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Agenda

cReleE o 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
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Begin Tools Installation

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

* Install Java

* Install Kelil 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

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

Keep releasino

Note ® : Cortex-M0O+ Radio Co-processor

High- performance

______________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________

_________________________________________________________

&y; arm pooonee / Cortex-M3 | Cortex-M33 / Cortex-M4 | Cortex-M7
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Low-Power Leadership from AR

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-M0O/MO+

General data
processing
I/O control tasks

STM32
FO/LO/GO

STM32 F3/F4/F7/L4

STM32 F1/F2/L1




2
2
&7
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Key messages of STM32G0 series

Efficient

 ARM Cortex MO+ at 64MHz

« Compact cost: maximum 1/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 detall
Offers the best value for money

0T 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 s

Portfolio streeeeeeeeeetched for efficient budget applications

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

A
-
SO/ TSSOP

Big flash

Small package olzK flash -

M2K

296 K

128 K

b4 K

32K
16K ¥ Pins

"’ g 20 28 32 48 64 100
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Reducing BOM coSt mmm

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

smaller package

vdd Vss

less surrounding components

vdd

Vss

Standard

clock

MCU STM32G0

vdd

Vss

Lys
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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

* Secureprogramming -25Cts
In house or at 3rd parties

Lys
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Providing more performance

Do not compromise on performance with STM32G0

Performance with 0, 1 and 2 wait state - Upto 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
N [e)] [e¢]
o o o

N
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 I/Os, RTC
STANDBY 200 nA / 500 nA* Wake-up sources: + BOR, IWDG

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

STOP  Fash-RTC off-off/off-on/on-off 3.0pA /5pA [ 8pA COMPs, LPUART, LPTIM, I2C, UART,
USB-PD
SLEEP 54mHz Vdd=3V. PLL=on Wake-up sources: any interrupt
e 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 mms

Faster, moreaccurate 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 I12C
communication

Lys
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AN\ 8 Smart peripherals
Industrial

g5s2esy) FD CAN
OBD

Vgar With RTC

for battery backup / USB-C Power Delivery
400 nAin Vgar mode \ Up to 2 ports with dead-battery management
for RTC and

20x 32-bit backup registers 2 Q
TRNG & AES ﬁ &« USB
<>

for Security gflllgszﬁed
128-/256-bit AES P

. Device / Host
key encryption hardware
accelerator

Comparators M —> )))
2 instances H

Down to 30ns propagation delay

DAC SPI/ UART /IRC
2x 12-hit DAC, 4x SPIs
ADC 2 IlngARTS (ISO 7816, LIN, IrDA, modem)

16x12-bit, 16-bit oversampling

2.5MSPS (0.4ps)
_ o-|| |-o
Timers l/OS up to 92 fast 10s
8ns PWM resolution
’I Advanced control
16- and 32-bit
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Smart integration

Save on battery life =
Low consumption process and design é H(
Low-Power UART: wake-up on frame

Low-Power Timer: counts and generate signals
[2C wake-up on address

Save on BOM cost $ <>

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

Always keep control
Diagnose, react
Y
Main Clock monitoring
€ > Backup clock and interrupts
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

€ > j. High temperature

e o
e

e 1 from -40°C
{ upto + 125°C

More flexibility €75

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

r All 10s with external interrupt capability

) /4
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High robustness

Highly immune to fast-transients
Robust I0s against negative injections



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 Li g htin g

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
: . : ] * USB FS 2.0 dev/host crystal-less
Alr Condltlonlng, e'b|kes, Consu mer 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

‘7 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-MO+
64MHz
0.93 DMIPS/MHz

MPU

Integrated reset and brown-

Communication Peripheral:
USART, SPI, IIC

STM32G0x0-=Value Line ex: sms2co7o)

Multiple general-purpose

= Upto Uptog- 12-bit
16-bit timers 512KB 80KB ADC
Flash SRAM 2.5MSPS

out waming

STM32G0x1 —Access Line ex: sma2cor)
Upto Upto 12-bit 2x Comp 1x 32-bit 1x 16-bit 1x16-bit USB Securable
512KB 80KB ADC 2x 12-bit Timer 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: sts2cos)

Upto Upto 12-bit 2x Comp 1x 32-bit 1x 16-bit 1x16-bit Securable
512KB 80KB ADC 2x 12-bit e MC Timer Timer USB-PD CANFD | Memory T’;‘f\ISG
Flash SRAM 2.5MSPS DAC. >100MHz [| >100MHz . Area

DMA channels

2x watchdogs
Real-time clock (RTC)

O
o
o]
Nl
i
+
@)
=4
o
)

Integrated regulator

PLL and clock circuit

Main oscillator and
32 kHz oscillator

Internal RC oscillators
32kHz , 16 MHz

-40to +85 °C
Low wltage 1.65t0 3.6 V
r (Value Line: 2.0to 3.6V)
’ o] rt-numb
l Temperature sensor . 1 some parumbers
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STM32G0 Portfolio

Goc1 Goc1 Goc1
512K
GOB1 | GoB1 GOB1

256K GOBO

G081/ GOC1 GosyGocl [ Gosl Goct
128K G071 corycoB1 [ corveoBl { Go7YGOB1

G070 : G070 G070

Go41/81 G081

64K Go31/71 Go71

+ WLCSP25 STM32G081

5 G041 G041 G041
32K s | com com | + WLCSP18 STM32G041

G030 G030

8pin 20pin 28pin 32pin 48pin 64pin 100pin

Access AES
SON TSSOP  UFQFPN LQFP LQFP LQFP LQFP
UFQFPN  UFQFPN  UFBGA Loz
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Advanced features and solutions

Access Line

Arm 32-bit Cortex-MO+ core
1.7 to 3.6V power supply
RAM maximization

1% internal clock

Direct Memory Access (DMA)
Communication peripherals

USB-C Power Delivery

Lys
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System 7-channel DMA

Power supply Up to 64 MHz

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

Memory Protection Unit

Xtal oscillator

Nested vector interrupt
32 kHz + 1~64 MHz

Controller (NVIC)

Internal RC oscillators

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

AHB-Lite bus matrix

APB bus
Encryption

FLL + Prescaler

RTC/AWU

True RNG

Systick timer

USB PDI
(Power Delivery Interface :
incl. BMC + PHY)

2x watchdogs
(independent and window)

60 /Os on 64 pins Analog

Temp. sensor

1x 12-bit ADC SAR
16-channels /2.5MSPS

Cyclic redundancy check
(CRC)

1 x 12-bit DAC 2ch.
2 x Comparators

Up to 128-Kbyte
Flash memory

Up to 36-Kbyte SRAM

20 byte backup registers

BOOT ROM

Connectivity

2xSPI (PS)

4xUSART
(2x with LIN, smartcard,
IrDA, modem control)

1XLPUART

2xIC
(SMBus, PMBus, Fast
Mode Plus)

Control
1x 32-bit timer

1x16-bit Motor C. timer
fmax > 100Mhz
4 PWM + 3 compl.

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

2x Low Power timer

Timers up to 2xfcpu resolution
Real Time Clock

I/O ports maximization

ADC 12-bit Ultra-fast

DAC 12-bit

Comparators

Safety features

Advanced Security features



No compromise on what matters

Arm 32-bit Cortex-M0O+ core

2.0to 3.6V power supply

RAM maximization

1% internal clock

Direct Memory Access (DMA)

Communication peripherals

Lys
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Up to 128-Kbyte

7-channel DMA

Up to 64 MHz
ARM Cortex-M0+ CPU

Memory Protection Unit 20 byte backup registers

Connectivity

Nested vector interrupt
Controller (NVIC)

32 kHz + 1~64 MHz

Internal RC oscillators
32kHz + 16 MHz

FLL + Prescaler

AHB-Lite bus matrix
APB bus

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

(SMBus, PMBus, Fast

(independent and window)

60 I/Os on 64 pins

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

1x 12-bit ADC SAR
16-channels /2.5MSPS

Cyclic redundancy check

Timers

Real Time Clock

I/O ports maximization
ADC 12-bit Ultra-fast

Safety features




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_c:l]r;lb_le__“_ [ Can be secured once exiting
- No more access nor debug
S ble M A
Secure firmware upgrade  Secuable emoy Area Memory Area
d- i . .

(eadout Protection Configurable size
Memory Protection Unit (MPU) ﬁ
AES-256 / SHA-256 E i . ..
True Random Numbernggnp;r(;?or Good fit to store critical data

Unigue ID * Critical routines
Lys - Keys
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LOQFP64 pin-to-pin comparison

* 910s more on STM32G071 vs STM32F071

. Extra-portvs STM32F0©

=
= [T
3438858833800 0%%
22> 0 OO0 O o O O 0N 0oS o
minimininininininiminkn (111 [ ¢
MmN O W= O % M - O o
T Om W DWW W W W W W 0w 63 62 61 60 59 58 57 56
VBAT [ 48 [ vDDIo2 pciyf 1 48]pcs
PCis 0 2 [ VES pcif 2 arfpais
PC14-05C32 IN[]a [ PA13 pc13 46]PA14 - BOOTO
PC1S-0SC STM32F071 0 P2 reur s « STM32G071 sl
PFO- 42 [ PATY PC15 - 05C32 oUT| 5 44]Pa12
PF1-O5ES = PATD vBAT] 6 43]PALL
NRST ] 7 [ PAS VREF+| 7 42pa10
PLOCa [ PaB voD_1] 8 41|PDY
ECA]9 LQFPEd [ PCo vss_1] 9 LOFP4 a0|PDs
FC2 L] 10 L PCE PFi 10 39|PC7
PCE ] 11 ] PET PF1 - 11 38|PC6
vESA [ 12 [ PCE 12 37]PA9
VDDA [ 13 [ 1 PB1S Pcoj 13 36PA8
PAG ] 14 [ PB4 pcif 14 3s]PB15
Pal 15 1 PBE1Y pca] 15 34]PB14
Paz [ 18 33 [ PB12 Py 16 a3|pB13
rE R C HOSMELRERE SO L17181920212223242526272829303132/
DoOooooogooooooog R EEET I ENEE
33833 CHITTEE

‘ 511/0s
Y/ 60 I/Os
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Consistent and optimized pinout

O@

64 63 58 5A 56 55 54/ 5% 52 5)¥ 50 49
PC11} 1 8|PC8

PC10
B
PB4
PB3
PD6

pc12| 2 48 4 41 40 39 HTPAlS
pC13-s 1 46{PA14 - BOOTO
PC14 - 0SC32_IN[™= 2 ‘ 3\\3}\2\2@ 2& zle 2 25 PAL3
PC15 - 0SC32_OUT[™S \ 1 28 27 26 25 24 23 22 2 77| PAL2
VBAT|-6 NT 1 21 £y A—a3|PALL
FP64
VREF+|~7 5 3| 2 20 32 42{PA10 Q
3 19 QFP/QFN48
vDD_1}-8 S 21 31 41|pno
4 UFQFPN28 - GP 18!
vss_ 19 7 e . - —:)&N PD8 QFN28
PFO - 0SC_IN|® 8 % |e 1ok 19—29 &PC?
PF1 - OSC_OUT[t /7/ 7 15 18 —=28h “38\PC6
- /8/ 9 10 11 12 13 14 17 27¥PA9

[any
iy

w
w,

PF2 - NRST|42 1
Pcof 13 1 /y/y/l/yljﬁlkis 26 36\PAS8
pci| 14 12 g/g/ 25 35\PB15
pc2| 15 1 1 17/1 21/ 22 23 24 34\PB14
Pca 16 \5 \X\\z\ PB13
4 25 26 829

N~
<
o

N
o
N
N
o
=
N

=T

PAO
PA1
PA2le
PA3
PA4IN
PA5|N
PAGIY
PC4
PC5
PB2

D.Q.

PB10
PB11
PB12

Lys

life.augmented



STM32G0 ecosystem

Go fast, be first

HARDWARE TOOLS SOFTWARE TOOLS
STM32 Nucleo Discovery kit Evaluation board STM32CubeMXfeaturing intuitive pin selection, clock tree
configuration, code generation and power consumption
Srm 7 , calculation
BED
Enabled [l P — e

4 *
sy
- X =
. "t e

- ) wa v, L,

.- -
3 . S

’ v, '

1 S

\ - § | B, e

Flexible Key feature Full feature = e R ke
LGOI B 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 (FreeRTOYS)
* 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




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 Keil uVision5)

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



STM32CubeMX 5.0

STM32CubeMX graphical software configuration tool

‘ ' l life.augmented




Introduction

STM32CubeMX

Y

STM32Cubel0 @
% STM32Cubel 1 6 '

2,
<
068 '944 STM32Cubel 4

\\ @ STM32CubeG0
|

@ STM32CubeH7 ‘{\\o%"
o

STM32CubeF7 G?\\?‘

@ I@ STM32CubeF4
STM32CubeF1 STM32CubeF3 053‘)

Ttap
le AP[ With; STM32CubeF?2 e: R“OS’
(37 N ajj ggyj , lical\e:
’ I eries - Middleware stacks when aPP
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Overview

* Choose ideal MCU e B
and simply it e oo 1o © ROy x &7

configure

Existing Projects New Project Manage software installations
* Pinouts .
. bl e I need to - Check for STM32CubeMX and embedded software pac...

* Clocks and oscillators sim32g0_nucloo ioo x|

Last modified date - 10/12/2018 23:35:33 Start My project from MCU
° Pe rl phe rals tost_ioc m ACCESS TO MCU SELECTCR Install or remove embedded software packages

Last modified date : 10/12/2018 15:49:41
° LOW— power mOdeS test_g0_atollic.ioc m

M . ddl Last modified date : 29/11/2018 22:45:01
° iaaieware
Other Projects E'l' Wireless and ultra-low-power MCU

State-ofthe-art RF performance

* Dual-core

* Dual-protocol
- Key storage

= BOM saving

Application benefits

J

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 GP1O 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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[

Partners IDES STMStudio
\

STM32CubeMX

bn | @i b e

Generate Code

O ) e N
SIAR [ | } ZmPAOG ARMKEL  CooCox RAstoliic
- N Y, Free
- ~ - D IDE
r TASKING| | KEGLABS | | € || e @ acs
> /4 | | [ ] — \ Y,
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http://www.ac6.fr/
http://www.ac6.fr/
http://www.ac6.fr/
http://www.emprog.com/emprog/

STM32G071 Block diagram

Main specification

0.93 DMIPS/MHz 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 Nested vector interrupt
Controller (NVIC)

+ Max ambianttemp 125°C 32 kHz + 1-56 MHz

© One SUpp'Y pair Internal RC oscillators SW debu Connectivity
32kHz (+/-5%) + 16 MHz (1%) g

+ Securable Memory Area

© ngh sink I1/0Os (2x with4l)_(lllJ\f':51-la:\rtcard,
oA mode
« Stand-by <1pA@ room temperature RTC/AWU

2x12C
+ Stop 5 HA @ room temperature

FLL + Prescaler

(SMBus, PMBus, Fast
Mode Plus)

Systick timer

 Shutdownmode USB PDI

~ 2xwatchdogs (Power Delivery Interface : Control
« Low EMI SAE (25@24MHZ) (independent and window) incl. BMC + PHY)
i Analo o i
- Robust EMC/ESD/EMS U ° R

Temp. sensor 4 PWM + 3 compl.

+ 28/32/48 and 64 pins Cyc”cred?ggg;cycheck

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

5x16-bittimer

2 PWM each

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

Lys
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mailto:2.5@24MHz

System architecture overview

GPIO Ports Flash memory <_.\ —— * Two masters:
s e N - Cortex®-MO+ core
! |OPORT it
I ARM® SRAM * General-purpose DMA
Cortex®-M0+ Bus matrix L
core (B A orene > K _APB
* Three slaves:
DMA + DMAMUX
channels 1t0 7 SYSCFG, * Internal SRAM
< COMP1, COMF2
) TIM1, TIMZ, TIM3,  Internal Flash memory
N K= CRC TIMB, TIMT, _ _
” TIM14 to TIM17, - AHB with AHB-to-APB bridge that
LPTIM1, LPTIMZ, .
RCC K= K—=)| AES UCPD1, UCPDZ, connects all the APB peripherals

IWDG, WWDG,

RNG K= K= ExTi FQE T;‘"é';
USART1T to USART4,
DMA ~ LPUART, o

requests SPI/125, SPI2,
HDMI-CEC,
DBGMCU

Lys
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Simplified clock tree

HSI16 PLLPCLK
PLLQCLK
HSE PLLRCLK

HSIDIV

/1...128
— > To CPU, DMA, memories, AHB peripherals
HSISYS
[
SYSCLK AHB HCLK APB PRESCALER RS To APB
PLLCLK PRESCALER /1...16 peripherals

/1...512

LSE

LSI

LSI
Available in all
modes except

LSE
Available in VBAT
and all low-power

m LSE To RTC

life.augmented |_S|

Shutdown and VBAT
mode




STM32Cube and STM32CubeMX

‘ ' l life.augmented




Introduction

STM32CubeMX

Y

STM32Cubel0 @
% STM32Cubel 1 6 '

2,
<
068 '944 STM32Cubel 4

\\ @ STM32CubeG0
|

@ STM32CubeH7 ‘{\\o%"
o

STM32CubeF7 G?\\?‘

@ I@ STM32CubeF4
STM32CubeF1 STM32CubeF3 053‘)

Ttap
le AP[ With; STM32CubeF?2 e: R“OS’
(37 N ajj ggyj , lical\e:
’ I eries - Middleware stacks when aPP
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STM32Cube
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Overview

Evaluation boards Discovery boards Nucleo boards

Middleware level examples

File system RTOS Utilities
FATFS FreeRTOS : - :
— Application benefits

USB Power Audio . Networking .
Addons LbJPEG Lwip TCP/p  FolarSst Single package
Middleware level . . .
Compatible with all STM32 series

Source code with open-source BSD license
Boards Support Low-layer APIs Hardware Abstraction
Packages (BSP) (W) Layer (HAL)

Low level drivers

STM32F0 STM32F1 STM32F2 STM32F3 STM32F4
Series STM32F7 STM32H7 STM32L0 STM32L1 STM32L4

STM32G0

USB USB Graphics

Host Library Device Library Tsozecr::\gg(
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STM32CubeMX
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Overview

* Choose ideal MCU and

. . [ STM32CubeMX Untitled — %
simply configure e wodow e o oY > G
* Pinouts
. Existing Projects New Project nage software installations
« Clocks and oscillators o ’ pansas seffuarentalas

Recent Opened Projects

Perlpherals | need to :

stm32g0 nucleo.ioc
Last modified date : 10/12/2018 23:35:33

Check for STM32CubeMX and embedded sofiware pac...

CHECK FOR UPDATES

Low-power modes

tost.ioG ACCESS TO MCU SELECTOR. Install or remove embedded software packages
. M | d d I eware Last modified date - 10/12/2018 15:49:41 INSTALL / REMOVE

test_g0_atollic.ioc
Last modified date - 29/11/2018 22-45-01

ACCESS TO BOARD SELECTCR

% HHH

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

Other Projects

+ Dual-core
* Dual-protocol
+ Key storage

Appllcatlon be nefltS + 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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* 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

.
sma @ i
CubeMX File

Home f STM32GO7IRBTx - NUCLEO-GOT1RB

Pinout & Configuration

Additional Softwares

o TR

) LUNFZ
DACA

Timers ~

TIM16 RCE_DSC_IN

Connectivity hd

" SPIZ_MISD [
@ 12C1 SPIZ_WOS! | Fo
T = &= a8
- o B el el el e
é § r_(' §| g 2 l§| § é
o :IE E ‘E_| 5% I SI SI
55 I F S oo
z > I
=4 5
r1 - -
Q@ 0 a a o Q| ~

Window Help

Clock Configuration

O X

STM32G0.ioc - Pinout & Configuration GENERATE CODE

Project Manager
v Pinout

i Pinout view == System view

UCPD2_CC2
UCFPDI_DBCCA

UCFDZ_CC1

UCPDZ_DBCC2

[N, USART2_RX
PC13 | et S S_SWOLK
PC1.0 | Sl 5YS_SWDI0

(8| UCPD1_DBCCZ

UCPDI_DECC1

UCPD1_cci
N UCPDI_Cc2




Peripheral and Middleware configuration

[ STM32CubeMX STM32G0.oc* STM32G071RBTx NUCLEO-GO71RB _ 0 %
G | Obal Vl eW Of Used 32 File Window Help (A0 u , ‘Y_’
pe rl p h e ral S an d ame [ S S07T1RBTx - NUCLEO-GOT1RB [ STM32GO0.ioc - Pinout & Configuration GENERATE CODE

m |dd I eware Clock Configuration Project Manager

Additional Softwares ~ Pinout

i0E Pinout view

== System view

 Highlight of
configuration errors
+ Not configured

CI'Ck to Middlewares QL"CkIy SWltCh

configure DMA pinoLt a_nd
system view

Timers Connectivity Multimedia

v OK o
: Non-bIOCklng prObIem '3P":’ A - LPI.__IART1 ®
e

Configuration

UCcPD2 & IS Valld here

Connectivity

GPIO configuration
is considered 2 12ct Error in
incorrect, but code

configuration, code
may be generated generator will

-

<

USARTY Q
USART2 @

r display a warning
’I - message

CLLCCL

<
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Clock configuration

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

] - O
¢ Immedlate smz> O File Window Help © oy < Ly

. CubeMX
dlsplay Of a” I STM32G0 /' STM32GO.oc - Clock Configuration GENERATE CODE

C I OC k Val u eS ® Pinout & Configuration Clock Configuration Project Manager Tools

a ") Resaolve Clock Issues

Input frequency . -
inactive clock . e e oo Jronomonon
- . = To Cortex System timer (MHz)
paths are ., —
[ &t |
Kl

> 64 To Power (MHz)

e e - 64 FCLK Cortex clock (MHz)
. . > To IWDG {KHz) System Clock Mux
differentiated s

54 MHz max PCLK .
— “#PB peripheral clocks (MHz)

e
o)
I — » O
1w = SYSCLEK (MHz) AHE Frascaler HCLK {MHz) AFE Prescaler
. t .I: G o) ’T’_ TERe s |11 V] X1 TRELK »| 54 |aPB timer clocks (MHz}
Management o i R
PLL Source Mux L5l 0 TRCLK ™
S — @
— 0
-

TPCLK |3
—

1 el —ED TIM1 [MHz)
s OJ USART Clock Mux

clock constraints ) F e

Input freguency I VH X168 ~

and features e D

e

i POLK [
et MR
PLL svse
%
LPUART1 Clock M
o Hsl o USARTI [MHz)
POLK [ (o}
——m{i LSE
SYSCLK — Q,

USART2 Clock Mux
PCLK

MCO Source Mux ADC Clock Mux © I |
Hal O - [:2 o LPUART1 (MHz)

gl -« — @ LsE 0.

SYSCLK]
—

LPTIM1 Clock Mux

HSI
—

Lys
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PCC (Power Consumption Calculator) mmm

[ STM32CubeMX STM32G0.ioc*: STM32G07 1RETx NUCLEO-GOT1RB

i
STM32 ﬁ i i
GUbaMX File Window Help

oY x &y

GENERATE CODE

® Pinout & Configuration ® Clock Configuration Project Manager

~ Power

S — - Step Sequence Transitions Checker
X
® La] =2 B w o @
Series STM32G0
Line STM32G0x1 Sequence Table
Datashest DS12232_ et e e | Voo ] CPUBU: Freg
1 RUN 30 Range1-High FLASH 64 MHz HSE BYP PLL 6.25 mA 1ms
T 26%C/V. 30V N 2 SLEEP 3.0 Range1-High FLASH G4 MHz H3I PLL 1.85 mA 1ms
A oo = 3 RUN 30 Range1-High SRAM1 Flash-PowerDo... 48 MHz HSI BYP PLL 49 mA 1ms
4 LOWPOWER_RUN 30 MoRange SRAM1 Flash-PowerDo... 1 MHz HEl Regulator_LP 225 YA 1ms
Battery Selection v 5 STOPO 30 NoRange Flash-PowerDown 16 MHZ HSI 100 pA 1ms
Information Motes > Display———————————————
Plot: All Steps ~
Help > P o
Consumption Profile by Step
6.5 s ; ; ; : ; S
: . —_— — eqguence
6.0 Toron i i i i i i : i i i i i f c
1N O N WU VU NV NN N N M — configuration
5.0 i i i i i | i l i i i i i ‘
4.5
General PCC Z o
. . S35
=
configuration E 0 Result
2 — esu
panel 8 2.5 2:SLEEP |
20 overview
1.5
1.0 } 0
'S:STOPO |
0.5 : B
1
o : : : : : : :
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 AR 2.50 Fler 5] 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25
Time (ms)
= Idd 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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»
SE“SSép;;ammer STM32CubeProgrammer features

M Al
m $TM32CubeProgrammer lilm
o
STM32 ﬁ ’ |
CubeProgrammer K ife. ougmented

Memory & File edition

« Main Features:

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

B Address 0x08000000 - Size 0x400 Data width 32-hit -

Address 0 4 & C ASCI
0x08000000 BEBAADDE OCBOCEFA 33221100 77665544 p.oxul” ... "30Ufw
0x08000010 BBAA9988 FFEEDDCC 21E1121E E3E44F3A L A»Iviy..al:0aa
0x08000020 AFFEEE4F 1F4EEF43 FE131F1F 3A1F3EL2 01pOCiN....p.>.:
0x08000030 AE745FE4 36EAF785 F7AT3EFT F7F7FTFT a_t%.:66+>
0x08000040 F7FIFTF7 FTFIF7F7 F7F7FT7F7 F7F7FIF7
0x08000050 F7FIFTF7 F7FIF7F7 F7F7F7F7 E3E54FFA -
0x08000060 4ESFAE4F 3ATFAEF8 F4EBFTES 15424865 0%_Ne®.:

« Multiplatform M A 24
(Windows, Linux and macQOS) l'l.J! 0

e0eHB .
0x08000070 54444567 DA748767 DA746A4D EA4AD142 gEDTg.tUMjtUBRIE
0x08000080 EBBEACDD FFAFAEAB 546E54EF E8F7BEFS Y-#8«% yiTnTon+e
0x08000090 S44EF557 BAADDEFO BOCEFABE 2211000C WONTBR. °%0i*..."

0x080000A0 66554433 AAMD98877 EEDDCCEB E1121EFF 3DUfw. . 3»1¥iy..a
0x08000080 E44F3A21 FEEE4FE3 4EEF434F 131F1IF1F ! :04407poCiN. ...

« Debug and bootloader interfaces support: ST-
LINK debug probe (JTAG/SWD), Bootloader
interfaces (UART, USB DFU, SPI, 12C and CAN)

0x080000C0 1F3E12FE 745FE43A EAF785AE A73EF736 b.>. 1A t%.+86+>§
0x080000D0 F7FIF7F7 F7F7F7F7 F7FIFTF7 FIF7FIF7 52 e
0x080000E0 F7F7F7F7 F7F7F7F7 F7F7FTF7 F7F7FTF7

<
Log Verbosity level

10:49:53 : UPLOADING ...

10:49:53 : Size : 1024 Bytes

10:49:53 :  Address : 0x3000000

10:49:53 : Data read successfully

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

Secure programming

Lys
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Finish the tools Iinstallation

* Install STM32CubeMX
* Install STM32CubeProgrammer
* Install STM32CubeGO 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

Lys

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: STM32G0 Workshop Tool Validator X

JAVA: oK
STM32CubeMX: oK

STM32Cube Programmer:  OK

TeraTerm: QK
Keil: oK
Cube GO HAL DK
Keil STM32G0 DFP: oK

OK

- If you don’t, please let us know

Lys
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oo p— ;

== L8 e

Uz o
I
g# 24

www.st.com/stm32nucleo

2 msom
PWMMOSO1

PWM/CS/D1
[EEic24 A

'LB ™c25 PWM,
¥l Mc2s D

STM32 NUCLEO features

Flexible board power supply :
through USB or external source

2 push buttons, 2 color Leds

Arduino extension connectors:

easy accessto add-ons

One STM32 MCU flavor with 64 pins
Morpho extension headers :
directaccessto all MCU I/Os

"[ We are now going to provide you with the STM32G0 Nucleo board and the USB cable.
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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

;’;'i:‘:, =%

& (L 19 2

IEISIE IH &

C12C13

User Button

=1
.4
-4
=
X
-1
1

L)

1

Y

NUCLEO-G071RB
- NUGO071 RB$AU1

"I Note about Virtual Box or VMWare or Parallels users: you need to give USB resources (ST-LINKin our case) from Native OS to
ire.augmented  \Windows environment.



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
STM32G0 Nucleo board, connected to PA5 of the STM32G0 MCU.



Double Click on
STM32CubeMX
icon on your
desktop

life.augmented

Click “No” when this
window appears

Procey Errar -

A network connection is required to proceed
Do you want to set your connection parameters now?

Run STM32CubeMX

This is how
STM32CubeMX will
look like when open

[ STM32CubeMX Untitled x

e
SEI\lJlIigM;G File Window Help 2 n [ > ] , '}(; KYI

Existing Projects New Project Manage software installations

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

CHECK FOR UPDATES

I need to :
stm32g0_nucleo ioc

Last modified date : 10/12/2018 23:35.33 Start My project from MCU .

. Install or remove embedded software packages
test1.ioc

Last modified date - 10/12/2018 15-49-41 INSIAEEFREMANVE
Start My project from STBo
e Rttt e m ACCESS TO BOARD SELECTOR
Last modified date . 20/11/2018 22:45.01
i Wireless and ultra-low-power MCU
Other Projects E‘l’ ¢ C

State-of-the-art RF performohce

+ Dual-core

« Dual-protocol
« Key storage

+ BOM saving

3




Step 1: Create New Project

I need to_ - EmNemeJectfromaMCU x
- MCU Filters
Start r'u’ly prt]jEtI:t fro... I @ E‘, O Features Block Diagram Docs & Resources E]Datasheet [} Buy
ACCESS TO MCU SELECTOR Part Number Search v g STM32GOT1RB '
Mainstream Arm Cortex-M0+ MCU with 128 Kbytes of of Flash memory memory, 36 Kbytes RAM, 64
‘l stmadg07in v MHz CPU, 4x USART, timers, ADC, DAC, comm. I/F, 1.65-3.6V
b , Actve Unit Price for 10kU (US§): 1.49 $
. ore !
» Click Access To MCU Selector@®
Series v
Check/Uncheck All
[ sTm3260 MCUs List: 2 items Display similar items
T 9y "
ine
T T - T T
N u ber SearCh ‘ Pack y W STM32G071RBTx  Aclive 1.49 LOFPG4 128 kByt.. 36 kBytes 60 B4 MHz 0.0 0 00
I ' l ackage
Other v
Price From 0.0 10 1.49
[ 9
0.0 149
» Select STM32G071RBT
elec X o
Eeprom =0 (Bytes)
L
° LQFP64, 128kB Flash Gt = 28 e
Ram = 36 (kBytes)
L
. .Freq. =64 (MHz)
* Double Click
oupie 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 PA5 as seen in the schematic below)

- Search for PA5 in the search window at the bottom ¢ s v]

Reset_State
ADC1_INS

* Left-click PA5 and set it to GPIO_Output mode o ouT2
1251 _CK
: LPTIM2_ETR
?fﬁqn :.:Dﬂjfrw SPI1_SCK
.r I A A I :-:-
V3| . 5\;.'& Eiww . E:g:ﬁ;
N_ | B o | UCPD1_FRSTX1
oL AV | | |\ UCPD1_FRSTX2
G;rm) USART3 TX
.:REI'D l.ﬂ"_"!' | | SB22 G
1K : =
5'1": :!|‘|‘Ir:!| S fNT s ]
PRS EVENTOUT
PEY

p e + B W
Kys 1
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Step 3: Generate Source Code

* Open Project Manager Project Manager

- Set the project name (blinky) and the project‘

+Project Settings

Project Name

location (C:\STMBZGOWorkshop\HandsOn)‘ biinky
Project Location
+ Set the IDE Toolchain to MDK-ARM V5 @ CSTVS2G0WorkehoptandsOn )

= Application Structure
G ‘ C d ""?Jn' n u ’ : Basic ~ | [ Do not generate the ma..
* Generate code
GENERATE CODE Toolchain Folder Location
|C:‘nSTI"u'1HEGUWDrIﬂ:sth‘uHandsDn‘uinnky‘u
. : ; ools
Click Open Project Toolchain / IDE

MDK-ARM V& ~ O
m Code Generation X
-Linker Settings
o The Code is successfully generated under C:/STM32G0Woarkshop/HandsOn/blinky Minimum Heap Size [0x200

Minimum Stack Size |0x400

Open Folder || Cpe

«Mcu and Firmware Package

Note: STM32CubeMX projects have an ioc file extension .

"’ STM32G0TIRBTx
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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-MO/MO+ cores STM32F0,STM32L0 and STM32GO0:

» Applicable immediately to all STM32G0, STM32FO0 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 rtincl : : : . : .
echnical supportincluded  Activate the free license using this Product Serial Number

_ _ _ (PSN) :

» Direct download from Keil website : 4PPFW-QBEHZ-MOD5M
* No limit of number of downloads by customer. \ )
» Direct accessto configuration files for STM32 and

associated boards.
* Free accessto MDK-ARM periodic updates.

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

Inside Kell uVision (ARM-MDK)
CASTM32G0WorkshopiHandsOn\blinky\MDK-ARM\blinky.uvprojx - pVision - *
File Edit View Project Flash Debug Peripherals Tools SWCS  Window Help
NBH@| % BR[90 e Pamn|EErEm® Eas@-eoca|d ]
S - ] ¥ oinky FEIE-E R A

u#

- Project: blinl
545 blinky
5B Application/MDK-R
: startup_stm32g07ous
& omsis

=-Li5 Application/User

main.c
stm32glhoc_it.c
stm32glec_hal_msp.c
25 Drivers/STM32G0o HAL_Driver
-1 strn32ghoc_hal_gpio.c
strm32geec_hal_tim.c
strm32geec_hal_tim_ex.c
stm32glec_hal_rcc.c
stm32gec_hal_rcc_enc
stm32goc_hal_flash.c
stm32ghoc_hal_flash_ex.c
stm32glec_hal_dma.c
stm32gleec_hal_dma_ex.c
stm32geec_hal_pwr.c
stm32glhec_hal_pwr_ex.c
stm32ghec_hal_cortexn.c

strn32goc_hal.c
55 Drivers/CMSIS

systern_stm32ghocc
PijeCt WIndOW Build target 'blinky' -~
"blinkyi\blinky.axf"™ - 0 Error(s), 0 Warning(s).
‘ ’, ‘I I _’I Build Time Elapsed: 00:00:00

=] Project | @¥Books | {} Functions | 04 Templates | | <

life.augmented
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KEIL
The MDK-ARM IDE Debugger

CASTMI2G0WerkshopiHandsOn'blinky\MDE-ARM \blinky.uvprojx - pVision — pd
File Edit View Project Flash Debug Peripherals Tools 5VCS  Window  Help
NEE@| % B[9c|es [ PRER|ESEEL] Mae(@-e oo al@]
B BP0 AR S
Registels\ 3 E3 Disassembly L « |
Value % 87: { ’ 7 2
* USER CCDE BEGIN 1 * . .
nButtgn Disassembly Window
' Q0: /* USER CODE END 1 */ ~
£ >
B starlup_stmszgn?m.s/V ] main.c ] v X
80 /* USER CCODE END 0O */ ~
81
OKFFFFF... 82l/** _ L )
83 * @brief The application entry point.
OxFFFFF... ma . 1 ;
<FFFFF. 5 : fretval int
OeFFFFF.. : 4 . .
O<FFFFF_ 86 int main(woid) .
orrerr P 87 B Program counter position
20000 :: /* USER CODE BEGIN 1 =/
1] f* USER CODE END 1 */ H H
o1 Files Window
¥ Banked G2 f* uco configuration-----————————H—("--—-—+-+-#"-++-"—+"+"-H—“"—-"+"-"-—-"- """~ *f
- System 23
= Intemal 94 /% Reset of all peripherals, Initializes the Flash interface and the Systick. */
- Mode Thread a5 HAL Tnit(}:
Privileged 2
MSP i) f* USER CODE BEGIN Init */
. a8
Reglster a5 /* USER CODE END Init */
. 100
WlndOW 101 /* Configure the system clock =/
| 102 SvstemClock Confiog(): v
Eproject | £ Registers < >
Command Command WlndOW 2 B3 Memory 1 emorv Windowe< n @
Funning with Code Size Limit: 256K ; P4 A
Load "blinky\\blinky.axf" Address: |
ASS5IGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE | @CallStack—Locals |Memory1

life.augmented ST-Link Debugger +1: 0.00000000 sec L:87 ¢ CAP NUM SCRL OVR| RAW



Step 4: Toggle The LED mmm

. . . Project I
In the Keil uVision5 IDE: 2% Project: blinky
. . . L5 blin
« Expand the file tree and open the main.c file E*ZB ,,.kf';p“caﬁwmmm
- Add the following code inside the while(1) loop (~Line 118(*) in L gy oo
“main.C”) | L] main.c |
L] stm32glecit.c
. . .j strm32glho_hal_msp.c
HAL_GPIO_TogglePln (GPIOA, GPIO_PIN_S) ; L B8 DrteasSTVEDGOO, HAL Drive
. [ Drivers/CMSIS
HAL Delay (100); i
/114 /* Infinite loop */ N\
115 /* USER CODE BEGIN WHILE */
116 while (1)
117 & {
118 HhL_GPID_TDgglEPin (GPIOL, GPID_PIN_E} H
119 HAL Delay(100)
\ 120 /* USER CCDE 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.txt”
(*) Linenumbers throughout the presentation are given for STM32CubeMXv5.0.1 and
‘W STM32CubeGO Libraryv1.0.0 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'
» "Bblinkyiblinky.axf"™ - 0 Error(s), 0 Warningi(s).
Build Time Elapsed: QO :00:00

Build target files
243 A,

o i

- Click the “Start/Stop Debug Session” button | soc @@
(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.
[ avision o S .
kb . Note: To correct the Syntax error in the
Syntax error in Options Block - line 17: Startu p_Stm 329 07 1X- S.
et - Remove “<h2><center>&copy;” from line 17.
- Remove “</center></h2>" from line 18.
* Click the “Run” button (F5) s(B)P | & ao
iegisters Run (F5) E
Redqister Start code execution [

 Enjoy the flashing GreenLED (LD4)!

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

Objective:

* 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.



CK_INT - Trigger
ITR1 = Trigger/clock |output
ITR 2 —» controller >
ITR 3 =¥
ITR 4 —»

i

16-bit prescaler

I

Auto-reload

+/- 16/32-bit counter

Inputs

|

Outputs

Capture compare

HIL

5\
111
P -

life.augmented

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




STM32GO0 timer instance featureS mma

Feature TIM1
GOIEMEEE SBmiel) (General-Purpose) (Basic) (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 4 - - - v
Synchronization | Master v v v - 4
Slave v v - - v -

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

» CH1/CHIN » CH1 » CH1 » CH1/CHIN » CH1/CHIN

» CH2/CH2N » CH2 » CH2

» CH3/CH3N » CH3

» CH4 » CH4

» CH5 and CH6 output only, not

available externally
v v

Trigger input

Lys
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STM32GO0 timer instance features

Feature TIM1 TIM2 TIM3 | TIM6 | TIM7 TIM14 TIM15 TIM16 | TIM17
(Advanced
Control)
Input capture mode 4 v - v v
PWM input mode v 4 - v -
Forced output mode 4 4 - v v
Output compare mode 4 4 - 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
Retriggerable one pulse mode v 4 - - v -
Encoder interface mode 4 4 - - -
Timer input XOR function v - - - v -
DMA v v v - v

Lys
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Lab: Rename the project m==

* 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)

L ™
m Save Project As u

Save In: | Ju blinky v| B m B8 ﬁ'_
F||E 1"-""" . Drivers
, Inc

, MDE-ARM
, Sre

— — — -

= New Project ... Ctri-N I
Load Project ... CirL

Folder name:  [C\STM32G0Workshop'HandsOn\pwm|
= = = . . v|

37
”
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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
TIM2 Mode and Configuration

Slave Mode [Disable ~]

Trigger Source |Disable

Channel1 [PWM Generation CH1

Channel3 Disable
Channel4|Disable ~]

LPTIMA1
LPTIMZ

EEEREEEEEEREEEE

1ete
ame
Search (Crti+F) @ ')
’l Connectivity > sunter Seftings
Presca ler (PSC - 16 bits value) 0

. i i >
life.augmented Multimedia Counter Mode Up



Remapping Timer 2 CH1 output to PAS

- 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 can calculate Timer parameters for 1 Hz period @ 50% duty cycle
* If we choose Timer input clock to be 8 MHz

* Let us say the prescaler is div-by-128; 8MHz/128 = 62500 Hz

» So, prescaler register should be 128-1 =127 (actual divide is PSC+1)
* If we set Period = 62500; Pulse = 31250, we get 1 Hz Period @ 50% duty cycle



) ) Clock Tree Configuration
iy Windon 5 HaY x5

pwm.ioc - Clock Configuration GENERATE CODE

Clock Configuration Project Manager Tools

', Resolve Clock Issues

- To Power [MHz)

-I:|Tc RTC [KHz) - HL;LI\ to AHB bus, core,
marmnrr and MRS TRAH =L
| 4 M -—TDCnrtex System timer (MHz
32 KHz
Enahle C... o WD () FCLKCDrtE: clock (MHz)}
o IWHEIRRZE gyctem Clock Mux
LSE _| & SR RT———
=0 24 MFz mexPCLK APE peripheral clocks (MHz)
S HEI
11 Lo ® SYSCLK (MHz) AHB FrescelEr HCLEK [MHZ] AFE FPrescalgr
HSE O_._ 12 g | 1~ X1 TRCLK APE timer clocks (MHz
PLLCLK| pre—
PLL Source Mux =)
HSI RC ¥ ?/ )
- AHSI (@ o i TIM1 Clock Mux o TIM15 {MHz)
o | e Enter 8 (MH dsth ress” ?
el £ MH
put freque MR ]" 1~ X8 vj{i2 v nter Z)an en pregb b TIMA (MHz)
| 8 | I] HSE O/ N iR FLLQ | . S

for HCLK (systermrelock) ™
PLL “svsel

0

R . — |0
P LPUARTY Clock Mux Lo _.'i:lTC USARTY [MHz)
PCLK . — O
—= 0" SE
SYSCLUK —
MCO Source Mux s 0 >
HSI '-—I:lfc LPUART1 [MHz)
v =F —0
o | LSE LSE z US_r.RT2 .:\Icclr Mux
LS - '/,r PCLE .n
el =0 _..I:lrc ADC {MHz) E_E:’__.
O - PLLF LPTIM1 Clock Mux _ O o USART2 (MHs)
HSI 18 — HS o USA [MHz}
Hz) MC 3“‘I:I‘ .- o - 9‘ PCLK —0
life.augmented & . FLLCL — | SEalo.
S 12C1 Clock Mux == -




TIM2 Configuration — 4 steps

TIM2 Mode and Configuration |

Configuration

Reset Configuration

Select the Pinout & Configuration

@ GPIO Settings
@ Llser Constants
- In Parameters Settings of the TIM2 ® B
Q [Search (CAFF_ | ® ©) L
. . ~ Counter Settings
¢ Conflgure 1 HZ tlmer Prescaler (PSC - 16 bits value) 127 ’
_ Courer moae o
* Prescaler=127 ’ | Counter Period (AutoReload R... 62500 | ‘
e Period = 62500 ’ Internal Clock Division (CKD) Mo Division
auto-reload preload Disable
= Trigger QGutput (TRGO) Parameters
« Set CH1 PWM Master/Slave Mode (MSM bity  Disable (Trigger input effect not delayed)
Trigger Event Selection TRGD Reset (UG bit from TIMx_EGR)
* Pulse =31250 ‘ ~ Clear Input
Clear Input Source Dizable
= PWWM Generation Channel 1
Mode PWH mode 1
Pulse (32 bits value) .
=R W ) (e Lisgiie
CH Paolarity High

Lys
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| Generate Source Code
- Generate Code © ﬁ Oy -

m Code Generation hod

* Click Open Project

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

Open Folder || Open Project

* 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);

4 )

113 | /* USER CODE BEGIN 2 */
114 | HAL TIM PWM Start (ghtim2, TIM CHANNEL 1);
115 | /* USER CODE END 2 */

r” . J
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* Click the “Build” button

= >

Lo

Build (F

Build target files

o e

« Click the “Start/Stop Debug Session” button

- Click “Run” button w@p| oo eu

legisters Run (F5)

Register Start code execution

54

* Enjoy the flashing LED (LD4)!
» LD4is flashing using the PWM Timer

Build the Project

@ ecoaE]x

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




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

Objective:

* 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: LPUARTIL, LPTIMx, LSE_CSS and
- GPIO, PVD, and COMPX UCPDx

Lys
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EXTI - block diagram

AHB Lite Control and status registers
16 .
GPIO port A /16 N Con;‘il%unrgble
gg:g pog g 1116 J EXTI |2 — > Peripherals
GPIO Egn D 1/16 J mux | " p
GPIO port F a oy wakeup
c_wakeu
Berinherals without Configurable events — p . PWR
eripnerals withou
interrupt flags Event Event .
trigger Masking Cortex®-M0+
- . EVG > Event input
Irect events
Peripherals with A
interrupt flags
EXTI NVIC

EVG: EVent Generator

Lys

life.augmented



NVIC - Overview mmm

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

« Power management control Application 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 1O that is connected to the User Button (connected to
PC13) to toggle the LED LD4 (connected to PA5) on the STM32G0 Nucleo board.

mmmmmmmmmmmmmm

mmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmm

GPIO_EXTNS (g

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

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

S HEIEE S B EEEEEEEEE

mmmmmmmmmmmmmmm

Lys
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GPIO Configuration
» Select GPIO under System View . _

tview === System view

C—-J

Configuration

* Click on Pin Name PC13 ’

(1 Group By Peripherals
Make sure GPIO r_nodg s External B TS JoP0 .| GPIO.. |GPIOP. |Haim..|Fas . |User L. odifed
Interru pt Mode with R|Smg edge ‘ PAD  nia Low  OQutput.. Nopull..Low  nfa O
trigger detection” PC13_nia_ nla _ Bxtem. Nopul_nla  nia n ]‘
-PCA13 Configuration : !
I_GP 0 mode Externa nterruE Enae wnE EmmE EEEE tnEEer Eetec...*
GPIO Pullu... Mo pull-up and no pull-down v

‘ ’I | User Label

life.augmented




NVIC Configuration

» Select NVIC under System View

MVIC &

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

MWVIC Mode and Configuration

Configuration

@ WVIC ] @ Code generation

[J Sort by Premption Priority and Sub Priority

Search |~< (CrtiHF) | (© (& [O Show only enabled interrupts
MVIC Interrupt Table Enabled Preemption Priority

Man maskable interrupt

Hard fault interrupt

System senvice call via SWlinstruction
FPendable request for system senvice
Time base: System tick timer

PVD interrupt through EXTI line 16
Flash global interrupt

RCC global interrupt

m [EXTTTine 410 15 interrupts

life.augmented
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Generate Source Code

© oy -
 Generate Code

m Code Generation -
* Click Open PrOj ect o The Code is successfully generated under C:/STM32G0Waorkshop/HandsOn/exti
Cpen Folder § Ope

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

66 /* USER CODE BEGIN PV #*/

uint8 t PC1l3 flag = 0; 67 wuint8 t PCl3 flag=0;
— — 68 /* 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 (~line 198)

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

{

PC13 flag++;

if ( ( PC13 flag & 0x01 ) == 0x01 )

{

HAL_GPIO_WritePin(GPIOA, GPIO_PIN_5, GPIO_PIN_SET);

}

else

{

HAL_GPIO_WritePiD(GPIOA, GPIO_PIN_5, GPIO_PIN_RESET);
} (" 197 /* USER CODE BEGIN 4 */ )
} 198 void HAL GPIO EXTI Rising Callback(uintlé t GPIO Pin)
193 O{
200 PC13 flag++:
201 if ((PC13_flag & 0x01) == 0x01)
2020 {
203 HAL GPIO WritePin (GPIOA, GPIO PIN 5, GPIO PIN SET):
204 | } B B - -
205 el=se
206 0 |
207 HAL GPIO WritePin(GPIOR, GPIO PIN 5, GPIO PIN RESET):
208 | 3
"’ 208 L}
Lo augmented \ 210 /* USER CODE END 4 */ y




Build the Project mmm

* Click the “Build” button

T |_
¥] Build (F7)
Euild target files

-

@ ecoealmls

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

» Click the “Start/Stop Debug Session” button

- Click “Run’” button o DT e
iegisters Run (F5) s
Register Start code execution [%

* 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

Objective:

* 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.



Low Power ModeS mmm

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

RUNGngebmea: oo g
Wakeup 7 low-power modes, several sub-modes
Application benefits
14 ps STANDBY + SRAM 320 nA/670nA*
258 us SHUTDOWN 40 nA/380 nA

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

Lys
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Stop 1 mode ==

ilabl iheral (Flash memory not powered: ) Wakeuptimeto 16 MHz:
Available peripherals > WORTC:1.3pA@ 3.0V > In SRAM: 5 ps
[ GPIO | V/Os kept, and configurable > w/ RTC:41pA@ 3.0V > In Flash ON: 5 ps
{ ggﬂé } @ Flash memory powered: » In Flash OFF:9 ps
( PVD ] =3 K> WORTC.:7.0pA @ 3.0V )
[ USART ]
[ LP UART ] Cortex MO+ } [ Main regulator (MR) ]
12C 2 -
~ SPI e B Wake- ven
[ ADC ] ' ™\ ake-up event
[ DAC ]
[ COMP ) Flash SRAM
Terfll_?rr?eergsor R ory (36 Kbytes) Low Powerregulator (LPR) up to 2 MHz
[ LPTIM1 ] VAN J
E LKA-,I-[I)'\(A;Z i Backup domain
WWDG : :
[ Systick Timer ) Backup Register (5x32 bits)
% — % RTC & TAMPER
( AES ] Available
[ CRC ] clocks
[ CEC ] (_HSI16 )
"I % I—II_SIIE % : Clocked-off Cell in power- Available
S Active cell :
life.augmented ( LSE ) cell down Periph and clock




STM32G0

VDD

Power VBAT
switch

RTC

LSE
PC14 PC13

Jj 32.768 kHz

!

Lys
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RTC - Overview

* 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

Application benefits

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




7-bit

rtc_ker_ck
LSE (32.768 kHz) — ~
HSE/32 RTCCLK R
LSl —

RCC_BDCR [RTCSEL]

pclk

APB bus

prescaler

RTC - Block diagram

15-bit ck_spre (1 Hz)

Calibration Asynchronous Synchronous > Calendar
prescaler

-

CALIB_

—# RTC_OUT1

Alarm A

v

ALARM

Alarm B

vV vV VY

TAMP — @ RTC_OUT2

16-bit wakeup auto-reload timer

A

tamp_ewt

switch to VBAT

Lys

»
»

TAMPOE

) TAMPALARM

Timestamp

: —8 RTC TS
detection -

RTC

life.augmented - RTC not affected by system reset when clocked by LSE



Lab: Low Power

* Close Kell 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 mm

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

E(.Ij El I 1..| A gapazar L
PC14-08032_IN ; ::};
PC15-08C32_OUT :
R32 ;:m
ppg |30 PO bR IR
po =L _PDI 3
Py |52 PD2 X32158A-32.T68K
C [ 53 FDa h
PD3 15— [—s
P |5 PDS
P |56 PD6 24 ==
ppf |_0__POB SEI0 = ||II 56pF 5 pF
a TH
phe |AL_PDY SEX0 =< VoD |

* In the pinout tab, expand RCC and choose Crystal/Ceramic Resonator for Low Speed Clock
(LSE) clock:

COptions Q| V| RCC Mode and Configuration
Categories | A-=Z
High Speed Clack (HSE) [Disable v|
System Core hd
O osc enable
DMA l Low Speed Clock (LSE) |Crysta|.-”Ceramic Resonator VI GPIO_EXTI3
GFIO [ 05C32 enable $ RCC_O3C32 1N
WDG RCC_OSC32_0UT
[ Master Clock Output

[ LSCO Clock Output

r WWDG [ Audio Clock Input (125_CKIN)

life.augmented




Enable and Configure the RTC

* In the Pinout tab, under Timers, expand RTC

Timers -
LPTIMA
TIM2 RTC Mode and Configuration
TinA? - Mode ]
» Check the Activate Clock Source (= Activate cock Source

O Activate Calendar

Alarm A [Disable |

Alarm B |Di53:|e |

O Timestamp

« Select Internal Wakeup for the Wakeup mode ((WakeUp [inermal WakeUp i v
0 Tamper 2
Calibration [Disable v |

[ reference clock detection

Lys
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Choose RTC clock source m==

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

Pinout & Configuration Clock Configuration

9 O
RTC Cleck Mux
HSERTC [
132 » O
Input frequency
LSE
LSE [ ] & 32758 |To RTC [KHz)
LS| RC
KHz LEl
1 - D
32 Kz Jﬁ
- R
To IWDG [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
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RTC configuration

Wakeup Counter Calculation:

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

* WithRTC 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 mmm

« Based on previous calculation we will configure the RTC
* In the Pinout & Configuration tab, clickon RTC

* Enter the following configuration:

Configuration

@ User Constants @ MNVIC Settings
& Parameter Settings

IConfigure the below parameters -

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

Asynchronous Predivid... 127
Synchronous Predivider... 255

w 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 | @ User Constants [ REACTSetiings

MYIC Interrupt Table Enabled | Preemption Priarity
RTC and TAMP interrupts through EXTI lines 19 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:

MVIC Mode and Configuration

@ IVIC | @ Code generation

[ Sort by Premption Priority and Sub Priority

Search |Search (CrtH-F) | @ @ [ Show only enabled interrupts
MVIC Interrupt Table Enabled | Preemption Priority

Mon maskable interrupt

Hard fault interrupt

System senvice call via SWI instruction

Pendable request for system sernvice

Time base: System tick timer

PyDinterpyot throngh E¥Tl line 15

RTC and TAMP interrupts through EXTI lines 19 and 21
Ei =] In.il =t 3 m_.:i-

=

(T qrao Al THeTanT
‘ ’l EXTlline 4 to 15 interrupts

life.augmented
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Generate Source Code

* Generate Code

oo

Tools

* Click Open Project

m Code Generation it

o The Code is successfully generated under C:/STM32G0Woarkshop/Hands On/lowpower

Cpen Folder § Cpe

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) ;
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);

// reconfigure system clock //::plﬁnﬂehw_, *\\\

life.augmented

: 118 * USER CODE BEGIN WHILE *
SystemClock Config(); B !
* * 120H |
/ USER CODE END WHILE / 121 HAL GPIO WritePin(GPIOA, GPIC_PIN §, GPIC_PIN SET);
122 HAL Delay(1000);
123 HAL GPIO WritePin(GPIOR, GPIO_PIN S5, GPIO_PIN RESET):;
* * 124
/ USER CODE BEGIN 3 / 125 J// enter STCOP mode
} 126 HAL PWR EnterSTOFMode (PWR_LOWPOWERREGULATOR_ON, PWR_STOPENTRY WFI):
127
/* USER CODE END 3 */ 128 // reconfigure system clock
129 SystemClock Config():
130 /% USER CODE END WHILE */
131
132 /* USER CODE BEGIN 3 "/1
133 - )
134 /% USER CODE END 3 */
> Y,




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 1 :
if (hrtc—>Instance==RTC) ;J;g — [ x | | ] main.c ] stm32ghox hal msp.c | ] startup_stm32g071wcs
roject: str32g0_la 100 0/ **
{ =R str32g0_labd 101 * @brief RTC MSP Initialization
/* USER CODE BEGIN RTC MspInit 0 */ 05 oo B |- e oo comrimes o pasauase seomucos
104 | * @retval Nor
-5 Application/User 105 Ly = e
/* USER CODE END RTC MspInit O */ @[] mainc 106 void HAL RTC MspInit (RIC_HandleTypeDef* hrtc)
/* Peripheral clock enable */ oL stm32goc e i
HAL R RT ENABLE . Ij stmﬂ?_g{boc_hal_msp.c 109 if (hrte->Instance==RTC)
- - CC_ C_ ( ) ’ 3 Drivers/STM32Ga HAL_Driver 1100 |
/* RTC interrupt Init */ B0 Drivers/CMSIS 111 /* USER CODE BEGIN RTC MspInit 0 */
112
HAL NVIC SetPriority(RTC TAMP IRQOn, 0, 0); 113 /* USER CODE END RTC MspInit 0 */
- ~ - o 114 /* Peripl 1 clock enable */
HAL NVIC EnableIRQ (RTC TAMP IRQn) ; s AT RCC RTC ENASIE():
/* USER CODE BEGIN RTC MspInit 1 */ BB | o fic Setresorisy (RIC_ TANE TRGR, 0, 0):
HAL, RCC RTCAPB CLK ENABLE(); 118 HAL NVIC EnableTRQ(RTC TAMP TRQn);
— - — — — \ 119 /* USER CODE BEGIN RTC MspInit 1 */
/* USER CODE END RTC MspInit 1 */ 120 | _ HAL RCC RTCAPB CLK ENABLE();
- 121 /* USER CODE END RTC MspInit 1 */
} 122 } B
123 |
124 |}

}

Lys
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Build the Project

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

et Lt Build (F7)
Build target files
2% A, ’

o e

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

( %3 D stm32g0_lab4d iX | &

LoAD

§4 Download (F8) E

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

* Press Reseton 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 duringthe 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

Objective:

» 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” projectin STM32CubeMX

* Click on the Tools tab in STM32CubeMX

» Select 3V for VDD

TA 25°C 7T FDD 3.0V w
T ambient 25°C
Voo l 3.0 Vl

* 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 |
In Series 5 In Parallel E
Lapacity 2550.0 mAn

r Self Discharge 0.3 %/month
'I 3.0V

Mominal Woltage

life.augmented Max Cont Current 1000.0 ma



Adding a RUN mode step gum

107
[ Edit Step e
Wl Enakle All IPs | Disable All IPs SGEREREER NI
° Ad d a. Step tO OU r power Seq U en Ce r Power/Memory Enables the IPs selected in the Pinout tab UekEEIE e
. Peripherals oinal [0
; P P Mod RUMN GrRIo4| |erIoc| |RTC

. Click: Step..Add T — owerlieds | I8 (i

Power Range [Range2-Medium v (svs-vReEFBUFICOMP1]
@ [] fs_10_ksps

Memory Fetch Type [FLasH | [] fs_1_Msps

LN Add a step Voo |3_|;| V| [ fs_2.5_Msps
T 11 o Ape e

[] BusMatrix

+ Configureafirst step: RUN mode Cocks O cre
CPU Freguency 8 MHz ] ||| v pact
* 8.0 MHz Range2 RUN mode

[] ouT1+0UT2-Buffe

| [J] ouT1+0UT2-Buffe

» from Flash at 3V from battery User Choice (Hz) [] OUT4+0UT2 Butfe
Clock Configuration HSI v [J ouT1-Buffer_OFF-

* HS' ClOCk : | | [] ouT1-Buffer_ON-P
[] ouT1-Buffer_ON-V
r Optional Settings [] ouT2-Buffer_OFF-
[] ouT2-Buffer_ON-D

Voltage Source |E|atter'_.r V|

Interpolation Ranges |

Clock Source Freguency |Sr.1Hz v|

* Enable IPs from Pinout function

e Duration: 1 second

Step Duration |1 ||3 V|
. QUTZ2-Buffer_ON-V
e Click “Add” Additional Consumption [0 [[ma V| O IEGMCU e
-Results ] oma
. . Step Consumption  [888.25 pa | [J FLASH
* Resulting step consumption should be 955 2504 Wiout Peripherals B35 A | GPIOA
. O crioB
Peripherals Part |53.25 pA (A3 pa -D: 4525 pA) | M GpioC
W
Ta Max (*C} [129.81 | [LGPion
rWarnings

Lys
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Add a STOP1 mode step

[ Mew Step X
O IELEEA NN AN Enable [F's from Finout
r Power/Memory r Peripherals Selection r Enabled Peripherals
Power Mode [sTOP1 v| ||| Peripherals
O wos*
Power Range |r-IcRangE v|
O Lemmire
Memory Fetch Type |FIash-ineanwn V| (m
Voo |3.U v| RTC*

- Add a second step: STOP1 mode Votage Source jpatery V]

r Clocks
« STOP1mode - H
CPU Fregquency [16 MHz v|
o FlaSh |S POWGI‘ DOWﬂ mOde at 3V Interpolation Ranges | |
° ClOCkS HSI 16 MHz lser Choice (Hz)
« RTCenabled (to wakeup the system) CockConfuraon {15 vl
Clock Source Frequency |1E MHz v|

 Duration: 5 seconds -
r Optional Settings
® CI|Ck “Add” Step Duration |5 ||s v|

Additional Congumption |I} ||mA V|

r Results

* Resulting step consumption should be =.4 uA

Step Consumption |2-.4 uA

Peripheralz Part |IJ na (A 0n&-D:0nA)

|
Without Peripherals [3.4 pA |

Ta Max (C) fr30

rWarnings

Lys
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Add a Wakeup from STOP1 mode step

m Mew Step
= Enable All IPs  Disable All IPs  Enable IPs from Finout
- Power/Memory - Peripherals Selection —
Power Mode [WU_FROM_STOP1 | |§|Peripherals
Power Range [MoRange ~|
Memory Fetch Type |FIﬂEh-Pu:'-.‘.'ErEc'-:.'n vl
Voo E) |
- Add a last step: Wakeup from STOP1 mode Votane Souree — <]
« VDD =3V Comhe
* \oltage source: Battery CPU Frequency [16 MHz ~|
» Click “Add” nterpolation Ranges | |
U=zer Choice (Hz)
+ Resulting step consumption shouldbe 1.21 mA Flock Configuraten s ~]
Clock Source Freguency 16 MHz S |
r Optional Settings
Wakeup time |9_|] "l-ls e |
Additional Consumption |I] ||mA vl

- Results

Step Consumption |1 21 mA

Without Peripherals [1.21 mA

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

r Ta Max (*C} [129.76
' I |—Wa rnings
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Average Current Consumption Result

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

-Sequence Table
| step | mode |  Vpp | RangeiScale CPU/Bus Freq| Clock Config | Peripherals
_EEI__ Range2-ledi... _Eﬂ_m GPIOA GPIOC__|988.25 LA _
STOPA MoRange Flash-Power... 16 MHz HSI RTC* 34 LA
3 WU_FROM_S.. 3.0 MoRange Flash-Power... 16 MHz HSI 1.21 mA Q.D Us
rDisplay
[Plot- All Steps v @
Consumption Profile by Step

— 1.25

= )

E 1.00 : : ."\ ERUT:

=

L 0.75

e

o

g 0.50 1

2:5TOP
2 025/ |
S ¥
0.00-, : , : : : : : : : : : ,
i 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 5,000
Time (ms)
= [dd by Step = Average Current
‘ ’I Sequence Time { Ta Max 6s/129.76 °C Awverage Consumption 167.54 pA

Battery Life Estimation 1 year, 9 months, 26 days, 20 hours Average DMIPS 10.0 DMIPS
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Optional Lab: printf() debugging using UART
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Lab: printf() debugging using UART

Objective:

« 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

L s

- e (e
=

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

LPUARTL1 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/RXFIFO X - X

r TX/RXFIFO size (dataword) 8 - 8
) /4
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e Create New Project

CubeMY

- In STM32CubeMX, click “Home’ TR

E m MNew Project from a MCU

» Click Access To MCU Selector® |~ . . . U,

Part Number Search v i STM32G0T1RB

Bioard Selectar

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

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

| need to :

Unit Price for 10kU (US§): 1.49
o8 ) Active $
Productis in mass production Boards: NUCLEO-GO71RE - STM32G071E-DISCO " LOFPE4
- Series M
Start My project fro._.
Check/Uncheck Al
ACCESS TO MCU SELECTOR [ sTm3260 MCUs List: 2 items Display similar items

T N [ < | Pario | Reference  Marke.lUntPicefortOk.]  Boad | Pactege | Flash [ RAM |10 | Freq |GFX Sc. HMAC] HDS|SHA|
ine

e STIA2G0T1 liesa e - T e ———
W " STM32GO71RBTx  Aclive 149 LOFPG4 128 kByt.. 36 kBytes 60 64 MHz 0.0 0 00

Package ?

Other M

&\ce From 0.0to 1.49

» Select STM32G071RBTx @ S %

10 =60
L

- LQFP64,128KB Flash Rkl

Flash =128 (kBytes)
L

Ram = 36 (kBytes)
L

* Double Click @
Kys —
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GPIO Configuration additions

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

Pinout & Configuration Clock Configuration

* Use PA2 & PA3 for Tx / Rx pins:

» These are the alternate mapping pins (PCO/PC1 are default)
* So need to remap

PFZ .. ,
LPUART1_RX EI |
LPUARTI_TX : >

PC2

LPUARTL_T¥ |fak
LPUART1_R¥ |l

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

ha | o) Resolve Clock Issues

RTC Clock Mux

HSE o] HSERTCIH.
=1 | 64 |To Power (MHz)

Input freque
|32 76 | E[:] LSE | O -I:ITc RTC (KHz) =% HULK to AHE bus, core,
. LS| RC marmaarr and DA TRAH =L
l.‘/ TD Cortex System timer {MHz]
32 KHz -,
Enable C... o - -E-dr FCLK Cortex clock (MHz)
- To IWDG [KHz) System Clock Mux
LSE |5y &4 MHz maxPCLK
*) B - AF'EI- peripheral clocks [MHz)
[ HSI o)
i1 Lol SYSCLK {MHz) AHE Prescgler HCLK (MHz) | AFPB Prescalgr
HSE TPCLK
»Ole| 54 b——a-| i1 W —-| 64 |4--{ i1 ] {1 - AF"EHimer clocks [MHz)
PLLCLK ErET—
- @ 54 Mz mes TIM15 Clock Mux
PLL Source Mux LSl TPCLH ™
O CLH
HSI RC | — W
-+HEle @Y pLLM - TIM1 Clock Mux __I:Irc TIMA5 [MHz)
N 16 MHz B 1 v x8 ~v|[i2 ~ = Enable C... l:i;-:‘i —» O
HSE - o TIM1 [MHz)
| 8 | E[:] HSE ’——hl- O, M " FLLG — - ...I:IT
4-48 MH= . PCLE
| = FLLP L~ . .
PLL |2 5 —5:'_|G
P LPUART1 Clock Mux ’ _._I:lrc USARTY [MHz)
PCLK [ —= 0
—~ LSE
SYSELIE —= O
MCO Source Mux ADC Clock M i e
oc L HSI L -.I Gd | o LPUART1 (MHz}
- - R I~ - D‘
- LSE =) = L USART? [l LN B3 Jul:.:
— - LSE
F:J = N —-QJ o
— e = il
” O|= 351 ey S To ADC (MHzl pap:
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LPUART1 Configuration

* Click on the Configuration tab and select LPUART1

- Parameter Settings tab

* 115200 Bits/s ® MVIC Settings ® DhA Settings ® GFIO Settings
« 8-bit word |ength & Farameter settings @ lUser Canstants
- No parity bit Configure the below parameters :
« 1 Stop bit Q | ® ® i
» Keep Default settings for the rest - Basic Parameters e ~

Baud Rate 115200 Bits/s

Word Length 8 Bits (including Parity)

Parity Mone

Stop Bits 1

\_ J

Lys
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Generate Source Code

* Open Project Manager

1§
Project Manager
xl u

Project Name

» Set the project name (printf) and the project location | |
(C:\STM32G0Workshop\STM32G0\HandsOn) e
.l CASTM32G0Woarkshop'\HandsCOn |
- Set the IDE Toolchain to MDK-ARM V5 Appleation Structure

Basic ~ | [ Do not generate the ma...

AP, Toolchain Folder Location
LAQ): > ’ - .
_q"l n . ' |C:‘nSTI"u'1 J2G0Workshop\HandsOn\printf,

GENERATE CODE Toolchain / IDE
@ [voiarmvs <] o
~‘

+Linker Settings

Minimum Heap Size
Gen erate COde Minimum Stack Size

m Code Generation ot

 Click Open Project | |
r o The Code is successfully generated under C:/STM32G0Warkshop/HandsOn/printf
’ ’ i Open Folder @ Open Project
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Adding printf redirecting code in main.c

1- Add the stdio include:

44 /* Private includes ———————————-
45 J/® TUSER CODE BEGIN Includes */f
46 Finclude <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 PRCTOTYPE int fputc(int ch, FILE *f)
/* Private function prototypes -—-————————————————— */ i /" USER CODE ERD FFP */

#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 01
{ , , 244 HAL. UART Tramsmit (¢hlpuartl, (uint8 t*)&ch, 1, OxFFFF);
HAL UART Transmit(&hlpuartl, (uint8 t *)é&ch, 1, OXFFFF); 245 return ch:
}

return ch; 246

} 247 J* USER CCDE EWND 4 =/
" /* USER CODE END 4 */
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Adding application code in main.c

. . - . . 117 f* Infinite loop */f
Add application code in main loop: l1s /% USER CODE BEGIN WHILE */
114 while (1)
120 1 |
. . 121 printf("** Hello World ** ‘“m\r™):
/* USER CODE BEGIN WHILE / 122 HAL Delay(1000):
while (1) 123
{ 124 /* USER CODE END WHILE */
printf ("** Hello World ** \n\r" 125
HAIL Delay(lOOO); 126 /* USER CODE BEGINMN 3 =/
/* USER CODE END WHILE */ e !
128 /* TUSER CODE END 3 */
]

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 ¥irl ~ Pz Ll -
Baud rate: [[EIE w
Cancel Help
Data: 8 bit e
. . . Parity: none ~
* You should see the printf message being displayed. N o

op: i w
Wi 1 Flow control: none w

Wi Lal

Wooes Led

Lo Led
Wioe 1ed
W= 1l
o= 1el
Wlawas Ll
Lo Ll
Lo Led
LW Ll
Wise 1el

-
-
-l
=
=
=
-
-H
-l
=
-
-
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@ Summary

Q Efficient (Power, Performance and Cost)

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

e Simple (Easy to configure and develop code)

www.st.com/stm32g0
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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://mww.surveymonkey.com/r/SWBPJEFE

Thank you!



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

