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Hello, all welcome to the next lecture on Digital Control and Switch Mode Power Converters
and FPGA-based Prototyping course. Before we move forwards let us have a quick recap of
the last lecture. In the last lecture, we started the discussion with STM12 Microcontrollers’

various options available.

Then we discuss the difference between analog and digital control in particular digital control
or we can see a digital power that what all features or peripherals required within the
microcontroller to be the best fit for any digital power applications. Then we focused our
discussion on STMI12G4Microcontroller which is mainly meant for any digital power

applications then we discussed various features and the complete ecosystem built around it.

We also discussed the various hardware and software tools available for STM32G4.
Particularly for the hardware we mentioned the Nucleo boards, discovery boards, and several
evaluation boards. While for the software we discussed the STM32CubeMX, various IDEs,

and the digital power workbench.
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In this lecture, we will be starting with the overview of STM32Cube and STM32CubeMX
where STM32Cube is the name of the complete environment and also an open source from

STMicroelectronics; where STM32CubeMX is one of the tools it generates.

The C code we will be discussing in detail in this coming slide. Then we will be focusing our
discussion on STM32-Nucleo boards. Which will be used for testing the code generated from
STM32CubeMX. Then we will be moving step by step starting with the STM32Cube
installation and we will be having hands-experience and various examples in detail where we
will be doing the peripherals initializations, code generation, and programming the

microcontroller on the Nucleo board.
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STM32Cube Qverview

STM32Cube brings all the tools and embedded software for STM32 users, in a
simple and integrated manner.
It leverages on the STM32 hardware and software ecosystem.
STM32Cube includes:
+ Aset of user-friendly software development tools to cover project development from
conception to realization, among which are:
+ STM32CubeMX
+ STM32CubelDE
+ STM32CubeProgrammer
+ STM32CubeMonitor
+ STM32Cube MCU and MPU Packages
+ hardware abstraction layer (HAL), low-layer APIs, middleware components

+ STM32Cube Expansion Packages

Let us starts with the STM32Cube overview. STM32Cube brings all the tools and embedded
software for STM32 users in a simple and integrated manner. STM32 open development
environment or we can call it STM320DE. It allows developers to verify their design

assumptions and move quickly from ideas to proof of concept.

Moreover STM320DE over a comprehensive entry point to choose the hardware, firmware,
and software from the functions required by the applications. To complete the picture
STMicroelectronics offers a business-friendly solution. Like there are no license terms and

conditions developers can be benefited from free and open-source software.

Also, the embedded software and software tools from ST are available at no cost to
developers and can be openly shared or provided they are using STM32 devices. On top of
that quality remains the top priority. Hence the core components are tested by ST before their
release and ST is committed to following good practices guidelines like MISRA, code
checkers, validation reports etcetera. So, in a nutshell, STM32 is a comprehensive ties

time-saving solution for STM32 users.

STM32 includes a set of user-friendly software tools to cover project development from
conception to realization. These tools include the first one is the STM32CubeMX. It’s a
configuration tool for any STM32 device. This easy-to-use graphical user interface where the

user can initialize the peripherals and the tool generates the initialization ¢ code. Particularly



for this tool, we will be having a dedicated slide and we will be having several hands-on

sessions with several examples.

The second one is the STM32CubelDE. It’s an integrated development environment based on
the open source solutions like an eclipse. This id includes compilation, reporting features, and

advanced debugging features. It is similar to IAR, Keil, and other available ids.

The most important is it’s open source. The third one is the STM32CubeProgrammer. It’s a
programming tool, which provides an easy-to-use and efficient environment for reading,
writing, and verifying devices or external memories via a wide variety of available

communication media.

It can be JTAG, SWD, UART, US, USB I12C, SPI etcetera. The fourth one is the
STM32CubeMonitor. It includes powerful monitoring tools that help developers fine-tune the
behavior and performance of their applications in real time. Apart from these software
development tools STM32Cube also offers certain packages. The first one is the STM32Cube
MCU and MPU Packages. As we all know MCU is the microcontroller and MPU stands for

the microprocessor.

So, this package offers all the required embedded software bricks required to operate the
available set of STM32Cube peripherals. They include drivers, middleware, and a lot of
examples of code used in a wide variety of real-world use cases. The driver includes the
hardware abstraction layer, lower-level APIs, and middleware components. The Hardware
Abstraction Layer or we can call it a HAL layer enables the portability between different

STM32 devices via standardized API calls.

While the lower level APIs it’s a lightweight optimized expert oriented set of APIs designed
for both performance and runtime efficiency, I would suggest that for most of the applications
HAL or we can say Hardware Abstraction Layer will fulfill our requirements, but for the
digital power applications, we can start with the hardware abstraction layer. Eventually, we
have to move towards the lower-level APIs, because, in digital power applications for all the

protections and the control algorithm, we have to take the decision very fast.

And the middleware includes the RTOS, USB library, file system, and TCPIP Stack, using
the library or graphic library depending on the STM32 series we are using. It also includes

the RS-Stacks such as Bluetooth, OpenThread, ZigBee, LoRa, and Sigfox again depending on



the specific STM32 wireless series we are using. On top of it, there is also a STM32Cube

Expansion Package.

These packages are application-oriented. Mainly they are complementing and expanding the
STM32Cube MCU Package with an additional embedded software brick. The STM32Cube
Expansion Packages come either from ST or approved partners to create an extensive and

scalable embedded software offer around the STM32.
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STM32CubeMX as we have discussed is one of the software tools of STM, STM32Cube
open development environment. and is of time important to us. It’s a graphical user interface
tool. That guides the initial configuration of the firmware projects. Very soon we will be
saying how exactly it helps in selecting the right microcontroller for our applications. How

we can configure the pin-out configurations? The clock, peripherals, and different modes.

So, this is the screenshot of the pin configuration that is being done. Now, the most important
thing the initialization code generates the C code. And it generates the project for different
three different ids. The first one is the IAR, the second is the Keil and the third one is the
STM32CubelDE. STM32CubelDE is an open source.
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STM32 Nucleo Development boards. These Nucleo boards we have discussed in the last
lecture, but it is worth mentioning here. As soon we will be starting with the actual working
of the STM32CubeMX tool and we all know this tool helps in generating the C code and the

entire firmware project.

So, this firmware needs to be run on some hardware to visualize the outcome of the firmware
that has been written as right or not as per expectation. To demonstrate we will be using these
Nucleo boards, though there is a large number of Nucleo boards, we are targeting digital
power applications. So, we will be using an STM32G4 Microcontroller-based Nucleo board

which you can see in my hand.

Just a quick glimpse about these Nucleo boards. These Nucleo boards allow developers to try
out new ideas and quickly create prototypes. Thanks to various connectors present on these
ports they can extend their capabilities using multiple application-related hardware add on’s.
When I say the hardware add on’s it can be adding new shields and the X-Nucleo boards.

There are three types of Nucleo boards.

Nucleo-64, Nucleo-144, Nucleo-32 boards. So, this number depends on the pin count of the
microcontroller. This Nucleo board also integrates the ST-LINK debugger or the programmer.

So, there is no dedicated hardware required to program the microcontroller.
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STM32CubeMX Installation and Hands-on experience

STM32CubeMX

Let us start with the STM32CubeMX. Firstly, we will be starting with the downloading and

installation process. Then we will be moving to the hand hands-on live experience.
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To download the latest version of the STM32CubeMX tool. We can go to the st website. It is
www dot st dot com. We can directly go to the tools and software sections or we can go to the
search bar menu options and search for the stm32Cubemx tool. It will be showing a couple of

options. Here we can select STM32CubeMX. Initialization code generator.
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Now, it will take us to the main page of the tool. Here, we see an option of getting the

software and downloading the data brief.
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Below there is also an option of fore documentation, where we can see various application

nodes, user manuals, release nodes, and the presentation.
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Now, I click on get software. It will be showing me three options thnLinuxAC or the

Windows machine.
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So, as having the Window machines. So, I am clicking on the get the latest version for
Windows. License agreement we can accept. Now, it will be taking a to a login or the register
page as I am already having a login. So, I am clicking on the login, otherwise, we can fill in

the details and register with a suitable email id.
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Hereafter do the login or once you have registered. We can get the software download and

installed on our PC.
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STM32CubeMX Prerequisites

+ STM32CubeMX tool is downloadable mmEm
from www.st.com/stm32cube ‘
+ STM32CubeMX needs Java RE

+ |t can be download from
www.java.com/en/download/

+ Connection Parameters
+ By default, there is no Proxy need

+ If your computer needs to set a Proxy, you =
can do it at Connection Parameter

+ Specify the proxy server seftings that are

appropriate for your network configuration
by selecting a proxy type among the following
possibilities

Some important points while installing the STM32CubeMX tool are that it requires Java RE

to be installed on our machine.

Just in case you do not have it on your pc. You can download it from the given link and get it
installed and in the updated settings there are two options. Update settings and the connection
parameters by default there is nothing required to be changed here. Just in case you are using
a workplace pc or work machine and you require to set some Proxy you can do it

appropriately over here.

(Refer Slide Time: 12:24)

[ STV32CubeMX Uniitled

" . File Window Help @ n u ’ '/\':. ‘ﬁ
(o |

Existing Projects New Project Manage software installations

R Py
R Opanec R — Check for STM32CubeMX and embedded sofva

ADC_OffsetCompensation ioc ‘ M CHECK FOR UPDATES
Last modified date : 06/06/2022 15:49:30 Start My project from MCU

o Install or remove embedded software packages
TIN_PWNOutput ioc _j ACCESS TOMCUSELECTOR peckeg
Last modied date : 060672022 15.49.38 INSTALL / REMOVE

Start My project from ST Board

DSMPS 3KW - LLC STM32G474RE ioc ‘ X|

ACCESS TO EOARD SELECTOR
Last modiied date : 250272021 121424

25W-48V LEV Battery Charger.ioc ﬂ
Last modified date * 080372022 153839

Start My project from Example

ACCESS TO EXAMPLE SELECTOR

Other Projects F’

@ Mbout ST P External Tools




On successful installation of the STM32CubeMX tool, we can launch the tool and this is the
home screen of the tool. In which we can see various options. On the left side, we can see the

various recent projects we have been working on it is showing the list.

The other option is the new project, if you want to start the new project in that also there are
three options if we have any preselected MCU in our mind or if we want to select the MCU
for our application, we can use this. And depending on the peripherals required we can select

the best MCU in terms of the cost or power or size or package whatever our requirement.

And accordingly, we can initialize the peripherals, and accordingly, we can generate the C
code. We will be working on this section a bit later. The other option is the start my project
from the ST board. When we say the ST board it can be the Nucleo boards or the discovery
boards. When we use this option. So, the file that will be working on all the peripherals will

be initialized as per the hardware. If you want to modify that also that option is available.

So, the third option is to start my project with examples. As I have been telling you that
several examples have been predefined for several Nucleo boards and several discovery

boards. We can use those particular examples and evaluate them.
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On the right hand on the right-hand side, we can see another option to check for updates. If
we click on check for updates, it will be telling us what all software or packages we have

installed and if the latest version or if there is another version that we need to update.



It will be telling that. So, the CubeMX is the latest version that has been installed, but the
MCU Package is. So, for the G4 Package, it is telling me that there is another updated version
that is available and I have the version installed its 1.50, while the available version is 1.5.1.
So, if you want to install we can just click on install and it will be correspondingly installed

on your pc.
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The other option is to install or remove embedded software packages. Depending on the
microcontroller that we are working on. We can accordingly select the package select say we
are we want to work on the STM32G4. So, as just mentioned that 1.50 is already installed,
but if you want to install the latest. We can just right-click here and press install it will be
correspondingly installed on your PC. Just remember the path where exactly all these files are
getting stored. One thing important to mention here like in our case we are using STM32G4

Nucleo board.
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So, I have installed the G4 Package here. As you can see here I have installed this, but in case
you do not have the STM32G4 Nucleo board. If you have another other board. Let us say F4.
So, you can correspondingly install the latest version STM32Cube Package.
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Now, we will be started working on this Nucleo board based on STM32G4Microcontroller.

This is the 64-pin microcontroller. These are the various connectors on the top side.



This is the ST-Link, basically the debugger. Also there are 2 push buttons one is for the reset,
and the power reset, and the other is the user push button we can use it for various purposes.

Also, there are few LEDs fa or indication.

For more details on the Nucleo board, we can always go to the ST website which is www dot
st dot com and check for the relevant schematics and other documentation. Where we can
find all the jumpers, all the signals, and the connector details. Now, we will be moving on to
an example. Here, we have selected a very basic example of a GPIO toggle. The LED is

connected to one of the GPIOs and we will be talking about it.

This example we will be covering in three ways with each way we are moving ahead. We will
be getting deeper inside STM32CubeMX and we will be getting more aware of it. First, the
first way we will be directly using the example provided by the STM32Cube Package. In a
second way, we will be selecting this Nucleo board. Correspondingly all the peripherals that

are being done in the hardware will be initialized.

And we will be only working on the application layer. While thirdly we will be selecting the
MCU. We will be initializing the peripheral server cells and correspondingly we will be
working on the application layer and make our example up and running. We will be using

IAR as IDE integrated development environment. Let us start with the very first way.
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Let us move to the repository where exactly the package has been installed. By default, it will
be installed in your C drive. Where there is a user you can find a folder STM32Cube and a

corresponding repository. You can find all the packages that you have installed.
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So, as we are using G4, 1.5 version. We can go inside and in that, we can see various folders

of the middleware driver documentation. Now, we have to move to the projects.
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In the projects also there are several Nucleo

Nucleo-G474RE board.
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In this board, there are several examples of the lower layer, mix, and templates. These

templates are basically for if we are making some new project on our own. So, we can use

these templates.
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So, right now we can go to an example and we can go to an example of GPIO and GPIO-I1O
toggle. Now, as I just mentioned that we will be using then IAR. So, we can go to EWARM.
Otherwise correspondingly we can go for the STM32CubelDE or Keil IDE.
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So, for the IAR, we need to go to EWARM. So, let me copy this path and open this in an IAR

workbench. So, this project has been opened here.
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So, we can see this in the documentation. There is a readme file also where we can find all

the details in the application and the user, there is a main dot c file, an interrupt dot ¢ file, and

the hall MSP file.
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If we do so, the mean dot c file is already open. If we go

started the HAL initialization layer.
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B0 =0 . &,

from the top the main function has

Then the system clock as we have just mentioned is an example of GPIO togging where one

led will be toggling. So, this one GPIO port is configured and correspondingly there will be a

delay of 100 millisecond in the while one loop that we are working on. So, let me connect

this Nucleo board. So, if you see it has been connected and now I will be programming this



firmware onto this Nucleo board. You can see this LED is turn screens means the

communication is happening.
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Build Debug log
Ready

Just a couple of seconds more. Now, the firmware has been loaded and now I make it run.
Now, as you could see this LED starts blinking with a delay of 100 milliseconds. So, this is

the direct example that we have used.
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Let me just change the delay to 1 second. So, this is the 1000 milliseconds corresponding to 1

second. I just reload the program again.

It takes a couple of seconds to reprogram. Now, if I run the program, now if you could see
that the LED is blinking with a delay of 1 second. Now I just stop debugging. So, the main
idea is that it generates not only the C code but the complete project. We can use directly the

project as per our application requirements.
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There are several drivers. HAL drivers as we have mentioned in the very beginning regarding
the HAL driver. Whatever various communication that we want to use either UART, timer, or
whatever peripherals we are initializing. It will be correspondingly reflected here. Let us say
if you are using I2C or SPI correspondingly driver files will be flashed here. And we can use

direct function calls.
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Test. So, the file is saved as Test dot ioc. If you want to see I can see that in the Firmware
NPTEL. There is a folder called Test and in that the file name the Test dot IOC has been
saved now if I click on generate the code. So, it is asking if the latest Firmware Package is

not being used. So, if you want to download it right now or not. So, I select no.
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So, here we can choose if you want to use the latest version of the earlier version that we

have. So, in the project manager, we can do all these settings.
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So, I will be telling you maybe in the next lecture on this project manager file. So, now if I
click on the generated code. Again it will be taking a couple of seconds and generating the

Firmware project of 3 different ids IAR, Keil, and STM32CubelDE. So, in the meantime.
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If I also show you the folder if you can see that several Test folders are being created here ok.
So, it has been done. So, close it. So, it says if you want to open the project and open the

folder. So, I do not want to open the project right now. I just want to open the folder ok.
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ormwu IAR Embedded Workbench IDE - Arm 9.10.2

File Edit View Poject ST-Link Tools Window Help

NDOW@ & LK) 0C 4 Q2%E< 0N RO 8O &

Viorispce: v 0 X maing x &
Ted fu

Files L]
] @Test- Tost v 3
£ M Application '
7 WEWARM
] W User
1 8 Core
—1 0
B stm32g4ex_hel_ms
& ) stm32gdec_ite
W Drivers

[Tea
Cebug log

Log
Sun Sep 04,2022 125423 1AR Embedded Workbench §.10.2 (CAProcram Files\AR Systems\Ebedced Workbench § (farmifiriarmPRO!
Sun Sep 04,2022 125430 Loading the sk divver

Reaty

So, this is the same folder again I want to go to EWARM and I copy the path and open it in
the AR, one thing that we need to keep in mind is that right now all the peripherals that are
preconfigured for this Nucleo board have been done here. So, there is no test example. So, in

the application layer, we only have to write by ourselves to make the same example up and

running.
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@ Frojct- AR Ebedded Workbendh DE - Arm.102 &
File tdit View Pojet STlink Tools Wndow Help
DM@ = 4R} DC JrEcER¥ > 0020 &,
Viorkspace. v B X minc x M
Tes fo
Fies [ i
®Test-Tes! v
< M Application §
% WEWARM @ dnt mainiveid)
W User 6603 (
i Core
ghlienc ||
B stm32g4ex_hel_ms
& B str32g40 it e
W Drivers
a | wmito;
tancl ]
3
o
¥X_GPIO_Init ()3
5 | MX_LPUARTL_UNRT Init();
91
%
94
Test
Ready
@ froiect 1AR Embedded Workbendh DE - Aim 9,102 €
File Edit View Pojet ST-link Tools Wndow Help
DOW@ = AR0 OC LGOS E > 1 D@20 &,
Viorkspace. v X maine x M
Tet fo
Files o :
| @Tost-Tost v ystanelock Contigl)
-3 WApplication
. EWARM
W User
i Core
ghlrene ||
B stm32g4ex_hal_ms
7 D strdzgoite B| 1000 mit(l
W Drivers 4 s 1 1l
5¢ whils
100
101
102
103
104
105
106
1w
10
109 d oid)
10
m Typedos R InitStruct
12 LkInittypodef RCC C1KL
13
Test
Ready

Again if you can see if you remember the initial code of the first way there also have the
HAL in it, system clock config, GPIO config, and the UART, but if you remember there were
a few lines written in the wild one with the HAL delay and the GPIO toggle which is not the

case here. So, we have to write these lines right now.
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© Froject - AR Erbedded Workbendh DE - Aim 9,102 o
file Edi View Piojed STUink Tools Window Help
DM@ & &4 LG S 0 R02 0 ik
Viokspce v
Ted fo
02 -
Files p
®Test-Test v M
f
I
8 | W_GPro_Init();
&hlnanc [ | B9 | MX_LPUARTI_UART_Init();
7 B stm32gdoc hal_ns %
& ) stm32g4ec ite L
9%
e HAL Diiver g
hal.c
- 9 | wnil
0 st 32g40c_hel_cortex <1 M
2 B stm32g4ec_hal_dma.c
) stm32g4oc_hel_dma,
B stre32g40_hal_extic 100
) stm32gde_hel_flash ¢ 101
B str32gdec_hel_flash_ 102
) stm32g4oc_hel flach 103
1) stm32g4ex_hel_gpio.c 104
) stm32gdex_hel_pwic 10
0 str32gdoc hel_pwi_e 106
£ sim32g40c hel 107
B stre32g4ex_hel_rec_e 108 K
) sim32gohel_tr 109 void Systenclock_Config(void)
@ Rtgtmelime. || 1T o pentenpaet ettt - 101
3 e Kl ! ;
st 324 hol_ua_ s
14 ** Configure th i. qula ag
115
116 HAL_PWREX_ControlVolt. aling (PAR_REGULATOR VOLTAGE SCALEL BOOST) ;
Test <
C\sers\akshat jair\OneDrive NPTELTestCe
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File Edt View Poject ST-Unk Tool Wndow Help

P, 2.4 > §0E k P g
DORG = 0. G25E¢0) BO=0" ;&
Viorkspace v B X panc stmidgho hal gpios X v
Ted HAL_GPIO_Delnit{GPID_TypeDef *, uint32_t)
276
Files 2 EXTI->THRI = tenp;
@Test-Tes! v || s ) HAL GPIO_EXTI Callback
H 79 ) od FAL_GPO,_EXTT_Calback{ut1_{
280 HAL_GPIO_EXTI_IRQHandler
%1 positicns; od FAL_GPIO_BXTT IR GHendie{untl.)
w ) HAL GPIO Init
7 A meinc 3 1) od FAL GO, In(GPIO_Typebef*, P10, ITypeDef )
i 32gdec hol_ns %4 HAL GPIO_LockPin
7 ) stm32gdec_ite 25 : HAL_StatusTypeDef HAL GP10_LockPin(GPIO_TypeDef *, unt16_t)
B Divvers . alEaalivil pateyfol t HAL_GPIO_ReadPin
= @param AGPIO_PirState HAL GFIO_ReadPin(GPIO_TypeDef *, uint16_t)
be_HAL_Driver bian . [P0 ToggePn ‘
e can be. (0...15) od FAL G{'0_ToggePr{GPIO TypeDef*, untls_ o)
o hel_corlex " iy [LCPED. WP
\vod HAL_GPIO_WrtePn{GPIO_TypeDe' *, uint16., GPIO_PnSiate)
Chel_dmac id HAL GPIO DeInit(GPIO TypeDef *GPIOZ, uint32
void HAL GPIO Delnit (GPIO TypeDef *GPIOT, uint32_t GPIO Pin)
B strr32g40_hel_dma, {
& ) stm3ego hel_estic uint32 ¢ position
£ stm32gdoc_hel_flash 295 | uint32 t iocurrent;
1 ) stm32gdoc_hel_flash_ 296 | uint32 ¢ tap:
B stm32g4x_hl_flash
X832 hel_opioc | (IS
£ stm32gdoc_hol_pwic 299 | assort paran(1S GPIO ALL INSTANCE (GPLOX))
4 B str32g4ochl_pwi_e 30 | assert paran(1S GRIO_PIN(GPIO_Pin)
B st32gdex_hel_recc 01
£ strr32gdec_hel_rcc_e X2
303 while [(GPIO Pin position) !
@ B stm32gdoc hel_tim_e :‘ {
) B str32goc ha_vrtc m‘ iocurrent = (GPI0 Pin) & ( sition)
7 B stm32gdo_hel_uan_ o o bl 2 S
308 if (locurrent !
09 |
0
Test <«
Ready

So, right now if I go to the driver and go to the HAL driver and go to the GPIO dot c file. In
the GPIO dot c file on the right-hand side if you see that I could find all the functions that

have been written here.
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File Edit View Pojec ST-Unk Tools Wndow Help

NNR@ B K0 2C 1402 %°8< 0> RAOB O ik,
Viorkspace. v B X mainc smizghohal gpioc X v
Ted HAL_GPIO_TogglePin[GPIO_TypeDef *, uint16_Y)
Fils o || AL GPI0,Delnk
) 5 PIOz-BSRR uint32_t)GPIO_Pin; od HAL_ GPIO_DeinkfGPIO_TypeDef *, uint32_t)
@Test-Tost Y msr HAL_GPIO_EXTI Calback
ur else Vod HAL GPIO_EXT]_Calback{uit16_t)
8L HAL GPIO_EXTT }
P10z - JBRR uint32_t)GPIO_Pin; Vod HAL_ GPIO_EXTI_IRQHandler(unt16_t)
J HAL GPIO_Init
& Bl main.c 1 od HAL_GPIO_Int(GFIO_TypeDef *, GP1O_IntTypeDef *)
# B st32g4oc hal_ns HAL GPIO_LockPin
stm32gdocite AL SatusTypeDef HA. GPI0_Lockin(GPIO_TypeDef *, uint16 _t)
b HAL GPIO_Readin

PIO peripheral for STMI2Gixx faiGPIO_PrState HAL GPIO_ ReadPn(GPID_TypeDef *, uit16 t)

Mt i 21 ; f GPIO_PIN x where x can be (0..15)
o 128 @rstval Non HAL_GPIO_WritePin
4ochel_coriex 2o tod FAL GPIO WirtePr(GPIO_TypeDe!* 16 t, GPID_ Pniat)
130 | void HAL GFI0_ToglePin (6P10_TypeDet *GPI0y, uintl6_t GPIO_Pin)
B str32gdec_hel_dma. B0 (
o_hal_extic 52 | uint32.t odrs
hel_flash ¢ "3
& ) stm32g4oc_hal_flash_. i
£ st32gdoc_hol_flash 35 ssart_paran (15 GPIO_PIN (GPIO_Pin));
a0 ctrr32q4ec hal_apio.c | SRS
B strr32g40c_hal_pwr c a1
1 B str32gdochel_pwr_e 9 dr = GPIOX->00R;
1 B stm32gdoc hel_reoc s
) stre32gdex_hel_rec_ 4o T
B strr32g40c_hel_tim H PLOX->BSRR dr & GPIO_Pin) PIO_NUMBER) | (=odr & GPIO_Pin);
& 1) stm32gdec hal_tim_e =l
) B stm32gdoc hel_uaric b
9 B st 32g4e_hel_van_ ‘ el
e in i 2
ur
s n
Test <

Ready

So, I am selecting HAL GPIO toggle function here. So, I am copying this function here. And
pasting it here now I want to go to which GPIO unit. Though I know it is PF5. So, I just want
to go to LED2-Pin, I just want to configure ok.
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@ Froject - IAR Ebedded Workbendh DE - Arm 8,102 6
file Edi View Piojed STUink Tools Window Help
DNR@ B L0 2C 24Q252< 00N D02 O ik,
Virkpce vOX minc dniZghholgpioe manh x v
Ted f
Files [ B N
®Test-Test v 2
H 3 wotd Error_fandlr void);
2 Amainc
7 B str32gdoc hal_ns ;
& ) stm32g4ec_ite )
@ | fdstine BI_Fin GPIO_PIN 13
6 | fdstine BI_GPIO_Port GPI
T T € | fdstine BI_EXTI_[ROn EXTI1S_10_TRQn
€ | tdaine LPUARTI_TX_Pin GPIO_PIN
& 1l 6 | fdofine LPURTI_TX_GPIO_Port GPI
4o hal_cortex 6 fdefine LPUARTL_RX_Pin GPIO_PIN_ 3
6 | Hdotine LAARTI_RX_GPIO_Port GPI
£ str32g40c_hel_dma 61 | tdatine faz_pin ceio_pri
& B strr32g40_hal_extic 68 | tdetine L02 GPIO Port GPIOA
) st 32g40_hel_flash ¢ 69 | 1define T SWDIO Pin GPIO PIN 1
& 1) st 32gdoc_hel_flash 70 | idefine T_SWDIO_GPIO_Port GPIOA
) st 32g4oc_hel_flash._ 70 | tdofine T_SHCLK_Pin GPTO_PIN_1
1 )RR ERTECIM | 72 tootine TSKCLK GPIO_Port GPIOA
) stm32gdex_hel_pwr ¢ 73 | tdstine T_SW0_Pin GPIO_PIN
1 B stm32gdoc_hal_pwi_e 74 | tdotine T_SKO_GPIO_Port GPICE
| ) stm32gdec_hel_rcoe K
ece L
B stre32gde_hel_tim = ki
& B str32gdochel_tim_e. b, I
1 B sim32gdochel_uartc ) L1oer _splusplu
2 D strr32g40_hel_ua_ 1 " i
ondi
3 | tendie
Test <

Ready

So, this is the LED2-Pin and this is the LED2- GPIO port. So, I copy the port first and paste it
here while I the pin, I paste it here ok.
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© okt AR Enbedded Wokbendh DE- A 9,102 0
File Edit View Pojet ST-Link Tools Window Help
NNR@ & K0 2C 2402 85E< 02NN AOB 0 id;
Viorkspice. v B X mainc' x stn32pdu_hal gpio.c mainh stmIzgdoct
Ted mainf) fu
Files el o i
@Test-Test v 8 ystemClock_Config();
i Application 2
] EWARM
i User 1
i Core

2 Rmainc

99 | HAL_GPIO_Tegglezin
0| HAL Delay(10);

Bstra2gdochal_varc
D stmazgohelver 110 void systenclock_Contig (void)
uz | Roc oscinitrypodo RoC Ozcinisstruct = ()3
113 | Roc_CIRInitrypobot RCC_CIKInisstruct = (07

Ready

So, this has been done. Now, another function that I want to have is the HAL Delay. Just to
update you by default. If you go until the interrupt dot c file. The stick handler this intake is

of 1 millisecond.

So, whatever the value I pass here it will be correspondingly multiplied by 1 millisecond. So,
if I just again pass maybe 10 milliseconds. So, the LED2 should blink very fast. Firstly, I
need to basically rebuild my project and basically, it does the complete cleaning and you
build the complete project. I request maybe if we can focus on this LED2-Pin which is

blinking with a 1-second delay.

So, now my project has been built, and now if I download this firmware into my Nucleo

board the Firmware has been downloaded.
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@ Froject - IAR Embedded Workbendh DE - Arm 9,102 o
File Edi View Piojed Debug Disassembly STLink Tools Window Help
DOM@ B AK0Q DC 2 < Q2 SE<BON RO 2BCcOnIr. 0D gl
Viortspice. v 8 X mainc x simi2ghochal gpio.c mainh stmi2go it v Disssembly vax
Ted mainf) ) wo
Files [0 I pisassembly "
] @Test-Test v 7 0x800'1630: 0x4002'1090
8 ?2DataTabl
9 04800°1634: 0%4002° 1088
60 ?7ataTable
Sl 080" 1638 04002 10%
9 Dmainc 62 | *@rist e application entry point ?2DataTabl
7 B stmazgdoc hal_ 6| ety 04800°163c: 0%4002" 100
2 B stm32gdecitc (' Y ]
5 ot mainveia)
=i nain

W STM32G 4 HAL Dri 0x800'1640: 0xbS80

& B st32g40_hal.c o IAL_Init
B str3240_hel_cor hid 04800'1642; 0%£000 Oxfal
2 0 stm32gdoc hel_dm - tenCleck Config
) st32gdoc hel_dm 2 03800' 1646 03000 0xf30
) B strr32g40¢_hal_ext 73
£ strr32gdec_hel_fla 7| HALInit);
B str32gdoc hel_fla 7
£ stm32gdoc_hel_fla 76
) stm32g4ex_hal_gpi v i
Test <
Debog log
Log

Sun S2p 04 2022 12:57.50: 7896 bytes verified (71 40 Kbytes/sec)

Sun Sep 04 2022 125750: Download completed and verfication successtul

Sun Sep 04 2022125750 Hardware reset with stategy 3 was perormed

Sun Sep 04 202 12.5750: Target reset

Sun Sap 04 2022 125750 DMAC: KCLK and FCLK will notbe dsebled n SLEEP/STOP/STANDBY modes

Buld Debug log
Runthe progra in the debugger £

And if I make it run. As you could see the LED is almost just like it’s completely glowing

because the delay is very less.
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@ Project - IAR Embedded Workbendh IDE - Arm 9.0.2 ot Respanding) =
File Edit View Piojet Debug Disassembly STdink Tools Window Help
NoW@ = B0 2 ¢C QRECER XN BNeNom 1K il
Workspce: ¥ 0 X mainc' x stn32gdu_hal gpio.c mainh stn3igdoitc v | Dissembly vax
Tet main) fi| u:
LR | s N[ oisassemby E
v 0x800°1630; 0x4002'1090
?7DataTabl:
0x800°1634: 0x4002'1088
?7DataTabl
0x800°1638; 0x4002'10%
92 ?7DataTabl:
stm32goc hal_. H 0x800°163c: 04002'100c
B stm32gde it 0 ¢
9 | wnile (1)
el nain
e | 0x800'1640: 0xbS80
99 | HAL GPIO Toggle?in(LD2 GFIO Port, LO2_Pin): k()i
3 | [ oearodn; 0x800°1642: 0x£000 Oxfald
2 0x£000 0xf80
03
04

Debuglog

Log

Sun Sep 04 2022 125750 78% bytes veried (71 40Kbytesfsec)

257:50: Download campleted and veriication successtil

75): Herdvare resetvith sutegy 3wes periomed

750 Targetreset

750 DMAC: HOLK and FOLKwill ot be dissbled in SLEEP/STOPISTANDBY modes

Sun Sep04 202212

d Debuglog
Ready

So, maybe I just increase the delay to 100 milliseconds and now I reprogram the
microcontroller and see what exactly is the case. The Firmware is already downloaded and I

click on run.
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@ Frojct - IAR Embedded Workbench DE - Arm 8,102 o
File Edi View Piojet Debug Disassembly STdink Tools Window Help
DOW@ B L0 D¢ 24 Q2 $E< 0N RO 86O, [ IR
Viorkspace. v B X mainc x stmi2ghohal_goio.c mainh stmi2gho it v Diassembly vax
Ted main[) il o
Files [y = "Il Disassembly -
< 4 0x800'1630; 0x4002'1090
8 ?2DataTabl
4 0%800'1634: 0x4002' 1088
[ ?7DataTabli
: 0x800'1638; 0%4002" 10%
) o ?2DataTabl
= 0x800'163c: 0x4002'100c
o
6 int nainiveid)
660 nain
> 03800'1640: 03bS80
e 0x800'1642; 0x£000 Oxfal
| 0 tenCl tig
1 ) str32g4oc_hel_dm = 04800° 1646031000 0x180
& B str32g40_hal_ext 73
B stm32gdec_hel_fla 74| HALInit0);
2 D str32gdohel_fla 7
B st32gdoc hel_fla 7
& B stre32g40_hal_gpi b n
Tet <

Debug Log

Log

Sun S2p 04 2022 12:58:36: 7896 bytes verified (72 06 Kbytes/sec)
Sun Sep 04 2022 12:56:36: Download completed and veriication successtul
Sun Sep 04 20221258 36 Hardware reset with stategy 3 was perormed

Sun Sep 04 2022 12.56:36: Targel reset

Sun Sap 04 2022 12:58:36: DMAC: KCLK and FCLK will not be d sebled in SLEEP/STOP/STANDBY modes.

Buld Debug log
Runthe program inthe debugger

So, now if you could see that we can easily see the 100-millisecond delay. So, this is the
second way of generating the code. Now, I stop the debugging and we move on to the third
part for the last way we need to click on access to MCU selector. It will be displaying the

complete list of the microcontroller. 32-bit microcontrollers. Though ST is having 8-bit

microcontrollers also.
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So, this is the complete list we can select the dedicated MCU that is mounted onto the Nucleo

board, but we can squeeze down the list by using the several options available here.

[0 New Prject fiom a MCUMPU X
Example 7]
MCUMPU Filter
I * m > MCUs/MPUs List: 3505 tems T Export
d L
r
Commercial STHROOIDRYITR ¢ ey STHDIIDSYS Camngson NA WLCSP .. 32 KBytes 6 kEytes
Part Number STM2CO11DGYETR STMI2C01106Yx Comng scon NA W o5 6KEytes
STMI2C011F4P) STMI2CO11F4Px Comng scon NA SS0P-20 16 kBytes 6 kEytes
PRODUCT INFO STMICONFIPS oo iipy STMIZCONFAPX. Coming scon NA TSSOP-20 16 kBytes 6 kBytes
- STMI2C011FAV STMI2C011F4Ux Comng scon NA UFQFPN... 16 KBytes 6 kytes
Sogmen
STMZ2CONFIUSTR STMI2CO11F4Ux Comng scon NA UFQFPN.. 16 KBytos 6 kEytes
Seras STM2C011F5P3 STM32C011F6Px Comng scon NA TSS0P-20 32 kBytes 6 kEytes
Line STMZCONFGRS oo e STMIZCOTIFGP Comingscon A TSS0P-20 32 kBytes 6 KEytes
STM2C01F5U3 STMI2C011F6Ux Comng scon NA UFQFPN...32KBytes 6 kytes
Marketing Status STHIZ2COMFSUSTR STMI2CO11F6Ux Coming scon NA UFQFPN.. 32 kBytes 6 kEytes
Piice STMI2C014M3 STM32C01134Mx Comng scon NA 508 16kBytes 6kBytes
STMRCO11M :
STMI2C0134M5 STM32CO1MMMK Comng scon NA S08  16KBytes 6KBytes
Packae STM2C011J6M3 STMI2C011J5Mx Comng scon NA S08  32kBytes 6 kBytes
STMI2C01106
Core STMI2CO11J6M5 STMCO11J6Mx Comng o
¢ STMR2C031C4T3 STMRC031CATY. Comng o
Coprocessor
: STMRCO3ICATS STM32C031CATK. Comng o
STM32C031CA
STMI2C031CAL STMI2C031CAUx. Comng o
MEMORY STMI2C031CAUS STMI2C031CAUx. Comng o
STM2C031C5T3 STMI2C031CETK Comng o
Flash_From 010 405 (kBytes) STMI2CO3CETS STMI2C031C6T Comng o
STM32C031C6
0 4% STMI2C031C5U3 STMI2C031C6Lx Comng o
EEPROM From 010 16384 ( STMZ2C031C5U STMI2C031CEUx C
STMRCONFIPY STMIZC031F4Px C
0 16384 = o STM32C031F4 =
STMRC031F4PS STMI2C031F4Px C
RAM Total From2 1o 25°4 (kBytes) amunenEr) amumeERDy e
a7
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0 New Projct fiom a MCUMPU X

I [ sTM32FTx2 A Expot
[ STMRFT
[ STM32F7x6 STM32G474CBT3 STM32G4T4CBTx Active 39561 LQFP 48128 kBytes 128 kBytes
[ STMRFT6 HUCBTIR e STMI2G4THCBIX Adte 39661 LQFP 45...128 Bytes 128 kBytes
O ezt STMZ2G4TACBTETR STMI2G4TACETx Actve 16973 LQFP 46...128 KBytes 128 kBytes
STMRFTA!
STM:2G474CBUG STMI2G474CBUX Active 36003 UFQFPN... 128 KBytes 128 kBytes
Osnene STMZ2G474CCTh STMI2G4M4CCTx Active 41501 LQFP 48... 265 kBytes 128 kBytes
[ STM32G0x) Value lne STMI2G474CCU3  STMI2GATACC  STMI2G4TACCUx Active 43368 UFQFPN...255 kBytes 128 kBytes
[ sTMRG0K! STM32G474CCUG STMI2G474CCUX Active 4059 UFQFPN... 256 kBytes 128 kBytes
[ sTMRG4] STMZ2G4T4CET3 STMI2GATACETx Active 52112 LQFP48...512 kBytes 128 kBytes
) STME2GATCETIIR STMI2GATACETx Actie 52112 LQFP45...612 kBytes 128 kBytes
e STMRGIMUCETS STMI2GATACETx Active 4963 LQFP 48 512 kBytes 128 kBytes
" I STMRGATACE
1 STM32GAxd STM32G474CEV3 STMI2G474CEUX Proposal ~ NA UFQFPN...512 kBytes 128 kBytes
[ STMRHT23133 STMZ2G44CEUS STMI2GATACEUx Active 18293 UFQFPN.. 512 kBytes 128 kBytes
[ STMRHTZ535 STM2G4TCEUTR STMI2GAMCEUX Actie 482 512 46y s
STMZ2G4T4MBT3 STMI2GATAMBTX Active
STM32H730 Value line
E1GTMEz21720 Yaig i STMZGTINBTIR (e SUIZGHTANBT Acte
() smwzzHra2 STMIZGITNGTS STMI2G4TAMBTx Active

[0 STM32H743/753 STM32GATAMBTX Active

[ STMRHTA5/755 snszcine SMIZCHTNCT: Actia
STMRGATANCTX Actve
[ STMRHIATI5T -
STMR2GATANET3 STMRGATAMETx Active
[0 STM32HTS0 Value ne STMI2GATMETS STMI2GATAMET Active
. - STMIZGATAME —
[ STMRHTAYTB) STMR2GATANEY3TR STM32GATAMEYx Active
(] STM32H7BO Value line STMI2GATMEYETR STMI2GATAMEYx Active
2GAMPBIE  STM32GATIPE  STMIGATAPBIc Active
] STM32L0x0 Value Line 4 - ] SVA 204 /4PO S SOV 4 ERe T i
STMIRATMENE  STMIGATIOR  STHTCATAON  Aran
0 New Project from aMcuMy X
Segment
z MCUs/MPUs List: 8 tems M Expat
Sere
= | +_[Commercial Partho | PartNo | Reference _[Narketng .. linitP..X] Board X| Package X _Fash X| _RM ]
Lo STMRGATRETS SIMIGATARETX Actve 42329 LOFP 64... 128 KBytes 120 kByles
x STMIGATRE
y STM2GATARBTS STM32GATARBTx Actve ) 956 LOFP 61... 128 KByles 120 KkByles
Matkeiing Sta
i Kot STMI2GAMRCTS  _ STMI2GAT4RCTx Active 4T LQFP 64... 256 kBytes 126 kBytes
- SIMI2GATRC
Piice STMRGATIRCTS STMRGATARCTX Actve 4 4088 LOFP 64... 256 kBytes 128 KByles
STMZ2 STM32647. " 55 P 64... 512 kBytes 128 kByles
Pty STURGHHRETS e STHIZGHTRETC Acthe 48 LOFP 64.. 512 kBytes 120 kByte
STMR2GATARETS STMIGATARETx Active 51850 LOFP 61.. 512 kByles 120 kByles
Pin Count_From 6410 64 STMRGIBIRETS STMRGAMRETx Froposal  NA LOFP 61... 612 KBytes 12 kByles
Rertbdelle STMI2GAMRE
" = STMRGABRETS STMRGIMRETX Actve 6 3160 LOFP 61._ 512 kBytes 128 KByles

So, I can choose first. The line I can choose is STM32G474 and to squeeze down further. Let
me choose the package. It’s a 64-pin package. So, we can use various options to squeeze

down the list.

So, I am directly selecting the microcontroller which is mounted onto my Nucleo board. That
is a STM32G474RET6. So, now, in the meantime, the file is generated. The file generated

will be now completely blank with no peripherals initialized. So, we have to customize or do



the configuration as per our application requirements. So, we wait for a couple of seconds till

the blank file of this microcontroller generates. We are almost there and the file is here.
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[0 ST32CubeMX United: STM32G4TARETx

5 X
5TM l.’ File Window Help @ H ﬂ , '}c ﬁ

GENERATE CODE

Untitled - Pinout & Configuration

Clock Configuration Project Manager Tools
v Software Packs v Pinout
) : Pinout view System view
it -2 . |
1]
System Core
Analog
Timers
Connectivty
Nalimedia
Security
Computing
Niddieware STM32G474RETx
LQFP64
Uilies

I

So, now you can see that in the microcontroller all pins are blank. Only the VCC and the
ground pins have highlighted the Yellow. And we have to configure every pin as per our

requirements. So, now, we are targeting an example of the GPIO or LED toggle.
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Extemal power supply nput from ESV (5 V, 500 mA may)

Wnen the STM32G4 Nucleo-64 board is power-supplied by E5V (refer o Tablz 7 and Figure 12, the jumper

configuration must be the following:jumper JP5 on ping 5-6°ESV".

Tablo 7. External power sources: ESV (5 V)

Input power name Connector pins Voltage range

N pn6 475V0525V

Power supgly Input from SV_EXT (5 V, 500 mA max)

So, now we have to switch to the schematics. So, we can go on to the NucleoG47RET6 page,
and there we can have the documentation, the cad resources, and the schematics in terms of

PDF. In the documentation, we can have several jumpers and all those things in tails.
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While in the schematic if you can see this LED2 which is now blinking with a

100-millisecond delay is connected to a PF5-Pin of the microcontroller.

So, we need to configure the PF5-Pin of the microcontroller. So, we need to configure it as

GPIO output. So, we need to make it high and low to make leads on and off.
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Also on the left side, there are several parameters. Firstly, I want to configure my debugging

interface. The serial wire interface. So, you could see that as I have selected these 2 pins are

already configured.
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And now for the GPIO, this PF5-Pin so, the output level firstly, let me keep it high output
push-pull, yes I want to push-pull. So, speed. So, I can select the high speed. So, as per our
requirement, we can select it in the user label. So, let me put LED2 underscore 2. So, just for

our or basically as per the user requirement we can put the label here, and correspondingly

this label will be updated here.
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Apart from that there are ADCs, Tags, and Opamps comparator that is present in the analog
section. Also, the timers will have several timers in the connectivity we have SPI, 12C,
UART, and USB. While there are other options middleware and others that maybe it will be
useful for another project, as of now we need to focus on the GPIO output. So, I will be
covering a few of these topics in the next lecture. So, now, we go on to the Clock

Configuration.
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So, as I mentioned just in the second way that the Nucleo board is having external oscillators,
and external crystals, but as of now I would not use the high-speed internal and the maximum
speed that the controller can work is 170 megahertz. So, we can use the PPLL loop and make
it faster. So, I already know the values, but we can play with it to have whatever frequency

we want to make the microcontroller work. We can select that.
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In the project manager for sure we can set the names you can set the location the main thing

that we have already seen that [ want to highlight here also.



So, we can use the latest version if this option is stuck it is bound to give an error that the
latest library is not downloaded, but if you uncheck this and we can select the earlier version
that is installed on our PC we can select that. So, right now we can give the name Test1 for
this and again I go to the pin configuration here and save the project. So, now, if you could

see sorry in the Firmware NPTEL this Test1 folder is created.
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And now if I generate the code. So, correspondingly you will be seeing that various files are
being generated in the Testl folder, just bear with a couple of seconds till ok. So, it’s done.
So, I open the folder instead of directly opening the project. We can open the project, but I
would go to the open folder to show you the various files. We can go to the EWARM again
copy the path and we can open it in the IAR.
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So, this is the project that we have created in which we have not only used the pre-initialized
peripherals we have configured that by themselves. And right now we have to do the
application layer also as we have done in a second way. So, again I go to the main dot ¢ file.
Where I could see that the HALL, reinitialize, system clock, and GPIO when it is there while

again in the while 1. I have to write my application here

So, again I go to the drivers HAL drivers, where I go on to the GPIO dot ¢ and the functions
here I want to use the toggle pin example. So, I copied and paste it here. Again I can go to the
header dot c file maybe not here. So, I go to the GPIO in order of C. So, it’s GPIO-Pin5 and
GPA. So, right now there are no hash definitions I am searching for the main dot HS and it is

GPIO a function that we want to use is HAL.
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Let me just compile it ok. So, there are no errors. I rebuild it all again. So, right now if you
see at the Nucleo board. The LED is flashing with the 100 millisecond delay and right now I

have given a 1-second delay.
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So, let me program the Nucleo board with this. I will make the Firmware run. So, now, again
if you can see the LED the point at which my finger is pointing is blinking with a 1-second

delay. So, this is the third way of generating the code.
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CONGEPTS COVERED

* In this lecture we have covered the overview of STM32Cube open development
environment and STM32CubeMX software tool.

= Wealso touched STM32 NUCLEO boards and kept focus on STM32CubeMX tool.

* MCU pins and eclock configuration. peripheral initializations and template
code/workspace generation.

*  Innext lecture we will be continuing our discussion on STM32CubeMX to provide more
deeper insight with another example.

In this lecture, we have covered the overview of STM32Cube which is an open development
environment in which we have highlighted that it contains several software tools and several
software packages. Then we focused our discussion on STM32CubeMX where we
highlighted the Nucleo boards which we have used in demonstrating and we used GPIO
toggle examples through which we have done MCU pin configuration, clock configuration,

and generated the C code.

And in the next lecture also we will be continuing our discussion on STM32CubeMX to

provide more deeper insight. See you in the next lecture.



