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Lab Requirements

You need to have administration rights on your Laptop Computer to be able to install drivers and software and also to do the workshop.

System & Software requirements for Laptop Computer:

*  Windows® 7 and later or MacBook running Windows using Parallels, VM Fusion

* Install Java™ Run Time Environment for 1.8.0 or later. If Java™ is not installed on your computer, we are providing the installer for
the latest Java on the USB drive.

Minimum Recommended Hardware Requirements for Laptop Computer:

+ Type AUSB port
» 2+ GHz processor

4 GB of system memory (RAM)
« 10 GB of available disk space

Note: For laptops with only USB Type C ports, you will need a Type A (female) to Type C (male) adapter.
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O STM32CubeMX: version 5.3.0 minimum
0 STM32CubeG4: version 1.1.0 minimum
Q STM32CubeProgrammer: version 2.1.0 minimum

O Keil MDK-ARM: version 5.28a minimum

O Keil MDK-ARM License: Professional Evaluation License Add On

O Tera Term or equivalent terminal emulator

O Java Runtime Environment: 1.8.0 minimum

Overview
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STM32G4 Workshop Installation Guide - Overview

O Copy the contents of your thumb
drive or download to your C:\ root
4 If not done automatically, name
the top folder
2019 STM32G4 Workshop

This is the Labs
folder. You will be
here many times.

Note: We don’t recommend
copying to a deep path such
as your Desktop or
Documents because long path
names can create build issues
with some compilers.

2018 STM3264 Worlshop
Documents
AppMotes
DataSheets
Errata
ProgrammingManual
Referencefanual
Schernatics
UsersManual
Hands OM_PrintCuts
Labs
Presentation_FullDay
Presentation_Tech Tour
Tools

2 ASNFDw420azip

) %enmﬂgubegﬂﬂp
? %en-.stmﬂE_cubeprug_vETD.ﬁp

% en.x-cube-mesdiezip

? %Ja'va.zlp
»  SetupSTM32CubeMX-3.3.0-A7zip

-i S5TM32G4 Workshop_Tool_Validator.zip



STM32G4 Workshop Installation Guide — Java JRE 1.8.0+

Java™ Run Time Environment 1.8.0 or later is required to run Cube software tools.

To check if you have the correct version of Java installed please launch the app STM3264 Workshop Tool Validator X
“STM32G4_Workshop_Tool_Validator_vx.x.exe” on the USB drive. 0 — )

STM32Cube Programmer: OK

TeraTerm: OK
Keil: OK
Keil 54 DFP: OK
5TM32Cube G4 HAL: oK

5TM32 Windows Drivers: OK

If needed, the Java installer is located in the Java directory:
To install Java right Click on “jre-8u201-windows-i586.exe” and Run as administrator.

Welcome to Java

Java provides access to a world of amazing. content. From business solutians to helpful uiilies and
enterainmeant Java makes your Internet expariznce come to life,

Note: No personal information is gathered as part of our install process. Click here for more information on
what we do collect.

Click Instzll to accept the license agreement and install Java now,
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["] change destination folder Cancel ‘ I install> ]




Unzip en.SetupSTM32CubeMX-5.3.0.zip and you will see this:

A

Mame

SetupSTM3EZCubelX-5.3 0.app
& Readmehtml
[#°] SetupSTM32CubehX-5.3.0.00e
| SetupSTM32Cube 3,0.imux

Right Click on SetupSTM32CubeMX-5.3.0.exe and Run as administrator:

57 STM32CubeMX Installation Wizard >

of STM32CubeMX 53.0 m

Lys

life.augmented

Type Carnpressed size Password .. Size

File falder

Chrome HTML Docurment IKE Mo 7TKE
Application 168,022 KB Mo 169,204 KB
LINUX File SKBE Me 14 KB

to the In:

Starting STM32CubeMX 5.3 0 installation

The homepage ts at- httpsy/www.st.com/'stm32cube

STM32G4 Workshop Installation Guide — CubeMX v5.1.0+



STM32G4 Workshop Installation Guide — CubeProgrammer v2.1.0

Unzip en.stm32cubeprog_v2.1.0.zip and you will see this:

-’

hlame Type Compressed s@e Pass.. SEe

Ul SetupSTMBZCubeProgrammer-2.1.0.app File folder
] SetupSTM32CubeProgrammer-2.1 fisxe Application 182709 KB Mo 183,604 KH
| | BetupSTMI2CubePrograrwger-2.1.0.linux LINLEX File LFRE Mo T2 KB

Right Click on SetupSTM32CubeProgrammer-2.1.0.exe and Run as administrator:

[ STM32CubeProgrammer Installation Wizard. [= = |
to the of STM32C 210 i
STM32" /]
Step 10f8 CubeProgrammer
e augmented
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The target directory will be created:
C:\Program Files {x86)\STMicroelectronics\STVI32Cube\STM32CubeProgrammer

Cancel
/

Click OK to create the Directory
(if the directory does not already exist)

Lys

fe.augmented

STM32CubeProgrammer v2.1.0

Install the Windows drivers if prompted

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you inctall the software drivers that some
computers devices nezd in order to work.

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The diivers were successfully installed on this computer.

ok Cancel

You can now connect your device to this computer, If your device
came with instructions, please read them first

Click Next
& Finish
/

Driver Name Status

v/ STMicroslectonics (Win.. Ready to use
W STMicroelectronics (Win... Ready to use

~ STHicioelectronics [usb... Readyto V

¢ Bach Cancel
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STM32G4 Workshop Installation Guide — Keil MDK-ARM v5.

MNarme Date micdified Type

B mksts s EIE(01G 1155 AM Application

Open
Q Rur as administrator

S

e

218357 V8

Right Click on mdk528a.exe and Run as administrator:

-Setup MOK-ARM V5.28a

Welcome to Keil MDE-ARM

Release 5/2019 q r m KE | l_

=

This SETUP progeam iristals:
MDK-ARM V5.28a

Thj's_S.ETLJP progeam may be used to Update a previous product ir.'ufstaﬂLati'Dﬂ.
Howevel, bolshauld make & backup copy belore procesding.

Fallow the instructions to complete the praduct installabon,

It 1 recammended that yeusxit sl Windows programs betore continuing with SETUR.

— Kal MDESFM S stup

Hack | Nﬁ:-:t »» I Cancel |

¢

|

Click Next

28a
9



STM32G4 Workshop Installation Guide — Keil MDK-ARM v5.28a

Leave the default folder locations as is

Setup MOK-ARM V3.28a b
Folder SB_IE-DHDI'I q r m K E | L
Selectthe folder whizre SETUR willinstal files.

Prass 'Mest' ta nstall MDK-.{Q_H'M b these folders, Press Browse' to select diff&renl,feldets far nztallatian.

— Destination Foldets
Core; | B Hrowse:.: |
Pack: |C:AKell_vShaRMUPACK Hrowse . |

~ Update Installatian: Cfé‘éfajﬁa_ﬁkup tool faldar
¥ Backupold core files ta t;'élﬁeild-vlﬁ\ﬁ’ackup.'l][ﬂi

— Kal MDE-AFTM S stup

¢ Back Mext 25 Eanesl I

I
Click Next
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Enter your contact
information

STM32G4 Workshop Installation Guide — Keil MDK-ARM v5.28a

Setup MDE-ARM V5,283

Customer Informalion

Flease enter your infarmation.

=

ArmekeEiL

Please entet your name;, the name of the company for whom you wark:and your E-mail addiess:

~

First Name: ~ |

ipary Mame: |

=

E-mail |

— kel MO EAHM Setup

¢ Back

et b5 Cancel |

Click Next



STM32G4 Workshop Installation Guide — Keil MDK-ARM v5.28a

The installation should run and look like this:

etyp WDE- &8RN V328

Setup Status

2 ‘ s=tup MOK-ARM VE2Ea

“Keil MHDK-ARM Seb leted
G r m KE | L BlMDK?mM V5 283 e

MDK-ARM Setup iz performing the requested opesations
Install Files...

Iataling ibepp_afnul

armeceiL

¥ Show Rilsase Notes

¥ Retain cunent pVision configuration,

— Hed MEFAHM Setup

Lys
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<4 Back

MDK-4RM Core Selup has performed all requested operations successiully,

— Kl MO EAFM S et

Ment s I Canesl

Once the installation has completed click Finish

Back |

Firish

Cancal

f




STM32G4 Workshop Installation Guide — Keil MDK-ARM v5.28a

The pack installer should automatically start, click OK to close the welcome screen
/

@-a' st L] RIEA =
File Packs Window Help
2| Deyice:
4| - Devices | Boards | ol |[4] “pece | Examples | | 3]
Search: - X Pack A;t&l\ Description
Device /| summary El-Device Specific 0Pafks Mo device selected B
£ Al Devices §357 Devices “i|||[ = -Genene 43 facks
& @ ABOV Semiconductor |20 Devices - Alibaba:{AlIOSThings AliOS Things software pack
- # Active-Semi A Devices - ARMzAMP Software components for inter processor commu
# Ambiq Micro B Devices & ARM:CMSIS Up to date | CMSIS (Cortex Microcontroller Softwars Interface
# Amiccom 5 Devices & ARM:CMSIS-Driver Up todate | CMSIS Drivers for external devices
# Analog Devices 14 Devices & ARM:CMSIS-Driver Va.., CMSIS-Driver Validation
@ APEXMIC T Divices ARM:CMSIS-FreeRTOS Bundle of FreeRTOS for Cortex-M-and Cortex-A
@ ARM 54 Devices at= || CMSIS-RTOS Validation
) Pack Installer v z
# AutaChips 24 Devices ic || ARM mbed Client for Cortex-M devices
¥ Cypress 425 Devi . ARM mbed Cryptagraphic and SSL/TLS fibrary foi
o i —3 L0 oo Poick Friotoaes 5 bed 05 Scheduler for Cortex-M devi
# Dialog Semiconduct... | 14 Devices = ; e |m cheduler for Cortex-M devices
Pack Installer i & utility for managing Software Packs on the local ter and = =
¥ GigaDevice 160 Devices provides the following windows: Trusted Firmware-M (TF-M) is the reference impli
# Goodix 48 Devices CMSIS-Driver for sound codec T) PCM3060
. @ HDSC 36 Devices Devices < List supported devicss, Select device 1o show related Packs find =xampies. Flexible Safety RTOS
. i i LiteOS | Softw
¢ Holtek 171 Devices Boards : Lictsupported boards. Select 2 board to show telated Packs find examples. Huswe LiteOS kemel Software Pack
% Infinean 75 Davites at= | Keil ARM Compiler extensions far ARM Compiler
@ Lapis Semiconductor |2 Devices Packs  ; Listand manage Software Facks, Install a Pack for access ithin uiision, NXP LM RT 105 MDK-Middleware examples ant
@ Maxim 16 Devices s S I, e R S e Vo Rl i Jansson isa C library for encoding, decoding and
# MediaTek 7 Devices [zte | Middieware for Keil MDK-Professional and MDK-!
% Micochip 302 Devices Pack Installsr cornects to wiww kil com esch to obtsin the publshad foftvars Patks, IWIP is a light-weight implementation of the TCP,
@ Micvaami TR To Instal 3 local Software Pack use: File - Import... from the meru, SDK for connecting o AWS oT fram a device usit
# MindMation 29 Devices S B et Microsoft Azure 0T SDKs and Libraries
# MNordic Semiconduc... |15 Devices Uttralightwaight ISON parser in ANSI C
o @ Ninoton 521 Davices _ & Google Clour |oT Device Connector
@ NP 1210 Devices ® Simple [P Socket (BSD like)
@ Redpirie Signalé A Devices & MDK-Packslsmn & Install WMinimalistic JSON parser/takenizer in C
@ RelChip TORTe B MDK-Packs:Paho MC..| ¢ nstail- Embedded MGTT C/C++ Client Libraries
@ Renecas T Devices & MOK-Packs:QCA400.. [ & nstal] Qualcomm GICA4002/4 Host Driver SDK
@ Slicon Labs 306 Devices B MDK-Packs:QCAA00 ...| 2 nstail~ CMSIS WiFi Driver for Qualcomm QCA4002/4 bas
. @ Sirovealth T Device & MOK-Packs:TinyCBOR |43 Instal] Concise Binary Object Representation (CBOR) Lib _
- # SOMiX 50 Devices || K =0 N - : |
‘Output P
Cannot dewnload file hitp:/fen autechips,com:20/downlaad/CMSIS_PACK/ AT AutoChips ACTS1Y_DFP,pdsc |liegal MIME type text/hitml ~
Cannot dewnload file hitp://birdectech/bl emsiz/pack/apache-2.0/bi-pem3060/birdec. bi-pem3D60.peisc lilegal MIME type test/himi|
Cannot dewnload Tile hitp://darinos.com/emsie/Claringx Wireless, pase lizoal MIME type “tet/him!
v
< >
Action [1 left): Update Pack hitps://s3.eu-west-2.amazonaws.com/ipces-dacs dialog-semiconductar.com/CMSIS/DialogSemiconductor, DAT458%. DFP.adsc [ @ [oninE A
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STM32G4 Workshop Installation Guide — Keil MDK-ARM v5.28a

taller = C:\l

[File] Packs Window Help

Click on File > Import

e / —-

Import..

Import from Felder... ;]

Manage Local Repositories.., 2 [sam

Exit 14 D&
WA ENFE 1AM Ms

Choose this file to import:
C:\2019_STM32G4_Workshop\Tools\Keil.STM32G4xx_DFP.1.1.0.pack

e Wait until progress bar on bottom right corner is completed to 100%

Lys

life.augmented

{85 Tmpart Packs [ 8]
OJW ) b Computer » Windows () b 2018 STMZIGA Werkshop b Tooks & <[44 [ semrch Toats 2|
Organize ¥ New folder Er 0 @

& STMicroelectronics * MName Date modifizd Type Siza
= Lt | Keil License 1071572018700 PM. File falder
a it
a. ek i, ASNFDw 20azip 5172019 4:39 P Campressed (zipp... 37446 K5
E] Documents 0
J’ M \ij enstm32eubegh zip BAL/20191206 PM  Compiressed (zipp.. 205922 KB
usic
= P'c.t 1) enSTMIZCubeMX v5-4-Ozip 101672010147 BV Compressed (sipp..,  LJ5740KB
i s
E Vid e |1 enstm3Zeubeprog.zip 10/18/2013133 PM. Camprasszd [zipp.., 163 338 KB
e | 1L enacube-mesdiaip SIS AM  Compressed (zipp., 117,625 K8
‘ L Javaip VN9 PM  Compressed {zipp.., 65053 KB
ag = =
& wi £ © A Keil STM32G4a DFP110.pack BA02M93:21L PM | uVisioh Software .. 75552 KB
indows (C:] !
= KCS00G (D:) =

Filename: Keil STM32GAxx_DFP11.0.pack

~  |Software Pack - PACK ('aipi'n =
G _[v

OMLINE




STM32G4 Workshop Installation Guide — Keil MDK-ARM v5.28a
- @ STMicroelectronics | 1277 Devices

@ % STEIUENRG Serics |1 Device
% STBIueNRG-1Se... |1 Device

4% STEIuENRG-2 Se.. | 1 Device ﬂ Parks r Examples I

NG STM32F0 Series | 111 Devices —

[-“T\ STM32F1 Series |95 Devices Pack Action Description

v ¥4 \TM32F2 Seri 46 Devi - . -

& S Boees El-Device Specific 1Pack STM32G4 Series selected

w45 SNyI32F3 Series |90 Devices
@45 STING2F4 Series | 205 Devices
% STMIWET Series | 108 Devices
4% STM32089 Series |34 Devices

e 118 Devices On the “Pack” (right) side of the screen, next to the “Keil: STM32G4xx_DFP”,
once complete it should show “Up to date” | Uptodatc |

&--Keil:STM32Go_DFP Up to date | STMicroelectronics STM32G4 Series Device Support, Drivers and Examples

. - FE

On the “Device” (left) side of the screen scroll down
and click on the “+” to expand “STMicroelectronics”
and then click on the “STM32G4 Series” to select it

B Pack Installer - T:\Keil_vS\ARM\PACK
‘ File Packs Window Helg

Refresh ]
Import... .
Import from Folder..,

Manage Local Repositones..
]
) Exit : 4 .
=1 L | R[J._lul. T MY e e
Ly

e augmented 9 Click on “File” and then “Exit” to quick the pack installer, installation is now complete



Keil MDK-ARM License Installation

. » Computer » Windows (C:) » 2019 STM22G4 Warkshop b Toals » Keil License 16
Organize v [ Open  New folder,

& Windows (C) -
. 2019 STM32G4_Workshop
|| Documents
. Hands_ON PrintGuts

Setup MDK"ARM ?!?ﬂfiﬁiﬁﬂ'naf.l':qatuaﬁan_ License * ‘

‘Welcome to Keil MDK-ARM

s o armekEiL

C:\2019 _STM32G4_Workshop\Tools\Keil_License\
MDK-ARM_Pro Eval AddOn_11-2019.exe

Right click and click “Run as administrator” to install
the Professional Evaluation License Add On

‘,I Click Next

life.augmented



Keil MDK-ARM License Installation

Setup MDK-ARM Professional Evaluation License e
License Agreement
F"%;;'ﬁ:ﬂ the fillawing lizense agreement carefily, G l' m K El l.

‘Setup MPK-ARM Professional Evaluation License b

Folder Selectio
St o SETUF i o, ok

ARM LIMITED FARM}FGRFIEHSEOFH{EQDFTWA&EWM}YWGM

LICENCE ARM IS ONLY WILLING TO LICENSE THE SOFTWARE TO YOU ON
WWNW?{M}MD@TMGFN{EWINWSUEE‘&E?

Click the check box to
agree to the terms Click Next

‘Y_I Click Next

life.augmented



Keil MDK-ARM License Installation

‘Setup MDK-ARM Professianal Evaluation License ®

‘Setup MDK-ARM Professional Evaluation License )

Keil MDK-ARM Setup completed
EK AFM Presions vl isris ArmekEeiL

Enter your contact
information Click Next

Lys
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STM32G4 Workshop Installation Guide — CubeG4, v1.1.0

Open CubeMX and select Manage embedded software packages

Help A9

Help
About

Refresh Data fit-R
| User Preferences
Check for Updates ¥ arc
Manage embedded software packages Atu
_L.de.ater SO RN Install, Remove, check for new embedded software package releases. [Pie

WEEERN | <— Sselect From Local...

Lys
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Select en.stm32cubeg4.zip

m Select 2 STM32Cube Package File

X

Loak |r i-'- Downloads

o - P v e
| B @ 3 EE

¢ en.stm3Zedbegd. zip

fFile Mame len stm32eubegd zip

Files of Types |STI‘~J‘|32L3ube Packages Fila (" zip

= pack) v |




Validate toolchain installations

Run the STM32G4_Workshop_Tool_Validator.exe

H 51 M?;EEdl_Wurkshnp_TunI_‘.I.-’arfriatur.zip 8/2022019 &35 PM Compressed {Zipp. JO)KE
ﬁ! 5TM3264 Workshe— e AL 317 KB
- 0

¥ Run as administrator

See a workshop proctor for any installation issues

S5TM32G4 Workshop Tool Validator x

JANA: oK
STM32CubeM: QK

5TM32Cube Programmer: OK

TeraTerm: OK
Keil: OK
Keil G4 DFP: oK

S5TM32Cube G4 HAL oK
5TM32 Windows Drivers: QK

Lys
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STM32G4 mixed-signal
MCU workshop

Introduction to the STM32G4
Mainstream Series
Mixed Signal MCU

‘ ’ ’ life.augmented

STM32 G4




@ STM32G4 mixed-signal MCU workshop

Agenda

Software Installation

Introduction to the STM32G4 Series

Hands On: STM32G474 Discovery Kit Demo
Hands On: DAC Signal Generation

Hands On: Programmable Gain Amplifier

Hands On: CORDIC Hardware Accelerator

Filter Math Accelerator (FMAC) Overview

Hands On: Dual Bank Flash Live Firmware Upgrade
Wrap Up

Lys
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STM32 portfolio

/ Cortex-MO M2 . } ) ! Dual Core MCU /  Multi Core MPU
arm | Cortox.M0s Cortex M3’,, Cortex-M33 / Cortex-M4 ;' Cortex-M7 o o7 Dual Core Cortex@-A7
& Cortex®-M4 & Cortex®-M4

life.augmented Note ®: Cortex-M0+ Radio Co-processor, @ : Cortex-M4 Co-processor



STM32 Rolling Longevity Commitment

Longevity commitment is renewed every year

("« STM32F1 (launched in 2007) | A T A
- STM32L1 (launched in 2009) | 20 years of commitment
- STM32F2 (launched in 2010) . 19years of commitment 4
- STM32F4 (launched in 2011) . 18years of commitment 4
- STM32F0 (launched in 2012) | 17 years of commitment
* STM32F3 (launched in 2012) 17 years of commitment 4
* STM32L0 (launched in 2013) | 16years of commitment 4
 STM32F7 (launched in 2014) | 15 years of commitment 4
starting January - STM32L4 (launched in 2015) [ 14 years of commitment 3
1st 2019 « STM32L4+ (launched in 2016) | 13 years of commitment J
_ - STM32H7 (launched in 2017) ™ 12 years of commitment §
=> Until 2029 - STM32WB (launched in 2018) L oo
- STM32GO0 (launched in 2018) | 11 years of commitment Z
\_ * STM32G4 (launched in 2019) | 10 years of commitment Z

Lys
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STM32G4 Series

|deal for applications requiring MCU with advanced and rich analog peripherals

Control applications (Motor Control...)

{ I f —— ,, == Industrial equipment
STM32 64 S, P o

—
. - ~
o [ —

2 - - 7 . * Instrumentation and Measurement

Digital Power
 Digital SMPS (switch mode power supply)

 PFC (power factor correction)

fe.augmented



STM32G4 Series — Key Messages

Performance
« Arm® Cortex®-M4 at 170 MHz « ART Accelerator™ (dynamic cache)
- 213 DMIPS and 550 CoreMark® results + Mathematical accelerators

- Better dynamic power consumption (163uA/MHz) © CCM-SRAM Routine Booster (static cache)

Rich Integrated Analog and Digital

- Op-Amps (Built-in gain), DACs, Comparators * High resolution timer (184 ps)
- 12-bit ADCs 4Msps with hardware oversampling  © USB type-C Power Delivery3.0
- CAN-FD (flexible data rate — 8Mbps bit rate) * 1% RC accuracy [-5°..90°C], 2% full T° range

+ Securable Memory Area

« Hardware encryption AES-256
« SIL, Class-B

+ SRAM with Parity bit

Safety and security focus
ﬁ * Dual Bank Flash with ECC (error code correction) Secure Live Upgrade
} Functional safety design packages

Complete portfolio

(:é:) - Complements existing STM32F3 Series portfolio  * From 32- up to 128-pin
‘_” - From -40°C up to 85 or 125°C devices + From 32KB to 512KB Flash

life.augmented



Greater Performance

Pure 170 MHz CPU performance (Arm® Cortex®-M4) with 3 accelerators

Code execution performance

4 Arm Cortex-M4 with FPU
e 3.5 Up to 170 MHz CPU frequency
\ * | Upto 213 DMIPS and 550 CoreMark®
=]
23 s | results
2 )
——CCM-SRAM - Routine Booster 3 3 different HW accelerators:
—ART ON 15 3 _
—SRAM . T « ART accelerator (~dynamic cache)
——ART OFF - Full code acceleration (average)
= * Routine Booster CCM-SRAM
0 (~static cache) > determinism

Number of Wait States 1 2 3 4 5 6 7 8
preserved

CPU Clock (MHz) 1¢ 40 48 80 96 120 136 150 170 . Mathematical (CORDIC+FMAC)¢

S71

life.augmented




& Mathematical Accelerators

Function acceleration and CPU offload

r : :

» Vector rotation (polar to rectangular): Sin, Cos
Vector translation (rectangular to polar): Atan2, Modulus
Sinh, Cosh, Exp

1. CORDIC (Trigo)
» Very helpful for Field <

Oriented Motor Control « Atan, Atanh
method (FOC) « Square root
e Ln
-~ ~ FIR filter IR filter

il
3

2. Filter Math Accelerator (FMAC)

« Can be used to create <
» 3p3z Compensator (- Digital power)

‘_ » Sigma Delta modulator
> /4

* Noise Shaper \

life.augmented



Reducing PCB Size and BOM Cost

System-on-Chip — All-in-one solution

Smaller package
DACs Fliltirs Fewer additional components
L - Allanalog included

Temperature

-

sensor =m
e Standard ,I
XTAL mm HEE STM32G4

Op Amps =

ADCs Comparators

Project cost $$$ Project cost $

life.augmented



Rich, Advanced Analog

Mixed-signal SoC for wide variety of applications

ADC (up to 5) ‘ Values Op-Amp (up to 6) ‘ Values
Topology SAR 12-bit GBW 13 MHz

+ HW oversampling = 16-bit Slew rate 45 Vius
Sampling rate Up to 4 Msps Offset 3mV over full T° range
| 1.5mV @ 25°C
nput Single-ended and differential PGA Gain (accuracy) 2,4,8,16, -1,-3,-7,-15 (1%)
Offset and Gain Auto calibration to reduce gain and 32, 64, -31,-63 (2%)
compensation offset

Comparator (up to 7) ‘ Values

DAC ”p o) ‘ Values _ Power supply 1.62 .. 3.6V
Sampling rate 15 Msps (internal) Propagation delay 16.7ns

1Msps (from buffered output) Offset 6. +2mV
Sett“ng t|me 16n3 HyStereSIS 8 StepS:

0,9, 18, 27, 36, 45, 54, 63 mV

3
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@ Key Features for Targeted Applications

Motor Control

(72]
e
c
Q
£
(<))
P -
=
(7))
1]
(<))
=

7]
Q
2
>
(<))
©
©
=
)
N
=
©
5

Lys
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Home appliances, E-bikes, Air Conditioning

Fast CPU 170MHz

Mathematical accelerator (Cordic)
Advanced Motor Control timers

Fast comparators

4Msps ADC-12bit + HW oversampling
Op-Amp with built-in gain (PGA)
DAC-12bit

1% RC accuracy

(UART communication w/o external Xtal)

Industrial equipment

* Fast CPU 170MHz

* Mathematical accelerator (Cordic)

* High temperature 125°C

CAN FD support

SPI, USART, 2C o-c

Advanced timers

Real Time Clock with backup registers ‘

Dual bank flash for live upgrade

AES & security n
A

High-End
Consumer

S
o
=
o
o
©
=
=
(@]

Rechargeable devices, drones, toys

Low-thickness, small form-factor

Low consumption in run mode ~ 160pA/MHz
Embedded analog

SAl (Sound Audio Interface)

USB type-C Power Delivery 3.0 7%

Servers, Telecom, EV Charging station

Fast CPU 170 MHz

Mathematical accelerator (Filtering)
12ch High Resolution timer (184ps)
4Msps ADC-12bit + HW oversampling
Fast comparators (17ns)

Embedded analog

Dual bank flash for live upgrade
AES & security
FMAC for 3p3z compensation




Ease Digital Power Conversion

AN

Welding Industrial

Enhance your digital Wireless

<

power solutions using charger
the STM32G4’s full > uPsS
features High Telecom

power

Resolution Timer Power Factor

STM32 correction : ___v___.
Motor control
Servers and

/ Data center
: Lighting PV

? | % €S

(HRTIM)




€ HRTimer - Not only High Resolution...

High resolution PWM
» 12 channels with 184ps resolution on frequency and duty cycle
« 184ps is equivalent to 5.4GHz timer clock

el e
« 7x independent time base to create various shape of PWM ‘- i
«  6x complementary pair PWM outputs
«  Up to 32 set/reset transition per PWM period thx to the built-in crossbar
+ Master/Slave configuration for multi phase converter

Multiple Event handler
« 6x Digital and Analog fault input

* 10x Events cycle to cycle current control or PWM restart (constant Ton/Toff)
+ Blanking, windowing and digital filter

12 independent channels

[‘”— * Any topology supported from 1x 12 PWM (triple interleaved LLC (servers application)
’l up to 12x1 PWM (multiple independent buck converters (lighting)

fe.augmented



Greater Security

Integrated security features, ready for tomorrow’s needs

Securable
User Flash STM32Trust: a complete toolset user  AES Readout Write
an ecosystem for embedded security memory TRNG PCROP MPU protection CRC protection
Bank1 Bank2

O P e o o

) firmware install

STM32 (SF1)
Trust
Secure
u de (SFU
https /Www.st.com/stm32trust  SessesliEis
Mutual
®
Secura_ble Mempry Area: Firmware IP .
« Configurable size protection
Securable| |Securable « Can be secured once
" Secret key
Memory Memory exiting o ®
Area Area * No more access nor debug
possible N Secured .
ﬁ ﬁ » Good fit to store critical communication
data
m « Critical routines . .
* Keys . .




Dynamic Efficiency Modes

When Mainstream MCU Series meets low-power requirements

268 pis Wake-up sources: reset pin, few 1/0s, RTC
30 ps Wake-up sources: + BOR, IWDG
Wake-up sources: + all I/0s, PVD, COMPs,
11 cycles Wake-up sources: any interrupt or event

RUN (Range1 ) at 150 MHz from Flash 163 pA / MHz
RUN (Range1 boost) at 170 MHz from Flash 173 pA / MHz

Conditions: 25°C, Vpp = 3V

Note : * without RTC / with RTC
Ly
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STM32G4 Products Lines

Applications Specific

Memory Ana|09 Memory Dlgltal Power

A

r' s
512KB | @ / 512KB | i ‘@

General Purpose

@ S R7IclY <3 Performance line ; STM32G4x4 | Hi-Resolution line
Ly ---
¥
STM32G4x1 [N VA, : STM32F334 :
32KB Al 32KB I 1
—— I 1 —— [ —4
;| STM32F30x |
l [
— e o =/
‘ | | . | | »
LI 1 v T 1 >
32-pin 128-pin Pin Count 32-pin 128-pin Pin Count

life.augmented



@ Extensive & Innovative Peripheral Set

Lys

life.augmented

No compromise on what matters

Unit parameters

‘ STM32G474 ‘ STM32G473

STM32G431

Core, frequency Arm Cortex-M4, 170 MHz

Flash (max) 512 Kbytes (2x256KB dual bank) 128 Kbytes single bank

RAM (up to) 96 Kbytes 22 Kbytes

CCM —SRAM (code-SRAM) 32 Kbytes 10 Kbytes
4x 12-bit 2x 12-bit

12-bit ADC SAR 4 MSPS 4 MSPS

Comparator 7 4

Op amp \fvith 4 built-in gain 6 3

values with 1% accuracy

12-bit DAC 7 4

Motor Control timer 3x (170 MHz) 2x (170 MHz)

CAN-FD 3x 1x

12 channel Hi-resolution

Timer 1x i i

Power supply 1.72t03.6 V




STM32G47x

High Resolution and Performance lines [128KB .. 512KB]

Connectivity

4x SPI, 4x [2C, 6x UXART 5x 16-bit timers ‘

« 32-bit Arm Cortex-M4 core

X 1x USB 2.0 FS,
with FPU 1x USB-C PD3.0 (+PHY)

* ART + CCM-SRAM + 3x CAN-FD

High resolution timer
2x 16-bit basic timers

Arm® Cortex®-M4

Up to 170 MHz
213 DMIPS

T —— 3_x Advanced Motor Control
motor control timers timers

Mathematic Accelerators | 2x IS half duplex, SAl 2x 32-bit ti .
L S . Rich Advanced Analog
. -bit LP timer
- Dual Bank Flash with ECC LA .
o Floating Point Unit WIS © 3x CAN Flexible Data rate
. . . External interface
+ SRAM with Parity bit O Memory Protection Unit i 12-channel w/ 184ps . USB-C P Deli 3.0
] ESMC 8-/16-bit (TFT'I.CD, Embedded Trace (A delay III']B) - ower Ve Ivery .
* +/- 1% internal clock SRAM, NOR, NAND) Macrocell — .
T Analog - Advanced Security and Safety
. Ua 16-channel DMA + MUX
1.72 to 3.6V power supply 5 12-bit ADC w/ HW overspl features
— Up to 2x 256-Kbyte .
- Upto125°C Accelerators FIasthelr?gory kl ECC 7x Comparators * Robustness: highest level 5 /
n
ART Accelerator™ — 7x DAC (3x buff + 4x non-buff) FTB/ESD - IEC 61000-4-4

96-Kbyte SRAM

32-Kbyte CCM-SRAM

r Math Accelerators
Y/ Cordic (trigo...

life.augmented Filtering

6x Op-Amp (PGA)
1x temperature sensor

Internal voltage reference




S TM32G43x

Access line [32KB .. 128KB] and up to 512KB in H1-2020 !

Connectivity Timers
- 32-bit Arm Cortex-M4 core IR gl
with FPU 1% USB 2.0 FS 1 Arm® Cortex®-M4 2x 16-bit basic timer o Ad d Motor Control
' Up to 170 MH « 2x Advanced Motor Contro
* ART + CCM-SRAM + IKCAEL IS GEY P : 2x 16-bit advanced timers
Mathematic Accelerators 1x CAN-FD Floating Point Unit motor control timers
bit ti - Rich Advanced Analo
. Single Bank Flash with ECC  |CAeut bl NEFIREC Y S ’
1x16-bit LP timer « CAN Flexible Data rate
. . . Embedded Trace _
+ SRAM with Parity bit - T _
Accelerators + USB-C Power Delivery3.0

12-channel DMA + MUX Analog
Up 1o 128-Kbyte 9y 12-bit ADC + Advanced Security and Safety

Flash memory / ECC features
Single Bank

Math Accelerators 22-Kbyte SRAM
Cordic (trigo...)

m Filtering

life.augmented

*  +/- 1% internal clock
ART Accelerator™

- 1.72 to 3.6V power supply 10-Kbyte COM-SRAM

+ Upto125°C

4x Comparators

Robustness: highest level 5 /
FTB/ESD - IEC 61000-4-4

4x DAG (2x buff + 2x non-buff)
3x Op-Amp (PGA)

1x temperature sensor




STM32G4 Portfolio

Flash mamory / RAN size {byles]

STM32G484CE [ STM32G484RE ESTMI2GABIME i STMEZG4H4VE I STMI2G4840E
STVE2G47AVE Il STMA2G4740E
Bl2K/1a K STM32G4A3VE
STMI2GA7ACT i STMSZRAT4RC S TMZRATAMC I STis26474vc I STVE2647400
266 K/ 128K STMA2637300 [l STMA2ATIAC STw26T3vC [l STME2G17300
STMIZGAT408
128K/ 128 K
STM32647308
L IR L Ol 51132644 KB STM32G441VB
STM3ZG431VE
(TR0 S S TM326471K6 I STM32643104 Il STMS2G43 1R8 [STM32G471 MB RN STM32G431VE
L L N S Th32G4 01 K6 Il STM32643 166 [l STM32G431R6 | STM32B431VE ]
* Pinmcount
32-pin 48-pin B4-pin Bll-pin 100-pin 128-pln
LOFPAOFN LOFF/OFN LOFPWLCEP LOFPIWLCSP LOFP/BGA LOFP

Legend: ] CoymtoaEs-256 [ Avatiable in H1 2020

Lys
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Broad Portfolio

Portfolio extended to support budget applications efficiently

More memory and pin counts More packages
Flash 64-pin | 80-pin 100-pin 121-pin | 128-pin
memory | o0 | Gew WLCSP  BGA
(bytes)
512K | v v v v v v
EXl v v | v v v v
Es - - | v v v v
a8« v v | v v Lorp
322K [ 1 v
ﬁ Note: new packages in STM32 portfolio

life.augmented



STM32G4 Hardware Solutions

Accelerate evaluation, prototyping and design

STM32 Nucleo Evaluation boards Motopra(z:la(ntrol Discovery Kits

Flexible prototyping Full feature STM32G4 Full feature for Motor Key feature prototyping
evaluation Control and Analog
* NUCLEO-G431RB + STM32G484E-EVAL + P-NUCLEO-IHMO03 + B-G474E-DPOWI1
« NUCLEO-G474RE « STM32G474E-EVAL + B-G431B-ESC1
* NUCLEO-G431KB » STM32G474E-EVAL1

Lys
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STM32G4 Software Tools

Complete support of Arm Cortex-M ecosystem

All-in-one STM32 programming tool
ArmekeEiL S@YSI’QI\I/E Multi-mode, userfriendly

| — '

CubeDE e = CubeProgrammer

—

2 eclipse

—w ,J

CubeMX

Compile and Debug
STM32CubeMX Flexible Solutions STM32CubeProgrammer
+ Configure and generate Code » Partners IDE, like IAR and Keil + Flash and/or system memory
» Conflicts solver * Free IDE based on Eclipse, like * GUI or command line interface

STM32CubelDE*

‘,’ * SW examples will be available in Q4 19

life.augmented



Motor Control

Complete ecosystem (HW boards, SW Development Kit

(SDK), docs and trainings)
« X-CUBE-MCSDK (v5.4)
Motor Control FW library based on STM32Cube HAL and LL
Motor control workbench: Graphical configurator of the motor
control library linked with STM32CubeMx

P- NUCLEO [HMO3: Motor Control Nucleo pack
NUCLEO-G431RB Nucleo-64
X-NUCLEO-IHM16M1 motor driver
expansion board
Low Voltage motor

State of the art algorithms (FOC, 6-step, sensorless...)

Rs Ls
Motor Profiler: Plug and spin your motor ., PoKe

within less than one minute

Dedicated Ecosystems

Digital Power

Complete ecosystem (HW boards, FW examples, SW
tools, docs and trainings)

Dedicated HRTIM Cook Book - AN4539: How to operate
the Hi-Resolution timer in different topology

Digital Power training (PSU and PFC) — based on STM32
G4 series — done in collaboration with Biricha (from Q4

2019)

Lys
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STM32G4 Series — Take Away

Analog-rich MCUs for mixed-signal applications

Performance
170MHz Cortex-M4 coupled with 3x accelerators

Rich and Advanced Integrated Analog
ADC, DAC, Op-Amp, Comp.

Safety and security focus

Large portfolio available from NOW!
32..512KB Flash memory
32..128-pin packages



STM32G4 Mainstream Series

Mixed Signal MCU

Demo Hands On

‘ ’ l life.augmented
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Tools m=m

Systems Check

Cube Programmer

USB cable

B-G474E-DPOW1 Discovery Board
G4 Family Cube Library




All switches
Down

Lys
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CN2
USE Type-C™
receptacle

SWi1
Octal mechanical
switch

ug
LTC3114-1

CN1
STDC14 debug
connector

LD7
5V LED

LD6

V3 LED

B-G474E-DPOWT

Jumpers — 1 of

_"- 46 4
ETDCHd  Ri06 M1

CagieE
RIOIAE

o Kys

cng  MBT428A wim
! :D s

p

Rii4enio
2 1

05
-EI 11

CN3
USB micro-B
ST-LINK receptacie

LDY
COM LED

LD8
overcurrent LED

usg
STLINK-V3E MCU

Attach USB
cable here

k| INSTALLED

STL;PISRST O P E N

JP5
5V _SELECTION

INSTALLED on STLK



B-G474E-DPOW1 mm

Jumpers — 2 of 2

LD&
V3 LED G pann B3
2 _
u3
STM32G474RETEU
JP4
DD
measurement I N STA L L E D
LD
RGE power LED
LD2, LD3, LD4,
62 LD5 user LEDs
Joystick
JP2/JP3
Speaker B1

r i f ol | 4 Iﬁww . RESET button

life.augmented
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T sTM32CubeProgrammer Properties

Securty Detats Previous Versians
General Shertout Compatibiity
@ 5TM32CubeProgrammer
Targettype:  Application
Target location: bin
Target: beFiD-’rmer'i:-m‘-ETI-'\JL‘ZuhéF‘mnEmmer se |

Stactin: |"m \Program Hasssmmdmasssmm\|

Shorteut key- |Nnne |

Run: [ Nomat window v

Comment. |_5TM_3_2‘DJh_aFmgmmme_rU 0 |

|| Open Fiie Location | | Change leor... | | Advanced... |
|| Concd

CubeProgrammer

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Power... F':'}L_

STM32CubeMX Prg

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

STM32CubeProgrammer

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD




CubeProgrammer m=m

Splash Page - Connect

[l sTM32CubePragrammer — ] X

Connect

Data width | 32:it

Mo data to display

Firimware upgrade

Log Verbosity level @01

12:35:49 : STM32CubeProgrammer APIv2.1.0




CubeProgrammer

Splash Page — Open File

[ sTM3I2CubeProgrammer — O *

ST|
CubeProgrammer

Memory & File edition

Davics memory T K Ope n Fi Ie

Address | 0x08000000 | - | -

Address 0 4 g -
UxDSOﬂbOUU 20000560 020001ED 08002060 08002431
0x08000010 08002069 02000520 68003009 0Q000000
0x08000020 00000000 00000000 00000000 08002DED
0x08000030 080005F3 00000000 G8002D6F 0B002DEF
0x08000040 08000207 08000207 468000207 08000207
0x08000050 08000207 02000207 068000207 08000207
0x08000060 08000207 02000207 68000207 08000531
0x08000070 08000207 02000247 08000207 08000207
0x08000080 08000207 02000207 468000207 08000207
0x08000030 08000207 08000207 68000207 068000207
0x08000040 08000207 02000207 068000207 08000207
0x08000080 08000207 02000207 08000207 08000207
0x080000c0 08000207 02000207 08000207 08000207

Verbosity level

: Size: 16 Bytes
“Bank - (=02
: Address - 0x40022070
: Size: 3 Bytes
- UPLOADING ..
Size: 1024 Bytes
: Address - 0xB000000
Read progress:

‘ -38:46 : Time &lapsed during the read cparation iv: 00:02:00.001

life.augmented




CubeProgrammer

Find Demo.hex

life.augmented

[ sTM3I2CubeProgrammer

ST
CubeProgrammer
Memory & File edition

| ,é‘ Deavice memaory

Address | 0x08000000 | =

Open File

asannacn

abs\Demo

0x08000050 08000207
0x08000060 08000207
0x08000070 08000207
0x08000080 08000207
0x08000030 08000207
0x08000040 08000207
0x08000080 08000207
0x080000c0 08000207

02000207
02000207
02000247
02000207
08000207
02000207
02000207
02000207

068000207
68000207
08000207
468000207
68000207
068000207
08000207
08000207

08000207
08000531
08000207
08000207
068000207
08000207
08000207
08000207

Verbosity level ®1 2

: Size: 16 Bytes
“Bank - (=02
: Address - 0x40022070
: Size: 3 Bytes
- UPLOADING ..

Size: 1024 Bytes
: Address - 0xB000000
'Read progress:

 Time elupeed during the read operation 5. 00:09:00.001




CubeProgrammer

File Folder

[ & | = | Demo: - 0O =
Home: Share Wiew - @
- “ 4+ My Passport 4T (M) » 2012 5TM32G4 Workshop » Labs + Demo v @i SearchDemo o

-~

~ Name Date modified Type Size

e My Passport 4T (M)
| 2012 STM3264_Workshog || Demo.hex: R21/2018556PM  HEX File B4KE
- Bocuments
| Hands_ON_PrintQuts
_ Presentation_FullDay
_ Presentation_TechTour
. Todls
_ hin
| Config.Msi
 CubeMonitor

i ) A E=
Open File
N

Lys
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CubeProgrammer

Move Demo.hex from the PC to the Discovery board

[ sTM32CubePragrammer

STM!
CuibeProgrammer

Q

Memory &

Address

0x08000050
0x08000060

Address | 0¥8000000 Z |

0

08007505
08007320

Size 00

4

08007509
0BOOT515

Data width

8

08007500
08007333

| 32.6it

c

0x08000000 20000968 08007409 08007319 08007318 it sasass i
0x08000010 0800731D 08007 31F 08007321 00000000 2 TRRNL JUS £ e | ‘
0x08000020 40000000 00000000 0000000 0BOAY323  coiacaamenas #s..

0x08000030 08007325 00000000 08007327 08007329 2SS

0x08000040 080074F5 080074F9 080074FD 08007501 ot olrboaytos o

08007511
08007515

0x08000070 0800751D 08007521 08007525 08007529 BT RO B VRS 11 PR [ THER
0x08000080 68007520 08007531 08007535 0BOOT535 cidmis S Bu
0x08000090 0800753D 08007541 08007545 08007339 JAu..Eu..9s:.
0x080000A0 08007549 0800754D 08007551 08007555 Iu..Mu..Qu..Uu..
0x08000080 08007559 0800755D 08007561 08007565 Yu..Ju..au..eu..
0x080000C0 08007569 0800756D 08007571 08007575 T MU QUL LUl

L7 U ¥ P I T

S TUREE S PUSE PR T

Verbosity level

Address - 0xd0022070
12:38:46 - Size: 3 Bytes
12:58:46 : UPLOADING ..
12:38:46 - Size: 1024 Bytes:
12:38:46 - Address - 0xE000000
125846 : Read progress”

§:46 - Time elapeed durme the read operation 1= 00:00:00.001

8- Read File: M:\2019 STMB2G4 WaorkshopHandsOn,_Lahs'Demo'Demo hix

218 : Number of segment=” |
19 - A -

N TATHL
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B-G474E-DPOWT

Press RESET (Black Button) — LED’s cycle

LDB 2 E‘ . - L7
3V3LED g
U3 _
STM32G474RETEU
JP4
IDD
measuremeni
LD
RGE power LED
B2 LLB%uLsZ?’LIE%t: LE D,S CYCIe
Joystick
0 -
e
e
JP2P3 P _
et S RESET button PRESS Qu |Ck|y

ﬁ connection

life.augmented
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CubeProgrammer mm

Address | (s8000000 | =

Address 0 4
0x08000000 20000968 08007409
0x08000010 0800731D 08007 31F
0x08000020 40000000 00000000
0x08000030 08007325 00000000
0x08000040 080074F5 080074F9
0x08000050 08007505 08007509

0x08000060 08007320 0BOOT515
0x08000070 0800751D 08007521
0x08000080 68007520 08007531
0x08000090 0800753D 08007541
0x080000A0 08007549 0800754D
0x08000080 08007559 0800755D
0x080000C0 08007569 0800756D

Log

Data width

g
08007319
08007321
60000000
08007327
080074FD
08007 50D
08007333
08007525
08007535
08007545
08007551
08007561
08007571

| 32.6it
c
08007318
00000000
08007323
08007329
08007501
08007511
08007519
08007529
08007539
08007339
08007555
08007565
08007575

Bt. Ut .yt .ui.

L7 U ¥ P I T

S UARPE Y PR PN TR
TR DTG (TR | T P
cidmis S Bu
JAu..Eu..9s:.
Tu..Mu..Qu..Uu..

Yu..Ju..au..eu:.

Tu. .MU . QUL LUl .

Verbosity level @

12:38:46 - Address - 0xd0022070
12:38:46 - Size: 3 Bytes
12:58:46 : UPLOADING ..
12:38:46 - Size: 1024 Bytes:
12:38:46 - Address - 0xE000000
125846 : Read progress”

2:58:46 - Time slapeed durng the read operation is: 00:00:00.001

13:51:18 - Read File: M- 2019 STM32G4_WorkshopHandsOn_Labs'Demo'Demo hex

15:31:18": Number of segmenss- |
i T

BT InT: N TATHL




CubeProgrammer

Getting back home — “CompletedLab”

For all of today’s Hands On Labs:

1.

The *.hex file is available to you as a final product of the lab if
you get lost along the way and still want to see the result of the
lab.

The *.uvprojx file is available to you as a final result in case you
want to pull it up in KEIL MDK-ARM and just walk through the
files you see there.

The final STM32CubeMx *.ioc file for each lab is made available
to you if you want to see the finished product of the lab or if you
want to extend the lab with your own design ideas.



STM32G4 mixed-signal
MCU workshop

Hands On:
DAC Signal Generation

‘ ’ I life.augmented
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Tools mm

Systems Check

- USB cable

« B-G474E-DPOW1 Discovery Board
« G4 Family Cube Library

« STM32CubeMx

Keil MDK-ARM




Rich, Advanced Analog

Mixed-signal SoC for wide variety of applications

ADC (up to 5) ‘ Values Op-Amp (up to 6) ‘ Values
Topology SAR 12-bit GBW 13 MHz

+ HW oversampling = 16-bit Slew rate 45 Vius
Sampling rate Up to 4 Msps Offset 3mV over full T° range
| 1.5mV @ 25°C
nput Single-ended and differential PGA Gain (accuracy) 2,4,8,16, -1,-3,-7,-15 (1%)
Offset and Gain Auto calibration to reduce gain and 32, 64, -31,-63 (2%)
compensation offset

Comparator (up to 7) ‘ Values

DAC ”p o) ‘ Values _ Power supply 1.62 .. 3.6V
Sampling rate 15 Msps (internal) Propagation delay 16.7ns

1Msps (from buffered output) Offset 6. +2mV
Sett“ng t|me 16n3 HyStereSIS 8 StepS:

0,9, 18, 27, 36, 45, 54, 63 mV

3
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@ Digital to Analog Converter

G4 DAC

» 3 external outputs: Internally connected to:

« DAC1-OUT1 and OUT2, 1Msps « Voltage reference
* 4 internal outputs: « External Triggers

« DACS3 and DAC4 « Comparator inputs

« OUT1 and OUT2, 15Msps * Op Amp inputs
* Double data DMA « Multiple Timers ( + HRTimer )
« Sample & Hold - DMA

» Left or Right data alignment
« Signed or unsigned data input format
{Q1.15, Q1.11, Q1.7}



@ Digital to Analog Converter

G4 DAC Sample and Hold

DAC conversion during the “sample and hold“ mode has three phases:

1. Sampling phase: the “sample and hold“ element is charged with the desired
voltage.

2. Holding phase: the DAC output is tri-stated (High-Z) to maintain the “sample
and hold“ element’s stored

electrical charge.
3. Refresh phase: due to leakage coming from several sources, a refresh
phase is essential to maintain the output voltage at the desired value (+/-LSB).

Lys
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@ Digital to Analog Converter

Dual Conversion from DMA

We will use the DAC dual channel mode with DMA to generate signals on both
DAC channels at the same time.

DAC conversions are made with a timer trigger and data fed from DMA.

The timer is configured to trigger the DAC channels at about 1kHz.
DMA is feeding both channels at the time.

Channel 1 pattern is ~0V/~1.65V/~3.3V/~1.65V

Channel 2 pattern is ~1.65V/~3.3V/~1.65V/~0V

We will use the built in Logic Analyzer today instead of an o’scope on the DACs

Lys
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T STM32CubeMX Properties

Seourty Detals Previous Versions.
General Shorteut Compatibiity
m STM32CubeMX
Tammettype:  Application
Target location: STMIZCubsMX
Targst: [ M32C0be\ STMI2CUbeMX\STMIZCube MK 2xe” |
Statin: |"C,\ngfam Fll\STMmda!mrﬂm'\STMm|
Shortcut key- |Nnne |
Run: [ Mol window =
Comment:  |STM3ZCUbeMXx 530 |
| Openfielocation | | Changeleon. | | Advanced . |
| ok || Coneel

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Power... F':'}L_

STM32CubeMX

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

STM32CubeMx

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

ieProgrammer

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD

STM32TrustedPackageCrea...



STM32CubeMXx mm

Splash Page — G4 Library Installed?

[ STM32CubeMX Untitled

i @

Diihahfy File Window Help

m Embedded Software Packages Manager

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than ons hour ago.

Manage software installations
e MCU Fackiages

Dezcription

Insta fion
|

Check for STM32CubeiMX and embedded sofiware packa.
| STM32F7 )
CHECKIFOR URDATES
| > STM32G0
Install or remove embedded software packa
|¥  STM32G4 I I I R
nstall/Remove
: STM32Cuba MCU Package for STM32G4 Series 140 11.0
: STM32Cubs MCU Packaga for STM32G4 Series 1.01 104

Detalls

New multicore STM32MP1 Series
for Industrial and loT applications
AN
f \
(£

OpenSTLinux "l
|

From Lacal Fram Ut Rafrash Install Mow Remave hlow

Kys |
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STM32CubeMx

Splash Page

[ STM32CubeMX Untitled | - o e

<@ o . S B e e b —
File—Load Project B Losd Préject X
Look In | DAC DusiCanversionFromDMA '«-| = @ E| a=
Existing Projects New Project
EWARM
Recent Opened Projects Inc
| need to : MDOK-ARM
ADC_GainCompensation.ioc 2

Last moditied date - 15/07/2019 6:12:26 )
MED SELEGTOR [@ bAC DualConversionFromDMA ioc

ADC OffsetCompensation.ioc : =

Last modified date - 22/08/2019 11:27.:41

fram STBoa

Single_CCM_Boost PFC_G4.ioc

0 BOARD SELEGTO
Last modified date - 08/08/2019 8:56.30 RARD SELEGTOR

Lennox_[HMO03 ioe

: le File Nams DAC DualConversionFramDMA joc |
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Other Projects
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Graphic Design Representation

[ STM32CubeMX DAC_DuaiConversionFromDMA joc: STM32G4TARET. - a x
ol
st @ File indow Hel fio x Ky
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GENERATE CODE
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Additional Safwvare ~ Pinoul

@ £3 Pinout view
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DAC1, Timer 2

[ STM32CubeMX DAC DualConvessionFromDMAioc: STM32G4T4RETx kS
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STM3Z File indow Hel !
Cubelx W 2 ‘
Home DAC_DualConversionFromDMA.ioe - Pinout & Configuration GENERATE CODE

Clock Configuration Project Manager
Additional Saftware v Pinoul

DAC1 Mode and Configuratian ] £7 Pinout view ystam view

f
p
Systam Core 5 OUT1 mode [Connected to extemal pin orly = )
0UT2 mode [Connected to extemal pin only ~] % g %
Analog v 0 Extemal Triggsr E 79
i Configuration d gy
| ADCZ
ADC3
ADCt
ADCS
CoMP o EEEEEE—
anfigure the below parameters
comMpP2 o B
comP3 Q[Search (Gti7) | © o) o
COMP4 T
comis * DAC Out1 Settings

COMPS Output Buffer Enable
COMPT DAC High Frequency. Mode Automatic
D A C 1 DACY DA Double Data Disable
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DAC3 Trigger Tirmer 2 Trigger Out event TI m e r 2 Trl e r O u t
DAC4 Trigger2 None: q q
= —

OPAMP1

Wave generation mods Disabled
A gﬁng User Trimming Factory timming
S Sample And Hold Sampleandhold Disable STM32GATARETX
OPANES ~ DAC Out? Settings i
OFAMPS Output Buffer Enable
DAC High Frequency Mode Automatic
DMA Double Data Disable =
Timers y Signed Format Disable " "
Trigger Timer 2 Trigger Out evert I I m e r : 2 I rl e r O ut
Connectivity > Tngger2 Hone
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Project Manager — Keil MDK-ARM V5

[ STM32CubeMK DAC_DualCorversionFromDMA.joc: STM3ZGAT4RET - ] b4

“ oY x Ly

Pinout & Configuration Clock Configuration Project Manager

Froject Settings 7\
Praject Name / \
< |

|D.RC_DuaICo nversionFramONA

Sw;gﬁ? File Window Help

Praject Location
Ihleffafy blausenSTM32Cube\RepositonASTMI2C0ube FW G4 V1.1.0Pm

[ 474E-DPOWY 'LE)(arane;\DAC‘

Application Structure

iBasuc w | [Tl Ba not generate the main()

Toolchain Falder Lacation
iﬂsnury‘.STM 32Cube FW G4 V1. 1.0Projects\B-G4T4E-D POWMampIes\D#C\DAC_Dua{CunversionFrDmD MA\‘
1

Cade Gensraol

Toolehain / IBE

MBKARM V5 v MDK-ARM V5
Linker Settings \‘I

Minimum Heap Size o200 |
Minimum Stack Size 400

Mecu and Firmware Packages
Mcu Reference
[STM32G4T4RETx
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CubeProgrammer

FILE->SAVE PROJECT

New Project N =

Load Project ...

CirL

Save Project Coks
Project Semﬂl Save Project As .. s
Project I\IarwI Close Project
h:}ﬁ_% Generate Report  otiR |

I = |
Project Loca Recent Projects 4
!ieffefy blaus Exit cikx TM320Uba_FW. G4 V1.1 D\Pr_ﬂjsms\ﬂ-G-l.ME-DPOW‘l\.Example;\DAC|

Application Structure
iBasn'.: bd | [l Co net generate the main()

Toolchain Falder Lacation
iﬂsimry WSTM32Cube FW G4 V1.1.0\Projects\B-GATAE-DPOW\Examples\DAC\DAC_DuslConversionFromDMAN

Cade Genarator

Toolchain £ |BE

MO -ARM V5 s | |:| onasate Unter Boot
Linker Settings

Mimimium Heap Size lox200 |

Minimum Stack Size 400

Advanced Seltings

Meu and Firmware Package

Meu Refarence
[STMI2G474RET>
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Generate Code

[ sTM32CubeM¥ DAC_DualConversionFromDMA joc: STM32G4TARETx - O x
B A h
s @ File Wind Hel (a9 n »}q L
Ll i indow elp a8 D ’ Y7/

alConversionFromDMA.ioc - Project Manager GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager

Project Settings
Praject Name
|DACiDuaIConversm nFramDOMA

Praject Location
Ihleffafy blausenSTM32Cuba\Repositon\STM32C1Ube FW G4 _V1.1.0\Pmjects\B-G4T4E-DPOWA \.Examples\DAC|

Ication Structurs

| [Cl Do net generate the main()

Toolehain Falder Lacation
IpSiI o\ STM32Cube FW G4 V1. 1.0\Projects\B-GATAE-DPOW\Examples\DAC\DAC_CualCorversionFromDMAY

Code Generator
[0 code Generation ™

0 The:Code s successfully generated under C:/Users/jeffery blauser/STM32Cube/Repository/STM32Cube: FW_G4_\V1.1.0/Projects/B-G4TAE-DPOW T Examples/DAC/DAC_DualConversionFromDMA

Cipen Foliler

Meu and Firmware Package
Mcu Refarence
|STMZ2G4T4RETx
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Keil Start up page

B <ffery blaysen ST tepositan\STME G4 V1L PrajectsiB-G Eramples\D onFromDMANTIK-ARM\DAC.2
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
MBEdP 4 QB9 0]|==|rRAR| = 2| B waitroriac & @@ A
D) e e S| # | pACousicomvenionFro ] SN | B B 4 @1
o L [ TR
= ¥ Project: DAC_DualConversionFramDMA 128 if (HAL DACEx DualStart DMA(shdacl, DAC CHANNEL 1, wave, =izeof {wave}
=4 DAC DualConversionFramDMA 129 { ’ ’
a1 lﬁ Application/MDK-ARM 130 /* DAC conversion -start srror */f
= 131 Error Handl 7
[ Applicatian/User 122 g =50
& 1@ Boc 133 |
1] readmetad 134 SSP LED On(LED4):
il [ Drivers/BSP/B-G474E-DPOW! igg i Wnile. (1)
S : : (
BE DRt/ STMSO e HAL Dinver 137 /* USER €CLE END WHILE */
@ [ DriversfCMSIS 138
& oumsis 138 /* USER CODE BEGIE 3 */
140 | 1
141 /* USER COGE END 3 +/
142 |}
143 b
A4 e
145 * '@brisf System Clock Configuraticn
146 ¢ ‘gretval None
147 s
148 void SystemClock Config (void)
140/
150 HCC OscInitTypeDsf BCC OscInitStruct
151 HCC CliInitTypeDsf BCC CliInitStruct
152
_153F /** Configurs ‘the main internal regulator output voltage
154 wf
155 HAL PWREx ControlVoltageScaling (PWR_REGULATOR VOLTAGE SCALEL):
156/F /** Initializes the CPU, AHB and AP bussss clocks
a5 [ v
158 RCC OscInitStruct.OscillatorTyps = RCC OSCILLATORTYFE HSI:
159 RCC_OscTnitStruct.HSIState = RCC HST ON;
160 BCC CscInitStruct.HSICalibrationValus = RCC HSICALTBRATION DEFAULT:
181 BCC_OscInitStruct.PLL.PLLState = ECC_PLL ON;
12 RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSI;
163 RECC_OscInitStruct.PLL.BLIM = RCC PLIM DIV4;
168 BCC_OscInitStruct.PLL.PLLN = 75;
185 BCC_OscInitStruct.PLL.PLLP = RCC PLLP DIVZ;
166 RCC OacInitStruct,.PLL.PLLQ = RCC PLLQ DIVZ;
167 BCC CscInitStruct.PLL.PLLE = RCC PLIA DIVZ;
188 if (HAL RCC OscConfig (&RCC OscInitStruct) != HAL OK)
1699 |
170 Error Handler();
171 )
life.augmented 172 /** Initislizes the €PU, HHB and APB bussss clocka
Elproject |@Fsocks | {3} Funstions | Oy Tempistes | <
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Delete Drivers Folder

= 1350 |
L? Dot ‘I 136 2 ORNC conversiaon Start
gt Umﬂﬂmﬂfﬂmﬁ*mﬂm 137 Errcr Handler():
@ ] b_gd74e dpowl:c lf‘i Optians for Graup 'Drivers/BSP/B-GAT4E-DPOWT .., Alt+F7
EEa | Drivers/STM32G40c HAL Driv _ e ,
= [ Drivers/CMSIS Add New ftem to Group 'Drivers/BSP/B-G47T4E-DFOWT"., t
&= [ system stm3Zgdio.c -Add Existing Fites to Group "Drivers/BSF/B-G474E-DPOWT ...
& Cmsis  Remove Group ‘Drivers/BSP/B.G474E-DPOW!’ and its Files
& Compiler Open Build Log
44 Rebuild all target files

q

Build Target

Manage Project ltems...

< B [GE

Show Include File Dependencies
: 3
™ |
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Application/User folder add b_g474e_dpow1.c from SRC folder - CLOSE

i o~ | A AT owman
= L5 Application/Us=r - Add Files to Group 'Application/User b4
' N . Options for Group ‘Application/User,., Aft=F7
@ 0 mainc R S e Sl Lookin: | | Src IR =l g
& L] 5"“5394’“' Add New Item to Group Application/User'.. . ~ " i
= stm3igde| - = i - Name D.atem&iﬁed
R ‘ Add Basting Files to Group “Application/User,. E [ b_g474e_dpowl.c 7/15/2019 6:12 AM
i | Remove Group ‘Application/User and its Files - | [ b_g478e dpowl_usbpd_pwr.c /272019 8:57 AM
&Ll Drvers/STME | i main.c 9/24/2019 2:32 PM
=S Drivers/CMSIS Open Build Log . [ stm32gec_hal_msp.c 9/24/2016 2:32 PM
@ ] system st (5 Rebulld all target files : | stm32gde it.c S/2af29 z32PM
€ cmsis %] Build Target ol | < 2
oE 2 Compiler _ N t File name: | Add
a4 Manage Project ttems... _ >
= " | Files.of type:: IC Source file [".c} ;‘ Close
¥ | show Indude File Dependencies
L 147 35F LED y
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Check the Device Pack
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G4 Device Pack

Keill MDK-AR

ol e

Exit

<
Action ;?. left): Update Pack descriptions,

0., CO/ Cmsis_pack/Tepo/NEP LPCS4102_DFR.pdse

8 Pack Installer - m:\Keil_vSVARMIPACK — [m] b4
File Packs Window Help
| Device: STMicroelectronics - STM325474
bl | Bl | b
- X Pack | Action E)gscﬂpﬁonﬂ [
Summary = Device Specific [1Pack |sTME2 -
% @ Silicon Labs 906 Devices =l | = © Untodse | Kell -STM32G4XX DFP
@ ¥ Sinowealth 1 Device - Generic 40 Packs " —
E® SONK 50 Devices ® AlibabaAliOSThings |« (nstall A0S Thing  [Frere paer
g @ mﬂnelm[ﬂ,‘;ﬁ 1284 Devices 0 ARMEAMP __@ I_n_rtzll Software comNgnents far inter processor communication (Asymmetric MHMJ”
51 %2 STBIueNRG Series + Dewice # - ARMICMSIS Up ta date | CMSIS (Cortex Microcontroller Software Interface Standard)
& “W"i STBlueNRG-1 Series T Device i+ ARM:CMSIS-Driver Up to det= || CMSIS Drivers for external devices
51 %2 STBIlueNRG-2 Series + Dewice # - ARM:CMSIS-Driver Va... | € Up to date || EMSIS-Driver Validation
i %% STMB2FD Series 117 Devices i ARM:CMSIS-FreeRTOS Up to dat= || Bundie of FreeRTOS for Cartex-M and Cortex-A
5398 STMIIF1 Seres 95 Devices ) -ARM:CMSIS-RTOS Val... | €8 Up to date || CMSIS-RTOS Validation
%% STMAZF2 Series 45 Devices & ARMembedClient | @ Instsl ARM mbed Client for Corter-M devices
& T ‘STM32F3 Series 30 Devices T ARM:mbedTLS @ _Install ARM mbed Cryptographic and SSL/TLS library for Cartex-M devices
1% STM32FA Series 205 Devices & ARMzminar & Instal mbed 05 Scheduler for Cortex-M devices
5198 STM3IF? Seres 115 Devices ) -ARMETFM 73'.3" > _Install Trusted Firmware-M (TF-M] is the reference implementation of Arm's Platfor
34 Devices 1* EmbeddedOffice::Flex... &2: Install Flexible Safety RTOS
118 Deevices ) Keil:ARM_Compiler g Upto dete || Keil ARM Compiler extensions for ARM Campiler 5 and ARM Compiler
m »tg STMI2G437 74 Devices # Keil:iMXFT 105 MWP :52 Inetall= MNXP .V BT 105x MDK-Middleware examples and CMSIS-Drivers
& A% STM3ZGA] 8 Devices P &) Keil:Jansson _@‘ Install Jansson is a C library for encading, decoding and manipulating JSON date
i #% STMI2GAT 17 Devices /I [ﬂ Keil:MDK-Middleware | Upto dete | Middleware for Keil MDK-Prefessional and MDK-Plus
& 4% STM3ZGATS 25 Devices & AwlPlwlP _@_‘ Install IwlP is a light-weight implementation of the TCP/IP protocol suite
4 STMIzGTA ST M 32 G 474 _ M MDK-Packs:8WS laT ... &‘2’ Install= SDK for connecting to AWS IoT from a device using embedded C
& 4% STM3z6A83 9 Divices [ & MDK-Packs:Azure_|oT _@_‘ Install= Microsoft Azure IoT SDKs and Libraries
) fE sTM3zG4ed O Defeee \ [ — M MDK-Packs:cJSON &‘2’ Install Ultrslightweight JSON parser in ANSI C
& 45 STM3ZGBK1 Y Disiices N & MDK-Packs:Google lo... _@_‘ Install= Gaogle Cloud loT Device Connector
H 9 STM32HT Series 22 Devices # MDK-Packs:laT_Socket &‘2’ Install Simple [P Socket (BSD like)
= STMEZL(!S;EWE. 152 Devices & MDK-Packslsmn _@_‘ Install Minimalistic ISON parser/ izerin € _|
& "ES’ STM32L1 Series 81 Devices _vl il ) MNK-PacksBahn MM |05 incall= Frhedded MOTT /7«4 Chenf lThrrh--c _bl—
iCannot download file hittpuYmclxprasso.nip.com/emsis_pack/rap o/NXP. LPGﬂmSMTDFdesc Ilegal MIME type ‘text/fitml' ~
icannot download file bittpu/melxpresso fxp.com/emsis_pack/rep o/NEP.LPCS4018_DFP.pdsc lllegal MIME type ‘textzhiml
\Carnot download file httpuimelixpresse,mip.comfemsis_pack/iep o/AXP.LPCI4101_DFP.pdse: lllagal MIME type texthtm!
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File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
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Keill MDK-AR

Clock speed and Debug

Optinns for Target 'ADC_GainCompensation' *
e Taoet |t | e | Usr | /0| A | Lk | Bt it
STMicrelectrunics STM32G474RET rGate sy Ner :
_:qaqi_'MHﬂ— I‘LﬁﬂT |Used&fa.ﬂt[:m'q;:ﬂer version § _‘*]
Operating system: [ Nane 3 ochie Optimzation
Sysiem Viewer File: ¥ Use MicrolIB T i Ermlan
[T 74 v | | Fosting Poirt Harware: | Singl Precison |
™ Use Custom File:
default  off-chip Start Size Startup | | default  off-chip Start Sizer Nalnit
r AoMm: | | e RAME | | r
I RoMZ: | | r r Ramz | | r
I Roms3: | | r ™ RAM3 | | r
¥  IRom1: [BOOOD0  |(x80000 * M IRaM1: [D20000000  |0:20000 r
oMz | | T  IRaMz | | r
m oK Cancel |  Defaubs | Hep |
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Keill MDK-AR

ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smulstor  with mstnctions Seftings: I
[ Limit Speedto Hlﬁl-'['ﬁrne

LRSS (ST ik Clebugger

¥ Load Application at Statup ¥ Runtamaing
Initiglization File:

| BN

V. Breakpuoints ¥ Toalbox

¥ Watch Windows & Performance Analyzer
W Memory Display [ System Vieweer

v Lﬂaﬂpppmaé' é M RAun

inkiaization Hle:

[ Restore Debug Session Settings
¥ Breakpoints ¥ Toalbox
[¥ Watch Windaws

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

Manage Companent Viewer Desorption Fles . |

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

ok | Cancel | Dcfais | Hep |
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ST-Link/V3 & TRACE

Cortex-M Target Driver Spup *

S ice
IDCODE | Device Name | Mowe
[~ Shareable ST-Link SWDIO|  [(x2BAD1477  ARM CoreSight SW-DP (ARM Core Up |

Serial Number: M

I 16313750 & Automatic Detection 1D CODE: I

Version: HW: |V3 FW: |V3-|3M2 € Manual Configuration Tz Meme |
[¥ Check version on start Add | Delete | Lpdate | IF: ler: | ap: [0
— Target Com

F‘ort:ISW 'I

Clock
’7F{eq:| 10 MHz Selec:ted:l 8 MHz
Performance Profile: IHigh Perf vI

— Debug
—Connect & Reset Options Cache Options Download Options
Connect: |under Reset v | Reset:|Atodetect ~ v| | | ¥ Cache Code [™ Verfy Code Download
¥ Resst after Connect [~ Stop after Reset ¥ Cache Memary [ Download to Aash

Ly [ o6 ]| cmea | _oow
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Core Clock & TRACE Enable

M e

ol e

&,

Cortex-M Target Driver Setup

Debug Trace |Fiash Download | Pack |

> Core Clock: | 150.000000 MHz

— Trace Port
| Serial Wire Output - UART/NRZ ~ |

SWO Clock Prescaler:l 13
¥ Autodetect

SWO Clock: I 11.538461 MHz

¥ Trace Enable TRACE Enable

— Timestamps
¥ Enable

= Tface Cveris
Frescaleﬁ1 vI [ CPI: Cycles per Instruction

— PC Sampling

[~ EXC: Exception overhead

[ SLEEF: Sleep Cycles

Prescaler: |1ﬂ24‘16 :,' [~ LSU: Load Store Unit Cycles

[” Periodic F‘eriod:l <Disabled: [ FOLD: Folded Instructions
[ on Data R/W Sample ¥ EXCTRC: Exception Tracing

—ITM Stimulus Ports

E]| Port 24 23

Port 16 15 Port 8 7 Part 0

Enable: |(«FFFFFFFF 7 v o o ol 7 7 e el v v g o v ) o) el v e o o o v v

Privilege: I[hDDDDDDﬂB Port 31.24 |v

Port 23.16 [~ Pott 15.8 [ Pot 7.0 [~

— Advanced settings

[ Owerwrite CYCCNT

[ lgnore packets with no SYNC

Uncheck EXCTRC

Uncheck all but 15

Apply
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Load

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
_‘lﬁgﬁ|i _lﬂ| ""|'|"|Fff??.'_'i1"7 == JE Js

© [F B . e
"Fri{fei:f ZX ﬁ H ]Jm [

i T T TR TR R -

Build Output

#eion X Contents mismatch at: 08001860H (Flash=38H Required=C5H)

Contents mismatch at: 0800182&l1H (Flash=46H Redgquired=FEH)
Contents mismatch at: 03001262H (Flash=FEH Reguired=38H)
Q Error: Ffa:Sh[;‘ﬂWl‘lh!&dfﬂ“E_l_i - “Cartex-mMa" Contents mismatch at: 080018e¢3H (Flash=F7H Regquired=00H)
Contents mismatch at: 0B001364H (Flash=BSH Regquired=&0H)

Contents mismatch at: 08300182&5H (Flash=FCH Redquired=&CH)
,’ Too many errors to display !

Error: Flash Download failed - ™"Cortex-M4™
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File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
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ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smmulstor  with metctions Seffings I ¥ Use
[ Limit Speedto Hlﬁl-'['ﬁrne
[V Load Appiication at Statup [ Runtamain() ¥ Lo dSetp W Run
| Af s ||]
- Restore Debug Session Seftings [~ Restore Debug Session Settings
[V Breakpoiris ¥ Toalbox v Breakpoirts ¥ Toolbex
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws

¥ Memory Display [ System Viewer

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

Manage Companent Viewer Desorption Fles . |

Cancel | Defauts |
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Keill MDK-AR

Flash Download — Add

Cortex-M Target Driver Setup

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
Lopn  © N ¥ Frogam
% Era rz v Verfy &art:l[h:ZCH]]]]]] Size: |0x1000
" Do e [ Resetand Run
— Programming Algaritt
Description | Device Size | Device Type | Address Range I
STM32G4xx 512 Single Flash B2k COn-chip Flash 08000000H - 0BO7FFFFH
Start:l Size:

Add I Femove |

o]

Cancel

Apply
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STM32G4xx 512 Dual Flash

Add Flash Programming Algerithm ot
Description | Flash Size | Device Type | Crigin | .-n.
STM32G4xx 512 Single Flash 512k On-chip Flash Device Family Package

STM3I2Gdo 512 Dual Fash 3 On-chip Flash Device Family Package

AMZ9 128 Flash 16M Ext. Flash 16bit  MDK Core

KaP5615UGA Dual Flash 64M Ext. Flash 32bit  MDK Core

LPC 184 3o MX25VB035F . am Ext. Flash SPI MDK Core

LPC18xx/ 43 S25FLO32Z 5P 4M Ext. Flash SPI MDK Core

LPC 180/ 430 S25FL0GL SP... am Ext. Flagh 5P| MDK Core

LPCAD /8 S25FL0O3Z SPIFI 4M Ext. Flagh 5P| MDK Core

LPCE460x MT250Q1L128 SPIFI 16M Ext. Flash SPI MDK Core

M29WE40FE Fagh am Ext. Flash 16bit MDK Core

MIMXET 105 EcoXiP Fash 4M Ext. Flagh 5P| MDK Core

RC28F640J3x Dual Hash 1EM Ext. Flash 32bit MDK Core

S25FL1285_WaC 1EM Ext. Flazh SPI MDK Core

S529GL064N Dual Fash 1EM Ext. Flash 32bit MDK Core

S29JL032H_BOT Rash 4M Ext. Flash 16bit MDK Core

SN M?H TNP Fash AM Fst Flash 1Rkt MK Cnirs i

Selected Flash Algorthm File:

m: Kl _v S ARMWP ACK Keil

TM3IZG4e_DFPY1.1. 0MCMSIS W Aash S TM32G 4w _512_Dual FLM

Add

Cancel

ol e

M e




Keill MDK-AR

Remove Single Flash

M o

ol e

Cortex-M Target Driver Setup >

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
_Fi % FErase Sectors [V Verfy &art:lih:ZCH]]]]]] Size: 1000
(" Donot Frase [~ Reset and Run
| — Programming Algarithm
| Device Size | Device Type | Address Range

08000000H -

x 512 Single Flash 030
(:2000000H - 0807FFFFH

; On-chip Flash
512 Dual Flash

On-chip Aash

Start: I&D&]]IHII Size: |(= 00030000

Add Remaove I

<71 N
,’ > [ ok | Cancel Apply

life.augmented




Keill MDK-AR

Place 2 new variables for the Analyzer — main.c about line 56

wp f* TUSER CODE BEGIN BV +f
52 J* Brivsects wariablssz ———
R |

o4 uint3Z £ wave[z] = {0x07FFO
T

o8 wuintlé £ Display DACIDCRI;
a7 wuintle €t Displav DACIDORI;
a8

55 J* USER CODE ENMD BV

See ¢:\2019_STM32G4_ Workshop\Labs\DAC
‘W For the file CodeLinesForMain_DAC.txt for cut and paste
. cugmente Or open the file from the Doc folder in the Editor



Keill MDK-AR

Execute 3 new lines for the Analyzer — main.c about line 143

138 while (1)

138 [ {

140 /* USER CODE END WHILE */

141

142 /* USER CODE BEGIN 3 */

143 Display DACIDOR1 = DACI1->DORL:
144 Display DACIDORZ = DACI1->DORZ;
145 HAL Delay(25):

146 -}

See ¢:\2019_STM32G4_ Workshop\Labs\DAC
‘W For the file CodeLinesForMain_DAC.ixt for cut and paste.
. cugmente Or open the file from the Doc folder in the Editor



M e
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Keill MDK-AR

Build

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
T NEUEOER LI I T

e

| =i M T TR R R v

Build Cutput
Frogram Size: Code=6572 RO-data=576& EW-data=92 ZI-data=1204

FromELF: creating hex file...
DAC DualCDnversionFrDmDHh\DAC_DualCanversiDnFrDmDHFL.hex: Warning: Q9931W: Your license for feature Eeil will expire in 30 days

FinIshed: 0 information, 1 warning and 0 error messages.
"DRC DualCDnversiDnFrDmDHA'\DAC_DualCDnversianFrDmDHA.axf" - 0 Error(s), 0 Warning(s).

‘ ,’ Buila Time Elapsed: 00:01:38

life.augmented
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@ Keil MDK-AF

Load

B Cillsersisffany Blavsen STMIZCube Bepositan\ STMBZCuke FW_G4 V1.1.0\Prajects B-G4T
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

_ﬁﬂﬁﬁl -_-la| : *-—|1--- |r'ﬁ’ﬁﬂ|zzfﬁ I

ZX

| — Qﬁ# M, # R T TR R -

L] Hﬂnﬂt|

Build Cutput

Build Time Elap=sed: 00:01:38
Load "DAC DualConversionFromDMANWDAC DualConversionFromDMA.axf™
Erase Done.

Programming Done.
,’ Verify OK.

life.augmented Flash Load finmished at 14:51:03




Keill MDK-AR

M e

ol e

Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i

life.augmented
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Keill MDK-AR

Add to Analyzer Display DAC1DOR1 & 2

2]

Disaszembyy | B8 Logic Analyzer

Setup...||Load... || | MinTime  MaxT
Bl 05 [ 8s
g 4095 5 |
g _ o
: i T
-
§? P
1;_ o
o
Us
i I

=1

) maine | ) rsamepet | ]|

—

|

138

137 BSE_LED On (LED4
138 while (1)

135 |

140 /* USER CODE E
131 ]
142 /* USER CODE
143 Display DAC1
144 Display DACI

e e T s g e 2

‘Set Program Counter

- Runto Cursor line

Enable/Disable Breakpolnt
Gio To Definition OF 'Display DACTDORZ

‘Go Ta Mext Reference To Dﬁﬁ*ﬂ.‘f_m{‘lmﬂz‘
Go To Previous Referance To ‘Display DACTDORY

Ctrl=F10
5]
Ctrl=Fa
F12

Cirt=Num-=

Chrl+Mum -

szt Tacepaint 8 'Bleglay DACTDOR2N.
EnableThable Tracepoint

Insert/Remove Baokmark

Unde

Redd

Cut

Lopy

Paste

‘Seledt AN

fxecution Profibing

Quttining
Advaneed

Ctri=F2
TineL
Chrl=¥
Chrf=X
Ctri=T
GtV
Cirl=A

bio

[~ Signal Info

Watch 1
Watch 2
Wemaory 1
Memary 2
Mﬂftﬂ:qﬁi
Memory 4

ol e

M e




Keill MDK-AR

Setup — Min=0x0, Max = OxFFF

Setu p |Setip.. || Load. 5| Min Time  Max ﬁi Grid | Zoom | Min/Max |Llp£lat_|,a,.51:r Setup Logic Analyzer *
Save. | | 96467915 [964671s | Tms [ [Oue] A [Auto][Dnd] [Stop | e
= 5'5535 'I I : i . I : |Current Logic Analyzer Signals:
:’ﬁT Setup Logic Analyzer X DAC_TypeDef -) ({(0x40000000UL) + 0x08000000UL) + OxD)
g. DAC_ TypeDef * (b4 0000000UL) + OxD8000000UL) + OxO
; |Currem Logic Analyzer Signals:
i DAC TypeDef * Ox40000000UL) + Ox08000000UL) + OxO
% {(DAC_TypeDef *) (((Ox40000000UL) + (x08000000UL) + 0xO:
—OJET] < >
=.sl 645719 545 l_
i | = —Signal Display ———— [~ Display Range
@,[Ilsdss.embu | < >
= S g Display Type: I.Analog vl Max: Iﬂ:FFF
| S Doy - Display Range .
55+ | Display Type: I.P«nalog vl Max: IB‘FFF E Color : Win: 00
© / Glr (W] w0 | i | | ek Duiy A\
61 O, — % g ﬁ
= [ Hexadecma Display Display Formula (Signal & Mask) == Shift
€3 /*| - Display Fomula (Signal & Mask) >> Shit —— And Mask:  [QeFFFFFFFF Shit Right: [0 |
E4 . PR —
e o | fndMask [oxFFFFFFFF Shift Right: [0 | 5 Sy T—
€8 VO  Export / Import Export Signal Definitions... | Import Signal Definitions. .. |
&7 8¢ n -
€8 st Export Signal Definitions... | Import Signal Definitions... | N [~ Delete actual Signals
gg St [~ Delete actual Signals
o 8T
‘y’ e Close Gose | [ teb
= Al | Cose | Help
life.augmented S35 s E— S |4
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@ Keil MDK-AF

RUN

E Crills=rsi=fany Blaussn S5 T2 2Cu
File Edit View Project Flash

rrrreri’
e

u




Keill MDK-AR

Logic Analyzer Output

M

v

[Sewp J[load. [.] MnTme MaxTime Gid | Zoom | Min/Max | Update Soreen Transtion | dumpts |1 Signalinfo
[Save..| | 0s  [633064s | 01s !|1n||DLa‘||M|||hin||Lhda|||ﬂnﬁ||{IE|ai&||]va||Néi:['||Cn'de||Tmua|l-Elmw'Cj{dm‘

|
|
|
| TR R

: : | | : : :|@| L

777 [N S 1 (S (A R R

\ i i { { i ||
|
|

e T 51102645 622648

Lys
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STM32G4 mixed-signal
MCU workshop

Hands On:
Programmable Gain Amplifier

‘ ’ ’ life.augmented

STM32 G4




Tools mm

Systems Check

- USB cable

« B-G474E-DPOW1 Discovery Board
« G4 Family Cube Library

« STM32CubeMx

Keil MDK-ARM




Rich, Advanced Analog

Mixed-signal SoC for wide variety of applications

ADC (up to 5) ‘ Values Op-Amp (up to 6) ‘ Values
Topology SAR 12-bit GBW 13 MHz

+ HW oversampling = 16-bit Slew rate 45 Vius
Sampling rate Up to 4 Msps Offset 3mV over full T° range
| 1.5mV @ 25°C
nput Single-ended and differential PGA Gain (accuracy) 2,4,8,16, -1,-3,-7,-15 (1%)
Offset and Gain Auto calibration to reduce gain and 32, 64, -31,-63 (2%)
compensation offset

Comparator (up to 7) ‘ Values

DAC ”p o) ‘ Values _ Power supply 1.62 .. 3.6V
Sampling rate 15 Msps (internal) Propagation delay 16.7ns

1Msps (from buffered output) Offset 6. +2mV
Sett“ng t|me 16n3 HyStereSIS 8 StepS:

0,9, 18, 27, 36, 45, 54, 63 mV

3

life.augmented



@ Programmable Gain Amplifiers

G4 PGA
6 PGA's available Internally connected to:
* Non inverting gain 2/4/8/16/32/64 « ADC inputs
 Inverting gain -1/-3/-7/-15/-31/-63 « External pins, both inputs and
» Rail-to-Rail input and output outputs
* Low input bias current  Internal resistors
« Low input offset voltage  DAC3 & DAC4 outputs

« 15MHz GBW product
» High speed mode for better slew rate

gmented



Programmable Gain Amplifiers

G4 Op Amp Stand Alone Mode

Figure 168. Standalone mode: external gain setting mode

| inmo | ~
]

| INM1§7
r/

VINPO g——

VINPA ——— B s

VINP2 X———— opamp_out"
VINP3 or DACx_CHy | [l>—.




Programmable Gain Amplifiers

G4 Op Amp Follower Mode

Figure 169. Follower configuration

|
VINMO ™S
I —
e

VINPO ———

VINP1 p—————| F

VINP2 ————— opamp_out"
VINP3 or DACx CHy ®—— ﬂ»—'

| N




Programmable Gain Amplifiers

G4 Op Amp PGA Mode — This is what we will use today

Figure 170. PGA mode, internal gain setting (x2/x4/x8/x16/x32/x64),
inverting input not used

1STM32

VINP1 [——

VINPO éi
i
VINPZ X opamp_out'"
VINP3 or DACx_CHy B——F—— [I>—>

VINMO| l et
I S—
r/

' X




@ PGA Hands On

Lab steps 1 of 2

- The DMA provides samples (sine wave) to the DAC.
- The DAC peripheral generates a sine wave signal on DAC1_QOUT1(PA4)
which is amplified by the OPAMP3. (Later DAC3_OUT2 as well)
- The OPAMP3 amplified output is on PB1 with gain of either 2 or 4.
The OPAMP gain is changed on the fly while the OPAMP remains enabled.
- The test steps are:
- Step 1:
DAC: normal power mode
OPAMP: normal power mode with gain = 2
DMA: circular mode - DMA half transfer IT handled by CPU

gmented



@ PGA Hands On

Lab steps 2 of 2

- Step 2:
DAC: normal power mode
OPAMP: normal power mode
- gain is changed from 2 to 4 or from 4 to 2
DMA: circular mode - DMA half transfer IT handled by CPU

We will use the built in Logic Analyzer today instead of an o’scope on the DACs
and Op Amps.
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T STM32CubeMX Properties

Seourty Detals Previous Versions.
General Shorteut Compatibiity
m STM32CubeMX
Tammettype:  Application
Target location: STMIZCubsMX
Targst: [ M32C0be\ STMI2CUbeMX\STMIZCube MK 2xe” |
Statin: |"C,\ngfam Fll\STMmda!mrﬂm'\STMm|
Shortcut key- |Nnne |
Run: [ Mol window =
Comment:  |STM3ZCUbeMXx 530 |
| Openfielocation | | Changeleon. | | Advanced . |
| ok || Coneel

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Pywer... F':'}L_

STM32CubeMX

STM32CubeMx

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

seProgramimer

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD

STM32TrustedPackageCrea...



STM32CubeMx

Splash Page — G4 Library Installed?

[ STM32CubeMX Untitled

i @

Diihahfy File Window Help

m Embedded Software Packages Manager

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than ons hour ago.

Manage software installations
e MCU Fackiages

Dezcription

Insta fion
|

Check for STM32CubeiMX and embedded sofiware packa.
| STM32F7 )
CHECKIFOR URDATES
| > STM32G0
Install or remove embedded software packa
|¥  STM32G4 I I I R
nstall/Remove
: STM32Cuba MCU Package for STM32G4 Series 140 11.0
: STM32Cubs MCU Packaga for STM32G4 Series 1.01 104

Detalls

New multicore STM32MP1 Series
for Industrial and loT applications
AN
f \
(£

OpenSTLinux "l
|

From Lacal Fram Ut Rafrash Install Mow Remave hlow

Kys |
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STM32CubeMx

Splash Page

[ STM32CubeMX Untitled | - o e ‘

L L] "
i @ -
CubeMX Flie FI Ie_) Load PrOJeCt m Load Project x
LoakIn || OPAMP_PGA v| B o i B
Existing Projects New Project
EWARM
Inc
Recent Opened Projects
| need to : MDBK-ARM
ADC_GainCompensation. ioc m Src
- 1 15 ect fram MCU T
Last modified date - 15/07/2019 6:12:26 . e m @PNH"F’_F’E‘R*UC
ADC OffsetCompensation.ioc m R OISR
Last modified date - 22/08/2019 112741
Start My project from STBoard
Single_CCM_Boost_PFC_G4 i
o o ol m ACGESS TO BOARD SELECTOR
Last modified dale * 08/08/2019 8:56:30
Lennox_IHMOO3 ioc x| i it D File Nams  [OPAMP_PGA.ioc |
Last modified date - 27/08/2019 15:52:49
" - AGCESS T0 CROSS SELECTOR Files of Types |STI'v‘ISECuheM?~' project Files (Joc) W |
HG31.ioc m
Last modified date - 27/08/2019 14:fﬁ:b§ - E
Open Cancal
Other Projects 2 ! . -

STM32MP1

\_Dietribution ./
il

Ly

Kys
. cugmecie C:\2019_STM32G4_Workshop\Labs\OpAmp




STM32CubeMx

Graphic Design Representation — Click on Analog>

[ STM32CubeMX DAC_DuaiConversionFromDMA joc: STM32G4TARET. - a x
ol
st @ File indow Hel fio x Ky
Cilbehix W i L 4 7

GENERATE CODE

DAC_DualConversionFromDMA.ioc - Pinout & Configuration

Project Manager

Pinout & Coenfiguration Clock Configuration

Additional Safwvare ~ Pinoul

@

va

System Core

>
Analog v

ADCY
\ ADCZ

J/'
\lAnanq >

;
E
a
@

SY5_ITCK-SWCLIC
SY5_ITHS-SADIO

STM32G474RETx
LOFPE4
OPAMPE

Timers >
Connectivity > -1
Multimedia > e g

U‘ D‘

- T
Security > 33
Computing >
Middlewara b

o A L

Uilties > & HEh s} al Ql

life.augmented



STM32CubeMx

DAC1 (PA4), Timer 2, Op Amp 3 (PBH1

[ STM32CubeMX OPAMP_PGA joc: STM32G474RETx - 8 X
-
smz @ i _).< L
e File Window Help H - ’ Y/

OPAMP_PGA.ioc ENERATE CODE

out & Configur:

Pinout & Configuration Clock Configuration Project Manager

Addifianal Saftware v Pinoul
DAC1 Made and Configuration N £ Pinoutview = Systam view
System Gore 5 OUT1 mode [Connected to extemal pin-and to-an chip-penpharals v]
) ©UT2 ode [Disable v 2 g §
Hnalog - [ External Trigger E 24
ADCT E 5 ;
\ ADC2
ADC3
ADCA
ADCS
@ COMP1
COMP2 Configuration
ggmgj 1 Corfigutation
COMPS Parafmeter Setting
COMPS
D C COMPT [Configure the beiow. |
DAC] T s 5
a o o) )
A 1 DA A[Searun (G| L]
DAG3 + DAC Out? Settings
DACA Output Buffer Enable
OPAMPY DAC High Frequency Mode Automatic
O pAm p3 CPAIP2 DA Doutie Data Disae
WF Signed Farmat Disable ] ] STM32GAT4RETX
OPAMPA Trigger Timer 2 Triggar Out event I I m e r : 2 I rl e r Vo ey
" giimgz Trigger2 Nane
Wave ganeration mode Disabled -
User Trimming Factory trimming
- Sample And Hold Sampleandhold Disable
imers 4
Connectivity > =
£ &
Multimedia > g =
k! -
Secuity > 2 H
&
Computing >
, Middleware >
Q O R oo C —

Utilities > oo




@ STM32CubeMx

DAC3_OUT2 - Op Amp 3 — ADC3

oo B
B o
o 2
o g




©

DAC3_OUT2 - Op Amp 3 — ADC3

STM32CubeMx

OpAmp3>

=N

>

g ADC3



STM32CubeMx

DACS3 — QOutput, Trigger

DAL3 Mode and Canfigurg

[ OUTT Cannected to o chip-penpherals anly

OUT2 Connected to on

OUT2 Connected to an chip-pengherals anly

Analog ‘~' . .
y [ Extemal Trigger chip peripherals only

L ADCH
ADC2
ADCE Configuration
ADCSH Lonhg o
COMP1 Resat Canfiguration
CONP2
COMP3 & Falametar Sattjrgs
COMP4 ;

|

COMPE IConfigure the below paramelers -
cower @ Sewen (G55 |

v DAC ~ DAC QuiZ Settings
DAC? Output Buffer Disable

D ACB DACS DAC Hiah Frequency Mods Automatic

DAC4 DMA Double Data Disable
CPAMP1 Signad Format Disable
OI_:"AMPZ Trigger Timer 2 Tngger Out event

v G Trigger? None
OPAMP4 &

Wave generation mode Disabled
OPAMPS . ;
‘ OPAMPS User Trimming Factory timming
” Sample And Hold Sampleandhold Disable

life.augmented



Op Amp 3 - Mode

STM32CubeMx

Q|

Analog

ADCH

L ADC2

Al

ADCA
ADCE
COMPA
COMP2
COMP3
COMP4
COMPS
COMPs
COMPT

DACZ
DAC4
CPAMPA
OPAMP2

Lys

life.augmented

OpAmp3

OPAMPZ Mode and Configu
Made

Muode ||'-"GA Not Connected-DAC3_OUT2-NP

o

Swrtching On Inverting

i1 I reerling

[ Timer Contolled Mux Mod

npins

Cisabls

Figle T

EIE ';i!_'l'l'—

i

' Kunﬁgura the below parametars

Configuration

® GFIO :;'-'eti|||-:'|:5.

afs= Care) |

~ Basic Parametars
Fower Maode
PGA Gain
User Tnmming

Mormal
2or-1
Disable

PGA Not
Connected —
DAC3 OUT2-INP
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ADC3

I

STM32CubeMx

Op Amp 3 - Mode

ADC3 Mode and Canfiguration

Configuration

VOPAMP3
Channel

S IGE v [ Vrafint Channel
¥ VOPANP3 Channel
DA
GPIO Conversion Triggar [Disable
IWOG -
NVIC
WWDG I 14
Analog ~ dl—aii AN T
= ~ ADCs_Commaon_Skttings
ADC1 Mode
. ADC2  ADC_Settings
Clack Prescaler
ADC4 Resolution
ADCS Data Alignment
COMP1 Gain Compensalion
comP2 Scan Conversion Mode
coMmP3 End Of Conversion Selection
ggm'zg Low Power Auto \Wait
COMPE Continuous Conversion Mode
COMPT Discontinuous Conversion Maode
v DAC DMA Continuous Requests
DALC?2 Overrun behaviour
o GACA ~ ADC_Regular ConversionMade’
DACY Enable Regular Conversions
OPAMP1 Enable Regular Dversampling
DP_AM'_:Z Number Of Conversion
Y OPA - . Extemnal Tnjgger Cnnve(sm Source
oral Fal I I n g External Tngger Conversion Edge
. OPA Rank
Channel
‘ Sampling Time

Independent mada

Asynchronous clock mods divded by 1
ADC 12-bit resolution
Right alignment

0

Disabled

End of single conversion
Disabled

Disabled

Disabled

Disabled

Overrun data overwritten

Enable

Disable

1

Timer 2 Trigger Out avent

Trigger detection on the falling edge
1

Channel Vopampd

125 Cycles

Over run data
overwritten




STM32CubeMx
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life.augmented

Project Manager — Keil MDK-ARM V5

[ sTM32CubeMX OPAMP_PGA.ioc: STM32G474RETx

s @ File

Pinout & Configuration

Clock Configuration

Window Help

GENERATE CODE

Project Manager

Project Settings

Praject Name

{oPavP FTA

Praject Location

fery blauseNSTM32CubeiReposion\STM32Cube FW_G4 V1.1.0\Projects\B-G474E-DPOW T1'\Examples\DPAM P|

Application Structurs

|E|am.r

| [l Co not generate the main()

Toslchain Faldar Location

032Cube\Repositorny\STM32Cube_FW_G4_V1.1.0\rojects\B-G4 JJf-DPOW 1 Examples\OPAMPIOPAME_PGAI|

Cuode Ceneratol
Toolchain /|3E

MoK ARM V5

|
’<MDK-ARM V5

Linker Settings
Minimum Heap Size

Minimum Stack Size

lox200

400

Meu and Firmware Package
Mcu Refarence

[5TM32GATARETx

SRS R




STM32CubeMx

FILE->SAVE PROJECT

[0 STM22CubeMX OPAMP_PGAioc: STMI2G474RETx m] x

| Load Project ...tk

Save Project
F'ru;.ect SemH| Save Proj Save the cument P,
Project am Close Projec
OPAMP PG Generate Report CiriR |

| R 1
Project Loca Recent Projects >
fety blauseriS Exit cr 32Cube FW_G4 V1 1.0Projects\B-G474E-DPOW\Examples\OPAMP|

Application Structurs

‘52"3\? | [Tl Da not generate the main()

Tuoelchain Folder Lacation
h3ECube'\Repnslmry\STM 32Cuba_FW_(G4 V1.1.0\Projects'\B-GAT4E-DPDW1 \Examples\OPAMPIOPAME_PGA)

Code Geheratol
Toolchan / IDE
MOK-ARM V5 v | [ElGenerate Under Roa

« Linker Settings
Minimum Heap Size [0x200 |
Minimum Stack Size 400

Meu and Firmwara Package
Mcu Reference
[BTMI2G4T4RETx

Lys
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STM32CubeMx

Generate Code—Open Project

[ STM32CubeMX OPAMP_PGAioc STM32GATARETx

™
st @ i
CubeX Fike

Home ST S4TARETx OPAMP_PGA.ioc - Project Manager
Pinout & Configuration Clock Configuration

Project Settings

=

3

Window Help sy

=

Project Manager

m| X

Loy x 4/

GENERATE CODE

Project Name

[oPaMP_PGA

m Code Generation

Drosact Location

pan Faldar

Cipen Projsct

Lys

life.augmented

0 The:Code s successfully generated under C:/Users/|effery blauser/STM3IZCubeRepository/STM3Z2Cube: FW_G4 V1 1.0/Projects/B-G4TAE-DPOW T Examples/OPAMP/OPAMP_PGA

s

‘ |IIV|DK-ARM Vb

/\

 Lintker Settings

Minimum Heap Size [ax200 |

- Mimimum Stack Size 400
Advanced Seltings _—

Meu and Firmware Packags

Mcu Reference

ETM32G4TARETx
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File Edit View Project Flash Debug Peripherals

Keill MDK-AR

Keil Start up page

C\Users\jeffery blauser\STM32Cube\Repository\STM32Cube_ FW_G4_V1.1.0\Projects\B-G474E-DPOW 1\ Examples\OPAMP\OPAMP_PGA\MDK-ARM\OPAMP_PGA.uvprojx - pVisian

Tools SVES  Window  Help

NBd# 4 ap|c|eppnn S it | M waitronac pawsla-leosa- B
e - B | omMpPea AR d |

i?ﬁ'rﬁj;e_ﬁ; L] »-‘7-_. = ~p .@- W —‘

=172 Project: OPAMP_PGA if (UserButtonStatus = 1)

=43 OPAMP_PGA
il [ Application/MDK-ARM
= 3 Application/User

& L main.c

L] stm3lgdes it

G L] stm3Zgdiec Ral msp.c
£ 5 Doc

1] readmebt

) 3 Drivers/BSP/STM326 40 Nug
il [ Drivers/STM32G4io HAL Drin
= 55 Drivers/CMSIS

i L] system_stm3Zgdie

& ciusis

4 | gl

project| @ sooks |- () Fusic |y =mp_|

~

i71
172
173 L

{
HAL Delay(200);
UserButtonStatus = 0;
/* Change the gain */
1f (nopamp3.Init.PgaGain = OPAMP BGA GAIN 2 OR_MINUS 1)
1
nopamp3.Init.PgaGain = OBAMP PGA GAIN 4 OR MINUS 3:
1
elze
1 - -
hopamp3. Init.PgaGain = OFAMP. PGA GAIN 2 OR MINUS 1;
¥
/* Bpdate OFAMP config */
/* Gain is changed on the fly */
1f(HAL OF != HAL OFEMP Init(&hopamp3))
1
Error_Handler():
)
)

/* USER CODE END WHILE */

/* USER CODE BEGINW 3 */
/* USER CODE END 3 */

& @brief System Clock Configuration
* @retval None
o

174 void SystemClock Config(void)

135t

RCC_OscInitTypeDef RCC OscInitStruct = ([0}
RCC ClkInitTypeDef RCC ClkInitStruct = (0}

/** Confiqure the main internal regqulatcr oucput voltage

'

HAL. FWREx ControlVoltageScaling {FWR REGULATOR VOLTAGE SCALEL BOOST);
f** Initializes the CPFU, AHB and AFB busses clocks

o

RCC_OscInitStruct. OscillatorType = RCC_OSmTGRmE_Bﬂ t
RCC_OscInitStruct.HS5IState = RCC _HSI ON,
RCC_OscInitStruct.HSICalibrationValue = RCC__BSICBLIBER‘LIOK_DF_FEELT':_
RCC_OscInitStruct.PLL.PLLState = RCC_PLL _OH:

ol e




=

Keill MDK-AR

Delete Drivers Folder

= ¢ Drivers/BSP/STM32G4ec Nucleo #—!
il stm32gdie nucleo.c A% 'Options for Group ‘Drivers/BSP/STM32G4xx_Nudea'.., Al=FT
. : CMsiS Add New [tem to Group Drivers/BSP/STM32G4i0x Nudleo'..,
I3 ) L o
- i Cﬂmﬁh_r Add Existing Files to Group 'Drivers/BSP/STM32G 40 Nuclea’,
] ﬁ EventRecorder.c (Event Recorde. ——— — — :
@ retarget_io.c ([/0:STDOUT] HamoeGlouy BIVEIVIER MG Notte s IYHic
] EventRecorderConf.h (Event Re "Open Build Log

e

Rebuild all target files.
Build Target i

dh ‘Manage Project items...

'V | Show Inciude Fite Bependencies

Lys
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Application/User folder stm32g4xx_nucleo.c from SRC folder - CLOSE

=

BRI T

=[5 Application/Ussr I

= _ _ - B E Add Files to Group 'Application/User’ b4
@ ] mainc A~ Optionsfor Group ‘Application/User.. Aft=F7 —
& B " -Lmkt"ll;l Src :J - CF
d L] stm3lgde  agy pew Item to Group Application/User’.. = B
B L stm32ghal T o paisting Files 0 Group ‘Appliationisertic ipae D= e "
ml L Doc ' T TR T - | maine 0/24/2079 6:00 PM
l;l 55 D : Remove Group ‘Application/User and its Flles T a3 bl isgic R———
“t . :
=[5 Drivers/CMSI¢  Open Build Log [ stm32gdnc ite 9/24/2018 §:09 PM
i 2 i T | L i 4
@ ] system st (5] Rebuild sll target files E %Eff:;g;:; m?:j::fm
= i - - o LR f o L
& cmsis LE] Build Target 7 s .
ok 2 Compiler D o t,
&Y Manage Project ttems... . Flerame:  [sm3Zgde_nudeoc Add
|_f_| Show Intlude File Dependencies Flesof type:  |C Source fis (".c) -] Close

M 147 | B5E 1ED

Lys
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Check the Device Pack

C:.l.lsaz-ﬁffflu BlavisenSTMILCube' Eepostan\STMEZCube FW G V1 IWProjectn B-GIE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E&ﬂ@ﬁ'ﬂ:l]ﬁ|AﬂEEamCumpematrun|_J$|ﬁ%*ﬁ?@|
ﬁﬂ ]_'Im| N
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G4 Device Pack

Keill MDK-AR

ol e

Exit

<
Action ;?. left): Update Pack descriptions,

0., CO/ Cmsis_pack/Tepo/NEP LPCS4102_DFR.pdse

8 Pack Installer - m:\Keil_vSVARMIPACK — [m] b4
File Packs Window Help
| Device: STMicroelectronics - STM325474
bl | Bl | b
- X Pack | Action E)gscﬂpﬁonﬂ [
Summary = Device Specific [1Pack |sTME2 -
% @ Silicon Labs 906 Devices =l | = © Untodse | Kell -STM32G4XX DFP
@ ¥ Sinowealth 1 Device - Generic 40 Packs " —
E® SONK 50 Devices ® AlibabaAliOSThings |« (nstall A0S Thing  [Frere paer
g @ mﬂnelm[ﬂ,‘;ﬁ 1284 Devices 0 ARMEAMP __@ I_n_rtzll Software comNgnents far inter processor communication (Asymmetric MHMJ”
51 %2 STBIueNRG Series + Dewice # - ARMICMSIS Up ta date | CMSIS (Cortex Microcontroller Software Interface Standard)
& “W"i STBlueNRG-1 Series T Device i+ ARM:CMSIS-Driver Up to det= || CMSIS Drivers for external devices
51 %2 STBIlueNRG-2 Series + Dewice # - ARM:CMSIS-Driver Va... | € Up to date || EMSIS-Driver Validation
i %% STMB2FD Series 117 Devices i ARM:CMSIS-FreeRTOS Up to dat= || Bundie of FreeRTOS for Cartex-M and Cortex-A
5398 STMIIF1 Seres 95 Devices ) -ARM:CMSIS-RTOS Val... | €8 Up to date || CMSIS-RTOS Validation
%% STMAZF2 Series 45 Devices & ARMembedClient | @ Instsl ARM mbed Client for Corter-M devices
& T ‘STM32F3 Series 30 Devices T ARM:mbedTLS @ _Install ARM mbed Cryptographic and SSL/TLS library for Cartex-M devices
1% STM32FA Series 205 Devices & ARMzminar & Instal mbed 05 Scheduler for Cortex-M devices
5198 STM3IF? Seres 115 Devices ) -ARMETFM 73'.3" > _Install Trusted Firmware-M (TF-M] is the reference implementation of Arm's Platfor
34 Devices 1* EmbeddedOffice::Flex... &2: Install Flexible Safety RTOS
118 Deevices ) Keil:ARM_Compiler g Upto dete || Keil ARM Compiler extensions for ARM Campiler 5 and ARM Compiler
m »tg STMI2G437 74 Devices # Keil:iMXFT 105 MWP :52 Inetall= MNXP .V BT 105x MDK-Middleware examples and CMSIS-Drivers
& A% STM3ZGA] 8 Devices P &) Keil:Jansson _@‘ Install Jansson is a C library for encading, decoding and manipulating JSON date
i #% STMI2GAT 17 Devices /I [ﬂ Keil:MDK-Middleware | Upto dete | Middleware for Keil MDK-Prefessional and MDK-Plus
& 4% STM3ZGATS 25 Devices & AwlPlwlP _@_‘ Install IwlP is a light-weight implementation of the TCP/IP protocol suite
4 STMIzGTA ST M 32 G 474 _ M MDK-Packs:8WS laT ... &‘2’ Install= SDK for connecting to AWS IoT from a device using embedded C
& 4% STM3z6A83 9 Divices [ & MDK-Packs:Azure_|oT _@_‘ Install= Microsoft Azure IoT SDKs and Libraries
) fE sTM3zG4ed O Defeee \ [ — M MDK-Packs:cJSON &‘2’ Install Ultrslightweight JSON parser in ANSI C
& 45 STM3ZGBK1 Y Disiices N & MDK-Packs:Google lo... _@_‘ Install= Gaogle Cloud loT Device Connector
H 9 STM32HT Series 22 Devices # MDK-Packs:laT_Socket &‘2’ Install Simple [P Socket (BSD like)
= STMEZL(!S;EWE. 152 Devices & MDK-Packslsmn _@_‘ Install Minimalistic ISON parser/ izerin € _|
& "ES’ STM32L1 Series 81 Devices _vl il ) MNK-PacksBahn MM |05 incall= Frhedded MOTT /7«4 Chenf lThrrh--c _bl—
iCannot download file hittpuYmclxprasso.nip.com/emsis_pack/rap o/NXP. LPGﬂmSMTDFdesc Ilegal MIME type ‘text/fitml' ~
icannot download file bittpu/melxpresso fxp.com/emsis_pack/rep o/NEP.LPCS4018_DFP.pdsc lllegal MIME type ‘textzhiml
\Carnot download file httpuimelixpresse,mip.comfemsis_pack/iep o/AXP.LPCI4101_DFP.pdse: lllagal MIME type texthtm!
v
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Check the Options
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

‘j;ﬁgﬁ| S -G T ih"‘:-|.__zEff-'ff-;
@*Eﬁﬂ@ﬁ't‘fljﬁ|AﬂEEamCumpematrun|_J$|ﬁ%*ﬁ?@|
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Keill MDK-AR

Clock speed and Debug

Options for Target 'OPAMP_PGA' b4
Device Tamel | Output | Lising | User | C/C+=| Asm | Linker | Debug | Utiites |
STMicroelectronics STM32GA74RET —c:& ‘ ' :
na] {M]—h}— IIT?"JT |Usedefmlt compiler version 5 :]
Opersiing system: | None = | il e Simion
System Viewer File: ¥ Uss MicroLIB T FigEadian
5T 47 4 svd J Floating Point Hardware:  |Single Precision |
[T Use Custom File
- Read/Crly Memory Aras - Read /Wit Memory Areas
defsult offchip  Statt Size Statup | | defaut offchip St Size Mol
r Row: | | ool Rawmt | | r
r  Rom2: | | e I~ RAMZ | | r
I Rom3: | | ™ ™ RAM3 | | I
# [ROM1: |(xBOODD0  |0:80000 w W IRAMT. 020000000 [Bx20000 r
™ iRoMZ: | | © I IRamz. | | r

life.augmented
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ST-Link Debugger - Settings

Options for Target 'OPAMP_PGA' *

=

Device | Target | Output | Listing | User | C/C++ | Asm | Linker Debug | Utiies |

7 Use Smulstor  with restnclions Settings. I " Use: |ST—T_frkDebugga’
r Lhniﬁpﬁ:dln Hﬂﬂl-'ﬂme
[V Load Application at Statup ¥ Rurita main() v Luaupm:é % ™ Run
Initialization File: Intialization Fle:
| J = | I
¥ Breakpoints [+ Toalbtix ¥ Breakpoints v Toolbox
W Watch Windows & Performance Analyzer [# Watch Windows
¥ Memory Display v System Viewer ¥ Memary Display v System Viswer
CPL DLL Parameter Driver DLL.  Parameter:
|5ARMCM3.DLL I-HEM'AF‘ “MPL ISARMCM&DLL |.4u|Pu
Diglog DLL:  Parameter: Dislog DLL:  Parameter
|D_(-:m:1u_ o4 IT{IM.DLL fpma
[T Wam i outdated Executable is loaded [ Wam f outdated Executable is loaded
Manage Component Viewer Descrption Fies .. |

‘W [ oKk | Cancel | Defats | Hep |

life.augmented
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ST-Link/V3 & TRACE

=

Cortex-M Target Driver Spup *
it TRACE |
— Debug Adapter & ce
ST-LINK/V3 > Unit: |SAREIT S x IDCODE | Device Name [ | o
V [ Shareable ST-Link SWDID|  2BAD1477  ARM CoreSight SW-DP (ARM Core Up |
0]
Serial Number: ﬂl
I 1e31375M % Automatic Detection ID CODE: I
Version: HW: |V3 FW: |V3-|3M2 € Manual Configuration Tz Meme |
[¥ Check version on start Add | Delete | Updatel IF: ler: | ap: [0
— Target Com
F‘ort:ISW 'I
Clock
’7F{eq:| 10 MHz Selec:ted:l 8 MHz
Performance Profile: IHigh Perf vI
— Debug
—Connect & Reset Options Cache Options Download Options
Connect: |under Reset v | Reset:|Atodetect ~ v| | | ¥ Cache Code [™ Verfy Code Download
¥ Resst after Connect [~ Stop after Reset ¥ Cache Memary [ Download to Aash
K 'l oK I Cancel Apply

life.augmented
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Kell

Core Clock & TRACE Enable

MDK-AR

=

&

Cortex-M Target Driver Setup

Debug Trace |Fiash Download | Pack |

> Core[]od(:l 170.000000 MHz

— Trace Port
| Serial Wire Output - UART/NRZ ~ |

SWO Clock Prescaler:l 15
¥ Autodetect

SWO Clock: I 11.333333 MHz

TRACE Enable

— Trace Events
1 'I [ CPI: Cycles per Instruction

¥ Trace Enable
— Timestamps

¥ Enable Prescaler:
— PC Sampling

[~ EXC: Exception overhead

[ SLEEF: Sleep Cycles

Prescater: 102416 =] | | [~ |51 Load Store Unt Cycles
[” Periodic F‘eriod:l <Disabled: [ FOLD: Folded Instructions
[ on Data R/W Sample

[~ EXCTRC: Exception Tracing

—ITM Stimulus Ports

/] Uncheck EXCTRC

E]| Port 24 23

Port 16 15 Port 8 7 Part 0

Privilege: I[hDDDDDDﬂB Port 31.24 |v

Enable: | (00002000 T T T T FTT I I I T r I FTTTrrrrd

Port 23.16 [~ Pott 15.8 [ Pot 7.0 [~

Uncheck all but 31 & 0

N

— Advanced settings

[ Owerwrite CYCCNT

[ lgnore packets with no SYNC

Apply
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ol e

Load

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
_‘lﬁgﬁ|i _lﬂ| ""|'|"|Fff??.'_'i1"7 == JE Js

© [F B . e
"Fri{fei:f ZX ﬁ H ]Jm [

i T T TR TR R -

Build Output

#eion X Contents mismatch at: 08001860H (Flash=38H Required=C5H)

Contents mismatch at: 0800182&l1H (Flash=46H Redgquired=FEH)
Contents mismatch at: 03001262H (Flash=FEH Reguired=38H)
Q Error: Ffa:Sh[;‘ﬂWl‘lh!&dfﬂ“E_l_i - “Cartex-mMa" Contents mismatch at: 080018e¢3H (Flash=F7H Regquired=00H)
Contents mismatch at: 0B001364H (Flash=BSH Regquired=&0H)

Contents mismatch at: 08300182&5H (Flash=FCH Redquired=&CH)
,’ Too many errors to display !

Error: Flash Download failed - ™"Cortex-M4™

life.augmented




&) Keil MDK-ARM
Options
Chllsziszefany blasen5TMIZCube Eeposton\ STMBZC Ul FW_G4 V1.1 WProjectn B-GI 5

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E:l] Ey &2 :‘i:l Jﬁ| ADEEamCumpematrun|_J$| & 'Q" & @|
Proje AEN ) manc

|—|mﬂ'l.lnrlﬂ-'|"‘-
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Keill MDK-AR

ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smmulstor  with metctions Seffings I ¥ Use
[ Limit Speedto Hlﬁl-'['ﬁrne
[V Load Appiication at Statup [ Runtamain() ¥ Lo dSetp W Run
| Af s ||]
- Restore Debug Session Seftings [~ Restore Debug Session Settings
[V Breakpoiris ¥ Toalbox v Breakpoirts ¥ Toolbex
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws

¥ Memory Display [ System Viewer

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

Manage Companent Viewer Desorption Fles . |

Cancel | Defauts |

ol e
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Keill MDK-AR

Flash Download — Add

Cortex-M Target Driver Setup

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
Lopn  © N ¥ Frogam
% Era rz v Verfy &art:l[h:ZCH]]]]]] Size: |0x1000
" Do e [ Resetand Run
— Programming Algaritt
Description | Device Size | Device Type | Address Range I
STM32G4xx 512 Single Flash B2k COn-chip Flash 08000000H - 0BO7FFFFH
Start:l Size:

Add I Femove |

o]

Cancel

Apply

ol e
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Keill MDK-AR

STM32G4xx 512 Dual Flash

Add Flash Programming Algerithm ot
Description | Flash Size | Device Type | Crigin | .-n.
STM32G4xx 512 Single Flash 512k On-chip Flash Device Family Package

STM3I2Gdo 512 Dual Fash 3 On-chip Flash Device Family Package

AMZ9 128 Flash 16M Ext. Flash 16bit  MDK Core

KaP5615UGA Dual Flash 64M Ext. Flash 32bit  MDK Core

LPC 184 3o MX25VB035F . am Ext. Flash SPI MDK Core

LPC18xx/ 43 S25FLO32Z 5P 4M Ext. Flash SPI MDK Core

LPC 180/ 430 S25FL0GL SP... am Ext. Flagh 5P| MDK Core

LPCAD /8 S25FL0O3Z SPIFI 4M Ext. Flagh 5P| MDK Core

LPCE460x MT250Q1L128 SPIFI 16M Ext. Flash SPI MDK Core

M29WE40FE Fagh am Ext. Flash 16bit MDK Core

MIMXET 105 EcoXiP Fash 4M Ext. Flagh 5P| MDK Core

RC28F640J3x Dual Hash 1EM Ext. Flash 32bit MDK Core

S25FL1285_WaC 1EM Ext. Flazh SPI MDK Core

S529GL064N Dual Fash 1EM Ext. Flash 32bit MDK Core

S29JL032H_BOT Rash 4M Ext. Flash 16bit MDK Core

SN M?H TNP Fash AM Fst Flash 1Rkt MK Cnirs i

Selected Flash Algorthm File:

m: Kl _v S ARMWP ACK Keil

TM3IZG4e_DFPY1.1. 0MCMSIS W Aash S TM32G 4w _512_Dual FLM

Add

Cancel

ol e
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Remove Single Flash

=

Cortex-M Target Driver Setup >

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
_Fi % FErase Sectors [V Verfy &art:lih:ZCH]]]]]] Size: 1000
(" Donot Frase [~ Reset and Run
| — Programming Algarithm
| Device Size | Device Type | Address Range

08000000H -

x 512 Single Flash 030
(:2000000H - 0807FFFFH

; On-chip Flash
512 Dual Flash

On-chip Aash

Start: I&D&]]IHII Size: |(= 00030000

Add Remaove I

<71 N
,’ > [ ok | Cancel Apply

life.augmented
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Place variable in the Analyzer — main.c about lines 235 & 240
s ) maine | ] resdmest

=i,

233% /* USER CODE BEGIN D&ACL Init Z */
Z34 H fv* DAC caiibration
. =238 | ey
50 236 if (HAL DACEx SelfCalibrate(ihdacl, &sConfig, DAC CHANNEL 1) != HAL OK)
287 H € Split Window harizantally
Z38 E::ro::_l_lﬁ.nd.le: '
E38 = ) Imsert =include file i
240 if (HAL DACEx# SelfCalibrace{fhdacl, L&Config, DAC CHANNE .
= - (HAL. 1 15 { . g /_\ | Togagle Header/Code File
) 242 Error Handler(): e —
253 3 Vi %
234 /* USER ©ODE END DACL Init 2 */ HVisian
245 CHrl+F10
0 2126 |
2a7 L Cannot add 'DAC_CHANMEL_1' to Logic Analyzer bt Fa
L A it Ctit=F3
249 * @prief TIMZ Imdtialization Fumorcy )
250 * Eparén Mone C_CHANNEL_1' Fiz
251 * @recvsl None 'DAC_CHANNEL_1' Ctrl=Num =
252 L ey _— B - o .
253 sStatic void MK TIMZ Tnit fvoid) Go To Previous Reference To "DAC_CHANNEL 1° Chri-Hum -
= fgg;EH | Add DAC_CHANNEL 1'to.. r Watch 1
fg:ﬁ o SO SR R e Y Insert Tracepaint at DAL CHANNEL 1. b it
258 /* USER CODE END TIMZ Init 0 */ Enable/Tisabie Tmcepaint Memory 1
255 - L ; - temory 2
260 | TIM ClockConfigTypeDef SClockSturceConfig = (0}: O (et enove BoouRME: SR e
261 TIM MasverConfigTypeDef sMascerConfig = (0}: 9 | Widi CtH=Z o
‘262 = Reda Q=Y Memaory 4
‘ Z€3 /* USER CODE BEGIN TIMZ Init 1 */ ' —
Z64 W At Q=X | Analyzer
liteaugmented 263 /* USER CODE END TIMZ Trit 1 */ 2y Copy s
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Debugger — Exit back to the Editor

=

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@m@a@-mwAmmmmmum5%¢ﬁ>@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vae @-|ec
= i
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STM32 G4 Keil MDK’AP

t4 /®* TUSER CODE BEGIN PV *f

55 /% Private wvariakles - ———————————————————————————
56 /* get to 1 after User push-button interrupt */
57  I0 uint3Z t UserButtonStatus = 0;

=8

28
60
6l

See C:\2019_STM32G4_Workshop\Labs\OPAMP
CodeLinesForOpAmp.txt if you prefer to copy and paste
Or open the file from the Doc folder in the Editor

=
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Add new lines in main.c about line 177

=

174 Error Handler():;

ISESE - }

176 | }

177 f* Display the global wvariables in the Logic Lnalyzer */f

178 Display DACIDCR1 = DAC1->DORL;

175 HAL Delay(l); FFP1l millisecond delay to transfer data to the PC
180 Display DAC3IDORZ = DAC3->DORL1:

181 HAL Delay(l): FF1 millisecond delay to transfer data to the PC
182 Display ADC3IIN1 = ADC3->DE;

183 HAL Delay(l): FFl millisecond delay to transfer data to the PC
184 | }

185 f* USER CODE END WHILE */

See C:\2019_STM32G4_Workshop\Labs\OPAMP
CodeLinesForOpAmp.txt if you prefer to copy and paste
Or open the file from the Doc folder in the Editor

Kys P
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Build

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
ﬁﬁﬂﬁ|i-;lﬁ|'l -"-|*l--|\‘f:?.ff.1*= I s
& e s %&@@i
F"j‘%f'_l‘f 2\ ]ﬂ:m | “

| =i M T TR R R -

Build Cutput

Program S5ize: Code=g65le RO-data=59%6 EW-data=44 ZI-data=l12&E8

FromELF: creating hex file...

DPﬁHP_PGARDPﬁHP_PGA.hex: Warning: Q9531W: Your license for feature EKeil will expire in 30 days
Finished: 0 information, 1 warning and 0 error messages.

‘ 'DPAHP_PGARDPAHP_PGA.axf' — 0 Errori(s), 0 Warning(s).
,l Build Time Elapsed: Qo:z0l:22

life.augmented
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@ Keil MDK-AF

Load

B Cillsersisffany Blavsen STMIZCube Bepositan\ STMBZCuke FW_G4 V1.1.0\Prajects B-G4T
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

Asde[iaa[ocjejrnnnEren

L] Hﬂnﬂt|

Build Output

Build Time Elapsed: 00:01:22
Load "CPAZMP PGA\\OPRMF PGL.axf"
Erase Done.

Programming Done.

‘,’ Verify OH.
erit, Flash Load finished at 17:34:57
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=

Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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Find the 3 Display_xxx about main.c line 61 — right click on each — add to Analyzer

A-B--E2H-H '_ Split Window horizontally
Imsert Finclude Tile” 3 I
Signal Info | Ampli
Toggle Header/Code File: . :
Toggle Header/Code &WCHI_C :
GoTa Definitian OFf 'Display_DACIDORY Fzof I
G.o-.‘EpIglm-ﬂd:r_ms:fﬁ}'ﬁ}splayii)ﬂt,‘lﬂdﬂi' Ctrt= Num = E l‘ll“ll
Go Ta Previous Reference To ‘Display-DACIDORT Ctil«Num - \ :
T [
Add ‘Display_DACTDORT ta... r Watch 1
Insert Tratepoint &t "Display. DPACIDORY .. b Watch2
Enable/Disable Tracepaint Ntemary 1
Insert/Remaove Bookmark Cirl+F2 Memon/2
. o . Memary 3
| , o 7 =) Unde Cirl= 4
‘ @Dlaa'ﬁ:-.uhl'f | 8 Logic Aralyzer ES}'atun:lmi = Memioga
S — Z Redi ctr=y
L) e | ] stszgamchate L SR o Gr-x [Anayzen
50 DMA HandleTypeDef hdm_a:j 28 Erp G
5L 3 -
52 OPAME HandleTypeDef hopan ah Paste Ctri+V
53 Select All Cri=A
54 TIM HandleTypeDef htim2;
55 Execution Prafiling b
56 /* USER CODE BEGIN BV *f =
57 /* Brivate variahles ———- Cutlining 2 S
53 82t ©o 1 after Ussrx p'J: Advancad »
59 _ IO uinc32 t UserButtong =
&0 - _ || ¥ | Hexadecimal Display [radix=16]
€1 uintlé © Display DACIDOHw—
, ’ €2 wuintlé t Display DAC3DORZ;
63 uintl6é t Display ADC3THI:
life.augmented 64
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Setup Logic Analyzer

|Current Logic Analyzer Signals:

Keill MDK-AR

Setup — Min=0x0, Max = 0x3FF for DACs, then Min=0x0, Max = OxFFF for ADC - Close

Setup Logic Analyzer

=

Display DACI1DOR1
Display_DAC3DOR2

Display_ADC3IN1

|Eurrent Logic Analyzer Signals:

Setup Logic Analyzer

Display DAC1DOR1
Display DAC3DOR2
Display_ADC3IN1

|Current Logic Analyzer Signals:

Display_DAC1DOR1
Display DAC3DOR2
Display ADC3IN1

£ > £ > £ >
— Signal Display Display Range — Signal Display Display Range — Signal Display Display Range
Display Type: m Max: IF Display Type: m Maix: IF Display Type: m Max: IF
Color: E'E Min: I[h:ﬂ— Color: E Min: Iﬂtﬂ— Color: E'E Min: I[h:ﬂ—
[ Hexadecimal Display /¥ [ Hexadecimal Display [ Hexadecimal Display /¥
— Display Formula (Signal & Mask) >> Shit —————Z_ — Display Formula {Signal & Mask) > Shift L — Digplay Formula (Signal & Mask) =2 Shift 4
And Mask:  [300000000  ShiftRight: [0 | [ And Mask:  [0:00000000  Shift Right: [0 | [ AndMask:  [O«FFFFFFFF  ShitRight: [0 |
— Export / Import — Export / Impaort — Export / Import
Expart Signal Definitions. . I Impart Signal Definitions. . | Export Signal Definitions .. |
[” Delete actual Signals

kAl [[ Cose | [ Hep |

Import Signal Definitions. . |

[” Delete actual Signals

Expart Signal Definitions. . I

Impart Signal Definitions. . |

'\ [” Delete actual Signals

kA | Cose | Help

Close/} e |
1

| 4

Help
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@ Keil MDK-AF

RUN

E Crills=rsi=fany Blaussn S5 T2 2Cu
File Edit View Project Flash

rrrreri’
e

u




Keill MDK-AR

=

RUN

Logic Anatyzer
[Setup.[[load.. || MinTime  MacTime God |

ZLoom
Save.| | 0s [ 26075 [05s [W]ouA]

Update Screen Transton | Jumpto |9 Signalifo [ Ampitude [V Timestamos Ensble

Wi/ Wse t een| Transitior
[ | G| [P [ [T S Gyces ' Cotor

o o]

i

1023

Display_DACIDOR1

Display_DACIDOR2
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STM32G4 mixed-signal
MCU workshop

Hands On:
CORDIC Hardware Accelerator

STM32 G4
‘ ’ ’ life.augmented




&) CORDIC: Main features

« 24-bit CORDIC rotation engine

» Trigonometric and Hyperbolic functions

Circular and Hyperbolic modes

Rotation and Vectoring modes

Programmable precision

Low latency AHB slave interface

DMA read and write channels

gmented



@ Cordic: Main features

+ Supported functions:
» Sine, Cosine: Vector rotation (polar to rectangular)
» Arctangent, Modulus: Vector translation (rectangular to polar)
» Hyperbolic cosine
» Hyperbolic sine
» Hyperbolic tangent
* Natural logarithm
» Square root

* Fixed point signed input and output
* Q1.31 or Q1.15 format

- Performance improvement relative to software
"— » Sine and Cosine functions are typically 5x faster than software execution

fe.augmented



@ CORDIC - Precision

* Precision is dependent on number of iterations

Number of | Number
iteration

Max residual error

s e
4 1 e 27
8 2 77 27
Sin, Cos, Phase, 12 3 2" 2"
Mod, Atan 16 4 2 27
20 5 2 18 2-16
24 6 28 27



&

COR

Number of | Number

DIC - Precision

Max residual error

~ Maxresidualerror
g1.31 format | q1.15. format

Sinh, Cosh,
Atanh, Ln

Sqart

Lys
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WN -0 Ok, WM

2-2
2-6
2-10
2-13
2_17
2-18
2-?’
2-14
2-19

2-2



@ CORDIC accelerator

Obijective:

» To show how to configure the CORDIC accelerator.

 Calculate the SIN and COS of angles with 6 cycles of precision.

 Enable the Event Recorder to measure the time for the CORDIC and ARM
Math Library functions.

 Display CORDIC results in the Logic Analyzer.

Lys
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CORDIC configuration me

* Open CubeMX project “CORDIC_SinCos_ DMA_Pert.ioc” file
- \labs\Cordic\CORDIC_SinCos_ DMA_Perf

Matrie . Date modified Type Size

Orrvers 8284/ 2018457 P Filetolder

Inc BRSS9 822 UM File folder

MBE-ARM B/20/2078 53 AM File folder

Src 82872019 822 B File folder
| .mxproject BAAR/IORID PM MXPROUECT File T KB
[ CORDIC_SinCos DMA_Perf.ioc B/2/2018332AM  10C File 5 KB

Lys
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- Expand “Computing”
Category

- Select “CORDIC”
« CHECK “Activated”

Lys
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CORDIC configuration

[0 STM32CubeMX CORDIC_ SinCos_DMA Perf.ioc: STM22GATARE T

=
S"IIN kra .o File Window Heip

) CORDIC_SinCos_DMA_Perf.ioc - Pinout & Configuration >
Clock Configuration
Addtional Soltere

HC Mode and Corshguration

o]

System Core
Analog
Timsra
Consectty
Mulimizdia
Sacunty

Camguting

& Paratotor Settings | @

Middiewars

Uity Warning: This IF has no paramaters (o bo configared,

Project Manager

O Pinout vew

Syslim ew

L1
i
H

va




@ CORDIC configuration

- DMA Request is enabled
to transfer data in and out

elie 7 w*ﬁqﬂlmw
Of CORDIC CSFINC WRITE Memory To Penpheral
+ 32-bit Data Width (Word) pey—
Lyr



@ Additional Peripheral configuration

« JOYSTICK SEL: EXTI13 ¢ f il 5
$ POt aBLH B P : REEE

. : GPIO_Output - o
- PA15, PB1, PB5 and PB7 . e

» Serial Wire Debug with Trace (SWO): L =
- PA13, PA14 and PB3 -

LD3 [Ofangs Lad) ﬁ
(VESA
WREF+
VOO,
e
V5SS
VDD



@ Additional Peripheral configuration

L2 Mlede and Cordiguraiion
Sipvw Mode [Drabls -

« Timer 2: Debug Logic Analyzer

* Internal Clock Source = 170 MHz

» Counter Period = 17000

* 10 kHz timebase interrupt




Hands-On: CORDIC

 Validate “HCLK (MHz)” is set to 170

- T i T ¥

-IE::“-" hvirt

I:I| : -_ | e - 3 w§ 3 - i HELMH b BHS e, 0w
= ey aiad DO (MBEL

. E=
| p r ot Nk - Tu Corten Byshamm tormer [Miy)
L - > am f ll-l 118 |Fois Cores hoeh i

[ & ot
(=] | %, bEvm periharal thaihs (MHE)
-
T . Frans e
T ' T r!Il o 1y e} X1 IFB1w-I=h\|H¢;
| — — — — | SO

| i
ALCN e -
T gt 11 S XL ...I vy KPS perigiarE a8
o L Soure s | .__!'
B BC ) | R P
5 _ - rkdh T=%
la ':| 3 Lrped Bl Y et T i e AN s shmks L)
| o dd iy 1
';'I Ll i " 2 B
[u} >
| | - | ue [P,
i - 1 .___' —
L | | | . . | . ’ L |
- | = | e — e - .I -
g - .
= . ‘ L ]
- T RwE i o |
Ly — — -
- &

Lys
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@ Hands-On:; CORDIC

- Generate Code

/

- x|
v oy x &Gy

GENERATE CODE

Tools

* Open Project in MDK-ARM

|
‘ o The Cods s successiully gunprated under COSTASTRMI2GU seminarnbe/C ondi =
|




Hands-On:; CORDIC

aAnglesCordic - Array of angles for CORDIC Q1.31 format (Line 57)

56 /* Array of angles for CORDIC Ql.31 format, regularly incremented from O to Z%pi */
57 static int32_t alnglesCordic[ARRAY SIZE] =

58 {
59 Ox00000000, Ox04000000, Ox08000000, O0x0CO0Q0000,

aAnglesLib — Array of angles for ARM Math library (Line 78)

77 /* Array of angles for arm math library Q1.31 format, regularly incremented from O to Z%pi */
78 static int32_t alAnglesLib[ARRAY SIZE] =

78
80 Ox00000000, 0x02000000, 0x04000000, O0x06000000,

aRefSin & aRefCos — Array of Sin & Cos result reference (Line 99 & 120)

88 /* Array of reference sines in Q1.31 format =/ 118 /# Array of reference cosines in Ql.31 format */
99 static int32 t aRefSin[ARRAY SIZE] = 120 static int32_t aRefCos[ARRAY S5IZE] =

100 6 - - 121 51

lDlL|:-| 0x00000000, OxOCSBD3SE, Ox18FE8BE3C, Ox25280CSD, 12?-I]:_| 0x80000000, OxTF62368F, Ox7TDSASF3F, OxTATDOSSBE,

aResults — Array of calculation results (Line 142)

140 H/* Array of calculation results in Q1.31 format.
141 Will contain alternatively Sine and Cosine of inmput angles =/
142 static int32_t aResults[2 * ARRAY S5IZE];

Lys
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CORDIC configuration

- Sine calculation function (Line 219)

* 6 cycles of precision (Line 220)
217 /* USER CODE BEGIN 2 */
218 JS*%#%#-2- Configure the CORDIC perlpueral FEEFEEEEEEEEE RS

. 219 sCordicConfig.Function CORDIC FUNCTION SINE:

° NO Scallng (Line 221) 220 sCordicConfig.Precision = CORDIC PRECISION 6CYCLES;
221 sCordicConfig.Scale = CORDIC SCALE 0:
222 sCordicConfig.NbWrite = CORDIC_NBWRITE_ 1:

. 223 sCordicConfig.NbRead = CORDIC NEREAD 2;
¢ One |nput angle data (Line 222) 224 sCordicConfig.InSize = CORDIC_INSIZE 32BITS;
. _ 225 CordicConfig.OutSi = CORDIC OUTSIZE 32BITS;
- Q1.31 format for input data (Line 224) SroreReiantRg.TaEetes - -
[ J

Two output data (Sine and Cosine) (Line 223)
- Q1.31 format for input data (Line 225)

Lys
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CORDIC configuration

226 || (3R 3Y Celculavion using CORDIC B IINiisaisssy/

@ Step - O 247 case

24_5 for {nime32 ¢ i = &7 1 < LOOP NB: i4)
- Calculation made with CORDIC f;ga ¢
23% {* Start calculstion of sincs in DMA mode ®

. .
Slmple Ca” tO ESZE if QHAL CORDIC Calculate [MA|(sihcordic, alngleaCordic, aRegults,

25 ARRRY SEZE, CORDIC DMA DIR IN OUT)| != HRL O
HAL_CORDIC_Calculate_DMA = SR L Bl )

255 /* Brow

25E Error

237 }

258

272 S Ceiculacion usine ammomath library HEEEHEHEHEHHS/
273 cass L:
¢ Step = 1 274 for fii_i_ntSZ_t i= G; 1 < EODB NB: 1+$)
_ _ . 2751 (
+Calculation made with ARM Math library 278
277 G‘:: {uint32 £ 3 = G; 3 < ARRAY SIZE; 3++) )
+ Lines 277 through 283 are called to 278 i {
279 /* Calcunlate sine */
aRegult=s[2*3] = arm sin g3l (afnglesTib{3});

perform same CORDIC operation 3:2
282 /" Calcmlate coains Y/
283 aResults[(2*3) + L] = arm gos. g3l (aRknglesLib{3l]):

284 ( )

285 |

Lys
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Enable Debug Trace

Yisw Pf'j_:jf-l_:t Flash Debug Peripherals Tools S5V0S Winds

= | Mew |Wision Praject.,
“ . A Mew Multi-Projec Waorkspace..,
Open “Options for Target Gpen Broject..
‘CORDIC_SinCos_DMA_Perf’  joecor  “osfroee
..., window. CORDIC,  Export
Appl Manage

aefect Dienes Tor Iarget. ..

El

Rembyes ltem

| aﬁ{ Options for Target 'CORDIC_SinCos_DMA_Perf".,

#|
i B

Switch to “Debug” tab

Jptions for Target 'CORDIC_Sin

Click *Settings” DUNON T et ams e L sin | b s ot
" Use Simulator  with restactions Settings ‘ * lse: ]SW‘ Settings !l

[T Umit Speed to Feal-Time

¥ Load Application al Startup V¥ Burtomainf) ‘ W' Load Application at Startup V' Ruri to main



Enable Debug Trace

Cortex-M Target Driver Setup X

SR - S

Core Clock: | 170.000000 MHz ¥ Trace Ensble

Y [ iece T _Jy | Timestamps Trace Events
/ [Seral Wire Outpt - UART/J#P - | | | ¥ Enable  Prescaler [T w| | | I CPL:Cycles per instruction
- Set “Core Clock” = 170 SWO Gk — || T BXC Bceston overread

: I~ SLEEP: Slesp Cycles
M HZ WV Autodetect Prescaler [1024°16 « ™ L5U: Load Store Unit Cycles

_ 11.333333 MHz [~ Periodc Perod: | <Disabled> | | [~ FOLD: Folded Instructions

/ ™ on Data R/AW Sample ¥ EXCTRC: Exception Tracing
- Click “Trace Enable” [

Pot 2423 Pot 1615 Por 8 7  Pord b
Enable: [IxFFFFFFFF FWWFFTF Wiviviviviviviv viviviviviviviv VIviviviviviviv

check box Priviege: [(x00000008 Pot31.24 W Por23.16 Pot 15.8 [ Pot 7.0 [
~Advanced seitings -

[ Ignore packets with no SYNC
[~ Overwnite CYCCNT

- Switch to “Trace

WO Clock:

IS7;

life.augmented



Enable Debug Trace

Cortex-M Target Driver Setup x
Debug Trace IFIash Downloadl Pack I
. “ .
¢ D|Sab|e Execeptlon Core Clodc:l 170000000 MHz ¥ Trace Enable
I » \ — Trace Port — Timestamps ~ Trace Events ——————————
TraCI ng wlyire Output - UART/NRZ ﬂ ¥ Enable Prescaler: I'I 'l [™ CPI: Cycles per Instruction
° UnCheCk BOX SWO Clock Prescaler:

[~ EXC: Exception overhead
— PC Sampling

[~ SLEEP: Sleep Cycles
Prescaler: [1024'16 | [~ LSU: Load Store Unit Cycles
[ Periodic PormmrgDi = T H S PR R .

[~ EXCTRC: Exception Tracing

¥ Atodstect |

SWO Clock:l 11.333333 MHz

[~ on Data R/W Sample

—ITM Stimulus Ports

k) Port 24 23 Port 16 15 Port g 7 Port 0
. EnabIE:lﬂxHHHH Irrardrardrdrd ralrarararara rard vl rara rara vl A
- Click “OK” to close Setup ~ Privilege: [0:00000008 Pot31.24 ¥ Pot23.16 [©  Pot15.8 I~
window

Port 7.0 ™
Advanced settings
lgnore packets with no SYNC
[~ OVewitg CYCCNT

Lys

0K I Cancel
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Apply




Expand “Compiler”

Enable Event Recorder

Click on Manage Run-Time Environment " [T % Wanage Run Time Environment

(&) @&

Select Software Components for the
project

Enable “Event Recorder”

Manage Run-Time Enviranment

Check Box

Click “OK”

Lys
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Software Companent Sel. Variant Version  Description
w € Board Support | STM32G474E-EVAL | 1,00 'STMicraelectror
i CMSI5 | I Cortex Mrcmcu
& @ CMSIS Driver I I | Unified Device [
=% Compier ARV Compier |10 | Complls e
¥ Event Recorder —_— @ :DAP 1.4.0 | Event Recarding
a- e ~ | esesioow
i Q Cevice ETM}ECubEMK | 1.0.0 _F'r:rLEhEraF CFG
@ File Systemn MDK-Plus V16110 | FileAccessonv
w Graph:cs MD‘[{ -Plus ;':5455 UseE Interface o
it ‘0' Metwark ME}K Plus iv TG [Pwd orkine
= Uss 'MBK Bins ;:_}EH{! "I U8B Communic




Enable Event Recorder

. ) i = i Application/User
* Open “main.c” under Application/User folder il L] maine

24 /* Private includes --—————————-————————-

. 25 J* USER CCDE BEGIN Includes */f
¢ Llne 27 Add (uncomment) 26 #include <arm math.h>
. “ 27 #include "EventRecorder.h"
#include “EventRecorder.h 28 /* USER CODE END Includes */

* Line 191 & 192: Add (uncomment) 178 int main(void)

178 [-{
180 /* USER CODE BEGIN 1 */

EventReCOrderlnitialize(EventReCOrdA”, 1), 181 /% STM32Géxx HAL library inicializacion:

. 182 — Configure the Flash prefetch

EventRecorderStart()s 183 — Systick timer is configured by default as source of time bkase, but user
184 can eventually implement his proper time base source (a general purpose
185 timer for example or other time source), keeping in mind that Time base
186 duration should be kept lms since PPP TIMEQUT VRALUEs are defined and
187 handled in milliseconds basis.
188 - Set WNVIC Group Priority to 4
189 - Low Lewvel Initialization
190 “f
191 EventBecorderInitialize (EventRecordRll, 1):
192 EventBecorderStart ()

r 193 /* USER CODE END 1 =/

life.augmented



Enable Event Recorder

245 fiiidididiiiididd## Celculeticon using CORDIC $dissdidiisididissdisssc/
® dd 24T case O3
A (uncomment) Zag Tor {uime32 £ 1 = 07 1 < LOOF NB; 1++)
249 ] {
H . H . 250 £ Regord2 (0,4,1);
Llne 250' EventRecord2(05|’1 )’ 251_. }'?E:z'aifnca';;;;;lig of sines in OMA mode */
1 . 1 . 252 1T (HAL CORDIC Calculate DMA(fhcordic, aAnglegsiCordic, aResulgs,
Llne 258: EventRecordZ(O,l,Q), 253.£ ARPRAY SIZF, CORDIC DMA DIR IN QUT) != HAL OF)
254 [ [
255, [* Frocegsing Error ¢/
255 Error Handier();
25T - ¥
25z || EventRecords (3,1,2);
255
¢ Add (uncomment) z;g i.;ﬁ:*ﬁ######*# Calculation using arm math library ##F#F#Edsdess/
Line 276: EventRecord2(1,i,1); ol o (MIESEE R T r S ROOR SRS 1)
Line 285: EventRecord2(1,i,2); 276 EventRecord2 (1,1,1);
277 for (uint32 t j = 0; j < BARRAY SIZE; j++)
278 [ {
278 J* Calculate sine */
280 aResults[2*]j] = arm sin g3l (alnglesLib[j]):
281
282 /* Calculate cosine */
283 aResults[(2*]) + 1] = arm _cos_g3l (aknglesLib[j]):
284 | }
285 EventBRecord2(1,1i,2);
286 }

Lys
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» Click the “Build”

Hands-On: COR

, Build target files |~
2% R,

b

- “Start Debug” Session \

ar.\o XUl -y

| @) Start/Stop Debug Session (Ctil+F5)
Enter or leave a debug session

DIC  mm



Enable Logic Analyzer

* On line 152, Right mouse click on “aCalculatedSinOutput” variable

151 /* Logic Analyzer variables */

| 152 static int32 t aCalculatedSinCutput = 0; |
153 static int3Z2 t aClalculatedCosfutput = 0;
154 int32 t aResults ptr = 07

- Move mouse over “Add ‘aCalculatedSinOutput’ to...”

. 113 I Go To Previous Reference To aCalculatedSinQutput’ Ctrl=Num -
* Click on “Analyzer

Add ‘aCalculatedSinOutput to.. L Watch 1
Insert Tracepoint at "aCalculatedSinOutpist’,.. » Watch 2
Eriable/Disabie Tracepoint Memory 1

™ Insert/Remove Bookmark Ctri=F2 s
Undo Ciri=Z Memoiy3
Redo Chri=Y Memory 4
Cut Clri=X Analyzer

Lys
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Enable Logic Analyzer

* On line 153, Right mouse click on “aCalculatedCosOutput” variable

151 /% Logic Analyzer wvariables #/

152 static int32 t aCalculatedSinCutput = 0;
153 static int32 t aCalculatedCosCutput =
159 ints< T akesults ptr = U7

- Move mouse over “Add ‘aCalculatedCosOutput’ to...”

) B i Add 'dCaleulatedCosOutput’ to. L2 Wateh 1
¢ CI ICk On Analyzer inseriTracepointat aCalcpiatedCosOutput . ’ e
Enable/Disahle Tia=point Memary 1
T jnsert/Remove Bookmark Ctri=F2 MGy
€ Unde Ctri=Z i
Redo CrrE=Y nea g
h Cut CRit=N Analyzer

Lys
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View Event Recorder

Wiew Project Flash Debug Perj

. ’ II_iﬁ StatusBar
° G O to VI eW m e n U l Toalbars ]
EL?H Project Window

‘ Serial Windaws » rtﬁtl’c word MX DMA Indt|
J Analysis Windows 3 [fﬂj Logic Analyzer 1
i Trate F| E= Perfarmance Analyzst
13 . H b2
° SeleCt AnaIYSIS WIndOWS 3 System Viewer ¥| ¥ CuodeCoverate
‘:.g? Toalbox Window M system Analyzer
4|z| Perindic Window Update 1= Event Recorder
HI ITE | e Evﬂﬁsfﬂliﬁﬁﬁ
Ll L
13 b2
- Select “Event Recorder — G
Ensble [# o Mark lv| AllOperations || Stopped

Event Tirme (secl Component  Event Property Value

Lys

life.augmented



Run the Project

* “Run” the project

« Capture trace data — Ell & 00
* Press “JOYSTICK_SEL” triggers 5 | )] Run (F5)
“CORDIC” or “ARM Math library” or Start code execution

« Green Led blinking
- Fast blink (CORDIC used)
« Slow blink (ARM Math Lib. Used)

— I VA
- “Stop” the project execution —  stop

Stop code execution

Lys
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« CORDIC results

Logic Analyzer

Min Time Max Tlrne_ Grid Zoom MinsMax | Jump ta

ad .
[soe. || oS [Tao5m15s [ 2mm |-- --I--| e T

are shown in
Logic Analyzer

33




Events Captured
« Event Number
« Event Time Stamp
» Event Property

|ld = 0 (CORDIC)
Ild = 1 (ARM Math Library)

 Event Values

1st: Loop Number

Event R

\ecorder

« 2nd: Start(0x01) and End(0x02) of

Lys

life.augmented

array calculation

et Recrdr R
Enable [# W 7 Mark Ii All Operations LEJ Stopped- Missed 4523
Ewvent Time (s&c) Component  Event Property Value
41819 |1.44499562 id=0x0000 | 300003 1 AF, (00000002 -]
41820 14500605 id=0x0000 | Ox0D0031B0, (00000001
41821 |1445ma}? | id=0x0000 | 0%000031 B0, x00000002
41822 | 144502308 | id=0x0000 | OxDD0031B1,G+00000001T
41823 |14454329§5 | id=0x0000 | 0x00003 161, 0x00000002
41824 1:44503889 ' id=0x0000 ' DxD0003 1B2,0x00000001
T MEs | 144504672 | id=0x0000 | 0x000031B2,0x00000002
41826 144505666 id=0x0000 | OxDD003183, (00000001
41827 |1.44506340 | id=0x0000 | 0x00003163,0x00000002
41828 | 144507343 | id=0x0000 | Ox000031B4,x00000001T
41828 144508025 | id=0x0000 | 0x00003 1 B4, 0x00000002
41830 | 1:A4509020 ' id=0x0000 | DxDD0031B5,0x00000001
PTTEY |14451u&52 | id=0x0000 |0x00003185,0x00600002
41832 155492708 id=0x0000 | DxD00DOSTF, BxD000000T
Ca1e33 155403392 | id=0x0000 | 0x0000057F, 0x20000002

Execution Time
(measured values)

CORDIC
ARM Math Library

6.84 uS
42.24 pS

Theoretical Calculation:

64 Array Size

2 functions output: sin and cos

24Dbit precision: 6cycles

Expected time: 4.52us
=(1/170MHz)*64"2*6



CORDIC: Additional Notes

©

Use Cube Low Level driver to reduce HAL overhead

AN5325: Getting started with the CORDIC accelerator
using the STM32CubeG4 MCU Package

Keil Application Note 321: Event Recorder Debugging
with STM32G Cortex-M0O/MO+



STM32G4 mixed-signal
MCU workshop

Filter Math Acclerator (FMAC)
Overview

STM32 G4
‘ ’ ’ life.augmented




Filter Math Accelerator

G4 FMAC
« Multiplier (16x16) Internally connected to:
« Accumulator (24bit + 2bit) - DMA
« Address generation logic « AHB slave interface
 Input and Output Circular Buffers « NVIC

* FIR & IIR filters possible

» Dot product, convolution, correlation
» Does not stall the CPU

« 256 x 16bit local memory

 Built-in sequencer

» Runs at the System Clock speed



Filter Math Accelerator

G4 Adaptive FIR Filter
Figure 7. 531-tap FIR filter

x[n] p 7 | MO T L S ) p| 71 | X150
bI0] X b[1] b{2] 476&( b[49] —p-()i) b[50]
““““ +) +) vl

» FIR filter is a convolution of the signal with filter coefficients
« The number of coefficients determines the minimum notch size
‘7 « Calculating N coeffcients requires N*N operations

life.augmented



@ Filter Math Accelerator

G4 Adaptive FIR Filter - Quantities

« Filter Coefficients will probably be in floating point format
Coefficient conversion to 16 bit fixed point is necessary
Fixed point format is Q1.15
 Bits [0..14] represent fractional digits
« Bit 15is a sign bit
« Range =-1.0 (0x8000) to +0.999969482421875 (0x7FFF)
Proper design will keep the absolute value coeffiecients < or = 1
« |f not, all coefficients will need to be divided by the greatest coefficient
To convert floating to fixed point, the Floating Point Unit is used
« FPU takes 8 cycles per conversion
* 51 coefficients take ~408 clock cycles

Ly
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Filter Math Accelerator

Lab steps 1 of 6

This Hands On Lab illustrates noise cancellation using an adaptive FIR filter.

Figure 1. Gaussian noise with two-tone interferer

The experlment WI” be run on tWO Input frames ggg .................. — ................. Lo .................
m:g. ............. . ..... ........ ,,,,, ....... , ..... ............
- a gaussian noise with two tone interferers. G (L LR T U 0 L O ST .
g : : . . :
- DD U.l4 D.'a 1.I2 1.IE 2I 24

Frequency (Hz) w10t

- a gaussian noise with three tone interferers.

Figure 4. Gaussian noise with three-tone interferer

Create individual coefficient sets.

The result is a "whitened" noise.

0 i i i : i
‘ ” 0 04 08 12 16 2 24

Frequeﬁcy (Hz) <10*
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Filter Math Accelerator

Lab steps 2 of 6

« The FMAC peripheral will be configured to perform an adaptive FIR filter.
» There will be 51 feed-forward taps.

 The gainis equal to 0.

« The input and output thresholds are set to 1.

« The clipping feature can be enabled or disabled thanks to the compilation

switch CLIP_ENABLED in main.h.



@ Filter Math Accelerator

Lab steps 3 of 6

The FMAC peripheral is making the best use of its 256 x 16-bit internal memory.

The local memory is divided into three buffers:
- 0to 50: coefficient buffer;

- 51 to 150: input buffer;

- 151 to 250: output buffer;

- 251 to 255: unused.



Filter Math Accelerator

Lab steps 4 of 6
« DMA mode is used to transfer input data from memory TO the FMAC peripheral.
 DMA mode is used to transfer output data FROM FMAC peripheral to memory.

» The coefficient buffer contains the vector of feed-forward taps

« This is named the B buffer

* (size comprised in [2:127]; here, size N = 51 elements).

 This buffer is initialized during the configuration step in DMA mode.

gmented



@ Filter Math Accelerator

Lab steps 5 of 6

The size of the input buffer is the sum of:

- the size of the coefficient vector B (N = 51 elements);

- the size of the additional space D1 needed for throughput improvement
(minimum: 0; here, D1 = 49 elements).

The input buffer is filled during the preload step in DMA mode;
new values are added in DMA mode once the preloaded ones have been
consumed.

The size of the output buffer is the one of the additional space D2 needed for a
better throughput (minimum: 1; here, D2 = 100 elements).
The output buffer is read in DMA mode.

ST, P
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@ Filter Math Accelerator

Lab steps 6 of 6
STM32 board LEDs are used to monitor the example status:

- LED4 is ON when correct FMAC FIR resulis have been calculated.

- LEDS is blinking (1 second period) if an error is detected
in the FIR filter results or if there is an initialization or configuration error.

The filtered output is displayed in the Terminal I/O if the compilation switch
PRINT_OUTPUT is enabled in main.h.

Lys
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@ Filter Math Accelerator

How to view it

I MnTme  MaxTime Gid
[

Transtion | dumpto |1 Sgnalinfo [ Ampltude [7 1
[D msnn [05s

[Und Screen|
‘ ﬂ\mm \E]I'Sw Cvdul_ctm

- Red shows 2 tone noise

- Green the filtered signal

TwoToneNoisePlol

30000
=
%
=
2
, l -30000 : i : { : i : : 3 : i
life.augmented 0463557 5.909557s




STM32G4 mixed-signal
MCU workshop

Hands On:
Dual Bank Flash
Live Firmware Upgrade
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@ Dual Bank flash

Obijective:

« To show the application running from one bank and writing to the second
bank(Read-While-Write). Demonstrate the live upgrade possibility.

« Using a Terminal (TeraTerm) to send updated application binary file via the
Virtual Comm Port.

gmented



512 KB die Flash Organization

190
DBANK = 0 (Single Bank) 512 KB Flash (Cat. 3)
* 128 bits read access 4
0x0807 F000 — 0x0807 FFFF Page 127
ECC.: 8 bits per 64 bit double-word
4 Write protection areas
128 x 4KB pages
Page and Mass erase
0x0800 1000 — 0x0800 1FFF Page 1
0x0800 0000 — 0x0800 OFFF Page 0 (4KB) ]




512 KB die Flash Organization

191

DBANK = 1 (Dual Bank - Default) 512 KB Flash (Cat. 3)
* 64 bits read access 0x0807 F800 — 0x0807 FFFF 4
Read-While-Write (RWW)
ECC: 8 bits per 64 bit double-
word 0x0804 0000 — 0x0804 07FF Page 0 (2KB)

0x0803 F800 — 0x0803 FFFF Page 127 256 x 2KB pages
2 Write protection areas per bank
Page, Bank and Mass erase

0x0800 0000 — 0x0800 O7FF Page 0 (2KB) v




512 KB die Flash Organization

Active application executing from Bank 1

Using serial port to receive update
« Temporary storage in RAM

Write to BANK 2 area

Switch application execution to BANK 2

192

512 KB Flash (Cat. 3)

0x0807 FFFF

BANK 2

AL A
0x0804 0000 [AAE =S

0x0803 FFFF 256 x 2KB pages

0x0800 0000 Active App.



Hands-On: Dual Bank flash

Open the DualBank project in Keil MDK-ARM folder
* DualBank\MDK-ARM\DualBank.uvprojx

% DualBank.uvprojx

« Expand “Application/User” folder il
= Project; DualBank
« . y g =23 DualBank
* Open “main.c” file &[5 Application/MDK-ARM
- Initialize the Clocks, GPIO and Peripherals — = _‘"___I”F'““?""E'”’““f
ESEs maim,
* Main while loop (State Machine) W L] stm32ghe it
« Handles BANK 2 page erase @ L] stm32ghoc hal_msp.c

: @ O3 Drivers/STM32G4ix HAL Dri
- Handles BANK 2 page write E [ Drivers/ s HAL Driver

« Jump and Execute in Bank 2

ife.augmented



|IRQ Callback functions

¢ Timer 2 IRQ Ca”baCk(l—ine 481) 481 woid HAL TIM PeriodElapsedCallback (TIM HandleTypeDef *htim)
e 10 Hz period ::gz{ switch ( LD ptr )
484
« LD pir: Tracks LED to toggle {

« GPIO EXTI Callback (Line 509) 509 void HAL GPIO EXTI Callback(uintlé_t GPIO Pin)

. 510 4
» Detects rising edge of 511T if ( ( GPIC Pin == JOYSTICK SEL Pin ) && ( UpdateState == 0 ) )

JOYSTICK_SEL button

: UART RX Complete Ca”baCk 524 woid HAL UART ExCpltCallback (UART HandleTypeDef *huart)
(Line 524) 525 T{
S26 rx complete = 1;
» Signals that the USART Rx DMA 527 |}

has completed

Lys
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©

« JOYSTICK_SEL: EXTI13
- PC13

’ : GP1O_Output
- PA15, PB1, PB5 and PB7

- ST-LINK VCP: USART3
- PC10 and PC13

« Serial Wire Debug with Trace (SWO):
- PA13, PA14 and PB3

JOYSTICK SEL (R

i

kyy

STM32G474RETX
LaFP64

FEPPEERN . REEEERE

|

!

i
3
—
P

g
S
g




©

Peripheral configuration

« Timer 2: LED Dblink rate timer ————

/ l '-'n"-' SCEEE
- Internal Clock Source = 170 MHz o —

* Prescaler = 999

» Counter Period = 17000

* 10 Hz timebase interrupt

- TIM2 global interrupt Enabled

T 3
autgerelna d prainad Cksable
o ~ - < Trigget Output (TRGO) Parimetens
Lt MistesSlive Mode (MSM b1) Dks:able (Trigges inpesl iffect not delaped]
Trguer Event Selection TRGO F G bt T == 5

« Pulie On Compuwe { Comamaorn for Channel




Build the Project

* 1 * - i LOAD |

» “Build” project - Roeet @]Build(FT) |
5% g i Bunldtar;;e;tfnes

File Edit View Project Filash

- “LOAD” project to flash — S Hd X o@
Project

* Press the “RESET” button on the Discovery
« 4 LEDs blinking in rotating pattern.

Lys
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Hands On: Dual Bank

° 1 ”
Launch “TeraTerm —

Tera Term: New connection *
* Open “New Connection”
_ . OTCPHP Host: myhost.example.com
» Click “Serial” button Ny
. . History B -
« Change Port to “STLink Vitual samite: O Tolnat P portit: 22
COM Port SSH 5SH version: [SSH2
* Click “OK” Other
tocol: [UNSPEC
® Serial Port: | COM3: InteI(R] Actve Management Tec ~
COMI: InteliR) Active Manaaern
oK Weor]

Lys
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Hands On: Dual Bank em

Contrel Window Help

¥ COM3 - Tera Term VT

File Edit

. . Terminal...
* Verify “Serial port..” Window..
Font...
« Baud = 115200 ot
 Data = 8 bit Serial port.. |
. _ Proxy...
¢ Parlty = none Tera Term: Serial port setup |
« Stop =1 bit
Port: COM42 v
« Flow control = none - ~ OK
Speed: 115200 >
Data: 8 bit v Cancel
Parity: none v
Stop bits: 1 bit v Help
Flow control: none v
\_ _/

Lys

fe.augmented



Hands On: Dual Bank mm

¥ COM18 - Tera Term VT

¢ PreSS “JOYSTICK_SEL” on File Edit Setup Contrel Window Help

Discovery Readv to receive BIN. ..

M COM18 - Tera Term VT

File |Edit Setup Control Window

Mew connection... Alt+N

« Send binary file in TeraTerm Duplicate session Alt+D

Cygwin connection Alt+G
+ File > Send file... -

Send file...

Transfer 3

Lys
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- Select “DualBank2 LD.bin”
file
» DualBank\binary folder

« Check “Binary” Option

* Click “Open”

Lys
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Hands On:

Dual Bank

Lok in: birany e
Marme:
DualBankd_LD

| DuaiBank2_LD.bin «

<

Q¥ i® &
Date modified Ty

W2Y2019959AM  Fi
8/28/20192:21 PM Bl

Flename:  |DuslBank2_LD bin

Fies of type: | A7)

Dphion
Enarv




TeraTerm will display programming status

O COM1B - Tera Term VT

File Edit Setup Control Window Help

eady to receive BIN. ..

BIN file received!

Executing in Bank 1 - Erasing Bank 2 Pages.
Programming Bank 2.

Programming Complete.

Press User Button to launch program in Bank 2.

Press “User Button” to launch program in Bank 2
« LEDs blink pattern has changed.



Dual Bank: Additional Notes

©

Push board “RESET” button to switch execution back to Bank 1
To select boot from Bank 2, set the BFB2 bit in the user option bytes

Reference Manual RM0440: STM32G4 Series advanced ARM-
based 32-bit MCUs

Section 3: Embedded Flash memory for category 3 devices

AN2606: STM32 microcontroller system memory boot mode



STM32G4 mixed-signal
MCU workshop

Wrap Up
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STM32G4 Workshop Related Survey

Use your phone to scan the QR code or type the link into your browser.

https://www.surveymonkey.com/r/PC5DHBM
Lys;  We Greatly Value Your Feedback - Thank you!



STMicroelectronics: one of the broadest Standard Product Portfolios

ST
Standard

Products

Profection devices

Power bipolar fransistors
Power MOSFETs
Amplifiers and Comparators
Linear voltage regulators
EEPROM

Rectifiers

SCRs and TRIACs
Interface ICs

Voltage references

Reset and supervisor ICs

Lys
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The largest offerings of companion products for every STM32 Microcontrollers

Amplifier &
Comparators

Interfaces

Switches

Motion sensors

—

Microphones

Environmental sensors

Proximity/Gesture
Sensors

RTC

Current sensing

Reset & Supervisor

Voltage Reference

Analog
front-end

Analog Sensors

Digital Sensors

Power MOSFET
& Power Bipolar

PowerManagement

Userinterface

LED Drivers

Audio amplifiers

Power line

Communication
Interface

Smart Reset

Voltage Regulators

communication

Bluetooth Low Energy

Sub 1 GHz

GNSS Module

NFC & RFID

ESD Protections

Battery management
— & monitoring
Energy Harvesting
DC-DC —
Diodes, Rectifier
Triacs & SCR —— = Wireless charging

EMI Filters

USB Type C / PD

Motor Control
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ASN Filter Designer

Intuitive OSFIRFIR digtal fiter Oesigan Besifal ar |y

— i advsal nEdERm

ASN Filter De3|gner

Powerful DSP experimentation platiam
Design and fine-tune your digital filter within
minutes, and then test it in realHime with a
variety of test signals (including your own
datasets) via the tool's built-in signal analyser.

Real-time design feedback

Mo need to explicitly define techmical
specifications, just skefch your requirements
and let the tool automatically fill i the exact
specifications for you!

Live math scripting

Interactively experiment with specialised
transter functions, pole-zero pairs and other
mathematical functions with ASN FiiterScript

Automatic documentation

Get a detailed specification report of all
designed fiiter blocks for official project
documentation, which be pasted directly
into Microsaft Word/Powerpoint.

Deploy o Arm. CMSISDSP, C/C++,

Python, Matlab and more

Easily integrate your designed fitter blocks with
your other algorithms in Amm CMSIS-DSP,
C/C++, Python, Matlab, Octave, Scilab or
Labview using provided royalty free software
development frameworks.
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Download a free demo
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Biricha Digital Power Design Tool

€ Digital Power workshops with BIRICHA s

How to implement Digital Power Supplies (PSLU) and Power Factor Carrection (PFC)

STRL32 PSU/PRC desio

Step-in Digital Povwer Tecr-'n-nnrng-,r

S ThEsisctranns g sty lsaing ST MU

Fespat s wite Birre S dode and fraining




@ Appendix — Reference Documents

Datasheet and Reference Manual Links

Datasheets

STM32G431xx STM32G431x6 STM32G431x8 STM32G431xB
STM32G441xB STM32G441xB

STM32G473xx STM32G473xB STM32G473xC STM32G473xE
STM32G474xx STM32G474xB STM32G474xC STM32G474xE
STM32G483xE STM32G483xE

STM32G484xE STM32G484xE

Reference Manual
RM0440 STM32G4 Series Reference Manual

gmented



Appendix — Reference Documents

Application Note Links

AN2834 How to get the best ADC accuracy

AN4013 STMB32 Cross series timer overview

AN4232  Getting started with analog comparators

AN4296 Using CCM SRAM with 1AR, Keil, and GNU based tool chains

AN4539 HRTIM Cookbook

AN4899 STM32 GPIO configuration for hardware settings and low power consumption

AN4989 STM32 debug toolbox

AN5305 Digital filter implementation with the FMAC

AN5306 Operational Amplifier usage in STM32G4

AN5310 Guideline for using analog features of the G4 vs. the F3

AN5315 STM32Cube firmware examples for STM32G4

AN5325 Getting started with the CORDIC accelerator

AN5345  High-brightness RGB LED control using the B-G474E-DPOW1 Discovery kit
‘W AN5346 STM32G4 use tips and recommendations
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@ Appendix — Reference Documents

User Manual Links

UM1721 Developing applications on STM32Cube with FatFS
UM1722 Developing applications on STM32Cube with RTOS
UM2454 STM32G4 Seris Safety Manual

UM2492 Getting started with STM32Cube(G4 for STM32G4 Series
UM2552 USB Power Delivery

UM2570 Description of STM32G4 HAL and low-layer drivers
UM2573 STM32Cube(G4 Nucleo demonstraion firmware

UM2577 Discovery kit with STM32G474RE MCU
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STM32G4 Series — Take Away

Analog-rich MCUs for mixed-signal applications

Performance
170MHz Cortex-M4 coupled with 3x accelerators

Rich and Advanced Integrated Analog
ADC, DAC, Op-Amp, Comp.

Safety and security focus

Large portfolio available from NOW!
32..512KB Flash memory
32..128-pin packages



Releasing Your Creativity

STM32 G4

P

¥ www.st.com/STM32G4



