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Agenda

B PR U Start Tools Installation

STM32G0 Overview

Lab: Blink an LED by software

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

Lab: Low power

Optional Lab: Power Consumption Estimation
Optional Lab: Printf

Lys
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Begin Tools Installation

» Copy the content of the USB drive to a temporary directory on your machine
(i.e. C:\temp)

* Install Java

* Install Keil uVision 5

For more details on the tools installation, refer to the document “STM32G0

Workshop Installation from USB drive_v1.0.pdf” part of the files you copied
from the USB drive
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STM32G0 MCU series
Efficiency at its best
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@ STM32G0: great investment mm

Keep releasing

Note @ : Cortex-M0+ Radio Co-processor

High- performance @ @ @ @

_________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________

UItra-Iow-power @ @ @ @@

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

‘, T; arm gg::zi mg+ Cortex M3 / Cortex-M33 Cortex-M4 Cortex-M7
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Low-Power Leadership from ARM

gmented

Cortex-M Seamless scalability

Extended Performance Q——

Cortex-M4 / M7
Floating Point Unit (FPU)
DSP (SIMD, fast MAC)

Foundation @—
Cortex-M3

Advanced data
processing

Bit field
manipulations

Budget price
Cortex-M0/M0O+

General data
processing
I/O control tasks

STM32 F3/F4/F7/L4

STM32 F1/F2/L1

STM32
FO/LO/GO




Key messages of STM32GO0 series

Efficient
« ARM Cortex MO+ at 64MHz » Very low power consumption (3pA in stop,
« Compact cost: maximum 1/Os count <100pA/MHZ in Run)
« Best RAM/Flash Ratio » Accurate internal high-speed clock 1% RC
« Smallest possible package down to 8-pin » Best optimization, down to each and every detalil
» Offers the best value for money
Robust
e « Low electromagnetic susceptibility, EMC * loT ready with embedded security
« Clock Monitoring and 2 Watchdogs - Hardware AES-256 encryption
« Error correction on Flash  New Securable Memory Area
« Safe Firmware upgrade / Install
Simple
- Easy to configure thanks to the intuitive and - Easy to develop based on the Hardware
e graphical STM32CubeMX configuration ool Abstraction Layer library (HAL) or the low-layer
library (LL) allowing maximum re-use and faster

time-to-market

Lys
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Wider platform mmm

Portfolio streeeeeeeeeetched for efficient budget applications

: More packages
Flash size (bytes) More memory and pin counts

1 -

SO/ TSSOP

Big flash 512K flash el

Small package

512K

256 K

128K

32K
16K

L4 8 20 28 32 48 64 100
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Vdd

Vss

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

Reducing BOM cost mmm

smaller package
less surrounding components

clock

Standard vdd

Vss

Vdd

Vss

STM32G0




Innovations for your benefit

* No external clock -10cts
Accurate internal high speed clock +/-1% for 0 / 90°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 -25cts

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 - Up to 64 MHz/ 59 DMIPS
142.88 + Up to >142 CoreMark Result
120 : *  ARM Cortex-M0+ with Memory Protection Unit
100 (MPU)

_ Prefetch on
- Prefetch off

*  Flexible DMA up to 12 channels

Coremark score
()] (o)
o o

N
o

20

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

Wake-up sources: + all I/0s, PVD,

STOP  Flash-RTC off-off/off-on/on-off 3.0pnA / SpA / BpA 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 msm=

Faster, more accurate analog and digital functions

* More RAM for Flash . ‘upgrade
» 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 I12C
communication

Lys
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g FDCAN Smart peripherals
OBD Industrial

Vg, With RTC n _

for battery backup / USB-C Power Delivery

400 nA in Vgar mode \ Up to 2 ports with dead-battery management
for RTC and

20x 32-bit backup registers > Q

TRNG & AES <«—” USB
for Security <>

USB 2.0
128-/256-bit AES

Full speed
. Device / Host
key encryption hardware
accelerator

Comparators m — )))
2 instances €S>

Down to 30ns propagation delay

DAC K SPI/UART / I12C
2x 12-bit DAC, 4x SPIs
ADC g |L:CS;ARTS (ISO 78186, LIN, IrDA, modem)
16x12-bit, 16-bit oversampling
2.5MSPS (0.4ps)
. o-Il‘ |-o
Timers 1/0OS up to 92 fast 10s
8ns PWM resolution
‘,’ Advanced control
16- and 32-bit
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Smart integration

Always keep control
Diagnhose, react

Save on battery life = \ ) L
Low consumption process and design H( > I\Bn:lif;%‘igér(c;i;?:tg?rupts

Low-Power UART: wake-up on frame
Low-Power Timer: counts and generate signals
I2C wake-up on address

Voltage monitoring: programmable interrupts
and reset

Window watchdog on CPU clock
Independant watchdog on independant clock
Checksum by hardware

ECC on Flash, Parity on RAM

Save on BOM cost $ <>

+/-1% high speed clock internal from 0 to 90°C
+/-2% high speed clock internal from -40 to 125°C
10 maximization: smaller package footprint

High temperature
from -40°C
up to + 125°C

More flexibility <75

More RAM or more safety with parity enable/disable High robustness
Dynamic DMA assignement on DMAMUX Highly immune to fast-transients

r All 10s with external interrupt capability Robust I0s against negative injections

> /4
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Smart applications

* High temperature 125°C

* Fast CPU 64MHz

* Advanced timers with
high-resolution 7.8ns

* Fast comparators

Smartphones, loT devices,

rechargeable connected

devices, drones, toys

* ADC-12bit, DAC-12bit * gzmhiCégaSS{ ;mslilﬂfrm-factor

* Low-thickness packages ° z with L

* AES & security for secure Lighting * Iégxec:ro?:;rcvzﬂl(oenl:g run and low-
upgrades ; -

Pe * USB type-C Power Delivery 3.0

* 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

m 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-M0+
64MHz
0.93 DMIPS/MHz

MPU

Communication Peripheral:
USART, SPI, I12C

STM32G0x0 — Value Line (ex: sTM32co7o)

Up to Up to ¢- 12-bit
512KB 80KB ADC

Multiple general-purpose
16-bit timers

Flash SRAM 2.5MSPS

Integrated reset and brown-
out waming

STM32GO0x1 — Access Line (ex: sTms2cor1)
12-bit 2x Comp 1x 32-bit 1x 16-bit 1x16-bit usB Securable
ADC 2x 12-bit T MC Timer Timer USB-PD oTG CAN-FD Memory
2.5MSPS DAC >100MHz >100MHz 20FS Area

STM32G0+11 — Access Line & Encryption (ex: stms2cos1)

Up to Up to 12-bit 2x Comp 1x 32-bit 1x 16-bit 1x16-bit usB Securable AES
512KB 80KB ADC 2x 12-bit ¥r ! MC Timer Timer USB-PD oTG CAN-FD Memory
Flash SRAM 2.5MsPS DAG. Tatss >100MHz | >100MHz 20FS Area RN

DMA channels

Up to Up to
512KB 80KB

2x watchdogs
Flash SRAM

Real-time clock (RTC)

Integrated regulator
PLL and clock circuit

Up to +125°C

Main oscillator and
32 kHz oscillator

Internal RC oscillators
32kHz , 16 MHz

-40 to +85 °C

Low voltage 1.65t0 3.6 V
(Value Line: 2.0 to 3.6V)

‘ . On some part-numbers
Temperature sensor
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A
512K
256K
128K
64K
32K
8pin 20pin 28pin 32pin
SON TSSOP UFQFPN  LQFP
UFQFPN

Lys
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Goct

G031
G030  f

G081/ Gi

G071/ GOB1

G041/ 81

=2

: GOBO

STM32G0 Portfolio

GOC1

/G

G071/ GOB1
G070

G041

+ WLCSP25 STM32G081
+ WLCSP18 STM32G041

48pin

LQFP
UFQFPN

64pin 100pin
LQFP LQFP
UFBGA

Access AES




Access Line

Advanced features and solutions

Up to 128-Kbyte
Flash memory

Systom 7-channel DMA

* Arm 32-bit Cortex-MO+ core i Up to 64 MHz

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

* 1.7 to 3.6V power supply o p—

32 kHz + 1~64 MHz

« RAM maximization idbwrndl BE osdiiaiors

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

Up to 36-Kbyte SRAM

Timers up to 2xfcpu resolution

20 byte backup registers

BOOT ROM - Real Time Clock

Memory Protection Unit

Nested vector interrupt
Controller (NVIC)

Connectivity

2xSPI (FS)

SW debug

I/0 ports maximization

AHB-Lite bus matrix
APB bus

FLL + Prescaler AxUSART

(2x with LIN, smartcard,
irDA, modem control)

* 1% internal clock

« ADC 12-bit Ultra-fast

Clock control

- Direct Memory Access (DMA) Becpion
i e - DAC 12-bit
rue (SMBus, PMBus, Fast
- Communication peripherals Pp— b Mode Plus)
2x watchdogs (Power D:glgrscl}:'lterhce : Control ¢ Com parators
° USB_C Power Delivery (independent and window) incl. BMC + PHY) = X 32.bit finier

60 1IOs on 64 pins Analog 1x16-bit Motor C. timer ° Safety features

fmax > 100Mhz

4PWM +3 compl.
1x 12-bit ADC 2 =
et - Advanced Security features

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

‘ ’ ’ 2 x Comparators 2x Low Power timer

life.augmented
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Value Line

No compromise on what matters

Up to 128-Kbyte
Flash memory

Systsin 7-channel DMA

Up to 64 MHz
ARM Cortex-M0+ CPU

Power su
PPl Up to 36-Kbyte SRAM

POR/PDR

Arm 32-bit Cortex-MO+ core

Memory Protection Unit 20 byte backup registers

;;:::‘f“:fg: k0 Nested vector interrupt SOOTRON ¢ TI mers
+ 2.0 to 3.6V power supply Controller (NVIC) p— _
Rz L O M SW debug o - Real Time Clock

RAM maximization

AHB-Lite bus matrix
4xUSART
APB bus (2x with LIN, smartcard,

FLL + Prescaler

* 1/O ports maximization

* 1% internal clock Gt content IrDA, modem control)
. RTC/AWU (SMBuf;';‘;u‘ Eaci - ADC 12-bit Ultra-fast
* Direct Memory Access (DMA) Mode Plus)
Systick timer
- Safety features
+ Communication peripherals 2% watchdogs Control v

(independent and window)

60 Os on 64 pins Analog 1x16-bit Motor C. timer

4 PWM + 3 compl.
T
{CRC) 1x 12-bit ADC SAR
16-channels / 2.6MSPS 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
I ée'cllr'ai)lé %71 Can be secured once exiting
: No more access nor debug
S ble M A
Secure firmware upgrade Eiggtrftle-gnlyegg?éctif: Memory Area

(ead-out Protection Configurable size
Memory Protection Unit (MP_U)
4\52;55 é 2: f‘\lfri?) :rngeyr?::)aqor ﬁ Good fit to store critical data

Unique ID e Critical routines
Lys : Keys
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* 9 10s more on STM32G071 vs STM32F071

] vDDIO2
1 vss
T PA13
T PA12
0 PAT1
71 PA10
1 PAY
1 PAS
7 PCY
7 PC8
7 PCT
7 PC6
1 PB15
1 PB14
] PB13
] PB12

o
=~ N'="On =
=] == e
8838358838000 0zx
>>0 00000000000 0adc
T MO N -~ O O ok OO0 YT ON-O®
W O O O O N YL LWL YLD nDn T
VBAT 1 48
PEABIC] 2 47
PC14-0SC32 IN[]3 46
PC15-OSC3OUT|:4 STM32FD71 45
OSCIINC] 5 44
6 43
7 42
8 41
4 LQFP64 e
39
38
37
36
35
34
33
" 228 SARILERBRBFY /
N 0 0 e 0
OO LOKNSEBO - NO-®nO
d¢oiadidaRefeppls

51 1/Os

Extra-port vs STM32F0 ©

PC1.

PC14 -05C32_IN STM32G071 45
PC15 - 05C32 OU 44
43

42

LOFP&4 “

40

PFi 39
PF1 - 38
37

36

35

34

33

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 J

T 8 @ m N B
< 4 € 0 O
o oo o o o

PAD|
PA1|
PAZ|
PA3|
A

60 1/Os

PBO}
PB1|
PB10|
PE11
PB12|

LQFP64 pin-to-pin comparison

PC8
PA15

PA14 - BOOTO

PA13
PA12
PA11
PA10
PD3
PD8
PCT
PCe
PA9
PAB
PB15
PB14
PB13




Consistent and optimized pinout

o

D 0O NN O I T O ™ «
O 0 @ O MmO @ @ 8 8588
G O 0 0 0o o o o 0o o o a6
64 63, 6

pc1| 1 48|pcs
pci2| 2 48 4 6\4}\4)\4\x1}\41 40 39 ——27{PA15
pci1af-s / 46{PA14 - BOOTO

PC14 - 0SC32_IN|# 3\\b\2§\2§ 2Y 46 3 45 PA13

%
?i

—_

PCoO| 13

2
PC15 - 0SC32_OUT|S \ 1 28 27 26 25 24 23 22 24 44 PA12
VBAT}-6 AN Tz 21 43 PA11 QFP6a
VREF+|-7 5 |32 2 32 421PA10
* s 10 QFP/QFN48
VDD_1}-8 -y 177 31} 41|pDe
4 UFQFPN28 - GP 18
vss_tho—++—+5" | -20—=2e \40|PDs QFN28
PFO-0SC INHe—] 8 6 |4 6l 19 —29 \PC?
PF1 - 0SC_OUT}+ o/ 7|7 15 \wﬁe- 38YPC6
PF2 - NRST}=2 1}/8/ 10 11 12 13 14 17/ 27k \37{PA9
11
2

N LCLERE ee\;m

pPci1| 14 25 PB15

PC2| 15 \ 13/14/15/16 /17/18/19/20/21/ 22 23 24 34\ PB14

PC3| 16 PB13
1 8 1p 40 2ft 22 2B 24 Z&Q&Q\Q2
STYf:ii:30F5855:

Gy
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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

Flexible Key feature Full feature
prototyping prototyping evaluation

Lys
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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 APls
High-performance, light-weight low-layer (LL) APIs
High coverage for most STM32 peripherals
Production-ready and fully qualified

Dozens of usage examples

Open-source BSD license

STM32CubeGO

HAL + Low-Layer drivers

CMSIS

Ly,
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€y SUMMARY 3 Keys of STM32GO series




Continue with the tools installation

» By this time Keil uVision 5 should be installed
* Install STM32G0 Pack for Keil uVision5 (From Pack Installer)

* Activate Keil uVision5 (from Kelil uVisiond)

For more details on the tools installation, refer to the document “STM32G0
Workshop Installation from USB drive_v1.0.pdf” part of the files you copied
from the USB drive

71
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STM32CubeMX 5.0

STM32CubeMX graphical software configuration tool
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Introduction

STM32CubeMX

DA
%, o
/ % ~\°0
% o ,QO
ee <
(/7 St
CO o(\
9eneration ba
STM32Cubel0 / \ \ STM32CubeGO
@ |€ D

@ STM32CubeH? 06"
>
ALY
STM32CubeF7 \? .
c®

STM32CubeF4

STM32CubeF0

@)‘@ STM32CubeL 1
6;«, @
(¥
Q /74 STM32CubeL4
i GOG
STM32CubeF1

STM32CubeF3 SB )

O’Ta b
le Ap . S
| woicr . STM32CubeF2 .r10°"
Within ajy g . licable: ®
eries - Middleware stacks when apP

Lys

life.augmented



Overview

* Choose ideal MCU S s
and simply by w1 ¢ RoY X o7

configure

Existing Projects New Project Manage software installations
* Pinouts o
. seent Opened Projects I need to Check for STM32CubeMX and embedded software pac...

 Clocks and oscillators sim3290_nucleo foc m

Last modified date - 10/12/2018 23.35:33 Start My project from MCU ..
° P e ri p h e rals tost ioc m Install or remove embedded software packages

Last modified date : 10/12/2018 15:49:41
L] LOW- powe r m Od eS test_g0_atollic.ioc m T

Mi d d | Last modified date : 29/11/2018 22:45.:01 — -
e \Viiaaleware
Other Projects E‘q’ Wireless cnd ultra-low-power MCU

State-of-the-art RF performance

« Dual-core
= Dual-protccol
- 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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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.

71
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STM32G071 Block diagram

Main specification

165V 0 3.6V Sysen

0.93 DMIPS/MHz

Up to 128-Kbyte

Flash memory

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+ pin Memory Protection Unit
. Xtal oscillator i
+ Max ambiant temp 125°C T e Y Nested vector interrupt
Controller (NVIC)
+ One Supply pair Internal RC oscillators Connectivity

SW debug

32kHz (+/-5%) + 16 MHz (1%) 2xSPI (KS)

+ Securable Memory Area
+ High sink I/Os

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

AHB-Lite bus matrix 4xUSART
(2x with LIN, smartcard,
APB bus IrDA, modem control)

1XxLPUART

FLL + Prescaler

2xI’C
(SMBus, PMBus, Fast
Mode Plus)

+ Stop 5 pA @ room temperature

Systick timer

+ Shutdown mode USB PDI Control
2x watchdogs (Power Delivery Interface :
. LOW EMI SAE (25 @24M HZ) (independent and window) incl. BMC + PHY)

60 1/Os on 64 pi Analog 1x16-bit Motor C. ti
- Robust EMC/ESD/EMS s on 64 pins XiGbiMotorCHimer
. 28/32/48 and 64 pins Cyclic red(tg;ig)ncycheck

4 PWM + 3 compl.
1x 12-bit ADC SAR
16-channels / 2MSPS
1 x 12-bit DAC 2ch.
features highlight

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

2x Low Power timer

Lys

life.augmented



System architecture overview

Kasor — Nl e B
Y/ Cortex®-MO0+ core

1‘ DOPORT it
AR <:::1| SRAM - General-purpose DMA
Cortex"-MO+ System bus )  Bus matrix [
core AHB-10-APB
(—AB bridae APB
' * Three slaves:
DMA + DMAMUX
channels 1to 7 <:M:> SYSCFG, ¢ Internal SRAM
(——— | o DA
- - COMP1, COMPZ,
TIM1, TIMZ, TIM3, * Internal Flash memory
+ u— CRC TIMB, TIM7, . .
' T4 o TINTT - AHB with AHB-to-APB bridge that
RcC = UCPD1. UCPD2, connects all the APB peripherals
WDG, WWDG,
RTC, PWR,
RNG K= K= EBxT | R
USART1 to USARTS,
~ LPUART, °
DMA reqUEStS SPIN/I125, 5PI2,
HOMI-CEC,
DBGMCU

Lys
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HSI16

HSE

HSIDIV

/1...128

HSISYS

PLLCLK

SYSCLK

LSE

o |
Lys

life.augmented LSI

Simplified clock tree

PLLPCLK
PLLQCLK

PLLRCLK

—— > To CPU, DMA, memories, AHB peripherals

AHB HCLK APB PRESCALER [LESR To APB
PRESCALER /A..16 peripherals

/1...512

LSE LSI

Available in VBAT Available in all
modes except

Shutdown and VBAT
mode

and all low-power
modes

To RTC



STM32Cube and STM32CubeMX
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Introduction

STM32CubeMX
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STM32Cube

‘ ’I life.augmented




Overview

Evaluation boards Discovery boards Nucleo boards

Middleware level examples

USB UsB raphics File system RTOS Utilities
Host Library Device Library TouchGFX FATFS FreeRTOS Appl icatio n be n eﬁtS

USB Power Audio . Networking
Addons LibJPEG LwipTcpip  PolarSst Single package

Middleware level

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

Low level drivers

Compatible with all STM32 series
Source code with open-source BSD license

STM32 STM32 FO STM32F1 STM32F2 STM32F3 STM32F4
Series STM32F7 STM32H7 STM32L0 STM32L1 STM32L4
STM32G0

Lys
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STM32CubeMX
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Overview

* Choose ideal MCU and

R R [ STM32CubeMX Untitled - b4
SiImp | y con fi gure smar @ Fie Window Hep © HoY x &/
* Pinouts
. Existing Projects New Project Manage software installations
» Clocks and oscillators
. Recent Opened Projects

° Pe rl ph e rals I need to - Check for STM32CubeMX and embedded software pac...
stm32g0_nucleo.ioc
Last modified date : 10/12/2018 23:35:33 : / P

° LOW-power mOdeS test] ioe Install or remove embedded software packages

. Last modified date - 10/12/2018 15:49:41
» Middleware

test_g0_atollic ioc
Last modified date : 20/11/2018 22:45:01

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

Other Projects

¥ H HH

* Dual-core

« Dual-protocol
« Key sforage

« BOM saving

Application benefits

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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* 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

k-l
STM32 ﬁ i
CubeMX e

L . 5
DACH

Timers ™

RTC
TiM
TiM2
TiM3
TIME
M7
TIM14
TIM15
TIM16
TiM17

Connectivity bd

% 12C1

[ STM32CubeMX STM32G0.ioc: STM32G071RBTx NUCLEO-GO71RB

Window Help

Clock Configuration
Additional Softwares

USART3_RX

SYE_WIKUP2

REC_05C32_IN [e0S
REC_05C32_0UT [5

REC_05C_IN

SPIZ_WISO
SPI2_MODE|

| % |

i
[ (=1

O ped

GENERATE CODE

STM32G0.ioc

- Pinout & Configuration

Project Manager

v Pinout
{5 Pinout view £ System view
4
3 5 1
5 LA
FE2gE - B EES
el s Bl ghigl gl
Eééég' ] 2 e=a
5mhmg 5 55355

USARTZ_RX
s SYS_SWCLK
A5 SYS_SWDI0

UCPD1_DBCCZ

UCPDI1_DBCC

UcPD1_cci
UCPD1_CC2

PC2

PC3

LPUARTI_RX

CEC
SPI_MISO
MO

spiz_sck [0
SPIT_SCK [
LPUARTL_TH [Fo el

5PI1_)
USARTI
USARTI_RX
12C2_50A

[ %
©

Q| -




Peripheral and Middleware configuration

» 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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[0 STM32CubeMX STM32G0.ioc*: STM32G07 1RBTx NUCLEQ-GO71RB

sz @ File

CubaMX Window Help

071RBTx - MUCLEC-GOTIRB STM32G0.ioc -

Clock Configuration
Additional Softwares v Pinout

5E Pinout view

Pinout & Configuration

Project Manager

£ System view

Click to
configure DMA

Middlewares

O X

”f_‘a;' nﬂyk‘v_l

GENERATE CODE

Quickly switch
pinout and
system view

Timers

GPIO A%

NVIC

RCC @

Connectivity ™

-

LPTIM1 &

LPTIMZ &
TIM1 €3

Connectivity

LPUART1 @

SPIY

sPI2 @

UCPD1 @

USART1 @

USART2

USART3

Multimedia

Configuration
is valid here

Q 120t Error in
o configuration, code
VS generator will
 Uceo? display a warning
3 Useem - message




Clock configuration

[ STM32CubeMX STM32G0.ioc*: STM32G071RBTx NUCLEQ-GO71RB P8

= O
° Immedlate s{;pfmé:q? File Window Help ® n oY k 57
dISplay Of a” g O7T1RBTx - NUC GOT1RB | STM32GO.oc - Clock Configuration GENERATE CODE
clock values Project Manager

b o) Resolvs Clock [ssuss

- Active and e T

e o e [y
inactive clock (- N [ lssin.
h - .‘ {11 ] TDCDrter. System timer (MHz)
pat S are il = GERRERSRS | To (WD {1z | 51 |FCLK Cortex clock (iHz]

differentiated =l

SYSCLK (MHz} AHEB Prescaler HCLK {MHz} AFEB Frescaler
TPCLK
| [ |—_.J, R e B R A VLﬂ—rAPaumrnlms etz

Input frequency

A% o -

- Management of = —

clock constraints el ﬁa I
T o Y W, FITE WEREY - e 3 M |
and features e = J‘ W e =

12 5 e
‘ PCLK

O ® 0O

I >

64
Pip S e—
LU ] I_I SYSCLH
s ey

P LPUART® Clock Mux
HS|

—Du USARTY [MHz}
PoLK. [

—= @ =3
SYSCL —»=0)
urce Mux ADC Clock Muzx O -

e 5 Besowns
= avso [ —mQ
LsE BV ; s USART2 Clock Mux.
) —=0 PoLK.
LS -

00O &

L4

L~

|i.- ADC (MHz} =vsciK
_— e
LPTIM1 Clock M
U HEl o UISARTZ [MHz}
—=0
o

o e
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[ STM32CubeMX STM32G0.oc* STM32G071RBTx NUCLEO-GO71RB

PCC (Power Consumption Calculator) mm=

o3
STM32 ﬂ i
Lt File Window Help

oy x &

GENERATE CODE

© Pinout & Configuration o Clock Configuration Project Manager

v Power
STMIGOTIRET » : Step q Transitions Checker
x
[ ® a ‘ ‘ B B @ O & @
Series STM32G0
Line STM32G0x1 Sequence Tabl
Datasheet D$12232 Revd [ CPU/Bus Freq Peripherals
1 RUN 30 Range1-High FLASH 64 MHZ HSE BYP PLL 6.25 mA 1ms
T 25°C V. 10V 5 2 SLEEP 30 Range1-High FLASH 64 MHz. HSIPLL 1.85 mA 1ms
A oD - 3 RUN 30 Range1-High SRAM1 Flash-PowerDo . 48 MHz. HSIBYP PLL 49mA 1ms
4 LOWPOWER_RUN 30 NoRange SRAM1 Flash-PowerDo... 1MHz HSI Regulator_LP 225 pA 1ms
Battery Selection ~ 5 STOPO 3.0 MNoRange Flash-PowerDown 16 MHz. HsI 100 pA 1ms
Information Notes > Display
Plot: All Steps ~
Help > [ e o
Consumption Profile by Step
6.5 1 T
| Sequence
6.0 | ?TRUN f. t.
ol | - | configuration
5.0 i
9.5
General PCC =
. . § 35
=
configuration E L Resul
3
2 esult
panel g = :
20 | ! overview
153
1.0
:5:STOPD
Q.5
1
0.0
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 275 3.00 ] 3.50 3.75 4.00 .25 4.50 i AT 5.00 5.25
Time (ms)
|[—1dd by Step — Average Current]|
Sequence Time/ TaMax 5ms/128.78 °C Average Consumption  2.66 mA
Battery Life Estimation No battery selected! Average DMIPS 55.31 DMIPS
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o N
S e STM32CubeProgrammer features

(i) STM32CubeProgrammer (= [ [

 Main Features:

@ Connected

 Unify existing programming software tools :
Merge STVP, ST-Link Utility
and Bootloader softwares tools in one solution.

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

Address [} 4 ¢ ASCH
0x08000000 BEBAADDE OCBOCEFA 33221100 77665544 b.o%al .. ."30ufw
Il 0x08000010 BEAAS9SS FFEEDDCC 21E1121F E3E44F3A .. @Iviy. .4l :0ad
0x08000020 4FFEEE4F 1F4EEF43 FE131F1F 3A1F3E12 OThOCiN....b.>.:
0x08000030 AE745FE4 36EAF785 F7A73EF7 F7F7F7F7
0x08000040 FIFIFTF7 F7FIFTF7 FIETFTF7 FIFTFTF7
0x08000050 F7FTF7F7 F7F7FTF7 F7FTF7F7 E3ES54FFA
0x08000060 4ESFAE4F 3IATFAEFS F4EBFTES 15424865
0x08000070 54444567 DA748767 DA746A4D EA4AD142 gEDTg.tUMjtUBRIE
0x08000080 EBBEACDD FFAFAEAR S46ES4EF EBF76EFS Y-%EeTGiTnTon:2
0x08000090 S44EF557 BAADDEFO BOCEFABE 2211000C WONT®b . oxate ... "
0x080000A0 66554433 AA998877 EEDDCCBB E1121EFF 3DUfw. . ®»IViy..a
0x08000080 E44F3A21 FEEE4FE3 4EEF434F 131F1FIF | :03307pOCIN. . . .
0x080000C0 1F3EL2FE T45FE43A EAF785AE A73EF736 b.=.1d t%.+86+>F
0x080000D0 F7F7F7F7 F7F7F7F7 F7FTF7F7 F7F7F7F7
0x080000E0 FIFIFTF7 F7FIFTF7 FIETFTF7 FIFTFTF7

 Multiplatform N
(Windows, Linux and macOS) My

» Debug and bootloader interfaces support: ST-
LINK debug probe (JTAG/SWD), Bootloader
interfaces (UART, USB DFU, SPI, I2C and CAN)

Log Verbosity level (@ 1 2 i

10:49:53 : UPLOADING ... ) i V

10:4 Size : 1024 Bytes
10:49: Address : 0x8000000
10:49:53 : Data read successfully B

10:49:53 : Time elapsed during the read operation is: 00:00:00.012

« Secure programming

Lys
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Finish the tools installation

* Install STM32CubeMX
* Install STM32CubeProgrammer
* Install STM32CubeG0 FW Library

* Tera Term

For more details on the tools installation, refer to the document “STM32G0
Workshop Installation from USB drive_v1.0.pdf” part of the files you copied
from the USB drive

71

life.augmented



Validate the Tools Installation

* Run The Tool Validator as administrator (part of the files you copied from the
USB drive) to validate the tools installation.

* When running the tool you should get: | sTM3260Workshop Tool Validator X
JAVA: 0K
o STM32CubeMX: OK
§TM32Cube Programmer: QK
TeraTerm: oK
Keil: oK
Cube GD HAL: oK
Keil STM32G0 DFP: OK

- If you don’t, please let us know

J‘YI
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STM32 NUCLEO features

Flexible board power supply :
through USB or external source

!

2 push buttons, 2 color Leds

Arduino extension connectors :
easy access to add-ons

One STM32 MCU flavor with 64 pins

Morpho extension headers :
direct access to all MCU |/Os

www.stcom/stm32nucieo

‘,’ We are now going to provide you with the STM32G0 Nucleo board and the USB cable.
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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 (|nd|cat|ng board power available

and ST-Link is functional) CN2
LD1

User Button

-y

i . el sl u‘a‘-‘-!

:;ﬁ C€ | NUCLEO-GO71RB |
¥ gg _NUGO71RBSAU1| o

X3

3
»
»
*
»
L&
LE
L&
v
y
r
e
s
' .
g
i
[}
'r

‘,’ Note about Virtual Box or VMWare or Parallels users: you need to give USB resources (ST-LINK in our case) from Native OS to
nie.augmented  Windows environment.



Lab: Blinky
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Lab: Blinky

Obijective:

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 PA5 of the STM32G0 MCU.

gmented



Run STM32CubeMX

Double Click on This is how
" Click “No” when this STM32CubeMX will

STM32CubeMX window appears look like when open

i CO n o n yo u r m STMBE;EMX Untitled - x
STM3Z b File Window Help fs Ly
desktop Gube fioy i &4;

Existing Projects New Project Manage software installations

Recent Opened Projects

0 A network connection is required to proceed 3200 nucko.oe
Do you want to set your connection parameters now? Last modifed date - 10/12/2016 23:35:33

Check for STM32CubeMX and embedded software pac..

CHECK FOR UPDATES

ACCESS TO MCU SELECTOR Install or remove embedded software packages

INSTALL / REMOVE

Ineed to :
Start My project from MCU
test1 ioc
B y Last modified date : 10/12/2018 15:49:41
test_g0_atollic ioc
STP ;1 2D C b Last modified date : 20/11/2018 22:45:01
viscLube
4 Other Projects
MX

Start My project from STBo

ACCESS TO BOARD SELECTOR

% HHH

cmd ultra-low-pow

Wireles power MCU
State-of-the-art RF performance

+ Dual-core

+ Dual-protocol
« Key storage

+ BOM saving

Kys wl
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Step 1: Create New Project

| need to : EmNevanjectfmmaMCU X
i MCU Filter
Sta ﬂ M‘j DFO]eCt fro . I @ B, O Features Block Diagram Docs & Resources m Datashest [ Buy
ACCESS TO MCU SELECTOR Part Number Search v 7 STM3ZGITIRE
Mainstream Arm Cortex-M0+ MCU with 128 Kbytes of of Flash memory memory, 36 Kbytes RAM, 64
Q MHz CPU, 4x USART, timers, ADC, DAC, comm. UF, 1.65-3.6
o , Actve Unit Price for 10kU (US$): 1.49 ﬁ
" ore b
« Click Access To MCU Selector® i [oossnon morom | B
Series A
Check/Mncheck All
‘ yy s [ sTH3260 MCUs List: 2 items Display similar items
° Type . Stl I I329071 rb In the Part ine y [ | Patho | Reference _larke WntPricsfori0i ] Board | Paciage | flash | RAM_[ 0] Frea [RCSc JHiAC [ DS sHA]
" ezl T TPEST oy i o A
7 e STM32G0T1RBTx  Active 149 LQFPE4 128 kByt.. 36 kBytes 60 64 MHz 0.0 0 [

Number Search @ >

Other b

Price From 0.0to 149
[ 4

- Select STM32G071RBTx @

éeprum =0 (Bytes)

. LQFP64, 128kB Flash Flsh = 128 (e

Ram = 36 (kBytes)
®

* Double Click
Kyy il
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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 PA5 as seen in the schematic below)

« Search for PAS5 in the search window at the bottom right o s v]

Resel_State

ADC1_INS
* Left-click PA5 and set it to GPIO_Output mode s
1281_CK
-5 LPTIMZ_ETR
RI8 LD SPI1_SCK
Jya | SIOR 0 &GREEP\. = TIM2_CH1
— 2 TIM2_ETR :
VIN 5V | BSN2O R35 UCPD1_FRSTX1J=
g I | I UCPD1_FRSTX2
USART3 TX [
,:RJ'IJ ba ] | BB dem—m sy
1K
| 5V 3V3 i CN7 e St
- EVENTOUT
: 10 == GPIO_EXTIS
5V CNR } = = ] { 4 [
| 3 : | &
: 1= 7
2|3 e il of 6
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Step 3: Generate Source Code
* Open Project Manager

- Set the project name (blinky) and the' project‘ et Hame
location (C:\STM32G0Workshop\HandsOn) @ linky ] 1

Project Location
IC:\STM32G0Workshop\HandsOn ] |

Project Settings

* Set the IDE Toolchain to MDK-ARM V5 .
Application Structure
n n y lBasic v | [ Do not generate the ma...
- Generate Code
Toolchain Folder Location

C O Tool [C:\STM32GOWorkshop\HandsOn\blinky\
+ Click Open Project

Toolchain / IDE

[MDK-ARM V5 ] v| o
[ Code Generation X
-Linker Settings
0 The Code is successfully generated under C:/STM32G0Workshop/HandsOn/blinky Minimum Heap Size [0x200
ini ize [0x400
GOal DIta Minimum Stack Size
Note: STM32CubeMX projects have an ioc file extension Meu and Firmware Package
Mcu Reference
‘,’ STM32G071RBTx
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ARMKEIL Free MDK-ARM for ST

Microcontroller Tools

* Free licenses for STM32 devices based on - To get a free MDK-ARM license for
Cortex-M0/MO+ cores : STM32F0,STM32L0 and STM32GO:
» Applicable immediately to all STM32G0, STM32F0 and / \
STM32L0 MCUs.

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

PC-locked multi-year licenses.

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 : 4PPFW-QBEHZ-M0OD5M

 No limit of number of downloads by customer. k

» Direct access to configuration files for STM32 and
associated boards.

/

» Free access to MDK-ARM periodic updates.

71
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S]KEIL

Tools by ARM

Inside Kell uVision (ARM-MDK

CASTM32G0Workshop\HandsOn'\blinky\MDK-ARM\blinky.uvprajx - pVision = X
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

NBEAe a0« pPran = iz | @ TREUEEEYII Y

@ 5

%% Project: blinky

Sl 4T blinky
£ % Application/MDK-A
@ ‘startup_stm32g07T1ocs
€ cmsis
=i Application/User
E@ ‘main.c
@[] stm32goecitc
[ stm32g0ochal msp.c
=15 Drivers/STM32G0c HAL_Driver
i ] stm32g0ochal_gpio.c
@ L] stm32g0ec_hal_tim.c
@[] stm32g0oc hal tim_ex.c
stm32glee_hal_rec.c
stm32glec_hal_rec_exc
stm32g0i_hal_flash.c
stm32g0i_hal_flash_ex.c
stm32glee_hal_dma.c
stm32glhec_hal_dma_ex.c
stm32glee_hal_pwr.c
stm32gleec_hal_pwr_ex.c
stm32glhe_hal_cortex.c
stm32g0ic_hal.c
Drivers/CMSIS

systern_stm32gloc

B
E
B
B
i
B
B
B
B
E
=]

=-

Project Window

M

Build target 'blinky'

-
"blinky\blinky.axf" - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:00 .
< | v
Eijed ﬁBooks | {} Functions |[].’Templates | £ >

ST-Link Debugger CAP_NUM SCEL OVR R/W




STKEIL
The MDK-ARM IDE Debugger

CASTM3I2G0Workshop HandsOn\blinky\MDK- ARM\blinky.uvprojx - pVision = *
P ky key.uvprojx
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
== e @ Na#@-eosald-|
- B-E- - E %
Disassembly ol < |
| *i = ~
g f* USER CODE BEGIN 1 */ - .
utton Disassembly Window
' 840 f* OSER CODE END 1 */ h
>
startup_stm32007Tees || mainc | v x
80 /* USER CODE END 0 */ ~
81
OFFFFF.. BRI ™ . )
<FFFFF. 83 * @brief The application entry point.
O<FFFFE 84 : @retwval int
(FFFFF.. 5 ol
<FFFFF ; 86 int main(void) .
2 " i
pusbiiigl]| > REEEC] <——— Program counter position
88 f* USER CODE BEGIN 1 */
(20000... o
oo /* USER CODE END 1 */ H H
, 5 Files Window
& oz /* MCU Configuration rf
1 System a3
= o4 /* Reset of all peripherals, Initializes the Flash interface and the Systick. */
= Intemal _
Mode Thread a5 HAL Init(};
i 3 SE
Privil P ed
é;;ge Mgrg o7 f* USER CODE BEGIN Init */
. 98
Reglster 29 /* USER CODE END Init */
. 100
W|nd0W 101 /* Configure the system clock */
[ | 102 SvstemClock Confiai): .
[ Project | & Registers < >
Command Command Window 3 £ Memory 1 Memory Windows -
Running with Code Size Limit: 256K A )
Load "bBlinky\\blinky.axf" Address:

ASS5IGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakBccess COVERAGE
1i |
life.augmented ST-Link Debugger +1: 0,00000000 sec L7 ¢ CAP NUM)| SCRL| QVR RAW

< =
, ’ - ' v
| &4 Call Stack = Locals




Step 4: Toggle The LED mm

. . .Project 1
In the Keil uVision5 IDE: &% Project blinky
. . . %7 blin
- Expand the file tree and open the main.c file gt A
. . . . . . _] artup_stm X5
- Add the following code inside the while(1) loop (~Line 118(*) in i
“main.c”) (&0 mane )
L] stm32g0n_it.c
' . ® J stm32g0o_hal_msp.c
HAL_GPIO_TogglePin (GPIOA, GPIO_PIN_D); b o b B
. # J Drivers/CMSIS
HAL_Delay (100); o o
114 /* Infinite loop */
115 /* USER CODE BEGIN WHILE */
116 while (1)
117 H {
118 HAL GPIO_TogglePin(GPIOA, GPIO_PIN 5);
119 HAL Delay(100) ;|
120 /* USER CODE END WHILE */

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

TIP: The code to be added for the labs are located in a text called “code_to_add_vx.x.ixt”
(*) Line numbers throughout the presentation are given for STM32CubeMX v5.0.1 and
‘W STM32CubeGO Library v1.0.0 and may vary with other versions.
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Step 5: Build the Project and Debug

* Click the “Build” button (F7)

Build target 'blinky’
» "blinky\blinky.axf"™ - 0 Error(s), 0 Warning(s).
Build Time Elapsed: 00:00:00

« Click the “Start/Stop Debug Session” button | ¢ oS &E- A
(th' + 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.
o i Note: To correct the Syntax error in the
i Ol - oA startup_stm329071x.s:
— - Remove “<h2><center>&copy;” from line 17.
- Remove “</center></h2>” from line 18.
* Click the “Run” button (F5) o5 Bo e
tegisters Run (F5) =
Register Start code execution %
= Cor= I

* Enjoy the flashing Green LED (LD4)!

Lys
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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 ina 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.

71
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Inputs

-

Trigger
output

»

CK_INT —»
ITR1 > Trigger/ clock
ITR2 > controller
ITR3 >
ITR4 »

16-bit prescaler

l Auto-reload

+/- 16/32-bit counter

l

Capture compare

=

5\
B .

life.augmented

Outputs

Timer - Overview

 Multiple timer units providing timing resources
« Internally (triggers and time-bases)

» Externally, for outputs or inputs:

* For waveform generation (PWM)
 For signal monitoring or measurement (frequency or timing)

Application benefits
Versatile operating modes reducing CPU burden
and minimizing interfacing circuitry needs

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

Also fully featured for motor control and digital
power conversion applications




STM32G0 timer instance featureS =
 Generatpumos) |

(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 - - - 4
Synchronization | Master v v v - v
Slave v v - ; v }

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

» CH1/CH1IN » CHA1 > CH1 » CH1/CH1N » CH1/CH1N

» CH2/CH2N » CH2 » CH2

» CHB/CH3N » CHS3

» CH4 » CH4

» CH5 and CH6 output only, not

available externally

Trigger input v v

Lys
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STM32GO0 timer instance features

TIMA TIM2 TIM3 | TIM6 | TIM?7 TIM14 TIM15 TIM16 | TIM17
(Advanced
Control)

v

Input capture mode v v - v
PWM input mode v v - v -
Forced output mode v v - v v
Output compare mode 4 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 4 - v v
Retriggerable one pulse mode v 4 - - v -
Encoder interface mode v v - - -
Timer input XOR function v - - - v -
DMA v v v - v

Lys
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Lab: Rename the project mm=

 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)

rm Save Project As ﬂ‘
Save |n: |;., blinky -‘,-| B 6 B3 E‘
Flle W L. Drivers
i Inc
& New Project ... Ctri I i r;lDK—ARM
i | Sic
Load Project ... cirL "

—>

. Cirl-A

v|

Folder pame:  [CASTM32G0WorkshopiHandsOn\pwm)|

= ul T'ypEe LI IV e

’I
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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 Channell to “PWM Generation CH1”.

Pinout & Configuration Clock Configuration
Additional Softwares
TIM2 Mode and Configuration

Slave Mode [Disable ~]

Trigger Source ‘Dlsable

EEEEEEREEEREREEE

kys

ETMTMIOT ST x

incn |
s |
i, |
e |
e |
|
e |
i |
i |
i |
s |

annell ‘F‘WM General tion CH1

annel3 ‘Dlsable

LPTIMA1
LPTIM2

Channeld‘Dlsable V|

EEEEEFFEEEEFEEEE

A Settings ngs
195 Usel 8
onfigure the rs -
Soarch (CrAF @) D)
Search | @ @
‘: - >
,’ Connec tivity ~ Counter Settings .

5 Prescaler (PSC - 16 bits value) 0
life.augmented Multimedia Counter Mode Up




Remapping Timer 2 CH1 output fo PAS w=m

- 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 PAQ

- Then drag the mouse pointer to PAS and then
release

i E
&7
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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

o7
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Clock Tree Conﬂguratlon —
sTMaZ" lule o x File Window Help oy < LGy

CubeMX
GENERATE CODE

[ pwm.ioc - Clock Configuration

Clock Configuration Project Manager

- o
O R lock Issue
RT Mux
[ 1 SE_R \
1132} )
o L | bTo Power (MHz)
= SE 1
32.768 » O | - |To RTC (KHz HULK to AHH bus, core,
A — hm nnnnnnn A DAL IAH )
. - 1
“ 1 " b —Tu Cortex System timer (MHz)
Enable C I 8 FCLK Cortex clock (MHz)

DG (KHz

! |To IWDG (KH2) gy ctem Clock Mux TPCLK
LSE S PeLH
PR HSI \
L /1 V] = @ SYSCLK (MHz)| AHS Presc: APE Prescalgr
x1

TPCLK

HSE 10 - 16 .—o—b- 12
PLLCLK o : B = s
I PLL Source Mux Ls! e ,_-.- .\ i
— N bl I 1 | - ':';11.:\‘1: S “ -
e L L ST Enter 8 (MHz) and hen pregs Enter
8 | HSE | ) S R _puo —
. 2 i o« | for HCLK (system-elock) =
2 Pue i N
PLL o /2 — 5 )
P ch Lo — o usarTs s
> A o e T“ f ARTY
(O |- e HE u \-\./__.__-,_,_
r Ol+— 1,10 = o ADC (MHz : 'T’.‘V"
Ol . > LPTIM1 Clock Mux 2 ] Liviarcrs i
'I MHz) MChee| 4 1 _~]e )| P —*10 '..o‘ = L R
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Select the Pinout & Configuration

In Parameters Settings of the TIM2 ©O)

Configure 1 Hz timer
 PSC Prescaler -1 =127
e Counter Period = 62500

Set CH1 PWM

e Pulse = 31250 .

TIM2 Configuration — 4 steps

TIM2 Mode and Configuration |

Configuration

Reset Configuration

onfgure the Delow parameters -

= i o
qfETtFE ] © O

~ Counter Settings

[

Prescaler (PSC - 16 bits value)

Counter Mode

Counter Period (AutoReload R...

Up
62500 ) .

‘,’ Note about Prescaler: prescaler = PSC +1

life.augmented

Internal Clock Division (CKD)
auto-reload preload
~ Trigger Qutput (TRGO) Parameters
Master/Slave Mode (M3M bit)
Trigger Event Selection TRGO
~ Clear Input

Mo Division
Dizable

Disable (Trigger input effect not delayed)
Reset (UG bit from TIMx_EGR)

Clear Input Source Disable
~ PWNM Generation Channel 1
Iode PWI mode 1
Pulse (32 bits value) .
Fasi MoaE CN=anle
CH Polarity High



Generate Source Code
- Generate Code © RHoy-

GENERATE CODE

Tools

m Code Generation X

* Click Open Project

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

» 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 (~Line 114)

HAL_TIM PWM_Start (&¢htim2, TIM CHANNEL_1);

113 /* USER CODE BEGIN 2 */
114 HAL TIM PWM_Start(s¢htim2, TIM CHANNEL_ 1)
115 /* USER CODE END 2 */

Lys

life.augmented



Build the Project

 Click the “Build” button

oject L) Build (F7)
Build target files
3% A -

— —

- Click the “Start/Stop Debug Session” button .| eo @B

Start.-"Stop Debug Session (Ctrl+F5)

Enter or leave a debug session

* Click “Run” button E’g‘?@| ERR !

iegisters Run (F5) as

Register Start code execution

* 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.

gmented



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: LPUART1, LPTIMx, LSE_CSS and
- GPIO, PVD, and COMPx UCPDx

71
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EXTI - block diagram

Lys
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AHB Lite Control and status registers
° Configurabl
GPIO port A e o ente
GPIO port B AT EXTI 16 exti[15:0] _
GPIO port C s 4 * Peripherals
GPIO port D o mux
GPIO port F 7 sys_wakeup
. c_wakeup PWR
Peripherals without Configurable events
Event
interrupt flags Event .
priag . Masking Cortex®-M0+
trigger
EVG Event input
Direct events
Peripherals with
interrupt flags
EXTI NVIC

EVG: EVent Generator




NVIC - Overview m=m

- The NVIC (Nested vector Interrupt Controller) is integrated in the Cortex®-MO0+
CPU:
» 32 maskable interrupt channels
* 4 programmable priority levels
» Low-latency exception and interrupt handling

- Power management control App| ication benefits

Supports prioritization levels with
dynamic control

Fast response to interrupt requests

Relocatable vector table

Lys
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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 IO that is connected to the User Button (connected to
PC13) to toggle the LED LD4 (connected to PA5) on the STM32GO0 Nucleo board.

GPIO_EXTI3

* PAS5 is already configured as GPIO output push-pull.

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

STM32G071RBTx
LQFPE4

Lys
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GPIO Configuration

 Select GPIO under System View ‘

t view £= System view

C—J

- Click on Pin Name PC13 @

[ Group By Peripherals
Mak GPIO mode is “External - Lk
* [VIaKe sure m | xXtern
| ode 1s =xierna pin-__ (518l JGPOP. GPI.. [GPOP. Jaim. [Fast. UserL [odied
nterrupt Mode with Rising edge ‘ PAS na Low Output. Nopul.Low n/a
trigger detection” PC13_na __na _ Edem. Nopul.na __ na El ]‘
«PC13 Configuration : _
P10 mode Fxtemal Interrupt Mode with Rising edge {nager detec \‘
GPIO Pull-u... \No pull-up and no pull-down V|
"I UserLabel | |
life.augmented




NVIC Configuration

» Select NVIC under System View

(D)

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

NVIC Mode and Configuration

Configuration

& NVIC| @ Code generation

[ Sort by Premption Priority and Sub Priority

Search |Sea tHF (© (& [ Show only enabled interrupts
y pt
NVIC Interrupt Table Enabled Preemption Priority

Non maskable interrupt

Hard fault interrupt

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

PVD interrupt through EXTI line 16
Flash global interrupt

RCC global interrupt

m FXTI line 4 to 15 interrupts

life.augmented

o

< [mimimi< << <<
Qoocococooo

) @




Generate Source Code
© oy

GENERATE CODE

- Generate Code
Tools

[@ Code Generation X

» Click Open Project

0 The Code is successfully generated under C:/STM32G0Workshop/HandsOn/exti

Open Folder § Open Project

» Open main.c, add the following code:
« within “USER CODE BEGIN PV” / “USER CODE END PV” section ( ~Line 67)

66 /* USER CODE BEGIN PV */
uint 8_t PClB_flag = O; €7 uint8 t PC1l3 flag=0;
68 /* USER CODE END PV */

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 (uintl6_t GPIO_Pin)

{
PC13_flag+t+;
if ( ( PCl3_flag & 0x01 ) == 0x01 )
{
HAL_GPIO WritePin (GPIOA, GPIO_PIN_5, GPIO_PIN_SET);
}
else
{
HAL_GPIO WritePin (GPIOA, GPIO_PIN_b5, GPIO_PIN_RESET);
}
} ( /* USER CODE BEGIN 4 */ \
void HAL_GPIO EXTI Rising_Callback(uintlé_t GPIO_Pin)
=[

PC13_flag++;

if ((PC13_flag & 0x0l) == 0x01l)

= [

HAL_GPIO_WritePin(GPIOCA, GPIO PIN_5, GPIO_PIN SET):
=}

else

B

HAL_GPIO WritePin(GPIOA, GPIO_PIN 5, GPIO_PIN RESET):
-
Kys -

/* USER CCDE END 4 */
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Build the Project mmm=

 Click the “Build” button

oject |%] Build (F7)
Build target files
3498 e

| Loso

@ e -oel@lx

@ Start/Stop Debug Session (Chrl+F5)

Enter or leave a debug session

» Click the “Start/Stop Debug Session” button

- Click “Run” button 35@3| auen

egisters Run (F5) E
Register Start code execution [#
[ Crre I

+ Push the Blue “USER” button to toggle the LED LD4!

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.

71
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Low Power Modes mmm

RUN (Range1) at 64 MHz 100 pA / MHz FlexPowerControl
RUN (Range2) at 16 MH 93 pA / MH  Efficient running
ange2) a z z
Wk : - + 7 low-power modes, several sub-modes
akeup : .
time LPRUN at 2 MHz 90 pA/MHz + High flexibility
6 cycles SLEEP at 16 MHz 42 pA / MHz
0.7 ps LPSLEEP at 2 MHz 32 puA/ MHz
4 us STOP 0 100 A . . .
Application benefits
5 ps STOP 1 4.1 pA*
14 ps STANDBY + SRAM 320 nA/670 nA*
14 ps STANDBY 130 nA/480 nA*
258 ps SHUTDOWN 40 nA/380 nA

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

71
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Stop 1 mode ==

. - Flash memory not powered: Wakeup time to 16 MHz:
Available peripherals > w/oRTC:1.3pA@ 3.0V > InSRAM: 5ps

( GPIO ] 1/Os kept, and configurable > w/ RTC:4.1pA@ 3.0V » InFlash ON: 5 us
| DMA ] Flash memory powered: > In Flash OFF: 9 ps
'[ BOR } @ > wio RTC: 7.0 yA@ 3.0 V
( USART ] =
I[ LP l.éART % Cortex MO+ ‘ Main regulator (MR) }

12C 1
I 12C 2 ]
[ ot ] & Wake-up event
[ ADC ] R

DAC
% COMP % Flash SRAM
{ Te”}PmSeGiQSOf } R ToTy (36 Kbytes) Low Power regulator (LPR) up to 2 MHz

i
[ LPTIM 1 ] %
E ng\éz i Backup domain

WWDG : :

[ Systick Timer | Backup Register (5x32 bits)
{ e % RTC & TAMPER
( AES ] Available
( CRC ) clocks
[ CEC ] HSI16

Lys
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]
HSE ) : -
. Clocked-off Cell in power- Available
LSI
LSE } Active cell [ cell J [ down } { Periph and clock }




STM32G0

Power
switch

RTC

LSE
PC14 PC13
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VDD

VBAT

RTC - Overview

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

* |t 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

Application benefits

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




RTC - Block diagram

rtc_ker_ck
15-bit ck_spre (1 Hz)

LSE (32.768 kHz) — FTTCCLK 7-bit
HSE/32 — 4 Calibration Asynchronous Synchronous Calendar
prescaler prescaler

LSI —
|

RCC_BDCR [RTCSEL]

\ 4

Lf ColllE —»H RTC_OUTH
Alarm A <
ALARM
Alarm B . TAMPALARM
> —>® RT T2
4 16-bit wakeup auto-reload timer > TAMP ) c_ou
o]
™ pelk . TAMPOE :.J
<P > Registers
tamp_evt Ti
émteSt?mp B RTC TS
switch to VBAT etection
« RTC not affected by system reset when clocked by LSE
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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:

R
POI4-08C52 IN [H—ed
PCIS0SC32 OUT :

50 PR
51 P
52 DR
53 BE3
M P4
55 FPFDS
58 PDb
40 PO SB30 =
4] D9 SEY =

PDd
PL¥
Ll

PG
P
PO5
PO
P
PDY

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

[ options JIEN]

System Core b

1<

RCC Mode and Configuration
High Speed Clock (HSE) [Disable v

O
DMA - I Low Speed Clock (LSE) b@iaul'fCeramic Resonator VI GPIO_EXTI13
GPIO T3 05032 enavre E> RCC_OSC32_IN

IWDG RCC_OSC32_0UT
I NVIC

e | I

SERCE [ LSCO Clock Output

‘ ,’ WWDG [ Audio Clock Input (12S_CKIN)

life.augmented
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Enable and Configure the RTC

* In the Pinout tab, under Timers, expand RTC

Timers b
LPTIM1
TIM2 RTC Mode and Configuration
Tz
» Check the Activate Clock Source (=2 Actwate clock source)
[ Activate Calendar
Alarm ;J[Hsa:!e l
Alarm 51[\\53:!9 l
O 7Timestamp
- Select Internal Wakeup for the Wakeup mode WakeUpintemal WakeUp =
Cmmmeert
O Tamper 2
Calibration [Disable v

[ Reference clock detection

Lys
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Choose RTC clock source m=a

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

Pinout & Configuration Clock Configuration

s O
RTC Clock Mux
Mot g N O\_
Input frequency
1 LSE
-:{l LSE | > @ | 32768 |ToRIC (KHa)
s, LSIRC LSl
) —(O
WS Enable CSS .
To IWDG (KHz
Lga System

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

Lys
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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 set to RTCCLK /16
« Wakeup Time Base = RTC_PRESCALER /LSE = 16 /(32.768KHz) = 0.488 ms
» Wakeup Time = Wakeup Time Base * WakeUpCounter = 0.488ms * WakeUpCounter

==> WakeUpCounter = 55 /0.488ms = 10246

71
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RTC configuration mm=

+ Based on previous calculation we will configure the RTC

* In the Pinout & Configuration tab, click on RTC (under System Core)

- Enter the following configuration:

@ User Constants @ NVIC Settings

@ Parameter Settings

[Configure the below parameters

Q[Search (CtHF) ] © (i )
Hour Format Hourformat 24
Asynchronous Predivid... 127

Synchronous Predivider... 255
v Wake UP

Wake Up Clock RTCCLK /16
Wake Up Counter 10246

Lys
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Enable Interrupts

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

@ Farameter Settings @ Llzer Constants

MVIC Interrupt Table
RTC and TAMP interrupts through EXTl lines 19 and 21

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

NVIC Mode and Configuration

2 NVICH @ Code generation

[ Sort by Premption Priority and Sub Priority

Search | tHF | ® @ [OShow only enabled interrupts
NVIC Interrupt Table Enabled | Preemption Priority

Non maskable interrupt

Hard fault interrupt

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

ing 14
' RTC and TAMP interrupts through EXTI lines 19 and 21
et
RCC giopar menapt
‘ ,I EXTlline 4 to 15 interrupts
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Generate Source Code

+ Generate Code

© oy

GENERATE CODE

Tools

» Click Open Project

m Code Generation X

0 The Code is successfully generated under C:/STM32G0Workshop/HandsOn/lowpower

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 (~ line 121):

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

HAL _GPIO_WritePin (GPIOA, GPIO_PIN_5, GPIO_PIN_SET);
HAIL_Delay (1000);
HAL_GPIO _WritePin (GPIOA, GPIO_PIN_5, GPIO_PIN_RESET);

// enter STOP mode
HAL_PWR_EnterSTOPMode (PWR_LOWPOWERREGULATOR_ON, PWR_STOPENTRY WFI);

// reconfigure system clock //:j R i\\\

life.augmented

1 . 118 /* USER CODE BEGIN WHILE */
SystemClock_Config(); e[| ity
* * 1200
/* USER CODE END WHILE / 121 HAL GPIO WritePin(GPIOA, GPIC PIN §, GPIO PIN SET);
122 HAL Delay(1000);
123 HAL_GPIO_WritePin(GPIOR, GPIO_PIN 5, GPIO PIN RESET);
/* USER CODE BEGIN 3 */ S e
// enter STOP mode
} 126 HAL PWR_EnterSTOPMode (PWR_LOWPCOWERREGULATOR ON, PWR_STOPENTRY WFI);
127
/* USER CODE END 3 */ 128 // reconfigure system clock
129 SystemClock_Config():
130 /* USER CODE E WHILE */
131
132 /* USER CODE BEGIN 3 ‘/I
133 -}
134 /* USER CODE END 3 */
135 | } /




Add code — to init function

* Open the stm32g0xx_hal_msp.c, 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)

{
. Project 0 x | T o A v
if (hrtc—>Instance==RTC) j i ) mainc ] stm32g0xx_hal.msp.c ] startup_stm32g071xxs
= ‘)E;' Project: stm32g0_lab4 100 5]/ **
{ B &5 stm320_labd 101 | * @brief RIC MSP Initialization
. w3 ki 102 * This fur on configure he hardware resour
/* USER CODE BEGIN RTC_MspInit 0 */ 1 e 103 | + parem nrce: BIC handis poincer
104 | * @retval None
= L Application/User 105 L/
/* USER CODE END RTC_MspInit 0 */ ® ] mainc 106 void HAL RTC_MspInit (RTC_HandleTypeDef* hrtc)
, iR ; 107 B4
/* Peripheral clock enable */ “j;‘"‘;ig—:‘l 108
. - MICgROC L map:C 109 £ (hrtc->Instance==RIC)
_ HAL_RCC_RTC_ENABLE () ; @ 3 Drivers/STM32G0xx_HAL Driver B ° s
/* RTC interrupt Init */ & (3 Drivers/CMSIS 111 /* USER CODE BEGIN RIC MspInit 0 */
112
HAL_NVIC_SetPriority (RTC_TAMP_IROn, 0, 0); 113 /* USER CODE END RIC_MspInit 0 */
114 /* Peripheral clock enable */
* : * 116 /* RIC interrupt Init */
/* USER CODE BEGIN RTC_MspInit 1 */ 117 HAL NVIC_SetPriority(RTC_TAMP_IROn, 0, 0):
HAIL_RCC_RTCAPB_CLK_ENABLE () ; 118 HAL NVIC EnableIRQ(RTC_TAMP_IRQn);
: 119 /* USER CODE BEGIN RIC MspInit 1 */
/* USER CODE END RTC_MspInit 1 */ 120 | _ HAL RCC_RTCAPB_CLK ENABLE();
} 121 /* USER CODE END RIC MspInit 1 */
122 }
123
124 |}
}

Lys
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Build the Project

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

LOAD ‘

oject 1) Build (F7)
3 \,@ P Build target files

T =

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

LOAD Col
33 ) stm32g0_ lab4 £\| &
¥4 Download (F8) [
abd Download code to flash memary [+
I 101 | * @

* 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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Optional 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/Vyp 3.0V v
T smbient 25°C
Voo [E-U ~|

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

source for the application Alkaline(AA LRS) (2x1) v
| Change " Reset I
In Series| 23 In Parallel‘ 15
Capacity 2850.0 mAh
r Self Discharge 0.3 %/month
,’ MNominal Voltage 3oV
life.augmented

Max Cont Current 1000.0 mA



- Add a step to our power sequence:

* Click: Step.. Add

Step———mm
o] e

- Configure a first step: RUN mode

Lys

=L Add a step
.-

/-

Mode: Run \
Power Range: Range2 -Medium
Memory Fetch Type: Flash
VDD: 3.0
Voltage Source: Battery

J

CPU Frequency: 16 MHz h

Clock Configuration: HSI

Enable IPs from Pinout function

Duration: 1 second

Click “Add”

life.augmented

Resulting step consumption should be

| ™l Eriable All IPs | Disable All IPs MERERERIEERiEH RN

PoweriMemory

|+ DACA

Peripherals Part

Ta Max {°C)

Power Mode |RUN b |

Power Range |Range2—|’.|eﬁium s |

Memory Fetch Type |FLASH e |

Vop ko |

Voltage Source |E|atterv e |
|- Clocks

CPU Freguency |1EI'.|Hz b |

| |

Cleck Configuration |HSI bt |

Clock Source Freguency |I’: MHz e |
r Optional Settings

Step Duration |1 "5 s |

Additional Consumption |D ||m b |
rResults

Step Conzumption |I Ema

Without Peripherals |1.E mé,

[BB.5 5A (A8 A - [:90.5 uA)

|12B.6‘3

Peripherals
- ADCH
O fs_10_ksps
Oa fs_1_Msps
D fs_2.5 Msps
+ [ AHB_APB_Bridge
[ BusmMatrix
~ Oere

[ ouT1+0UT2-Buffe
] ouT1+0UT2-Buffe
[ ouT1+0UT2-Buffe
] ouT4-Buffer_OFF-
[ ouT4-Buffer_ON-F
[ ouT4-Buffer_ON-\
[ ouT2-Buffer_OFF-
[ ouT2-Buffer_ON-F
[ ouT2-Buffer_ON-
[ peeMcU
~ O oma
] FLASH
I GPIDA
[ GrioB
I GPIOC
[ Grion
~ [ epioF
] HomMi_cEC
— Oizet
[J12c2

¥ -Enabled Peripherals

Adding a RUN mode step

r Warnings

(]




- Add astep t w :
ook oo A | o SPATEREE Add a STOP1 mode step gum

Step

[ New Step X

@ O REENEREANEER IEEERAN Y Enable Ps from Pinout

IO Add a step g Power/liemory - Peripherals Selection Enabled Peripherals
Power Range [hc?.an;e v‘ g ::ii
Memory Fetch Type [Flash-PowerDown V‘ O werim2:
- Add a second step: STOP1 mode Vo o Al - mere ‘
‘ (o Power Mode: STOP1 N\ Voltage Source ‘Banery v‘
-Clock
« Fetch Type: Flash -PowerDown ‘ o i
CPU Frequency ‘:r MHz v‘
° VDD 3V nterpolation Ranges ‘ ‘

User Choice (Hz

‘ . CIOCkS HSl 16 MHZ Clock Configuration ‘HSI v‘
Clock Source Frequency ‘ MHz V‘

r Optional Settings i
‘ « RTC enabled (to wakeup the system) ‘ sovwon B o
Addtional Consumption [0 [ma v|

‘ » Step Duration: 5 seconds —_— .
Step Consumption [3.4 pA |
o C“Ck nAddu Without Peripherals [3.4 pA |
Peripherals Part *0 nA (A:0nA-D:0nA) ‘
\

Ta Max (°C) [130

Resulting step consumption should be ~Warnings

8
©
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Add a Wakeup from STOP1 mode step
=20

M Edit Step

) Enable AllIPs  Disakle All [P Enable IPs from Pinout

- Power/Memory - Peripherals Selection——— | |- Enabled...-
‘ Power Mode [wuU_FROM_STOP1 ~| || |Peripherals
- Add a last step: Wakeup from STOP1 mode bower Range Noenae ™
(0 Power Mode: WU FROM STOP‘] ) Memory Fetch Type |FIaeh-Pc:'.‘.'erI:c:'.‘.'n V|
Voo 3.0 V]
« VDD =3V
Voltage Source |Bat‘ter}r v|
+ Voltage source: Battery .
g J
CPU Frequency [16 MHz ~|
. e Click “Add” Interpolation Ranges | |
User Cheoice (Hz)
i . Clock Configuration |HSI v|
» Resulting step consumption should be Clock Sourcs Frequency  [18 117 <]

- Optional Settings

Wakeup time [a.0] [[us ]
Additional Consumption |D ||n1A v|
-Results

Step Consumption |1.21 mé
Without Peripherals [1.21 m&
Peripherals Part |D na (A0 nA-D 0 na)

Ta Max (°C) [128.78

-Warnings

57 ®
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Average Current Consumption Result

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

Sequence Table

CPU/Bus Freq | _Clock Config | _Peripherals
e RUN 30 Range2Medium [FLASH 1B WHz _____[HSI — [GPIOA GPIOC .
2 STOP1 30 MoRang Flash-PowerDown 16 MHz HSI RTC* 34 pA 5s
3 WU_FROM_ST... 3.0 NoRange Flash-PowerDown 16 MHz HSI 1.21 mA 9.0 ps
-_Displas.r
Plot All Steps v @
Consumption Profile by Step
1.50 T i
1:RUN 3:ws1
g 1,35
= 100
=]
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£ 075
S
=
$ 0,50
o
0.25 STOPT
0,00 : = - = = = = = = = = = =
0 250 S00 750 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)
= dd by Step == Average Cur'rentl _— —
‘ Sequence Time /TaMax 6 s/129.69 °C Average Consumption 268.5 pA
Battery Life Estimation 1 year, 1 month, 27 days Average DMIPS 20.0 DMIPS
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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.

gmented



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”
LPUART1 Clock = PCLK1 (64MHz)

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

PO

l i 133?
numnn NUCLEO-GOTIRE

. umm 1132
— WW W stcomfsfm32nuclen o

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)

71
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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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- In STM32CubeMX, click “Home” TGN

» Click Access To MCU Selector® |

| need to :

Start My project fro...

ACCESS TO MCU SELECTOR

» Select STM32G071RBTx ©

+ LQFP64, 128KB Flash

* Double Click @
‘YI

life.augmented

stma

CubeMX

Create New Project

[ [T New Project from a MCU

MCU Selectar

MCU Filter

@

Part Number Search

Core

Series

[ sTM32G0

Line
Package

Other

Price From 0.0to 149
[ 4

Q stm32g071rh v

X
Features Block Diagram Docs & Resources m Datashest [ Buy [5» Start Project
v # STM32G0T1RB
Mainstream Arm Cortex-M0+ MCU with 128 Kbytes of of Flash memory memory, 36 Kbytes RAM, 64
MHz CPU, 4x USART, timers, ADC, DAC, comm. IF, 1.65-3.6V
Unit Price for 10kU (US$) : 1.49
5 seve e )
Products in mass praducion Boards: NUCLEO-GO71RE - STH32G071B-DISCO " LOFPs4
M
MCUs List: 2 items Display similar items
y [ | Partho | Refersnce _Warke Jntprefortok ] Boand | Package | Flash | RAl |10 ] Freq [GhSc JHiAC] oS shAl
T s TPESTT T T T T T T
1 STM32GOT1RBTx  Active 1.49 LQFPE4 128 kByt.. 36 kBytes 60 64 MHz 0.0 0 00

00
10 =60
[

éeprum =0 (Bytes)

Flash =128 (kBytes)
[,

Ram = 36 (kBytes)
®

Freq. =64 (MHz)
[




GPIO Configuration additions

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

Pinout & Configuration Clock Configuration
Additional Softwares

TTTTT

« Use PA2 & PAS3 for Tx / Rx pins:
» These are the alternate mapping pins (PCO/PC1 are default)

PF2 ..
LPUART1_RX
PC2

* So need to remap

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) Resalve Clock lssues

i 32
- -54 To Power (MHz}
e HULK to AHH bus, core,
rmamnne snd TS IRAH
T Y M L To Cortex System timer (MHz}
2 KHz L
Enable C. . FCLKCDrlEx clock (MHz}
1 Yo D (=) System Clock Mux
tse (& B4 MHE max
= O A M e, » APEB peripheral clocks (MHz)
- HSI o —_—
11 w7 T SYSCLK {MHz) AHB Prescples HCLK {(MHz) ) APB Prescalar
HSE
- o:—b|T|—5—b| 1 s A4 |4 1~} »[ 64 |aPB timer ciocks mHz)
PLLCLK| o rrre——
- Pl mes K Mux
PLL Source Mux LSl o]
HSI RC o 5
A To TIM15 {MHz)

-- 5l @Y LM o EER ey FLLG
{11 ~H{x8 v {12 ~ A il
I HS = T TIM1 [MHz)
2 N R PLLG PLLO
e USARTY Clock Mu

L /2 Sl { o)

[ s PLLP
Pop L[ 2

—bl—,r:- USARTY (MHz}

Lys -

life.augmented
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A G Mux Ha | -I G |DI._F'LI.P¢H.T1 {MHz}
B )
SYSCLHE g USARTZ """hk'.!-

-

-
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LPUART1 Configuration

* Click on the Configuration tab and select LPUART1

Reset Configuration

® NVIC Settings @® DMA Settings

@ Parameter Settings

IConfigure the below parameters :

- Parameter Settings tab
« 115200 Bits/s

8-bit word length

No parity bit

1 Stop bit Q| tHF) ] ® ® (]

@® GPIO Settings

@ User Constants

Lys
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- Keep Default settings for the rest - Basic Parameters e N
Baud Rate 115200 Bits/s
Word Length 8 Bits (including Parity)
Parity None
Stop Bits 1
- y




Generate Source Code

+ Open Project Manager

e
Project Manager
! -

Project Name

- Set the project name (printf) and the project location @ [printf ] |
(C:\STM32G0Workshop\STM32G0\HandsOn) Project Location
@ |c:\STM32G0Workshop\HandsOn J |
. Application Structure
- Set the IDE Toolchain to MDK-ARM V5 Basic =1 0 Do not generate the ma..
19 n u , : E%(:Thmag;Ec(])l\(fj\?;rll_cZithi;:F:andsOn\printﬁ

GENERATE CODE Toolchain / IDE
@ [vox-Arm vs | v| o

Linker Settings

Minimum Heap Size
Generate Code A ——

[ Code Generation X

* Click Open Project
r p l o The Code is successfully generated under C:/STM32G0Workshop/HandsOn/printf




Adding printf redirecting code in main.c

1- Add the stdio include:

44 /* Private includes ---———=———=-
45 /* USER CODE BEGIN Includes */
46 #include <stdio.h>

/* USER CODE BEGIN Includes */ 47 /* USER CODE END Includes */

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

2- Add following code in the section below: _ _
75 * USER CODE BEGIN PFP */

/
/* USER CODE BEGIN PFP */ 76 #define PUTCHAR PROTOTYPE int fputc(int ch, FILE *f)
/* Private function prototypes ——————————————————— */ R/ TS SR N EE
#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 */ 241 /* USER CODE BEGIN 4 */

PUTCHAR_PROTOTYPE 242 PUTCHAR PROTOTYPE
243 [H{
{ . . 244 HAL UART Transmit(&hlpuartl, (uint8_t*)&ch, 1, OxFFFF);
HAL_UART_Transmit (&hlpuartl, (uint8_t *)&ch, 1, OxFFFF); 245 return ch;
return ch; 246 -}

247 /* USER CODE END 4 */

}

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

. . . . ) 117 /* Infinite loop */
Add application code in main loop: 115 | /. vses cope BEGIN WHILE 4/
119 while (1)
120 H ¢
/% USER CODE BEGIN WHILE */ 121 printf ("** Hello World ** \n\x"):
122 HAL Delay(1000);
while (1) 123
{ 124 /* USER CODE END WHILE */
printf ("** Hello World ** \n\r" 125
HAL_Delay (1000) ; 126 /* USER CODE BEGIN 3 */
/* USER CODE END WHILE */ -0 |
128 /* USER CODE END 3 */
129 .}

Lys
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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 Term: Serial port setup
@® Serial Port: COM3: STMicroelectronics STLink Vi ~ Eort £oM3 -
Cancel Help
Data: 8 bit v
. . . Parity: none v
* You should see the printf message being displayed. o —

op: i v
Hello Wor ld Flow control: none v

He 1l Lo Woss L

He llo Waoae

Hello WL
Hello b
Hello YWor

Hiello o 0 B>
Hi: 1 Liv

Hello Wor
Hellos Wor

He 1lo
‘ ’l Hello World
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@ Summary

a Efficient (Power, Performance and Cost)

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

e Simple (Easy to configure and develop code)

www.st.com/stm3290

>
&7 (



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

https://www.surveymonkey.com/r/SWBPJFF

Thank you!



