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1.3 %3 STM32CubeMX
1. i217 SetupSTM32CubeMX-6.0.0.exe

2. M7 next->next



. STM32CubeMX Installation Wizard - X

Telcome to the Installation of STM3Z2CubeMX 6.0.0

STMicroelectronics

Starfing STM32CubeMX 6.0.0 installation

The homepage is at: https/"www st com/stm32cube

@ Wext ® Quit

3. ‘A% G A next

. STM32CubeMX Installation Wizard - X

STM32CubeMI License agreement

Lys

life.augmented

STMicroelectronics

Please read the following license agreement carefully:

SO0FTWARE PACEAGE LICENSE AGREEEMENT
Please indicate wour acceptance or NON-acceptance by selecting

"1 ACCEPT” or "I DO NOT ACCEFT” as indicated below in the

media.

EY INSTALLING COPYING, DOWNLOADING, ACCESSING OR OTHERWISE
USING THIS SOFTWARE PACEAGE OR ANY PART THEREOF (AND THE
FEELATED DOCUMENTATION) FROM STMICROELECTRONICS INTERNATIONAL
N.V, SWISS BRANCH AND/OR ITS AFFILIATED COMPANIES
(STMICROELECTRONICS), THE RECIPIENT, ON EEHALF OF HIMSELF OR

HERSELF. OR ON EEHALF OF ANY ENTITY BY WHICH SUCH RECIPIENT IS v

I accept the terms of this license agreement.

@ Previous @ Wext ® Quit

4. Ak G A next




. STM32CubeMX Installation Wizard - X

ST Privacy and Terms of Use

| have read and understood the ST Privacy Policy and ST Terms of Use.

‘,I | consent that 5T int M.V {as data controller) collects and uses features

usage statistics (directly or by ST affiliates) when | use the application for
the purpose of continuously improving the application.

| understand that | can stop the collection of my features usage statistics
when | use the application at any time with effect for the future or update mr
preferences via the menu

Help = User Preferences > General Settings

STMicroelectronics

@ Previous @ Wext ® Quit

5. EWABCEBOARAR, MRREMENRHRE, TR RRBAENREEES T

. STM32CubeMX Installation Wizard - X

STM32CubeMI Installation path

Select the installation path:

|E:\STH32HX | B3 Bro...
> /4

life.augmented

STMicroelectronics

G) Frevious @ llext ) quit

6. Riilf next



. STM32CubeMX Installation Wizard

STM32CubeMI Shortcuts setup

STMicroelectronics

Ekceate shorteuts in the Start—Menu

&rea‘te additional shorteuts on the desktaop

Select a Program Group for the Shortcuts:

Administrative Tools
Altera

Altium

CustomExplorer C—2009. 09
L aum

Dolby

Electronics Pioneer

Git

| create shor...

O current user

@ all users

STMicroel ectroni eshSTME2Cub e W STM32Cub MY

| | Default

G) Previous

() Quit

7. SR LR R RA]

. STM32CubeMX Installation Wizard

STM32CubeMI Package installatiom

Lys

life.augmented

STMicroelectronics

Pack installation progress:
E:\STM3Z2cube'\ dbimeu\STM32L435ZT V2. xml

Care

Overall installation progress:
1/6

. Previous

() Quit

8. LHERIN




. 5TM32CubeMX Installation Wizard - X

STM32CubeMI Installation done

Installation has completed successfully.

| &y

life.augmented

in uninstaller progran has been created in:
E:\STM3Z2cube\Uninstaller

o

| = Generate an automatic installation script

STMicroelectronics

Done

9. I ZANmE R, FTIFERAF
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sm“\’ File Window Help 19 n (- I 4 -}(: ‘Yl

Existing Projects New Project Manage software installations

Check for STM32CubeMX and embedded software packages...

CHECK FOR UPDATES

Open Existing Projects E‘:: e
£ need to :

Start My project from MCU

ACCESS TO MCU SELECTOR Install or remove embedded software packages

INSTALL / REMOVE

Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example

ACCESS TO EXAMPLE SELECTOR ST MCU Finder
All STM32 & STM8
MCUs in one place

10. 57 help->Manage embedded software packages



T STM32CubeMX Untitled

-
™
Cub

About AlA

Existing Projects

Open Existing Projects

11. fidi &£ A from local... 38 3] stm32cubef4d V1.25.0.zip, m.idi$] I
[ STM32CubeMX Untitle

Existing Projects

Open Existing Projects

12, IEfE 2238

File Window Help

Tutorial Videos AV

New F

Refresh Data ALR
User Preferences
Gheck for Updates
Manage embedded software packages ALU
N Update

AlC

I

Start My project from MCU

ACCESS TO MCU SELECTOR

Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example

/ACCESS TO EXAMPLE SELECTCOR

File ‘Window Help

m emb of

Es Releases Information was last refreshed less than one hour ago.

STM32Cube MCU Packages and embedded software packs releases

Install, Remove, check for new embedded software package releases.

Manage

Check for STM32CubeMX and embedded software packages...

CHECK FOR UPDATES

Install or remove embedded software packages

INSTALL / REMOVE

ST MCU Finder
All STM32 & STM8
MCUs in one place

|
—————
———
Lys

—-s

SIS [ Select a STM32Cube Package File
Description|

: |
‘pnd embedded software packages
H |

’ I  FOR UPDATES
Ps
s
T

software packages

w

' LL / REMOVE
#*
S

Look In [ Documents v] B ¢

> STM32FO
* Adobe D My Music

»  STM32F1 * Fax 52 My Pictures ]
* Gallery B My Videos p

> STM32F2 * KingsoftData * MyProjects s
" LabVIEW Data * National Instruments

> STM32F3 * MATLAB * Nuhertz )
% My eBooks * PeAssit Files

> STM32F4

e | FileName [

Files of Types [STM32Cube Packages File (*.zip. *.pack)

' MCU Finder

All STM32 & STM8
MCUs in one place

—_————
Ly
- [m} X
File Window Help AS n (> ] , k ‘,l
= X
- i STM32Cube MCU Packages and embedded software packs releases
Existing Projects ﬁé S
Releases Information was last refreshed less than one hour ago
STM32Cubs MOU Packages [JE7JSTEEEIGNES]
Open Existing Projects [ | Description TRl I SE | and embedded software packages..
> STMI2FO {FOR UPDATES
[— [ Load selected File X
software packages
» STMRR2 Check File ‘iie packag
> STM32F3 Load selected Files
[
> STMI2F4 !
ﬁ
ST MCU Finder
All STM32 & STM8
MCUs in one place
Fram Local From Uil Install Now :—’ﬁ
Lyy

13. %215, 1E STM32F4 73T 1.25.0 A5—4T B T HEAR 4%



[ Embedded Software Packages Manager X

$TM32Cube MCU Packages and embedded software packs releases

+ -

Releases Information was |ast refreshed less than one hour ago.

- D Installed Version | Available Version

" 3 1MILrD
¥  STM32F4 '
ETMSZCuhe MCU Package for STM32F4 Series 1250 1250
O STM32Cube MCU Package for STM32F4 Series (Size : 785.0 MB) 1242
O STM32Cube MCU Package for STM32F4 Series (Size : 783.0 MB) 19241
Details

From Local ... Refresh Install Mow Remaove Mow

14. 558 —/NM%&ETF STMicroelectronics

[Z] Embedded Software Packages Manager x

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed 22 hours ago.

Descr Available Version

»> X-CUBE-AI |
» X-CUBE-ALGOBUILD E
»> X-CUBE-BLE1 €
> X-CUBE-BLE2 l
»> X-CUBE-GNSS51

o
» X-CUBE-MEMS1
»> X-CUBE-NFC4
»> X-CUBE-SUBG2
»> X-CUBE-TOUCHGFX
Details

15. fidi 72 N A from local... % 5] 8.1.0.zip, s di 4TI

Install Now Remaove Now




[ embedded Software Packages Manager x

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed 22 hours ago.

»> X-CUBE-AI
» X-CUBE-ALGOBUILD E
» X-CUBE-BLE1 €
[ Select a STM32Cube Package File X
» X-CUBE-BLE2 I
Look In ‘- Desktop v ‘
»> X-CUBE-GNS51
@ OneDrive £28.1.0.zip b
» X-CUBE-MEMS1 & admin £ Install zip
=y
3 X-CUBE-NFC4 n E
-
» X-CUBE-SUBG2 | o R
o HEIRS - REaE
» X-CUBE-TOUCHGH
File Name  [8.1.0.zip |
Files of Types |STM320uhe Packages File (*.zip, *.pack) V|
Details
Drivers and sample applications for MEMS components

— N :'Lﬁ‘ t
16. Jﬁﬁ*ﬁl’ ai 4'{_:_( fﬂEli\‘
(B embedded Software Packages Manager ®

S§TM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed 22 hours ago.

_ STMicroelectronics

1
» X-CUBE-AI
»> X-CUBE-ALGOBUILD E
» x.cuBe.BL| [ Licensing Agreement X €
STMicroelectronics X-CUBE-MEMS1 8.1.0 License Agreement
» X-CUBE-BL| i
Please read and accept the following agreement carefully to finish the installation:
»> X-CUBE-GN
£
» X-CUBE-MI
» X-CUBE-NF{
Click here to open the license agreement
» X-CUBE-SU
» X-CUBE-TO|
@ | accept the terms of this license agreement-tmss—
O | do not accept the terms of this license agreement -
Details
Drivers and sample applications for MEMS components

From Local From Url Refresh Install Mow Remove MNow Close

—

17. 5.1 X-CUBE-MEMS1, #7 8.1.0 RA I AR SE, 5 B 22 38 i 3



] Embedded Software Packages Manager *

ﬂ STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed 22 hours ago.

Description

»> X-CUBE-AI I
»> X-CUBE-ALGOBUILD E
»> X-CUBE-BLE1 €
»> X-CUBE-BLE2 i
»> X-CUBE-GNS51

n
v X-CUBE-MEMS1
] Drivers and sample applications for MEMS components 8.1.0
O Drivers and sample applications for MEMS components (Size - 99.43 MB) 8.0.0
O Drivers and sample applications for MEMS components (Size - 108.89 MB) 720
O @ Drivers and sample applications for MEMS components (Size - 97.26 MB) 710
O @ Drivers and sample applications for MEMS components (Size - 90.51 MB) 700
O @ Drivers and sample applications for MEMS components (Size - 79.92 MB) 620
— o A ' L PRISTYY PRYTS
Drivers and sample applications for MEMS components

—

1. 4 %3 MDK-ARM
1. i&4T MDK531.exe

2. M5 next->next

Setup MDK-ARM V5.31

S ArmekEilL
Please read the following license agreement carefully.

N/

To continue with SETUP, you must accept the terms of the License Agreement. To accept the
agreement, click the check box below.

END USER LICENSE AGREEMENT FOR ARM SOFTWARE A
DEVELOPMENT TOOLS

This end user license agreement (‘License”) is a legal agreement between you
(a single individual), or the company or organisation (a single legal entity) that
you represent and have the legal authority to bind, and Arm relating to use of the
Arm Tools. Arm is only willing to license the Arm Tools on condition that you
accept all of the terms of this License. By clicking “I Agree” or by installing or v

IV | agree to all the terms of the preceding License Agreement

— Keill MDK-ARM Setup

«Back | Next>» |  Cancel |

3. HEREfE I ERIA RS AR 238, nl DUEHT B C#sAE, @I packs HISCAFALE B &1L core A B



Setup MDK-ARM V5.3 P4

Folder Selection q r m K E | L
Select the folder where SETUP will install files.

Press Mext' to install MDK-ARM to these folders. Press ‘Browse' to select different folders for installation.

— Destination Folders

Core: |E:\Keil_v5 Browse ... I
Pack: |E:\Keil_v5\Arrn\Packs Browse ... |

— Update Installatior: Create backup tool folder

v Backup old core files to E:\Keil_v54\Backup.001

Keil MDK-ARM Setup

<« Back MNext »> Cancel

4. BEMEHE M MER, (HEEF BRI

Setup MDK-ARM V5.3 P4

S armekEeiL

Please enter your name, the name of the company for whom you work. and pour E-mail address.

First Name: Juser

Last Name: |user

Company Name: Iuee[

E-mail: |usar
Kei MDK-ARM Setup

<< Back I Mext >» I Cancel I

5. VER: AR K ERE TR, e Bk R E A EE; R BB KR
NI C RFEERA RN TG R B RIE R, ATRAUN# ccleaner G EIVEM R, 2 S5 EHT N #exe A
BT R RSB, R8N 1) .exe SCHE, [BIRIZBER 1 FFUGERE .



Setup MDK-ARM V5.31

Keil pVision Setup

MDK-ARM 3 @™ Cannot create destination file.
| . 'EXkeil-v5\core\ ARM\ARMCLANG\bin\ucrtbase.dIl'
Instal Files . System Error Code:
Installing rui "RERFIMEEATIE,
Retry?

2n | =

*

Setup Status CU:II\ KE | |_

— Keill MDK-AEM Setup

<« Back MNest >

Cancel

6. AR, HUHZE, M finish

Setup MDK-ARM V5.31

MOK-ARM Core Setup has performed all requested operations successfully,
v Show Release Notes.

*

AN S ot ArmekEeiL

— Keill MDK-AEM Setup

wci | Finish

Lance

7. BB N EBEF AR D, SERHAE, RRRIKCHEPIANE




Pack Installer

Welcome to the Keil Pack Installer
Pack Installer is a utility for managing Software Packs on the local computer and
provides the following windows:

Devices : List supported devices. Select a device to show related Packs and examples.
Boards : List supported boards. Select a board to show related Packs and examples.
Packs : List and manage Software Packs. Install a Pack for access within pVision.

Examples : List example projects. Copy projects and launch pVision for testing examples.

Pack Installer connects to www. keil com/pac to obtain the published Software Packs.
To install a local Software Pack use File - Import... from the menu.

[~ Show this dialog at startup oK | Help

8. Wi Kei.STM32F4xx_DFP.2.14.0.pack, 7 next, Z3E[HE {4,

Pack Unzip: Keil STM32F4xx DFP 2.14.0 P4
Welcome to Keil Pack Unzip r m K E | L
Release 7/2019 q

This program installs the Software Pack:

Keil STM32F4xx_ DFP 2.14.0
STMicroelectronics STM32F4 Series Device Support, Drivers and Examples

— Destination Folder
I C:\Kel vbhvArmi\Packs\kelh\STM32F 4= DFPY2.14.0

Mesxt »> Cancel

9. LHERIN




Pack Unzip: Keil STM32F4xx_DFP 2.14.0 X |

i

Keil Pack Unzip completed G r m K E | L 5
Keill STM32F4=_DFP 2.14.0

Keil Pack Unzip has performed all requested operations successfully.

I Finish |

1.5 ST-Link X322 X B2

1. 3] MDK #2384, EA T xxxx\Keil vS\ARM\STLink\USBDriver

2. ARG ORI BRI R FE 64 Arok 32 MZHVAKENRE T (UL 64 A2f), XU IZfT .exe 2

?
amdo4 2020/9/4 9:14 MitEE
x86 2020/9/4 9:14 iR
=% dpinst_ amd64.exe 2020/5/22 14:49 WEER
£ dpinst x86.exe 2020/5/22 14:49 Ny FEfERF
| readme.txt 2020/5/22 14:49 AR
%] stlink_dbg_winusb.inf 2020/5/22 14:49 R(ER
J stlink VCP.inf 2020/5/22 14:49 TEER
stlink_winusb_install.bat 2020/5/22 14:49 Windows #t4H3
stlink_winusb_uninstall.bat 2020/5/22 14:49 Windows #t4H
-4 stlinkdbgwinusb_x64.cat 2020/5/22 14:49 =B
-4 stlinkdbgwinusbh_x86.cat 2020/5/22 14:49 Z2EZ
-/ stlinkvep_x64.cat 2020/5/22 14:49 Z2ER
-4 stlinkvep x86.cat 2020/5/22 14:49 Z=BEZ

3. WAREERII ST ¥ Nucleo JF MRS UM CUAUHLR Micro USB B W] LMEHIHE, #
BIEAE LD4 I NIER, WRNFNNERIGEL) Al “REEm " >R E-> & 5
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~ @ 0 (COM#ILPT)
§ STMicroelectronics STLink Virtual COM Port (COM3)
¥ B
0 50
[ HEimes
==
0 BF
ABZ@NIGE
i Dia®E
iy BE. UIEishlsE
0 siFEftigEHEE
¢ ERS{TRGRE
- § EARTREILE
@ ST-Link Debug
4. By &k ST-Link /i H #% 5 LM AHIE J5 . & L %] xxxx\Keil vS\ARM\STLink , X 7 iz 17 ST-
LinkUpgrade.exe

5. il Device Connect , ERERNY), HIn{iE 2 EH FE A A4 B 252K 7Y

<l sT-Link Upgrade
O

,.)

Device Connect

Current Firmware;

Type: STM32 Debug +Mass storage +VCP

[~ Change Type
(Require last USB driver from 5T
website, else do not use!)

Upgrade to Firmware: 5TM32 Debug+Mass storage+VCP V2.]35.M26
Yes >>>>

6. Mt Yes>>>>, FF Ty

7. BRI RS IER TE: 2U00% M6 Bl 48, BT 221k



B_E BHER

2.1 Nucleo-144

CN4 JP1 CN1
ST-LINK/NUCLEO PWR-EXT ST-LINK Micro
selector USB connector

LD4
(red/green LED)
COM

CN6
SWD connector-
S LD5

(Red LED) ST-LINK\V2-1

LD1-LD3

User LEDs \ Power over current alarm
LDé

JP5 Power (green LED)

IDD measurement P3

Power source selection

SB3

CN8 3.3V regulator output

ZI0 connector

B CN7
ZIO connector
us
STM32
Microoontm!eN CN12
ST morpho pin header
CN11
ST morpho pin header
~—_ CN10
ZIO connector
CN9
710 connector
LD8 USB
VBUS \ CN14
Ethemet RJ45
connector
LD7 USB over
current
CN13 N

User USB
connector \

B1
User button

B2
Reset button

ey a3

use? uss




2.2 IKS01A3

)

STM32 Open
Development
Environment

STM32
Nucleo

Features

LSMBDSO: MEMS 3D accelerometer (+2/+4/+8/+16 g) + 3D gyroscope
(+125/+250/+500/+1000/+2000 dps)

LIS2MDL: MEMS 3D magnetometer (+50 gauss)
LIS2DW12: MEMS 3D accelerometer (+2/+4/+8/+16 g)

LPS22HH: MEMS pressure sensor, 260-1260 hPa absolute digital output
barometer

HTS221: capacitive digital relative humidity and temperature
STTS751: Temperature sensor (—40 °C to +125 °C)
DIL 24-pin socket available for additional MEMS adapters and other sensors

Free comprehensive development firmware library and example for all sensors
compatible with STM32Cube firmware

I?C sensor hub features on LSMBDSO available
Compatible with STM32 Nucleo boards
Equipped with Arduino UNO R3 connector
RoHS compliant

WEEE compliant



FB=FE BEANERFRR

3.1 LR H/

1. %] STM32CubeMX. Keil J:Afdi
2. FS7 STM32 JF & FIFE P AR AR

3.2 LRARE

FIF STM32CubeMX & 4N AR A A ACHD

3.3 SCEEK

RS Keil TR, FHgmidi@d

3.4 KPR

H—, HOIT I STM32CubeMX T E, AditnE s 405 3 T,

STM32CubeMX Untitled

File Window Help
Load . E
Existing Projects New Project
Open Existing Projects i »
P g Froj Recent Projects E o I need to -
Exit

Start My project from MCU

ACCESS TO MCU SELECTOR

Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example

P, 1%EFE Nucleo-144 [f) MCU, M54 STM32F413ZH, TR 24N AT PLUE L E.



[ New Project X

MCU/MPU Selector

MCU/MPU Filters N
@ Eu O Features Block Diagram Docs & Resources El Datasheet [ Buy [=» Start Project

Part Number |STM32F4137H ~ B + STM32F4 Series b

Core > High-performance access line, ARM Cortex-M4 core with DSP and FPU, 1,5 MByte
Flash, 100 MHz CPU, ART Accelerator, DFSDM

Series ’ Actve Unit Price for 10kU (USS) : 5.774 0 I
Line ’ Productis in mass production Boards: NUCLEQ-F4137H - STM32F413H-DISCO LQFP144
Package ’ The STM32F413xG/H devices are based on the high-performance Arm@Cortex®-M4 32-bit RISC core operating at a frequency of up to 100 MHz.
Their Cortex®-M4 core features a Floating point unit (FPU) single precision which supports all Arm single-precision data-processing instructions and
Other > data types. It also implements a full set of DSP instructions and a memory protection unit (MPU) which enhances application security.
The STM32F413xG/H devices belong to the STM32F4 access product lines (with products combining power efficiency. performance and integration)
Peripheral > while adding a new innovative feature called Batch Acquisition Mode (BAM) allowing to save even more power consumption during data batching.

The STM32F413xG/H devices incorporate high-speed embedded memories (up to 1.5 Mbytes of Flash memory, 320 Kbytes of SRAM), and an
extensive range of enhanced /Os and peripherals connected to two APB buses, three AHB buses and a 32-bit multi-AHB bus matrix.

All devices offer a 12-bit ADC, two 12-bit DACs, a low-power RTC. twelve general-purpose 16-bit timers including two PWNM timer for motor control,
two general-purpose 32-bit timers and a low power timer.

They also feature standard and advanced communication interfaces.

Features
= Dynamic Efficiency Line with eBAM (enhanced Batch Acquisition Mode)

-1.7 V to 3.6 V power supply
--40 °C to 85/105/125 °C temperature range

MCUs/MPUs List: 2 items Display similar items P Export
"1 “Pariio | Reference |Marketing Sta..>{UnitPrice for 10k (x| Board x| Package X| Fiash X
kg STM32F413ZHJx  Active 5774 UFBGA144 1536 kBy... 320 kBytes 114 100 MHz
S5TM32F4137H
vr STM32F4137HTx  Active 5774 LQFP144 1536 kBy... 320 kBytes 114 100 MHz

e
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Resonator, HAR{RFFERL



[ STM32CubeMX Untitled*: STM32F413ZHTx

- o x
STCThEN? File Window Help n L 4 }q: "’

GENERATE CODE

Pinout & Configuratior: Clock Configuration Project Manager

v Software Packs ~ Pinout

ST RCC Mode and Configuration :
| Categoiies | ~-2 [N

System Core o High Speed Clock (HSE) [BYPASS Clock Source Tl

Low Speed Clock (LSE) [Crystal/Ceramic Resonator v

va

DMA [ Master Clock Output 1
[ Master Clack Output 2
[ Audio Clock Input (128_CKIN)

Reset Configuration

Analog >

(Configure the below parameters

Timers > Bafamcrs ] © 0 e
 System Parameters
Connectivity >

VDD valtage (V) 33V
Voltimed K Instruetion Cache Enabled s s
ultimedia Prefetch Buffer Enabled ]
Data Cache Enabled
>
STM32F413ZHTx
Computin N  RCC Parameters
PUEng HS| Calibration Value 16 LQFP144
Middleware N TIM Prescaler Selection Disabled b
HSE Startup Timout Value (ms) 100 ol
LSE Startup Timout Value (ms) 5000
~ Power Parameters [
Power Regulator Voltage Scale Power Regulator Voltage Scale 1
r
e oI a @ o Q
aw
N e Requred Pergrorai
STM32F4 STM32F413/423 STM32Fd13ZHIx UFBGA144 None
©STM32F4 STM32F413/423 STM32F413ZHTx LQFP144 None

VG, HENK BT, X FTARE A I R B T B

V132CubeMX template ioc: STM32F413ZHTx

, f’ File Window Help
X

templat Clock Configuration

Pinout & Configuratio

GENERATE CODE

Project Manager Tools

O ssues
To RTC (k)
iz [To Power (Hz)
iR
L HCLK to AHB bus, core,
-—l:—ﬁ:l Tomos i R

System Clock Mux
Hsl R st

PLL Source
nsi [
s ]

[To Cortex system timer (uriz)|

FCLK Cortex clock [MHz]

Rp— [

ol = |

|APE1 Timer clocks (MHz) ‘

Enable CSS |APB2 peripheral clocks (uriz)

o us:

7o RNG iz}

To 125_APB1 LK (aHz)

PLE

To DFsDM1 Audio (42}

)

FHAP, #HASYS FHxTAEIEDUHTICE, X HEAE Debug MIEF Serial Wire B, HARIRFFERIN.



m STM32CubeMX Untitled™: STM32F413ZHTx - a x
sz O File Window Help n oy }q: "l
CubeMX
ZHTx Untitled - Pinout & Configuration GENERATE CODE
Pinout & Configuration Clock Configuration
v Software Packs ~ Pinout L
5
Q & SYS Mode and Configuration N i
o g
System Core o Debug [Serial Wire | —
. [ System Wake-Up 1
DMA [ System Wake-Up 2
[ System Wake-Up 3
woG
Timebase Source [SysTick ~]
WWDG
Warning: This IP has no parameters to be configured.
Analog > r
Timers > [
Connectity >
Muttimedia >
Securty ’ STM32F413ZHTx
Computing >
puting LQFP144 i
Middleware >
aw
N T Requred Pergrorai
STM32F4 STM32F413/423 STM32Fd13ZHIx UFBGA144 None
©STM32F4 STM32F413/423 STM32F413ZHTx LQFP144 None

b, HE TG

TAEZAERERT], XHIES template.

Project Location: T FEEEA%, HEUCHT G 2 UL T IAF I A 1) TAE SO, X BUHE 1 template SCHF K.
AR AE B SR

Toolchain/IDE: X HLIEFIRATC L L3471 Keils, TH4E (Toolchain) iE£# MDK-ARM, fRASIES VS
HUJH /3% Use latest available version, %% V1.25.0.

HARRFFERIN, it F A K GENERATE CODE ‘L Keil TF#.

Project Name:

] STM32CubeMX Untitled*: STM32F413ZHTx

STM r'

CubeM

File Wind

low

Help

*

oy - G7

19

Untitled - Project Manager GENERATE CODE

Pinout onfiguratior

Configuratio Project Manager

Project Settings:
Project Name

Project Location
[pAelec_system_designitemplatel

Browse

Application Structure

Advanced ~| [ Do not generate the main()
Toolchain Folder Lozation

D:\elec_system_designitemplate\template\

Code Generator

Toelchain / IDE Min Version

MDK-ARM W (V5 w o
Linker Settings

Minimum Heap Size 200

Minimum Stack Size Dx400

Advanced Settings

Meu and Finmware Package
Mou Reference
STM32F413ZHTx

Fitmware Package Name and Version
ISTM'J2Cubc FW_F4V1250

| [ Use latest available version

B Use Default Firmware Lacation

Reued Peiphara

M32F413/423 STM3IZF413ZHIx UFBGA144 None o

RS AERSE R G, R AT IT keil TRE.



[ stmszcub

STM':(ﬁ File Window
CubeMX

GENERATE CODE

Project Manager

(Project g
Project Name
femplate |

Project Location
[c:Users\admin\Desktopttemplate: |

plication Structure

[advanced [ Do not generate the main()

Toolchain Folder Location
[C2Users\adminiDesktoplte mplateltemplate

Code Generator

Toolchain /IDE Min Version
[MDK-ARM ] [vs2r ~] u}

(Linke ]
inker g [ Code Generation X I

Minimum Heap Size [ox200 /
Minimum Stack Size oxa00 @ mecoeis generated under G

e
Mcu Reference

[STM32F446ZETx |

Advanced Settings

My and Firmware Packag

Firmware Package Name and Version
[STM32Cube FW_F4 V1.25.0 ] '

Use Default Firmware Location

A Keil 4T TS, 7T maine, ZKEEBFEIAL . 77U STM32cube LA IRATTE K 1 FEAHIH]
aete, JFHAE NI R A ERE P I A .

cAlL d P pl K- - pVision [Non-Commercial Use License] - o X |
File Edit View Froject Flash Debug Peripherals Tools SVCS Window Help il
NEd@ sl | = aela-jeco @ |H- |8
& E 2 ] ] template
Project - %
= Project template 55/ Private user code 7 ~
£ template 56 /% USER CODE BEGIN 0 */ 1
& 5 Application/MDK-ARM B . oo cooe mo 0 o n
[ startup_stm32446cs =
& cusis G0/
= Application/User/Core 61 * @brief The application entry point.
B imainc 62 | * erecval int
ez L
0 stm2fdec e 66 int main(void)
[ stm32tdboc_hal_msp.c =n
(3 Drivers/STM32F4ac HAL Driver 66 /* USER CODE BEGIN 1 */
[ Drivers/CMSIS <
68 | /* USER CODE END 1 »/
&
70 /* MCU C =
71
72 /* Reset of all peripherals, Initializes the Flash interface and the Systick. */
73 | HAL Init():
7e
75 | /* USER CODE BEGIN Init +/
76
77 | /* USER CODE END Inic */
8
79 | /* Configure the system clock */
80 | SystemClock_Config():
81
82 | /* USER CODE BEGIN SysInit */ B
83
84 | /* USER GODE END SysInit */
85
86 | /* Initialize all configured peripherals */
87 | MK GPIO Init():
88 /* USER CODE BEGIN 2 */
tn)
50 | /* USER CODE END z */
51
s2 | /* Infinite loop */
93 | /* USER CODE BEGIN WHILE */
se | wmile (1) v
[ project [@F500ks | {3 runctions | Uy Templates < >
Build Output L -
ST L7 C7 CAP NUM SCRL OVR RAW
T —

A B B F L AT G AN A e



K2 chUsers\admin\Desktoplled_project\led\MDK-ARMYled.uvprojx - pVision [Non-Commercial Use License]

File Edit View Project Flash Debug Peripherals Tools SVCS5 Window Help

NMEE@| % D@9 | @= | B RER|EEE G o
B 2 ] 88 ted IR AR ¢ 2@
»r A ] mainc | ] main.h ] stm32f4mx_hal_gpio.h
tled 61 /* USER CODE BEGIN O */
62
£3 Application/MDK-ARM €3 /* USER CODE END O */
@ omsis o -
£S5 Application/User/Core 66 * @brief The application entr
ij main.c 67 # @retval int
wo[] stm32fdocit.c = )
i:I st 32fdio_hal_msp.c jz E:nt main{void)
3 Drivers/STM32Fdic HAL Driver 71 /* TUSER CODE BEGIN 1 */
3 Drivers/CMSIS 72
73 /* USER CODE END 1 */
T4

3.5 SLWLR

Build Cutput

compiling stm32f4xx hal cCOrtex.c...

compiling system stm3Zfdxx.c...

compiling stm32f4xx hal.c...

compiling stm32f4xx hal exti.c...

linking...

Program Size: Code=2212 RO-data=500 EW-data=le ZI-data=1024
FromELF: creating hex file...

"template\template.axf” - 0 Error(s), 0 Warning(s). <
Build Time Elapsed: Qo:00:12

R LAE BIg0 B AU 0 4R 0 i, ARG R -
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4.2 XWAR

AR GPIO FHLm s A, S2B0 LED AR 4]

4.3 KK

Nucleo-144 | LD1. LD2. LD3 SZIi A 4RR

4.4 SKPHR

1. FIF STM32CubeMX 4E FAEAR ARG
F—, BT STM32CubeMX T B, i an & i~ 40 8 i T2 .

STM32CubeMX Untitled

File Window Help
Load . E
Existing Projects New Project
Open Existing Projects i » =
P g Froj Recent Projects E o I need to -
Exit

Start My project from MCU

ACCESS TO MCU SELECTOR

Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example

00, ARBRRMNIXAMNE=EFENAR, 55 Board Selector, HIEEFEXNNH NUCLEO-144 F.iR, =i
YES, EFESeAEARSE, $TFF RCC F SYS % LED XA GPIO, T[IUEZIXLEE LA E K.



[ New Project

X
Board Selector
rBoard Filters
@ Eu O Features Large Picture Docs & Resources |'_~L'| Datasheet [ Buy
Commercial o) E Faq3zy M~ 47 [ STM32F4 Series
Part Mumber
NUCLEO-F413ZH STMicroelectronics NUCLEO-F413ZH Board Support and Examples
Vendor >
Active Part Number : NUCLEO-F413z2H Unit Price (US$):18.0
Type > Productis in mass production Commercial Part Number : NUCLEO-F4137H Mounted Device - STM32F4132HTx
MCU/MPU Series >
Other >
>
Peripheral Features
# On-board ST-LINK/WV2-1
# USB VBUS, ext. VIN, ext. 5V, ext +3.3V
-« 10M/100M Ethernet interface with external PHY (LANB742A-CZ-TR)
# USB OTG FS (Full speed) with micro-AB Connector
- STMicroelectronics Morpho connector - (2 x 72)
- STMicroelectronics Zio (Arduino connector)
# Push-buttons: User and Reset
-« LEDs: COM, Power, User LEDs
:,E_.UI B i 2
Boards List: 1 item ot Export
T overview ] Commerciipartio | Tyse | MarkctngStatus | UnPriceuss) x| MountedDevee X
1
T NUCLEO-F413ZH Nucleo-144 Active 19.0
T
@ STM32CubeMX Untitled —
- ) .
sTM32 U File Window Help
CubeMX

Existing Projects

Recent Opened Projects
UART.ioc
Last modified dafe : 07/09/2020 22:30:05

botton.ioc
Last modified date : 06/09/2020 14:21:00

led.ioc
Last modified date : 06/09/2020 12:37:58

Other Projects

New Project Manage software installations

Check for STM32CubeMX and embedded software pat

CHECK FOR UPDATES

[@ Board Project Options: NUCLEO-F X Install or remove embedded software packages

0 Initialize all peripherals with their default Mode 7 INSTALL / REMOVE

from Example

Partner

SIL ASIL ClassB B

Ready Ready Ready E—:

ACCESS TO EXAMPLE SELECTOR

with STM32 and STM8

B0, A TIRRRE TG,




Project Name:
Project Location:
AR A,
Toolchain/IDE:

=
=

TREAEERT, XEIES led project.
THREERAR, FRVCHIE T SR T IR A I LAE SO, X B 1 led_project XK.
P SLF R

XHEERRNT L 2R UF1) Keils, T.HE% (Toolchain) &+ MDK-ARM, A SIES V5.

HUIY/2)3% Use latest available version, &3¢ V1.25.0.
HAGRFEGAN, fAdidi B GENERATE CODE £ % Keil T.f%.

[ STM32CubaMX Untided®: STM32F413ZHTk NUCLED-F413TH

STM ] File Window Help (T
CubeMx

> Untitled - Project Manager »

Clock Configuration Project Manager

] Do ot genarate the maini)

Code Ganarator

[MOK-ARN

Linker Sattings
Minimum Heap Size 200

foxa00

Minimum Stack Size

Advanced Settings

v | C3Use latest available agaibm—

2. FH Keil &0 RE

int main (void)
=R
/* USER CODE BEGIN 1 */

/* USER CODE END 1 */

/* MCU Configuratior *f

*f

/* Reset of all peripherals, Initializes the Flash interface and the Systick.
HAL_Init():

/* USER CODE BEGIN Init */
/* USER CODE END Init */

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

/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */

/* Initialize all configured peripherals */
MK_GPIC Init():
MX_USART3_UART Init();
MX USB OTG_FS _PCD Init():
/* USER CODE BEGIN 2 */
/* USER CODE END 2 */
/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
i
/* USER CODE END WHILE */

El

/* USER CCDE BEGIN 3 */
}
/* USER CODE END 3 */
}

FIF Keil $77FF LAELUG, $7HF maine, XEREFHANILD. 0 LUK STM32cube L4 HAT5E K T 5T LED
SRRt FFHAE T3 72 EAE A P i P AR .

FALE while TEH N EINGN FiE4), 229 LED Frfe 0 D4 m S, 386 500ms, 2 5% RS, FiEnt

500ms.



HAL GPIO_WritePin(LD1_GPIO Port,LD1 Pin,GPIO PIN SET);
HAL GPIO_WritePin(LD2_GPIO Port,LD2 Pin,GPIO PIN SET);
HAL GPIO_WritePin(LD3 GPIO Port,LD3 Pin,GPIO PIN SET);
HAL Delay(500);

HAL GPIO_WritePin(LD1_GPIO Port,LD1 Pin,GPIO PIN RESET);
HAL GPIO_WritePin(LD2_GPIO Port,LD2 Pin,GPIO PIN RESET);
HAL GPIO_WritePin(LD3 GPIO Port,LD3 Pin,GPIO PIN RESET);
HAL Delay(500);

A R P PR P A FE R REAT G AN A B o

KA c\Users\admin\Desktopiled_project)led\MDK-ARM\led.uvprajx - pVision [Mon-Commercial Use License]

File Edit VWView Project Flash Debug Peripherals Tools SVCS  Window Help

alocleslrnnnEsrie
i ¥ tea SEIE-E R
Project % L x| ] mainc ] mainh | ] stm32f0e hal_gpio.h
=¥ Projeit: led \ T USEER CCODE BEGIN O */
Esd led &2
= 3 Application/MDK-ARM 22 /* USER CODE END 0 */
& cmsls 65 o/
=T Application/User/Core €6 Bbrief The application entr
] main.c &7 * Bretval int
] stm32fboc it.c . Y )
2 stm32fdoc_hal_msp.c gz Eﬁnt main(vold)
L3 Drivers/STM32Fdor_HAL_Driver 71 /* USER CODE BEGIN 1
L3 Drivers/CMSIS 72
73 /* USER CODE END 1 */
Tl

"

Lg_me=18 287 21,
388 U o)

o v
2 g4
#2 E'ﬂ\ €3
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5.3 SKEREK
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STM32CubeMX Untitled

File Window Help
Load [P B
Existing Projects New Project
Open Existing Projects R t P f: 3 E P
w o | need to :
Exit v

Start My project from MCU

ACCESS TO MCU SELECTOR

Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example
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[ New Project X

rBoard Filters

@ E}, O Features Large Picture Docs & Resources |'_~L'| Datasheet [ Buy
Commercial 0| 0 Fa1azn M ~ Yy [ STM3ZF4 Series
Part Mumber

NUCLEO-F413ZH STMicroelectronics NUCLEO-F413ZH Board Support and Examples

Vendor >
Active Part Number : NUCLEO-F413z2H Unit Price (US$):18.0
> - ) :
Type Productis in mass production Commercial Part Number : NUCLEO-F413ZH ounted Device - STH32F132H T
MCU/MPU Series >
Other >
Peripheral >

Features

# On-board ST-LINK/WV2-1

a USB VBUS, ext. VIN, ext. 5V, ext +3.3V

-« 10M/100M Ethernet interface with external PHY (LANB742A-CZ-TR)
a USB OTG FS (Full speed) with micro-AB Connector
 STMicroelectronics Morpho connector : (2 x 72)

« STMicroelectronics Zio (Arduino connector)

# Push-buttons: User and Reset

a LEDs: COM, Power, User LEDs

BN Fu . ey ey | 7|

Boards List: 1 item

P Export
|+ [ overview x| Commercial Part No Type %|  Marketing Status x|  UnitPrice (USS) %]  Mounted Device x|
e

it

NUCLEO-F413ZH MNucleo-144 Active 19.0

~_

F=00, Q@ TREEHES — NN LA EIEX GPIO #HTHLE .

- Project Name: TLEZERERT], XHIHEE key.

- Project Location:  TAEEEAE, FRUGHT S SR T R A ) TR, A b A I U745 .

- Toolchain/IDE: X BLEFHRANTCE %2517 Keils, T.HAHE (Toolchain) £+ MDK-ARM, KA 5 iEHE V5.

- HUH/2)3% Use latest available version, %% V1.25.0.

- miili Pinout&Configuration, 7E:t: 7 51 A AT LG 2| PC13 &I N - $k ClE (d2dd B1D 19 10 [T,
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[ STM32CubeMX Untitled*: STM32F413ZHTx NUCLEQ-F413ZH - X
stz O File Window Help & A >
2 oy Ly,
STM32 3; - NUCLEO-f 3; Untitled - Pinout & Configuration GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager

ol |

v Software Packs v Pinout

15 Pinout view

System view

4

System Core ~
s
3 use_or
c 1 —
SYs ROG_OSCIEN use_veUs
WWDG Ree - [ use_s0F [TP1]
Analog 5 GPIO_Analog
FH  EVENTOUT
e
Timers > GPIO_EXTI13]
Connectivity >
Multimedia > USB_Ove Curent [STMF S21815TR_FAULT]
USB_PoweSwitshOn [STIPS2151STR_EN]
Security >
Computing >
Middleware >
wco [T
Rec_ose_out
STUK_TX [sTHA2F 0308 T8_PA2]
STLK_RA[STMI2F10308TE_PAZ]

SEERERD

B[ Nucleo-144 FIEHE F M vT LLENIE B1 B HE-PIRZSIR A, [KILLE Configuration A TR B B _FHIE M H
fH, X HETATLLEE User Label A Bl, FEEHIEFHE .
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[ STM32CubeMX Untitled*: STM32F413ZHTx NUCLEO-F413ZH - [m} >

STM32 ﬁ File Window Help
CubeMX

e nout & Configul

Clock Configuration Project Manager

v Software Packs » Pinout

GPIO Mode and Configuration : £ Pinout view System view

v a

GPIO Search Signals
B |:| [ Show only Modified Pins B1

RCC_0SC32_IN

RCC 5 o =T 5 T :
e C autpu..] GPID mode | GPIO F'uH--- User Label Roc_osex_our

WV\;DG Qutput Pus... No pull-up LD1 [Green]
PB7 nia Low Output Pus_._ No pull-up . Low LD2 [Blue]
PB14 nia Low Output Pus_._ No pull-up . Low LD3 [Red]
N PC13 nia n/a Input mode Mo pull-up .. n/a B1
Analog PG6 nia Low Output Pus... No pull-up ... Low USB_Powe...
PGT nia n/a Input mode Mo pull-up ... nfa USB_Ower...
Timers >
Connectivity >
+PC13 Configuration -
Multimedia >
Security ’ GPIO mode ‘Input mode ~ ‘
> mMco |l
Computing GPIO Pull-up/Pull-down ‘Nu pull-up and no pull-down V‘ ReC 058 OUT PH“
Middleware >

User Label 1 |

HAFEERN, AdiA EfA GENERATE CODE 4 % Keil T.8%.

2. FH Keil &A0H P RE

TFEET J5 0T LS a5 open project, 5 A Keil 17 LAELLE, FT7F maine, XHEEFEFHIAL.

Project a3 ] main.c
% Project: botton 1 /* USER CODE BEGIN Header */
= 2 botton 2(/**
& [ Application/MDK-2 3 R L L LT T L L L T T ——
& cmsis 4 * @file : main.c
5] * @brief : Main program body
=l Application/User/C & R L L L LR LT T L S L LI LT rr T
_] main.c 7 * @attention
L] stm32fdoc_it.c 8 '
J tm326dxx hal i * <h2><center>&copy:; Copyright (c) 2020 STMicroelectronics.
m xx_halt 10 * B11 rights reserved.</cencer></h2>
@ [ Drivers/STM32F4xx_ 11 .
@[3 Drivers/CMSIS 12 * This software component is licensed by ST under BSD 3-Clause license,
13 * the "License"; You may not use this file except in compliance with the
14 * License. You may obtain a copy of the License at:
15 - opensource.org/licenses/BSD-3-Clause
16 o
17 R R R R E L L R L L L L s T
8 - =/
19 /* USER CODE END Header */
B /" INCLUGES o e e e e e ~/
21 #include "main.h"
22
BER /" Private inCludes oo o - ————""9 - ————"—"5 - =/
24 /* USER CODE BEGIN Includes */
25
26 /* USER CODE END Includes */
| | | 27
Eer. (@6 |OF. [04Te.| [|<

A UE L STM32cube CLZ FE3RANTSE A 1 SR T2 51 A AT 46 4L -



HAL_RCC_GPIOH CLK_ENABLE():
HAL_RCC_GPIOB_CLK_ENABLE():;
HAL_RCC_GPIOD_CLK_ENABLE():
HAL_RCC

HAL_RCC:GPIOA CLK ENABLE():

GPIOG_CLK ENABLE():

/*Configure GPIO pin Output Level */
HAL GPIO WritePin(GPIOB, LD1_Pin|LD3_Pin|LD2_Pin, GPIO_PIN_RESET):

/*Configure GPIO pin Output Level */

HAL GPIO_WritePin(USB_PowerSwitchOn_ GPIO_Port, USB_PowerSwitchOn_Pin, GPIO_PIN RESET);
/*Configure GPIO pin : Bl Pin */
GPIO_InitStruct.Pin = Bl Pin;

GPIO InitStruct.Mode = GPIO MODE INPUT;
GPIO_InitStruct.Pull = GPIO_NOPULL;

HAL GPIO_ Init(Bl_GPIO_Port, &GPIO_InitStruct):
/*Configure GPIO pins : LD1_Pin LD3_Pin LD2_Pin */
GPIO_InitS\:xuct.Pln = LDl_PinILD3_Pin|LD2_Pin:
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO_InitStruct.Pull = GPIO_NOPULL;

GPIO_InitStruct.Speed = GPIO_SPEED_FREQ LOW;:
HAL GPIO_Init (GPIOB, &GPIO_InitStruct);

FRALE while FEHR AR INAN T IEEG, @R 10 R TS S 00w H P SRA I 8 2 B4 T o

e BT E O T RHER, XA FHECE 2 AOAEE . AN 1000ms [ IE I ik b 2 i Rl %
Zf

if (HAL_GPIO ReadPin(B1_GPIO Port,B1_Pin))==1)

{
HAL GPIO TogglePin(LD1 GPIO Port,LD1 Pin);

}
HAL Delay(1000);

A R P R P AT R EAT G AN A B o

ChUsershadminyDesktopiled_project)led\MDK-ARMled.uvprojx - pVision [Mon-Commercial Use License]
File Edit View Project Flash Debug Peripherals Tools SVCS5 Window Help
NMEE@| % DR[| 90c|@s | mRBR|EEE/~E B

£ E B @ ] 8 e IR AR ¢ 2@

Project \ »r A ] mainc | ] main.h ] stm32f4mx_hal_gpio.h

=% Projeft: led 61 /* USER CODE BEGIN O */
Elgg le 62
£3 Application/MDK-ARM €3 /* USER CODE END O */
%
Qcms!s | .
=5 Application/User/Core BE # @brief The application entr
L] main.c &7 * @retval int
] stm32fdicit.c 68 - */
(3] int in{vold
._1 st 32fdio_hal_msp.c 70 E:q main (void)
[ Drivers/STM32Fdic HAL_Driver 71 /* TUSER CODE BEGIN 1 */
[J Drivers/CMSIS 72
T3 /% USER CODE END 1 =/
T4
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Project Location
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Application Structure

‘Advan:eﬂ | [ Do not generate the main()

Toolehain Folder Loeation
[pelec_system_designitemplate\UARTY

Code Generator

Toolchain / IDE Min Version
“um\ ARM v] s ~] | o

Linker Settings

Minimum Heap Size 200
Minimum Stack Size Dx400

Advanced Settings

Mecu and Firmware Package
Mou Reference

‘STMQ:F-HI:HH

‘STMSECuhe FW_F4V1250 | O Use latest available version

B Use Default Firmware Location

Feei Py
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File Window Help Loy < Ly
uart3.ioc - Project Manager GENERATE CODE

Clock Configuration Project Manager

[ sTM32CubeMX uart3.oc’: STM32F413ZHTx NUCLEQ-F413ZH

¢STM32Cube MCU packages and embedded software packs
@® Copy all used libraries into the project folder
O Copy only the necessary library files

Project
O Add necessary library files as reference in the toolchain project configu...

Generated files

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

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

Delete previously generated files when not re-generated

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

[ Enable Full Assert

Advanced Settings

¢ Template Settings

Select a template to generate customized code Settings...

2. FIH Keil B0 P AREHRR
S, gE RS

int main(void)
=Rt
/* USER CODE BEGIN 1 */

/* USER CODE END 1 */

/* MCU Configuratior L7

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init():

/* USER CODE BEGIN Init */
/* USER CODE END Init */

/* Configure the system clock */
SystemClock_Config():

/* USER CODE BEGIN SysInit */
/* USER CCODE END SysInit */

/* Initialize all configured peripherals */
MY GPIC Init();

MX_USART3 UART Init():
MX_USB_OTG_FS_PCD_Init():

/* USER CODE BEGIN 2 */

/* USER CCDE END 2 */

/* Infinite loop */
/* USER CCDE BEGIN WHILE */
while (1)
=
/* USER CCDE END WHILE */
/* USER CODE BEGIN 3 */
o1
/* USER CCDE END 3 */
}

FIF Keil F7TF TAELLUS, 77 main.c, X B EEFRIANL. A LLEIL STM32cube CAFEHRATE K T T UART
Fiwlgat, FFEAE T EE T AL P i P AR .

7f Include & (21 17), @i k4

#include "stdio.h"

7E main BT, WSINGN RERL,  SERA printf PR E [
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$ifdef _ GNUC__

PUTCHAR_PRO TIEE int _ io_putchar (int ch)
#else
#define PUTCHAR PROTOTYPE int fputc(int ch, FILE *f)

$endif /* _ GNUC__ */

PUTCHAR_PROTOTYPE
{
/* Place your implementation of fputc here */

/* e.g. write a character to the USART3 and Loop until the end of transmission *

HAL_UART_TIansmitt&huaItB, tuints_t *}&ch, 1, OxFFFF):
return ch;

ki

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

/* USER CODE END 1 */

/* MCU Configuration “f

/* Reset of all peripherals, Initializes the Flash interface and the Systick.
HAL Init():

/* USER CODE BEGIN Init */
/* USER CODE END Init */

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

/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */

Initialize all configured peripherals */
. GPIC_Init():
_ USRRT3_UART Init():
. USB_OTG_FS_PCD Init();

USER CCDE BEGIN 2z */

TEEEY

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */
wnile [(1]
{
/* USER CODE END WHILE */
printf ("seuhzr\n"):

/* USER CODE BEGIN 3 */
}
/* USER CODE END 3 */
}
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Project »r A ] mainc | ] main.h ] stm32f4mx_hal_gpio.h
=% Projeft: led 61 /* USER CODE BEGIN 0 */
T le 62
£3 Application/MDK-ARM €3 /* USER CODE END O */
64
Qcms!s | .
=-i& Application/User/Core BE # @brief The application entr
;j main.c 67 # @retval int
L] stm32fdocit.c 68 - */
{3°] int i id
i_ml st 32fdio_hal_msp.c 70 E:n main{void)
3 Drivers/STM32Fdic HAL Driver 71 /* TUSER CODE BEGIN 1 */
3 Drivers/CMSIS 72
T3 /% USER CCDE EWD 1 *=/
74
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Project = H :

- Project Name: THAAEZERIT, XHIHE EXTL
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Project Name
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Project Location
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Application Structure

[Advan»:ed ~ | [ Do not generate the ma...

Toolchain Folder Location
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Toolchain / IDE Min Version
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Linker Settings
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Advanced Settings
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[ sTM32CubeMX uart3.oc’: STM32F413ZHTx NUCLEQ-F413ZH

STM32 ﬁ File Window Help
CubeMX

¢STM32Cube MCU packages and embedded software packs
@® Copy all used libraries into the project folder
O Copy only the necessary library files

Project
O Add necessary library files as reference in the toolchain project configu...

Generated files

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

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

Delete previously generated files when not re-generated

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

[ Enable Full Assert

Advanced Settings

¢ Template Settings

Select a template to generate customized code Settings...

2. FIH Keil B0 PRSI
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/* USER CODE END 1 */

/* MCU Configuratior L7

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init():

/* USER CODE BEGIN Init */
/* USER CODE END Init */

/* Configure the system clock */
SystemClock_Config():

/* USER CODE BEGIN SysInit */
/* USER CCODE END SysInit */

/* Initialize all configured peripherals */
MY GPIC Init();

MX_USART3 UART Init():
MX_USB_OTG_FS_PCD_Init():

/* USER CODE BEGIN 2 */

/* USER CCDE END 2 */

/* Infinite loop */
/* USER CCDE BEGIN WHILE */
while (1)
=
/* USER CCDE END WHILE */
/* USER CODE BEGIN 3 */
o1
/* USER CCDE END 3 */
}

FIH Keil T LS, FTHF maine, XERFEFHAND. £ MX_GPIO Init ¥ O NIRANTVIMEIL LT T %
HERAER R T
fE USER CODE BEGIN 4 4t ( 158 17), #hnin Fi&s).

void HAL_GPIO_EXTI_Callback(uint16_t GPIO_Pin)
{
if (GPIO_Pin == GPIO_PIN_13)

/* Toggle LED1 */



HAL GPIO TogglePin(LD1_GPIO Port,LD1 Pin);

500, FH BRI AN AT g AT ek
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Project »r A ] mainc | ] mainh ] stm32f4nchal_gpio.h
=% Projeft: led 61 /= USER CODE BEGIN 0 */
g le 62
3 Application/MDK-ARM B /' USER CODE END 0 */
64
& cmsis .
E-i5 Application/User/Core BE # @brief The application entr
_1 main.c 67 # @retval int
] stm32fdecit.c es - 0/
€9 int main(void
_1 st 32fdio_hal_msp.c 70 E|J{'1 main (void)
{3 Drivers/5TM32F4cc_ HAL Driver 71 /* TUSER CODE BEGIN 1 */
3 Drivers/CMSIS 72
73 /* USER CODE END 1 */
T4
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74 int main(void)

75 H1

76 fS* USER CODE BEGIN 1 =/

T7

78 S* USER CODE END 1 #f

79

80 S* MCU Configuration——————— - w
81

82 S* Reszet of all peripherals, Initializez the Flash interface and the Systick. =/
83 HAL Init():

84

85 S* USER CODE BEGIN Imit *f

86

87 /* USER CODE END Init */

88

89 S* Configure the system clock */
S0 SystemClock Config():

g1

S92 S* USER CODE BEGIN SysInitc */
=3

S4 S* USER CODE END SysInit */
S5

=13 /#* Initialize all configured peripherals */
g7 MX GPIO Init();:

98 MX TIM3 Init():

59 MX USART3 UART Init():

Lo0 MX USB OTG _FS_PCD Init();

Lol MX TIM4 Initi();

102 fS* USER CODE BEGIN 2 =/

LO3

LO4 S* USER CODE END 2 #f

LO5S

106 f* Infinite loop */

La7 S* USER CODE BEGIN WHILE */
LO8 while (1)

Log [H {

L1ad /* USER CODE END WHILE */
L11

L1z f/* USER CODE BEGIN 3 */f

33 }

L14 S* USER CODE END 3 *=f

L15 ¥

FIF Keil $77 7 LRELUG, $T7HF maine, XERZBEFHANILD. AT LURI STM32cube L& HEHAT5E MK T 5T LED
SRR aEA, JEEAE T A T 2L P AR
1E main ERELN while F7aisinan Mig4a), JFa e m 25T,

HAL TIM Base Start IT(&htim3);
HAL TIM Base Start IT(&htim4);

£ main bR EEEARAL T A N0 R EAD
void HAL TIM_PeriodElapsedCallback(TIM HandleTypeDef *htim)
{

if( htim == &htim3) HAL GPIO TogglePin(LD2 GPIO Port,LD2 Pin);
else if ( htim == &htim4) HAL GPIO TogglePin(LD3 GPIO Port,LD3 Pin);

[EE ATy ]
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2
ki
a9
100
101
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103
104
105
106
107
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123
124

int main (void)
=i
J®% USER CODE BEGIN 1 #f

/* USER CCDE END 1 */f

HAL Init():
/* USER CODE BEGIN Init */
/* USER CODE END Init */

f* Configure the system clock */
SystemClock Configi();

f* USER CODE BEGIN SysInit #/f
/* USER CCDE END SysInit */f

fS* Imitialize all configured peripherals */
MY GPIC Imict():

MX TIM3 Init():

MX USART3 UART Init():

MX USB OTG _FS_PCD Init();

MX TIM4 Init():

f®* USER CODE BEGIN 2 */

HAT. TTM Base Start IT (&htim3);
HAT. TTM Base Start IT (Ehtimd);

/* USER CCDE END 2 */f

f* Imfinite loop */f

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

H 1

f/* USER CODE END WHILE #/

f* USER CODE BEGIN 3 =/
-}
/* USER CCDE END 3 %/
¥

void HAL TIM PeriodElapsedCallback (TIM HandleTypeDef *htim)
=k

A B B A F L AT g B AN A e

f* MCO Comfiguratiom---—-——-——-———--——-—-"—"—

if( htim == ghtim3) HAL GPIC TogglePin(LD2 GPIO Port,LD2 Pin):
else if ( htim == ghtimé) HAL GPIO TogglePin(LD3 GPIO Port,LD3 Pin);

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

o4
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T4 int main (wvoid)

75 HH{

76 f* USER CCDE BEGIN 1 =/

T7

78 f* USER CCDE END 1 */

78

80 f* wo configure2etcion-——————————————————— —— — —— — —— ———————————————————————— ———— xf
81

82 f* Reset of all peripherals, Initializes the Flash interface and the Systick. *f
83 HAL Imit():

84

85 f* USER CCDE BEGIN Init */
86

87 f* USER CCDE END Init */

88

89 f* Configure the system clock */
a0 SystemClock Config():

o1

a2 f* USER CCDE BEGIN SysInit */
93

G4 /* USER CCDE EWD SysInit */
a5

k=11 S* Imitialize all configured peripherals */f
a7 M¥ GPIC Imit():

fo}:] M¥ TIM3 Init():

ag M¥ USART3 UART Init():

100 M¥ USB_OTG FS5 PCD Init ()

101 M¥ TIM4 Init():

102 /* USER CODE BEGIN 2 */f

103

104

L1035

108

107

108

109

110

111

11z /* USER CODE BEGIN 3 */

I3 - }

114 f* USER CODE END 3 */

115 1

FIH Keil 7TF TFELAE, 77T mainc, XHEEEFHAND. ALK STM32cube C4& A 152 7 % T LED
SlEERIaE4, BT A T 2L P E I AR
1£ USER CODE BEGIN 1 4t, ¥ MigEf].

uintl6_t ledOpwmval=0;

7£ USER CODE BEGIN 2 Ab, #shnin Nigs):
HAL_TIM_PWM_Start(&htim3,TIM_CHANNEL_3); /// {F8E tim3 f9@IE 3

7£ USER CODE BEGIN 3 4b, #intn Nigf):
while (ledOpwmval< 300) //3%IEE| 300

{
ledOpwmval++;
__HAL_TIM_SetCompare(&htim3, TIM_CHANNEL 3, ledOpwmval);, /B0 tbi{E, HE L

// TIM3->CCR3 = ledOpwmval; /5 E—f7RIEERER, BHETEE—

HAL_Delay(1);

}

while (ledOpwmval) /IFBERE 0

{

ledOpwmval--;
__HAL_TIM_SetCompare(&htim3, TIM_CHANNEL 3, ledOpwmval);  /BX&Lbik{E, HE L
// TIM3->CCR3 = ledOpwmval; /15 E—TRIEEAER, BETLEH—

HAL_Delay(1);
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int main(void)

{

i

f#* USER CODE BEGIN 1 */
uintlé t ledOpwmval=0;

f* USER CODE END 1 */f

f* MCO Configuration----------- - - - - —————————

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

HAL Init();:
/* USER CODE BEGIN Init */
/* USER CODE END Init */

f* Configure the system clock */
SystemClock Configl():

/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */|

f* Imitialize all configured peripherals #f
MX_GPIC Init():

MX TIM3 Init():

MX USART3 UART Init():

MX USB OTG FS PCD Init():

f* USER CODE BEGIN 2 */

HAL TIM PWM Start (&htim3,TIM CHANNEL 3);
/* USER CODE END 2 */

f* Infinite loop *f
f* TUSER CODE BEGIN WHILE */
while (1)
{
f* TUSER CODE END WHILE */

f/* USER CODE BEGIN 3 */

while (ledOpwmval< 300)
{
ledOpwmval++;
___HAL TIM SetCompare (&htim3, TIM CHANNEL 3, ledOpwmval):
TIM3->CCRl1 = pwmVal;
HAL Delay(l):
}
while (ledOpwmval)
{
ledOpwmval--;
___HAL TIM SetCompare (&htim3, TIM CHANNEL 3, ledOpwmval):
TIM3->CCR1 = pwmVal;
HAL Delay(l):
}
}
f* USER CODE END 3 */f

wf
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BATARZ A E2 5 DAC JBIE 1, KA 12 A5 FrLCRAZEOF SN, H5lHIEH PA4. 24
DAC IS HE LN Vref+IB %, DAC Hfi i B E 2 LRI 0~Vref+, 12 AN DAC ¥t RS Vref+Pl &
DORx HJiHHE A XU T

DACx #iH B JE=Vref* (DORx/4095)
DR b 27 A7 2 4 A\ B DORx=%i tH Hi [ #4095/ Vref, A% Vref=3.3V,

10. 3 EBAR

£ STM32CubeMX HHLE DAC % HIEIE, 7 Keil Hod i AR F2 i a t  B AR

10. 4 SCEIOEESk

¥ Nucleo-144 - DAC BEH M PA4 5 Bl4a [ 5 1 L I B 56H0F



10. 5 SLHuBHR

1. FIA STM32CubeMX 4 F{iE R {LAD
4, BESEITIF STM32CubeMX T E, it B s %48 i TR

STM32CubeMX Untitled

File Window Help
Load [ r
Existing Projects New Project
Open Existing Projects R t Project =
ecent Projects » Ei I need to :
Exit Ci

Start My project from MCU

ACCESS TO MCU SELECTOR

Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example

%ok, EHREFEN MK NUCLEO-144 JFAM, 48 E0 T et 525 (i & -

I s R Features arge Picture 0 asource (4] Datasheet E G Star Project

STM32F4 Series

NUCLEO-F413ZH STMicroelectronics NUCLEO-F413ZH Board Support and Examples ‘

[RETVE] pctve Part Number : NUCLEO-F413ZH it 1
& ass Commercial Part Number - NUCLEO-F4132H
Productis in mass produckion MO £t NN : NUCLEO- T4 1 Mounted Device - STM32F413ZHTx |

MCUMPU Seres

Features

® On-board ST-LINK/V2-1

© USB VBUS, ext VIN, ext 5V, ext +3.3V

® 10M/100M Ethernet interface with external PHY (LANB742A-CZ-TR)
 USB OTG FS (Full speed) with micro-AB Connector

& STMicroelectronics Mormho connector (2 x 72)

| B |
IE‘S.,
|l] NUCLEO-F4122G Nucleo-144 Active 190
o

o
l] NUCLEO-F4132H Nucleo-144 Active 19.0
st

i

-

|l‘l NUCLEQ-F4292; Nucleo-144 230
ot

=00, QI TREEES— T TREE IR GPIO #HATHEE .

- ProjectName: LFEZEERIA], XHEIEE DACI.

- Project Location:  TAEEEAE, FRUGHT S SR T AR A 1) TR, AR A B SO 4 .
- Toolchain/IDE: X BLEFHRANT L %1 Keils, THAHE (Toolchain) £+ MDK-ARM, KA 5%+ VS.
- HUJH/A)i% Use latest available version, %£#f V1.25.0.



[ STM32CubeMX DACT.ioc: STM32F413ZHTx NUCLEO-F413ZH

STCME;’\? File Window Help
ube

Clock Configuratio Project Manager

(Praject Settings

Project Name
[pact |

Project Lacation
[ESTM_projects ]

Application Structure

"-d-,ancad [J Do not generate the main{)

Toolchain Folder Location
[EASTM_projects\DAC 1Y

Code Generator

3 Toolchain / IDE Min Version
[MDK-ARM | [vsar ~ O
rLinker Setting

Minimum Heap Size 0x200
Minimum Stack Size 0x400

Advanced Settings

-Mcu and Firmware Packag
Meu Reference
[sTM32F413ZHTX

Firmware Package Name and Version
‘STM32Cube FW_F4 V1250 ~ | [ Use latest available version

Use Default Firmware Location

‘ Browse

Code Generator: “2Ji% 58—,

[I] STM32CubeMX DACT.ioc: STM32F413ZHTx NUCLEO-F413ZH

File Window Help

Project Manager

+8TM32Cube MCU packages and embedded software packs
@ Copy all used libraries into the project folder

© Copy only the necessary library files

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

ted i

Generate peripheral initialization as a pair of

/' files per peripheral
in the main or in the middleware initialization for peripherals used by the Middleware
Keep User Code when re-generating

Delete previously generated files when not re-generated

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

Advanced Settings
(Template Setting:

Select a template to generate customized code

- O X

oy x o7

ENERATE CODE

s Pinout&Configuration, 7585 1 51 Il H# PA4 1% 5 DAC_OUTI, 7E Analog->DAC H1 1] LLE 2| H AN AL E

X ERFFEON



[ STM32CubeMX Untitled*: STM32F413ZHTx NUCLEQ-F413ZH - O X

oy - 4y

Clock Configuration Project Manager

v Software Packs ~ Pinout

STM3? ﬁ File ‘Window Help
CubeMX

DAC Mode and Configuration ystem visw

£ Pinout view

System Core o QUT1 Configuration
e S I M 3 2 F4 1
DMA [ External Trigger
IWDG
WWDG
Analog v
s
ADC1

Reset Configuration

Timers >
Configure the below parameters 8
Comectity > M afgeaencorn) | @ © (i} 9
=]

~ DAC Out1 Settings

LD1 [Green]

Multimedia > Output Buffer Enable
Trigger None
Security >
ra
Q@ I a b o al
Computing >

- HAGREREGA, Sdi4 B GENERATE CODE A% Keil T

2. FA Keil FmEAREL

TAEETJE 7T LA T open project, B A Keil 17 TAELAG, 7T dac.c, 7T LLEF| DAC (ARSI ARG E
e

52 woid HAL DAC MspInit{{DAC_ HandleTypeDef* dacHandle)
53 4

54

55 GPIO_InitTypeDef GPIO_InitStruct = {0};
56 if (dacHandle->Instance==DAC)

570 |

58 /* USER CODE BEGIN DAC_MspInit 0 */

59

€0 /* USER CODE END DAC MspInit 0 */

€1 /* DAC clock enable */

62 __HAL RCC_DAC_CLK_ENABLE();

€3

64 __HAL RCC_GPIOA_CLK_ENABLE();

65 1 /**DAC GPIO Configuration

€6 PR4 - > DAC_OUT1

&7 | /

68 GPIO_InitStruct.Pin = GPIO_PIN_4;

€9 GPIO_InitStruct.Mode = GPIO_MODE_ANALOG:
70 GPIO_InitStruct.Pull = GPIO_NOPULL;

71 HAL _GPIO_Init (GPIOR, &GPIO_InitStruct);:
72

73 /* USER CODE BEGIN DAC_MspInit 1 */

74

75 /* USER CODE END DAC MspInit 1 */

76 [}

37 | )

78 -

79 wvoid HAL_DAC_MspDeInit (DAC_HandleTypeDef* dacHandle)
80 1

81

82 if (dacHandle->Instance==DAC)

83 {

84 /* USER CODE BEGIN DAC_MspDeInit 0 */

85

86 /* USER CODE END DAC_MspDeInit 0 */

87 /* Peripheral clock disable */

88 __HAL RCC_DAC_CLK_DISABLE():

89

S0 H /**DAC GPIO Conficuration

T main.c, XEZEFREFHANL,



Project Ly - | ] dacc ' ] mainc v 4

=% Project: DACT A 5
=l &2 DACI 101 * Initialize all configured peripherals *

@ [ Application/MDK-ARM 102 MX_GPIO_Init():
, Aplication/User/C 103 | MX_DAC_Init();

& Applicaion/User/Core 104 | MX USART3_UART Init():
@ main.c 105 | MX USB_OTG_FS_PCD Init():
@] gpioc . 5L
@ ] dace
@] usartc
R usb_otg.c

w1 stm32fdioc_it.c
@ ] stm32fdoc_hal_msp.c
=5 Drivers/STM32F4xx_HAL Driver

@ ] stm32fdoc_hal dac.c 115 double vout=1.5;

@ ] stm32fdux_hal_dac_ex.c 116

@ ) stm32fdoc_hal_rec.c 117 if (USER_ADC_SetValue (shdac, DAC_CHANNEL_1,vout) !=HAL_OK)
o 180 ¢

@ ) stm32fdoc_hal_rec_ex.c . Error Bandler():

@] stm32fdxx_hal_flash.c 120 N

@ ] stm32fdux_hal flash_ex.c 121 HAL DAC_Start (shdac, DAC_CHANNEL 1);:

@ ] stm32fdux_hal flash_ramfunc.c Jl-gg

@ 1 stm32fdxx_hal_gpio.c o

@ ] stm32fxx_hal_dma_ex.c 125

@ ] stm32fdoc_hal dma.c
@ ] stm32fdioc_hal_pwr.c

@ ] stm32fdxx_hal_pwr_ex.c
@ ] stm32fdxx_hal_cortex.c
@ ] stm32fdx_hal.c

@ ) stm32fdor_hal_extic 132 void SystemClock Config(void)
A 133 B¢
@] stm32fdox_hal tim.c 134 | RCC_OscInitTypeDef RCC_OscInitStruct = (0};
@ L] stm32fdoc_hal tim ex.c 135 RCC_ClkInitTypeDef RCC ClkInitStruct = {0};
@ ] stm32fdxx_hal_uart.c 13¢ RCC_PeriphCLKInitTypeDef PeriphClkInitStruct = {0};
DY chmHhe baal e 137
< ALl 138 0 nfigure the main internal regulator output voltage

FA1/E USER CODE BEGIN 0 (59 47) Ab, Mt/ main e&ZATE DN FACKD, Xk & 0 B AR AT A BEME T 2
7368 H B RS H R 3.3V
HAL_StatusTypeDef USER_ADC_SetValue(DAC_HandleTypeDef* hdac, uint32_t Channel, double CValue)

{
uint32_t Data=0;

if(CValue>3.3)
return HAL_ERROR;

Data=CValue*4095/3.3;

return HAL_DAC_SetValue(hdac, Channel, DAC_ALIGN_12B_R, Data); //i% & DAC %! & & 9 &% X

£ while fEARTASINAT MRS, B B e s

double vout=1.5;

£ while A3 Fr AN An A :
if(USER_ADC_SetValue(&hdac, DAC_CHANNEL_1 vout)!=HAL_OK)

{

Error_Handler();

}
HAL_DAC_Start(&hdac, DAC_CHANNEL 1); //Z1RBEESIE, NFEEE DAC @i

BB RS a0 T B s -



/* USER CODE BEGIN 0 */
HAL StatusTypeDef USER_ADC_ SetValue (DAC HandleTypeDef* hdac, uint32_t Channel, double CValue)
{

uint32_t Data=0;

if (CValue>3.3)
return HAL ERROR:

// CValue=CValue/3.3;
Data=CValue*4095/3.3;

return HAL DAC SetValue (hdac, Channel, DAC_ALIGN_12B R, Data):;
}

/* USER CODE END 0 */

/ll
* @brief The application entry point.
* @retval int
~/
int main(void)
{
/* USER CODE BEGIN 1 */

/* USER CODE END 1 */
I B Con g e x/

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Inic():

/* USER CODE BEGIN Init */
/* USER CODE END Init */

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

/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */

/* Initialize all configured peripherals */
MX GPIO_Init():

MX DAC Init():

MX USART3_UART Init():

MX USB OTG_FS_PCD_Init():

/* USER CODE BEGIN 2 */

double vout=1.5;

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
/* USER CODE END WHILE */

if (USER_ADC_SetValue (&hdac, DAC_CHANNEL_1,vout) !=HAL OK)
{

Error_Handler():
}
HAL DAC Start(&hdac, DAC CHANNEL 1);

/* USER CODE BEGIN 3 */

}
/* USER CODE END 3 */

BEAT G PEAIARRL %
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11.1 SCIEEH/Y

1. 22> ADC FELR) TAE J5 2
2. A E R E SN Nucleo-144 FF &R ADC A 428
3. 2{fi ] STM32CubeMX T EEE ADC

11. 2 SCLG [R TR

STM32F4 #5143 > ADC, X4k ADC wJDIMSZAE A, ] DUE A E/ = EE (FEEERFEE). STM32F4
] ADC #& 12 HLZUGEL B s, & 19 NEE, TE 16 DMINEEE. 2 DMAFEIEAT Vbat
WIBRMES . XEHIEN) A/D FHerr DLk, Eak, P EE AT, ADC 4h R ] DU 6 55806 % 55 7
SAFAEIE 16 M BIR AR o BUE T IREIE SO/ B FH AR A N F R 2 75 68 HH P P e S s A IR

STM32F4 [f] ADC i K %N 2.4Mhz, W2 RE Y 0.41us (FE ADCCLK=36M,XFE & Hh 3
A ADC W 8h R, ANEiE ADC RB . 36M, 75K S 8ah ki~ .

STM32F4 ¥ ADC sy 2 B 4. AUNGEE AR N JEIE . U@ A S TR B W 18T e,
M NIEIEWE, WA T W, fEARFE IR BAT B %, AR T DT WHAR I HAT . X ANRAL, S
(PG4 mT LAFT W UG T P A e, 7EVE NIBE M4 e 2 I, NGB TE A 13 DAk 2 46

STM32F4 (1] ADC W] LAHATIR ZF0AN[A) (% 3 Abi X, FRATTAR ZAN A 48 e £ P R0 003 38 1) Bk 4. 5
DAC FHXT R, ADC BT st B £ 5 e Zr A7 2% BLIG ARG FEURAEL, 7ES5 M N Vet IIRHE, 12 AT &
SEHLE N

LS R =T U (Vref/4095)

1 STM32F4 (1) ADC 5 ZEX 2 A F 728 T MERCE, JEWE 44, FIFH STM32CubeMX T HIBATATLAFE

B PLUE AL E ADC.

1.3 SEBAR

7E STM32CubeMX HC & DAC H%iHi#EIES ADC H NJBEIE, 1E Keil Fi@ AR f 65 H i BE(E. ADC
KFEZ R AR AR B TN S 25

11. 4 SEIREK

21 Nucleo-144 = DAC FBM PA4 5| iy H [ e 1 HE & FE 2 H PA4 5] I8 ADC %y NiBiE, ADC KFf DAC
PR BT AT FEE B T B R R S P ) e

11. 5 SCIG B BE

1. FH STM32CubeMX 4 FiiE4R 255
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[ sTM32CubeMX Untitled

-
STM W File Window Help
CubeMX
m_ New Project ...  CtrkN
Load e a New Project
Existing Projects New Project
Open Existing Projects Ri t P t » :p:‘lf
w Q | need to :
Exit >

Start My project from MCU

ACCESS TO MCU SELECTOR

Start My project from ST Board

ACCESS TO BOARD SELECTOR

Start My project from Example

%k, EAREFEN MK NUCLEO-144 JFAM, 48 E0 T et 525 (i & -

2B O Features arge Picture Docs & Resources 4] Datasheet Buy (59 Start Project

STM32F4 Series

NUCLEO-F413ZH STMicroelectronics NUCLEO-F413ZH Board Support and Examples ‘

[RETVE] pcqive PartNumber : NUCLEO-F4132H UnitPrice (USS): 19.0
Productis n mass producion Commercial Part Number : NUCLEO-F4132H ounsd Diice 2 STISFA AT T

MCU/MPU Series

Features

® On-board ST-LINKV2-1

@ USB VBUS, ext VIN, ext 5V, ext +3.3V

® 10M/100M Ethernet interface with external PHY (LANB742A-CZ-TR)
@ USB OTG FS (Full speed) with micro-AB Connector

a SThicroelectronics Momho connector (2 x 72)

HE

| B |

e

|l.| NUCLEO-F4122G Nucleo-144 Active 190
o

i

“

|l'| NUCLEO-F4132H Nucleo-144 Active 19.0
st

i
%
|l-| NUCLEQ-F4292: Nucleo-144 Active 230
v-l

"

F=00, A TREEES — T TREEEIE GPIO #HTHEE .

- Project Name: LREXLAEERT, XHIES ADC.

- Project Location:  TAEEEAE, FRUGHT S SR T RO A ) TR, s A i A I U745 .
- Toolchain/IDE: X HLikFERAT 2 2241 1) Keil5.

- HUJH/A)i% Use latest available version, i%£#f V1.25.0.



nfiguration onfiguration Project Manager

Project Settings
Project Name
[Dc

Project
Project Location

p:\sTMazprojects) EE
Apglication Structure
Advanced | [0 Do nat generate the main{)

Tackhain Folder Location
0 \STMIZpropects\ADG

Tackchain | IDE

MOH-ARM v

Linker Settings
Minimum Heap Size 0200
Minsmum Stack Size 0400

Meu and Firmwars Package
Mcu Reference
[ETM3zF2132HT

Firmware Packags Mame and Version
STMI2Cube FW _F4 V1250 ~ [ Use latest available version

Use Default Firmwara Location

- Code Generator: a)i%&5E—T,

Untitled - Project Manager ) ‘GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager

STM32Cube MCU packages and embedd:
® Copy all used libranes into the project folder

ware packs

) Copy only the necessary library es

Project
© Add necessary library files as reference in the toolchain project configuration file
Generated Ses
Y | 2 Generate peripheral mitialization as a pair of "¢/ b files per penpheral
o
‘ R F not checksd, sl peripheral initiakzation wil be done in the main or in the middieware intiakzation for peapherals tised by the Middieware
- . Keep User Code when re-generating

‘ Delete previously generated files when not re-generated

il HAL Settings
[ Set all free pins as analog (to optimeze the power consumption)
) Enable Full Assert

te Settings

Select a template to generate cust

- i Pinout&Configuration, 7E:8 ) 5| IE ¥ PA4 % &N DAC OUTI, N ADCI IN4, JHKE AN
GPIO_Analog (HAUE ). BEE ARG R Z: 5 EEIRA GPIO & IFSHAN, 15 TP g 5
T PR I it AR A A B AL SRS, IS RRIDAE BT M E ORI, i R ek A 1R HE SR
0, FEARIHFEAIGETS

GENERATE CODE

- = STM32F413ZHTx
= : B3 LQFP144

P10_inpul
GPIO_Ovtpt

_Anaig [

OUT1 ADC1_INA GPIC)_An:



7£ Analog->ADC1 F17] LA | ADC1 HABECE , PREFERIA

XEMEETHRRA:

ADC & &>>>

-IRERE Tk 2/4/6/8 3ER, AZIER 4 08, REEHIMEL A 96MHz, itk ADC B9 TESER 24MHz,
SN B]E 12/10/8/6 £, ANEIEF 12 £

SNFAR ENFEREBEXNT, AZEALAXTT

-1 DISABLE, ~FFE;

-FFBE SR #E T DISABLE,

-FF B R #ET. DISABLE,

-FF/& DMA I5KEZ4E5. DISABLE,

-SRI RIS B MBIERRE RN EOC #7773,

ADC #LNBiE R >>>

-MUFFIREZ DA G 1,

-SMERfh & 77T ADC_SOFTWARE_START, ZR{ffih%k;
-SMNERAR A INR

Rank>>>

-FAkiRBEREENREZANFT PRSI R

ADC ;ENBIERT >>>
-ERENRE: O

ABAERE>>>
-FFREATEAEFCNAANEESEBHBAEXNS/RRIE,

- fE System Core->GPIO->NVIC " 5 28 1t b Ibir



Pinout & Configuration Clock Configuration Project Manager

v Software Packs ~ Pinout

GPIO Made and Configuration

£ Pinout view

System Core A

GPIO I‘\N\L\mermptTah\e Enabled F‘reemphon Priority Sth‘nunty

woG EXTl line[15:10] interrupts

o STM32F413Z
Analog >
Timers >
Connectivity >
Multimedia >
Security >

j

Computing > 4 3
Middleware > g'

al ]

]
O]
[ 7
[ B}

- HAGRFFERIN, Adf EAK GENERATE CODE AR Keil Tz

2. FA Keil FMAEAREL

TAEELF J5 0T DLl open project, BUEHFIA Keil 471 THELLE, $TJF dac.c Al adc.c, TLAEF| DAC A1 ADC HAH
RKATEEAAHD 58 B

EFU? main.c, XHEEREFHIAL,

MDK- jx - uVision [Non-Commercial Use License] - o x
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help F
Nsdd| s aal I leen s e-|@-| % 4
© U 8 - ] 8] ac K dE o 2@ P
Project +a ] main.c - x
£ % Project: ADC 1 /* USER CODE BEGIN Headez */ ~
B4 ADC 25/ |
55 Application/MDK-ARM 3 .
4| xgrie main.c
1 stotup_stm3zfitzas 5|+ @ories Main program body
o & cmsis 6 | AR AR AR A AR R A AR AR AR A AR A AR AR AR KRR R AR A AR AR R AR A AR A AR
[ 5 Application/User/Core. 7 * @attention
B [ 8|
1 gpioe 9 | * <h2><centez>ecepy; Copyright (c) 2020 STHicroelectzonics.
10 | * All rights reserved.</center></n2>
[ adec 1 x 1
| 0 dscc 12 |+ This software component is licensed by ST under BSD 3-Clause license,
I 13 |+ the "License™: You may not use this file except in compliance with the
B wsertc
i 14 | * License. You may cbtain a copy of the License at
[ 0 b otge | epemcoizn sa/tioonass /5D 5 Clauae
[ stm3afancite 16 *
1) stm32fdohal msp.c 17
1 £ Drivers/STM32F0c HAL Driver ;: . “/JSER oo BD Hesder o/
. cader *
& 0 Drivers/CMsls 20 /* Includes *
1 21
22
23
24
25
26
27
28 /* Private includes */
29 /+ USER CODE BEGIN Includes */
30
31 /* USER CODE END Includes */
32
33 /* Private cypedef ~/
34 /* USER CODE BEGIN ETD */
35
36 /* USER CODE END PTD */
37
38 /* Private define r
39 /* USER CODE BEGIN ED */
40 /* USER GODE END PD */
a1
42 /* Private maczo *r
43 /* USER CODE BEGIN EM */
2q
45 /* USER CODE END PM */
6
47 /* Private variables */
Pe
45 /+ USER CODE BEGIN BV +/
50
51 /* USER CODE END BV */
52
53 /* Private function prototypes r
54 void SystemClock Config(veid):
55 /* USER CODE BEGIN PEP */
56 .
[EProject [@ooks | {F Functions | O Templates < >
Build Output g
ST-Link Debugger uic CAP NUM SCRL OVR R/W.
r

7£ USER CODE BEGIN Includes 4t, ¥sintn ko4
#include "stdio.h"



7E USER CODE BEGIN 0 4&, 5% main pRECRT A0 00 FACHS .

float temp; /IRENENEEE
uint16_t adcx; //ADC E 3 EEIHEE

extern uintl6 tadcx; //FHAEREETE

//%F printf R £ ) E 7]

#ifdef _ GNUC__ /* With GCC, small printf (option LD Linker->Libraries->Small printf
set to 'Yes') calls __io_putchar() =/

#define PUTCHAR_PROTOTYPE int __io_putchar(int ch)

#else

#define PUTCHAR_PROTOTYPE int fputc(int ch, FILE f)

#endif /x __ GNUC__ */

PUTCHAR_PROTOTYPE
{

/* Place your implementation of fputc here */
/* e.g. write a character to the USART3 and Loop until the end of transmission */
HAL_UART_Transmit(&huart3, (uint8_t *)&ch, 1, OXFFFF);

return ch;

//DAC %y i B8 St BBl T ) & B8 = Y ok 2
HAL_StatusTypeDef USER_ADC_SetValue(DAC_HandleTypeDef* hdac, uint32_t Channel, double CValue)

{
uint32_t Data=0;

if(CValue>3.3)
return HAL_ERROR;

Data=CValue*4095/3.3;

return HAL_DAC_SetValue(hdac, Channel, DAC_ALIGN_12B R, Data); //i%& DAC %4 88 i 2 iR £

7F USER CODE BEGIN 2 4b#sintn FAGHY, 8 4 H
double vout=1.630;

if(USER_ADC _SetValue(&hdac, DAC_CHANNEL_1,vout)!=HAL_OK)
{

Error_Handler();

}
HAL_DAC_Start(&hdac, DAC_CHANNEL_1);  /tnREEFESIE, N/{EEE DAC BiE

7£ while f¥f 41 USER CODE BEGIN 3 A7 nan 4GS :
adcx=HAL_DAC_GetValue(&hdac,DAC_CHANNEL 1); //i&FF ADC E#i:E DAC £



=]

/! HAL_ADC Start(&hadcl); //f#&E ADC @i

// HAL_ADC_PollForConversion(&hadc1,10);: /R B&EIEFTRIEIR, BEF Rt
R, tAZESRF 10ms

// adcx=HAL_ADC_GetValue(&hadcl);

/X =R FREERIIBAIE AT ADC EEBUMBEE, ABRT DAC, ERSEEES, BEAZHRFER
ATERET AR

temp=(float)adcx*(3.3/4095); //#&{L A ESLEH R{E

HAL_Delay(20);

7E USER CODE BEGIN 4 4@ inHh b [al i pR 2, S 1538 3% N — IR 7E 8 T ERI 45 53, vE = A W e Ry
ANBEAE SR B K, I HR & AT 6] B A
void HAL_GPIO_EXTI_Callback(uint16_t GPIO_Pin)

{
if (GPIO_Pin == GPIO_PIN_13)

printf("%d",adcx); //EE R B EEEUANEE

printf("\r\n");

printf("%f" temp);  /RUNBERBMEESBEE, ETROFAETERTIBE, KR
BN R EARA

printf("VAr\n");

HEAT G VARG 5

KO Ui UsersiadminLeskio pi Al WILE-ARN AU UVProM - gvision |[Non-Lommercal Use License]

File Edit View Project Flash Debug Peripherals Tools SWCS  Window Help

L_-felﬂﬂ| i ﬁ|q |<" |?:" |;§ ;E |L§fu|lscale
TTOEIEE UK B2 e S @
roject L * | _] main.c
=T Project: ADC 31 /* USER CODE END Includes *
s ADC 3z
=5 Application/MDK-ARM 33 Frivate typedef —————————————-
34 USER CCDE BEGIN PTD
J startup_stm32f41300s a5
@ cmsis 36 JSER CODE END PTD
=% Application/User/Core 37
J T 38 Private define - ———————————
] gpi 3o JSER CODE BEGIN PD *
| gpie- 40 USER CODE END ED *

12. 6 SLIGEESR

T XCOM V2.0, SEFAHRLA R MIPBCRFR, $TOT8 1, 42 PR ORI 8k, & TR — RIS 45
R, SEAITSEECE DAC %t i HU R (E A — 2
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FTIF main.c, XHEEREFRIANL. A LLESF] CubeMX O NIRA LT 5% T IKSO1A3 HItA4k, I+ H 52 T H
ARG

- P

67 int main(wvoid)

&8 1

69 f* USER CODE BEGIN 1 */

T0

T1 f/* USER CODE END 1 */

T2

T3 JEOMCT Configuratiom———————— e * f
T4

75 /% Reset of all peripherals, Initializes the Flash interface and the Systick. #f
76 HAL Init():

77

T8 f/* USER CODE BEGIN Imit =/

T8

80 f/* USER CODE END Init */f

g1

82 J* Configure the system clock */
83 SystemClock Config():

84

85 f/* USER CODE BEGIN SysInit */

g6

87 /* USER CODE END SysInit */

38

s3] Jf* Imitialize all configured peripherals */
@0 MX GPIC Init():

g1 M USART3 UART Init():

a2 MX USB OTG_F5 PCD Init():

a3 MX MEMS Init () ; <mm——

54 f/* USER CODE BEGIN 2 */

a5

S /% USER CODE END 2 */

a7

ag f* Infinite loop */

a9 f/* USER CODE BEGIN WHILE =/

100 while (1)

101 ¢

102 f*% USER CODE ENWND WHILE */

103

104 MX_MEMS_Process(); ="

105 f* USER CODE BEGIN 3 */

106 [ }

107 J* USER CODE END 3 */f

108 }

=y

110 F/#*

111 * @prief System Clock Configuration
112 * @retwval None

113 - &/

HEAT G VARG 5
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=% Project: temperature 55
SR temperature 56 f* USER CCDE END PFP */
[ Application/MDK-ARM =0
’ CMSIS 58 /* Private user code ———————-——-
589 /% USER CODE BEGIN 0 */
-5 Application/User/Core &0

L1 main.c €1 /= USER CODE END 0 */
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int main (void)
N
/* USER CODE BEGIN 1 */

/* USER CCDE END 1 */

/* MCU Configuration-- — J— N o/

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL Init():

/* USER CCDE BEGIN Init */
/* USER CCDE END Init */

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

/* USER CCDE BEGIN SysInit */
/* USER CODE END SysInit */

J/* Initialize all configured peripherals */
MX GPIO Init():
MX USART3 URRT Init();

M¥ USB_OTG FS_PCD Init():
/* USER CODE BEGIN 2 */

/* USER CODE END 2 */

/* USER CODE BEGIN RTOS MUTEX =f
/* add mutexes, ... */
/* USER CCDE END RTOS_MUTEX *f

/* USER CODE BEGIN RTCS SEMAPHORES o
/* add semaphores, ... #/
/* USER CODE END RT 05_SEMAPHORES 74

/* USER CODE BEGIN RTCS_TIMERS */

/* start timers, add new ones, ... */

J/* USER CODE END RTOS_TIMERS */

/* USER CODE BEGIN RTOS_QUEUES */

J* add gueuss, ... */

/* USER CODE END RTOS_QUEUES *f

/* Create the thread(s) */ )

J/* definition and creation of defaultTask */ /

osThreadDef (defaultTask, StartDefaultTask, osPriorityNormal, O, 128):

defaultTaskHandle = osThreadCreate (osThread(defaultTask), NULL);

/* definition and creation of myTask02 */ .

osThreadDef (myTask02, StartTask02, osPriorityIdle, 0, 128); /

myTask02ZHandle = osThreadCreate (osThread (myTask02), NULL):

/* definition and creation of myTask03 */

osThreadDef (myTask03, StartTask03, ozPriorityIdle, 0, 128): ’-—”
NULL) ;

myTask03Handle = osThreadCreate (osThread (myTask03),

/* USER CODE BEGIN RTOS_THREADS */
/* add threads. ... =/

FIH Keil FTHF LFELLS, $THF maine, XHEEFEFHRANL. ATELURHL STM32cube & H A TER T R T
FreeRTOS HI#IUG L, FHOIEE. A3 THRAIIE cubeMX HHLE ) = /NRFE.



336 /* USER CCODE END Header StartDefaultTask */
337 +wvoid StartDefaultTask(volid const * argument)

338 {4

335 /* USER CODE BEGIN 5 =/

340 f* Infinite loop */

341 foxr(::)

342 |

= o osDelavy(l);

394 - 1

345 /% USER CODE END 5 */f

346 | }

HET

348 /* USER CCDE BEGIN Header StartTask02 */
345 [ /==

350 * @brief Function implementing the myTask0Z thread.
351 “* @Eparam argument: HNot used

352 | * @retval Hone

353 L&/
354 /* USER CCODE END Header StartTask02 */
355 woid S5tartTask02 (void const * argument)

356 [0 {

357 f/*% TUSER CODE BEGIN StartTask0z */

358 f* Infinite loop *f

358 for(::)

360 {

361 osDelay (1)

362 - 1}

363 f#% USER CODE END StartTask02 */

364 }

365 L

366 /* USER CODE BEGIN Header StartTask03 */
36T /=

368 * @brief Function implementing the myTaskl3 thread.
368 * @param argument: Hot used

370 | * Eretwval Hone

371 L&f

372 J* USER CODE END Header StartTask03 “ f
372 woid S5tartTask03(void const * argument)

374 H{

375 f#% USER CODE BEGIN StartTask03 */f
376 f* Infinite loop *f/

377 for(::)

3tTs [

378 osDelav(l);

380 | 1}

381 f®% USER CODE END StartTask03 */f
382 |}

TE R 3374TUAR, CETHERAERL T =ARFEXT M 4T R 2L StartDefaultTask. StartTask02. 5 StartTask03.
¥ StartDefaultTask pRE N B for TEIA UL T FToRIES]

for(;;)

{

HAL GPIO_TogglePin(LD1_GPIO_Port,LD1_Pin);
osDelay(100);

¥4 StartTask02 pRELN Y for TEIASUR AN T FTzsiEH] .



¥ StartTask03 %N I for JEFADUAN T Pi7RiEA] .

BB I



336 f* USER CODE END Header StartDefaultTask */
337 +woid StartDefaultTask(void const * argument)

338 04

335 /% USER CODE BEGIN 5 */
340 f* Infinite loop */

341 for(:;:)

34z |

343 HAL GPIO TogglePin (LDl GPICO Port,LDl Pin);
i osDelay (100) ;

e e }

346 /% USER CODE END 5 =7
F47 }

EiuE

349 /* USER CCDE BEGIN Header StartTask02 */

350 /==

351 * @brief Function implementing the myTask0Z thread.
352 * @param argument: Hot used

353 | * @retval Nunﬂ

354 L=/

355 /* USER CCDE END Header StartTaskoz */

356 wvold StartTask(02 (void const * argument)

357 H 1

358 /% USER CODE BEGIN StartTask0z */f

359 f* Infinite loop */

360 foxr(::)

36l [ f

362 HAL GPIOQ TogglePin(LDZ2 GPFIOQ Port,LDZ2 Pinj):
363 osDelay (200) ;

264 - }

365 f* USER CODE END StartTask0z */

366 | }

36T -

368 /* USER CCDE BEGIN Header StartTask03 */
368 [ /=*

370 # @brief Function implementing the myTask03 thread.
371 * @param argument: Hot used

372 | * @retval HNone

373 L&f
374 /* USER CODE END Header StartTask03 */
375 woid S5tartTask(03 (void const * argument)

376 =4

377 f®% USER CODE BEGIN StartTask03 */f

378 f* Infinite loop */

375 for(:;:)

3BO[H {

381 HAT. GPI0 TogglePin (LD3 GPIO Port,LD3 Pin);
g2 osDelay (500) ;

383 1}

384 f®% USER CODE END StartTask03 =/

285 |}

A B B A F L AT g B AN A e
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roject \ \ Ll | |1 main.c
=% Project: timer ™ 73 L

o

int main (void)

=R

/* USER CODE BEGIN 1 */

/* USER CCDE END 1 */

/* MCU Configuration------———-—

/* Reset of all peripherals,
HAL Init{):

f* USER CODE BEGIN Init */

f& TTEWD MOTE TN Tmd+s & F

Initializes the Flash interface and 1

PRSPERTERRZ S, AZBIT KA T 1) RESET 4241 RIW JF 451247/ F7, BT JL LED1. LED2. LED3 FF4511

RESAZE KR, LEDI 4 100ms & —SORT,

LED2 £ 200ms 2 —X A7, LED3 & 500ms M E—KIRTS.



