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STM32G0 and
STM32CubeMX 5.0 Workshop

&

‘ 'l life.augmented

V1.3




Agenda

8:00 AM - 9:00 AM Registration and system check for pre-installed tools

9:00 AM - 3:00 PM STM32G0 Overview

(Lunch from 12 to 1 PM) Overview of the STM32CubeProgrammer
Lab: Upload and save a binary firmware image to a file
STM32CubeMX 5.0 Overview

STM32Cube Library

Lab: Blink an LED by software

Lab: Use hardware (PWM timer) to blink an LED

Lab: External Interrupt

Lab: Low power

Lab: Power Consumption Estimation

Optional Lab: Utilize a printf for console output
Optional Lab: Low Layer Library usage

Optional DMA presentation

Optional Lab: DMA

Lab: Restore original demo code firmware to the board

Lys
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STM32G0 MCU series
Efficiency at its best
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STM32G0: great mvestment -

Keep releasino

Note ® : Cortex-MO+ Radio Co-processor

High- performance

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

_____________________________________________________________________________________________________________________________________________________

UItra—Iow-power
Wireless
r arm Cortex-MO ! Cortex- M3 ; Cortex-M33 { Ccortex-M4 / Cortex-M7
Y/ : Cortex-MO+ / / '
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ARM Cortex-M Seamless scalability

ortex

Low-Power Leadership from AR M

Extended Performance O—— STM32 F3/F4/F7/L4
Cortex-M4 [/ M7

Floating Point Unit (FPU)
DSP (SIMD, fast MAC)

Foundation @ STM32 F1/F2/L1

Cortex-M3

Advanced data
processing

Bit field
manipulations

STM32

Budget price FO/LO/GO

Cortex-MO/MO+

General data
processing

r I/O control tasks
Ays




Lys
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Key messages of STM32G0 series ma

Efficient

« ARM Cortex MO+ at 64MHz

« Compact cost: maximum I/Os count

+ Best RAM/Flash Ratio

» Smallest possible package down to 8-pin

Robust

» Low electromagnetic susceptibility, EMC
» Clock Monitoring and 2 Watchdogs

» Error correction on Flash

Simple
« Easy to configure thanks to the intuitive and
graphical STM32CubeMX configuration tool

Very low power consumption (3pA in stop,
<100pA/MHZ in Run)

Accurate internal high-speed clock 1% RC

Best optimization, down to each and every detail
Offers the best value for money

loT ready with embedded security
Hardware AES-256 encryption
New Securable Memory Area
Safe Firmware upgrade / Install

Easy to develop based on the Hardware
Abstraction Layer library (HAL) or the low-layer
library (LL) allowing maximum re-use and faster
time-to-market



Wider platform

Portfolio streeeeeeeeeetched for efficient budget applications

_ More packages
Flash size (bytes) More memory and pin counts
4 <

SO/ TSSOP

Big flash

Small package ol2K Tlash e

M2K

296 K

128 K

b4 K

32K
16K #  Pins

"’ 20 28 32 48 64 100
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Reducing BOM coSt

New platform optimized with 1 power supply pair only up to 64pin packages

smaller package

Vdd Vss

less surrounding components

vdd

Standard
MCU * STM32G0

clock

vdd

Vss

Lys
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Innovations for your benefit

* No external clock -10cts
Accurate internal high speed clock +/-1% for 0 / 85°C

- No decoupling capacitances -4cts
Remove up to 6 decoupling capacitors for supply and clocks

- Smaller PCB -1cts

Smaller package, less components: save on PCB area

Additional benefits for your convenience:

- USB-C power delivery -15cts

Integrated transceivers, pull-up/down resistors and digital

« Secure programming -25cCts

In house or at 3rd parties
1S7;
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Providing more performance

Do not compromise on performance with STM32G0

Performance with 0, 1 and 2 wait state o Up to 64 MHz/ 59 DMIPS
142.88 * Up to >142 CoreMark Result
120 *  ARM Cortex-M0O+ with Memory Protection Unit
100 (|\/| PU)

_  Prefetch on
- Prefetch off

*  Flexible DMA up to 7 channels

Coremark score
N o o'}
o o o

N
o

o

0 10 20 30 40 50 60 70

System frequency 64
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Low-power modes efficiency

When Mainstream MCU Series meets low-power requirements

VBAT *10 nA /400 nA Tamper: few I/Os, RTC
SHUTDOWN *40 nA / 500 nA Wake-up sources: reset pin, few 1/0s, RTC
STANDBY *200 nA / 500 nA Wake-up sources: + BOR, IWDG

Wake-up sources: + all I/Os, PVD,
STOP Flash-RTC off-off/off-on/on-off SOlJ.A / 5lJ.A / SHA COMPs, LPUART, LPTIM, I2C, UART,
USB-PD

SLEEP _ _ 800 UA Wake-up sources: any interrupt
24MHz, Vdd=3V, PLL=on M or event

RUN at 64 MHz <100 pA / MHz

Conditions: 25°C, Vdd = 3V

Note : * without RTC / with RTC
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Ready for tomorrow m=

Faster, more accurate analog and digital functions

* More RAM for Flash
» Up to 36KB SRAM for 128KB and 64KB Flash

* Timers frequency up to 128MHz resolution (<8ns)
» Advanced control capabilities

» 12-bit ADC up to 2.5MSPS (0.4us) conversion time
» 16-bit oversampling by hardware

« 32Mbit/s SPI, 7 Mbaud/s USART, 1Mbit/s 12C
communication

Lys
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FD CAN

Up to 2 instances N = o
OBD Industrial

Smart peripherals
Vgar With RTC
foI?AbTattery backup / USB-C Power Delivery
400 nA in Vg, mode \ Up to 2 ports with dead-battery management
for RTC and

20x 32-bit backup registers 2 Q

TRNG & AES <«—” USB
—

for Security FﬁB siged
128—/256—b|'F AES Device / Host
key encryption hardware

accelerator

Comparators M — )))
2 instances >

Down to 30ns propagation delay

DAC \_ SPI/UART / I2C
2x 12-bit DAC, 4x SPIs
ADC 2 ESARTS (ISO 7816, LIN, IrDA, modem)
16x12-bit, 16-bit oversampling
2.5MSPS (0.4ps)
—
Timers 1/Os Up to 92 fast I/Os
8ns PWM resolution
"’ Advanced control
16- and 32-bit
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Smart integration

: : Main Clock monitoring
Low consumption process and design > :
Low-Power UART: wake-up on frame \B/alcikup clockt and |r_1terrupts ble int )
Low-Power Timer: counts and generate signals oftage monitoring: programmable Interrupts

12C wake-up on address and reset
" P Window watchdog on CPU clock

Independant watchdog on independant clock
Checksum by hardware
ECC on Flash, Parity on RAM

Always keep control
Save on battery life — \ ‘\Q Diagnose, react

Save on BOM cost $ <>

—> - High temperature
+/-1% high speed clock internal from 0 to 85°C e fromg-40°C P
+/-2% high speed clock internal from -40 to 125°C up to + 125°C

IO maximization: smaller package footprint

More flexibility €75

More RAM or more safety with parity enable/disable High robustness
Dynamic DMA assignement on DMAMUX

. ) . Highly immune to fast-transients
m All 10s with external interrupt capability Robust I0s against negative injections

M
N o~
-
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Smart applications

* High temperature 125°C
* Fast CPU 64MHz

* Advanced timers with

high-resolution 7.8ns

® Fast comparators

* ADC-12bit, DAC-12bit

* Low-thickness packages
* AES & security for secure Lig hti ng

Smartphones, IoT devices,
rechargeable connected
devices, drones, toys

* Low-thickness, small form-factor
* 64MHz CPU with DMA

® Low consumption in run and low-

upgrades power, fast wake-up
* USB type-C Power Delivery 3.0
: o . . * USB FS 2.0 dev/host crystal-less
Air conditioning, e-bikes, Consumer ObJeCtS

industrial equipments

* High temperature 125°C

* CANFD support

* SPI, USART, I2C

* Advanced timers with
high-resolution 7.8ns

* Real Time Clock with
backup registers

* AES & security for secure

upgrades Industrial devices

‘W Motor control Smart Home

Advanced control

Home appliances, alarms and

safety, advanced user interfaces

* High temperature 125°C

* Safety monitoring features

* More RAM for flash

* Low consumption <100pA/MHz
in run
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STM32 GO product lines

ARM Cortex-MO0+
64MHz

0.93 DMIPS/MHz

Integrated reset and brown-

MPU

Communication Peripheral:

SRR Sl (R STM32G0x0 — Value Line ex: stmazcoro)

Multiple general-purpose

e Up to Up to ¢- 12-bit
16-bit timers 512KB 80KB ADC
Flash SRAM 2.5MSPS

out waming

STM32G0x1 — Access Line (ex: stmz2cor)
Up to Up to 12-bit 2x Comp 1x 32-bit 1x 16-bit 1x16-bit USB Securable
512KB 80KB ADC 2x 12-bit T MC Timer Timer USB-PD OTG CAN-FD Memory
Flash SRAM 2.5MSPS DAC >100MHz >100MHz 2.0FS Area

STM32G0+11 — Access Line & Encryption (ex: stms2cos:)

Up to Up to 12-bit 2x Comp 1x 32-bit 1x 16-bit 1x16-bit uUsB Securable
512KB 80KB ADC 2x 12-bit S MC Timer Timer USB-PD oTG CAN-FD | Memory Hss
Flash SRAM 2.5MsPS DAC. I >100MHz J| >100MHz 20FS Area LGLE

DMA channels

2x watchdogs
Real-time clock (RTC)

Integrated regulator
PLL and clock circuit

O
o
Lo
N
—
+
o
=
o
-

Main oscillator and
32 kHz oscillator

Internal RC oscillators
32kHz , 16 MHz

-40 to +125 °C
Low voltage 1.65t0 3.6 V

(Value Line: 2.0 to 3.6V)
"’ Temperature sensor . On some part-numbers

life.augmented



STM32G0 Portfolio

A
Goct
512K
GOB1
256K { GOBO

1 Gosucoct G081/ GOC1
128K § corwcosl G071/ GOB1 G071/ GOB1
G070 G070 G070

cosavsr 4 cosvsr §  coavsi G081
64K TR G031/ 71 Go71
G030 G030
e Go4 + WLCSP25 STM32G081
32K G031 G031 G031 + WLCSP18 STM32G041
G030 G030 G030
8pin 20pin 28pin 32pin 48pin 64pin 100pin
Access AES
SON TSSOP UFQFPN LQFP LQFP LQFP LQFP
UFQFPN UFQFPN UFBGA Access

Value

Lys
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Access Line

Advanced features and solutions

Up to 128-Kbyte
Flash memory

System 7-channel DMA

* Arm 32-bit Cortex-MO0+ core e Up to 64 MHz

POR/PDR/PVD/BOR ARM Cortex-M0+ CPU

Up to 36-Kbyte SRAM

« Timers up to 2xfcpu resolution

20 byte backup registers

BOOT ROM * Real Time Clock

Connectivity

Memory Protection Unit

° 17 tO 36V power Supply Xtal oscillator

32 kHz + 1~64 MHz

Nested vector interrupt
Controller (NVIC)

° RAM m aXI m | Zatl O n Internal RC oscillators

32kHz (+/-5%)+ 16 MHz (1%) SW debug

I/O ports maximization

FLL + Prescaler

4xUSART
(2x with LIN, smartcard,

IrDA, modem control) « ADC 12-bit Ultra-fast
Encryption 1XxLPUART
AEs (256-bit) e . D A C 1 2-b | t
(SMBus, PMBus, Fast
Mode Plus)

* 1% internal clock

Clock control

* Direct Memory Access (DMA)

RTC/AWU

< Communication peripherals Systick timer

. - Zx;vattchdggs . (Power Dtl;'lis\slBerl;[::lterface - Cotrl ¢ CO m p ar ato s
° USB_C Power De||very (independent and window) incl. BMC + PHY) 1x 32-bit timer

60 I/Os on 64 pins Analog 1x16-bit Motor C. timer °
Bt MGtorCe ¢ Safety features

O M each « Advanced Security features

Cyclic redundancy check

(CRC)

1 x 12-bit DAC 2ch. one with fmax > 100Mhz

‘ ’ ’ 2 x Comparators 2x Low Power timer
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Value Line

No compromise on what matters

System 7-channel DMA Up to 128-Kbyte
Flash memory

Up to 64 MHz
ARM Cortex-M0+ CPU

Power supply

Up to 36-Kbyte SRAM

POR/PDR

Arm 32-bit Cortex-M0O+ core

20 byte backup registers

Memory Protection Unit

;‘;“'(:z"i"z’_tg; i Nested vector interrupt 500T RO ¢ TI mers
« 2.0to 3.6V power supply Controlier (NVIC) p—
L SW debug Y - Real Time Clock

RAM maximization

FLL + Prescaler

et + 1/O ports maximization

IrDA, modem control)

2xkC « ADC 12-bit Ultra-fast

(SMBus, PMBus, Fast
Mode Plus)

1% internal clock Clock control

RTC/AWU

Direct Memory Access (DMA)

Systick timer

Communication peripherals 2« watchdogs

(independent and window)

- Safety features

Control

60 I/Os on 64 pins Analog
Cyclic redundancy check
(CRC) 1x 12-bit ADC SAR
16-channels /2.5MSPS

1x16-bit Motor C. timer
4 PWM + 3 compl.

5x16-bit timer
2 PWM each

Lys
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More security

Integrated security features, ready for tomorrow’s needs

_ , User flash
Firmware IP protection
Mutual distrustful
Secret key storage
: : Standard user flash by default
Authentication
ST é'e_c'l}_a:b'l'e""“"' Can be secured once exiting
- No more access nor debug
S ble M A
Secure firmware upgrade SoouaDle temon e Memory Area

Read-out Protection f' | .
Write Protection Con |gurab e slze
Memory Protection Unit (MP_U)
[ES256 ] SHE250 Encrypion ﬁ Good fit to store critical data

Unique ID v « Critical routines
Lyy ' Keys
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LQFP64 pin-to-pin comparison

* 910s more on STM32G071 vs STM32F071

VBAT []
PC13 ]
PC14-0S€32 IN ]
PC15-0SC32 OUT []
PFO-OSC |N|[]
PF1-OSELOUTIL]
NRST [}

PCO ]

PC1 [

pC2 [

PCa [

VSsA ]

VDDA []

PAO [}

PA1 [

PAZ [}

Lys
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o]
]
=

VELS
PES
PES

BOOTO
PB7
PBE6
PBS
PB4
PE3
FDZ
PC12

PC1

PCAD

PA15

PA14

511/0Os

1 45
2 47
3 46
. STM32F071 -
] 43
7 4z
8 41
: LQFP64 :
10 39
11 38
12 ar
13 36
14 35
15 M
16 33
\"22RINRIRERRRB 5 8
LU O I LTI T LT L L
R00FEss0gEResp2e

VDDIOZ2
WSS
PA13
PA12
PA11
PA10
PAS
PAS
PES
PCa
PCY
PCB
PB1S
PB14
PB13
PB12

PC1
PC1.
PC1.
PC14 - 0SC32_IN]
PC15 - 0SC32_0UT|
VBAT]
VREF+
vDD_1l
vss_1l
PFO - OSC_IN|
PF1 - 0SC_OUT|
PF2 - NRST|
PCO
pcil
pPC2

PC10

o

[aa]
2

o
0

~
[2a]
0

Extra-port vs STM32F0 ©

© o I mFO
o o o oo
L o O = [ W

D5
D4
D3
PD2

© 0 N O g b~ W N P

PCZtG

64

17 18 19 20 21 22 23 24 25 26 27 28 29

63 62 61 60

59 58 57 56 50 49
48|PC8
47PA1S
46PA14 - BOOTO
STM32G071 sofons
44PA12
43PA1l
42PA10
LOFP&4 41]PDo
40PD8
39|PC7
38|PC6
37|PA9
36 |PA8
35]PB15
34|PB14
33|PB13

w
]
8
\

=)
<
o

—
<
o

N
<
o

)
<
o

wmowamoﬁm
< < < <K O o o o
[ T o R o T o B o T T o O N

pB10| 8
PB11
PB12

60 1/0s




Consistent and optimized pinout

Ch

8

NQOLO#(’OLDU)Q‘OONHOO’

5 & & &
SRR /7// !
pc11| 1 8|PC8
PC12| 2 43\43\43\4)\4\\43\41 40 39 PA15
PC13[-3 36 #6{PA14 - BOOTO

PC10

(o2}
IS

J

1
PC14 - OSC32_IN[Z 2 | 3\\3})\2?\ 2\ 2& & 2 25 PA13
PC15 - OSC32_OUT[ 5 3 1 28 27 26 25 24 23 22 24 44| PA12
VBAT|-6 4 7 1 21 / 43 PAL1
VREF+|—7 5 oo I 20 2 PA10 QFP64
T [ V4
vDD_1|-8 6 > 19/21/ 31 41|Pno QFP/QFN48
- 4 UFQFPN28 - GP 18 ’ QFP/QFN32
VSs_1|-9 7 5| 36 40 |PD8 QFN28
e 5 17
PFO - OSC_IN|H6 8 5 | 16k 19 9§ ) [elev4
PF1- OSC_OUTH / § 7 b 1 58 g\Pce
PF2 - NRST|H2 / 8 9 10 11 12 13 14 17 27 37 PA9
pcol13 {11 9/;@/]/1/]/ ]A / 26¥PA8

PC1] 14 12 g/// 25 351PB15

PC2] 15 13/14/ 15/16/17/ 1 20/2) 22 23 24 34\PB14

e 6 \m\\ po13
28 25 26 8\29

8 1p 40 21 2P 2B 0N\31\32
C < N ™M I 1 © N~ I W o « «
< < < < < €« < < 00 =4 o o
S i iaacaacacen i B @ o a

Lys
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STM32G0 ecosystem

Go fast, be first

HARDWARE TOOLS SOFTWARE TOOLS

STM32CubeMX featuring intuitive pin selection, clock tree
configuration, code generation and power consumption
calculation

STM32 Nucleo Discovery kit Evaluation board

, e o : HE i
Flexible Key feature Full feature
prototyping prototyping evaluation
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STM32G0 ecosystem

Platform approach or custom code: you choose

* Open-source FAT file system (FatFs)
* Open-source real-time OS (FreeRTOS)
* Dozens of examples
STM32Cube
Middleware

STM32G0 Hardware Abstraction Layer (HAL) portable APIs
High-performance, light-weight low-layer (LL) APIs
High coverage for most STM32 peripherals

CMSIS Production-ready and fully qualified

Dozens of usage examples

Open-source BSD license

STM32CubeGO

HAL + Low-Layer drivers

Lys
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& SUMMARY 3 Keys of STM32G0 series




STM32CubeMX 5.0

STM32CubeMX graphical software configuration tool
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Introduction

STM32CubeMX

Y
o
o e‘
\)9
o do“

(o/
€ 9eneration bas®
] \ @ STM32CubeGO
|
@ @ STM32CubeH7 |, (@°

STM32CubeF7 ?\\? N
STM32CubeF4 —‘G

rt TM32CubeF o
able API With- STM32CubeF2 ST . RTOS’“S

r I . . \e-
” n all Series - Middleware stacks when app\\cab
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STM32CubeF1 _

STM32CubeF0




Overview

* Choose ideal MCU e o
and simply ity o o Aavx&s

configure

Existing Projects New Project Manage software installations
* Pinouts o
. e s I need to : Check for STM32CubeMX and embedded software pac...
» Clocks and oscillators <im3290_nucleo.ioc x|
Last modified date - 10/12/2018 23:35:33 Start My ct from MCU ...
° Pen pherals test ioc m ACCESS TO MCU SELECTOR Install or remove embedded software packages
Last modified date - 10/12/2018 15:49:41
Start My om STBo...
* LOW- powe r m Od es UEEL0 1 EIT [RITE m ACCESS TO BOARD SELECTCR
M . d d I Last modified date - 20/11/2018 22:45:01 I .
° I eware
Other Projects E'l: Wireless and ulira-low-power MCU

State-of-the-art RF performance

+ Dual-core

+ Dual-protocol
+ Key storage

* BOM saving

Application benefits

Helps choose the correct MCU for a given purpose 1S7]

Simulation provides an advantage in design phase

r Boosts development speed with a headstart
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Key features

* Peripheral and middleware parameters * MCU selector
« Filter by family, package, peripherals or memory sizes.
* Power consumption calculator « Search for similar product.
» Code generation  Pinout configuration
» Possible to re-generate code while keeping user code » Choose peripherals to use and assign GPIO and

intact. alternate functions to pins.

« Option of command-line and batch + Configure NVIC and DMA
operation

- Clock tree initialization
* Expandable by plugins « Choose oscillator and set PLL and clock dividers.

Lys
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e Pene e oy
AL0U A LRI T i . 5 S
Gt | Dhos Db, S Cs e Dt

Generate Code

STMStudio

Monitor

©®IAR | | o || zmpans ARMKEL  CooCox

SYSTEMS

TASKING| | KEGLABS | | ¥ £ g st \@ ace

\

El atollic

Free
IDE


http://www.ac6.fr/
http://www.ac6.fr/
http://www.ac6.fr/
http://www.ac6.fr/
http://www.ac6.fr/
http://www.ac6.fr/
http://www.emprog.com/emprog/
http://www.emprog.com/emprog/
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STM32G071 Block diagram

Main specification

[ ]
ash memory
* 0.93 DMIPS/MHz
Power supply Up to 64 MHz
* Vbat SUpply 1.2 V regulator Up to 36-Kbyte SRAM
POR/PDR/PVD/BOR ARM Cortex-M0+ CPU
* Vref+ pln Memory Protection Unit
. Xtal oscillator ;
« Max ambiant tem p 125°C i s Nested vector interrupt

Controller (NVIC)

* One SUPD'Y pair Internal RC oscillators Connectivity

32kHz (+/-5%) + 16 MHz (1%) SW debug

2xSPI (12S)

AHB-Lite bus matrix AXUSART
(2x with LIN, smartcard,
APB bus IrDA, modem control)

- Securable Memory Area
* High sink I/Os

* <100pA/MHz run mode Sockeonte
- Stand-by <1pA @ room temperature RTC/IAWU

FLL + Prescaler

IXLPUART

2xI’C
(SMBus, PMBus, Fast
Mode Plus)

« Stop 5 HA @ room temperature
p |J~ @ p Systick timer
USB PDI
(Power Delivery Interface :
incl. BMC + PHY)

Control
1x 32-bit timer

¢ Shutdown mode S
 Low EMI SAE (25@24MHZ) (independent and window)

. 60 1/0s on 64 pins Analog 1x16-bit Motor C. timer
Robust EMC/ESD/EMS S [
. Cyclic redundancy check 4 PWM + 3 compl.
- 28/32/48 and 64 pins (CRC)

1x 12-bit ADC SAR
16-channels / 2MSPS

features highlight

5x16-bit timer
2 PWM each
one with fmax > 100Mhz

2x Low Power timer

Lys
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mailto:2.5@24MHz

Cortex MO+ vs Cortex MO

« STM32G0 has been upgraded with a Cortex MO+ core bringing more security
and performances

- STM32FO STM32G0

Relocatable vector table No Yes

Pipeline 3 Stages 2 Stages

Performance 2.20 Coremark/MHz 2.23 Coremark/MHz
(48MHz — 1WS) (64MHz — 2WS)

MPU No Yes

Breakpoints 4 4

Single cycle Yes Yes

32bits x 32bits Multiplier

Lys
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System architecture overview

%Péﬂchrlt:s Flash memory <\_'\‘ Flash memory ) TWO maSterS
= notece Ny - Cortex®-MO0+ core
! IOPORT 1t
I ARM® SRAM * General-purpose DMA
Cortex®-M0+ Bus matrix L
core (—_AvB ‘“‘HE;E;:‘PB " arB
 Three slaves:
DMA + DMAMUX
channels 1 to 7 SYSCFG, * |Internal SRAM

(— ADC, DAC,

. COMP1, COMP2Z,

TIMA, TIMZ, TIM3, * Internal Flash memory
~ K= CRC TIMB, TIM7, _ )
e et to TIMIT, * AHB with AHB-to-APB bridge that
RCC K= K= AES UCPD1, UCPD2, connects all the APB peripherals

IWDG, WWDG,

RNG K= K= ExTI IHZE Tz":':";
USARTT fo USART4,
"y S~ LPUART, °

DMA requests SPIM/125, 5PI2,
HDMI-CEC,
DBGMCU

Lys
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STM32G0 - RCC
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Main Differences with STM32F0

» The Reset and Clock Controller is similar to the one implemented in the
STM32F0 family with some enhancements

STM32F0 STM32G0

NRST Input & output GPIO, Input, Input & output
Reset Holder No Yes

PLL One output Three outputs

CSS on LSE + LSCO * No Yes

HSI divider to SYSCLK No Yes

Timer 1 & 15 running at 2xSYSCLK No Yes

"’ * CSS on HSE was already available for both FO and GO products
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HSI16

HSE
HSIDIV

/1...128

HSISYS

SYSCLK

PLLCLK

LSE

-
Lys
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-8

Simplified clock tree

PLLPCLK

PLLQCLK
PLLRCLK

— > To CPU, DMA, memories, AHB peripherals

AHB HCLK APB PRESCALER SN To APB
/1...16 peripherals

PRESCALER
/1...512

LSE LSI

Available in VBAT Available in all
modes except

Shutdown and VBAT
mode

and all low-power
modes

To RTC



« Selected between HSI16, HSE, PLL, LSI, and LSE

» System clock, AHB and APB maximum frequency: 64 MHz

System clock

Range 1 64 MHz max. | 16 MHz 48 MHz VCO max = 344 MHz
Range 2 16 MHz max. | 16 MHz 16 MHz VCO max = 128 MHz
Low-power 2 MHz max, | “lowed Not allowed | Not allowed
run/sleep with divider

Lys
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STM32 NUCLEOQO features

Flexible board power supply :
through USB or external source

(gpiz 10 W 94V—0
1 ﬁ ST §nn
=.ae p
g B
9dg ¥
BHCS[ = 2 push buttons, 2 color Leds
P i < Arduino extension connectors :
= B i | easy access to add-ons
ol
0%

. ,Eulg%zg;wffmm '
— A One STM32 MCU flavor with 64 pins

Morpho extension headers :

direct access to all MCU 1/Os

www.st.com /stm32nucleo

"’ We are now going to provide you with the STM32GO0 Nucleo board.
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http://gnbproject7mms.gnb.st.com/mcdmktg/regions/ecosystem/Ecosystem Branding Visuals/module_NUCLEO_STM32.png
http://gnbproject7mms.gnb.st.com/mcdmktg/regions/ecosystem/Ecosystem Branding Visuals/module_NUCLEO_STM32.png

Board Check
« Connect USB ST-LINK (CN2) to your PC

« ST-LINK driver may be installed if this is the first time the board is plugged in.

- LD1 should be ON and solid RED (indicating board power available

and ST-Link is functional) CN2
LD1
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K,’ Note about Virtual Box or VMWare or Parallels users: you need to give USB resources (ST-LINK in our case) from Native OS to
lie.augmented  Windows environment.



Lab: Saving the original code
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Lab : Saving the original code

Objective:

- The objective of this lab is to save the “out-of-the-box” firmware
demonstration code using our stand-alone programmer:
STM32CubeProgrammer



» O
SE“SSép;;ammer STM32CubeProgrammer features

B sTM32CubeProgrammer - e
« Main Features: szt @ Fww

CubeProgrammer

= Memory & File edition

 Unify existing programming software tools :
Merge STVP’ ST_Llnk Utlllty ‘&m Address | o08000000 |+ Size | 0woo Datawidth | 32-bit -

Address 0 4 g C ASCI
d B | d f | I I I il 0x08000000 BERAADDE OCBOCEFA 33221100 77665544 b.o¥il’ ... "3DUFw
an OOt oader so twares tOO S In one so Utlon sl 0x08000010 BBAA9988  FFEEDDCC 21E1121E E3E44F3A .. ®»I¥4y. 4! :04d
0x08000020 AFFEEE4F 1F4EEF43 FE131F1F 3ALFIEL2 07BOCIN. . . .p.>.
0x08000030 AE745FE4 36EAF785 F7AT3EF7 F7ETF7F7 5_t0.:86:55

0x08000040 F7FTFTF7 F7FTETF7 F7FTETET F7FTETET s

« Multiplatform s
0x08000050 FIE7TF7F7  ETFTF7F7  ETFTFTFT  E3ESAFFA  sssetersieriOad
(W| N d OWS L| nux an d m aco S) l'lj ' 0x08000060 JESFAE4F  3IATFAEFS  F4ESFTES 15424865  0°_Ng®.:a+adeHB.

0x08000070 54444567  DATAS767  DATA604D  EA4ADI42  gEDTQ.tOMjtUBRIA
0x08000080 EBBEACDD FFAFAEAB S46ES4EF EBF76EFS V-Ha«® i TnTons2
0x08000090 544EFSS7  BAADDEFO  BOCEFABE  2211000C WGNTOP.°Xal‘..."
0x080000a0 66554433  AA998877  EEDDCCEE  ELIZIEFF  30UFw..®»1¥i§..3
0x0B0000B0 E44F3AZ1  FEEEAFE3  4EEF434F  13IFIFIF  1:0a307pOCiN....
° Debug and bootloader |nte rfaces su pport ST_ 0x080000C0 IFIEL2FE 745FE43A  EAFTSSAE  ATIEFT36  p.s.:At®.+B6:§
008000000  F7FTFTF7  FTFTRTF?  FTETRTET  FTRTFTFT  sieids :

LINK debug probe (JTAG/SWD)’ Bootloader 0x080000E0  F7F7F7F7  FTETE7ET  FTETETET  ETFTRTET

interfaces (UART, USB DFU, SPI, I2C and CAN) .. =

10:49:53 : UPLOADING ... T
10:49:53 : Size : 1024 Bytes ¢
10:49:53 :  Address : 0x8000000

10:49:53 : Data read successfully

10:48:53 : Time elapsed during the read operation is: 00:00:00.012

Q|®

Secure programming

Lys
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Run STM32CubeProgrammer

m S5TM32CubeProgrammer

CubeProgrammer

= Memory & File edition

Device memeory | Open file

ST-LINK configuration

Address B Size Data width 32-bit -
EECRULEC N 0670FF505051717867181

- | &
Frequency (kHz) NG M

:
- m

Mo data to display —
Shared Disabled

External loader

Tare

rg

n N >TM32CubeProgrammer 1.4.0

5TM32Cuber
rogrammer

Firmware upgrade

Verbosity level L]

nation

Device ID

Flash size
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Connect to the ST-LINK =

[ sTM32CubeProgrammer - =

»
STM32
CubeProgrammer
Memory & File edition MOL CONNECed

Click On “Connect”

Device memory

Addrass Data width 32-bit ST-LINK conngurau:

Serial number 0570FF505051717867181..

SWD

4000

Normal

0

Software reset

No data to displa)
P Disabled

External laader
Targ:
Firmware

Firmware upgrade

Verbosity level (@1 2

0x08000080 080000E3 080000€E3 080000€E3 080000€E3
0x08000090 080000E3 080000E3 080000E3 080000E3
0x080000A0 080000E3 080000E3 080000E3 080000E3
0x08000080 080000E3 080000E3 080000E3 46854803 a...4...4....H.F
0x080000C0 F83CF000 47004800 08000A49 20000410 D<o H.GI......
Verbosity level (@1 2
: Address : 0x40022020 T

Size : 32 Bytes

: Ox0L
Address : 0x40022080
Size : 4 Bytes
UPLOADING ...

Size : 1024 Bytes
Address : 0x3000000
: Read progress:

17:32:53 : Time elapsed during the read operation is: 00:00:00.007

Ql®|@
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Save the content of the flash

[I sTM32CubeProgrammer - X

stua ¥ W ‘0' D v x ‘Y’

CubeProgrammer
@ Connected

» Change the size to:
0x20000 @

« Equivalent to 128K
which is the size of

== Memory & File edition

Device memory

ST-LINK -

»,

0x08000000 0x20000

Address Size Data width

B

Address 0 4 g E
the Flash of the 0x08000000 20000890 08003BF9 08003789 08003788 U;..17..»7
STM32GO0 on the 0x08000010 00000000 00000000 00000000 00000000  wuereaann
0x08000020 00000000 00000000 00000000 080037BF  wurrnennnnn. 7.
Nuc|eo board 0x08000030 00000000 00000000 080037C1 080037¢3 A7. .A7.
0x08000040 08000A13 08001493 08001497 0800278F e, '
0x08000050 080038C7 08003828 08003B37 080037DD C8..4;..7;..Y7
0x08000060 08003C45 0800347 08003C49 08003C4B E<..G<..I<..K<
0x08000070 08003C4D 08003C4F 0800351 08003¢53 M<..0<..Q<..5<
0x08000080 08003803 08003C55 08003C57 08003C59 8. .U<. . We. . Ye
° Then CliCk: ' 0x08000090 08003C5E 08003C5D 08003C5F 08003¢61 [<..]<.._<..a<..
0x080000A0 08003C63 08003C65 08003C67 08003C69 c<..e<..ge. i<, .
Read -> Save As... 0x08000080 08003C6E 08003C6D 08003C6F 08003¢71 k<..m<..0<..q<. .
0x080000C0 0004B510 D1012€00 E0372001 28006940 TV T F I I ¢
Log Verbosity level o1 2
10:27:00 : Address : Ox40022020 =

10:27:00 : 51ze : 32 Bytes
10:27:00 : Bank : Ox01

10:27:00 : Address : Ox40022080
10:27:00 : 5ize : 4 Bytes
10:27:00 : UPLOADING ...
10:27:00 : Size : 131072 Bytes
1 Address @ Ox8000000
: Read progress:

Device

Type MCU

Device ID Ox460

10:27:01 : Time elapsed during the read operation is: 00:00:00.944 . ne
o Flash size 128 KB

CPU Cortex-MO+

e
oo
Fd
e B
oo
I=)=]

Lys
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Save the content of the flash

- Save it to a location you will remember because we will restore it at the end of the workshop.

- Save as a binary file (*.bin)
For example: C:\STM32G0WorkShop\HandsOn\original code\orginal _code.bin

[ save As >
- v « HandsOn » original code w | ) Search original code o
Organize « Mew folder fzz - o
f& OneDrive -~ Marne - Date modified Type
E Thiz PC Me items match your search.

g 3D Objects
I Ceskiop
Documents
; Downloads
J‘J Music

[&] Pictures
B Videos

] o Il o

File name: | criginal_code.bin i

Save as type: | Firmware files (*.bin;*.hex*.srec) -

‘ ,’ # Hide Folders Cancel
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Disconnect to the ST-LINK

[E] sTM32CubeProgrammer - e

stva* O

CubeProgrammer

Click On “Disconnect”

Address 0x08000000 Size 0:x400 Data width 32-bit

Address
0x08000000
0x08000010
0x08000020
0x08000030
0x08000040
0x08000050
0x08000060
0x08000070
0x08000080
0x08000090
0x080000A0 080000E3 080000E3 080000E3 080000€E3
0x08000080 080000€3 080000E3 080000E3 46854803 S P i
0x080000C0O FB3CF000 47004800 08000249 20000410 .B<o.H.GI......

0
20000410
00000000
00000000
00000000
080000E3
080000€3
080000E3
080000E3
080000€3
080000E3

4
08000001
00000000
00000000
00000000
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

8
08000978
00000000
00000000
0800097D
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

C
08000979
00000000 ................
0800097F ...l
0BDA09B1. | ........}.......
080000€E3
080000€3
080000E3
080000€E3
080000€3
080000E3

ST-LINK

a width 32-bit -

Verbosity level (@1 2 3 Serial number 0670FF505051717867181...
: 0x40022020 F
: 32 Bytes <§ SWD
0x01
: 0x40022060
: Size : 4 Bytes B 4000
i UPLOADING ...
: 51ze : 1024 Bytes Normal
i Address : 0x8000000 h
: Read progress: 0
17:32:53 : Time elapsed during the read operation is: 00:00:00.007

Software reset

No data to display
Disabled

Firmware

Firmware upgrade

Verbosity level (®

Q®®
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STM32Cube and STM32CubeMX
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Introduction

STM32CubeMX

Y
o
o e‘
\)9
o do“

(o/
€ 9eneration bas®
] \ @ STM32CubeGO
|
@ @ STM32CubeH7 |, (@°

STM32CubeF7 ?\\? N
STM32CubeF4 —‘G

rt TM32CubeF o
able API With- STM32CubeF2 ST . RTOS’“S

r I . . \e-
” n all Series - Middleware stacks when app\\cab
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STM32Cube
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Overview

Evaluation boards Discovery boards Nucleo boards

RTOS
FreeRTOS

Middleware level examples

USB USB Graphics

File system
Host Library Device Library TouchGEX FATFS

STemWin Utilities

Application benefits

USB Power Audio . Networking
Addons LbJPEG Lwip Tcpip POl SSt Single package

Middleware level . . .
Compatible with all STM32 series

HAL examples

Boards Support Low-layer APIs Hardware Abstraction
Packages (BSP) (LL) Layer (HAL)

Low level drivers

STM32F0 STM32F1 STM32F2 STM32F3 STM32F4
STM32F7 STM32H7 STM32L0 STM32L1 STM32L4
STM32G0

Source code with open-source BSD license

STM32
Series

J
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Contains STM32G0xx CMSIS files that
defines Peripheral’s registers
declarations, bits definition and the
address mapping

W

W

Third party middleware:
» FAT File System and FreeRTOS

v

Set of examples/ applications organized
by board provided with preconfigured
projects.

) 5TM32Cube_ PW_G0O V1.0.0
Documentation

Drivers

BSP <

Package organization

Adafruit_Shield
Components
STM32G0x_Nucleo
STM32G0o_Nucleo_32
STM32G081B_EVAL
CMSIS
STM32G0xx_HAL Driver
Middlewares
ST
STM32_USBPD_Library
Third_Party
FatFs
FreeRTOS
Projects
Utilities
CPU
Fonts
GUI_INTERFACE
Log
Media
PC_Software

BSP drivers for the supported boards

STM32G0xx HAL drivers for all modules

USB Power Delivery stack




Lys

life.augmented

HAL general concepts
HAL based project organization

Source files | Include files

User Code {

HAL Drivers tm22a0xx hal conf b

Note;
system_stm32g0xx.c
keeps the system
clock as HSI

CMSIS




HAL general concepts
HAL drivers file

stm32g0xx_hal _ppp.c/.n Peripheral driver with cross family portable
APlIs

stm32g0xx_hal ppp_ex.c/.h Extended peripheral features APIs

stm32g0xx_hal.c HAL global APIs (HAL _Init, HAL Delnit,
HAL_ Delay,...)

stm32g0xx_hal.h HAL header file, it should be included in user
code

stm32g0xx_hal _conf.h Config file for HAL, should be customized by
user to select the peripherals to be included

stm32g0xx_hal_def.h Contains HAL common type definitions and
macros

Lys
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Key features

Layer Category Provided embedded software Provided examples

Analog Analog/Digital conversion, ...

HAL ) ) ~66 examples
Timers Timers, RTC, Watchdogs, ... on ST evaluation boards* !
Connectivity 12C, USART, SPI, 12S, SDMMC, CEC, ...
RTOS FreeRTOS open source RTOS, with CMSIS-RTOS wrapper

. USB Power . : . : ~10 applications

Middleware Delivery PD stack, device policy manager, policy engine, protocol layer on ST evaluation boards* |
File System FatFS open-source file system

Application Demonstration  |Full demonstrations for ST boards ~1 demonstration project for ST boards!

"I * STM32GO Series
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Examples overview (1/2)

v Projects

 For each board, a set of examples is provided with preconfigured
. . NUCLEO-GO70RB
projects for EWARM, MDK-ARM and SW4STM32 toolchains v ¥ NUCLEO-GOTRe
« This figure shows the projects structure for the NUCLEO-G071RB board, o e
which is identical for other boards FreeRIOS
Demonstrations
« The examples are classified depending on the STM32Cube level they apply v Examples
to, and are named as follows: -
« Examples in Level O are called Examples, and use HAL drivers without any CORTEX
middleware component ;TC
« Examples in Level 1 are called Applications, and provide typical use cases of each > 1 DMa
middleware component S
« Examples in Level 2 are called Demonstration, and implement all the HAL, BSP M
and middleware components UART
WWDG
Examples_LL
Examples_MIX
v Templates

EWARM
Inc

MDK-ARM

r Src
’ ’ SW45TM32

life.augmented Templates_LL



Examples overview (2/2)

» The Template project is provided to build quickly any firmware application for all supported
boards

+ All examples have the same structure,
« \Inc folder contains all header files
* \Src folder for the source code
 \EWARM, \MDK-ARM and \SW4STM32 contain the preconfigured project for each toolchain
« readme.txt describes example behavior and the environment needed to make it work

* *ioc file that allows user to open most of FW examples within STM32CubeMX (starting from
STM32CubeMX 5.0)

Lys
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STM32CubeMX
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Overview m=

* Choose ideal MCU and

. . [ sTM32CubeMX Untitled — X
a
mpl f e — ~ © HoY x o7

SI p y CO n Ig u re sEﬂhEMX File Window Help ) (> I 4 Y/

e Pinouts

. Existing Projects New Project Manage software installations
» Clocks and oscillators
1 Recent Opened Projects Check for STM32CubeMX and embedded software pac
 Peripherals : Ineed to na en
stm32g0_nucleo.ioc
o L d Last modified date - 10/12/2018 23:35-33 Start My project from MCU ..
OW' pOW@r m O es — ACCESS TO MCU SELECTOR Install or remove embedded software packages
. Last modified date - 10/12/2018 15.49.41
° M Iddleware R Start My from STBo

test_g0_atollic .ioc
Last modified date - 29/11/2018 224501

ACCESS TO BOARD SELECTOR

¥ HHH

Wireless and ultra-low-power MCU
State-of-the-art RF performance

Other Projects

* Dual-core
* Dual-protocol
+ Key storage

Application benefits - BOM saving

3

Helps choose the correct MCU for a given purpose

Simulation provides an advantage in design phase

r Boosts development speed with a headstart
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« STM32CubeMX needs Java RE

» Check release notes of the particular
version for additional requirements

» Multiplatform tool runs on Windows,
Linux and macOS

« After installation, hit Alt+S to
configure the updater — not only
for the GUI but also for Cube
FW libraries

 Select SW library placement.

Lys
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Prerequisites and settings

|| Updater Settings
Updater Settings

Connection Parameters

-Firmware Repository

Repository Folder

IC-/Users/ {STM32Cube/Repository/

+Check and Update Settings
O Manual Check

@ Automatic Check Interval between two Checks (days)

«Data Auto-Refresh

O Mo Auto-Refresh at Application start
® Auto-Refresh Data-only at Application start
O Auto-Refresh Data and Docs at Application start

| Interval between two data-refreshs (days)

]

Cancel




Updater

- Updates are accessible Fl Check Updare e X
from the Help menu ﬁ Updates are available for STM32CubeMX, STM32Cube MCU Packages.

Update Information was last refreshed 2 hours ago.

new STM32CubeMX Release

m MX.5.0.1
MNew version of STM32CubeMX Software (Size : 104 MB).

* The tool updater can
detect new releases of the

tOOI and the associated new STM32Cube MCU Package releases
CU be Ilbrary O g}rwmggéuﬁ%cu Package for STM32F4:xx Series. (Size : 646 MB).

 Use the libraries manager
to download new library
packages Details
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MCU selector

[ New Project from a MCU X
) F i n d M C U b n a m e ] glegtory| Eoard Selector
y " = .
+MCU Filters
H H H Features Block Diagram Doc Datasheet Buy
+ Quickly locate by Series and Lines @ & O
PY I : t. d Part Number Search e vr STM32G070RB
... Or application needs
Q
» Package (pin count)
. : | .
 RAM size LaFPs4
. Series > STM32G070RBTx
* NV memory requirements
H Line >
* Embedded peripherals
; Pack >
* Number and type of interfaces ackege
>
« Core and frequency Other
° Pnce Advanced Graphic >
Peripheral ~
MCUs List: 40 items Display similar items
ADC 12-bit 0
Convenlent I|nkS to documentatlon % —!Im-ﬁ-
. AES (] Y7 STM32GOTOKB LOFP32 128 kBytes 36 kBytes 84 Mz
@ EXport table to Excel f||e ®comp o ¢z STM32G070RB .. LQFPG4 128 kBytes 36 kBytes 60  64MHz 0.0
° Yr STM32G071C6 .. LOFP43 32 kBytes 36 kBytes 44  BAMHz 0.0
DAC 12-bit 0 fr STM32G071C6 .. UFQFPN4S 32 kBytes 36 kBytes 44  B4MHz 0.0
@ ¥r  STM32C071C8 LQFP4g B4 kBytes 36 kBytes 44  BAMHz 0.0
o Yr STM326071C8 .. UFQFPN48 B4 kBytes 36 kBytes 44  BAMHz 0.0
g Yr STM32G071CB .. LOFP43 128 kByles 36 kBytes 44  BAMHzZ 0.0
° Yr STM32G071CB .. UFQFPN48 125 kBytes 36 kBytes 44  BAMHz 0.0
@ Yr STM32G07T1EB .. WLCSP25 125 kBytes 36 kBytes 23 B4MHz 0.0
@ Yr  STM32G071G6 .. UFQFPNZE 32kBytes 36 kBytes 26 64MHz 0.0
@ Yr STM326071G8 .. UFQFPN28 B4 kBytes 36 kBytes 26  B4MHz 0.0
8 Yr STM326071G8 .. UFQFPN28 B4 kBytes 36 kBytes 26  B4MHz 0.0
HOMI CEC O ¥r STM32G071GB .. UFQFPN28 128 kBytes 36 kBytes 26 B4MHz 0.0
® Yr STM32G071GB .. UFQFPN28 128 kBytes 36 kBytes 26 B4MHz 0.0
@ Yr  STM32G071KE .. LOFP32 32 kBytes 36 kBytes 30  B4MHz 0.0
12C 0 Yr  STM32G07T1KE .. UFQFPN32 32 kBytes 36 kBytes 30  B4MHz 0.0
125 I% Y7 STM32G0TIKE .. LQFP32 B4kBytes 36kBytes 30  64MHz 0.0
@lRT'M Yr  STM32G0TIKE .. LOFP32 G4 kBytes 36 kBytes 30  B4MHZ 0.0
LPTIM 0 Yr  STM32G071K8 .. UFQFPN32 B4 kBytes 36 kBytes 30  B4MHz 0.0
LPUART O Yr  STM32G071K8 .. UFQFPN32 B4 kBytes 36 kBytes 30  B4MHz 0.0
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* Pinout from:
 Peripheral tree
* Manually

« Automatic signal
remapping

- Management of
dependencies between
peripherals and/or
middleware
(FatFS, USB ...)

Lys
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Pin assignment

[ STM32CubeMX STM32G0.ioc: STM32G071RBTx NUCLEO-GO71RB

s> O

CubeMX

Haome

Pinout & Configuration

File Window

STM32G071RBTx - NUCLEO-GOT1RB

Clock Configuration

Help

STM32G0.ioc

- Pinout & Configuration

Project Manager

e oy

GENERATE CODE

a X

> Ky

Additional Softwares

EESc |

A=F

& LUMFZ
DACA

Timers

RTC
TIMA1
Tim2
TIM3
TIMG
TIM7
TIM14
TIM15
TIM16
TIMAT

Connectivity

-

% 12C1

b

v Pinout

i Pinout view

mmmmm

sys_wkurz [GIHE
RCC_05caz_IN - [
RCC_oscaz_ouT I

RCC_OSC_IN

SPIZ_MISO e

SPI2_MOSI

JO
JO,

SPI_SCK [
LPUARTI_TX
LPUARTI_RX [Nl

SPI2_SCK |g21]

SPH_WISO |

EI
B

== System view

UCPDZ_DBCCH

UCPD2_CC1

UCPDI_DBCC2
UCPD2_CGC2

12C2_5DA

12c2_scL @Akl

ki, USART2Z_RX
g SYS_SWCLK
el SYS_SWOI0

i UCPD1_DBCCZ

UCPD1_DBCC

UCrD1_Ccit
L UCPDI_CC2

Q| v




Peripheral is not
available, all its
alternate pins are

assigned elsewhere

Lys
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Pin assignment continued

[ STM32CubeMX STM32G0.ioc STM32G071RBTx NUCLEO-GO71RB

s>

CubeMX

Haome

Help

Orange means the
peripheral is not
enabled, only the pin

G0.ioc -

Pinout &

~ Pinout

Pinout & Configuration GENERATE CODE

Project Manager i

IS aSS|gned £k Pinout view == System view
W LUNIPZ g o
DACA = gl EI
, = o
Timers ~ = P
+ LPTIM1 USART3_RX [l ’— Reset State
B ® _
LPTIMZ [Pciz] COMP2_INM USART2_RX
RTC s¥s_wiup2 [TIEG 1251_CK SYS_SWELK
TiMt rRCo_0scaz_IN [N | SPM_SCK
Tin2 REC_05C32_0UT |4l TIM1_CH2
TING TIM2_CH2
TIME USART1_CK
TI7 USART1_DE
Tim14 USART1_RTS
TIN5 GPIO_Input
TIMA6 RCC_OSC_IN |7 GPIO_Output
TIMAT PF1.. GPIO_Analog
PF2.. EVENTOUT UCPDI_DBCCH
- - PCO GPIO_EXTI3 UCFD1_CC1
Connectivity PC1 UCPDI_CC2

- SPIZ_MWISO [

% 12C1 SPIZ_MOS! [ee]
~ R HEH:EE
o AEEE 83
o @ e 2 =
v oF o E =
v SPI2 £z g E
— Z3
« UCPD 5 g
+ UCPD2
o ART
USART ® ra ~ v
- LdJ Q L
+ USART

[peo_|
[patz |

USARTI_RX |l
12C2_sDA JEERR

SPI_MOSI |3a5
12c2_scL =Rl

USARTI_TX [FE]

fioy

- a X

Click on the pin
to view
alternate
functions

Freeze the signal
placement using
the pinicon

Q|




Peripheral and Middleware configuration mmm

* Global view of used
peripherals and
middleware

- Highlight of
configuration errors
+ Not configured
v OK
& Non-blocking problem
X Error

GPIO configuration
Is considered
Incorrect, but code
may be generated

Lys
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[ STM32CubeMX STM32G0.ioc* STM32G071RBTx NUCLEO-GO71RB

stma @ File

CubsMX Window

Clock Configuration

Additional Softwares

STM32G0.ioc

E Pinout view

Help

- Pinout & Configuration

Project Manager

~ Pinout

== System view

Click to
configure DMA

Middlewares

_ O *
(GEn n oY ”}'\q 1S7]

GENERATE CODE

Quickly switch

pinout and

NVIC &

Connectivity

-

@ r2ct Error in
R configuration, code
o s generator will

v uceoz display a warning
& UsaRT message

LPTIMI & 2C2
LPTIMZ & LPUART! &
TIM1 €3 sP @

Timers

Connectivity

sPI2 &
ucPDt &

USART1 &
USARTZ2 g
USART3 &

Multimedia

Configuration
Is valid here

system view




* Presents options specific to
each supported software
component

« All settings are organized in
logical groups

- Description and constraints
are available for quick
reference

Lys
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Middleware configuration

[ STM32CubeMX STM32G0.ioc*: STM32G071RBTx NUCLEO-GO71RB

sma @ File

CubeMX Window

Home [ ¢ T1RBTx - NUC T1RB ! STM32GO0.ioc - Pinout & Configuration

Clock Configuration
Additional Softwares

- a X

Help ‘_Q' n ﬂ , k m

GENERATE CODE

Project Manager

~ Pinout

User-defined

FATFS Mode and Configuration :
Mode

@ 12C1
Configuration
& SetDEfines| @ Advanced Settings | @ User Constants
[Configure the below parameters - |
Q[Search (CAFA) | @  ® o
USART4 ~ Version
FATFS version RO.12c
Multimedia e v Function Parameters
FS_READOMNLY (Read-only mode) Disabled
* FS_MIMIMIZE (Minimization level) Disabled
USE_STRFUMC (String functions) Enabled with LF -= CRLF conversion
USE_FIND (Find functions) Disabled
USE_MEFS (Make filesystem function) Enabled
Computing v USE_FASTSEEK (Fast seek function) Enabled
. USE_EXPAMD (Use f_expand function) Disabled
USE_CHMOD (Change attributes function) Disabled
USE_LABEL (Volume label functions) Disabled
Middleware v USE_FORWARD (Forward function) Disabled
 Locale and Namespace Parameters
< CODE_PAGE (Code page on target) Latin 1
USE_LFN (Use Long Filename) Disabled
MAX_LFN (Max Long Filename) 255
| FH LINICONFE iFnahle Lnicode) AMSIOFM




All available initialization
parameters are presented with
short description and options

Interrupt may be assigned to
peripherals

DMA may be associated, where
applicable

GPIO settings for peripherals
with input and/or output

Lys
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Peripheral configuration mmm

[ STM32CubeMX STM32G0.ioc*: STM32G071RETx NUCLEQ-GO71RB

s> O

GubeMX

@ Pinout & Configuration

" USART1

i
Multimedia hd
]
Computing hd

-

Middleware ™

-

Additional Softwares

Window

STM32G0.ioc -

Clock Configuration

Help

Pinout & Configuration

Project Manager

v Pinout
USART1 Made and Configuration

Mode

GENERATE CODE

Mode [Asynchronous

Hardware Flow Control [R8232}|Disable

Reset Configuration

@ User Constants

@ Parameter Settings

@ NVIC Settings

Configuration

® DhA Settings

® GFIO Settings

e

Lys

[Configure the below parameters -

QSearch (CitF) ] @ @
~ Basic Parameters
Baud Rate
Word Length
Parity
Stop Bits
~ Advanced Parameters
Data Direction
Over Sampling
Single Sample
ClockPrescaler
Fifo Mode
Txfifo Threshold
Radifo Threshold
~ Advanced Features
Auto Baudrate
TX Pin Active Level Inversion
RX Pin Active Level Inversion
MNata Inversinn

115200 Bits/s

7 Bits (including Parity)
Mane

4

Receive and Transmit
16 Samples

Disable

clock /1

Disable

1 eighth full configuration
1 eighth full configuration

Disable
Dizable
Dizable
Nizsahle




* Single control panel for
all interrupts

- Manage priorities and
sub-priorities

- Searching, filtering and
sorting interrupts in the
list

» Code generation tab
allows to customize
Interrupt initialization

Lys

life.augmented

NVIC configuration panel =

s> @

GubeMX

System Core Vv

DA
GPIO
IWDG

NVIC
WWDG

Analog ~

-

ADCA

COMP1
@ COoMP2

DACH

Timers hd

[ STM32CubeMX STM32G0.ioc*: STM32G071RBTx NUCLEO-GO71RB - a X

File Window Help

STM32G0.ioc ut & Configuration

Clock Configuration
Additional Softwares

Project Manager
v Pinout
NVIC Mode and Configuration

Configuration

@ Code generation

[ Sort by Premption Priority and Sub Priority

Search | | © & [ Show only enabled interrupts

MVIC Interrupt Table Enabled |Preemption Prior... Uses FreeRTOS functions

Mon maskable interrupt 0 O
Hard fault interrupt 0 O
System senvice call via SWI instruction 0 O
Pendable request for system senvice 3
Time bage: System tick timer 3
PVD interrupt through EXTI line 16 m] 3
Flash global interrupt a 3
RCC global interrupt m] 3
UCFD1 and UCFDZ interrupts / UCPD1 and UCPDZ2 wake-up interrupts through EXTI lines 32 and 33 a 3
TIME, DACT and LPTIM? interrupts (LPTIM1 interrupt through EXTI line 29) a 3
TIM7 and LPTIMZ interrupts (LPTIMZ interrupt through EXTI line 30) O 3
12C2 global interrupt O 3
SPH global interrupt O 3
SPI2 global interrupt O 3
USART global interrupt / USARTA wake-up interrupt through EXTI line 25 m] 3
USARTZ global interrupt / USARTZ wake-up interrupt through EXTI line 26 a 3
USARTZ, USART4 and LPUART interrupts / LPUART1 wake-up interrupt through EXTI line 28 a 3
HDMI-CEC global interrupt / HDMI-CEC wake-up interrupt through EXTI line 27 3

Preemption Priority [ Uses FreeRTQS functions




- Manages all DMA requests
Including memory to memory

« Configure direction, priority
and other settings

Lys
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DMA configuration panel

sz @

CGubeMX
Home

System Core A

[ STM32CubeMX STM32G0.ioc*: STM32G07 1RBTx NUCLEQO-GO71RB - O *
File Window Help ] n (> I 4 ~}< ‘Yl
STM32G0.ioc - Pinout & Configuration GENERATE CODE
Clock Configuration Project Manager
Additional Softwares v Pinout
DMA Mode and Configuration
Configuration
® MemTolMem

LPUART1_RX DMA1 Channel 1 Peripheral To Memory Low

«DMA Request Settings

Peripheral Memory
Mode |N0rma| ~ Increment Address (]
Data Width Byte v| | [Word v|

DMA Request Generator Settings

Request generation Signal | |

Signal polarity | |

Request number | |
«DMA Request Synchronization Settings

Enable synchronization O

Synchronization signal | |

Signal polarity | |

Enable event O

Request number | |

-

GPIO

WDG
NVIC

WWDG

Analog ~

-

ADCH

COMPA1
@ COMP2

DACAH

Timers ~

RTC

T2
TIM3
TIMG
TiM7
T4
TIMA15
TIM16
TIMAT

Connectivity ~




» Generate all the initialization code in C

» Generates project file for any supported
development toolchain

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

 Option to use the latest library version or
keep the same even if regenerating

Lys
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Code generation

[=] main.c E1

124 /* Private user code - ——————————————————————
125 /* USER CODE BEGIN 0 */

126

127 /* USER CODE END 0 */

128 1

. . Write your

130 * @brief The application g COde here to

131 * @retval int .

132 L keep option to

igz E:{Lnt main (void) regenerate

;3? /* USER CODE BEGIN 1 *f’| the project

136

137 /* USER CODE END 1 */

138

139 /* Mcu configuration-————————————
140

141 /* Reset of all peripherals, Initializes the Flash inte
142 HAL Init();

143

144 /* USER CODE BEGIN Init */

145

146 /* USER CODE END Init */

147

<

Ln:135 Col:26 Sel:0]|0

Windows (CRLF)  UTF-8 INS




Clock configuration

[ sTM32CubeMX STM32G0.ioc*: STM32G07 1RBTx NUCLEO-GO71RB X

_ — 0O
¢ Immedlate s>’ O File Window Help N n L 4 ~}< Lys

CubeMX

d IS p I ay Of al I Home [ STM32GOTIRBTx - NUCLEO-GO7IRE  / STM32G0.oc - Clock Configuration GENERATE CODE
® Pinout & Configuration Clock Configuration Project Manager Tools
CIOCK values
a ) Resolve Clock Issues :
* Active and - NS o
. . Input frequency . - B4 To Power (MHz)
inactive clock B2 e o Jee oo Jrsomonon
th - ] : o~ » To Cortex System timer (MHz)
p.a S ar.e Enable CS5 =:|Tc [ System Closk e > FCLK Cortex clock (MHz)
d Iﬁe re ntl ate d L \6 SR e PELK - APB peripheral clocks (MHz)
1~ £ > O SYSCLK (MHz) AHB Prescaler HCLK {MHz} APB Frescaler
» Management of ey S ey B T
- TIN5 Clock Mux
I k t - t - PLL Sc.iuroe Mux LSl Q TRCLK \‘
C OC COnS raln S - Hal [ : 1 TIM1 Clock Mux __l:[rc TINS (Mz
Input frequancy - I VH X186 VH 12w gl .1 . —
an d fe atu reS -—» HSE = ./ ; - g OJ USART1 Cl;ck Mux —E
D-45 MH S = POLK [
5 PN
PLL SYSoLd
= LPUART CI\Dck Muse T o P
PCLK ‘ ?0
. svse =2
O Sour L ADC Clock Mux HEI _-54 o LPUART (MHz)
- - © j USARTZ Clock Mux
—"'Q POLK .
r LPTIM Clock Mux S
> /4
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Code generation project settlngs =

[I] STM32CubeMX STM32G0.ioc*: STM32G071RBTx NUCLEO-GO71RB X

Name your project when WY i winiow Wb © oy 9-< &7

07T1RBTx - NUCLEO-GOTIRE ! STM32GO0.icc - Project Manager GENERATE CODE

saving

@ Pinout & Configuration @ Clock Configuration Project Manager

¢Project Settings

Project Name
[STM32G0

Browse for project location

Project

Project Location
|F:\Trainings‘tLabs

Application Structure

Pick the preferred toolchain

|Elasic ~ | [ Do not generate the main()

Toolchain Folder Location
|F:\Trainings\Labs\STMSQGU\

Toolchain / IDE
[EWARM Vs

Review the exact MCU type
and library version

i | [ Generate Under Root

¢Linker Settings

Minimum Heap Size 0200
Minimum Stack Size 0400

¢Mcu and Firmware Package

Mcu Reference
[STM32G071RBTx

Firmware Package Mame and Version
[STM32Cube FW_GO0 V1.0.0 |

Use Default Firmware Location

Browse

Lys
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Code generation options -

[ sTM32CubeMX STM32G0.ioc*: STM32G071RBTx NUCLEO-GO71RB O

ﬁﬂ,}:r

* Library package

i o o Fil Wind Hel
» Whole library or the necessary part may be CubeX " indow elp

. . 2GO7T1RBTx - NUCLEC-GOT1RB /[ STM32G0.ioc - Project Manager GENERATE CODE
copied to the generated project folder p—
) ) o ® Pinout & Configuration @ Clock Configuration Project Manager
» Or keep the library in original place and refer S TM2Cabe Fimware Livary Packags
to |t from a” prOJeCtS @ Copy all used libraries into the project folder
i O Copy only the necessary library files
[ Genera‘ted fl Ies - O Add necessary library files as reference in the toolchain project configuration file
« Each peripheral initialized in separate file or |7 (Gereratediles
. . [J Generate peripheral initialization as a pair of .c/.h' files per peripheral
I n Com mon Sou rce fl Ie [ Backup previously generated files when re-generating
. . . . Keep User Code when re-generatin
° Optlons for Workl ng Wlth OId fIIeS DeIeTe previously generat;gd files wl?en not re-generated

* The option to keep user code intact is
here

* HAL settings

» Setting available pins to analog reduces
power consumption, but be careful to
explicitly select SWD/JTAG in pinout

» Full assert is useful for debugging

Lys
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+HAL Settings

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

[ Enable Full Assert

¢« Template Settings

Select a template to generate customized code Settings...




PCC (Power Consumption Calculator) mma

[ STM32CubeMX STM32G0.oc*: STM32G071RETx NUCLEO-GO71RB

i
STM32 ﬁ i i
Guban File Window Help

oy x G

GENERATE CODE

@ Pinout & Configuration ® Clock Configuration Project Manager

~ Power

STM32G071RST -« K Step Sequence Transitions Checker
X
® a = = o m @
Series STM32G0
Line STM32G0x1 Sequence Table
Datasheet DS12232 Revd e | Weee | Voo | RangelScale | Memoy | CPUBusFreg
1 RUN 30 Range1-High FLASH 64 MHz HSE BYP PLL 6.25 mA 1ms
T 95°C V... 3.0V 5 2 SLEEP 30 Range1-High FLASH 64 MHz HSIPLL 1.85 mA 1ms
A oo - 3 RUN 30 Range1-High SRAM1 Flash-PowerDo... 48 MHz HSI BYP PLL 4.9 mA 1ms
4 LOWPOWER_RUN 30 NoRange SRAM1 Flash-PowerDo... 1 MHz HSI Regulator_LP 225 UA 1ms
Battery Selection ~ 5 STOPO 3.0 NoRange Flash-FowerDown 16 MHz Hsl 100 pA 1ms
Information Notes > Display
Plot: All Steps v
Help > { & ]
Consumption Profile by Step
. S
eqguence
60 T1'RUN f' t'
. configuration
50
4.5
General PCC Eoo
. . 535
=]
configuration E .. Resul
=
2 _ esult
panel 8 22
20 overview
1.5
1.0 -
'5:STOFO
0.5
o : : : :
0.00 0.25 0.50 0.75 1.00 1.25 1.50 al 75 2.00 2.25 2.50 AR 3.00 3.25 32.50 =75 4.00 ElEas) 4.50 4.75 5.00 5.25
Time (ms)
= ]dd by Step = Average Current‘
Sequence Time / Ta Max 5 ms [ 128.78 °C Average Consumption  2.66 mA
Battery Life Estimation ~ No battery selected! Average DMIPS 55.31 DMIPS
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PCC - Sequence consumption profile display

Step Sequence Transitions Checker
.
* It's possible to detach the charts to _° - 2 B 8 o »@uelnlm]
SequenceTaDIe
. . Range/Scale CPU/BUS Freg Peripherals
external display 1or presentation i 30 Range'High  FLASH HSEEVPPLL  ADCT 10 kepe .. 7.19 ma
2 SLEEP 30 Range-High FLASH 84 IHz HSI PLL Bushatrix FLASH 211 mA 1ms
3 RUN 30 Range1-High SRAM1 Flash-Powe... 48 MHz HSI BYP PLL ADC1:fs_2.5_Msps... 5.98 mA 1ms
ur Oses 4 LOWPOWER_RUN 3.0 MoRange SRAM1 Flash-Powe... 1 MHz HSI Regulator LP  ADC1fs_2.5 Msps... BB5.52 pA 1ms
5 STOPOD 30 MoRange Flash-PowerDown 16 MHz HSI IWDG* 100 pA 1ms
B WU_FROM_STOPO 3.0 NoRange Flash-PowerDown 16 MHz Hsl 13 mA 5503
. .
» Several different views selectable =
[IP Consumption: Digital | [Horizontal Bar ~| @)

Actlvated Perlpherals Consumption (DlIgital)

® P Iot Cu rre nt VS ti m e Feripherals Current Consumption (uA)

o 25 a0 TS5 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 &§75 600 625 650 G675 700 725 750
.
* Pie chart

AHE_APE_Bridge

« Consumption of peripherals

Dma

FLASH

GFIOB

Lys
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Generating Project Report Files

- An optional step is to generate a PDF report

Configuration Report

6. Power Consumption Calculator report

* The PDF report is also available without PCC = e s

- Complete saved project work includes:

* Project.ioc

6.2. Parameter Selection

PI’OjeCt pCS Temperature 25

Vdd 3.0

Project.pdf

6.3. Battery Selection

Project.txt

Lys

life.augmented

Battery Li-MnO2(CR1225)
° 1 1 Capacity 48.0 mAh
P rOJ eCtJ pg Self Discharge 0.12 %/month
* ... and the generated project for a supported Nominal Voltage 30V
. Max Cont Current 1.0 mA
development enVIronment Max Pulse Current 5.0 mA

Cells in series

1

Cells in parallel

1




Lab: Blinky
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Lab: Blinky

Objective:

The objective of this lab is to generate a very simple project using
STM32CubeMX Software.

In this example we are going to blink one of the LEDs present on the
STM32GO0 Nucleo board, connected to PAS5 of the STM32G0 MCU.



Run STM32CubeMX ==

m STM22CubeMX Untitled *

sz @ File Window Help (s} n o , k K‘][

CubeMX

Existing Projects New Project Manage software installations

Recent Opened Projects
Check for STM32CubeMX and embedded software pac. ..

CHECK FOR UPDATES

ACCESS TO MCU SELECTOR Install or remove embedded software packages

INSTALL / REMOWVE

| need to :
stm32g0_nucleo.ioc

M x Last modified date - 10/12/2018 23:35:33

Start My project from MCU ...

test1.ioc
Last modified date : 10/12/2018 15:49:41

Start My project from STBo. .

- A2 = test_g0_atollic_ioc
STM32Cube 90.
r| 1 . r Last modified date : 29/11/2018 22:45:01
L f :
J o

ACCESS TO BOARD SELECTOR

Other Projects

mii
=

State-of-the-art RF performance

* Dual-core

* Dual-protacol
« Key storage

+ BOM saving

3

Lys -
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Step 1: Create New Project

I nEEd to : ! [T New Project from a MCU x
] MCU Filter
Start "'f‘}'r prDJE':::t T-n]. == I @ E‘; O Features Block Diagram Docs & Resources MDatasheet [ Buy
ACCESS TO MCU SELECTOR Part Number Search v 4, | STM32GOTIRB
Mainstream Arm Cortex-M0+ MCU with 128 Kbytes of of Flash memory memory, 36 Kbytes RAM, 64
‘Q stmazg7in v MHz CPU, 4x USART, timers, ADC, DAC, comm. l/F, 1.65-3.6V
. s , Active Unit Price for 10kU (USS): 1.49 @
) ‘ I I C k A C C eS S TO M ‘ U Sel eC t O r ‘ Productis in mass producfion Boards: NUCLEC-GOT1RA - STH32GO71B-DISCO @ LOFPB4
Series M
Check/Uncheck Al
" y - [ sTm3260 MCUs List: 2 items Display similar items
. : [ < | Partto | Reference arke JUritPricefori0 | Boad | Package | Flash | RAM_[10 | Freg Jorc [HMAC] DS ] shal
* Type: “stm32g071rb” in the Part )
I3 STM32GOT1 ST, \.1“ iat=ity } l"A"Y UV’M‘+ 120 ROYL.. 30 F\DMLU.U u u u
N u m ber S earC h ‘ Pack y w STM32G071RBTx  Active 149 LQFPE4 128 kByt... 36 kBytes 60 64 MHz 0.0 0 00
ackage
Other M
Price From 0.0 to 1.49
o %
* Then Select STM32G071RBT
en selec X .
‘ .Eepmm =0 (Bytes)
° LQFP64, 128kB FIaSh .Flash =128 (kBytes)
Ram = 36 (kBytes)
L
. .Freq. =64 (MHz)
* Double Click
oubie CIIC
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Step 2: Pin Configuration

* In this example we are going to use one of the LEDs present on the STM32G0
Nucleo board (connected to PAS5 as seen in the schematic below)

- Search for PAS in the search window at the bottom right ¢ pas V]

Reset_State
ADC1_IN5
CEC
DAC1_OuUT2
1251_CK
LPTIM2_ETR
SPI1_SCK
TIM2_CH1
TIM2_ETR N
UCPD1_FRSTX1j—
UCPD1_FRSTX2
USART3_TX

* Left-click PA5 and set it to GPIO_Output mode

R2E LD4
_W_JJI STOR &GREEN -
VIN 5V BSN2IO R35
] IM, . 1.

-—1 211 SB212

S,-HE'-\'I:I 3
Iil)
o

&

£R30
1K
5V 3V3 CN7

FEE
FEY

: 10

:‘ﬂﬂ CNg 2 .

- 1 = 7 Vs N\ / f
r BT 2 ; 1 ] PA 3

107y Ouin
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Step 3: Generate Source Code

* Open Project Manager Project Manager
. . | . ' Project Settings
 Set the project name (blinky) and the'project oot Hame
location (C:\STM32GO0Workshop\HandsOn) ‘ ‘mm |
Project Location
- Set the IDE Toolchain to MDK-ARM V5 @) C \STM32GOWorkshopiands On ' |

;E} Application Structure
(g . -
'-;_‘.§e-"l n u ’ . Basic ~ | [ Do not generate the ma...

* Generate Code
GENERATE CODE Toolchain Folder Location

_ |C:HSTMSEGUWDrksth‘uHandsDn‘ublinky‘u
Pt

- Click Open Project Tools qTDDIEhEm / IDE

MDK-AEM V& ~| O

m Code Generation

cLinker Settings

o The Code is successfully generated under C:/STM32G0Workshop/HandsOn/blinky Minimum Heap Size m
0 Minimum Stack Size
Note: STM32CubeMX projects have an ioc file extension (Meu and Firmware Package

Mcu Reference
"’ STM32G07T1RBTx

life.augmented




ARMKEIL Free MDK-ARM for ST

Microcontroller Tools

* Free licenses for STM32 devices based on - To get a free MDK-ARM license for

Cortex-M0O/MO+ cores : STM32F0,STM32L0 and STM32G0:

» Applicable immediately to all STM32G0, STM32F0 and [
STM32L0 MCUs.

PC-locked multi-year licenses.

* Go to Keil website at ;: www.keil.com/mdk-st

No code size limit.  Download MDK-ARM tool chain.

Multiple language support.
Technical support included.

 Activate the free license using this Product Serial Number
_ _ _ (PSN) :
* Direct download from Keil website : APPFW-QBEHZ-MOD5M

* No limit of number of downloads by customer. \

 Direct access to configuration files for STM32 and
associated boards.

J

* Free access to MDK-ARM periodic updates.

Lys
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http://www.keil.com/mdk-st

Inside Kell uVision (ARM-MDK)

File Edit View Project Flash Debug

Peripherals Tools SVCS  Window Help

== | @ HR* @-|e 05 a[@E-]
& E e D d

-
NMBLP| 4 DBR|(90|e«=|PrER|

&

20| ¥ oinky o] &8

=% Project: blinky
545 blinky
55 Application/MDK-R
: startup_stm32g07Tiocs
@ omsis
=5 Application/User

main.c
stm32glecit.c
stm32ghec_hal_msp.c
=5 Drivers/STM32G 0o HAL Driver
0[] stm32ghc_hal_gpio.c
stm32glie_hal_tim.c
stm32glie_hal_tim_ex.c
stm32ge_hal_rcc.c
stm32glic_hal_rcc_ex.c
stm32gie_hal_flash.c
stm32gie_hal_flash_ex.c
strn32ghec_hal_dma.c
strn32ghec_hal_dma_ex.c
strn32gec_hal_pwr.c
stm32glec_hal_pwr_ex.c
stm32glec_hal_cortex.c
stm32gliec_hal.c
5[5 Drivers/CMSIS

systermn_stm32glecc

-
"blinky\blinky.axf" - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:00
« | 2]

EPruject ﬁBooks | {} Functions |[].,Temp|ates | <

. . M
PrOJeCt Window Build target 'blinky’

life.augmented
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KEIL

Tools by ARM

The MDK-ARM IDE Debu

ASS5IGH BreakDisable BreakEnable BreakKill BreakList BreakSet BreakBccess COVERAGE

CASTMI2G0WerkshopiHandsOn'blinky\MDE- ARM \blinky.uvprojx - pVision — H
File Edit View Project Flash Debug Peripherals Tools 5SVCS  Window  Help
NS E@| % LB C|e=|PRRR|EEEFE® Mae|@-|e oo al@-] 4
XEO BEF DR RE RO 3-8 5 @8- %
Registels\\ 2 E Disassembly N x |
Register Value é 87: A ; ; 2
* USER CCODE BEGIN 1 * . .
___RUN Buttgn Disassembly Window
" Y : 90: /% USER CODE END 1 */ v
< >
] startup_stm32g07hecs | ] mainc - X
80 J/* USER CODE END 0O */ A
81
OcFFFFF... 82 Ll/** _ o )
O<FFFFF 83 * @brief The application entry point.
{b-:FFFFFm 24 * @retval int
ORFFFFF... s
O<FFFFF. 86 int main(void) L.
B 7o Program counter position
88 /®% USER CODE BEGIN 1 =/
85
S0 /% USER CODE END 1 =/ H H
(61000... =1 ) ) Files Window
¥ Banked g2 f* uco0 configuration-----———————H—H——"—"(—-—"""""" """ """ ————— *f
B System =3 o e . o . .
= Intemal 54 /% Reset of all peripherals, Initializes the Flash interface and the Systick. */
- Mode Thread 85 HAL Init():
v Privileged %8
MSP a7 J* USER CODE BEGIN Init */
. S8
Reglster 59 /* USER CODE END Init */
. 100
WIndOW 101 /* Configure the system clock */
e 102 SvstemClock Confiol): v
=] Project | = Registers < >
Command Command Window 2 @ Memor 1 Memorv Windows » @
Running with Code S5ize Limit: 256K ) 2 S
Load "blinky\\blinky.axf" Address.l
= L%

| @Call Stack + Locals | Memor]r1

ST-Link Debugger t1: 0.00000000 sec L:87 C:1

CAP NUM SCRL OVR| RW




Step 4: Toggle The LED

. . . Project I
In the Keil uVision5 IDE: =% Projct iy

- Expand the file tree and open the main.c file et DK AR

- Add the following code inside the while(1) loop in “main.c” between ) sarup.dmazglTiecs

=-S5 Application/User
the “USER CODE BEGIN WHILE” and “USER CODE END WHILE” i

l L1 main.c |

L] stm32glwecit.c

HAL GPIO TogglePin (GPIOA, GPIO PIN 5); @ L stm3Zgbohalmsp.c

[ Drivers/STM32G0o; HAL Driver

HAT, Delay ( 100 ) ; e 7 Infinite loop */ ~N 3 Drivers/CMSIS
— /* USER CODE BEGIN WHILE */ ‘ CM3IS
while (1)
= I

HAL GPIO TogglePin (GPIOA, GPIO PIN 5):
HAL Delay(100)

\ f* USEERE CODE END WHILE */f

J

Note: Code within the “USER CODE BEGIN WHILE” / “USER CODE END WHILE” section will be preserved
after regeneration by STM32CubeMX.

IMPORTANT NOTE: The code to be added for the labs is located in a text file called:
“‘code _to_add_vx.x.txt”, copying from the presentation may not work properly.

‘— TIP: You can do a search of the USER CODE section where to add the code in Keil using shortcut:
Y/ CTRL +F or Edit -> Find...
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Step 5: Build the Project and Debug

» Click the “Build” button (F7)

O 1E] Build target 'blinky’
oject Id (FT) » "plinkyiblinky.axf"™ - 0 Error(s), 0 Warning(s).
5% A E'—'”dtarffff”“ Build Time Elapsed: 00:00:00
- Click the “Start/Stop Debug Session” button | eoo & E-|X
(Ctr| + F5) @) Start/Stop Debug Session (Ctrl+F5)

Enter or leave a debug session

Lys
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Step 5: Build the Project =

* If you see this warning message due to a minor Syntax error in the startup file, just press OK to

continue.
r;Nision . .
Note: To correct the Syntax error in the
Syntax error in Options Block - line 17: Startu p_Stm 32907 1X S:
et - Remove “<h2><center>&copy;” from line 17.
- Remove “</center></h2>" from line 18.
* Click the “Run” button (F5) (B )| & ® &0
ilegisters Run (F5) E
Register Start code execution %
[ I

* Enjoy the flashing Green LED (LD4)!

Lys
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Firmware Project Overview
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Project Overview

=%t Project: blinky

startup_stm329g071x.s

« System initialization, vector table, reset and jump to main() &3 blinky
= Application/MDE-ARM
e U] startup_stm32g07 s
. . CMsIS
* main.c (program entry pOInt) == Application/User
* stm32g0xx_hal_msp.c (micro specific peripheral initialization and de- ﬂ mai;‘;m_
TONT . . -] stm32glho_it.c
initialization functions) 1) stm32q0s hal_mspc
» stm32g0xx_it.c (Peripheral interrupt handlers) 15 Drivers/STM32G0ioc HAL Driver
. . (@1 st 32gec_hal_gpio.c )
« HAL driver files 1 stm32g0ec_hal_tim.c
. . U] stm32gliec_hal_tim_ex.c
» Peripheral source files ] stm32g0c_hal rec.c
° ._1 strn32glhoc_hal_rec_ex.c
U] stm32gliec_hal_flash.c
+ Contains Systeminit() function called at startup before branch to main() L) stm32g0oc hal flash_exc
. ) |_°| st 32glhec_hal_dma.c
» Contains core clock variable (HCLK) ] stm32g0ic_hal_dma_ex.c

ij st 32glhec_hal_pwr.c
ij strn32glhoc_hal_pwr_ex.c
ij st 32glhec_hal_cortex.c
\0#-|_] stm32g0wc_hal.c /
=5 Drivers/CMSIS

] system_stm32glhoc

» SystemCoreClockUpdate() function

Lys
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startup stm32g0/71xx.s
* Main Characteristics

# File Name t startup_stm32g071xx.s
;% Buthor : MCD Application Team
# Description : STM32G071xx devices wector table for MDE-ARM toolchain.

This module performs:

- Set the initial 5P

- Set the initial PC = Reset_Handler

- Set the vector table entries with the exceptions ISR address

o Initializes Stack pOInter : - izj:zh:ziio(”_.main in the C library (which eventually

After Reset the CortexM0 processor is in Thread mode,
priority is Privileged, and the Stack is set to Main.

\ ;®% <<< Use Configuration Wizard in Context Menu >3>> /

;s Wector Takle Mapped to Address 0 at Reset
LRER RESET, DATAZ, READCHLY
EXPORT _ Vectors

* Contains the device vector table EXPORT Vectors End

EXPORT _ Vectors Size

_ Vectors DCD _ inicial sp : Top of Stack
DCD Reset_Handler ; Reset Handler
DCD HMI Handler ; NMI Handler
DCD HardFault Handler ; Hard Fault Handler

/ ; Reset handler routine \

* Contains Reset handler feset Hamdier  pRoc

EXP(E)RT Reset_Handler [WEAEK]
» Called after RESET TibonT Toeeemrnic
. LDE R0, =SystemiInit
- Calls Systeminit() mx omol

« Branch to main() cwoe

"’ - J
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- Systemlnit():

system_stm32g0xx.c

 This function is called at startup after reset and before branch to main.

Systeminit()

Lys
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-
¥

wvold SystemInit (wvoid)

=

FEelse
SCE->VTOR = FLASH BASE | VECT _TAB OFFSET:; f* Vector Table Relocation in Inmtermnal FLASH */
'y

#en
}

Setup the microcontroller system.
* @Eparam None

S* Configure he Vector Takle location add offset address ----—--———"——f—--"——————% r
—|#ifdef VECT TAB SRAM

= SEAM BASE

VECT _TREB OFFSET:

J




lIlIllllllllIIlllllllllllllllllllll"P

 Header files
Main.h

« main() function

-lIllIIlIllllllllllllllllllllllll.'b

» Configures system clock
 Call peripheral config. functions
* Infinite loop

« Configuration functions

- SystemClock_Config()
. MX_GPIO_lnit()

("

static woid MX GPIO Init (void)
=Rt
GPIO_InitTypeDef GPIC InitStruct = {0}:
/* GPIO Ports Clock Enable */
_ HAT, RCC_GPIOA CLK ENABLE();
/*Configure GPIO pin Cutput Level */
HAL GPIC WritePin(GPIOR, GPIC_PIN 5, GPIC_PIN RESET):
S*Configure GPIO pin PLS */f
GPIC_ InitStruct.Pin = GPIO PIN 5;
GPIC_InitStruct.Mode = GPIC_MODE_OUTPUT_PE:
GPIC InitStruct.Pull = GPIC NOPULL;
GPIC_InitStruct.Speed = GPIC_SPEED FREQ LOW:
” HaAL GPIC Init (GPICA, &GPIC InitStruct);
. }
life.augmented

i=

Includes
#include

"main.h"

”’

int

H

[*

J,-'-\

f*

/

main (void)
USER CODE BEGIN 1 #*/
USER CCDE END 1 */

MCU Configuration

—=f

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

o

HAL Init();

f*

/*

/*

USER CCDE BEGIN Init */

USER CODE END Initc */

Configure the system clock */

SystemClock Config():

f*

/*

J,-'-\

USER CODE BEGIN SysInit */

USER CODE END SysInit */

Initialize all configured peripherals */

MX GPIC Init();:

("

Bse
* @brief System Clock Configuration
* @retval None
L sy
void SystemClock Config(void)
=0

RCC_CscInitTypeDef RCC_OscInit3truct
RCC_ClkInitTypeDef RCC_ClkInitStruct

{0}z
= {0}z
f**Configure the main internal regulator output voltage
“f
HAL PWREx ControlVoltageScaling (PWR REGULATOR VOLTAGE SCALEL);
f**Initializes the CPU, RHB and RPB busses clocks
Looxy
RCC CscInitStruct.CscillatorType = RCC OSCILLATCORTYPE HSI;
RCC_OscInitStruct.HSIState = RCC _HSI ON;
RCC_CscInitStruct.HSIDiv = RCC_HSI DIV1;
RCC OscInitStruct.HSICalibrationValue = RCC HSICALIBRATION DEFAULT:
RCC_CscInit3truct.PLL.PLLState = RCC_PLL_NCONE;
if (HAL_RCC_OscConfig (&RCC_OscInitStruct) != HAL OK)
{

Error_Handler():

I Y




+ stm32g0xx_hal gpio.c

* GPIO Initialize and De-Initialize API
functions

* GPIO Read and Write API function

* GPIO EXTI IRQ handler

* GPIO Callback function

Lys
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Example HAL driver file

~\
void HAL GPIO Init (GPIC TypeDef *GPIOx, GPIO InitTypeDef *GPIO Init)

{

uint32 t position = O0x00u;

GPIO PinState HAL GPIO ReadPin (GFIO TypeDef *GPIOx, uintlé t GPIC Pin)
{
GPIO PinState bitstatus;

é]void HAT. GPIC_EXTI_IRQHandler (uintlé_t GPIC_Pin)
—1{

JS* EXTI line interrupt detected */
if (_ HAT. GPIC _EXTI GET RISTING IT(GPIC Pin) != 0O=00u)
=
__ HAT. GPIO _EXTI_ CLEARR RISING IT(GFIC_Pin):
HAL GPIC EXTI_Rising Callback (GPIC_Pin) :
}

if HAT. GPIO EXTI GET FALLING IT (GFIO_Pin) 1= Q=x00u)
=
HAL GPIC EXTI_CLEAR FALLING IT (GPIC _Pin):
HAL GPIC_EXTI_Falling Callback (GPIO _Pin) :
-

_ weak wvoid HAL GPIO EXTI Rising Callback(uintlé_t GPIO Pin)
{
/* Prevent unused argument (s) compilation warning */
UNUSED (GEIC_Pin) :

f* NOTE: This function should not be modified, when the callback is needed,

the HAL GPIC EXTI_Callback could be implemented in the user file
o




‘
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Lab: PWM (Pulse Width Modulation) Timer
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Lab: PWM Timer

Obijective:

* Now let’'s use a more advanced peripheral like the Timer.

* In this lab we are going to configure a Timer in a PWM mode to blink the
LED that we previously controlled with a GPIO.

 PA5 has an alternate Timer channel alternate function which is Timer 2
Channel 1: TIM2_CH1 that we will be using.



Timer - Overview mmm

R o

CKEIFTI: Hiager /clock ZU?pgﬁr « Multiple timer units providing timing resources

ITR2 = controller > * Internally (triggers and time-bases)

:Iii : » Externally, for outputs or inputs:
| + For waveform generation (PWM)

16-bit prescaler » For signal monitoring or measurement (frequency or timing)
l Auto-reload
+/- 16/32-bit counter Application benefits
Inputs l Outputs Versatile operating modes reducing CPU burden

and minimizing interfacing circuitry needs

A single architecture for all timer instances offers
scalability and ease-of-use

Capture compare

Also fully featured for motor control and digital
power conversion applications

s
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STM32GO0 timer Instance featureS e

Feature TIM1 TIM2 TIM3 TIM6 | TIM7 | TIM14 TIM15 TIM16 | TIM17
(Advanced Control) :
(General-Purpose) (General-Purpose)

Clock source CK_INT CK_INT CK_INT CK_INT CK_INT CK_INT
External input pin External input pin External input pin External input pin
External trigger input ETR External trigger input ETR Internal trigger inputs
Internal trigger inputs
Resolution 16-bit 32-bit 16-bit 16-bit 16-bit 16-bit
Prescaler 16-bit
Counter direction Up, Down, Up&Down Up, Down, Up&Down Up Up Up
Repetition counter v - - - v
Synchronization | Master 4 4 4 - 4
Slave v v - - v .

Number of channels 6: 4: 0 1: 2: 1:

» CH1/CH1N > CH1 » CH1 » CH1/CHIN » CH1/CHIN

» CH2/CH2N » CH2 » CH2

» CH3/CH3N » CH3

» CH4 > CH4

» CH5 and CH6 output only, not

available externally

Trigger input v 4

Lys
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STM32G0 timer Instance features

Feature TIM1 TIM2 TIM3 | TIM6 | TIM7 TIM14 TIM15 TIM16 | TIM17
(Advanced
Control)
Input capture mode v 4 - v v
PWM input mode v v - v ;
Forced output mode v v - v v
Output compare mode v v - v v
PWM Standard Standard - Standard Standard Standard
Asymmetric Asymmetric Asymmetric
Combined Combined Combined
Combined 3-phase
6-step PWM
Programmable dead-time v (CH1-3) - - - v (CH1) -
Break inputs 2 bidirectional 0 0 0 1 bidirectional
One-Pulse Mode v v - v v
Retriggerable one pulse mode v 4 - - v -
Encoder interface mode v 4 - - -
Timer input XOR function v - - - v -
DMA v v v - v

Lys
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Timer clocking schemes

» Timers 1 and 15 are clocked up to 128 MHz to bring additional resolution below 8 ns
 Finer resolution for buck converters (10-bit accuracy @ 100 kHz PWM)

« Lower frequency steps for variable frequency resonant converters (e.g. LLC), e.g. 0.4kHz max. frequency step at 200
kHz switching (0.2%)

* Uses cases

« Timer 1 has 3 complementary pairs: LLC primary and secondary sides (synchronous rectification), boundary conduction
mode PFC, buck

» Timer 15 has one pair only (buck, LLC primary side)

Lys
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Counting mode

Support of incremental / quadrature encoders and motor drive applications

. Center-aligned mode
« Up- and down-counting modes supported / \
« On TIML, TIM2 and TIM3 Timerclock | [ [ [[ /[ J U U UL

AutoReload

 Center-aligned PWM generation

 Direction changes on overflow and underflow

Compare

* Reduces acoustic noise in electric motors

\ OCx > /
* Built-in support of quadrature encoders / Quadrature encoder
» Rotary encoder / digital potentiometer forward jitter backward jitter forward
» Position sensor mo — Ao —
TI2 [ [ L] I I S

 Allows direct angle reading in timer

J_,_,_'J_I_l_ L
Counter

1S7; \_ 1" Tooinr T )
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A few PWM modes

A variety of PWM modes to address multiple applications

- Basic PWM, edge- or center-aligned

m
\ Edge-aligned PWM /

- Asymmetric center-aligned PWM

Lys
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Asymmetric PWM
- /

Phase-shifted PWM

\ (asymmetric mode) /




Some more PWM modes

Extends the PWM capabilities and avoids external glue logic

 Combined PWM mode

« Combines two channels with OR or AND function for more complex waveforms

« Combined 3-phase mode

« Allows a 4" PWM to be combined with a regular 3-phase PWM for zero vector insertion

| |

| |
0C5 ' !
OC1 Il

| | |

\ Combined PWM Combined PWM Combined 3-phase

Chl = 0OC1 or OC2 / k Ch1 = OC1land OC2 / \ PWM

Lys
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Advanced PWM modes

For PWM signals requiring external control

- Variable-frequency PWM

« Driven by an external signal

Variable frequency

\ Fixed ON time PWM /

+ Cycle-by-cycle controlled duty cycle

» For current loops, driven by comparator or external pin /
Threshold
Current
"’ \ Cycle-by-cycle controlled PWM /
life.augmented




Lab: Rename the project

* Close Keil uVision5 IDE if it is open

* Open the last STM32CubeMX project (“blinky”) (using File->Recent Projects) and save it as a
new project name “pwm” (using File -> Save Project As) as seen below:

" ™
m Save Project As g
Save In: |l blinky v| B m 6@ ﬁ'_
File W \. Drivers
I Inc
& New Project ... Cirl I b MDKARM
: | Srec
Load Project ... cCirkL :

—>

. Cirl-A&

Vl

Vi
” Save selected file
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Lab: Timer 2 CH1 Configuration

* In this STM32CubeMX project we are going to add Timer 2 Channel 1 to blink LD4 (PA5) on the
Nucleo board.

* In the Pinout & Configuration tab, Expand Timers Categories, then click on TIM2 peripheral and
set Channel1 to “PWM Generation CH1".

Pinout & Configuration Clock Configuration

Additional Softwares v Pinout

TIM2 Mode and Configuration |

Y

Slave Mode Disable ~]

Trigger Source [Disable

Channel1 [PWM Generation CH1

Channel3 [Disable
Channel4 Disable ~]

LPTIMA
LPTIMZ

i
=
==
e |
e |
s, |
e |
oo |
=
o |
s |
2 |
=
e |
=1
P |

MVIC Settings WA Settings GPIO Settings
‘arameter Settings User Constants
|CD|"|ﬁQUI'E the below parameters . | i HEEH 2 HHHHHHHEHH
- -
o
o

Seach (CiFH ] © O i d
” Connec tivity ~ Counter Settings i

. Presca ler (PSC - 16 bits value) 0
life.augmented uitimedia Counter Mode Up




Remapping Timer 2 CH1 output to PA5

* By default the tool will configure Timer 2 CH1 to
PAO

- We want to remap it to PAS
* NOTE: PA5 is connected to LD4

» Hold “Ctrl” button and left mouse click on PAO

* Then drag the mouse pointer to PA5 and then
release

Lys
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Timer Parameters Calculation

* We want the Timer’'s PWM output channel to be:
T =1 second period (1 Hz)
* D =50% duty cycle (0.5)

* Timer input clock frequency (TPCLK) is set to 8 MHz.

* Prescaler for the Timer is set to 128. The resulting timer counter clock is:
CK_CNT =TPCLK /Prescaler =8MHz / 128 = 62500 Hz

* To get T=1 Hz (or 1 sec period) the Counter Period needs to be set to: 62500
» Counter Period = CK_CNT/ T=62500/1 = 62500

 To get D=50% duty cycle the Pulse needs to be set to: 31250
* Pulse = Counter Period / 2 = 62500 / 2 = 31250



Clock Tree Configuration

m S5TM32CubeMX pwm.ioc STM32G071RETx —
iy
STM32 w File Window Hel n ‘}’\‘
CubeMX P oy
pwm.ioc - Clock Configuration GENERATE CODE
Clock Configuration Project Manager
o) Resolve Clock Issues

RTC Clock Mux

fregue '-TD Power (MHz)

Ij LSE | O -l:lrc RTC [KHz) = HL:LHtD AHH bus, core,
LSl RC mamnrey and DA TRH -1
- -
| .4 M —'Tn Cortex System timer (MHz]
3Z KHz
Enable C... o DG (KHa! | 8 |FCLKCnrtex clock [MHz}
o WL IRAZE - gystemn Clock Mux TPCLK
LSE N
=0 TR APB peripheral clocks (MHz)
— HEI \
11 ahd SYSCLK (MHz)| AHB Fresccfifsr HCLK [MHzJl AFEB Frescalgr
HSE | !
- O+ 12 [E] v| X1 AF'EI-timer clocks [MHz
PLLCLK] e
PLL Source Mux LS
HSI RC - (?/ 5
- VT PSR - TIMA1 Clock Mux o TIM15 [MHz}
— - = Enable C.. e
]m X8 {12 v - Enter 8 (MHz) and“athen r
- HEE - o TIM1 [MHz}
| ] I] HSE O/ N /R PLLO - o
= 0 --“' USART1 Clock Mu
- for HCLK (system¢ Ifock) :
e FLLP —
o : - LPUARTY Clock M —+0
P AR Llock Mux - b o USART1 [MHz)
PCLK [ —=O
—_— SE
SYSCLK ;i-o
MCO Source Mux —=0 i
HS| ey -l:trc LPUARTY [MHz)
LSE - USARTZ Clock Mux
O |- - ——»0) - ~
LS | ol — W
HaE
O LPTIMA1 Clock Mux - o USARTZ [MHz)
Hz) MC Hdl:ld d O q; PCLK ‘T_-FO
life.augmented 0| o P e o ThRa | —=0.
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TIM2 Configuration — 4 steps

TIM2 Mode and Configuratian |

Configuration

Reset Configuration

- Select the Pinout & Configuration G e
@ lUser Constants
- In Parameters Settings of the TIM2 ® B
Q [Search (CiHF) | © 0 Li ]
. . ~ Counter Settings
¢ Conflgure 1 HZ tlmer Prescaler (PSC - 16 bits value) 127 ‘
« PSC Prescaler -1 = 127 ECLCELL - '
{ Counter Period (AutoReload R... 52500
e Counter Period = 62500 Internal Clock Division (CKD) Mo Division
auto-reload preload Disable
= Trigger Qutput (TRGO) Parameters
 Set CH1 PWM Master/Slave Mode (MSM bit)  Disable (Trigger input effect not delayed)
Trigger Event Selection TRGO Reset (UG bit from TIM:_EGR)
* Pulse = 31250 ‘ ~ Clear Input
Clear Input Source Disable
~ PWHM Generation Channel 1
Mode P mode 1
Pulse (32 bits value) ‘
Fastmoae Dlsane
CH Polarity High

"’ Note about Prescaler: prescaler = PSC +1

life.augmented



 Generate Code

* Click Open Project

Generate Source Code

m Code Generation ot

o The Code is successfully generated under C:/STM32G0Workshop/HandsOn/pwm

Cpen Folder | Ope

* Open the main.c, Add the following code before the while(1) loop in order to start the PWM Timer:
Note : within “USER CODE BEGIN 2’ / “USER CODE END 2” section

Lys
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HAL TIM PWM Start(&htim2, TIM CHANNEL 1);

r N
/* USER CODE BEGIN 2 */
HAL TIM PWM Start (¢htim2, TIM CHANNEL 1);
/* USER CCDE END 2 */

\ J




Build the Project

* Click the “Build” button

Build target files
243 A,

==

- Click the “Start/Stop Debug Session” button ‘I eo @ E-| X

Start..l'Stop Debug Session (Cirl+F5)
Enter or leave a debug session

» Click “Run” button ZOIER

legisters Run (F5) A5

Register Start code execution
= e I

* Enjoy the flashing LED (LD4)!
» LD4 is flashing using the PWM Timer

Lys
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Lab: NVIC + External Interrupts
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Lab: NVIC + External Interrupts

Obijective:

* In this project we are going to configure the GPIO that is connected to the
user button as External Interrupt (EXTI) with rising edge trigger.

« We will also configure the Interrupt Controller: the NVIC.



EXTI - Key features

- Wake-up from Stop mode, interrupts and events generation

* Independent interrupt and event masks

- Configurable events * Direct events
 Active edge selection « Status flag provided by related peripheral
» Dedicated pending flag * Linked to:
« Trigger-able by software « RTC, TAMP, 12C1, USARTX, CEC,
* Linked to: LPUARTL, LPTIMx, LSE_CSS and
- GPIO, PVD, and COMPX UCPDx

Lys
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AHB Lite

EXTI - block d

Control and status registers

GPIO port A

GPIO port B

GPIO port C

GPIO port D

GPIO port F

Peripherals without
interrupt flags

Configurable
events

Peripherals with
interrupt flags

Lys
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16 exti[15:0]
EXTI / . > Peripherals
mux
sys_wakeup
_ c_wakeup ) PWR
Configurable events >
> Event
Event :
; Maskin ®_MO+
trigger g Cortex®-MO
. EVG Event input
Direct events
EXTI NVIC

EVG: EVent Generator

lagram
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EXTI - lines mapping

0-15 GPIO Configurable
16 PVD output Configurable
17 COMP1 output Configurable
18 COMP2 output Configurable
19 RTC Direct
20 Reserved Direct
21 TAMP Direct
22 Reserved Direct
23 12C1 wakeup Direct
24 Reserved Direct
25 USART1 wakeup Direct
26 USART2 wakeup Direct
27 CEC wakeup Direct
28 LPUART1 wakeup Direct
29 LPTIM1 Direct
30 LPTIM2 Direct
31 LSE_CSS Direct
32 UCPD1 wakeup Direct
33 UCPD2 wakeup Direct




NVIC - Overview

* The NVIC (Nested vector Interrupt Controller) is integrated in the Cortex®-M0O+
CPU:
« 32 maskable interrupt channels
« 4 programmable priority levels
» Low-latency exception and interrupt handling

» Power management control Appl Ication benefits

Supports prioritization levels with
dynamic control

Fast response to interrupt requests

Relocatable vector table

Lys

life.augmented



Lab: Pinout Configuration

* Close Keil uVision5 IDE if it is open; Open the “blinky” STM32CubeMX project
(using File->Recent Projects) and save it as a new project named “exti”.

- Add configuration of the 10 that is connected to the User Button (connected to
PC13) to toggle the LED LD4 (connected to PA5) on the STM32G0 Nucleo board.

nnnnnnnnnn
ey = T st =1 = =0 == =D =
mmmmmmmmmmmmmmmm

GPIO_EXTI3 gkl

* PA5 is already configured as GPIO output push-pull.

» Left-click on PC13 and set it to GPIO_EXTI13 mode. P

HHEIEE 2 B EEEEEEEEE

mmmmmmmmmmmmmmm

Lys
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GPIO Configuration
+ Select GPIO under System View . _

t view := System view

C—

* Click on Pin Name PC13 ‘

Configuration

[ Group By Peripherals

* Make sure GPIO mode is “External

ignal ..|GRIO P..| GPIO ... |GPIO P Fasth..|UserL.. c|:I|ﬁe
interrupt Mode with Rising edge @) m---m

PAS  nfa Low  Output.. Nopull.Low  nfa
trigger detection” FCT3_nla___na__ EXen. Nopulnia___ nia I:I ©)
+PC13 Configuration :

GPIO Pull-u...  |No pull-up and no pull-down v

‘ ” | User Label
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NVIC Configuration

+ Select NVIC under System View

-

* Enable “EXTI line 4 to 15 interrupts” (by checking the box) ‘

MVIC Mode and Configuration

Configuration

@ Code generation

[ Sort by Premption Priority and Sub Priority

Search |'-'-: h (CrtHF) | (© () [ Show only enabled interrupts
MWIC Interrupt Table Enabled Preemption Priority

Maon maskable interrupt

Hard fault interrupt

System service call via SWI instruction
Pendable request for system senvice
Time base: System tick timer

PYD interrupt through EXTI line 16
Flash global interrupt

RCC global interrupt

m [XTTTine 410 15 interrupts

life.augmented
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Generate Source Code

“ Aoy -
GENERATE CODE

m Code Generation ot

* Generate Code

* Click Open PrOject o The Code is successfully generated under C:/STM32G0Warkshop/HandsOn/exti

COpen Folder @ Ope

» Open main.c, add the following code:
« within “USER CODE BEGIN PV’ / “USER CODE END PV” section

/* USER CCDE BEGIN PV */

ulint8 t PC13 flag = 0; uint8 t PCL3 flag=0;
- - /* USER CODE END BV */

Lys
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Add EXTI Rising Edge Callback Function

« Also in main.c add the following code,
« within “USER CODE BEGIN 4” / “USER CODE END 4” section

void HAL GPIO EXTI Rising Callback (uintl6é t GPIO Pin)

{
PC13 flag++;
if ( ( PC13 flag & 0x01 ) == 0x01 )
{
HAL GPIO WritePin (GPIOA, GPIO PIN 5, GPIO PIN SET);
t
else
{
HAL GPIO WritePin (GPIOA, GPIO PIN 5, GPIO PIN RESET);
} e N
} /* TUSER CODE BEGIN 4 */
void HAL GPIO EXTI Rising Callback(uintlé t GPIO Pin)
=
‘ PC13 flag++:
if ((BCl3_flag & 0x01) == 0x01)
=
{ HAL GPIO WritePin (GPICA, GPIO PIN 5, GPIO PIN SET);:
| ilse
B
HAL GPIO WritePin (GPICA, GPIO PIN 5, GPIO PIN RESET);
Lyy 2
h:e.azme!ed \ _;}h TSER CODE END 4 #/ )




Build the Project

* Click the “Build” button

L¥] Build (F7)
Build target files
343 A, —

@) e o oel@x

@_ Start/5top Debug Session (Ctrl+F5)
Enter or leave a debug session

* Click the “Start/Stop Debug Session” button

i o ™o g
» Click “Run” button S(EDD | 6 e oo
legisters Run (F5) E
Register Start code execution %
o Com I

* Push the Blue “USER” button to toggle the LED LDA4!

Lys
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Lab: Low Power
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Lab: Low Power

Obijective:

* In this lab we are going use the STOP 1 mode and wakeup from RTC which
IS configured to wakeup the STM32 every 5 seconds.

* When the STM32 wakes up it will turn on the LED (LD4) for one second and
then go back to STOP mode.

 The MCU can also wake-up using the user button which is configured as
EXTI.



. ow Power Modes

RUN (Rangel) at 64 MHz 100 pA / MHz FlexPowerControl

Efficient running

Wakeus RUN (Rangez2) at 16 MHz 93 WA TMHz 7 low-power modes, several sub-modes
time LPRUN at 2 MHz 90 pA / MHz High flexibility
Application benefits
258 ps SHUTDOWN 40 nA/380 nA*

Typ @ VDD =3V @ 25 °C
VBAT 340 nA* " with RTC

Lys
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Stop modes

Lowest power modes with full retention, 5 us wakeup time to 16 MHz

- SRAM and all peripheral registers retention

« All high-speed clocks are stopped
« Flash can be switched OFF

- LSE (32.768 kHz external oscillator) and LSI (32 kHz internal oscillator) can be
enabled

- Several peripherals can be active and wake up from Stop modes

» System clock at wakeup is HSI16 (2 us wakeup time on RAM, 5.5us on FLASH
not powered)

» Stop 1 is equivalent to Stop 0 with Main Regulator off, resulting in a smaller
current consumption but longer wake up time

Lys
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Stop 0 mode

Available peripherals [97 LA @ 3.0V J (Wakeup time to 16 MHz: )
GPIO I/0s kept, and configurable » In SRAM: 2 s

» In Flash ON: 2 us
@o \ > In Flash OFF: 5.5 ps )

P
Cortex MO+ } Main regulator (MR)
o

Range 1 (up to 64 MHz)
e N Wake-up event

Range 2 (up to 16 MHz)

[

[ DMA

[ BOR
[ PVD
[ USART
[ LP UART
[ 12C 1
[ 12C 2
[ SPI

[ ADC
[ DAC
[ COMP
% Temp Sensor
[

[

[

[

[

[

[

[

[

[

Flash SRAM
memory (36 Kbytes)

: [ Low Power regulator (LPR) up to 2 MHz }
Timers

LPTIM 1
LPTIM 2
IWDG
WWDG
Systick Timer
UCPD
RNG
AES
CRC

A /

Backup domain

Backup Register (5x32 bits)

RTC & TAMPER

Available

clocks
CEC HSI16

[ ]
"’ { T‘Qéllz } Active cell Clocked-off Cell in power- Available
Jife.augmented [ LSE | cell down Periph and clock
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Stop 1 mode
-

Availabl ivheral Flash memory not powered: A Wakeup time to 16 MHz:
vailable peripherars | > WoRTC:13pA@ 3.0V > InSRAM: 5 ps
GPIO I/Os kept, and configurable > w/ RTC:4.1pA@ 3.0V > In Flash ON: 5 ps

DMA @ Flash memory powered: > In Flash OFF: 9 ps

BOR _

[

[

|

[ USART
[ LP UART
[ 12C 1
[ 12C 2
[ SPI

[ ADC
[ DAC
[ COMP
% Temp Sensor
[

[

[

[

[

[

[

[

[

[

(-
=

P
Cortex MO+ } { Main regulator (MR) }

e N Wake-up event

Flash SRAM

memory (36 Kbytes) Low Power regulator (LPR) up to 2 MHz

A /

Timers
LPTIM 1
LPTIM 2

IWDG
WWDG

Systick Timer

UCPD

RNG
AES
CRC
CEC

Lys
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Backup domain

Backup Register (5x32 bits)

RTC & TAMPER

Available

clocks
HSI16

|
Tsélf } Active cell Clocked-off Cell in power- Available
LSE ] cell down Periph and clock

| G W S, S W U U W S U W W, W U U W S U U U W W
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STM32G0

Power
switch

RTC

LSE
PC14 PC13
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RTC - Overview

vDbD « The RTC provides an ultra-low-power hardware calendar with
alarms, in all low-power modes

* It belongs to the Battery Backup Domain, so it is kept
functional when the main supply is off and VBAT is present

« The TAMP peripheral features the backup registers and
tamper detection

VBAT

Application benefits

Ultra-low power: 300 nAat 1.8 V
Hardware BCD calendar to reduce software load




RTC - Key features

» Sub-seconds, seconds, minutes, hours, week day, date, month, year in BCD
format

* “On the fly” programmable daylight savings compensation
» Two programmable alarms with wakeup interrupt function
* A periodic event with programmable resolution, triggering wakeup interrupt

» Areference clock source (50 or 60 Hz) can be used to enhance the calendar
precision

- Digital calibration circuit to achieve 0.95 ppm accuracy

- Timestamp feature which can be used to save the calendar content with sub-
second precision (one event)

Lys
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rtc_ker_ck

LSE (32.768 kHz) — @ —
RTCCLK

RTC - Block diagram

7-bit 15-bit ck_spre (1 Hz)

HSE/32 —

LSI —

RCC_BDCR [RTCSEL]

pclk

APB bus

v

Calendar

Calibration Asynchronous Synchronous
prescaler prescaler

|—> CALIB_

— W RTC_OUT1

v

Alarm A
Alarm B
16-bit wakeup auto-reload timer

ALARM
TAMP

— @ RTC_OUT2

vV vV VY

) TAMPALARM

A

tamp_evt

switch to VBAT

Lys
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TAMPOE

Timestamp

. B RTC TS
detection -

RTC
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Lab: Low Power

» Close Keil uVision5 IDE if it is open; In STM32CubeMX open the
“exti” STM32CubeMX project save it as a new project like
“lowpower”.



Enable LSE (Low Speed External) Clock

- We are going to use the 32 KHz Crystal that is on the Nucleo board (see schematic below) to
clock the RTC:

F{]j = ) L P T p'_'q'_
PC14-08032 IN : ::::
PC1508032 OUT -
R32 Rl
50 PDd 113 gﬂﬁ |
EE:]’ 51 Py 2 )
ppa |32 FPD2 X321554-32 ToRK
55 PD3 h
P03 o I:I
P4 |34 PD4
pps =i PDs _ _
56  FDé (24 —23
Eg‘;’ A FDE SE3 == |||. S.opF 5.0pF
ppg 4L PDY SBXY =< lvon [

* In the Pinout & Configuration tab, expand RCC (in System Core) and choose
Crystal/Ceramic Resonator for Low Speed Clock (LSE) clock:

Q| V| RCC Mode and Configuration
y High Speed Clock (HSE) Disable ~|
O osc enable

DA | Low Speed Clock (LSE) |Crysta|.r"Ceramic Resaonator VI GPIC_EXTIL3
GPIO O 0SC32 enable E> RCC_OSC32_IM
WDG RCC_OSC32_0UT
AL [ master Clock Qutput

— [ LSCO Clock Qutput

r WWDG [ Audio Clock Input (125_CKIN)
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Enable and Configure the RTC

* In the Pinout & Configuration tab, under Timers, expand RTC

Timers s
LPTIMA
T2 RTC Mode and Configuration
i
* Check the Activate Clock Source (=2 Activate ciock source
[ Activate Calendar
Alarm _'|Disa ble |
Alarm £|Disa ble |
O Timestamp
- Select Internal Wakeup for the Wakeup mode WakeUp [nteral WakeUp 7]
CoTampert
0 Tamper 2
Calibration [Disable v|

O Reference clock detection

Lys
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Choose RTC clock source

* In the Clock Configuration tab, select LSE as input clock for RTC

Pinout & Configuration Clock Configuration

| O
RTC Clock Mux
HSE_RTC [
132 Lok
Input frequency
LSE
LSE L] # 32768 |To RTC [KHz)
. L&l RC L=l
[= ] 9
33 KHz L~
To IWDHG (KHz) System ¢

Note: For applications that do not require precise RTC timings the LSI (Low Speed Internal RC)
can be used to clock the RTC

Lys

life.augmented



RTC configuration

Wakeup Counter Calculation:

 To configure the wake up timer for 5s, the WakeUpCounter should be set to 10246 as calculated
below:

» With RTC Clock setto RTCCLK /16
« Wakeup Time Base = RTC_PRESCALER / LSE =16 /(32.768KHz) = 0.488 ms
« Wakeup Time = Wakeup Time Base * WakeUpCounter = 0.488ms * WakeUpCounter

==> WakeUpCounter = 5s /0.488ms = 10246

Lys
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RTC configuration

- Based on previous calculation we will configure the RTC
* In the Pinout & Configuration tab, click on RTC (under Timers category)
- Enter the following configuration:

s

@ User Constants @ MNYIC Settings
& Parameter Settings

Configure the below parameters :

Q| - | ® ® L ]
=~ (General
Haour Format Hourformat 24

Asynchronous Predivid... 127
Synchronous Predivider... 255
=~ Wake UP

Wake Up Clock RTCCLK /16
Wake Up Counter 10246

Lys
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Enable Interrupts mmm

* In the Configuration tab, go to NVIC settings and then enable the interrupt
for RTC:

@ User Constants  PESRSICSSETRGS

MVIC Interrupt Table Enabled | Preemption Priority
RTC and TAMP interrupts through EXTI lines 18 and 21 ™ 0

* In the “System View” in the NVIC, check that both RTC and EXTI[4...15] are
enabled, if not re-enable them both:

MNVIC Mode and Configuration

@ Code generation

[ Sort by Premption Priority and Sub Priority

Search |Search (CrtHF) | @ & [ Show only enabled interrupts
MVIC Interrupt Table Enabled | Preemption Priority

Mon maskable interrupt

Hard fault interrupt

System service call via Wl instruction
Pendable request for system senvice
Time base: System tick timer

ins 1A
RTC and TAMP interrupts through EXTI lines 19 and 21
l E . ok
TTLET
‘ ” EXTlline 4 to 15 interrupts

life.augmented
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Generate Source Code

* Generate Code

© oy -
GENERATE CODE

 Click Open Project

m Code Generation hod

o The Code is successfully generated under C:/STM32G0Workshop/Hands On/lowpower

Open Folder § Ope

Lys
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Add code — to main function

* Open the main.c, add the following code in the while(1) loop of the main function
In the USER CODE WHILE section:

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

HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN SET);
HAL Delay (1000);
HAL GPIO WritePin(GPIOA, GPIO PIN 5, GPIO PIN RESET);

// enter STOP mode
HAL_PWR_EnterSTOPMOde(PWR_LOWPOWERREGULATOR_ON, PWR STOPENTRY WEFTI) ;

. /* Infinite loop */ \
// reconfigure system clock // USER CODE BEGIN WHILE */

SystemClock Config(); l e ()
/* USER CODE END WHILE */ HAL GPIO WritePin(GPIOR, GPIO PIN 5, GPIO PIN_SET);
HAL Delay(1000):

HAL GPIO WritePin(GPICA, GFIC PIN 5, GPIO PIN RESET):

/* USER CODE BEGIN 3 */ /{ enter S5TOP mode

} HAL PWR_Enter5TOFMode (PWR_LOWPOWERREGULATOR_ON, PWR_STOPENTRY WFI);

/* USER CODE END 3 */ // reconfigure system clock

SystemClock Config():
/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */]
o}
‘ ” /* USER CODE END 3 */
}
life.augmented




Add code — to Init function mmm

* Open the stm32g0xx_hal _msp.c (under Application/User), Add the following line of
code (marked in red below) to the msp init function HAL_RTC_Msplnit():

void HAL RTC MspInit (RTC HandleTypeDef* hrtc)
{

M. C |_°'| stm32glx_hal_msp.c |_°'| startup_stm32g07 1x.5
===

if (hrtc->Instance==RTC)

{ * @Ebrief RTC MSPF Initializacion
/* USER CODE BEGIN RTC_MspInit 0 */ | iz IeporioM comiisuzoe Tho nosawers sesousces
* Eretwval None
. =
/* USER CODE END RTC MspInit 0 */ woid HAL RTC_ MspInit (RTC _HandleTypeDef* hrtc)
/* Peripheral clock enable */ A1
HAL RCC RTC ENABLE(),’ if{hroco—>Instance=—RTC)
e~ . - P =1 i
/* RTC interrupt Init */ /* USER CODE BEGIN RTC MspInit O */
HAL NVIC SetPriority (RTC TAMP IRQOn, 0, 0);
— — — — f£* USER CODE END RTC MspInit O */
HAL_NVIC_EnableIRQ (RTC_TAMP_IRQD); A* Peripheral clock csnakble =0
* : * HAT. RCC RTC EMALBLE () :
/* USER CODE BEGIN RTC MspInit 1 / T BT smte-sipr Toer e
__HAL RCC RTCAPB CLK ENABLE () ; HAT. NWIC SetcPriority (RTC TAMP IRQn, O, O):
/% USER CODE END RTC_MSpInit 1 %/ HAL NVIC EnableIRQ (RTC TAMP IROn) ;

/* USER CODE BEGIN RTC MspInit 1 =/
HAT. RCC_RTCAPB CLE _ENABLE () :

/£* USER CODE END RTC MspInit 1 =/

¥

}

) |

1S7; :
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Build the Project

* Click the “Build” button; or use menu Project > Build target.

N |

o

* Click the “Load” button (F8) to flash the code into the STM32 (not using the debug session because
we are using low power modes)

( ¥ D stm32g0_lab4 K| &

LAl

¥ Download (F8) [

abd Cownload code to flash memory [+
| 101 | * @k

* Press Reset on your board (black button) once the code is loaded and the application will work as
follows:
* RUN mode for 1 second (LD4 LED on)
» STOP mode for 5 seconds (LD4 LED off ) with wakeup by RTC
* If during the STOP mode (LD4 LED off) you press the user button: the interrupt (EXTI) will wakeup from STOP mode

Lys
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Lab: Estimation of power consumption
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Lab: Estimation of power consumption

Obijective:

« Use the Power tool inside the STM32CubeMX to estimate the average
power consumption of the low power lab we just finished.



Power Supply and Power Source Selection

+ Using the “lowpower” project in STM32CubeMX

* Click on the Tools tab in STM32CubeMX

« Select 3V for VDD

T, 25°C I Vpy 3.0V v
T ambient 25°C
\“'r[:-[:- 3.0 ~

* In the Battery Selection section, select AA Alkaline batteries (2 in series, 1 in parallel) as the power

source for the application Alkaline(AA LR6) (2x1) v
| Change " Feset I
In Series 5 In Parallel ﬂ
Capacity 2850.0 mAh

r Self Discharge 0.3 %/maonth
" 3.0V

Mominal Voltage

life.augmented Max Cont Current 1000.0 mA



- Add a step to our power sequence.:

» Click: Step.. Add

Step——m—
[®

LD Add a step
T

« Configure a first step: RUN mode

/ Mode: Run

* Memory Fetch Type: Flash
« VDD: 3.0
\- Voltage Source: Battery

~

« Power Range: Range2 -Medium

« CPU Frequency: 16 MHz
» Clock Configuration: HSI

J

Enable IPs from Pinout function

e Duration: 1 second

+ Click “Add”

7
(]

m Resulting step consumption should be

life.augmented

Adding a RUN mode step

| IR Enable All IPs | Disable All IPs W=GERERIEERGHREGEN

PoweriMemory

dls Selection

Peripherals

r Enabled Peripherals

Power Mode ‘RUN e |
| (svsvreraurcone
Power Range ‘Rangez—rdedium e | O fs_10_ksps SYS-VREFBUFICONP
M Fetch T |FLASH v | [ fs_1_msps
Memory Fetch Type
O fs_2.5_Msps
Voo ‘3.0 ~ | [] AHB_APB_Bridge
] Busmatrix
Voltage Source ‘Bﬂﬂ&l’}f ' | [] cRe
[Clucks v DACH
[ ouT1+0UT2-Buffe
CPU Freguency |1ﬁ MHz A | [ OUT1+0UTZ-Buffe
Interpolation Ranges | | ] ouT1+0UT2-Buffe
] ouT4-Buffer_OFF-
User Cheice (Hz] O OUTA-Buffer_ON-1
OUT1-Buffer_ON-\
Clock Configuration |HSI y | O utrer_
(] ouT2-Buffer_OFF-
Clock Source Freguency |1? MHz e | ] OUT2-Buffer_ON-I
] ouT2-Buffer_ON-\
r Optional Settings [] pBGMCU
Step Duration |1 ||5 N | ] pma
O FLASH
Additional Consumption |E|- ||mA o | fE—
- Results [ crioB
o
Step Consumption |1.6 m& | & srioc
[ GPioD
Without Peripherals 1.5 ma | ] crioF
Peripherals Part  [98.5 pA (A: 8 pa - D: 90.5 pA) | L] HomI_CEC
O rzct
Ta Max (°C) |129.59 | O i2c2
L
r¥Warnings




* Add tep t r power nce:
e O g o Seanenee Add a STOP1 mode step

Step

@ O BELERA NN IV ERA NN Enable IPs from Finout

’, Seq Add a step ' r Power/Memory r Peripherals Selection r Enabled Peripherals

[ Mew Step X

[ step | | Power Mode [sTOPY +| |§||Peripherals

Power Range [MoRange | g ::ii
Memory Fetch Type [Flash-PowerDown | 0 LeTmz:
- Add a second step: STOP1 mode Voo Ao J | - mere '
Power Mode: STOP1 ) Volige Souce [paters ]

o)

« Fetch Type: Flash -PowerDown ok
CPU Frequency [16 MHz |
\’ VDD 3V ) Interpolation Ranges | |

User Choice (Hz)

CIOCkS HSl 16 MHZ Clock Configuration |HSI v|

Clock Source Frequency |1E MHz v|

r Optional Settings

Step Duration |5 s V|

RTC enabled (to wakeup the system) ‘

Additional Consumption |I} ||mA V|

Step Duration: 5 seconds

r Results

Step Consumption |2-.4 uA

CIle “Add,, Without Peripherals |3.4 pAs

|
|
Peripherals Part [0 nA (A: 0 nA-D: 0 nA) |

Ta Max (*C} f130

Resulting step consumption should be Warnings
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Add a Wakeup from STOP1 mode step
=

I Edit Step

~» Enable All IPs  Disahkle All Ps  Enahble IPs from Pinout

-Power/Memory r Peripherals Selection —— | | Enabled...-
' Power Mode [WU_FROM_STOP1 | || |Peripherals
- Add a last step: Wakeup from STOP1 mode owrer Range T 7]
fo Power Mode: WU_FROM_STOPl ) Memory Fetch Type |FIﬂEh-F‘|:':;ErEc:':;n v|
W . ~r
‘ « VDD =3V oo 30 |
oltage Source |E|atter'_.r v|
* Voltage source: Batter e
\ g y ) Clocks
CPU Frequency 16 MHz V|
‘ ° CIle “Add” Interpolation Ranges | |

User Choice (Hz)

Clock Configuration [HsI |

* Resulting step consumption should be 1.21 mA Clock Source Frequency |12 1z <]

- Optional Settings

Wakeup time |EIIEI-| ||u3 V|
Additional Consumption |EI- ||mA e |
-Results

Step Consumption |1.21 ma

Without Peripherals [1.21 ma,
Peripheralz Part |EI n& (A 0nA-D:0n&)
Ta Max ("C} [129.76

-Warnings

57 ®




Average Current Consumption Result

* Note: the Current consumption numbers are for the MCU only.

Lys
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rSequence Table
CPU/Bus Freq Peripherals
. RUN 30 [Range2Medum IFLASH __ ___16MHz HSI_______[GPIDAGPIOC__1M6mA s |
2 STOP1 3.0 MoRange Flash-PowerDown 16 MHz HSI RTC* 34 pA s
3 WU _FROM_ST... 3.0 MNoRange Flash-PowerDown 16 MHz H3I 1.21 mA 9.0 ps
rDisplay
Plot All Steps - @
Consumption Profile by Step
1.50 1
T"I:RUN IS
— 1.25
=T
£
= 1.00
2
E
g' 0.75
=
2
o 0,50
o
0.25 ZSTOPT
0.00
0 350 500 0 7SO0 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250 3,500 3,750 4,000 4,250 4,500 4,750 5,000 5,250 5,500 5,750 6,000 6,250
Time (ms)
==1dd by Step = Average Current| /
Sequence Time / Ta Max 6s/129.69 °C Average Consumption 269.5 pA
Battery Life Estimation 1 year, 1 month, 27 days Average DMIPS 20.0 DMIPS

\
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Optional Lab: printf() debugging using UART
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Lab: printf() debugging using UART

Obijective:

* Redirect Printf output to LPUART1 which is connected to the ST-LINK
Virtual COM port on the Nucleo board

« Using a Terminal like Teraterm we can view the printf output.



printf() debugging settings overview

LPUART1 debug will be used via the ST-LINK Virtual-COM port

Set up additional GPIO / Clocks:
PA2 — LPUART1, “LPUART1-TX”
PA3 - LPUART1, “LPUART1-RX”
LPUARTL1 Clock = PCLK1 (64MH2z)

LPUART1 settings:
Asynchronous Mode - 115200 N/8/1, No HW Flow control
Tx/Rx,No advanced features

Teraterm Terminal will be used to display the printf output

Al | CE

A2

s

A4 | [

AS I
MB1

L WWWL stcom/stnSZnucleo\/

CPN

1522 [RoHS :
1SB4 | ComPLImNT NUCLEO.GO71RB
} g 2002/98£C

S
SB
SB.
S8
3608

LPUART1 is routed to the ST-LINK’s
USART, and brought via the USB
Virtual-COM port class

(SB16/18 located on the back on the
board have been soldered)

Lys
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STM32G0 USART/LPUART features

Hardware flow control for modem

Multiprocessor communication X X X
Synchronous mode (Slave/Master) X X -
Smartcard mode X - -
Single wire half duplex communication X X X
IrDA SIR ENDEC X - -
LIN mode X - -
Dual clock domain and wakeup from Stop mode X - X
Receiver timeout X - -
Auto baudrate detection X - -
Driver enable X X X
Data length 7, 8 and 9 bits

TX/RX FIFO X - X

r TX/RX FIFO size (data word) 8 - 8
> /4
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USART- FIFO

* Transmit FIFO (TXFIFO) and Receive FIFO (RXFIFO)
* Transmission/Reception even during stop modes

* FIFO mode is enabled/disabled by software

* TXFIFO and RXFIFO are each 8 data words in length

 Adjustable TXFIFO and RXFIFO interrupt request thresholds



LPUART - Overview

- LPUART (Low Power Universal Asynchronous Receiver/Transmitter)

* Full UART communication at 9600 baud with wakeup from stop modes capability when using the
low-speed 32.768 kHz external oscillator (LSE).

- Higher baud rates are available with other clock sources.

TX . . -
Application benefits
H m Inexpensive communication link between devices
Ry ‘ H Simple hardware, only a few pins needed
Wakes from low-power STOP modes

Transmit and Receive FIFOs, with capability to
m transmit and receive in stop modes.
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LPUART Block diagram

RCC_CCIPR

SYSCLK
HSI16

P> Tx
Data control .

lpuart_ker_ck  BERIN=agi=lzi=ic{en  Ipuart_ker_ck_pres  EREZIBFAN 280 21202 FIiO _ . Rx
' 1-256 | 768-65536

=. nRTS/DE
. nCTS

LSE

PCLK

Hardware flow
control

Ipuart_pclk Registers

Ly
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e Create New Project

CubeMX

- In STM32CubeMX. click “Home” INEEZINE

E m MNew Project from a MCU

° Click Access To MCU Selector®@ | ™ oo 0 | e o v g oo

Part Number Search v i STM32G071RB

Bioard Selector

Mainstream Arm Cortex-M0+ MCU with 128 Kbytes of of Flash memory memory, 36 Kbytes RAM, 64

Q [stm32g071rb hd MHz CPU, 4x USART, timers, ADC, DAC, comm. I/F, 1.65-3.6V

| need to : A Unit Price for 10U (US5): 149 (.‘
\Clive
Productis in mass production Boards: NUCLEQ-GO71RB - STH32GOT18-DISCO # LOFPG4
. Series v
Start My project fro._.
Check/Uncheck Al
ACCESS TO MCU SELECTOR [ sTm3260 MCUs List: 2 items Display similar items
. Part No Reference Unit Price for 10k... Board Package Flash Freq. |GFX Sc..|HMAC SHA|
>
Lire e TS - e T T T
% " STWI2GO0TARETX  Acive 149 LOFP64 128 KByt 36 kBytes 60 G4MHZOO 0 0 O

Package ks

Other M

ﬁ\ce From 0.0 to 1.49

» Select STM32G071RBTx © S

10 =60
L

+ LQFP64, 128KB Flash RLELT

Flash =128 (kBytes)
L

Ram = 36 (kBytes)
L

* Double Click @
Lyy —
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GPIO Configuration additions

* Click on LPUART1 dialog (under Connectivity), and select Asynchronous mode:

Clock Configuration
Additional Softwares

* Use PA2 & PA3 for Tx / Rx pins:
* These are the alternate mapping pins (PCO/PC1 are default)

PFZ .. .
LPUARTL_RX EI :> |
LPUARTL_TX

PC2

* So need to remap

LPUARTL_TX |ghH
LPUART1 RX |ELEl

Lys
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Clock Configuration

* Run the STM32G0 at 64 MHz for this lab, the LPUART1 clock also at 64 MHz.

Pinout & Configuration Clock Configuration Project Manager

a o) Resolve Clock Issues

RTC Clock Mux

Input freque =l Lo TD Power (MHz)

|32.?|3 | i] LSE | O | -I:Irc RTC [KHz) = HULMK to AHH bus, core,
o LSl RC mamary and NRAA TRAH =1L
I,.,‘/ TD Cortex System timer (MHzj
32 KHz -
Enable C... - - 64 FCLK Cortex clock (MHz)
- To IWDG {KHz) System Clock Musx -
LSE | &5 54 MHz maxPCLK
o B - AF'EI- peripheral clocks [MHz)
I HsI o Y
1 L SYSCLK {MHz) AHE Presdgpler HCLK (MHz) | APE Prescalgr
HSE TPCLK
» Ol ga |—.—u.{ 1 v 6s |4 1] {31} »| B4 |APB timer clocks (MHz)
PLLCLK EErTr—
- ® B Mz mex TIM15 Clock Mux
PLL Source Mux LSl TRoLH
Sl WO CU
HSI RC . — -
71 TIM41 Clock Mux _,,I:Ifc TIM15 (MHz}
+-HSl, PLLM = I;T' . g PLLG
A 16 MHz - 1 v x8 v {12 ~ o I TP e =—wi
HEE o TIM1 [MHz}
| 8 | E[:I HSE I——L"’ O, o = FLLG FLLQ USART1 CI km.ul:lr
- 2 — O [ A o u
4-4% MHz ) - FOLE -
| FLLP 2 Bl
Pk - _SYSCliS
s LPUART1 Clock Mux _.:ITC USART1 (MHz)
PCLK [ — 0
= LSE
SYSELE —= 0
MCO Source Mux ADC Clock M i =
il HEl | --! 64 |1'n LPUART1 (MHz}
-~ - e T, _..O k
- LSE 5YSCLK USARTZ lnnt bty
Fj - - —m e LSE O,J o
LS . |~ Pt
” Ol= 1Sl 10y L S To ADC IMHz) o
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LPUART1 Configuration

* Click on the Configuration tab and select LPUART1

- Parameter Settings tab

115200 Bits/s @ VG Settings @ DhA Settings ® CPIO Settings
8-bit word length @ Parameter Settings @ lUser Caonstants

Configure the below parameters :

No parity bit

« 1 Stop bit Q - ® ® i
» Keep Default settings for the rest ~+ Basic Parameters e ~N
Baud Rate 115200 Bits/s
Word Length 8 Bits (including Parity)
Parity Mone
Stop Bits 1
\_ /

Lys
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Generate Source Code

* Open Project Manager

1§
Project Manager
xl ]

Project MName

-+ Set the project name (printf) and the project location @ [t |
(C:\STM32G0OWorkshop\STM32G0\HandsOn) Ib
@ C:\3TM32G0Workshop\HandsOn J |
. Application Structure
- Set the IDE Toolchain to MDK-ARM V5 - 1 0 Do not generate the ma..

:.,_E;l li u , . Toolchain Folder Location
e ] IC:\STM32G0Workshop\HandsOn\printfl

GENERATE CODE Toolchain / IDE
' MDK-ARM W& | O
~

«Linker Settings

Minimum Heap Size m
Generate COde Minimum Stack Size

m Code Generation it

- Click Open Project
r p J o The Code is successfully generated under C:/STM32G0Workshop/HandsOn/printf
life.augmented Zpen Froject




Adding printf redirecting code Iin main.c

1- Add the stdio include:

% Private includes ————-————-——-—-
/% TUSER CODE BEGIN Includes #/
#include <stdio.h>

/* USER CODE BEGIN Includes */ /* USER CODE END Includes */
#include <stdio.h>
/* USER CODE END Includes */

2- Add following code in the section below: _ _
f#% USER CODE BEGIN FFFP #/

/* USER CODE BEGIN PFP */ #define PUTCHAR PROTOTYPE int fputc(int ch, FILE *f)
/* Private function prototypes —---———-—-———————————- */ /* USER CODE END PEE */
#define PUTCHAR PROTOTYPE int fputc(int ch, FILE *f)

/* USER CODE END PFP */

3- Add following function in the section below:

/* USER CODE BEGIN 4 */ /* USER CODE BEGIN 4 */

PUTCHAR PROTOTYPE ! PUTCHAR_PROTOTYPE
i =
{ . . : HAL TART Tramsmit (&hlpuartl, (uint8 t*)&ch, 1, O0xFFEF);
HAL UART Transmit (&hlpuartl, (uint8 t *)&ch, 1, OxFFFF); return ch; -

}
/* USER CODE EWD 4 */

return ch;

}

" /* USER CODE END 4 */
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Adding application code in main.c

f* Infinite loop */f

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

=

Add application code in main loop:

printf("** Hello World **%* \n\r");

/* USER CODE BEGIN WHILE */ HAL Delay(1000);

while (1)
{ /* USER CODE END WHILE */
printf ("** Hello World ** \n\r");
HAL Delay (1000) ; /* USER CCDE BEGIN 3 */
/* USER CODE END WHILE */ 1

J/* USER CCDE END 3 */

1
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Build the Project and run the application

* Click the “Build” button; or use menu Project > Build target.

* Click the “Start/Stop Debug Session” button

* Click “Run” button

« Open a Terminal emulator like Teraterm, using LPUART1 settings, connect ST-LINK Virtual COM port xx

Tera Terrm: Serial port setup
® Serial Port: | COM3: STMicroelectronics STLink ¥ir ~ oLk D2l i
Baud rate: m o
Cancel Help
Data: 8 bit W
; . ; Parity: none w
* You should see the printf message being displayed. N b

op: i ~
Hello Wossld Flow control: none w

He Llo Woss L

He L1l Woes Lol

Hello World
Hello World
Hello YWorld
Hiello Wos1ld
He llo Woreld
He llo Wosr Lld
Hello Wor ld
Hello World
Hello World

-
-
B
™
-
-
-
-
~ il
i
™
-
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STM32Cube Low Layer Drivers
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Overview

*» STM32Cube HAL & LL are complementary and covers a wide range of
applications requirements:

* HAL offers high level and functionalities oriented APIs, with high portability level and
hide product/IPs complexity to end user

* LL offers low level APIs at registers level, w/ better optimization but less portability and
require deep knowledge of the product/IPs specification

Lys
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Low Layer (LL) Library Features

* The Low Layer (LL) Library offers the following services:
 Set of static inline function for direct register access (provided in *.h files only)

* One-shot operations that can be used by the HAL drivers or from application
level.

 Independent from HAL and can be used standalone (without HAL drivers)
 Full feature coverage of the supported peripherals

* The LL APIs are Not Fully Portable across the STM32 families; the
availability of some macros depends on the physical availability of the relative
feature on the product

* Most STM32 Peripherals covered
- Same standard compliancy as HAL (MISRA-C, ANSIC...)

- Low Layer (LL) is available in STM32CubeMX 1.e. user can choose between
‘,’ HAL and LL by Peripheral
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STM32Cube FW package block view

Evaluation boards Discovery boards Nucleo boards

S Board Demonstrations

Middleware level examples V- N\
\‘
Fﬁfﬁgﬁ?& USB Graphics File system RTOS
& Polar SSL
Middleware m 4—] =

HAL level examples Low Layer Examples HAL + LL Examples

Hardware Abstraction Layer API Boards Support Packages
Drivers Low Layer Drivers

I
I
I
I
I
I
I
I
I
Utilities '
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
: Host & Device STemWin FATFS FreeRTOS
I
I
I
I
I
I
I
I
I

?—, STM3GO0 STM32F0 STM32F1 STM32F2 STM32F3 STM32F4
L STM32 Series STM32L0 STM32L1 STM32L4 T

/—
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Benchmark- USART transmit Example

* The below data are based on the “USART Transmitter IT” example:
» Configure GPIO & USART peripheral for sending characters to HyperTerminal (PC) in Asynchronous mode using IT

» Using below configuration:

» Platform: STM32L486xx

»  Compiler : IAR

* Optimization : High Size

* Heap Size = 512 Bytes / Stack Size = 512 Bytes

I N
Drivers )
read-only code memory

read-only data memory
RAM Size

(Bytes) 204 94

read write data memory
(Bytes) (*) 1408 1093

reduction

* LL offer smaller footprint & high performance but less portability & require expertise
» HAL offer high level API (hide complexity) & portability but higher footprint & less performance

m (*) to add Heap and Stack size for total RAM
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Optional Lab: Using the Low Layer (LL) Drivers
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Lab: Using the Low Layer Drivers

Objective:

* Generate a project with STM32CubeMX using the Low Layer
Drivers and check how much improvement we get compared to a
HAL project in term of Flash and RAM usage



Project

* Close Kelil uVision5 IDE if it is open; In STM32CubeMX Open the project (“blinky”) and
save it as a new project name like “blinky_II” through File -> Save Project As

Lys
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Configuration

m 5TM32CubeMX blinky_ILioc: STM32GOTTRBTx x

e . . o
SETEEM? File Window Help &) n [ > , 'k "’

STM32GOT1RBTx ! blinky_llioe - Project Manager GENERATE CODE

* In Project Manager
Tab ‘ Pinout & Configuration Clock Configuration Project Manager

rDriver Selector

al 10

RCC

¢ In the Advanced ' GPID
Settings Tab @

* |nstead of HAL '
drivers select LL

Generated Function Calls
(Low Level) Tor both e o TS S T ) N YT
] :

R C C an d G P | O g;(s_ts:ﬂlgl_olgit_mnﬂg gglg (]

Lys
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Generate Source Code

* Generate Code

© oy -
GENERATE CODE

 Click Open Project

m Code Generation -

o The Code is successfully generated under C:/STM32G0Workshop/HandsOn/blinky I

COpen Folder | Open Project |

Lys
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* In Keil uVision5 IDE

Step 4: Toggle The LED mmm=

* Expand the “Drivers” and notice that now the drivers are

low layer (_ID):

B Drivers/STM32Gha HAL Driver

) stm32gle_ll_gpio.c
L] stm32g0iec ll_exti.c
ij st 32g o |l_pwr.c
ij strm32glee_ll_rec.c
L] stm32g0iecll_utils.c

* Expand the file tree and open the main.c file

* Add the following code inside the while(1) loop

« Add within “USER CODE BEGIN WHILE” / “USER CODE END WHILE”
section (this will preserve your code after code regeneration)

LL GPIO TogglePin(GPIOA, LL GPIO PIN 5); /

// Delay 100 ms
LL mDelay(100);

Lys
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Project
=% Project: blinky_l
=45 blinky_ll
3 Application/MDK-ARM
& cmsis
- Application/User
l & ] main.c l
L] stm32glhecit.c

~

f* Infinite loop *f
f* USER CODE BEGIN WHILE */
while (1)
{
LL GPIO TogglePin (GPIOR, LL GPIC PIN 5);
Sf Delay 100 ms
LL mDelay (100);
f* USER CODE END WHILE */

J




Build the Project

* Click the “Build” button

Build target files
3% A

==

‘| o5 al@]
* Click the “Start/Stop Debug Session” button @ Star/stop Debug Session (Ctn+F)

Enter or leave a debug session

i gt
* Click “Run” button nsr@l RRUE Y
legisters Run (F5) As
Register Start code execution [*
= e |

* The Green LED (LD4) should be blinking just like the blinky example with the HAL drivers

Lys
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Let’'s compare the map files between HAL and LL projects

Use a text editor to open the map file for the “blink” project that is using HAL:”blinky.map” located here:

I = | blinky - b

Home Share View ~ @

U oh Cut o x IEE 07 Mew item - . | open - HHselect al

W Copy path ﬂ Easy access = DEdit -5 Select none
Pin to Quick Copy FPaste = Move Copy Delete Rename MNew Properties
access |E| Paste shortcut to - to - - folder - £ History EJElln\rert selection
Clipboard 3= p-aay o - - Select
« v 4 > ThisPC b 0S(C:) > STM32GOWorkshop > HandsOn » blinky > MDK-ARM > blinky v | | Searchblinky @
~ 1 Tame “ Date modmed I)r-pe Size

;Q;:::::E“ . [ blinky.axf 1/14/2019 10:15 PM AXF File 239 KB
[2] blinky.build_leg.htm 1/14/2019 10:52 P HTM File 2KB
¥ Downloads ol [ blinky.hex 1/14/2019 10:15 PM HEX File 3 KB
Documents - [2] blinky.htm 1/14/2019 10:15 PM HTM File 26 KB
[&=] Pictures - T T — T —
[ This PC - | blinky.map 1/14/2019 10:15 PM  MAP File 61 KB
Carntasia Studio ﬁ bling.sct 1_:'14_-"@1910:15 PM  Windows Script C... 1 K_B
screen captures 011512 [ blinky_blinky.dep 1/14/2019 10:52 PM  DEP File 43KB
- reershote1 242018 [ main.crf 1/14/2019 10:15 PM  CRF File 495 KB
[ main.d 1/14/2019 10:15 PM D File 2KB
webinsr video [ main.o 1/14/2019 10:15 PM O File 589 KB
22 Dropbox D startup_strm32g07 Ticed 1/14/2018 10:15 PM - D File TKB
[ startup_stm32g071xco 1/14/2012 10:15PM O File 5 KB
% OneDrive [ stm32g0ohal.crf 1/14/2019 10:15PM  CRF File 497 KB
I This PC [ stm32g0c_hal.d 1/14/2019 10:15 PM D File 3IKB
B 3D Objects [ stm32goc_hal.o 1/14/2019 10:15 PM O File 630 KB
B Desitop [ stm32go_hal_cortex.crf 1/14/2019 10:15 PM CRF File 495 KB
) [ stm32go_hal_cortex.d 1/14/2019 10:15 PM D File 3KB
Documents [ stm32glo_hal_cortex.o 1/14/2019 10:15 PM O File 608 KB
& Downloads [ stm32glo_hal_dma.crf 1/14/2019 10:15 PM  CRF File 501 KB
b Music [ stm32go_hal_dma.d 1/14/2019 10:15PM D File 3IKB
[&=] Pictures D stm32glie_hal_dma.o 1/14/2019 115 PM O File 610 KB
B Videos [ stm32go_hal_dma_ex.crf 1/14/2019 10:15 PM CRF File 495 KB
= 0s(Cy [ stm32goc_hal_dma_ex.d 1/14/2019 10:15 PM D File 3KB
” NODE GO71RE (£ [ stm32go_hal_dma_ex.o 1/14/2019 10:15 PM O File 592 KB
- - R [ stn3?afhee hal flash.orf 11472019 1015 PRA CRF File 490 KR
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Let’'s compare the map files between HAL and LL projects s

Open the map file for the “blinky _|I" project that is using LL: “blinky ll.map” located here:

| = | blinky_l — >

Home Share View ~ @
D b Cut <& x IEII 0 Mew item ~ “Jopen ~  HHselect an

Wl Copy path ﬂ Easy access ~ Iz Edit -0 Select none
Pin to Quick Copy Paste — Move Copy Drelete Rename Mew Properties
access E Paste shortcut to~ to~ - folder - &7 History E‘E'In\fert selection
Clipboard Organize Mew Open Select
« v 1 > ThisPC > 0OS(C:) » STM32G0Workshop » HandsOn » blinky_ll > MDK-ARM > blinky_Il ~ @ | Search blinky_Il ©
screen captures 011519 T Tiarne B LTS =T By T Size -~
screenshots1242018 [ blinky_lLaxf 1/24/2018 5:58 PM  AXF File 388 KB
webinar video [2] blinky_llbuild_log.htm 1/24/2019 6:01 PM HTM File 2KB
22 Dropbox [ blinky_ll.hex 1/24/2019 5:59 PM HEX File 3KB
[2] blinky_ll.htm 1/24/2019 :59 PM HTM File 21 KB
f@ OneDrive || blinky_ILInp 172472019 :59 PM LNP File 1KE
3 This PC | blinky_ll.map 1/24/2019 5:59 PM MAP File 42 KB
I £ Lol ] oo+ 194040 o o0 BkA AT Lo 4 LB
~J 3D Object
- et [ blinky_ll_blinky_IL.dep 1/24/2019 601 PM  DEP File 16 KB
I Desktop [ ExtDiliex 1/24/2019 6:02 PM  |EX File 1KE
Decuments [ main.crf 1/24/2019 5:59 PM CRF File 439 KB
4 Downloads [ main.d 1/24/2019 5:59 PM D File 2 KB
D Music [l main.o 1/24/2019 %59 PM O File 444 KB
=] Pictures [ startup_stm32g071:0c.d 1/24/2019 :59 PM D File 1KB
B vid [ startup_stm322g07T:0c0 1/24/2019 5:59 PM O File S5KB
1deos
[ stm32gw_it.crf 1/24/2019 :59 PM CRF File 433 KB
e OS (C:
- 05(C) [ stm32gte_it.d 1/24/2019 :59 PM D File 2KB
== MNODE_GO7IRB (E) [ stm32gbecit.o 1/24/2018 :58 PM O File 245 KB
= USB Drive (F:) [ stm32g0se lI_exti.crf 1/24/2019 5:59 PM CRF File 329 KB
—. NODE_GO71RB (E) [ stm32giec ll_exti.d 1/24/2019 :59 PM D File 2KB
[ stm32giecll_exti.c 1/24/2019 59 PM O File 364 KB
== WSE Drive (F3) [ stm32gbecll_gpio.crf 1/24/2019 5:59 PM CRF File 335 KB
screenshots1242018 D stm32gle_ll_gpic.d 1/24/2019 5:59 PM D File 2 KB
Videos [ stm32gte_ll_gpio.o 1/24/2019 5:59 PM O File 370 KB
¥ Rec12-13-18 9.zip [ stm3z2gtecll_pwr.crf 1/24/2019 :59 PM CRF File 339 KB
[ stm32gtecl_pwr.d 1/24/2019 :59 PM D File 2KB
¥ Network A [ stm32alme Il pwr.o 172472019 5:59 PRA 01 File I66 KR b
life.augmented 35items 1 item selected 41.3 KB B =




Let's compare the Flash and RAM size first

Using HAL.: Using LL.:

Mj blinky.map - Notepa — O * Mj blinky_ll.map - Notepad - O >
File Edit Format View Help File Edit Format View Help
44 @ 2 ] @ 72 uidiv.o " 3@ ] @ (% @ 8  handlers.o "
36 8 8 2 8 638 init.o
—————————————————————————————————————————————————————————————————————— 36 ] @ (% @ 188  memseta.oc
168 16 2 (% 8 248 Library 44 (% 8 2 8 72 uidiv.o
Totals
2 8 @ 8 8 @ (INCl. | e
Padding) 168 16 8 5] 8 248 Library Totals
2 ] 8 8 8 8  (incl. Padding)
Code (inc. data) RO Data RW Data ZI Data Debug  Library Name
Code (inc. data) RO Data RW Data ZI Data Debug  Library Name
I h 166 16 @ 8 8 240 mc_p.1
Scroll to the 166 16 0 8 0 240 mc_p.1
bottom of the 168 16 8 0 0 240 Library | mmmm o
. Totals 168 16 8 5] @ 248 Library Totals
files
Code (inc. data) RO Data RW Data ZI Data Debug Code (inc. data) RO Data RW Data ZI Data Debug
2532 174 284 16 1024 415174  Grand Totals 680 66 220 4 1028 376886  Grand Totals
2532 174 284 16 1824 415174  ELF Image 638 66 220 4 1828 376886 ELF Image
Totals Totals
2532 174 284 16 8 2 ROM Totals 638 66 220 4 8 8 ROM Totals
| de + RO Data) 2816 (  2.75kB) 900 ( ©.88kB)
Data + ZI Data) p4a (  1.82kB 1832 ( 1.81kB
r RUM Size (Code + RO Data + RW Data) 2832 . 9 .88kB)
life.augmented
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Comparison table between HAL and LL for our “Blinky” code

 Using below configuration:

* Heap Size = 512 Bytes / Stack Size = 512 Bytes
*+ STM32Cube GO0 1.0.0

* uVision 5.26

* CubeMX5.0.1

e ———
Drivers
read-only code memory

ROM Size
divided by ~3

read write data memory RAM Size
(Bytes) (*) 1040-1024(**)=16 1032-1024(**)=8 reduction
divided by 2

» LL offer smaller footprint & high performance but less portability & require expertise
» HAL offer high level API (hide complexity) & portability but higher footprint & less performance

(*) to add Heap and Stack size for total RAM

(**) 1024 = 512 bytes Heap size + 512 bytes Stack size

Lys
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STM32G0 — DMA
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DMA - Overview

Cortex®-M0+

Memory-

mapped
registers

DMA + DMAMUX
7 channels

Master
port

Slave
port

Single-cycle 1/0

AHB -Lite

AHB -Lite

GPIO ports registers

AHB -Lite SRAM
DAC

Bus
matrix

STM32G0

APB peripherals:
SYSCFG

ADC

Flash memory controller COMP1-2

AHB -Lite Memory- TIM1-3,6-7,14-17
mappec e

registers
UCPD1-2

DMA requests

WDG,WWDG
RTC, PWR
12C1-2

AHB -Lite USART1-4
LPUART
SPI11/12S, SPI2
HDMI-CEC

DBGMCU

<
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DMA - Overview

DMA + DMAMUX
7 channels - DMA features

 AHB master bus

Master port AHB -Lite « Flexible configuration

' ' « Hardware and software priority management

Slave port AHB -Lite

» Configurable data transfer modes
» Peripheral-to-Peripheral, Peripheral-to-Memory, Memory-to-Peripheral, and

o
g D_fl & Memory-to-Memory modes
— @ L
% % % 8’ <+«—— DMA requests
= c = =
c c c _l
c a S X
< < D
Q| o| O|<
< < <z
= = =
AR

Application benefits

NVIC DMA support for timers, ADC, and communication

peripherals
Offloads CPU from data transfer management

Simple integration
Lys
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« STM32G0 DMA features

» 1x DMA controller
» Programmable block transfers with 7 concurrent
channels, independently configurable
» Programmable channel-based priority

» Data transfers via the AHB master port
(connected to the bus matrix)

* 1x new DMA request multiplexer (DMAMUX)
« Programmable mapping of a DMA request e.g.
from any peripheral

» Event-triggered & synchronized DMA request
generation

Lys
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DMA - Features

AHB Slave Interrupt (1) AHB Slave Interrupts (3)

| | | .

DMAMUX DMA

Peripheral
Req UESTS I —————— m
- El : AHB
Triggers Request . Rle_qtllest ?Squests i i
Generators ultiplexers

DMAMUX
Events (4)

Synchronizations (23)



DMA - Main differences with STM32FO

* The DMA Controller is similar to the one implemented in STM32F0
microcontrollers, but with the additional DMA request multiplexer
(DMAMUX)

STM32F0 STM32G0

DMA 2 DMAs 1 DMA
DMA Features Same
DMAMUX No Yes

Lys
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DMAMUX - Overview

DMAMUX A - The DMA request router (DMAMUX) manages:

* The assignment of DMA request lines to peripherals

Request

SeReiaiol * The request forwarding synchronization with events on
synchronization inputs

* The request chaining using the DMA request counter and
Event generator for DMA

Trigger inputs

N Application benefits

Requests from peripheral

To DMA channels

High flexibility in choice of DMA request mapping

External and internal DMA request management
Request synchronization
Request chaining capability

AHB slave I/F

Lys
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DMAMUX features

- DMAMUX is a DMA request multiplexer/router

« DMAMUX provides a programmable routing of any of the 7 DMA (hardware) requests from any peripheral request

- Additionally, there are 4 request generator channels
« Software can configure a DMA request to be generated by the DMAMUX itself, upon a trigger input

» Are programmable:

» The trigger selection: EXTI0..15, LPTIM1/20UT, TIM14_OC, or any of the 4 generated DMAMUX events
» The trigger event: rising edge, falling edge or either edge
» The number of generated DMA requests upon the trigger event

« There is a trigger overrun flag & interrupt in order to alert the software when the number of generated DMA requests (as
paced by the DMA) have not been completed before a next trigger event

Lys
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STM32G0 DMA & DMAMUX Instance

DMA features DMA

DMAMUX features DMAMUX

Number of peripheral requests 57 Number of channels ‘ 7 ‘
Number of request generator channels 4
Number of trigger inputs 23
Number of synchronization inputs 23
Number of output DMA requests 7

Lys
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Optional Lab: DMA
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Lab

Objective:

* Open a provided STM32CubeMX project (*.ioc) from our
STM32CubeGO Library examples and review the configuration.

* Run the Keil uVision5 (ARM-MDK) project example for the DMA
configured as a memory to memory to transfer a buffer from
Flash to internal SRAM.




STM32CubeMX Project

* Close Keil uVision5 IDE if it is open and Close STM32CubeMX if it is open
* In a Windows Explorer window open the following location:

C:\Users\ST\STM32Cube\Repository\STM32Cube FW_GO _V1.x.0\Projects\NUCLEO-
GO071RB\Examples\DMA\DMA_FLASHToRAM

Where “ST” is your Windows username and where 1.x .0 is the version of the STM32CubeG)
Library that you have installed

v | DMA_FLASHToRAM

“ Home Share View

r X% cut 03 New item ~ y i) Open HH select all
» [] X =] : v H
W Copy pat s ¥ | Easy access v — Edit Select none
Pin to Quick Cog Paste Move Coj Delete Rename New Properties :
access |#] Paste shortcut t . folder - &) History 5 Invert selection
LGEI Organize New open Serect
<« v N > ThisPC > OS(C:) » Users > ST » STM32Cube > Repository > STM32Cube_FW_GO_V1.0.0 > Projects > NUCLEO-GO71RB > Examples > DMA > DMA_FLASHToRAM ]
blinky A [ Name Date modified Type Size

Lys
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Open the ioc file

* Double click on the ioc file (DMA_FLASHToRAM.ioc) to open the configuration file with

STM32CubeMX:

| = | DMA_FLASHToRAM

* L‘l gy Cut
wel Copy path @

Share View

X =i

Delete Rename

Pin to Quick| Copy Paste _ Move Copy
acEss g E| Paste shortcut tao t.;.p -
Clipboard Jrganize
€ - v
blinky A [0 MName
Camtasia Studio EWARM
screen captures 011519 Inc
£3 Dropbox MDK-ARM
Sre
‘@ OneDrive SWA5TM32
exthetti
3 This PC ﬁ =
— [ DMA_FLASHToRAM.ioc
_J 3D Objects

=] readme.bt

"’ I Desktop

life.augmented

|%r\lﬂw item =

ﬂ Easy access =
MNew

folder

Meaw

Date modified

11/5/2018 11:31 AM
11/5/2018 11:31 AM
11/5/2018 11:31 AM
11/5/2018 11:31 AM
11/3/2018 11:31 AM
11/3/2018 11:31 AM
11/5/2018 11:31 AM
11/5/2018 11:31 AM

5 £l Open
.
Edit

Properties

HH setect al

10 Select none

- ) History E‘E' Invert selection

Open

Type

File folder
File folder
File folder
File folder
File folder

Select

Size

EXTSETTINGS File 1KB

S5TM32Cubehx
Text Document

5KB
4KB

195

» ThisPC » O5(C) » Users » 5T » 5TM32Cube » Repository > 5TM32Cube FW_GO V1.0.0 » Projects » NUCLEQ-GOVIRE » Examples » DMA > DMA_FLASHToRAM



Check the DMA configuration in STM32CubeMX

* In STM32CubeMX click on “System View” and then “DMA”

4

\
i0F Pinout view l === System view J

Middlewares

System Core Analog Timers Connectivity Multimedia Computing

I DMA & I

Lys
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Check the DMA configuration in STM32CubeMX

* Review the DMA configuration by clicking on the “MEM2MEM” under “DMA Request” as shown
below:

DMA Mode and Configuration

Configuration

& DhdA @ MMemToMem

DMA Request Channel
MEMTOMEM DMA1 Channel 1 Memory To Memory

DMA Configuration:
e DMA1 Channel 1

+ Memory to Memory

-DMA Request Settings . Priority: Low

Src Memaory Dst Memaory e Normal mode
/\ °
( Mode [Normal ) bt Increment Address Incremental A(.:ldre.ss for
T—— source et destination

Data Width <ﬁ‘rd 1 wea —x ° Data Width: Word
S —

Ly -
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Check the DMA configuration in STM32CubeMX

* In STM32CubeMX click on “System View” and then “NVIC”

4

\
i0F Pinout view l === System view J

Middlewares

System Core Analog Timers Connectivity Multimedia Computing

Lys
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Check the DMA configuration in STM32CubeMX

* Notice that the Interrupt is enabled for the DMA1 Channell.:

MNVIC Mode and Configuration

Configuration

] Sort by Premption Priority and Sub Priority

Search |Search (Crtl+F) (© & [ Show only enabled interrupts
MVIC Interrupt Table Enabled Preemption Priority

Mon maskable interrupt

Hard fault interrupt

System semnvice call via 3Wl instruction
Pendable request for system senvice
Time base: System tick timer

PVYD interrupt through EXTI line 16
Flash global interrupt

= :
DMAT channel 1 interrupt

mimimj< < jj< o ff<
== R e R e R - R R R R

\f/

Lys
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Project

* In a Windows Explorer window open the following location where the ARM-MDK (Keill
uVisionb) project is located and double click on the “DMA_FLASHToRam.uvprojx” file:

C:\Users\ST\STM32Cube\Repository\STM32Cube FW_ GO V1.x.0\Projects\
NUCLEO-GO71RB\Examples\DMA\DMA FLASHToRAM\MDK-ARM

| [ || = | MDK-ARM

Home Share View
=l _I gh Cut « S x ﬁ' % Mew item = \i-l kA open ~ HHSElect all
l—-l Edit

w-| Copy path -T__'| Easy access = Select none
Pin to Quick Copy Paste Move Copy Delete Rename Mew Properties
access |#| Paste shortcut tow to - - folder - £ History DDImrert selection
Clipboard Organize New Cpen Select
= V e O5(C) » Users » 5T » 5TM32Cube » Repository * S5TM32Cube PW_GO V1.00 » Projects » MNUCLEQ-GOTIRE » Examples » DMA » DMA_FLASHToRAM s MDK-ARM
blinky * [ Mame Date modified Type Size
Camtasia Studio T DWIE_FLASHToRAM. tvoptx TTS 208 13T AT UVOP TR File TERE
screen captures 011319 KA DMA_FLASHToRAM.uvprojx 11/5/2018 11:31 AM  pVision5 Project 2D KB
stactip cted2a0T s 117579098 1431 Akd  Teo=CTHINIM S file 12 1

%3 Dropbox

Lys
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Check the DMA configuration in the ARM-MDK project

* Open main.c and look for the function MX_DMA Init() and notice that the configuration is the same
as in STM32CubeMX:

Q‘Siatic void MY DMA Tnit (void) >
L

S* DM&L controller clock enable *f
__ HAL RCC DMAI CLE ENHABLE():

f* Configure DMA request hdma memtomem dmal channell on DMA1 Channell w
hdma memtomem dmal channell.Instance = DHMAL Channell;

hdma memtomem dmal channell.Init.Reguest = DMA REQUEST MEMIZMEM;

hdma memtomem dmal channell.Init.Direction = DMA MEMORY TO MEMORY:

hdma memtomem dmal channell.Init.PeriphInc = DMA PTNC ENABLE:

hdma memtomem dmal channell.Init.MemTnc = DMA MTNC ENABLE;

hdma memtomem dmal channell.Tnit.PeriphDatallignment = DMA PDATARTTGN WORD:
hdma memtomem dmal channell.Init.MemDatallignment = DMA MDATARLIGH WORD:
hdma memtomem dmal channell.Init.Mods = DMAR NORMAL;

hdma memtomem dmal channell.Init.Priority = DMA PRIORITY LOW;:

if (HAL DMA Init (&hdma memtomem dmal channell) != HALL OE)

H {

Error Handler ():

}

% DMA interrupt init */
f* DMAl1l Channell TROn interrupt configuration */
HAT, NVIC SetPriority(DMA1 Channell TROm, O, 0);

r HAT. NVIC EnableTRQ (DMA1 Channell TROmn):}

/% USER CODE BEGIN 4 =/
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Build the Project

* Click the “Build” button

- |_|-

roject F.| Build {FT)
Build target files
2% R o

* Click the “Start/Stop Debug Session” button

@) e o selda

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

Lys
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Add 2 variables to the watch window

- Add “aSRC_Const_Buffer’ (Source buffer located in Flash) to Watch 1 as shown below:

pository\STM32Cube_FW_GO_V1,0.00Projects\NUCLEQ-GO71I Split Window horizontally hpropx - pVision
lash Debug Peripherals Tools SVCS Window Hely
Insert ‘=include file i
| B . B A X = v
A | - ‘ rRERl ¢ | = 't I 4 Go to Headerfile "main.h” I N X
e = d-0-3-8 Go To Definition Of "aSRC_Const_Butfer F12
Disassembly | Go To Next Reference To 'aSRC_Const_Buffer Ctri«Num -
106: HAL Init(): Go To Previous Reference To "aSRC_Const_Buffer Ctri«Num -
107:
108: /* USER CODE BEGIN Init */ Add “aSRC_Const_Butfer to... bf Watch 1
109:
< Insert Tracepoint at "aSRC_Const_Buffer'... » | Watch 2
able/ le ¥
_J : _] startup_stm329071xx.s ' Enable/Disable Tracepoint Memory 1
48 DMA HandleTypeDef hdma memtome P insert/Remove Bookmark Ctri«F2 TNy &
;3 /* USER CODE BEGIN PV +/ Undo Ctrie2 Memory 3
Memory 4
51 static const uint32_t SSRCICOR Redo Clri=y
52 H & Cut CtrieX Logic Analyzer
82 | 6Ox01020304. 0OSAEATOR. OxDé

* Do the same thing for “aDST_Buffer” (Destination Buffer located in internal SRAM)

Lys
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Add 2 breakpoints in main.c

- Add the first breakpoint at this location in main.c just before the execution of he code that will start
the DMA transfer:

/* Configure the source, destination and buffer size DMA fields and Start DMAR Channel/Stream transfer #/
/* Enakle All the DMA interrupts */

i if (HAL. DMA Start IT(fhdma memtomem dmal channell, (uint32 t)&aSRC Const Buffer, (uint32 t)£aD5T Buffer, BUFFER S5TIZE) '= HAL OK)
a4 1

f* Transfer Error */f

Error Handler():

}

* Add another breakpoint at this code location which will be hit when the DMA transfer has been
completed successfully:

lJ:I if (cransferCompleteDetected == 1)
— 1

F* Turn LEDIG on®/f

BESPF LED On (LED49) :

L] transferComnpletelDetected = 0O;

— }

S® USER CODE EMD 3 =S

Lys

life.augmented



Execute the code until it reaches the first breakpoint

* Run the code: g et

legisters Run (F5) A4S
Register Start code execution %

* Once the first breakpoint is hit, notice in the Watch 1 window that the Destination Buffer (aDST_Buffer )

" 1l " 1 )
I S fl I I e d WI th O KA C\Users\ST\STM322Cube\Repositon\STM32Cube FW_GO_V1.0.0\Projects\NUCLED-GOT1RE\Examples\DMA\DMA_FLASHToRANM\MDK-ARM\DMA_FLASHToRAM.uvprej: - pVision -

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

NMEHS| 4 @]9 o @=|m™mnn = | @ FR® | @-|leco & B - A
¥R BRrru v ORBESE-0-3-89-8- @8- %-
Registers 3 E Disassembly
Register - 135: if (HAL DMA Start IT (shdma memtomem dmal channell, (wint32 t)&aSRC Const Buffer, (uint3Z_t)&aDST_Buffer, BUFFER SIZE) !'— HAL OK)
l40: 1
141: /* Transfer Error */
| ] main.c | ] startup_stm32g07Tics
136
137 /* Configure the source, destination and buffer size DMA fields and Start DMA Channel/Stream transfer */
138 /* Enable All the DMA interrupts */
139 ‘ if (HAL DMA Start IT (shdma memtomem dmal channell, (uint32 t)&aSRC Const Buffer, (uint32_t)&aDST Buffer, BUFFER SIZE) != HAL COK)
1420 {
141 /* Transfer Error */
142 Error_Handlexr();
143 }
PR | 1
[l Project | = Registers < D
Command a B watch 1
Running with Code Size Limit: 256K Mame Value Type
Load "DMA FLASHTORAM\\Ex=\\DMA FLASHTOREM.axf" a
BS \\DMA_FLASHToRAM\../Src/main.c\139 aSRC_Censt_Buffer (x02000EAD aSRC_Cen... unsigned int]32]
BS \\DMA FLASHToRAM\../Src/main.c\lél Bolg aDST_Buffer (0x2000007C aDST_Buff... unsigned int[32]
WS 1, "aSRC_Const_Buffer @ o 0x00000000 unsigned int
WS 1, "aDST_Buffer ¢ 0x00000000 unsigned int
@2 xDDD0D000 unsigned int
@3 0x00000000 unsigned int
@ 4] 0x00000000 unsigned int
@[3 x00000000 unsigned int
@[] 0x00000000 unsigned int
@M x00000000 unsigned int
¢ 8 x00000000 unsigned int
@ 9 xDDD0D000 unsigned int
@ 0] 0x00000000 unsigned int
life.augmented > @ 000000000 unsigned int



Execute the code until it reaches the first breakpoint

* Now Continue executing the code until it reaches the second breakpoint, press “Run” again:

o ECROEVE Y

legisters Run (F5) A4S
Register Start code execution %

* Now the destination buffer is filled with values that are the same as the source buffer:

Watch 1
Mame Value Type
= % aDST_Buffer 2000007 C aDST_Buff... unsigned int[32]

v [0] _ unsigned int

v [1] _ unsigned int

v [2] _ unsigned int

v [3] _ unsigned int

@ [4] _ unsigned int

@ [5] _ unsigned int

@ [6] _ unsigned int

@ [7] _ unsigned int

@ [8] _ unsigned int

@ [9] _ unsigned int

@ [10] _ unsigned int

v [11] _ unsigned int

@ [12] _ unsigned int

] [13] _ unsigned int

> [14] _ unsigned int

‘ ” @ [15] _ unsigned int
@ [186] _ unsigned int
life.augmented @ [17] _ unsigned int



Flashing code into the STM32
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Flash - Key features

« Up to 128 Kbytes of single-bank Flash memory

- 2-Kbyte page granularity

 Fast erase (22 ms) and fast programming time (82 pus for double-words)
* Prefetch & Instruction Cache

 Error Code Correction (ECC): 8 bits for 64-bit double-words

 Single-bit error detection and correction, notification through a maskable interrupt
» Double-bit error detection and notification through assertion of the NMI

Lys
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Flash memory organization

0x0800 0000 — 0x0800 O7FF 2 Kbytes Page 0 Programming 8-Byte
Main Fast-programming | Row of 256 Bytes
memory

0x0801 F800 — 0x0801 FFFF | 2 Kbytes Page 63 Erase

Ox1FFF 0000 — Ox1FFF 6FFF | 28 Kbytes | System memory | | securable memory | 2-Kbyte page
'bnlgocrlzna“on OXLFFF 7000 — OXLFFF 73FF | 1Kbyte | OTParea BN [Ereuselen

- R ' lobal
OX1FFF 7800 — OX1FFF 787F | 128 bytes | Option bytes ead protection Globa

Proprietary Code
Readout 512 Bytes
Protection

Lys
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Flash memory features (1/2)

Robust memory integrity and safety

*ECC (Error Code Correction): 8 bits long for a 64-bit word

« Single error correction: ECCC bit set in FLASH_ECCR, optional interrupt
generation

* Double error detection: ECCD bit set in FLASH _ECCR => NMI
 Failure address saved in FLASH_ECCR register

Programming

Reading

Flash controller

Flash controller

Double
Word word

Double
Double Word word

|

ECC ECC

checking

—— e e e e e e

generation

8-bit I : - 8-bit
ECC code ECC | Correc_t data if one bit is ECC
I 'wrong in the 72-bit data
code I . code
; received from memory
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Flash memory features (2/2)

Robust memory integrity and safety

* Programming granularity is 64 bits (really 72 bits incl. 8-bit ECC)

+ 2 programming modes :
« Standard (for main memory and OTP)

« Fast (main memory only)
* Programs 64 double-words without verifying the Flash memory location

Lys
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Boot configuration

Boot mode configuration Selected boot area

BOOT LOCK bit|nBOOT1 bit| BOOTO pin| nBOOT_SEL bit nBOOTO bit
0 X 0 0 X Main Flash memory
0 1 1 0 X System memory
0 0 1 0 X Embedded SRAM
0 X X 1 1 Main Flash memory
0 1 X 1 0 System memory
0 0 X 1 0 Embedded SRAM
1 X X X X Main Flash memory forced

- BOOT_LOCK Forcing boot from Flash memory

* |Itis possible to force booting from Main Flash memory regardless the other boot
options

- The Empty bit is added in Flash memory register to check if
Ly, programmed
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Lab: Flashing code into the STM32

Obijective:

» The objective of this lab is to show you how to flash code into the STM32
by restoring the “out-of-the-box™ firmware demonstration code that we
saved at the beginning of the workshop using 3 different methods:

« 18t method: using SWD (Serial Wire Debug)
« 24 method: using ST-LINK Mass Storage Feature
- 3 method: using the STM32G0 System Memory Bootloader



1t method: using SWD
(Serial Wire Debug)
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In STM32CubeProgrammer, Connect to the ST-LINK  ymem

[ sTM32CubeProgrammer - X

o

3
CubeProgrammer

= Memory & File edition Not connected

= S Click On “Connect”

number 0670FF505051717867181..  ~ | &

32-bit

Data width

Normal

No data to display share
Shared Disabled ~

SWD.
4000

Firmware upgrade

Verbosity level @1

0x08000020 00000000 00000000 00000000 0BO0097F e
0x08000030 00000000 00000000 0800097D 08000981 soooooocfeoooons
0x08000040 080000E3 080000E3 080000E3 080000E3 A...&...4...4...
0x08000050 080000E3 080000E3 080000E3 080000E3
0x08000060 080000E3 080000€E3 0B0000E3 0B0000E3
0x08000070 080000E3 080000E3 080000E3 080000E3
0x08000080 080000E3 080000E3 080000E3 080000E3 a...
0x08000090 080000E 3 080000E3 080000E3 080000E3 a. ..
0x080000A0 080000E3 080000E3 080000E3 080000E3 a... .
0x080000B0 080000E3 080000E3 080000E3 46854803 B o ofloocflc oo libFE
0x080000C0 F83CF0O00 47004800 08000A49 20000410 .B<o.H.GI..

e
e
e

e
P
o

I

.

Log Verbosity level (@1 2

17:32:52 : Address : 0x40022020 T
17:32:52 : 57ze : 32 Bytes

132152 ¢ : Ox0L
17:32:52 : Address : 0x40022080
17:32:52 : Size : 4 Bytes
17:32:53 : UPLOADING ...
17:32:53 : Size : 1024 Bytes
17:32:53 : Address : 0x8000000
17:32:53 : Read progress:

17:32:53 : Time elapsed during the read operation is: 00:00:00.007

life.augmented



Program the flash

[I] sTM32CubeProgrammer - x
¥ N

stz O 2 Cop

CubeProgrammer - O v x Y/

» Click on the icon @

== Frasing & Programming @ Connected
— asing ol gre g Connecte

]j'? R Erase flash memory | Erase external memaory
 Select the path of the _
. ‘ ‘é‘ File pat[ | STM3260Workshop\HandsOn\eriginal code SRR | - |
original code saved at ‘== -
Start address | 0x08000000 | | Select Index Start Address Size
et [ 0 0x08000000 K5

the beginning of the

Programming options

L
] 1 0x08000800 2
WO rks h O p ‘ |:| Skip flash erase before programming |:| 2 0x08001000 2K
] 3 0x08001800 2K
Verify programming O 4 0x08002000 2K
. |:| Run after pregramming ] |:| 5 008002800 2K
¢ UnCheCk thlS bOX SO ] 6 0x08003000 2
y ] 7 0x08003800 2K
that the COde WOﬂ t run ] g 0x08004000 K
. ] ) 0x08004800 2K
afte r p rOg ram m | n g ‘ |:| 10 0x08005000 2K |
Start Programming
Log Verbosity level (@1 2

* Press Start
19:33:36 : Bank : 0x01
H 19:33:36 : Address - Ox40022080
Programming 193336  Se 4 By
19:33:36 : UPLOADING ...
19:33:36 : Size - 1024 Byte:
19:33:36 : Addressz : Ox2000000 Type
19:33:36 : Read progress:

Device informatio:

D& -

Device

Device ID

19:33:36 : Time elapsed during the read operation iz: 00:00:00.023 Flash si
~ ash size

SIIE

CPU

Lys
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Flash Programmed

- [l 3 UxUBUU LEUL || | | 3 0x08001800
mMEssage X mMESSEgE >

o Download venfied successfully I' o File download complete
e__i0)

[ o ]

0 | ] 9 0x08004800

Lys
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Disconnect to the ST-LINK e

[ sTM32CubeProgrammer - X

STM32
CubeProgrammer

Memory & File edition

Device memory

Click On “Disconnect’

0x08000000

Address Data width

Address
0x08000000
0x08000010
0x08000020
0x08000030
0x08000040
0x08000050
0x08000060
0x08000070
0x08000080
0x08000090
0x080000A0
0x08000080 080000E3 080000E3 080000E3 46854803
0x080000C0 F83CF000 47004800 08000A49 20000410

f.nanannnn azananna aTanaans R - . _ «

0
20000410
00000000
00000000
00000000
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

4
08000001
00000000
00000000
00000000
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

8
08000978
00000000
00000000
0800097D
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

C
08000979
00000000
0800097F ...
08000981 ........}. ...
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

Verbasity level

i Address ; 0x40022020

i Size : 32 Bytes <§
01
i 0x40022080

: Read progress:

figuration

: Time elapsed during the read operation is: 00:00:00.007

0670FF305051717867181..  ~

No data to display

Firmware versio

Firmware upgrade

Verbosity level @)1 2

Now press reset on the board to run the original code
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2nd method: using ST-LINK Mass
Storage Feature of the Nucleo board
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_

Open the
Nucleo Drive
on your

computer

Lys
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Prepare the copy of binary code to the NUCLEO drive

N

al Q0= OriveTools MODE_GOTIRE (F:) = o * MO~ '
Home Share Wiew tlanage ﬂ Home Share WView ﬂ
~ M. 1 1 - it - by i F
£ | B soveto~ | 3¢ Detete - | B s & cut 7 S eiete = 4" Hseeaan
f I'J . . o . J x I—‘I W Copy path ) il '\/' Select nome
Pirito Cheick Copy Paste apy 10 &1 Baname MHew Propemies Telect Fin to Ouick ooy Paste e - A— MHew - Propertics -
BCOESS l:,l o - falder - - ICOESE |_"] Faste shortout s folder - O Ill'mﬂl selecticn
I Haw Open i Qrganize &l Chpen Select
w Seanch NODE_... O — w Q5CH) » ETHBEthhﬁP » HandsOn > {I@ w Learch ariging o
Date rmdg E This PC - Date modified Type
8| Doctments o &) MBED.HTM S/27/20 lab 3 [ original_code bin BIN File
= Pictures ] DETALS.TXT S/ 27/ 20 L w1
B This PC * Isb2
Lok 3 LsbS
b0 vl L2 Dropbex
Lk
Labs i OneDirmve
L2 Dvopbex B This PC
) B 30 Ojects .
@ Onedrive —— Open the location on your
B This pC . Docurnents
S PR computer where you saved the
B Destop P s original code at the beginning of
5| Docurnents = Pictures
$ ownlosds [ videos the workshop
J‘I Busac ‘e 05 ()
= Pictures = Y58 Drive (k)
B videes = NODE_GOTIRE (F)
Ge 05(C) == MODE_GOTIRE (F)
Tive (E:
— NODE_GOTIRE (F:) = US5 Drive (2}
~ A 5 ¥ Network >
2 items —| =1 tvitem |_' =

220




Lys
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Drag and drop the binary code to the NUCLEO drive

-l B = Dvive Tools i I8 % | original code
Haome Share Wiew Manage " Home Share VW
J - T Fl - ; B =
* u L] w Movete = 3 Delete = “3 il - E 3 | Fmdi ch Cut « Maveto = J Delete = u-"j
Pir to Cuiick Pt - : i Mew o Propert elect - el O-
Capy wite Cocvia~ | B - £ ] Ciuick Fas . N - =
L o 0] Copy to [ Rename Lo e 2 nhrr-:m_ Copy Faste [3] Paste shortout Ll Copy to b Rename 'L'I::r
Clipboard COrganize Hew Open Clipboard Crganize M
= v 4 am » ThisPC » MODE_GOTIRE (F) w Search NODE_... O — K o O5(C) » STMI2GIWerdshop » HandsOn > original code
+ Downloads 2 [0 Mame Dake rmig B This PC # 7 O Mame -
) Documents | MBEDHTM 277204 b3 B[ original_code bin
&= Prctures -+ 7] DETAILS.TXT L
B This PC * Lab2
Iab 3 Lab5
Lab_v1
= 22 Drophex
Lab2
Labs i OneDimee
L3 Dvopbex B This PC
10 Ok
2 Ooalin [+ Copy to NODE_GOTIRS (73 | B 30 Obects
I Deskicp
I This PC | Documents
B 3D Obgects * Downloads
B Desktop Ji Musie
=] Documnents & Pictures
& Downloads B videos
§ Music . O5(C)
= Pictures = U358 Drive (k)
B video: = NODE_GOTIRE (F)
E ﬁs c.
‘05 (C5) == MODE_GOTIRE (F:)
- USE Drive (E5)
= NODE_GOTIRE (F) a 500 )
— NODE_GATIRE () v < >| o Network vl [T
i ibems F| = Titem  1item selected 64.0KB

The original code will run after the copy has been done

Ty "=

v &

Properties
Open
v O
Date modified

1472019 48 PM

- o X,
7]

FH setect an
| Selact none
4 Irwert selection
Select

Learch arigina. -
T}'F't

BIM File

i
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3rd method: using the STM32G0
System Memory Bootloader
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Connect to the ST-LINK

[ sTM32CubeProgrammer - X

o

3
CubeProgrammer

= Memory & File edition Not connected

= T Click On “Connect”

number 0670FF505051717867181..  ~ | &

32-bit

Data width

Normal

No data to display share
Shared Disabled ~

SWD.
4000

Firmware upgrade

Verbosity level @1

0x08000020 00000000 00000000 00000000 0BO0097F e
0x08000030 00000000 00000000 0800097D 08000981 soooooocfeoooons
0x08000040 080000E3 080000E3 080000E3 080000E3 A...&...4...4...
0x08000050 080000E3 080000E3 080000E3 080000E3
0x08000060 080000E3 080000€E3 0B0000E3 0B0000E3
0x08000070 080000E3 080000E3 080000E3 080000E3
0x08000080 080000E3 080000E3 080000E3 080000E3 a...
0x08000090 080000E 3 080000E3 080000E3 080000E3 a. ..
0x080000A0 080000E3 080000E3 080000E3 080000E3 a... .
0x080000B0 080000E3 080000E3 080000E3 46854803 B o ofloocflc oo libFE
0x080000C0 F83CF0O00 47004800 08000A49 20000410 .B<o.H.GI..

e
e
e

e
P
o

I

.

Log Verbosity level (@1 2

17:32:52 : Address : 0x40022020 T
17:32:52 : 57ze : 32 Bytes

132152 ¢ : Ox0L
17:32:52 : Address : 0x40022080
17:32:52 : Size : 4 Bytes
17:32:53 : UPLOADING ...
17:32:53 : Size : 1024 Bytes
17:32:53 : Address : 0x8000000
17:32:53 : Read progress:

17:32:53 : Time elapsed during the read operation is: 00:00:00.007
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Change the option byte to boot from System Memory

=
=
3
I

Descnption

v, Unchecked : Reset generated when entering Stop mode
nRST_STOR . Checked :Mo reset generated when entering Stop mode
v Unchecked : Reset generated when entering Standby mode
TR S . Checked : Mo reset generated when entering Standby mode
v Unchecked : Reset generated when entering the Shutdown mode
nRST_SHDW . Checked : Mo reset generated when entering the Shutdown mode
v, Unchecked : Hardware independant watchdog
WDG_SW . Checked :Software independant watchdog
v, Unchecked : Freeze IWDG counter in stop mode
WDG_STOP . Checked :IWDG counter active in stop mode
v Unchecked : Freeze IWDG counter in standby mode
AL BT . Checked :IWDG counter active in standby mode
v Unchecked : Hardware window watchdog
WWDG_SW . Checked :Software window watchdeg
v, Unchecked : SRAMZ2 parity check enable
Uncheck RAM_PARITY_CHECK U Checked  : SRAM2 parity check disable
v Unchecked : BOOTO signal is defined by BOOTO pin value (legacy mode)
nBootO to nBOOT_SEL L Checked :BOOTO signal is defined by nBOOTO option bit
v Unchecked : Boot from Flash if BOOTO = 0, otherwise Embedded SRAM1
bOOt from THELIE . Checked :Boot from Flash if BOOTO = 0, otherwise systermn memory
Svstem W Unchecked : nBOOTO=0
y nBOOTO — Checked  :nBOOTO=1
Memory e
EI 1: Reset Input only: a low level on the NRST pin generates system reset, internal RESET not propagated to the NSRT
Bootloader NRST_MODE 2 = GPI0): standard GPIO nad funchonality only internal BESFT nnssible ol
Apply Read

Lys
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Disconnect to the ST-LINK and reset the board

[ sTM32CubeProgrammer - X
STM32 ﬁ 1‘.0. \ N
CubeProgrammer L O v x ‘,I

Memory & File edition W Lonneciea

Device memory

Click On “Disconnect’

Address 0x08000000 Data width

Address
0x08000000
0x08000010
0x08000020
0x08000030
0x08000040
0x08000050
0x08000060
0x08000070
0x08000080
0x08000090
0x080000A0 080000E3 080000E3 080000E3 080000E3
0x08000080 080000E3 080000E3 080000E3 46854803 Iy
0x080000C0 F83CF000 47004800 08000A49 20000410 .B<a@.H.GI

0
20000410
00000000
00000000
00000000
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

4
08000001
00000000
00000000
00000000
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

8
08000978
00000000
00000000
0800097D
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

C
08000979
00000000  ................
0800097F ............

08000981
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3

Verbasity level

: Address ; 0x40022020
17:32:52 @ Size : 32 Bytes
17:32:52 @ Bank : 0xOL
17:32:52 : Address : Ox40022080

132152 ¢ Size :

17:32:53 : UPLOADING ...
17:32:53 © Size : 1024 Bytes
17:32:53 : Address : 0x8000000

: Read progress:

- STLINK configuration
i Time elapsed during the read operation is: 00:00:00.007

0670FF305051717867181. -

No data te display Shared

External loader
T

Firmware vers

Firmware upgrade

Verbasity level

Once disconnected is clicked, unplug and replug the Nucleo board’'s USB cable
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With STM32 Cube Programmer connect to the System
Memory trough UART

Instead of “ST-LINK” use “UART” to connect to the System Memory Bootloader through UART mode

UART -

UART z=anfiguration

COM254 b

115200




Program the binary code

- X

D v x &ys

@ Connected

Erase flash memery | Erase external memory

Erase selected sectors | Full chip erase
CASTM32G0Workshop\HandsOn\original code\original_cods.bin - l Ul Chip erase

|:| Select Index Start Address Size

Download

File path

Start address

[ 0 0x08000000 2K -
Programming options |—| 1 0x0B000800 T3
|:| Skip flash erase before programming |:| 2 0x08001000 2K
[ | 3 0x08001800 K
Verify programming m Message T a T— o«
[] i 0x08002800 K

|_| Fun after programming Download verified successfully

0x08003000 K
k08003800 2K
08004000 2K

| T g 0x08004800 X
[ ] 10 0x08005000

Log Verbosity level L]

20:29:44 : Address - 0x02000000

20:29:44 : Erasing memory correspending to segment :
20:29:44 : Erasing internal memory secters [0 31]
20:29:45 : Download in Progress:

20:29:53 : Time elapsed duning download operation: 00:00:09.291
20:29:33 : Venifying ...
20:29:53 : Read prograss:

Cortex-M0+

life.augmented
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Restore the option bytes to boot from internal flash
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onnect to the ST-LINK through SWD

[ sTM32CubePragrammer — *

stz O

CubeProgrammer

== Memory & File edition

Devn_e memaory - file -

Address - Size Data width 32-bit - ST-LIN figuration

Serial number 0670FF505051717867181.. ~ | &

Mo data to displa :
play Shared Disabled M P

External loader

Targ tage
Firmware ver

Firmware upgrade

Verbosity level @1

nation

Flash size

CPU

Lys
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Change the option byte to boot from the Flash Memory

[ sTM32CubeProgrammer - b4
stz O LD v ~ Ly

CubeProgrammer
E Option bytes Not connected

w User Configuration

. ST-LINK ol
Name Value Description

Unchecked : SRAM2 parity check enable
Checked :SRAM2 parity check disable

RAM_PARITY_CHECK External loader

v Unchecked : Reset generated when entering Stop mode ST-LIN T
nRST_STOR . Checked : No reset generated when entering Stop mode I 2
. = . Serial number - | ™
nRST STDBY Unchecked : Reset generated when enterlng.Stande. maode 066FFF484951717867111.. 4]
Checked :No reset generated when entering Standby mode
. i SWD -
PRST SHDW Unchecked : Reset generated when enterlng.the Shutdown mode _
Checked : No reset generated when entering the Shutdewn made )
Unchecked : Hardware independant watchdog .
IWDG_SW L
Checked :Software independant watchdog
orma hd
7 Unchecked : Freeze IWDG counter in stop mode
woG_sTop 9 Checked  : IWDG counter active in stop mode _
v Unchecked : Freeze IWDG counter in standby mode
IWEGES Y . Checked :IWDG counter active in standby mode t made
v Unchecked : Hardware window watchdog _— "
WWDG_SW . Checked : Software window watchdog it Disabled ~ B
Unchecked : BOOTO signal is defined by BOOTO pin value (legacy mode) TEE ege
nBOOT_SEL ) ) y : : .
Checked :BOOTO signal is defined by nBOCTO option bit Eirrmware v
v Unchecked : Boot from Flash if BOOTO = 0, otherwise Embedded SRAM1 3 3
oo . Checked : Boot from Flash if BOOTO = 0, otherwise system memory T (P e
HEOOTO Unchecked : nBOCTO=0

Checked :nBOOTO=1

0 : Reserved
E—— 1: Reset Input only: a low level on the NRST pin generates system reset, internal RESET not propagated to the NSRT
2 : GPIO: standard GPIO nad functionality only internal BFSFT nossi

NRST_MODE

3
:18:46 : Bank @ Ox0L +
:18:46 : Address : Ox40022080 é
118:46 @ 5ize : 4 Bytes
:18:46 : OPTION BYTE PROGRAMMING VERIFICATION: B
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[E] STM32CubeProgrammer

STM.
CuhePrngnlnmer

= Memory & File edition

'iilﬁiiﬁiiilIIiHIIiEiIIIII

Address 008000000

Address
0x08000000
0x08000010
0x08000020
0x08000030
0x08000040
0x08000050
0x08000060
0x08000070
0x08000080
0x08000090
0x080000A0
0x080000B0
0x080000C0O

-

0
20000410
00000000
00000000
00000000
080000E3
080000E3
0B0OO00E3
080000E3
080000E3
080000E3
080000E3
080000E3
F83CF000

0:400

4
080000D1
00000000
00000000
00000000
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
47004800

Data width

8
08000978
00000000
00000000
0800097D
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
08000449

Disconnect to the ST-LINK

Click On “Disconnect’

32-bit -

C
08000979
00000000
0800097F
08000981
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
080000E3
46854803
20000410 .3<a.H.GL

Verbosity level @1

: Address

: Address

: 0x40022020
1 Size : 32 Bytes

: 0x3000000
: Read progress:

: Time elapsed during the read operation is:

00:00:00.007

life.augmented

Reset the board and the original code will run



& Summary

G Efficient (Power, Performance and Cost)

Q Robust (EMS, ECC, Clock Monitoring/Watchdogs, Security)

e Simple (Easy to configure and develop code)

www.st.com/stm3290

S
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http://www.st.com/stm32g0

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

https://www.surveymonkey.com/r/8WBPJFF

Thank you!
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https://www.surveymonkey.com/r/8WBPJFF

Thank you

STM32 GO

n /ISTM32 u @ST World

community.st.com

7 www.st.com/stm32g0



http://www.st.com/stm32g0
http://www.facebook.com/stm32
http://www.twitter.com/ST_World
https://community.st.com/

