHE bus, core, memory]
{ = 18 and DMA MHz)
— /B = 21 ToCortex§ imer (MH
RCC_OscInitTypeDef RCC_OscInitStrucd Sstem Cock Mux o Cortex System tmer (MHz)
i i HaL | -
RCC_ClkInitTypeDef RCC_ClkInitStrucl "= » 162 FCLKCortex clock (MH2)
HsE SYSCLE (MHz) AHE Prescaler HCLE (MHz) APB1 Prascaler )
__PWR_CLK_ENABLE(); U= g —+—1 o« —| 168 |—<H- 4T ff’f‘lrra_ 22 APB1peripheral clocks (MHz)
16D Mz ma ' '
__HAL_PWR_VOLTAGESCALING_CONFIG(PWR| "5 a L %2 —» g4 APE1Timer clocks (MHz)
+ APE2 Prescaler -
RCC_OscInitStruct.OscillatorType = Enabis CSS T T rmn o # APB2peripheral clacks (MHz)
RCC_OscInitStruct.HSEState = RCC_HS :
RCC_OscInitStruct.PLL.PLLState = RC ® A1 = 1e APB2timer docks (MH2)
RCC_OscInitStruct.PLL.PLLSource = R
RCC_OscInitStruct.PLL.PLLM = 8; i
RCC_OscInitStruct.PLL.PLLN = 336; L

RCC_OscInitStruct.PLL.PLLP RCC_PLLP_DIV2;
RCC_OscInitStruct.PLL.PLLQ = 4;
HAL_RCC_OscConfig(&RCC_OscInitStruct);

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_SYSCLK|RCC_CLOCKTYPE_PCLK1
|RCC_CLOCKTYPE_PCLK2;
RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1;
RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV4;
RCC_ClkInitStruct.APB2CLKDivider RCC_HCLK_DIV2;
HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_5);




HAL service peripherals
RCC — other APIs

Clock Delnit: returns to reset clock config
« HAL_RCC_Delnit()

Get Clock functions with config read from RCC registers
+ HAL_RCC_GetSysClockFreq()
+ HAL_RCC_GetHCLKFreq()
« HAL_RCC_GetPCLK1Freq()
« HAL_RCC_GetPCLK2Freq()
*+ HAL_RCC_GetOscConfig()
+ HAL_RCC_GetClockConfig()

MCO clock selection (it includes the GPIO AF config as MCO)
HAL_RCC_MCOConfig()

CSS enable/disable and interrupt handling
« HAL_RCC_EnableCSS() / HAL_RCC_DisableCSS()
+ HAL_RCC_NMI_IRQHandler()
« HAL_RCC_CSSCallback()

Lys
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HAL service peripherals
RCC — extension APIs

* For RCC block, the extension APIs cover specific product or family
clock tree feature, for example

* In F4x family, extension APIs ( defined in file stm32f4xx_hal_rcc_ex.c) include:
» Clock configuration of dedicated PLLs for SAl and I2S peripherals (PLLI2S, PLLSAI”
» Clock source selection for RTC block

 In LOx family, extension APls (defined in stm32I0xx_hal_rcc_ex.c) include:

» Clock source selection for some peripherals: USART1, USARTZ2, LPUART, 12C, RTC,
USB,...

» LSE clock security system enable/disable
» Clock Recovery system (CRS) config

Lys
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HAL service peripherals
Cortex

+ Cortex HAL driver provides APlIs for handling NVIC and Systick,
supported APIs include
 HAL _NVIC_SetPriorityGrouping
« HAL_NVIC_SetPriority
« HAL_NVIC_EnablelRQ /HAL_NVIC_ DisablelRQ
« HAL_SYSTICK_Config
« HAL_SYSTICK CLKSourceConfig

lifs.augmented



HAL service peripherals
NVIC Priority Grouping

* STM32 allow to use up to 4bits for Interrupt priorities

« User can decide how many bits will be used for Pre-empt (Group)
priorities and for Subpriorities

» By default set in HAL _Init() to 4bit for Group priorities
 Possible settings:

NVIC_PRIORITYGROUP_O Subpriority bit 3 Subpriority bit 2 Subpriority bit 1 Subpriority bit 0

NVIC_PRIORITYGROUP_1 Pre-emption bit O Subpriority bit 2 Subpiriority bit 1 Subpriority bit 0

NVIC_PRIORITYGROUP_2 Pre-emption bit 1 Pre-emption bit O Subpriority bit 1 Subpriority bit 0

NVIC_PRIORITYGROUP_3

Pre-emption bit 2 Pre-emption bit 1 Pre-emption bit 0 Subpriority bit 0

NVIC PRIORITYGROUP_ 4 Pre-emption bit 3 Pre-emption bit 2 Pre-emption bit 1 Pre-emption bit 0

For

) /4
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Group priority

Main process Main process

The IRQ1 have higher
group priority, IRQ2 wait
until IRQ1 ends

IRQ1 - Group priority O

IRQ2 - Group priority 1




Sub priority

IRQ1 & IRQ2 come ins same
time, the have same priority
group, the IRQ with higher sub
priority will start first

Main process Main process

IRQ1 - Group priority 0, Sub priority 0
IRQ2 - Group priority 0, Sub priority 1




Sub priority

RQ1 & IRQ2 have same group
priority but IRQ2 came late then
IRQ1. Subpriority is irrelevant
now

Main process Main process

IRQ1 - Group priority 0, Sub priority 1
IRQ2 - Group priority 0, Sub priority 0




HAL service peripherals
NVIC interrupt settings

* For Interrupt Priority settings and for enable and disable are used:
« HAL_NVIC_SetPriority
« HAL_NVIC_EnablelRQ /HAL_NVIC_DisablelRQ

* Most important is the IRQn_Type which describe which interrupt will
be set/enabled/disabled

| _ _ _ For STM32F429 in
 This parameter is defined in stm32f4xx.h file stm32f429 h

/**
* @brief STM32F4XX Interrupt Number Definition, according to the selected device
* in @ref Library_configuration_section
*/

typedef :
Qoo s | Defined by

/****** Cortex-M4 P

******************************************/

NonMaskableInt_IRQn = D upt */
MemoryManagement_IRQn = -12, /*1< 4 Cortex-M4 Memory Management Interrupt */
BusFault_IRQn = -11, /*!< 5 Cortex-M4 Bus Fault Interrupt */
UsageFault_IRQn = -10, /*!1< 6 Cortex-M4 Usage Fault Interrupt */
SVCall_IRQn = -5, /*1< - */
DebugMonitor_IRQn = -4, /*1< H rupt */
PendSV_IRQn = -2, /¥ 1« SpeCIfIC for */
SysTick TROn = -1, /*1< STM32F429 t */
/****** STM3?2 snecific Interrunt N“mhe e o ***************************************/
WWDG_IRQn = 0, /*!< Window WatchDog Interrupt */
PVD_IRQn =1, /*!< PVD through EXTI Line detection Interrupt */
TAMP_STAMP_IRQn = 2, /*!< Tamper and TimeStamp interrupts through the EXTI line */
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Use GPIO lab

- Use GPIO lab to create project with GPIO

* We use this project for better demonstration how the HAL library

works

(& STM32CubelX Untitled (= B S
File Project Window Help

FECLH Y IEE

New Project

Load Project

Help

h'.fe.c:ug’meid J




HAL service peripherals
GPIO - initialization structure ™

- Two new features compared to std library GPIO driver
* A pin can be configured as EXTI with interrupt or event generation

36

 Alternate field allows selection of the Alternate function for a pin (AFxx)

/**
* @brief  GPIO Init structure definition
*/
typedef struct
{
uint32_t Pin; /*1< Specifies the GPIO pins to be configured.
This parameter can be any value of @ref GPIO_pins_define */
uint32_t Mode; /*1< Specifies the operating mode for the selected pins.
This parameter can be a value of @ref GPIO_mode_define */
uint32_t Pull; /*1< Specifies the Pull-up or Pull-Down activation for the selected pins.
This parameter can be a value of @ref GPIO_pull define */
uint32_t Speed; /*1< Specifies the speed for the selected pins.

This parameter can be a value of @ref GPIO_speed define */

uint32_t Alternate; /*!< Peripheral to be connected to the selected pins.
This parameter can be a value of @ref GPIO_Alternat_function_selection
*/
}GPIO _InitTypeDef;

-~
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HAL service peripherals
GPIO — initialization — GP1O Mode

137

GPIO_MODE_OUTPUT_PP GPIO_MODE_OUTPUT_OD

GPIO GPIO High GPIO GPIO
register pin L ow register pin Low

GPIO_MODE_INPUT GPIO_MODE_ANALOG

GPIO GPIO High ADC/DC GPIO To High
register pin Low A pin From Low

GPIO_MODE_AF PP GPIO_MODE_AF OD

Periphery Periphery

(SPI,12C,...) (SPL,I2C,...) Low




HAL service peripherals
GPIO — initialization — GP1O Mode

GPIO_MODE_IT_RISING GPIO_MODE_IT_FALLING

EXTI GPIO Rising EXTI GPIO Falling
interrupt pin \ A

interrupt pin

GPIO_MODE_IT RISING FALLING GPIO_MODE_EVT_RISING

EXTI GPIO IR|s|ng/Falllng EXTI cHol 4y 1 Rising
event pin

interrupt

GPIO_MODE_EVT FALLING GPIO_MODE_EVT RISING FALLING

EXTI GPIO Falling EXTI GPIO I Rising/Falling
event pin | A event pin

Lys
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GPIO_NOPULL

HAL service peripherals
GPIO - initialization — GPIO Pull

GPIO_PULLUP GPIO_PULLDOWN
VDD




HAL service peripherals
GPIO - initialization — GPIO Speed

» GPIO(Pin) output speed configuration
« Change the rising and falling edge when pin change state from high to low or low to high
* Higher GPIO speed increase EMI noise from STM32 and increase STM32 consumption

* ltis good to adapt GPIO speed with periphery speed. Ex.: Toggling GPIO on 1Hz is LOW
optimal settings, but SPI on 45MHz the HIGH must be set

140

GPIO output LOW speed GPIO output MEDIUM speed
LOW LOW >
HIGH HIGH

GPIO output FAST speed GPIO output HIGH speed
LOW p  LOW  frescccsncnnnnnnss S
HIGH HIGH /




HAL service peripherals
GPIO — initialization — GPIO Alternate

Select alternate function for GPIO




HAL service peripherals
GPIO —APIs ™

2

* The following APls are provided

HAL_GPIO_Init() Initialize the GPIO pins with parameters
in initialization structure

HAL_ GPIO_Delnit() Deinitialize the GPIO to default state

HAL GPIO_ReadPin() Read the state on selected pin

HAL_GPIO_WritePin() Change state of selected pin

HAL GPIO_TogglePin() Change state on selected pin to oposite

lifs.augmented



HAL service peripherals
GPIO — APIs

 Main function structure, generated by CubeMX

int main(void)
{
/* USER CODE BEGIN 1 */

Initialize Systick,
NVIC, and call *
HAL_Init MSP /" T T /

ce and the Systick. */

/* USER CODE END 1 */
/* MCU Configuration---5
/* Reset of all peps
| HAL Init(); |
/* Configure the system clock */
| SystemClock Config(); eie s
[* Initialize all config Initialize STM32
MX_GPIO Init(); clock tree, based on

/* USER CODE BEGIN

Clock Configuration

/* USER CODE END 2 */ in CubeMX
/* USER CODE BEGIN 3 */

/* Infinite loop */

while (1) Initialize GPIO which
{ N

are not used with any
;* USER CODE END 3 */ Other perlphery

}

Lys
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HAL service peripherals
GPIO — APIs

* MX_GPIO_Init function structure, generated by CubeMX

/** Configure pins as

* Analog
* Input
* Output
* EVENT_OUT
* EXTI
*/
void MX_GPIO Init(void)
{ Enable clock

for GPIO port

GPIO_InitTypeDef GPIO InitStruct) Initialize the

[* GPIO Ports Clock Enablg GPIO pln
__GPIOG_CLK_ENABLE(); configured in
/[*Configure GPIO pin ; PGl4 */ CubeMX

GPIO InitStruct.Pin = GPIO PIN_14;

GPIO InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO InitStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Sneed = GPIO SPEED LOW: Initialize the
HAL_GPIO Init(GPIOG, &GPIO InitStruct); GPIO registers

}

Lys
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HAL service peripherals
GPIO — APIs

* MX_GPIO_Init function structure, generated by CubeMX

/** Configure pins as

* Analog

* Input

* Output

* EVENT_OUT

* EXTI
*/
void MX_GPIO_Init(void)
{

GPIO_InitTypeDef GPIO_InitStruct;

/¥ GPIO Ports Clock Enable */
__GPIOG_CLK_ENABLE();

/*Configure GPIO pin : PG14 */
GPIO InitStruct.Pin = GPIO_PIN 14;
GPIO InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO InitStruct.Pull = GPIO NOPULL;
GPIO InitStruct.Speed = GPIO SPEED | OW:
HAL_GPIO Init(GPIOG, &GPIO InitStruct);

Like other Service init
functions
HAL_GPIO _Init have
no MSP function

}

Lys
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Use EXTI lab

« Use EXTI lab to create project with GPIO

* We use this project for better demonstration how the HAL library

works

(& STM32CubelX Untitled (= B S
File Project Window Help

FECLH Y IEE

New Project

Load Project

Help
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Use EXTI lab

HAL EXTI workflow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Configure the GPIO to generate interrupt on
rising or falling edge

HAL_GPIO_EXTI_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

Lys
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Use EXTI lab

* GPIO with EXTlI initialization in main.c

/** Configure pins as

* Analog

* Input

* Qutput

* EVENT_OUT

* EXTI
* / . . L
void MX GPIO Init(void) Rising edge with interrupt ]
{ mode select

GPIO InitTypeDef GPIO InitStruct;
/* GPIO Ports Clock Enable */
__GPIOA _CLK_ENABLE();

/*Configure GPIO pin : PA@ */
GPIO_InitStruct.Pin = GPIO PIN ©;
GPIO InitStruct.Mode =|GPIO_MODE_IT RISING;| SRSt
GPIO InitStruct.Pull = GPIO _NOPULL; |
HAL_GPIO Init(GPIOA, &GPIO InitStruct); T

/* EXTI interrupt init*/
[HAL_NVIC_SetPr‘ior‘ity (EXTIO _IRQn, 0, 0) ;] HAL GPIO. EXTI Callback

Peripheral Initializations
including peripheral interrupt NVIC
initializations

HAL_NVIC_EnableIRQ(EXTIO IRQn);

} _/\
Ays NVIC configuration

lifs.augmented




Use EXTI lab

* Interrupt handling in stm32f4xx_it.c

/**

* @brief This function handles EXTI Line® interrupt.
*/

void EXTI@_IRQHandler(void)

{
/* USER CODE BEGIN EXTI0_IRQn @ */ Call HAL_GPIO_EXTI_IRQHandler parameter is

_musauonmm_m.%wen &) pin for which we want check the interrupt state
HAL GPIO EXTI IRQH GPIO PIN O); y
e o e 19) GPIO/EXTI don't need any handler

=

/* USER CODE END EXTIO_IRQn 1 */
}

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Configure the GPIO to generate interrupt on
rising or falling edge

HAL_GPIO_EXTI_IRQHandler EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

Lys
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Use EXTI lab

* EXTI interrupt callback
* Need to by defined by user, in default defined as  weak

- Can be found in hal _stm32f4xx_gpio.c

/**
* @brief EXTI line detection callbacks.
* @param GPIO Pin: Specifies the pins connected EXTI line
* @retval None
*/
__weak void HAL_GPIO EXTI Callback(uintl6_t GPIO Pin)

{
/* NOTE: This function Should not be modified, when the callback is needed,

the HAL_GPIO_EXTI_Callback could be implemented in the user file
*/

/* USER CODE BEGIN 4 */
void HAL_GPIO_EXTI Callback(uintl6_t GPIO_Pin)

{ User defined in main.c

}
/* USER CODE END 4 */




Use EXTI lab

« EXTI lab extension

* Use now the same example but now use two or more
EXTI pins

VDDA

* You can use only EXTI GPIO_EXTIO | i
with different number

STM32CubeMX Untitled | E=REE S|

jow

File Project Window Help
Meoud 68§ 0p

SILX3 OId9
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Use EXTI lab

HAL multiple EXTI workflow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Configure the GPIO to generate interrupt on
rising or falling edge

HAL_GPIO_EXTI_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

HAL_GPIO_EXTI_IRQHandler ﬁ EXTI9_5_IRQHandler

Interrupts from PX5 to PX9
‘Yl share same interrupt vector

lifs.augmented Y,

HAL GPIO _EXTI_IRQHandler call
for interrupts only one callback




Use EXTI lab

* GPIO with EXTlI initialization in main.c

/** Configure pins as

* Analog

* Input

* Qutput

* EVENT_OUT

* EXTI
*/
void MX_GPIO_Init(void)
{

GPIO InitTypeDef GPIO _InitStruct;

/* GPIO Ports Clock Enable */

" GPIOA CLK_ENABLE(); Interrupt enable for PAO
/*Configure GPIO pins : PA@ PAS5 P

GPIO InitStruct.Pin = GPIO_PIN_GlGPIO_PJ PIN_6;

GPIO InitStruct.Mode = GPIO MODE_IT RIS
GPIO_InitStruct.Pull = GPIO_NOPULL;
HAL_GPIO_Init (GPIOA, &GPIO_InitSt ruct ) j‘ . Peripheral Initializations

/% EXTT 4 n‘l'er‘r‘llp‘l' initx/ including p.erllphgralllnterrupt NVIC
HAL_NVIC_SetPriority(EXTI®_ IRQn, 0, ©);
HAL_NVIC_EnableIRQ(EXTIO IRQn);

HAL_NVIC_SetPriority(EXTI9 5 IRQn, 0, ©);
HAL_NVIC_EnableIRQ(EXTIS 5 IRQn);

HAL_GPIO_EXTI_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

HAL_GPIO_EXTI_IRQHandler H EXTI9_5_IRQHandler

Interrupt enable for PAS and PAG
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Use EXTI lab

* Interrupt handling in stm32f4xx_it.c

/**
* @brief This function handles EXTI Line[9:5] interrupts.
*/

void EXTI9 5 IRQHandler(void)

{
/* USER CODE BEGIN EXTI9_5_IRQn © */

N
If EXTI interrupt handle multiple pins we

must call HAL_GPIO_EXTI _IRQHandler
for each of them

/* USER_CODE END EXTIS 5 IROn @ */
HAL_GPIO_EXTI_IRQHandler(GPIO_PIN_5);
HAL_GPIO_EXTI_IRQHandler(GPIO_PIN_6);

J

/* USER CODE END EXTI9_5_IRQn 1 */
}

Peripheral Initializations
including peripheral interrupt NVIC

_______Jm%iﬁmmg_______

Configure the GPIO to generate
interrupt on rising or falling edge

HAL_GPIO_EXTI_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

Lys
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Use EXTI lab

* Need to by defined by user, in default defined as  weak

/* USER CODE BEGIN 4 */

VoS HAL GPI0 EXTLCallback(ulutie £ GRIO-PiN)Y HAL_GPIO_EXTI_IRQHandler use only
case GPIO_PIN 9: one callback for all interrupts

/*GPIO_PIN_© EXTI handling*/
break;
case GPIO_PIN_5:

/*GPIO_PIN_5 EXTI handling*/ ﬁ Here we can use SWITCH to handle ]

break; . . g .
case GPIO PIN 6: correct action for specific pin

/*GPIO _PIN 6 EXTI handling*/
break;
default:

break;
o /
}

/* USER CODE END 4 */ Peripheral Initializations
including peripheral interrupt NVIC

_______Jm%iﬁmmg_______

Configure the GPIO to generate
interrupt on rising or falling edge

HAL_GPIO_EXTI_IRQHandler H EXTIO_IRQHandler

Edge detection callback
HAL_GPIO_EXTI_Callback

HAL_GPIO_EXTI_IRQHandler H EXTI9_5_IRQHandler

Lys
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Use DMA Poll lab

- Use DMA Poll lab to create project with DMA

* We use this project for better demonstration how the HAL library

works
(& STM32CubelX Untitled (= B S

File Project Window Help
E-ouw 68 19
New Project
Load Project
Help
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Handle structures

* Many of Cube HAL function require handle for correct function(DMA,
TIM, UART, ...)

- Each periphery must have own handle

- Handle for periphery must be defined only once. CubeMX define it in
main.c

 Handler is used when: HAL function inform

« Calling HAL periphery function handle structure
* In interrupt handler where are the data

UART periphery UART handle HAL_UART Init \

UART periphery UART handle HAL_UART_Transmit Data

UART periphery UART handle Data NESEARISIEASMIt

waof The sending routine the use handle to sarch data to send




Handle structures

- Handle is basic structure contains information about periphery

* |nstance

» Define which periphery is it(ex. TIM1, or TIMS)
* Only one instance per handler

* |nit
» Here are stored initialization parameters for periphery(ex.: DMA: destination address)
* Lock
» Lock to periphery status, cannot be used from different function or thread
» Status
 Status of periphery(Ready, Busy or Error)
» Error
« Indicate which type of error was indicated during operation
* Parent
« If DMA work with other periphery(ex. SPI) this points to periphery handler
» Callbacks
 Callback to other functions (Complete callback, HalfTransferComplete callback, Error
callback, ...)

* Depends on type of periphery
» Periphery dependent parts
‘11 phery aep P

lfe.cugmented * Unique for each periphery



HAL service peripherals
DMA — HAL APIs Handle structure

- DMA HAL APIs use a DMA Handle structure as parameter, it is defined as following:

= Defined in

* @brief DMA handle Structure definition

*/ stm32f4xx_hal _dma.h

typedef struct _ DMA_HandleTypeDef
{

DMA_Stream_TypeDef *Instance; Pointer to DMA stream instance (ex: DMA1_StreamO) ase address */
lDMA_InitTypeDef Init; l DMA channel init structure /*1< DMA communication parameters */
HAL_LockTypeDef Lock; /*!< DMA locking object */
__I0 HAL_DMA_StateTypeDef State; /*!< DMA transfer state */
}void *Parent; DMA parent /*1< Parent object state */
void (* XferCpltCallback)( struct __DMA_HandleTypeDef * hdma); \ /*!1< DMA transfer complete callback */
void (* XferHalfCpltCallback)( struct __DMA HandleTypeDef * hdma);|/*!< DMA Half transfer complete callback */
void (* XferMiCpltCallback)( struct _ DMA_HandleTypeDef * hdma); /*1< DMA transfer complete Memoryl callback */
\void (* XferErrorCallback)( struct __DMA_HandleTypeDef * hdma); ) /*1< DMA transfer error callback */
}Dﬁfgaiigzif@:pef; ErrorCode; DMA Channel Ca”baCkS /*1< DMA Error code */

+ DMA channel callbacks need to be initialized by user only in case of memory to memory transfer.

* For peripheral - memory transfers, the HAL peripheral driver offer APIs that handles DMA transfer for peripheral (( ex:
r HAL_USART_Receive_ DMA()) these APIs will assign callback functions.

) /4
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HAL service peripherals
DMA — HAL APIs Init structure

/x* .
i/@br‘ief DMA Configuration Structure definition IN thlS Structure are
typedet struct stored information
uint32_t Channel; /*1< Specifies the channel used for the specified stream.
This parameter can be a value of @ref DMA_Channel_selection abOUt DMA
uint32_t Direction; /*1< Specifies if the data will be transferred from memory to periphe . .
from memory to memory or from peripheral to memory. [:)EBfIfIEB |r]
This parameter can be a value of @ref DMA_Data_transfer_dir
uint32_t PeriphInc; /*1< Specifies whether the Peripheral address register should Stm32f4XX hal dmah
This parameter can be a value of @ref DMA_Peripheral_incremented_m - - A‘/)
uint32_t MemInc; /*1< Specifies whether the memory address register should be incremented O
This parameter can be a value of @ref DMA_Memory_incremented_mode */
uint32_t PeriphDataAlignment; /*!< Specifies the Peripheral data width.
This parameter can be a value of @ref DMA_Peripheral_data_size */
uint32_t MemDataAlignment; /*1< Specifies the Memory data width.
This parameter can be a value of @ref DMA_Memory_data_size */
uint32_t Mode; /*1< Specifies the operation mode of the DMAy Streamx.
This parameter can be a value of @ref DMA_mode
@note The circular buffer mode cannot be used if the memory-to-memory
data transfer is configured on the selected Stream */
uint32_t Priority; /*1< Specifies the software priority for the DMAy Streamx.
This parameter can be a value of @ref DMA_Priority level */
uint32_t FIFOMode; /*1< Specifies if the FIFO mode or Direct mode will be used for the specified stream.
This parameter can be a value of @ref DMA_FIFO_direct_mode
@note The Direct mode (FIFO mode disabled) cannot be used if the
memory-to-memory data transfer is configured on the selected stream */
uint32_t FIFOThreshold; /*1< Specifies the FIFO threshold level.
This parameter can be a value of @ref DMA_FIFO_threshold_level */
uint32_t MemBurst; /*!1< Specifies the Burst transfer configuration for the memory transfers.
It specifies the amount of data to be transferred in a single non interruptable
transaction.
This parameter can be a value of @ref DMA_Memory burst
@note The burst mode is possible only if the address Increment mode is enabled. */
uint32_t PeriphBurst; /*1< Specifies the Burst transfer configuration for the peripheral transfers.
It specifies the amount of data to be transferred in a single non interruptable
transaction.

This parameter can be a value of @ref DMA_Peripheral_burst
@note The burst mode is possible only if the address Increment mode is enabled. */
}DMA_InitTypeDef;



HAL service peripherals
DMA M2M code from CubeMX

* CubeMX create DMA handler in main.c

/* Includes ------- - - - */
#include "stm32f4xx_hal.h"

/* USER CODE BEGIN Includes */
/* USER CODE END Includes */

[* Private varjables ----------------o oo e ee e e */
[DMA_HandleTypeDef“hdma_memtomem_dmaz_stream@;

MODE BEGIN PV */ f—/\ ~
DMA handler type

DMA handler name

- J

Lys
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HAL service peripherals
DMA M2M code from CubeMX

 If M2M transfer is selected, CubeMX create and call MX_DMA _Init

int main(void)

{
/* USER CODE BEGIN 1 */
/* USER CODE END 1 */
/* MCU Configuration----------mmmmmm oo */
/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL_Init();
/* Configure the system clock */
SystemClock_Config();

m confj Initialize DMA
MX_DMA_Init();
N 2 */

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

{

}
/* USER CODE END 3 */

Lys
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HAL service peripherals
DMA M2M code from CubeMX =

 |nitialize DMA handler structure

/**
* Enable DMA controller clock
* Configure DMA for memory to memory transfers
*  hdma_memtomem_dma2_streamo
*/
void MX DMA Init(void)

{
¢ enab]f—'_‘ DMA clock enable
__DMA2_CLK_ENABLE();
st hdma_memtomem_dma2_stream® on DMA2_ Streamo p

hdma_memtomem_dma2_stream@.Instance = DMA2_Streamo; Store parameters which
hdma_memtomem_dma2_stream@.Init.Channel = DMA_CHANNEL ©; .
hdma_memtomem_dma2_stream@.Init.Direction = DMA_MEMORY TO MEMORY; was selected in CubeMX
hdma_memtomem_dma2_stream@.Init.PeriphInc = DMA_PINC_ENABLE; intO |n|t Structure

hdma_memtomem_dma2_stream@.Init.MemInc = DMA MINC ENABLE;
hdma_memtomem_dma2_stream@.Init.PeriphDataAlignment = DMA_ PDATAALIGN BYTE;
hdma_memtomem_dma2_stream@.Init.MemDataAlignment = DMA MDATAALIGN BYTE;
hdma_memtomem_dma2_stream@.Init.Mode = DMA NORMAL;
hdma_memtomem_dma2_stream@.Init.Priority = DMA_ PRIORITY_LOW;
hdma_memtomem_dma2_ stream@.Init.FIFOMode = DMA FIFOMODE_ ENABLE;
hdma_memtomem_dma2_stream@.Init.FIFOThreshold = DMA FIFO THRESHOLD HALFFULL;
hdma_memtomem_dma2_stream@.Init.MemBurst = DMA MBURST_SINGLE;
~hdma—mentomen—dna2_stesamd. InitRerciphBurcst = DMA PBURST_SINGLE;

HAL_BMA_Init(ghdma:memtomem_dma2_stream0); . .
e T — e —— Write content of Init structure

G.} into DMA registers
1o cugmented Now is DMA ready to use




HAL service peripherals
DMA — APIs

 The following table lists the DMA APlIs

DMA HAL APIs

HAL_DMA _Init Initializes a DMA channel
HAL_DMA Delnit De-initalizes a DMA channel

HAL DMA_Start Starts DMA transfer

HAL DMA_Start IT Starts DMA channel with interrupt

generation at end of transfer or half transfer
or on DMA error

HAL _DMA Abort Aborts a DMA transfer

HAL DMA_PollForTransfer Blocking function that polls for transfer
complete or half complete, this function can
also return a Timeout or a DMA error

HAL DMA _IRQHandler Interrupt handler for DMA
HAL DMA GetState Gets DMA channel state
HAL_DMA GetError Gets DMA error code

Lys
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HAL service peripherals
DMA — extension APls

- Extension APIs for DMA are present in F4x family for handling double
buffer feature, APl include:

DMA HAL EX APIs

HAL DMAEx_MultiBufferStart double buffer DMA transfer in polling mode

HAL DMAEx_MultiBufferStart IT double buffer DMA transfer with Interrupt
generation

169

HAL_DMAEx_ChangeMemory allows changing non used buffer address on
the fly
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DMA Poll lab result

- Lab shows how start the DMA transfer

/* USER CODE BEGIN © */

uint8 t Buffer_Src[]={0,1,2,3,4,5,6,7,8,9};
uint8 t Buffer Dest[10];

/* USER CODE END © */

/* USER CODE BEGIN 2 */

HAL_DMA_Start(&hdma_memtomem_dma2_ stream@, (uint32_t) (Buffer_Src), (uint32_t) (Buffer_Dest), 10);

while(HAL_DMA_PollForTransfer(&hdma_memtomem_dma2_stream@, HAL_DMA_FULL_TRANSFER, 100) != HAL_OK)

{
__NOP();

}
/* USER CODE END 2 */

Lys
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Handling of HAL return statuses

* Correct return handling of HAL function

status=HAL_DMA_P llForTransfer(&hdma memtomem dma2 stream@,HAL DMA_FULL_TRANSFER,1090);
TTERROR™/ :i Store function return status

switch(status)

{ P

(Cose FAL_ERROR If error detected

lerror=ﬁAL_DMA_GetError(&hdma_memtomem_dma2_streame); ]
andle ERRORY/

switch(error){

default: Discover what type of error ]
} break; was detected
break;
[ caiiH';ﬁ:TZIﬁﬁ‘E’gGT]* /ﬁ Function timeouted
break;
| case HAL BUSY: : -
T Tiandle BUSY*/ Periphery is in use

break;

[case HAL_OK: .
7 handie BUSY+, | Function ends successfully

break;
default:

break;
}
Ly,
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Use DMA with Interrupt lab

- Use DMA with Interrupt lab to create project with DMA

* We use this project for better demonstration how the HAL library
works

, :
© STM32CubeMX Untitled [E=REER

eeeeeeeeeeeeeeeee

New Project
Load Project

Help
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HAL Library DMA with IT flow

DMA Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

end of process callback
DMA_XferCpltCallback

process Error callback
DMA_XferErrorCallback

Lys
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/* Private variables --------------------------

DMA_HandleTypeDef hdma_memtomem_dma2_streamo;

int main(void)

{
/* USER CODE BEGIN 1 */
/* USER CODE END 1 */

/* MCU Configuration--------------------—-----

DMA with Interrupt lab

» Generated main.c is same as in DMA Poll lab

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */

HAL Init();

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

/* Initialize all configured peripherals */
MX_DMA_Init();

/* USER CODE BEGIN 2 */

/* USER CODE END 2 */

/* USER CODE BEGIN 3 */

/* Infinite loop */

while (1)

{

}

/* USER CODE END 3 */

}

Lys
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DMA Initializations

including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_DMA_Start_IT

N

HAL_OK HAL_ERROR HAL_BUSY

end of process callback
DMA_XferCpltCallback

process Error callback
DMA_XferErrorCallback

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler




DMA with Interrupt lab

* New is content of stm32f4xx_it.c

/* External variables --------------mmmm - */

extern DMA_HandleTypeDef hdma_memtomem_dma2_streamo; DMA hand|er iS exported

stm32f4xx_if.c HAL functions need it

/**

* @brief This function handles DMA2 Stream@ global interrupt.

* /

void DMA2_Stream@ IRQHandler(void) Standard DMA inrrupt handler

" /% USER CODE BEGIN DMA2 Streamd IRQn @ */ defined in startup stm32f439xx.s

/* USER CODE END DMA2_Stream@ IRQn © */

]

I 1

HAL_DMA_IRQHandler(&hdma_memtomem_dma2_streame); immmg%ﬁﬁﬂﬁtﬁmec !

/* USER BEGIN DMA2_Stream@_IRQn 1 */ '”'“iw”s 1

1

1

* Stream@ TRON 1 */ Start process with interrupt generation at end 1

f

: _ : HAL DA Star_IT i

HAL DMA interrupt handling routine, 2R :
re q u i re h a n d Ie r HAL_OK HAL_ERROR HAL_BUSY : HAL_DMA_IRQHandler DMA2_Stream0_IRQHandler

1

1

1

end of process callback
DMA_XferCpltCallback

process Error callback
’ I DMA_XferErrorCallback
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DMA with Interrupt lab

- If is DMA used with second periphery, their function assign callbacks
to interrupt handlers

* We need to assign and create callback manually
Assign name of callback function directly to DMA handler

A JSER CODE BEEIN D i/
hdma_memtomem_dmaz_str‘eam@.Xfer‘CpltCallbackH&Xfer‘CpltCallback;{Callback 'Function name

HAL_DMA_Start_IT(&hdma_memtomem_dma2_stream®, (uint32_t)Buffer_Src, (uint32_t)Buffer_Dest,10);

S E RO E—E R
- /\ﬁ

Start DMA transfer DMA Iitalzations

including peripheral interrupt NVIC
initializations

End of transfer is
i n d i C a t e d i n t e r‘ r‘ u pt Start process wilhoifn;;zg)stsgeneration atend
\ callback y

HAL_DMA_Start_IT

N >

HAL_OK HAL_ERROR HAL_BUSY

HAL_DMA_IRQHandler H DMA2_Stream0_IRQHandler

(A-Fter‘ CallbaCk aSSing\ end of process callback

HAL_DMA_IRQHandler —

can call correct
KY[ \ callback function

process Error callback
DMA_XferErrorCallback
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DMA with Interrupt lab

- DMA callback creation function prototype

/* USER CODE BEGIN © */
uint8_t Buffer Src[]={9,1,2,3,4,5,6,7,8,9};
uint8 t Buffer Dest[10];

void XferCpltCallback(DMA HandleTypeDef *hdma);
/* USER CODE END © */

- DMA complete callback with nop where we can put breakpoint

/* USER CODE BEGIN 4 */
void XferCpltCallback(DMA HandleTypeDef *hdma)

{

}
/* USER CODE END 4 */

__NOP();//we reach this only if DMA transfer was correct

Lys
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HAL service peripherals
PWR —main APIs

- PWR HAL driver handles power management features

» PVD configuration, enabling/disabling and interrupt handling
« HAL_PWR_PVDConfig()
« HAL_PWR_EnablePVD() / HAL_PWR_DisablePVD()
- HAL_PWR_PVD_IRQHandler()
« HAL_PWR_PVDCallback()
* Low power mode entry
« HAL_PWR_EnterSLEEPMode()
« HAL_PWR_EnterSTOPMode()
« HAL_PWR_EnterSTANDBYMode()

Lys
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HAL service peripherals
PWR —extension APls

* For F4x family the following extension function are available

» Flash overdrive control and flash power-down (for F429/F439 only)

« HAL PWREX_ActivateOverDrive()
+ HAL_PWREx_EnableFlashPowerDown()

» Backup domain registers enable/disable
- HAL_PWREx_EnableBkUpReg() / HAL_PWREx_DisableBkUpReg

Lys
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Use UART Poll lab

* Use UART Poll lab to create project with UART

* We use this project for better demonstration how the HAL library

works

(& STM32CubelX Untitled (= B S
File Project Window Help

FECLH Y IEE

New Project

Load Project

Help

h'.fe.c:ug’meid J




Peripheral HAL driver model

AL peripheral Handle

**
/ * @brief UART handle Structure definition
*
typédef struct
{USART_TyPeDe1c *Instance; USART instance (ex. USART1l, USART2, ..)
UART_InitTypeDef Init; Initialization structure(baudrate,
uint8_t *pTXBuffPtr; par‘ity, )
uintile_t TxXferSize; /* UART Tx Transfer size */
uintle_t TxXferCount; /* UART Tx Transfer Counter */
uint8_t *pRxBuffPtr; /* Pointer to UART Rx transfer Buffer */
uintile_t RxXferSize; /* UART Rx Transfer size */
uintle_t RxXferCount; /* UART Rx Transfer Counter */
DMA_HandleTypeDef *hdmatx; /* UART Tx DMA Handle parameters */
DMA_HandleTypeDef *hdmarx; /* UART Rx DMA Handle parameters */

HAL_LockTypeDef Lock; ﬁ Lock Iject */

_ IO HAL_UART_StateTypeDef State; ﬁ State (BUSY, TIMEOUT, ERROR)
__I0 HAL_UART_ErrorTypeDef ErrorCode; Error code */
17, | ]

iits.ougment JUART_HandleTypeDef;




/**

Periph

eral HAL driver

model

* @brief UART handle Structure definition

*/
typedef struct
¢ USART_TypeDef
UART_InitTypeDef
uint8_t
uintle_t
uintle_t
uint8_t
uintle_t
uint16_t
DMA_HandleTypeDef
DMA_HandleTypeDef
HAL_LockTypeDef
__I0 HAL_UART_StateTypeDef
r __I0 HAL_UART_ErrorTypeDef

iits.ougment JUART_HandleTypeDef;

AL peripheral

landle

*Instance; /* UART registers base address */
Init; /* UART communication parameters */
*pTXBuffPtr; i Pointer on data to send | */
TxXfersize; i Number of bytes to send | */
TxxferCount; ﬁ Count of bytes sent by UART

|

ﬁ Pointer on received data |

|

*hdmatx;

|

*pRxBuffPtr;
RxXfersize; i Number of bytes to receive
RxXferCount; ﬁ Count of bytes deceived by UART

ﬁ Pointer on DMA transmit handler

*hdmarx; ﬁ Pointer on DMA receive handler
Lock; /* Locking object */

State; /* UART communication state */
ErrorCode; /* UART Error code */



Peripheral HAL driver model
Driver API groups

* Peripheral drivers APIs are organized in four groups
* Initialization and de-initialization APIs

* Process APls : can be polling, interrupt or DMA based
» Peripheral subsystem configuration and feature control APIs
» Peripheral GetState and Get Errors APIs

Initialization and de-initialization HAL USART _Init()
(HAL_PPP_Init()/_Delnit) HAL USAR_Delnit()
Process operation HAL_ SPI_Receive()

HAL_SPI_Receive_IT()
HAL_USART_Transmit_DMA()

Peripheral subsystem configuration HAL_ADC_ConfigChannel()
Peripheral feature control HAL_RTC_SetAlarm()
Peripheral GetState and GetError HAL 12C_GetState()

HAL_I2C_GetError()

Lys
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Peripheral HAL driver model
Interrupt handler & callback functions

- Besides the APls, HAL peripheral drivers implement

» The peripheral interrupt handler(ex: HAL SPI_IRQHandler): should be called from
stm32f4xx _it.c

e User callback functions

» User callback functions are defined as empty functions with “weak” attribute ,
they need to be redefined in application code when used

» The following user callbacks functions are defined

» Peripheral HAL_PPP_Init()/_Delnit() APlIs call

« HAL_PPP_Mspinit()/_Delnit : these callback functions can be used by user to do system
level initialization(de-initialization) of the peripheral (clock, GPIO, DMA, NVIC)

* When using interrupt and DMA process APIs, the following callbacks are called

» Process complete callback functions : HAL_PPP_ProcessCpltCallback
 Error callback in case of peripheral or DMA error: HAL_PPP_ErrorCallback

» Peripheral interrupt handler may signal events to user through callback functions
- HAL_PPP_PeripheralEvent_Callback

Lys
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UART Poll lab

* CubeMX generate UART handler structure in main.c

/* Private variables ---------mmmmme e */
UART_HandleTypeDef huartl;

* In main we can find MX_USART1_UART Init function

int main(void)
{
/* USER CODE BEGIN 1 */
/* USER CODE END 1 */
/* MCU Configuration----------mmmmmm oo e */
/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init();
/* Configure the system clock */
SystemClock_Config();
/* Initialize all configured peripherals */

14+ /\ .
lMK]BAﬁiJM&E;mu(n Setup parameters which we
selected in CubeMX

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

{

}
/* USER CODE END 3 */




UART Poll lab

* CubeMX generate MX_USART1 _UART _Init function in main.c

/* USART1 init function */
void MX_USART1_UART Init(void)

{

4uar‘t1.Instance = USART1; \
huartl.Init.BaudRate = 9600; Store UART parameters into
huartl.Init.WordLength = UART_WORDLENGTH_8B; Init structure in UART
huartl.Init.StopBits = UART_STOPBITS 1;
huartl.Init.Parity = UART_PARITY_NONE; handler
huartl.Init.Mode = UART_MODE_TX_ RX;
huartl.Init.HwFlowCtl = UART_HWCONTROL_NONE;
uartl.Init.OverSampling = UART OVERSAMPLING 16;
HAL_UART Init(&huartl); HAL UART initialization ]

procedure
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 HAL_UART _Init function details

Lys
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HAL_UART Init() start

Store Init structure into UART
registers

HAL_ UART _Msplnit() start

GPIO initialization

HAL UART_Msplnit() end

HAL_UART _Init() end

{

HAL Init structure

void HAL_UART_MspInit(UART_HandleTypeDef* huart)

GPIO_InitTypeDef GPIO_InitStruct;
if(huart->Instance==USART1)

{

/* USER CODE BEGIN USART1_MspInit @ */

/* USER CODE END USART1_MspInit @ */

/* Peripheral clock enable */
__USART1_CLK_ENABLE();

/**USART1 GPIO Configuration

PAS ------ > USART1_TX
PAlO ------ > USART1_RX
*/

GPIO_InitStruct.Pin = GPIO_PIN_9|GPIO_PIN_ 10
GPIO_InitStruct.Mode = GPIO_MODE_AF_PP;
GPIO_InitStruct.Pull = GPIO_PULLUP;
GPIO_InitStruct.Speed = GPIO_SPEED_LOW;
GPIO_InitStruct.Alternate = GPIO_AF7_USART1;
HAL_GPIO_Init(GPIOA, &GPIO InitStruct);

/* USER CODE BEGIN USART1_MspInit 1 */

/* USER CODE END USART1_MspInit 1 */

}

)




HAL HAL UART MspInit structure mm

void HAL_UART_MspInit(UART_HandleTypeDef* huart)

(All HAL UART_Init functions
calling same function
L HAL_UART MspInit
s
From handler instance
parameter is discovered
which UART need to be
initialized
\-

GPIO InitTypeDef GPIO InitStruct:

if(huart->Instance==USART1)

1
/* USER CODE BEGIN USART1_MspInit © */

/* USER CODE END USART1 MspInit @ */
/* Peripheral clock enable */

__USART1_CLK_ENABLE();

/**USART1 GPIO Configuration

PAS ------ > USART1_TX
PAlO ------ > USART1_RX
*/

Initialize GPIO selected
in CubeMX

GPIO_InitStruct.Pin = GPIO_PIN_9|GPIO_PIN 10
GPIO_InitStruct.Mode = GPIO_MODE_AF_PP;
GPIO_InitStruct.Pull = GPIO_PULLUP;
GPIO_InitStruct.Speed = GPIO_SPEED_LOW;
GPIO_InitStruct.Alternate = GPIO_AF7_USART1;
HAL_GPIO Init(GPIOA, &GPIO InitStruct);

Lys
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/* USER CODE BEGIN USART1_MspInit 1 */

/* USER CODE END USART1_MspInit 1 */
}



Peripheral HAL driver model
Blocking polling process

* Blocking polling process APls
» Block until end of the process, or exit with timeout , error or busy
« Ex: HAL_USART Receive()

Peripheral Initializations

|

Polling process Function blocks
(ex: HAL_USART _Receive) PoIIing with timeout
HAL_TIMEOUT HAL_OK HAL_ERROR HAL_BUSY

Lys
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Pooling receive functionality

Peripheral Initializations

4

HAL_USART_Receive

HAL_BUSY

-

Timeout not expired? HAL_TIMEOUT

Error not set? HAL_ERROR

Qe 1

Move data to rx buffe Rx buffer

) 2

Increment number, received bytes RxXferCount=1

HAL_OK
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Use UART with Interrupt lab

* Use UART with Interrupt lab to create project with UART

* We use this project for better demonstration how the HAL library
works

, :
© STM32CubeMX Untitled [E=REER

eeeeeeeeeeeeeeeee

New Project
Load Project

Help
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UART MSP file

* Main.c will be same as in USART Poll example

* MSP initialization is now different in stm32f4xx_hal_uart.c

void HAL_UART_MspInit(UART_HandleTypeDef* huart)
{

GPIO _InitTypeDef GPIO_InitStruct;

if(huart->Instance==USART1)

{

/* USER CODE BEGIN USART1 MspInit @ */

/* USER CODE END USART1_MspInit © */
/* Peripheral clock enable */
__USART1_CLK_ENABLE();
/**USART1 GPIO Configuration
PAS  ------ > USART1_TX
PAlO @ ------ > USART1_RX */
GPIO InitStruct.Pin = GPIO PIN 9|GPIO_PIN 10;
GPIO_InitStruct.Mode = GPIO_MODE_AF_PP;
GPIO_InitStruct.Pull = GPIO _PULLUP;
GPIO_InitStruct.Speed = GPIO_SPEED LOW;
GPIO_InitStruct.Alternate = GPIO_AF7_USART1; USART1 interrupt is now
HAL_GPIO_Init(GPIOA, &GPIO_InitStruct); enabled in NVIC.
* System interrupt 1nit*/
HAL_NVIC SetPriority(USART1_IRQn, 0, 0);

HAL_NVIC_EnableIRQ(USART1_IRQn); Now function HAL_UART Receive IT

* USER CODE BEGIN USART1 MspInit 1 */ ) .
/* USER CODE END USARTL MspInit 1 */ or HAL_UART_Receive IT will

} trigger interrupt

=

L}



Interrupt handling

* Interrupt handling in stm32f4xx_it.c
« UART Handler is imported from main.c

/* External variables --------cc-mcmmc e */
extern UART_HandleTypeDef huartl;

« USART1_IRQHandler is called if interrupt is triggered
« HAL_UART _IRQHandler is hal function which manage UART interrupts

/**

* @brief This function handles USART1 global interrupt.
*/

void USART1_IRQHandler(void)

{
/* USER CODE BEGIN USART1_IRQn © */

HAL_UART_IRQHandler(&huart1); *!/ As parameter is used
—7*USER CODE BEGIN USARTI_IRQn 1 */ USART1 handle

/* USER CODE END USART1_IRQn 1 */
}
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Callback creation

- Callbacks are defined as __ weak in stm32f4xx_hal_uart.c

/**
* @brief Rx Transfer completed callbacks.
* @param huart: pointer to a UART_HandleTypeDef structure that contains

* the configuration information for the specified UART module.
* @retval None
*/

__weak void HAL_UART_RxCpltCallback(UART_HandleTypeDef *huart)

{
/* NOTE: This function Should not be modified, when the callback is needed,

the HAL_UART_TxCpltCallback could be implemented in the user file
*/
}

- If we defined callback, for example in main.c, after successful
reception HAL will jJump into it

/* USER CODE BEGIN 4 */
void HAL_UART_RxCpltCallback(UART_HandleTypeDef
*huart)

{

¥
/* USER CODE END 4 */

L_



UART callback types

« Can be found in stm32f4xx_hal uart.c (search for “_ weak”)

m.m

HAL_UART_Mspinit Initialize related system peripherals X
HAL_UART_ MspDelnit Deinitialize related system peripherals X X X
HAL_UART _TxCpltCallback Called if complete buffer was transmitted X X
HAL_ UART_TxHalfCpltCallback Called if half of buffer was transmitted X
HAL_ UART RxCpltCallback Called if complete buffer was received X X
HAL_UART_RxHalfCpltCallback Called if half of buffer was received X X
HAL_UART _ErrorCallback Called if error occurred X X
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Use UART with Interrupt lab

HAL Library UART with IT receive flow

Peripheral Initializations
including peripheral interrupt NVIC
initializations

Start process with interrupt generation at end
of process
HAL_UART_Receive _IT

N

HAL_OK HAL_ERROR HAL_BUSY

HAL_UART_IRQHandler H USART1_IRQHandler

end of process callback
HAL_UART_RxCpltCallback

process Error callback
HAL_UART _ErrorCallback
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lifs.augmented



UART receive with interrupt

Peripheral Initializations

2

RX not empty interrupt
(USART1_IRQHandler)

HAL_USART Receive IT

L 2

IO @

HAL_BUSY HAL_ERROR

lifs.augmented

HAL_UART_IRQHandler(&huart1)

L 2

M ff
ove data to rx buffer Rx buffer

RxXferCount=1

Increment number, received bytes

Disable rx interrupt » HAL_OK

All bytes received?

HAL_UART RxCpltCallback

L 4

End interrupt




Peripheral Initializations

UART receive with interrupt

2

RX not empty interrupt
(USART1_IRQHandler)

HAL_USART Receive IT

L 2

IO @

HAL_BUSY HAL_ERROR
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HAL_UART_IRQHandler(&huart1)

L 2

Set error type

L 2

w HAL_ERROR

HAL_UART _ErrorCallback

L 4

End interrupt




Use UART with DMA lab

» Use UART with DMA lab to create project with UART

* We use this project for better demonstration how the HAL library
works

, :
© STM32CubeMX Untitled [E=REER

eeeeeeeeeeeeeeeee

New Project
Load Project

Help
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UART with DMA initialization

* In main.c is now defined UART handler and also DMA handlers

/* Private variables --------c-c-cmccmcmccec e cceem e e e e ee */
UART_HandleTypeDef huartl;

DMA_HandleTypeDef hdma_usartl _rx;

DMA HandleTypeDef hdma_usartl tx;

* In main function we can find additional initialization for DMA

int main(void)
{
/* USER CODE BEGIN 1 */
/* USER CODE END 1 */
/* MCU Configuration---------cmmmmmm oo e e e em e mmmmem e ee oo */
/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init();
/* Configure the system clock */
SystemClock_Config();
/* Initialize all configured peripherals */
MATEPTO—TTIt ()
MX_DMA_Init(); —% MX_DMA initialization
S MXOSART T UART I tC)s =
/* USER CODE BEGIN 2 */
/* USER CODE END 2 */
/* USER CODE BEGIN 3 */
/* Infinite loop */
while (1)
{

}
G /* USER CODE END 3 */

lifs.augr }




UART with DMA initialization

* In function MX_USART1_UART Init is nothing new

/* USART1 init function */
void MX_USART1 UART Init(void)

{

huartl.Instance = USART1;

huartl.Init.BaudRate = 9600;
huartl.Init.WordLength = UART_WORDLENGTH_8B;
huartl.Init.StopBits = UART_STOPBITS 1;
huartl.Init.Parity = UART_PARITY_NONE;
huartl.Init.Mode = UART_MODE_TX RX;
huartl.Init.HwFlowCtl = UART_HWCONTROL_NONE;
huartl.Init.OverSampling = UART_OVERSAMPLING 16;
HAL_UART Init(&huartl);



UART with DMA initialization

* Function MX_DMA Init enable DMAZ2 clock and enable DMA interrupt
vectors

- If periphery use DMA to transfer data, the NVIC interrupt vectors
must be ENABLED (DMA transfer use interrupts by default)

/>I<>I<
* Enable DMA controller clock
*/
void MX DMA Init(void)
{
/* DMA controller clock enable */

__DMA2_CLK_ENABLE(); ﬂ_]% DMA clock enable

HAL NVIC SetPriority(DMA2 Stream7_IRQn, 0, 0); DMA NVIC vector
HAL_NVIC_EnableIRQ(DMA2_Stream7_IRQn); initialiozation
HAL_NVIC SetPriority(DMA2_Stream2_IRQn, 0, 0); and enabling
HAL NVIC EnableIRQ(DMA2 Stream2 IRQn);

J
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UART with DMA - MSP file

* In stm32f4xx_hal_msp.c are now imported DMA handlers

extern DMA_HandleTypeDef| hdma usartl rx;
extern DMA_HandleTypeDef| hdma usartl tx;

* It is because we need to put informatiomabout DMA into UART
handler

void HAL_UART MspInit(UART_HandleTypeDef*| huart]

» Without this UART cannot cooperate with DMA on HAL base library
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UART with DMA - HAL UART Msplnit

 Top of UART MSP function is still same only GPIO initalization

void HAL_UART MspInit(UART_HandleTypeDef* huart)
{
GPIO InitTypeDef GPIO InitStruct;
if(huart->Instance==USART1)
{
/* USER CODE BEGIN USART1 MspInit @ */
/* USER CODE END USART1l MspInit © */
/* Peripheral clock enable */
__USART1_CLK_ENABLE();
/**USART1 GPIO Configuration

PAO  ------ > USART1_TX
PAlO  ------ > USART1_RX
*/

GPIO InitStruct.Pin = GPIO PIN 9|GPIO PIN 10;

GPIO InitStruct.Mode = GPIO MODE_AF_PP;

GPIO InitStruct.Pull = GPIO PULLUP;

GPIO InitStruct.Speed = GPIO SPEED LOW;

GPIO InitStruct.Alternate = GPIO AF7_USART1;
y HAL_GPIO Init(GPIOA, &GPIO InitStruct);

lifs.augmented



UART with DMA - HAL UART Msplnit

* On the middle start DMA initialization based on CubeMX settings

* Most important part is the _ HAL_LINKDMA macro which connects
UART and DMA structures together

/* Peripheral DMA init*/
hdma_usartl rx.Instance = DMA2 Stream2; <‘\\
hdma_usartl rx.Init.Channel = DMA_ CHANNEL 4;
hdma_usartl rx.Init.Direction = DMA_PERIPH_TO MEMORY;
hdma_usartl rx.Init.PeriphInc = DMA_ PINC DISABLE;
hdma_usartl rx.Init.MemInc = DMA MINC_ ENABLE;
hdma_usartl rx.Init.PeriphDataAlignment = DMA PDATAALIGN BYTE;
hdma_usartl rx.Init.MemDataAlignment = DMA_MDATAALIGN BYTE;
hdma_usartl rx.Init.Mode = DMA NORMAL;
hdma_usartl rx.Init.Priority = DMA PRIORITY_ LOW;
hdma_usartl rx.Init.FIFOMode = DMA FIFOMODE_DISABLE;
HAL DMA Init(&hdma usartl rx); ﬂJ//

__HAL_LINKDMA(huart,hdmarx,hdma_usartl rx);

N
Stream selection,
DMA direction,

data width, ..

7
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__HAL LINKDMA macro description

* In previous slides we work with DMA handler and UART handle

* There are three parameters in their structures which we need to know

/**
* @brief UART handle Structure definition
*/

UART handle

=

DMA handle

typedef struct /**
{ * @brief DMA handle Structure definition 7
USART_TypeDef *Instance; /* */
typedef struct _ DMA_HandleTypeDef
UART_InitTypeDef Init; /* A
DMA_Stream_TypeDef *Instance;
uint8_t *pTxBuffPtr; /*
DMA_InitTypeDef Init;
uintle_t TxXferSize; /*
HAL_LockTypeDef Lock;
uintle_t TxXferCount; /*
__I0 HAL_DMA_StateTypeDef State;
uint8_t *pRxBuffPtr; /*
void *Parent;
uintle_t RxXferSize; /*
void ferCpltCallback)( struct _ DMA_HandleTypeDef * hdma);
uintile_t RxXferCount; /*
void truct _ DMA_HandleTypeDef * hdma)
DMA_HandleTypeDef *hdmatx; /* Pointer\ to handle
void t _ DMA_HandleTypeDef * hdma);
DMA_HandleTypeDef *hdmarx; /* which cooperate
void . . __DMA_HandleTypeDef * hdma);
HAL_LockTypeDef /* with DMA, now 1t
I0 uint32_t .
10 HAL_UART StateTypeD dleTypeDef; will be UART
__I0 HAL_UART_ErrorType POlntePS tO DMA r code */
tx and RX

JUART_HandleTypeDef;

g heandles



__HAL LINKDMA macro description

* Definition of macro is in stm32f4xx_hal def.h

void HAL_UART_MspInit(UART_HandleTypeDef{ huart) Name of UART
handle in MSP

structure

#define _ HAL_LINKDMA(__HANDLE__] (__PPP_DMA_FIELD__](__DMA HANDLE

Pointer on DMA HAL_DMA_Init(&hdma_usartl_rx));
handle (TX or RX)

Imported DMA

handler into MSP
DMA_HandleTypeDef X ; /* UART Tx DMA Handle p £i
DMA_HandleTypeDef *hdmarx; /* UART Rx DMA Handle p ile

Lys
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__HAL LINKDMA macro description

* Definition of macro is in stm32f4xx_hal def.h

void HAL_UART_MspInit(UART_HandleTypeDef{ huart) Name of UART
handle in MSP

structure

__HAL_LINKDMA(huart}fhdmarx)hdma_usartl_rx)

Pointer on DMA HAL_DMA_Init(&hdma_usartl_rx));

handle (TX or RX)

Imported DMA

handler into MSP
DMA_HandleTypeDef ; /* UART Tx DMA Handle p £i
DMA_HandleTypeDef *hdmarx; /* UART Rx DMA Handle p ile

Lys
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__HAL_LINKDMA function description

* LINKDMA macro connects DMA and UART handle together
* Is possible get information about DMA from UART handle

« And UART handle from DMA

hdmatx pointer

hdmarx pointer

Parent pointer

UART handle Parent pointer




UART with DMA - HAL UART Msplnit

 Transmit part of DMA initialization is similar to receiving part

hdma_usartl _tx.Instance = DMA2 Stream7;

hdma_usartl tx.Init.Channel = DMA_ CHANNEL 4;

hdma_usartl tx.Init.Direction = DMA_MEMORY_TO PERIPH;
hdma_usartl tx.Init.PeriphInc = DMA_ PINC DISABLE;
hdma_usartl tx.Init.MemInc = DMA MINC_ ENABLE;

hdma_usartl tx.Init.PeriphDataAlignment = DMA PDATAALIGN BYTE;
hdma_usartl tx.Init.MemDataAlignment = DMA_MDATAALIGN BYTE;
hdma_usartl tx.Init.Mode = DMA NORMAL;

hdma_usartl tx.Init.Priority = DMA PRIORITY_ LOW;
hdma_usartl tx.Init.FIFOMode = DMA FIFOMODE_DISABLE;

HAL DMA Init(&hdma usartl tx);

__HAL_LINKDMA(huart,hdmatx,hdma_usartl tx);
/* USER CODE BEGIN USART1 MspInit 1 */
/* USER CODE END USART1 MspInit 1 */

}
}

7
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UART with DMA Interrupt

- DMA handles are imported into stm32f4xx_it.c

/* External variables -----------mmmmm - */
extern DMA_HandleTypeDef hdma_usartl _rx;
extern DMA_HandleTypeDef hdma_usartl_tx;

* DMA interrupt call HAL DMA [IRQHandler not UART Handler

X%

* @brief This function handles DMA2 Stream7 global interrupt.
*/

void DMA2_Stream7_IRQHandler(void)

{
/* USER CODE BEGIN DMA2_ Stream7_IRQn © */
*

HAL_DMA_IRQHandler(&hama_usarzl_tx

DMA interrupt handled by
HAL DMA IRQHandler

— —IRQn 1 *

/* USER CODE END DMA2_Stream7_IRQn 1 */ Internally is connected to UART
}
S callbacks
* @brief This function handles DMA2 Stream2 global interrupt.
*/
void DMA2_Stream2_ IRQHandler(void)
{

/* USER CODE BEGIN DMA2_Stream2_IRQn © */

/* _USER CODF END DMA2 _ e */
HAL_DMA_IRQHandler(&hdma_usartl_rxt;
7—USER—COD = nl*/

/* USER CODE END DMA2_Stream2_ IRQn 1 */




Peripheral HAL driver model
Non blocking process with DMA transfer

Peripheral Initializations
including DMA stream initializations

4

Start process with DMA end of transfer
interrupt generation at end of process
Ex: HAL_USART_Receive_ DMA

HAL_OK HAL_ERROR HAL_ERROR

HAL_DMA_IRQHandler H DMA_Stream_IRQHandler

HAL_UART_RxCpltCallback

HAL_UART_RxHalfCpltCallback

HAL_UART _ErrorCallback

N

lifa.au

Q




UART receive with DMA
alaliabtlsl (DMA2_SDtI:/Ie2ri2;e_rlrlggHandler) m
¥

HAL_USART Receive DMA ¥

ﬁ ‘ HAL_UART_IRQHandler(&huart1)

HAL_OK HAL_ERROR

“«

HAL DMA_IRQHandler(&hdma_usart1_tx)

HAL_ UART _ErrorCallback

HAL_UART_RxHalfCpltCallback

HAL_UART_RxCpltCallback

13 3

DMA error

Half transfer interrupt?

Transfer complete interrupt?

é¢dé

End interrupt

Lys
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Examples for other peripherals
« SPI labs very similar like UART




Peripheral HAL driver model
Non Blocking Start process

* Non blocking start process
 Exits directly after starting the process
» Used mainly for ADC,DAC, Timer
* Ex: HAL_ADC_Start()

Peripheral
Initializations

.

Start Process
(ex: HAL_ADC_Start)

|

Poll for process complete
(ex: HAL_ADC_PollForConversion)
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Examples for other peripherals
* For example TIM labs, DAC labs, ADC labs

* Very similar principle as UART

New Project
Load Project

Help




Guidelines for writing a HAL code

* You can start from the template project

« The template project includes all HAL files and implements a main.c files with startup code
to initialize system clock (@ max speed)

 Start by writing the peripheral HAL_PPP_Msplnit function, in this function you need to:
« Enable the peripheral clock
» Configure the peripheral GPIOs
» configure DMA channel and enable DMA interrupt (if needed)
» Enable peripheral interrupt (if needed)

- Edit the stm32f4xx _it.c to call required interrupt handlers (periph and DMA)
« Write process complete callback functions if you plan to use peripheral interrupt or DMA

* In your main.c file, initialize the peripheral handle structure then call function
HAL_ PPP_Init() to initialize your peripheral

‘-,-Tt this step you can call any peripheral process or control function
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What is CubeMX

- MCU selector

* Pin out configurator

» Clock configurator at——-

Feud: 48 0

* Periphery configurator
» Code generator
New Project

Load Project

Help
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Code generation

« Generate initialization for peripherals selected in CubeMX

* Create Interrupt handlers and use HAL handlers

 Create not fully functional program

« User must still start peripheries or define handlers

- Create only initialization for options
which are possible in CubeMX
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Code generation

« Generate initialization for peripherals selected in CubeMX
* Create Interrupt handlers and use HAL handlers

 Help us faster create program draft then with STD

- Create not fully functional program | = ==& -

» User must still start peripheries or
define handlers

+ Create only initialization for options ||
which are possible in CubeMX Lo R

Help

Lys
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Cube HAL library

- Handle based library
« HAL function are not low layer
» If function which you want not exists in HAL

or work different way how you want,
is very difficult to do it with HAL library

« HAL have no functions to access all functions
Is possible access SR and some functional registers (TIM->CNT reg)
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Solving HAL library limitation

 TIM trigger DMA transfer, which move data from RAM to GPIO
(TIM DMA lab)

* Function HAL_TIM_ Base_ Start DMA exists, but transfer data from
RAM to TIM->ARR register

* If we want to transfer data from places which we want, we need to
use more functions
/* USER CODE BEGIN 2 */
__HAL_TIM_ENABLE_DMA(&htiml, TIM_DMA_ UPDATE);
HAL DMA Start(&hdma_timl up, (uint32_t)data, (uint32 t)&GPIOG>0DR,2);

HAL_TIM_Base_Start(&htiml);
/* USER CODE END 2 */

- We must use three HAL function to make it working

* They are also some situation where HAL functions not exists and we
must use direct access into registers

Lys
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Board support package
Overview

A board support package is available per each product board (EVAL, Discovery,
Nucleo)

» The board support package architecture was defined in order to allow easy
portability and reuse of the same components (LCD, 10 expander,...) on different
boards

 This portability is achieved by defining component classes
« LCD
* Accelerometer
» Gyroscope
* Audio speaker codec
* |0 expander
» Touch screen controller

 Drivers for the components present on the board are written according to the
component class definition (see .h files in \Drivers\BSP\Components\Common)
which is board and MCU independent

» A board support package is implemented by doing the link with a particular
component driver and by associating to it a particular MCU peripheral and
needed I/Os

Lys
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Board support package
Overview

- The BSP drivers are generally composed of two parts:

« Component: is the driver relative to the external device on the board and not
related to the STM32, the component driver provide specific APIs to the external
components and could be portable on any other board.

» Board Driver: the Board driver permits to link the component driver to a specific
board and provides a set of friendly used APIs.

Application

BSP Drivers

EVAL Driver ‘

@ Stm32xxx_eval_lcd.c Stm32xxx_eval_ts.c Stm32xxx_eval_io.c

Com ponents
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Examples with BSP

» How to import BSP into your project

- How use BSP examples:
« FMC SDRAM BSP lab
« LCD BSP Print text lab
- 12C BSP EEPROM lab .
- SPI BSP GYROSCOPE lab

l_BSP package

Discovery drivers

stm32f4xx_discovery.c stm32f4xx_discovery_sdram.c stm32f4xx_discovery_io.c

‘ I
I Components

ili9341.c lis3dsh.c stmpe811.c

/
HAL API
57 e e e s

v/ \ R [ StmSaSRaTZe e
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