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Introduction

This reference manual provides complete information on how to use the
STM32WL30xx/31xx/33xx MCU memory and peripherals.

The STM32WL30xx/31xx/33xx are powerful and ultra-low-power microcontrollers with
sub-GHz radio with an Arm® Cortex®-M0+ core which can operate with various clock
sources.

The STM32WL30xx/STM32WL31xx/STM32WL33xx are microcontrollers with different
memory sizes, packages and peripherals.The devices include ST state-of-the-art patented
technology.

STM32WL33xx TX-only device variants (STM32WL33xx-X) are also available. These
variants support only the transmitter capability of the Sub-GHz radio IP (MRSUBG).

In this document, any reference to STM32WL33xx devices is also valid for
STM32WL33xx-X devices (the only exception being the Radio receiver capability).

Related documents

e STM32WL30xx datasheet (DS14855)

e STM32WL31xx datasheet (DS14836)

e STM32WL33xx datasheet (DS14221)

For information on device errata with respect to the datasheets and reference manuals:
e STM32WL30xx errata sheet (ES0653)

e STM32WL31xx errata sheet (ES0652)

e STM32WL33xx errata sheet (ES0612)
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General information

For information on the Arm®@) Cortex®-M0+ core, refer to the corresponding Arm®

Technical Reference Manual, available from the http://www.arm.com website.

arm

List of abbreviations for registers

The following abbreviations are used in register descriptions:

read/write (rw or R/W) Software can read and write to these bits.
read-only (r or R) Software can only read these bits.
write-only (w or W) Software can only write to this bit. Reading the bit returns the reset value.

read/write-once (RWOnce) Software can read these bits but write is only allowed once.

read/clear (rc_w1 or RWC1) Software can read as well as clear this bit by writing 1. Writing ‘0" has no
effect on the bit value.

read/clear (rc_w0 or RWCOQ) Software can read as well as clear this bit by writing 0. Writing ‘1" has no
effect on the bit value.

read/clear by read (rc_r or Software can read this bit. Reading this bit automatically clears it to ‘0’.

RC) Writing ‘0’ has no effect on the bit value.
read/set (rs or RWS1) Software can read as well as set this bit. Writing ‘0’ has no effect on the
bit value.

read-only write trigger (rt_w Software can read this bit. Writing ‘0’ or ‘1’ triggers an event but has no

or RWH) effect on the bit value.
toggle (t or RWT1) Software can only toggle this bit by writing “1’. Writing ‘0" has no effect.
Reserved () Reserved bit, must be kept at reset value.

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
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Glossary

This section gives a brief definition abbreviations used in this document:
e The SoC integrates

—  SWD debug port (SWD-DP) provides a 2-pin (clock and data) interface based on
the Serial Wire Debug (SWD) protocol.

e  Word: data/instruction of 32-bit length.

e  Half word: data/instruction of 16-bit length.
e Byte: data of 8-bit length.

e  Double word: data of 64-bit length.

e  AHB: advanced high-performance bus.

e APB: advanced peripheral bus.

e  CPU: refers to the Cortex®-MO0+ core.

Acronyms

Table 1. List of acronyms

Acronym

Description

Absolute time

The absolute time is based only on the slow clock and expressed in slow clock time
unit.

The absolute time represents only the 28 MSB information (without interpolated part)
of the ABSOLUTE_TIME[31:0] Misc register

Interpolated
absolute time

The interpolated absolute time is based on the interpolated clock and expressed in
16 x slow clock time unit.

The interpolated absolute time is represented by the full ABSOLUTE_TIME[31:0]
Misc register.

ADC Analog to digital converter

AES Advanced encryption standard hardware accelerator
AFC Automatic frequency compensation
AGC Automatic gain control

AHB Advanced high-performance bus

APB Advanced peripheral bus

BOR Brown out reset

BPU Breakpoint unit (Arm debug component)
CRC Cyclic redundancy check

DBG Debug

DBM Data buffer manager

DC Direct current

DLL Delay-locked loop

DMA Direct memory access

DMAMUX Direct memory access multiplexer

3
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Table 1. List of acronyms

Acronym Description

FSM Finite state machine

£ oorf In this document, _fref or fxo means the frequency of the high frequency XO (may be

ref = X0 48 or 50 MHz, typically 48 MHz)

fovs ln this documgnt, fsys indicates the digital fast clock provided by the SoC, equivalent
0 XO / 3 (typically 16 MHz)

DWT Data watchpoint and trace (Arm debug component)

GPIO General purpose input output

HSE High speed external clock oscillator

HSI High speed internal clock oscillator

HW Hardware

12C Inter Integrated circuit (communication standard)

12S Inter Integrated (communication standard)

IIR Infinite impulse response

IRQ Interrupt request

IT™ Instrumentation trace macrocell (Arm debug component)

LCSC LC sensor controller

IWDG Independent watchdog

LDO Low drop output

LDO Low drop output

LP Low power

LSB/b Least significant byte/bit

LPAWUR Low power autonomous wakeup radio: acronym given to the signals/registers sub-
blocks of the Wakeup Radio IP

LSE Low speed external clock oscillator

LSI Low speed internal clock oscillator

MCU Micro controller unit

MPU Memory protection unit

MR_SubG Digital radio IP for sub-GHz RF

MSB/b Most significant byte/bit

NVIC Nested vector interrupt controller

OBL Option byte loading

0osC Oscillator

OoTP One time programmable

PA Power amplifier

PDR Power down reset

PLL Phase locked loop

RMO0511 Rev 5 41/1079




General information

RM0511

42/1079

Table 1. List of acronyms

Acronym Description
POR Power on reset
PVD Programmable voltage detector
PVM Peripheral voltage monitoring
RC Resistor capacitor oscillator
RCC Reset and clock controller
RF Radio frequency
RFSUBG Analog radio block used with the MR_SubG IP.
ROM Read only memory
RRM Radio register manager
RSSI Received signal strength indicator
RTC Real time clock
Rx Reception
SMPS Switch mode power supply
SoC System on chip.
SPI Serial peripheral interface (communication standard)
SRAM Static random access memory
SW Software
SWD Single wire debug
SWJ-DP Single wire joint test access group - debug port (Arm debug component)
SYSCFG System configuration
TIM Timer
Tx Transmission
UDRA Unified direct register access (part of the RRM block)
USART Universal synchronous asynchronous receiver transmitter (communication standard)
UDRA Unified direct register access (part of the RRM block)
VCO Voltage controlled oscillator
VREF Voltage reference
WEFI Wait for instruction (arm instruction entering low power mode)
WKUP Wakeup
WRP Write protection
WDG Watch dog
XO External crystal oscillator
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1.4 Related documents
Table 2. Document references
Document .
Name Author Revision
reference
[1] STM32WL30xx datasheet (DS14855)
[2] STM32WL31xx datasheet (DS14836)
[3] STM32WL33xx datasheet (DS14221)
STMicroelectronics | Latest revision
[4] STM32WL30xx device errata (ES0653)
[5] STM32WL31xx device errata (ES0652)
[6] STM32WL33xx device errata (ES0612)
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Memory and bus architecture

System architecture

The main system consists of 32-bit multilayer AHB bus matrix that interconnects:
e  Three masters:
- CPU (Cortex®-M0+) core S-bus
- DMA1
—  Sub-1 GHz radio subsystem
e Seven slaves:
— Internal flash memory on CPU (Cortex®-MO+) S bus
— Internal SRAMO (up to 16 Kbytes)
— Internal SRAM1 (16 Kbytes) only on STM32WL33xx device
— APBO peripherals (through an AHB to APB bridge)
—  APB1 peripherals (through an AHB to APB bridge)
—  AHBO peripherals
—  AHBREF including AHB to APB bridge, and radio peripherals (connected to APB2)
The bus matrix provides access from a master to a slave, enabling concurrent access and

efficient operation even when several high-speed peripherals work simultaneously. This
architecture is shown in Figure 1: System architecture:

The system consists of a Cortex®-M0+ “Radio protocol and application” processor with its
radio sub-system.

There is a single flash memory to be used by the CPU for both Sub-1 GHz protocols and
application management.

The peripherals are located on the different system buses (AHB, APBO, APB1, APB2 for the
radio system). There are up to 2 SRAM banks, SRAMO, which is always power supplied and
SRAM1 (only on STM32WL33xx) that can be programmed to be always on or switchable.
For more information see Control register 2 (PWRC_CR2).

3
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Figure 1. System architecture
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S0: CPU (Cortex®-M0+) S-bus

This bus connects the system bus of the CPU core to the BusMatrix. This bus is used by the
core to fetch instructions, for literal load and debug access, and access data located in a
peripheral or SRAM area. The targets of this bus are all the possible peripherals (the
internal flash and SRAM memories, the AHBO, APBO, APB1 and APB2 peripherals).

S1: DMA-bus

This bus connects the AHB master interface of the DMA to the BusMatrix.The targets of this
bus are the twoSRAMO and SRAM1 (only on STM32WL33xx) banks and the AHBO, APBO
and APB1 peripherals.

S2-S5: Sub-1 GHz radio system-bus

This bus connects the 4 AHB master interfaces of the Radio system to the BusMatrix
through a dedicate 4x1 BusMatrix. The targets of this bus are the two SRAMO and SRAM1
(only on STM32WL33xx) banks and, only for the Sequencer AHB master port of the
MR_SUBG IP, the APB peripherals internal to the MR_SUBG IP.
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21.4

Note:

2.2

2.2.1
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Bus matrix

The bus matrix manages the access arbitration between masters. The arbitration uses a
round-robin algorithm. The bus matrix is composed of three masters (CPU, DMA1-bus and
radio-system bus) and seven slaves (FLASH, SRAMO, SRAM1 (STM32WL33xx only),
APBO and APB1, AHBO and AHBRF).

Bus matrix 4x1

The bus matrix 4x1 manages the access arbitration between 4 AHB master ports of the
sub-GHz radio system. The arbitration uses a round-robin algorithm. The BusMatrix 4x1 is
composed of four masters (Radio system-bus) and one slave (the main BusMatrix).

AHB/APB bridges

The two bridges AHB to APB0O and AHB to ABP1 provide full synchronous connections
between the AHB and the two APB buses.

All the AHB and APB ports of the MR_SUBG radio controller work at fixed 16 MHz
frequency clock. Two blocks are added on the AHB/APB path to manage potential
prescaled MR_SUBGHz frequency versus the system frequency:
—  AHB up converter is used for the MR_SUBG AHB master transactions towards the
SRAM.
—  AHB down converter is used for the CPU AHB master transactions towards the
MR_SUBG and LPAWUR (STM32WL33xx only) APB registers.

Refer to Section 2.2.2: Memory map and register boundary addresses for the address
mapping of the peripherals connected to this bridge.

After each device reset, all peripheral clocks are disabled (except for the SRAM and flash
memory interface). Before using a peripheral the user has to enable its clock in the
RCC_AHBXENR and the RCC_APBXENR registers.

When a 16- or 8-bit access is performed on an APB register, the access is transformed into
a 32-bit access: the bridge duplicates the 16- or 8-bit data to feed the 32-bit vector.

Memory organization

Introduction

Program memory, data memory and registers are organized within the same linear 4-Gbyte
address space.

The bytes are coded in memory in Little Endian format. the lowest numbered byte in a word
is considered the words least significant byte and the highest numbered byte the most
significant.

3
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Figure 2. Memory map
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All the memory areas that are not allocated to on-chip memories and peripherals are
considered “Reserved”. For the detailed mapping of available memory and registers areas,
refer to the chapter and peripheral chapters.
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2.2.2 Memory map and register boundary addresses

The Table 3 gives the boundary addresses of the peripherals available in the device.

Table 3. Memory map and peripheral register boundary addresses

Actual
Bus Boundary address size Peripheral Peripheral register map
(bytes)

OXEOOF FFFF - OxFFF FFFF 255 M Reserved -

Misc ; _ ; ;
0XE000 0000 - OXEOOF FFEF M Prl\{ate Corte_x MO+ registers (interrupt controller,

peripheral bus SysTick, and so on.)

0x4900 1000 - 0x4900 13FF 1K LPAWUR SubGHz wakeup radio registers

APB2
0x4900 0000 - 0x4900 O7FF 2K MR_SUBG MR_SUBG registers
0x4890 0000 - 0x4890 03FF 1K AES See Section 18.7: AES register map
0x4880 0000 - 0x4880 03FF 1K DMAMUX See Section 11.6: DMAMUX register map
0x4870 0000 - 0x4870 O0OFF 256 DMA slave See Section 10.5: DMA register map
0x4860 0000 - 0x4860 OFFF 4K RNG See Section 17.2: RNG registers map
0x4850 0000 - 0x4850 03FF 1K PWRC 2zez)sectlon Section 5.7: PWRC register
0x4840 0000 - 0x4840 03FF 1K RCC See section Section 6.7: RCC register

AHBO map
0x4830 0400 - 0x4830 13FF 4K Reserved -
0x4830 0000 - 0x4830 03FF 1K Reserved -
0x4820 0000 - 0x4820 03FF 1K CRC See Section 19.5: CRC register map
0x4810 0000 - 0x4810 03FF 1K GPIOB ;e;e;sectlon Section 7.5: GPIO register
0x4800 0000 - 0x4800 03FF 1K GPIOA rSnzzsectlon Section 7.5: GPIO register
0x4100 7000 - 0x4100 73FF 1K SPI3 See Section 27.10: SPI/I2S register map
0x4100 6000 - 0x4100 63FF 1K ADC See Section 12.7: ADC register map
0x4100 5000 - 0x4100 53FF 1K |LPUART ;2%39“’0” 26.5.11: LPUART register

APB1 |0x4100 4000 - 0x4100 43FF 1K USART See Section 25.8: USART register map
0x4100 3000 - 0x4100 33FF 1K Reserved -
0x4100 2000 - 0x4100 23FF 1K SPI1 See Section 27.10: SPI/I2S register map
0x4100 1000 - 0x4100 13FF 1K 12C2 See Section 24.7: 12C register map
0x4100 0000 - 0x4100 O3FF 1K 12C1 See Section 24.7: 12C register map
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Table 3. Memory map and peripheral register boundary addresses

Actual
Bus Boundary address size Peripheral Peripheral register map
(bytes)
0x4000 A00O0 - 0x4000 A3FF 1K LCSC See Section 15.9: LCSC register map
0x4000 9000 - 0x4000 93FF 1K COMP See Section 13.7: COMP register map
0x4000 8000 - 0x4000 83FF 1K DBGMCU See Section 30.4: DBG register map
0x4000 7000 - 0x4000 73FF 1K LCDC See Section 16.7: LCD register map
0x4000 6000 - 0x4000 63FF 1K DAC See Section 14.6: DAC register map
0x4000 5000 - 0x4000 53FF 1K TIM16 See Section 21.4: TIM16 registers
APBO 0x4000 4000 - 0x4000 43FF 1K RTC See Section 22.7: RTC register map
0x4000 3000 - 0x4000 33FF 1K IWDG See Section 23.5: IWDG register map
0x4000 2000 - 0x4000 23FF 1K TIM2 See Section 20.5: TIM2 register map
0x4000 1000 - 0x4000 1FFF 4K |FLASH CTRL rSnZi) Section 9.6: Flash controller register
0x4000 0000 - 0x4000 03FF 1K |sYSTEM cTRL |See Section 8.3: System controller
register map
0x2000 8000 - Ox3FFF FFFF 512 K Reserved -
SRAM1 (only on
0x2000 4000 - 0x2000 7FFF 16 K STM32WL33xx) |
SRAM
0x2000 0030 - 0x2000 3FFF 16 340 Start of user RAM
SRAMO .
0x2000 0000 - 0x2000 002F 48 Rese'rved. See Table 4: SRAMO reserved
locations
Flash | 0x1004 0000 - 0x1007 FFFF | =P '® | Main flash -
256 K
) Section 31: Device electronic signature
DESIG |0x1000 1EFO - 0x1007 1EF7 - - (DESIG)
Section 31: Device electronic signature
OTP | 0x1000 1800 - 0x1000 1BFF 1K OTP area (DESIG) applies only to the DESIG
Boot(") | 0x0000 0000 - 0x0003 FFFF ;JSpSt& CPU Boot area | Mirroring of flash or SRAMO

1. This area is a mirroring area. The CPU accesses are redirected to other memory map depending in REMAP bit located in
the flash controller CONFIG register. See Table 5 for remapping detail.

Note: 1

3

Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only on STM32WL33xx

devices.

ADC, temperature sensor, 12C1, SPI1, 12S are available only on STM32WL31xx/33xx

devices.
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Table 4. SRAMO reserved locations

Address

Actual size (bytes)

Identifier

Description

0x2000 0004

4

Reserved1

Reserved for future use.

0x2000 0008

4

SavedMSP

Used by the LPM module to
save context information pointer.

0x2000 000C

WakeupFromSleepFlag

Used by the LPMmodule. Indicates

whether the system has been woken up from
Deepstop mode.

0x2000 0010

ResetReason

Copy of last reset reason from register
RCC_CSR. The register is read,
copied to this location by the
bootloader code and finally cleared.
As a consequence, software reading
the register always reads 0. Users
should read this location to know the
last reset reason.

0x2000 0014

AppBase

Relocation of application base. The
Bootloader jumps to the location pointed to by
this value when a wakeup from DeepStop
occurs.

0x2000 0018

bootloader_vr

Bootloader virtual register

0x2000 001C

bootloader_vr1

Bootloader virtual register1

0x2000 0020

16

Reserved2

Reserved for future use.

Table 5. Address remapping depending on the REMAP bit

REMAP

Memory mapped

0

Main flash memory

1

SRAMO
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2.3 ARM® Cortex®-Mo0+
Table 6. Address remapping depending on REMAP bit
REMAP Memory mapped
0 Main flash
1 SRAMO
The ARM® Cortex®-MO0+ processor was developed to provide a low-cost platform that
meets the needs of MCU implementation, with a reduced pin count and low-power
consumption, while delivering outstanding computational performance and an advanced
response to interrupts.
The embedded Cortex-M0O+ embeds:
e four breakpoints
e two watchpoints
e aMPU (Memory Protection Unit) providing eight unified protection regions
e a SysTick running only with the system clock (external clock option not supported).
2.31 CPU memory remap
Following CPU boot the application software can modify the memory map at address
0x0000 0000. This modification is performed by programming the REMAP bit in the flash
controller (see Configuration register (CONFIG)).
The following memory can be remapped:
e  Main flash memory
e  SRAMO memory
Embedded boot loader
ST provides a boot loader executed after each CPU reboot. This boot loader has its own
documentation.
Note: STM32WL30xx/31xx/33xx devices latch the PA8/PA9 /PA10/PA11/PB12/PB13/PB14

3

/ PB15 pads value at POR. The information is available in PWRC_SR2 register (see Status
register 2 (PWRC_SR2)). One of those eight I/Os can be used by the boot loader as boot
indication between a normal boot or a boot on serial interface.
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2.3.2 Interrupts
Interrupts are handled by the Cortex-MO+ Nested Vector Interrupt Controller (NVIC). The
NVIC controls specific Cortex-M0+ interrupts (address 0x00 to 0x3C) as well as 32 user
interrupts (address 0x40 to 0xBC). In STM32WL30xx/31xx/33xx devices, the user interrupts
have been connected to the interrupt signals of the different peripherals (GPIO, flash
controller, timer, UART,...). These interrupts can be controlled using the ISER, ICER, ISPR
and ICPR registers (see the Cortex-M0+ Devices Generic User Guide).
Vector table
On reset, the Cortex-M0+ vector table is fixed at address 0x0000_0000. The software may
relocate the vector table address to a different memory location, in a range 0x0000_0000 to
OxFFFF_FF80 in multiples of 256 bytes through the Vector Table Offset Register (VTOR)
located in the Cortex-MO+ registers area (see Cortex-MO0+ Devices Generic User Guide).
The STM32WL30xx/31xx/33xx interrupt-vector mapping is detailed in Table 7.
Table 7. Interrupt vectors(1(2)@)
Position | Priority Ty_p e_of Acronym Description Address offset
priority
- - - - Initial main SP 0x0000_0000
- -3 Fixed Reset Reset_Handler 0x0000_0004
- -2 Fixed NmiSR NMI_Handler 0x0000_0008
- -1 Fixed FaultiISR HardFault_handler 0x0000_000C
- - Reserved Reserved Reserved 0x0000_000C - 0x0000_0038
- 6 Settable SysTick System tick timer 0x0000_003C
0 Init0 | Settable NVM Non-volatile memory 0x0000_0040
(flash) controller
1 Init 0 Settable RCC Reset and clock controller 0x0000_0044
2 Init 0 Settable BATTERY PVD / BORH 0x0000_0048
3 Init 0 Settable 12C1 12C1 interrupt 0x0000_004C
4 Init 0 Settable 12C2 12C2 interrupt 0x0000_0050
5 Init 0 Settable SPI1 SPI1 interrupt 0x0000_0054
6 Init 0 Reserved Reserved Reserved 0x0000_0058
7 Init 0 Settable SPI3 SPI3 interrupt 0x0000_005C
8 Init 0 Settable USART USART interrupt 0x0000_0060
9 Init 0 Settable LPUART LPUART interrupt 0x0000_0064
10 Init 0 Settable TIM2 TIM2 interrupt 0x0000_0068
11 Init 0 Settable RTC RTC interrupt 0x0000_006C
12 Init 0 Reserved Reserved Reserved 0x0000_0070
12 Init 0 Settable ADC ADC interrupt 0x0000_0070
13 Init 0 Settable AES AES interrupt 0x0000_0074
14 Init0 | Reserved Reserved Reserved 0x0000_0078
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Table 7. Interrupt vectors(1()(3)
Position | Priority Ty_p e.of Acronym Description Address offset
priority

15 Init 0 Settable GPIOA GPIOA interrupt 0x0000_007C

16 Init 0 Settable GPIOB GPIOB interrupt 0x0000_0080

17 Init 0 Settable DMA DMA interrupt 0x0000_0084

18 Init 0 Settable LPAWUR LPAWUR interrupt 0x0000_0088
. Comp interrupt through

19 Init 0 Settable COMP SYSCFG 0x0000_008C

20 Init 0 Settable MRSUBG_BUSY MRSUBG Busy interrupt 0x0000_0090

21 Init 0 Settable MRSUBG MRSUBG interrupt 0x0000_0094
. MRSUBG_TX_RX_S MRSUBG TX/RX

22 Init 0 Settable EQUENCE sequence interrupt 0x0000_0098
. MRSUBG_TIMER_C| MRSUBG TIMER CPU

23 Init 0 Settable PU_WKUP Wakeup interrupt 0x0000_009C

24 Init0 | Settable | MRSUBG_WKUP MRSUBG Wakeup 0x0000_00AOQ

interrupt

25 Init 0 Settable DAC DAC interrupt 0x0000_00A4

26 Init 0 Settable TIM16 TIM16 interrupt 0x0000_00A8

27 Init 0 Settable LCD LCD interrupt 0x0000_00AC

28 Init 0 Settable LCSC LCSC interrupt 0x0000_00BO

29 Init 0 Settable LCSC LCSC .LC—ACTNITY 0x0000_00B4

interrupt
30- 31 Init0 | Reserved Reserved Reserved 0x0000_00B8- 0x0000_00BC

1. Priority level is set to O after reset, each interrupt can be programmed with 4 higher priorities.
Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only in STM32WL33xx device.

3. ADC, temperature sensor, 12C1, SPI1, 12S are available only in STM32WL31xx/33xx devices.

Note:

3

Interrupt activation sequence

Safely activating a peripheral interrupt requires the following steps:

Make sure the interrupt is disabled and cleared on the peripheral side (this
prevents receiving an interrupt due to a previous event)

Clear pending requests for this interrupt on the Cortex-M0+ side using the NVIC
ICPR register.

Set the priority using the NVIC IPRO-IPR?7 registers.

Activate on the Cortex-MO0+ side using the NVIC ISER register.
Activate on the peripheral side.

Most peripherals require clearing interrupt requests on the peripheral side when handling
interrupt service requests to prevent triggering continuous interrupts for the same event.

For more details on the Cortex-M0+ exception model, see ARMv6-M Architecture
Reference Manual, §B1.5.
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For more details on the Cortex-MO+ NVIC behavior and registers, see the ARMv6-M
Architecture Reference Manual, §B3.4.

3
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AHB up/down converter

3

Note:

3.1

3

AHB up/down converter

STM32WL30xx/31xx/33xx devices can support several system clock frequencies (see
Figure 13: System clock details).

The SUBG IP does not need more than 16 MHz to achieve the processing of the radio
transfers while the system (CPU, DMA, memories) may require higher performance for
application purpose.

To avoid useless overconsumption, AHB up/down converter block has been added to
introduce an adjustable divider by one, two or four on AHB and APB bus of the MR_SUBG
(linked to AHBRF / APB2 bridge) versus the system bus matrix frequency. This block allows
dividing by one, two or four the system clock for the MR_SUBG IP of the device.

When the system and the MR_SUBG share the same frequency, the AHB up/down
converter block only transfers the AHB signals from one clock domain to the other.

The system clock must be always equal or faster than MR_SUBG clock when radio is used
(no other frequencies).

AHB up/down converter description

The AHB up/down converter role is to allow STM32WL30xx/31xx/33xx devices to support a
fast system clock (up to PLL clock frequency output).

The AHBUPCONV block manages:

—  proper on-the-fly (up-to-down and down-to-up) frequency switching by safely
updating the ratio (one, two, four) between the system and the MR_SUBG IP
frequencies.

—  AHB and APB data transfer between MR_SUBG running at the same frequency or
half or quarter of the frequency of the rest of the system (AHB and APB) that may
run up to PLL clock frequency output.
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Figure 3. AHB up/down converter
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The management of data transfer versus clock domain and possible clock switch request is

done using state machines:

— one for the AHB master up converter
— one for the AHB slave down converter.

When a CPU/system clock frequency switch is needed (activate or deactivate the divider by
two between the system and the MR_SUBG), the user must request the new system clock
targeted frequency in the RCC_CSCMDR.REQUEST bit (see Clock switch command

register (RCC_CSCMDR) for details).

When receiving a new divider ratio to apply (from the RCC), the AHBUPCONYV block:

¢ Informs the AHBDOWNCONYV block (managing the APB transfer from the CPU to the
MR_SUBG APB registers)

e  Check the traffic on the AHB bus between MR_SUBG and CPU:

— if no transfer is on going, it uses the HREADY signal on the bus to hold any
potential transaction that could occur during the clock frequency switch.

56/1079
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Note: To respect the AHB lite protocol, the HREADY signal is fallen down only after the address
phase of a new transfer, the new transfer phase data being stored internally in the converter.
— if an AHB transfer is on-going, it wait until the current AHB transfer ends and then
hold the AHB traffic as explain above.
e In parallel, the AHBDOWNCONYV block does the same action to hold any new transfer
on the slave path of the data path (CPU access to MR_SUBG APB registers)

e  Once the AHBUPCONYV block has hold its AHB line and has the confirmation from the
AHBDOWNCONYV the other AHB2APB data path is also safely held, it allows the RCC
block to change the system clock frequency to the requested one.

e  When the new system clock frequency is stable, the RCC informs the AHBUPCONV it
is done. Then:
— the AHBUPCONYV release the AHB transfers
— the AHBUPCONYV informs the AHBDOWNCONYV is can also releases the
AHB/APB transfers.

RMO0511 Rev 5 57/1079
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4 I/0 operating modes
STM32WL30xx/31xx/33xx devices propose up to 32 programmable I/Os (depending on the
package).
Each I/0O can be programmed in several modes:
e input mode
e output mode
e Alternate function
e Analog mode (when available)
STM32WL30xx/31xx/33xx devices support eight alternate modes called AFx (x = 0 to 7).
The configuration of each 1/O for those alternate modes is detailed in Table 8, Table 9 and
Table 10. Some additional functions are also available see Table 11.
Note: The I/Os features presented in Table 8, Table 9 are valid only when the associated I/O is
programmed as alternate function.
Refer to Section 7: General-purpose I/0Os (GPIO) for more details on all configurations.
The number of I/Os available in the STM32WL30xx/31xx/33xx device depends on the
package:
— 321/0s in QFN48
— 17 1/0Os in QFN32
Type acronyms correspond to:
— 1 Input
—  O: Output
— 1/O: Input Output
— OD: Open Drain
Table 8. GPIO alternate options AF0 - AF3(1)
Pin AF0 mode AF1 mode AF2 mode AF3 mode
name Type Signal Type Signal Type Signal Type Signal
Port A
PA0® | /0D 12C1_SCL | USART_CTS - - - -
PA1? | oD I2C1_SDA I/0 USART_TX 110 TIM16_BRK - -
PA2 I/0 SWDIO 1/0 USART_CK I/0 TIM16_CH1 (0] 12S3_MCK
PA3 | SWCLK (0] USART_RTS_DE (0] TIM16_CH1N 1/0 S|Z§§_s(§; }?/
PA4 (0] LCO 1/0 LPUART_TX (0] COMP1_OUT - -
PAS5 (0] MCO 1/0 LPUART_RX - - - -
PA6 1/0OD 12C2_SCL | USART_CTS - - = =
PA7 1/OD 12C2_SDA (0] LPUART_RTS_DE - - - -

58/1079
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Table 8. GPIO alternate options AF0 - AF3(1) (continued)
Pin AF0 mode AF1 mode AF2 mode AF3 mode
name Type Signal Type Signal Type Signal Type Signal
RTC_OUT
PA8 I/0 /RTC_TAMP1 1/0 USART_RX o] RX_SEQUENCE I/0 | SPI3_MISO
/RTC_TS
PA9 - - I/0 USART_TX O RTC_OUT I/0 SI?SSS—_'\\]/?SS /
PA10 - - | LPUART_CTS O TX_SEQUENCE O 12S3_MCK
PA11 | O MCO - ; O | RX_SEQUENCE | 10 sggan_ﬂgsu
PA12 I/0 12C1_SMBA I/0 SWDIO - - I/0 | SPI1_NSS
PA13 | I/OD 12C2_SCL | SWCLK - - /0 | SPI1_SCK
PA14 | I/OD 12C2_SDA - - - - /O | SPI1_MISO
PA15 I/0 12C2_SMBA I/0 USART_RX - - /O | SPI1_MOSI
Port B
PBO @ | 1O USART_RX O | LPUART RTS DE | I/O TIM16_CH1 /0 | SPI1_NSS
PB1 I/0 USART_CK I/0 SWDIO O TIM16_CH1N /0 | SPI1_SCK
PB2 O |USART_RTS DE| | SWCLK I/0 TIM16_BRK /0 | SPIM1_MISO
PB3 | USART_CTS I/0 LPUART_TX - - /O | SPI1_MOSI
PB4 - - I/0 LPUART_TX - - /0 | SPI3_MISO
PB5 - - 1/0 LPUART_RX - - 1/0 SEZISS?)__I\\JI\VSSS /
PB6( | 1/0D 12C1_SCL 110 LPUART_TX o} COMP1_OUT 110 slzgsgsccg/
PB7(2 | /0D 12C1_SDA I/0 LPUART_RX 0] RF_ACTIVITY I/O SEIEEMSDSV
PB8 I/0 USART_CK I/0 LPUART_RX - - /O | SPI1_MISO
PB9 I/0 USART_TX I LPUART_CTS - - /0 | SPI1_MOSI
PB10 | I/OD 12C1_SDA - - - - /0 | SPI1_NSS
PB11 | I/OD I2C1_SCL O USART_RTS_DE O LC_ACTIVITY /0 | SPI1_SCK
PB12®) | O |USART RTS DE| | LPUART_CTS 0 LCO - -
PB13“ | 110 12C2_SMBA - - - - - -
PB14 I/0 12C1_SMBA I/0 USART_RX O TX_SEQUENCE o MCO
PB15 - - I/0 USART_TX 0] COMP1_OUT - -
1. The green cells correspond to I/Os available on the VFQFN32 package
The blue cells correspond to unbonded pads on the VFQFN32 package
STM32WL30xx devices are only available in the VFQFPN32 package.
2. This l/O is able to be configured in open-drain.
3. This I/O is shared with OSC32_OUT (low speed clock oscillator pin).
4. This I/O is shared with OSC32_IN (low speed clock oscillator pin).
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Note: 1  Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only on STM32WL33xx
devices.
2 ADC, temperature sensor, 12C1, SPI1, I12S are available only on STM32WL31xx/33xx
devices.
Table 9. GPIO alternate options AF4 - AF6(1)
Pin AF4 mode AF5 mode AF6 mode
name Type Signal Type Signal Type Signal
Port A
PA0O®) I/0 TIM2_CH3 - - 0 "Ec%fgg&i/
PA1) 1/0 TIM2_CH4 - - o) LCD_SEGO
PA2 1/0 TIM2_CH1 /0 SWDIO (0] LCD_SEG1
PA3 1/0 TIM2_CH2 | SWCLK (0] LCD_SEG2
PA4 1/0 TIM2_CH1 - - - -
PA5 110 TIM2_CH2 - - o} LCD_SEG9
PAG6 1/0 TIM2_CH1 - - - -
PA7 1/0 TIM2_CH2 - - - -
PA8 1/0 TIM2_CH3 - - @) LCD_COMO
PA9 1/0 TIM2_CH4 - - (0] LCD_SEG3
PA10 | SUBG_TX_DATA - - o) LCD_SEG4
PA11 o) SUBG_TX_CLOCK - - o) LCD_SEG5
PA12 1/0 TIM2_CH1 - - - -
PA13 | TIM2_ETR - - (0] LCD_SEG10
PA14 - - - - (0] LCD_SEG11
PA15 - - - - - -
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Table 9. GPIO alternate options AF4 - AF6(!) (continued)
Pin AF4 mode AF5 mode AF6 mode
name Type Signal Type Signal Type Signal
Port B

PBO o) ANTENNA_SWITCH - . 0 LCD_COM1

PB1 o) SUBG_RX_DATA - - o) LCD_SEG6

PB2 o) SUBG_RX_CLOCK . . o) LCD_SEG7

PB3 /0 TIM2_CH4 . . o) LCD_SEGS8

LCD_SEG13/

AL - - - - © LCD_COMS5

LCD_SEG14/

A - - - - © LCD_COMS

'15’)6 /0 TIM2_CH3 . . 0 "fc%sgg&il

P(%7 | TIM2_ETR - - o) LCD_COM2

PB8 110 TIM2_CH4 - - = =

PB9 - - - - - -

PB10 110 TIM2_CH2 - - - -

PB11 /0 TIM2_CH1 . . 2 2
PB1203 1/0 TIM2_CH3 - - - -
PB13¢“ 110 TIM2_CH4 - - - -

PB14 | TIM2_ETR - . o) LCD_COM3

PB15 - - - - 110 LCD_VLCD

1. The green cells correspond to I/Os available on the VFQFN32 package
The blue cells correspond to not bonded pads onthe VFQFN32 package
STM32WL30xx devices are only available in the VFQFPN32 package.

2. This l/O is able to be configured in open-drain.
3. This I/O is shared with OSC32_OUT (low speed clock oscillator pin).
4. This I/O is shared with OSC32_IN (low speed clock oscillator pin).

Note:

3

1

Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only on STM32WL33xx

devices.

ADC, temperature sensor, 12C1, SPI1, 12S are available only on STM32WL31xx/33xx

devices.
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Concerning the ADC block present in STM32WL31xx/33xx devices.
e The 8 ADC channels are available on PA2, PA3, PBO, PB1, PB2, PB3, PB4, PB5.

Concerning the comparator present in the STM32WL33xx device:
e  The Comp minus channel is available on PA13, PB0O, PB3
e  The Comp plus channel is available on PA14, PB1, PB2

Note: The ADC/Comp features on those pins are available if the associated pin is configured in
analog mode (see Section 7: General-purpose I/Os (GPIO) for more details).
Table 10 shows the mapping associated to analog configuration (for pins able to support
analog mode).
Table 10. I/O Analog feature mapping!" (2)
Pin name Analog feature Parafl;zltl?rllalog Pin name |Analog feature | Parallel Analog feature
Port A Port B

PAO N/A - PB0 ADC_VINM1 COMP1_INN1

PA1 N/A - PB1 ADC_VINP1 | COMP1_INP/LCSCOUT1

PA2 ADC_VINM2 - PB2 ADC_VINMO | COMP1_INP/LCSCOUT3

PA3 ADC_VINP2 - PB3 ADC_VINPO COMP1_INN2

PA4 N/A - PB4 ADC_VINM3 VCMBUFF

PA5 N/A - PB5 ADC_VINP3 N/A

PA6 N/A - PB6 N/A N/A

PA7 N/A - PB7 N/A N/A

PA8 N/A - PB8 N/A N/A

PA9 N/A - PB9 N/A N/A

PA10 N/A - PB10 N/A N/A

PA11 N/A - PB11 N/A

PA12 N/A - PB12 - SXTALO @)

PA13 COMP1_INNO | DACOUT_GPIO PB13 - SXTALI @)

PA14 COMP1_INP LCSCOUT2 PB14 - PVD VIN®)

PA15 N/A - PB15 - N/A

N/A means Not Applicable as the associated 1/0O does not support analog option.

2. The green cells correspond to 1/Os available on VFQFN32 package
The blue cells correspond to not bonded pads on VFQFN32 package
STM32WL30xx devices are only available in the VFQFPN32 package.

3. The parallel analog feature is obtained by setting the RCC_CR.LSEON bit in the RCC registers. Then the PB12 and PB13
are forced by hardware to manage the LSE through SXTALO/SXTALI whatever the selected mode in the associated
GPIO_MODERX register, but if APC is set is necessary to disable PUB12/PUB13/PDB12/PDB13 in PWRC registers.

4. The selection between ATB1 and PVD is done through a register in the SYSCFG block (see 8.2.11: I/O analog switch
control register (GPIO_SWA_CTRL) for details).
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Table 11. I/0 Additional function mapping'")
Pin name Function Pin name Function
Port A Port B

PAO - PB0 -

PA1 - PB1 LCSCOUT1
PA2 - PB2 LCSCOUT3
PA3 - PB3 -

PA4 - PB4 -

PA5 - PB5 -

PA6 - PB6 -

PA7 - PB7 -

PA8 - PB8 -

PA9 - PB9 -
PA10 LCO PB10 -
PA11 - PB11 -
PA12 - PB12 SXTALO®@)
PA13 - PB13 SXTALI)
PA14 LCSCOUT2 PB14 -
PA15 - PB15 -

1. The green cells correspond to I/Os available on VFQFN32 package
The blue cells correspond to not bonded pads on VFQFN32 package

STM32WL30xx devices are only available in the VFQFPN32 package.
The parallel analog feature is obtained by setting the RCC_CR.LSEON bit in the RCC registers. Then the PB12 and PB13

are forced by hardware to manage the LSE through SXTALO/SXTALI whatever the selected mode in the associated
GPIO_MODERX register, but if APC is set is necessary to disable PUB12/PUB13/PDB12/PDB13 in PWRC registers.

3
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5 Power controller (PWRC)

The power controller block controls the analog supplies block and manages the startup,
active and low power phase of the device including the transition from one state to another.

5.1 Features

The power controller block supports the following features:

low power mode choice and entry/exit sequences

the flash memory power (ON/OFF) and the power down sequence
RAM banks retention control

power monitoring:

— POR/PDR reset on rising/falling VDDIO voltage

—  Programmable voltage detector (PVD) monitoring of the VDDIO with
programmable threshold or of an external analog input voltage (compared to the
internal VBGP).

I/Os pull-up/-down during low power mode
Wakeup 1/O configuration
SMPS bypass on-the-fly (BOF)

5.2 Power supply domains
STM32WL30xx/31xx/33xx devices embed three power domains:

64/1079

VDD33 (also termed VDDIO or VDD):
— the voltage range is between 1.7 V and 3.6 V,

— it supplies a part of the I/O ring, the embedded regulators and the system analog
IPs as power management block and embedded oscillators,

VDD120:
— always-on digital power domain,
—  this domain is generally supplied at 1.2 V during active phase of the device

— this domain is supplied at either 1.0 V or 1.2 V during low power mode (Deepstop).
Refer to Section 5.4.2: Deepstop mode for details

VDD12i:

— interruptible digital power domain,

—  this domain is generally supplied at 1.2 V during active phase of the device
—  this domain is shut down during low power mode (Deepstop)

3
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The digital power supplied are provided by different regulators:
e amain LDO (MLDO):
—  providing the 1.2 V from a 1.4-3.3 V input voltage,
— supplies both VDD12i and VDD120 when the device is active,
— is disabled during the low power mode (Deepstop).
e alow power LDO (LPREG):
— stays enabled during both active and low power phases,
— providinga 1.0 V or 1.2 V voltage,
— is not connected to the digital domain when the device is active,
— is connected to the VDD120 domain during low power mode (Deepstop).
e adedicated LDO (RFLDO) to provide a 1.2 V to the analog RF block.
An embedded SMPS step down converter is available (inserted between the external power

and the LDOs), but can be bypassed statically or dynamically (see Control register 5
(PWRC_CR5)).
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Figure 4 shows an overview of the different regulators and connections between the power
suppliy domains.

Figure 4. Power supply domain overview
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5.3 Power voltage supervisor

STM32WL30xx/31xx/33xx devices embed several power voltage monitoring:

e  Power On reset (POR) / Power Down reset (PDR) / Brown-Out reset (BOR)

e  BORH monitoring

e Power voltage Detector (PVD)
5.3.1 Power On reset POR / Power Down reset (PDR) / Brown-Out reset

3

(BOR)

The device has an integrated power on reset / power down reset, coupled with a brown-out
reset circuitry.

During power on, the device remains in reset mode as long as VDDIO is below a Vpor
threshold (typically 1.65V).

During power down, the PDR puts the device under reset when the supply voltage (VDD)
drops below the Vppr threshold (around 20mV below Vpar). The PDR feature is always
enabled.

Figure 5. Power on reset/power down reset waveform

TTEMPO |

PORESETn

With typical values as follow:
- Vpor:1.65V
— hysteresis: 20 mV (so Vppg: 1.63 V)
—  Ttempo: 250 us

The Brown-Out reset (BOR) generates a device reset when the power supply (VDD) drops
under VPDR'

This feature is always active except during the Shutdown mode where the software can
decide to enable it or not (through PWRC_CR1.ENSDNBOR bit).
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5.3.2

Caution:

5.3.3

5.4

5.4.1
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BORH

The BORH is a VDDIO monitoring that raised an associated signal when the monitored
voltage drops under a specified threshold.

However, the goal of this device feature is to monitor the VDDIO versus 2.0 V. Indeed, when
the VDDIO goes below 2.0 V, the SMPS should be stopped.

It is recommended to use the PVD feature at application level to monitor the VDDIO with
freedom to program dynamic threshold without any impact nor relationship with the
hardware.

This feature can be enabled/disabled through PWRC_CR1.ENBORH bit.
This feature is disabled during Shutdown mode.

When the feature is enabled and the BORH detect a VDDIO below the threshold , a status
flag is raised in the SYSCFG block that can generate an interrupt to the CPU if unmasked
(see I/O interrupt status and clear register (I0_ISCR)).

The BORH is associated to a flash write protection: if a programming is on-going, the flash
controller stops it before the end but through a proper sequence to avoid any flash
corruption.

Power voltage detection (PVD)

The PVD can be used to monitor:

e the VDDIO:
— the VDDIO is compared to a programmed threshold (between 2.05V and 2.91 V),
—  the threshold programming is done through PWRC_CR2.PVDLSJ[2:0] bit field,

The PVD can be enabled or disabled through PWRC_CR2.PVDE bit.

When the feature is enabled and the PVD measure a voltage below the comparator, a status
flag is raised in the SYSCFG block that can generate an interrupt to the CPU if unmasked
(see I/O interrupt status and clear register (I0_ISCR)).

Operating modes

STM32WL30xx/31xx/33xx devices support 3 main operating modes:
e  Run mode
e  Deepstop mode

Shutdown modeThe transition from one mode to another is managed through a PMU state
machine.

Run mode

In Run mode:

e  both regulators (MLDO and LPREG) are enabled,

e the MLDO provides the power supply for both VDD12i and VDD120,
e the system clock and bus clock are running,

e the CPU and the radio can be used.

3
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The power consumption may be reduced by gating the clock of the unused peripherals
through the RCC clock enable registers (see Section 6.7: RCC register map).

The Figure 6 shows the regulators and SMPS configuration in Run mode with a product with

32 Kbytes of RAM.

Figure 6. Power regulators and SMPS configuration in Run mode
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5.4.2
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Deepstop mode

Deepstop is the only low-power mode of STM32WL30xx/31xx/33xx devices, allowing to
restart from a saved context environment and go on running the application at wakeup.
The conditions to enter the Deepstop mode are:

e Theradio (MR_SUBGHz) is sleeping

e The CPU is sleeping (WFI with SLEEPDEEP information active)

e No unmasked wakeup sources is active (including those from a previous wakeup
sequence for which the software did not clear the associated flag after wakeup) the
PWRC_CR1.LPMS bit is equal to 0.

e Set PWRC_CR2.GPIORET bit (see Control register 2 (PWRC _CR2)) to enable GPIOs
configuration retention.

e If SMPS clock variable rate multiplier is enabled RCC_KRMR.KRMEN=1 (see SMPS
clock variable rate multiplier register (RCC_KRMR)), in order to guarantee a good
SMPS startup at next wakeup, its mandatory to put RCC_CFGR.SMPSDIV=0.

In Deepstop mode:

e The system and bus clocks are stopped as the RC64MPLL block is OFF

e The VDD12i power domain is switched off

e The VDDI20 power domain is ON and supplied by the LPREG which regulated voltage
is:

- 1.2Vifthe LCD® is enabled (LCD_CR.LCDEN=1)

- 1.2Vifthe comparator(a) scaler is enable (COMP_CSR.SCALEEN=1 and
COMP_CSR.EN=1)

— 1.2 Vif the bit PWRC_CR2.LPREG_FORCE_VH=1
— 1.0 Vin all the other cases
The current regulation status of the LPREG is reported by the
PWRC_CR2.LPREG_VH_STATUS bit
e The RAMO bank is kept in retention

e The other RAM banks are in retention or not, depending on software choice in
PWRC_CR2 register

e The slow clock can be running or stopped, depending on the software configuration
present before Deepstop entry:

— ONorOFF
—  LSE or LSI source

e  The comparator@®, DAC®), LCSC®), LCD@), RTC, IWDG and LPUART stay active (if
enabled and one slow clock source is ON)

e The MR_SUBG wakeup block including its timer stay active (if enabled and one slow
clock source is ON)

e  The LPAWUR® block including its timer stay active (if enabled and one slow clock
source is ON)

e The configurations of all the I/Os are latched before entering Deepstop mode:

—  AF configuration is latched only for the 1/0Os on which is mapped at least one pin of
a peripheral that can be active in Deepstop mode (comparator(@, DAC(@),
Lcsc@, Lcb@), RTC, IWDG and LPUART)

— /0O analog switch configuration is retained for the I/Os on which is mapped at least
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one analog pin of a peripheral that can be active in Deepstop mode
(comparator(®, DAC®@), LCSC(@))

— Allthe I/Os able to drive either a static low or high output level, some of which also
carry the slow clock information LCO or RTC_OUT.

The DAC®@) js only internally connected to the COMP®@), so the output on PA13 cannot
be used

VCMBUF is connected to PB4 only in the LCSC@) yse case.

A version of the Deepstop mode called DEEPSTOP2 has been implemented to
emulate the Deepstop mode without losing the debugger connection and breakpoints
nor watchpoints.

This variant can be selected by setting the PWRC_DBGR.DEEPSTOP2 bit.

In this case, the Deepstop mode sequence (entry and exit) is done without shutting
down the VDD12i power domain.

Possible wakeup sources:

the MR_SUBG block is able to generate two events to wakeup the system through its
embedded wakeup timer running on slow clock:

—  SUBG RFIP wakeup time is reached,

The LPAWUR® is able to generate a wakeup event

The LCD®@ is able to generate a wakeup event

The COMP@ is able to generate a wakeup event (with polarity selection, like 1/0s)
The LCSC® s able to generate a wakeup event

The RTC is able to generate a wakeup event

The LPUART is able to generate a wakeup event

The IWDG is able to generate a reset event

All I/Os are able to wakeup the system

After wakeup from Deepstop, all the I/Os (except PA2 and PA3) are in retention mode; if

DBGRET bit is set (in this case also PA2 and PA3 are in retention mode), retaining the
configuration they had before entering Deepstop. To change their configuration, when
exiting Deepstop, it is necessary to reset GPIORET bit after having re-configured GPIO
registers through Section 7.4: GPIO registers (this GPIO configuration, can be the same
before entering DEESPTOP, or a new one). If DBGRET bit was reset before entering

Deepstop, PA2 and PA3 take their GPIO reset configuration after wakeup from Deepstop,
until a new GPIO configuration is set.

At wakeup, the hardware resources located in the VDD12i power domain are reset, the CPU
reboots. The wakeup reason is visible in a PWRC register (see Internal source wakeup
status register (PWRC_IWUF), Port A wakeup status register (PWRC_WUFA) and Port B
wakeup status register (PWRC_WUFB) for details).

Figure 7 shows the regulators and SMPS configuration in Deepstop mode, with a
configuration requesting retention on SRAMO and SRAM1 (only in STM32WL33xx) banks.

a.

STM32WL33xx only.

RMO0511 Rev 5 71/1079




Power controller (PWRC) RMO0511

Figure 7. Power regulators and SMPS configuration in Deepstop mode
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Shutdown mode

The Shutdown mode is the least power consuming mode.

The conditions to enter the Shutdown mode are the same conditions needed to enter in
Deepstop mode except that the PWRC_CR1.LPMS bit must be equal to 1
(PWRC_DBGR.DEEPSTOP2 bit must be maintained equal to 0).In Shutdown mode:

e the system is powered down as both regulators are OFF (so both VDD12i and VDD120
power domains are OFF),

e only the VDDIO power domain is ON,

e All clocks are OFF (system and slow clock tree) as RC64MPLL, LSI and LSE are OFF,

e if PWRC_CR1.APC = 1, the I/Os pull-up/-down are controlled by the
PWRC_PUCRx/PWRC_PDCRXx during the Shutdown mode.

e the only wakeup sources are a low pulse on the RSTN pin or configurable pulse on
PBO pin.

e the only wakeup sources are a low pulse on the RSTN pin or configurable pulse or
level on PBO pin through the Shutdown I/0O wakeup enable register
(PWRC_SDWN_WUEN) and Shutdown I/O wakeup polarity register
(PWRC_SDWN_WUPOL)

A Shutdown exit is similar to a POR startup of the board. The associated reset reason is the
PORRSTF flag or EWUF flag (see V33 reset status register (RCC_CSR) for reset reason
flags detail or Shutdown I/O Wakeup flag register (PWRC_SDWN_WUF) for PBO wakeup

flag).

The BOR feature may be enabled or disabled during Shutdown through the
PWRC_CR1.ENSDNBOR bit).

The Figure 8 shows the regulators and SMPS configuration in Shutdown mode, configured
with the BOR reset disabled.
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Figure 8. Power regulators and SMPS configuration in Shutdown mode
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Operating modes transition management

The PWRC block manages the switches from an operating mode to another through a state

machine.
Figure 9. PWRC state machine for operating mode transitions
SHUTDOWN
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SMPS step down regulator

The STM32WL30xx/31xx/33xx SMPS is a 120 mA output step down SMPS (switch mode

power supply)

The SMPS output voltage can be programmed from 1.2 V to 2.4 V. Its internal clock
frequency is 4 MHz or 8 MHz when RCC_KRMR.KRMEN=0 (see SMPS clock variable rate
multiplier register (RCC_KRMR)) or a programmable frequency clock SMPS_CLK_KRM
when RCC_KRMR.KRMEN-=1. In this latter case the SMPS can be clocked at System Clock
divided by 8 to 16 with unitary steps (CLK_SMPS_KRM). This feature can be useful in case
the channel to be received is at a frequency that is an integer multiple of the SMPS clock.
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The SMPS can be in different configurations:

ON:
—  the Vgggp pin of the SMPS outputs a regulated voltage (from 1.2 V to 2.4 V),
— the SMPS needs a clock.

— the Vgggp pin has to be forced externally with VDDIO,
—  the SMPS does not need a clock.
STATIC BYPASS ON THE FLY

— the Vgggp pin is internally connected to VDDSD via a switch, with a maximum
current of 40mA.

— the SMPS doesn’t need a clock and is disabled.
DYNAMIC BYPASS ON THE FLY

— the Vgggp pin outputs a programmable regulated voltage, with a maximum current
of 40mA.

— the SMPS doesn’t need a clock and is disabled.
OPEN:

— the Vgggp pin is floating,

—  the SMPS does not need a clock.

Except for the configuration SMPS OFF, a L/C BOM must be present on the board and
connected to the Veggp pad (see Figure 10).

Figure 10. Power supply configuration

Voo M Voo M

LJ

Vooso ] y Voosp D
[

SMPS SMPS

v Step Down Viso [—— step Down
converter converter
Veasp l_l l_ Veasp l_l l_
T Al A A
LDO LDO LDO LDO Reg

SMPS supply configuration NOSMPS supply configuration

The user must configure the field PWRC_CR5.SMPSBOMSEL][1:0] according to the BOM
implemented on his board. The value to program is indicated in Table 12.

Table 12. SMPS BOM information

BOM Inductor (L) Output capacitor (C) SMPSBOMSEL][1:0]
BOM1 1.5 uH 2.2 uF 00
BOM2 2.2 pH 4.7 uF 01
BOM3 10 pH 4.7 uF 10

The SMPS is managed by the PWRC through a state machine shown in Figure 11.
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Figure 11. PWRC SMPS state machine overview

RESETn

SMPS_REQ

smps_rdy OR CR5.SMPSFRDY

RUN

CR5.SMPSFBYP & ICR5.NOSMPS

STOP ) ( NOSMPS ) \ PRECHARGE

ICRS.NOSMPS ICR5.SMPSFBYP

After a Power On reset sequence, the SMPS FSM always goes up to RUN state.

From there, the SMPS FSM can stay in three states (others are transition states):
e Run:

— the SMPS is ON in a Run mode,

—  the SMPS clock is running,

— the Vgggp is regulated and voltage amplitude is the one programmed in the
PWRC_CR5.SMPSLVL bit field,

— an L/C BOM is present on the board and is connected to the VFBSD pad of the
STM32WL30xx/31xx/33xx (see Figure 10).

e NOSMPS (if the software configures PWRC_CR5.NOSMPS=1 or
PWRC_CR5.NOSMPS_BOF=1):

— the SMPS is OFF,
—  the SMPS clock is stopped,

—  the Vgggp is directly connected to the VDDSD through the VFBSD pad of the
STM32WL30xx/31xx/33xx (see Figure 10),

— the PWRC does not control any specific sequencing on the SMPS during low
power entry/exit phases.
When the device enters in Deepstop mode, the PWRC automatically switches the SMPS
from Run to STOP mode, which can be:
— ifPWRC_CR5.SMPSLPOPEN = 0: SMPS output is the VDDSD
- if PWRC_CR5.SMPSLPOPEN = 1: the SMPS output is floating.

3
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5.5.1

5.5.1.1

5.5.1.2
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SMPS bypass on-the-fly (BOF)

Bypass on-the-fly (BOF) is a feature that permits to bypass the SMPS. This can be done
directly with a power switch (static bypass mode) or via an LDO (dynamic bypass mode).

In case radio extra sensitivity is needed, the user can switch on the fly on LDO (dynamic
bypass mode) before entering radio receiver mode. In this way the SMPS is OFF.

This can be handled by software through an interrupt handler on RX request. The interrupt
that may control is MR_SUBG TX/RX Sequence interrupt.

When BOF is done in static bypass mode, the SMPS is disabled and the SMPS output is
connected to the battery via an internal switch. In this case both Deepstop and Run mode
operations can be chosen.

The static mode connects the SMPS output to the battery after the first start-up of
STM32WL30xx/31xx/33xx devices and the connection is done until a reset occurs.

When BOF is done in dynamic bypass mode, the SMPS is disabled and the LDO is enabled.
The LDO is connected between the battery and the SMPS output. LDO voltage is
programmable through register PWRC_BOF_TUNE.BOF_TUNE. It is recommended to use
the same output voltage than the one chosen for the SMPS through PWRC_CR5.SMPSLVL
register. If it's not the case, only BOF LDO output voltage less than SMPS output voltage
must be chosen. In this case only Run mode operation is possible.

A current limitation is implemented in both static and dynamic bypass modes. It is set via
PWRC_DBGSMPS.BOF_CUR_SEL bits. Always use a bigger current limitation than the
current expected to flow through the BOF. For example, for +14dBm transmission, a current
consumption from the battery of 40mA is expected. In this case 60mA current limitation has
to be set.

How to program a static bypass mode:

1. Program PWRC_DBGSMPS.BOF_CUR_SEL
2. Program PWRC_CR5.SMPS_BOF_STATIC=1
3. ProGRAM PWRC_CR5.NOSMPS_BOF=1

Program a dynamic bypass mode:

1.  Program PWRC_DBGSMPS.BOF_CUR_SEL, PWRC_CR5.SMPSLVL if not already
done in the sequence, PWRC_BOF_TUNE.BOF_TUNE

2. Program PWRC_CR5.SMPS_BOF_DYN=1

3. Program PWRC_CR5.NOSMPS_BOF=1

3

RMO0511 Rev 5




RMO0511 Power controller (PWRC)
5.6 PWRC register descriptions
Note: 1  Allthe PWRC APB registers are only 16-bit registers. The 16 MSBs are always stuck at 0.
2 Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only on STM32WL33xx
devices.
ADC, temperature sensor, 12C1, SPI1, I12S are available only on STM32WL31xx/33xx
devices.
Any reference to these IPs on PWRC registers is valid within this perimeter.
5.6.1 Control register 1 (PWRC_CR1)
This register control the BOR in Shutdown, the BORH feature, the low power mode
selection and the 10 control owner.
Address offset: 0x00
Reset value: 0x0000 0114
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IBIAS_ | IBIAS
ENBO ENBO | apc |RUN_S |RUN_A|ENSDNT pyg
RL RH TATE | uTO | BOR
rw w w w w w w
Bits 31:9 Reserved, must be kept at reset value.

Bit 8

Bits 7:6
Bit 5

Bit 4

Bit 3

3

ENBORL: Enable BORL reset supervisioning during Run mode

— 0: No BORL is monitored during Run mode.

— 1: BORL is monitored during Run mode (a POR reset happens if VDDIO goes below 1.6 V
during Run mode).

Reserved, must be kept at reset value.

ENBORH: Enable the BORH software configuration.
— 0: BORH is OFF (VBORO): threshold is 1.6 V (default).
— 1: BORH is enabled, the threshold is

APC: Apply pull-up/-down configuration from PWRC or GPIO register.

— 0: The GPIOx_PUPDR of the GPIO block are used to control the product pull-up/-down of
the 10s.

— 1: The PWRC_PUCRx and PWRC_PDCRXx of the PWRC block are used to control the
product pull-up/-down of the |0s (default).

IBIAS_RUN_STATE: Enable/Disable IBIAS during Run mode when automatic mode is
disabled

— 0: IBIAS control is disabled (default)
— 1: IBIAS control is enabled
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Bit 2 IBIAS_RUN_AUTO: Enable automatic IBIAS control during Run/Deepstop mode.
— 0: IBIAS control is manual (and controlled by IBIAS_RUN_STATE register)
— 1: IBIAS control is automatic (default)

Bit 1 ENSDNBOR: Enable BOR reset supervising during Shutdown mode.
— 0: No BOR is monitored during Shutdown mode (default).
— 1: BOR is monitored during Shutdown mode (a POR reset happens if VDDIO goes below
1.6 V during Shutdown mode).
Note: Enabling this feature prevents blocking the device if VDDIO goes below supported
voltages during Shutdown mode. However, it adds an overconsumption.

Bit 0 LPMS: Low Power Mode Selection.

This bit defines if the device enters Deepstop or Shutdown mode when both CPU and
MR_SUBG requests a low power mode entry.

— 0: Deepstop mode (default).
— 1: Shutdown mode.

5.6.2 Control register 2 (PWRC_CR2)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RFREG | RFREG | RFREG | RFREG |RFREG GPIOR |LPREG|LPREG| pavir | DBGR .
ON_ST " Loe® 1T avp | oexT | EN £T | VH_S | _FORC | "E e PVDLS[2:0] PVDE
ATUS TATUS | E_VH
r r rw rw w rw r rw rw w rw | rw | rw rw

Bits 31:15 Reserved, must be kept at reset value.

Bit 14 RFREGON_STATUS: RF Regulator On Status.
— 0: RF Regulator is disabled
— 1: RF Regulator is enabled

Bit 13 RFREGRDY: RF Regulator Ready flag
— 0: RF Regulator is not ready
— 1: RF Regulator is ready

Bit 122 RFREGBYP: RF Regulator Bypass Enable
— 0: internally generated 1.2 V
— 1: LDO output connected to VSMPS

Bit 11 RFREGCEXT: RF Regulator External Supply Bypass
— 0: Internal supply only
— 1: External supply bypass capability

Bit 10 RFREGEN: RF Regulator enable
— 0: Disable RF Regulator (Note: RF Regulator can still be enabled by the RFSUGB or
RCC_CR.HSEON)

— 1: Enable RF Regulator
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Bit 9 Reserved, must be kept at reset value.

Bit 8 GPIORET: GPIO retention enable.
— 0: GPIOs don'’t retain their configuration during and exiting from Deepstop (default)
— 1: GPIOs retain their configuration during and exiting from Deepstop.

Bit 7 LPREG_VH_STATUS: LPREG status
— 0: LPREG=1 V during Deepstop mode (default).
— 1: LPREG=1.2 V during Deepstop mode.

Bit 6 LPREG_FORCE_VH: force LPREG=1.2 V during Deepstop mode.

Set and clear by software. This bit allows to select the LPREG voltage. Note: When the LCD is
enable (LCD_CR.LCDEN=1) or the Comparator SCALER is enable
(COMP_CSR.SCALEEN=1 and COMP_CSR.EN=1) the LPREG voltage is set at 1.2 V by
hardware

— 0: LPREG=1 V during Deepstop mode (default).
— 1: Force LPREG=1.2 V during Deepstop mode.

Bit 5 RAMRET1: RAM1 (STM32WL33xx only) bank retention in Deepstop mode.
— 0: SRAM1 bank is not retained during Deepstop mode (default).
— 1: SRAM1 bank is retained during Deepstop mode.

Bit 4 DBGRET: PA2 and PAS3 retention enable after Deepstop
— 0: PA2, PA3 GPIOs don’t retain their configuration exiting from Deepstop (default).
— 1: PA2, PA3 GPIOs retain their configuration exiting from Deepstop.

Bits 3:1 PVDLS[2:0]: Programmable Voltage Detector level selection:
— 000: 2.05V - Lowest level
- 001:2.20V
- 010:2.36 V
- 011:2.52V
—100: 2.64 V
-101:2.81V
— 110: 2.91 V - Highest level
— 111: Reserved

Bit 0 PVDE: Programmable Voltage Detector enable.
— 0: the Power Voltage Detector feature is disabled (default).
— 1: the Power Voltage Detector feature is enabled.

Note: it is mandatory to ensure GPIORET bit is set before entering Deepstop in order GPIOs
retain their configuration.

3
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5.6.3 Internal source wakeup enable register (PWRC_IEWU)
This register manages the selection of the internal wakeup sources to get out of Deepstop
mode.
Note: All wakeup sources are disabled by default after reset.
Address offset: 0x08
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EWMR
EWLPA EWMR
WUR aUBG SUBG EIWL4 | EIWL3 | EIWL2 | EIWL1 | EIWLO
CPU
rw rw rw w w w w w
Bits 31:11 Reserved, must be kept at reset value.
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Bit 10

Bit 9

Bit 8

Bits 7:5
Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

EWLPAWUR: Enable wakeup on LPAWUR event
— 0: Wakeup on LPAWUR event is disabled (default).
— 1: Wakeup on LPAWUR event is enabled.

EWMRSUBGHCPU: Enable wakeup on MRSUBG Host CPU event.
— 0: Wakeup on MRSUBG Host CPU event is disabled (default).
— 1: Wakeup on MRSUBG Host CPU event is enabled.

EWMRSUBG: Enable wakeup on MRSUBG RFIP event.
— 0: Wakeup on MRSUBG RFIP event is disabled (default).
— 1: Wakeup on MRSUBG RFIP event is enabled.

Reserved, must be kept at reset value.

EIWL4: Enable wakeup on LCSC event (LCSC).
— 0: Wakeup on internal line is disabled (default).
— 1: Wakeup on internal line is enabled.

EIWL3: Enable wakeup on Internal event (COMP).
— 0: Wakeup on internal line is disabled (default).
— 1: Wakeup on internal line is enabled.

EIWL2: Enable wakeup on Internal event (LCD).
— 0: Wakeup on internal line is disabled (default).
— 1: Wakeup on internal line is enabled.

EIWL1: Enable wakeup on Internal event (RTC).
— 0: Wakeup on internal line is disabled (default).
— 1: Wakeup on internal line is enabled.

EIWLO: Enable wakeup on Internal event (LPUART).
— 0: Wakeup on internal line is disabled (default).
— 1: Wakeup on internal line is enabled.

3
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5.6.4 Internal source wakeup polarity register (PWRC_IWUP)
This register manages the polarity for the internal wakeup sources to get out of Deepstop
mode.
Note: The wakeup event are only edge detection, not level detection.
Address offset: 0x0C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WMRS
WLPA WMRS
WURP | UBGH | gap IWUP4 | IWUP3 | IWUP2 | IWUP1 | IWUPO
CPUP
rw rw rw w w w w w
Bits 31:11 Reserved, must be kept at reset value.
Bit 10 WLPAWURP: Wakeup polarity for LPAWUR event.
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
Bit 9 WMRSUBGHCPUP: Wakeup polarity for MRSUBG Host CPU event.
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
Bit 8 WMRSUBGP: Wakeup polarity for MRSUBG event.
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
Bits 7:5 Reserved, must be kept at reset value.
Bit 4 IWUP4: Wakeup polarity for internal wakeup line 4 event (LCSC).
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
Bit 3 IWUP3: Wakeup polarity for internal wakeup line 3 event (COMP).
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
Bit 2 IWUP2: Wakeup polarity for internal wakeup line 2 event (LCD).
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
Bit 1 IWUP1: Wakeup polarity for internal wakeup line 1 event (RTC).
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
Bit 0 IWUPO: Wakeup polarity for internal wakeup line 0 event (LPUART).
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
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5.6.5 Internal source wakeup status register (PWRC_IWUF)

This register provides the information concerning which internal source woke up the device
after a Deepstop.

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WMRS
WLPA UBGH WMRS IWUF4 | IWUF3 | IWUF2 | IWUF1 | IWUFO
WURF UBGF
CPUF
rcwl | rc_wl | rc_wi rc wl [ rcwl | rcwl | rcwl | rc_wi

Bits 31:11 Reserved, must be kept at reset value.

Bit 10 WLPAWURF: LPAWUR wakeup flag
— 0: no wakeup from LPAWUR occurred since last clear.
— 1: a wakeup from LPAWUR occurred since last clear.
Cleared by writing 1 in this bit.

Bit 9 WMRSUBGHCPUF: MRSUBG Host CPU wakeup flag.
— 0: no wakeup from MRSUBG Host CPU occurred since last clear.
— 1: a wakeup from MRSUBG Host CPU occurred since last clear.
Cleared by writing 1 in this bit.

Bit 8 WMRSUBGF: MRSUBG wakeup flag.
— 0: no wakeup from MRSUBG occurred since last clear.
— 1: a wakeup from MRSUBG occurred since last clear.
Cleared by writing 1 in this bit.

Bits 7:5 Reserved, must be kept at reset value.

Bit 4 IWUF4: Internal wakeup flag (LCSC).
— 0: no wakeup from LCSC occurred since last clear.
— 1: a wakeup from LCSC occurred since last clear.
Cleared by writing 1 in this bit.

Bit 3 IWUF3: Internal wakeup flag (COMP).
— 0: no wakeup from COMP occurred since last clear.
— 1: a wakeup from COMP occurred since last clear.
Cleared by writing 1 in this bit.

3
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Bit 2 IWUF2: Internal wakeup flag (LCD).
— 0: no wakeup from LCD occurred since last clear.
— 1: a wakeup from LCD occurred since last clear.
Cleared by writing 1 in this bit.

Bit 1 IWUF1: Internal wakeup flag (RTC).
— 0: no wakeup from RTC occurred since last clear.
— 1: a wakeup from RTC occurred since last clear.
Cleared by writing 1 in this bit.

Bit 0 IWUFO: Internal wakeup flag (LPUART).
— 0: no wakeup from LPUART occurred since last clear.
— 1: a wakeup from LPUART occurred since last clear.
Cleared by writing 1 in this bit.

3
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5.6.6 Status register 2 (PWRC_SR2)

This register provides some status flags related to the Power Voltage Detector and the
SMPS blocks.

Address offset: 0x14
Reset value: 0x0000 X3X6

31 30 29

28 27 26 25 24 23 22 21 20 19 18 17 16

12 1 10 9 8 7 6 5 4 3 2 1 0

REGM | REGLP SMPS | SMPSE | SMPSB

PVDO IOBOOTVALZ2[3:0] RDY NR YPR

r r r r r | r | r | r r r r

Bits 31:16
Bits 15:12

Bit 11

Bit 10
Bit 9

Bit 8

Bits 7:4

Bit 3
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Reserved, must be kept at reset value.

IOBOOTVAL.: I/Os value latched at POR.
— bit 3: PA11 input value latched at POR,
— bit 2: PA10 input value latched at POR,
— bit 1: PA9 input value latched at POR,
— bit 0: PA8 input value latched at POR.

Note: This information may be used by the boot loader to manage boot on serial interfaces for
instance.

PVDO: Power voltage Detector Output.

When the Power voltage Detector is enabled (PWRC_CR2.PVDE=1), this bit indicates when
the VDDIO is lower than the selected threshold (through PWRC_CR2.PVDLS bit field).

— 0: The VDDIO is not lower than threshold or PVD feature is not enabled.
— 1: The VDDIO is lower than the selected threshold.

Reserved, must be kept at reset value.

REGMS: Main regulator ready status.
— 0: The Main regulator is not ready.
— 1: The Main regulator is ready.

REGLPS: Low Power regulator ready status.
— 0: The Low Power regulator is not ready.
— 1: The Low Power regulator is ready.

IOBOOTVALZ2: I/Os value latched at POR.
— bit 3: PB15 input value latched at POR,
— bit 2: PB14 input value latched at POR,
— bit 1: PB13 input value latched at POR,
— bit 0: PB12 input value latched at POR.

Note: This information may be used by the boot loader to manage boot on serial interfaces for
instance.

Reserved, must be kept at reset value.

3
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Bit 2 SMPSRDY: SMPS ready status.
— 0: SMPS regulator is not ready.
— 1: SMPS regulator is ready.
Bit 1 SMPSENR: SMPS Run mode status.
This bit mirrors the internal ENABLE_3V3 control signal connected to the SMPS and driven by
the hardware.
— 0: SMPS regulator is not regulating (in PRECHARGE or NOSMPS mode).
— 1: SMPS regulator is in Run mode.
Bit0 SMPSBYPR: SMPS PRECHARGE mode status.
This bit mirrors the PRECHARGE control state of the SMPS.
— 0: SMPS regulator is not in PRECHARGE mode.
— 1: SMPS regulator is in PRECHARGE mode (VSMPS connected to VDDIO)
5.6.7 Control register 5 (PWRC_CRS5)
This register is used to configure the SMPS.
Address offset: 0x1C
Reset value: 0x0000 6024
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
SMPS CLKDE | SMPS NOSM | SMPS
= | SMPS_PRECH_ —| NOSM | SMPSF | SMPSL = | SMPSBOMSEL[ )
BOF_D | TR_DI |[ENA_D PS_BO|BOF_S : SMPSLVLI[3:0]
YN | CURSEL[1:0] | gnzie | o PS BYP |POPEN| "¢ TATIC 1:0]
Bits 31:16 Reserved, must be kept at reset value.
Bit 15 SMPS_BOF_DYN: SMPS Bypass on the Fly dynamic
— 0: disabled (by default)
— 1: SMPS Bypass on the fly dynamic is enabled (EN_LDO=1)
Bits 14:13 SMPS_PRECH_CUR_SEL[1:0]: Select SMPS PRECHARGE limit current.
—00: 2.5 mA
- 01: 5mA
—10: 10 mA
— 11: 20 mA (default)
Bit 12 CLKDETR_DISABLE: disable the SMPS clock detection
The SMPS clock detection enables an automatic SMPS bypass switching in case of
unexpected loss of the SMPS clock.
— 0: SMPS clock detection mechanism enabled (default).
— 1: SMPS clock detection mechanism disabled.
Bit 11 SMPS_ENA_DCM: Discontinuous conduction mode enable.

3

— 0: SMPS DCM is disabled (default).
— 1: SMPS DCM is enabled.
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Bit 10

Bit 9

Bit 8

Bit 7

NOSMPS: No SMPS mode.
— 0: SMPS is enabled (default).
— 1: SMPS is disabled.

Note: this configuration (SMPS disabled) should be used only when the SMPS_FB pad is
directly connected to the VBATT (external voltage), without L/C BOM.

SMPSFBYP: Force the SMPS in PRECHARGE mode.
— 0: no effect (default).
— 1: SMPS is disabled and bypassed.

Note: when this bit is set, the VSMPS output is connected to the VDDIO. The actual state of
the SMPS is visible in the SMPS mode status bits in PWRC_SR?2 register.

SMPSLPOPEN: Select OPEN mode instead of PRECHARGE mode for the SMPS during
Deepstop.

— 0: in Deepstop, the SMPS is in PRECHARGE mode with output connected to VDDIO
(default).

— 1:in Deepstop, the SMPS is disabled with floating output.

NOSMPS_BOF: No SMPS Mode in the case of BOF usage
When this bit is set, the SMPS regulator is disabled.

— 0: No effect, SMPS is enabled. (default)

— 1: SMPS is disabled;

Note: this configuration should be used only when SMPS_BOF_STATIC=1 or
SMPS_BOF_DYN=1 and permits both Run and Deepstop operating modes.

3
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Bit 6 SMPS_BOF_STATIC: SMPS Bypass on the Fly static
— 0: disabled (by default)
— 1: SMPS Bypass on the fly static is enabled (EN_SW=1)

Bits 5:4 SMPSBOMSEL[1:0]: Select the SMPS BOM.
— 00: BOM1
— 01: BOM2
— 10: BOM3 (default)
— 11: Not applicable
Note: BOM correspondence/details is available in Table 12: SMPS BOM information.

Bits 3:0 SMPSLVL[3:0]: Select the SMPS output voltage level.
This bit field selects the SMPS voltage output level with a granularity of 100 mV.

—0000:
—0001:
—0010:
- 0011:
- 0100:
-0101:
- 0110:
- 0111:
—1000:
—1001:
—1010:
-1011:
—1100:
-1101:

1.20 V (min VBAT = 1.95V)
1.20 V (min VBAT = 1.95V)

1.20 V (min VBAT = 1.95V)

1.30 V (min VBAT = 1.95V)

1.40 V (min VBAT = 2.0 V) (default)
1.50 V (min VBAT = 2.0 V)

1.60 V (min VBAT = 2.15V)

1.70 V (min VBAT = 2.2 V)

1.80 V (min VBAT = 2.3 V)

1.90 V (min VBAT = 2.45V)

2V (min VBAT = 2.6 V)

2.1V (min VBAT = 2.7V)

2.2V (min VBAT = 2.8 V)

2.3V (min VBAT = 2.8 V)

—1110: 2.4 V (min VBAT = 2.9V)

—1111: 2.4 V (min VBAT = 2.9 V)

— Warning: The SMPS output voltage must not be changed while the SMPS is in use. The
sequence to reprogram a new SMPS output voltage is described in Section 5.8.2: SMPS
output level re-programming.
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5.6.8 1/10 Port A pull-up control register (PWRC_PUCRA)
This register is used to control the pull-up for the PAO to PA15 I/O when the
PWRC_CR1.APC bit is set.
Caution:  If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA
registers for an 1/0O, then pull-down is applied.
The user must take care to disable the pull on I/O programmed in Analog mode.
Address offset: 0x20
Reset value: 0x0000 FFF7
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PUA15 | PUA14 | PUA13 | PUA12 | PUA11 | PUA10 | PUA9 | PUA8 | PUA7 | PUA6 | PUA5 | PUA4 | PUA3 | PUA2 | PUA1 | PUAO
w w rw rw rw rw rw rw w w rw w w w w rw

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 PUAXx (x=15 to 0): pull-up enable for PAx I/O.

90/1079

— 0: No pull-up.
— 1: Pull-up enabled (default).
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5.6.9 1/10 Port A pull-down control register (PWRC_PDCRA)

This register is used to control the pull-down for the PAO to PA15 1/0 when the
PWRC_CR1.APC bit is set.

Caution:  If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA
registers for an 1/0O, then pull-down is applied.

The user must take care to disable the pull on I/O programmed in Analog mode.
Address offset: 0x24
Reset value: 0x0000 0008

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PDA15 | PDA14 | PDA13 | PDA12 | PDA11 | PDA10 | PDA9 | PDA8 | PDA7 | PDA6 | PDA5 | PDA4 | PDA3 | PDA2 | PDA1 | PDAO

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 PDAXx (x=15 to 0): pull-down enable for PAx I/O.
— 0: No pull-down (default).
— 1: pull-down enabled.

3
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5.6.10 1/10 Port B pull-up control register (PWRC_PUCRB)

This register is used to control the pull-up for the PBO to PB15 I/O when the
PWRC_CR1.APC bit is set.

Caution:  If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA
registers for an 1/0O, then pull-down is applied.

The user must take care to disable the pull on I/O programmed in Analog mode.
Address offset: 0x28
Reset value: 0x0000 FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PUB15 | PUB14 | PUB13 | PUB12 | PUB11 | PUB10 | PUB9 | PUB8 | PUB7 | PUB6 | PUB5 | PUB4 | PUB3 | PUB2 | PUB1 | PUBO

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 PUBx (x=15 to 0): Pull-up enable for PBx I/O.
— 0: No pull-up.
— 1: Pull-up enabled (default).

5.6.11 I/0 Port B pull-down control register (PWRC_PDCRB)

This register is used to control the pull-down for the PBO to PB15 1/0O when the
PWRC_CR1.APC bit is set.

Caution: If both pull-up and pull-down are enabled in the PWRC_PUCRA and PWRC_PDCRA
registers for an 1/0O, then pull-down is applied.

The user must take care to disable the pull on I/O programmed in Analog mode.
Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PDB15 | PDB14 | PDB13 | PDB12 | PDB11 | PDB10 | PDB9 | PDB8 | PDB7 | PDB6 | PDB5 | PDB4 | PDB3 | PDB2 | PDB1 | PDBO

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 PDBx (x=15 to 0): pull-down enable for PBx /0.
— 0: No pull-down (default).
— 1: pull-down enabled.

3
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5.6.12 Port A wakeup enable register (PWRC_EWUA)
This register manages the selection of the wakeup sources related to 10 port A to get out of
Deepstop mode.

Note: All wakeup sources are disabled by default after reset.

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EWU15 | EWU14 | EWU13 | EWU12 | EWU11 |EWU10| EWU9 | EWUS | EWU7 | EWU6B | EWU5 | EWU4 | EWU3 | EWU2 | EWU1 | EWUO
w w w rw w w w w rw rw rw rw rw rw rw rw

Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 EWUx (x = 15 to 0): Enable wakeup on PAx I/O event.
— 0: Wakeup on PAXx I/O line is disabled (default).
— 1: Wakeup on PAXx I/O line is enabled.
5.6.13 Port A wakeup polarity register (PWRC_WUPA)
This register manages the polarity for the port A I/Os wakeup sources to get out of Deepstop
mode.
Note: The wakeup event are only edge detection, not level detection.

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WUP15 | WUP14 | WUP13 | WUP12 | WUP11 | WUP10 | WUP9 | WUP8 | WUP7 | WUP6 | WUP5 | WUP4 | WUP3 | WUP2 | WUP1 | WUPO
w w w w w w w w w w w w w w w w

3

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 WUPXx (x = 15 to 0): Wakeup polarity for PAx 10 event.
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.
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5.6.14 Port A wakeup status register (PWRC_WUFA)

This register provides the information concerning which port A I/O source woke up the
device after a Deepstop.

Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WUF15 | WUF14 | WUF13 | WUF12 | WUF11 | WUF10 | WUF9 | WUF8 | WUF7 | WUF6 | WUF5 | WUF4 | WUF3 | WUF2 | WUF1 | WUFO
rcwl | rcwl | rcwl | rcwl | rcwl [ rcwl [ rcwl [ rcw!l | rcwl | rcwl | rewl | rewl | rcwl [ rcwl | rc_wl | rc_wil

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 WUFx (x = 15 to 0): PAx I/O wakeup flag.
— 0: no wakeup from PAXx I/O occurred since last clear.
— 1: a wakeup from PAXx I/O occurred since last clear.
Cleared by writing 1 in this bit.

5.6.15 Port B wakeup enable register (PWRC_EWUB)

This register manages the selection of the wakeup sources related to 10 port B to get out of
Deepstop mode.
Note: All wakeup sources are disabled by default after reset.
Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EWU14 [EWU14 [EWU13 [EWU12 | EWU11 |EWU10| EWU9 | EWU8 | EWU7 | EWU6 | EWUS | EWU4 | EWU3 | EWU2 | EWU1 | EWUO
w w w w w w w w w w w w w w w w

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 EWUx (x = 15 to 0): Enable wakeup on PBx I/O event.
— 0: Wakeup on PBx I/O line is disabled (default).
— 1: Wakeup on PBx I/O line is enabled.

3
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5.6.16 Port B wakeup polarity register (PWRC_WUPB)

This register manages the polarity for the port B 1/0Os wakeup sources to get out of Deepstop
mode.

Note: The wakeup event are only edge detection, not level detection.
Address offset: 0x44
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WUP15 | WUP14 | WUP13 | WUP12 | WUP11 | WUP10 | WUP9 | WUP8 | WUP7 | WUP6 | WUP5 | WUP4 | WUP3 | WUP2 | WUP1 | WUPO
w w w w w w w w w w w w w w w w

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 WUPx (x = 15 to 0): Wakeup polarity for PBx IO event.
— 0: Detection of wakeup event on rising edge (default).
— 1: Detection of wakeup event on falling edge.

5.6.17 Port B wakeup status register (PWRC_WUFB)

This register provides the information concerning which port B I/O woke up the device after
a Deepstop.

Address offset: 0x48
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WUF15 [ WUF14 | WUF13 | WUF12 | WUF11 | WUF10 | WUF9 | WUF8 | WUF7 | WUF6 | WUF5 | WUF4 | WUF3 | WUF2 | WUF1 | WUFO
rc wl | rcwl | rcwl [rcw!l |rcw!l | rcwl [ rcw!l | rcw!l | recwl [ rcewl | rew!l | recw!l [ rewl | rewl | rec_wl | rc_w1

Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 WUFx (x = 15 to 0): PBx I/O wakeup flag.
— 0: no wakeup from PBAXx I/O occurred since last clear.
— 1: a wakeup from PBx I/O occurred since last clear.
Cleared by writing 1 in this bit.

3
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5.6.18 Shutdown I/0 wakeup enable register (PWRC_SDWN_WUEN)

Address offset: 0x4C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WUEN
w

Bits 31:1 Reserved, must be kept at reset value.

Bit 0 WUEN: PBO0I/O wakeup from Shutdown modes.
— 0: PBO disable pin wakeup from Shutdown modes.
— 1: PBO enable pin wakeup from Shutdown modes.

5.6.19 Shutdown I/0 wakeup polarity register (PWRC_SDWN_WUPOL)

Address offset: 0x50
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WUPO
L
w

Bits 31:1 Reserved, must be kept at reset value.

Bit 0 WUPOL.: PBO I/O wakeup from shutdown polarity.
— 0: PBO pin wakeup from Shutdown modes on high pulse or high level detection.

— 1: PBO pin wakeup from Shutdown modes on low pulse or low level detection.

3
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5.6.20 Shutdown I/0 Wakeup flag register (PWRC_SDWN_WUF)
This register is reset on PORESETn.

Address offset: 0x54
Reset value: 0x0000 0000

RMO0511 Rev 5

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WUF
rc_wO0
Bits 31:1 Reserved, must be kept at reset value.
Bit 0 WUF: PBO pin I/O wakeup from Shutdown mode flags.
— 0: Shutdown wakeup from PBO pin has not occurred.
— 1: Shutdown wakeup from PBO pin has occurred.
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5.6.21

31

Bypass on-the-fly tuning register (PWRC_BOF_TUNE)
Address offset: 0x58
Reset value: 0x0000 0004

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

BOF_TUNE[3:0]

98/1079

Bits 31:4 Reserved, must be kept at reset value.

Bits 3:0 BOF_TUNE[3:0]: SMPS Bypass on the fly (BOF) tuning bits.
—0000: 1.2V
-0001:1.2V
-0010: 1.2V
-0011: 1.3V
—0100: 1.4 V (Default)
-0101: 1.5V
-0110: 16V
-0111:1.7V
-1000: 1.8V
-1001: 1.9V
-1010: 2V
-1011: 2.1V
-1100: 2.2V
-1101: 2.3V
-1110: 2.4V
-1111: 24V

3
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5.6.22 Debug register (PWRC_DBGR)
This register is used for debug features.
This register is reset on PORESETn.
Address offset: 0x84
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DEEPS
TOP2
w

Bits 31:1 Reserved, must be kept at reset value.

Bit0 DEEPSTOP2: DEEPSTOP2 low power saving emulation enable.

— 0: normal Deepstop is applied
— 1: DEEPSTOP2 (debugger features not lost) is applied instead of Deepstop.
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5.6.23 Extended status and reset register (PWRC_EXTSRR)
This register provides flags about RF SUBGHz radio activity start and Deepstop sequence
occurrence or not.
Address offset: 0x88
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RFPHA | DEEPS
SEF TOPF
rc_wl | rc_wi

100/1079

Bits 31:11 Reserved, must be kept at reset value.

Bit 10 RFPHASEF: RFPHASE Flag.
— 0: the RF SUBGHz IP does not require any attention.
— 1: the RF SUBGHZz IP is awake and may require a system attention.
This bit is set by hardware when a radio wakeup event occurs.
This bit is reset by hardware when the RF SUBGHz IP raises the “ready to sleep” information.
The software can reset this bit by writing 1 in it.

Bit 9 DEEPSTOPF: System DEEPTSTOP Flag.
— 0: the device did not enter Deepstop mode.
— 1: the device entered a Deepstop mode.
This bit is set by hardware when a Deepstop sequence occurred.
The software can reset this bit by writing 1 in it.

Bits 8:0 Reserved, must be kept at reset value.

3

RMO0511 Rev 5




RMO0511 Power controller (PWRC)
5.6.24 Debug SMPS register (PWRC_DBGSMPS)
This register drives some control signals for the SMPS.
Address offset: 0x8C
Reset value: 0x0000 8000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BOF_CUR_SEL][ | ILIM_B | DIS_ILI
1:0] 0OST| M
rw w rw
Bits 31:16 Reserved, must be kept at reset value.

Bit 15:14

Bit 13

Bit 12
Bit 11:0

3

BOF_CUR_SEL][1:0]: Bypass On the Fly current limitation
—00: 20mA

—01: 40mA

— 10: 60mA (default)

—11: no limit

ILIM_BOOST: SMPS current limitation Boost

— 0: Max current = 110 mA (default)

—1: Max current = 130 mA

DIS_ILIM: DIS_ILIM_3V3 SMPS control signal.

Reserved, must be kept at reset value.
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5.7 PWRC register map

Refer to Table 3: Memory map and peripheral register boundary addresses for the PWRC
base address location in STM32WL30xx/31xx/33xx devices.

Note: All the PWRC registers are retained during Deepstop mode.

The salmon cells indicates the bit fields located in the VDD33 power domain. This implies
the associated feature is applied even during Shutdown state (but are lost at Shutdown
mode exit as a PORESETn is generated).

Table 13. PWRC register map and reset values

Offset|  Register |5/9|@@Ix[</e( 3| 2lx|T|]2|@|x |22 e |vlz|2| 0|0 |~ 0| v <|o|~|-|o
w
E |2
E |2 K
— T n < |O
o X | Izlmw
PWRC_CR1 2 Qe 515122
0x00 2 E<'x|m'2"
%)
2|< b
o (0
Reset value 1 0|1]|0[1 0
DY E=
2 2
<[>l |k|= [T
bEEEIE EBEEE o |l
PWRC_CR2 o lo|3 (9 Zielzlg| a |2
0x04 o W8T 9>|>|§DD > g
Ol o |X (& Llololgla] *
WUy || ¥ ° wm
E « £ |
r o (g
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x
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o
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o
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Table 13. PWRC register map and reset values (continued)
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Table 13. PWRC register map and reset values (continued)

Offsetl  Register |52 R KIQRIIIQINISIRI2IZ|E|L/LI2(N T (2]o|w|~o|v|+|o|a|~|o
)
PWRC_SDWN_WUPO Q
0x50 L )
=
Reset value 0
PWRC_SDWN_WUF 5
0x54 <
Reset value 0
5
&,
w
PWRC_BOF_TUNE 5
0x58 =
w
o)
[a1]
Reset value 0 | 1 | 0 | 0
%);SBCO- Reserved
N
o
o
PWRC_DBGR )
0x84 - o
[im)
w
(=]
Reset value 0
[T
|5
PWRC_EXTSRR <o
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LW
)
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=)
o (2 |s
(%] 8 3
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o |22
[T =
o)
o
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5.8

5.8.1

Programmer’s model

Reset reason management

The CPU has many reasons to be reset and executes its reset handler. Table 14 provides
an overview of the flags that can help the embedded software to get the root cause of the
CPU restart.

Table 14. Flags versus CPU reboot reason

CPU reboot
reason

RCC_CSR

PWRC_ISCR
(in SYSCFG)

PWRC_EXT
SRR

LOCKUPRSTF

WDGRSTF

SFTRSTF

PORRSTF

PADRSTF

WAKEUP_ISC

DEEPSTOPF

PORI/BOR reset

1

NRSTn pad reset

Watchdog reset

1

System reset (CPU
request)

LOCKUP reset

Deepstop exit on
wakeup event

Deepstop exit on
watchdog reset

Deepstop exit on
NRSTn pad reset

Deepstop exit on
POR/BOR

Shutdown exit

3
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If the reboot reason is a wakeup from Deepstop, then the wakeup source(s) can be read in
the PWRC_IWUF/WUFA/WUFB register as shown in Table 15.

Table 15. Wakeup reason flags

PWRC_IWUF P“,'VVSISK;R
Wakeup reason
IWUFx | WLPAWUR ‘gﬂgﬁg? WM;? uB WUFx
Wakeup on MR_SUBG event - - - 1 -
Wakeup on Host timer in MR_SUBG event - - 1 - -
Wakeup on LPAWUR(") event - 1 - ] R
Wakeup on RTC event 1 - - - -
Wakeup on LPUART event 1 - - - -
Wakeup on LcDM event 1 - - - -
Wakeup on comMP) event 1 - - - -
Wakeup on Lcsc) event 1 - - - -
Wakeup on |/Os - - - - 1

1. Comparator, LCSC, LCD, LPAWUR are available only on STM32WL33xx devices.

Note:

Caution:

5.8.2

Caution:

106/1079

If several (enabled) wakeup events occur, several bits are high in the
PWRC_IWUF/WUFA/WUFB.

The wakeup flags are set as soon as a wakeup event (enabled in the corresponding
PWRC_xEWUXx register) occurs, the associated flag is set in the related PWRC_xWUFx
register even if the device is in active mode or in the sleep exit sequence (initiated by
another wakeup source).

Those flags have to be cleared by software knowing a Deepstop entry sequence cannot
happen if a wakeup flag is already active when the system request a Deepstop mode.

SMPS output level re-programming

The SMPS output voltage cannot be modified on-the-fly when the modification implies to
change more than one step (+/-100mV). In this case the following sequence must be
respected:

— Set PWRC_CR5.SMPSBYP = 1

— Wait for PWRC_SR2.SMPSRDY =0

— Program the new targeted value in PWRC_CR5.SMPSLVL[3:0]

— Clear PWRC_CR5.SMPSBYP =0

— Wait for PWRC_SR2.SMPSRDY = 1

This sequence must be launched only when no radio activity / RF transfer is on- going.

3
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6

Reset and clock controller (RCC)

The RCC block manages the clock and reset generation for all the
STM32WL30xx/31xx/33xx device peripherals.

Note: Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only on STM32WL33xx
devices.
ADC, temperature sensor, 12C1, SPI1, 12S are available only on STM32WL31xx/33xx
devices.
Any reference to these IPs on RCC chapter is valid within this perimeter.
6.1 Reset management
6.1.1 General description
The Figure 12 shows the general principle of reset generation.
Figure 12. Reset generation
External
NRSTnh PAD
Inside the SoC e
EORESETn | Rec | VoD NRSTn pad circuitry
- I |
POR/BOR reset D

CPU

PADRESETn

CPU SYSRESETREQ reset »

WDOG reset > Spikes
Pulse Filter
—1 Generator
LOCKUP t >
rese 20us ...80us

| GND
I
I

Note:

3

The system reset information is output on the NRSTn pad to inform the external world and
reset other elements on the board if needed.

Two different resets are available in the design:

e PORESETN: this reset is provided by the APMU analog block and corresponds to a
POR or BOR root cause. It is linked to power voltage ramp-up or ramp-down.

The PORESETN reset impacts all the resources of the device.
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Note:

Note:

6.1.2

6.1.3

6.1.4

6.1.5
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A Shutdown exits is equivalent to a POR/BOR situation and generates a PORESETn.
e PADRESETN (also termed system reset): this reset is built through several sources:
— PORESETN,
— the watchdog reset,
— the CPU LOCKUP reset,
— the CPU software system reset,
— the NRSTn external pad.
The system reset is called PADRESETn as when an internal reset source is activated
(watchdog, software, and so on), the NRSTn pad toggles to inform the external world a reset
occurs.
This system reset resets all the resources of the device except:
—  Debug features (SWD, test registers...)
—  flash controller key management part
— RTC timer
—  power controller (PWRC)
—  part of the RCC registers
The pulse generator guarantees a minimum reset pulse duration of 20 s for each internal

reset source. In case of reset from the NRSTn external pad, the reset pulse is generated
when the pad is asserted low.

Power reset

The PORESETN signal is active when the power supply of the device is below a threshold
value or when the regulator does not provide the target voltage.

The PORESETN resets all the resources of the device

Watchdog reset

STM32WL30xx/31xx/33xx devices embed a watchdog timer which may be used to recover
from software crashes.

See Section 23: Independent watchdog (IWDG) for details about watchdog usage and
programming.

LOCKUP reset

The Cortex-M0+ generates a LOCKUP to indicate the core is in the lock-up state resulting
from an unrecoverable exception.

The LOCKUP reset is masked if a debugger is connected to the Cortex-M0+. The user can
use the SWD to reset or recover the code in this case.

System reset request

The system reset request is generated by the debug circuitry of the Cortex-M0+. The
debugger sets the SYSRESETREQ bit of the Application Interrupt and Reset control
Register (AIRCR). This system reset request through the AIRCR can also be done by the
embedded software (in hard fault handler for instance).
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For more details on the Cortex-M0+ system control and ID registers, refer to section B3.2.2
of the ARMv6-M Architecture Reference Manual.

6.1.6 Deepstop exit
The low power DEEPSTOP state leads to switch off a part of the 1.2 V (power domain called
VDD12i), while keeping the rest of the 1.2 V at 1 V (power domain called VDD120) and the
3.3V (VDDIO).

When the device exits the Deepstop mode, only the VDD12i power domain is reset as it is
the only power domain that lost the power supply.

6.2 Clock management

3

Three different clock sources may be used to drive the system clock (CLK_SYS) in the
STM32WL30xx/31xx/33xx:

e  HSI: high speed internal 64 MHz RC oscillator (provided by the RC64MPLL analog
block),

e  PLL: PLL clock (provided by the RC64MPLL analog block) equal to HSE x 4/3.
e HSE (High Speed External):

—  high speed 48 MHz or 50 MHz external crystal.

— orprovided by a single ended 48 MHz or 50 MHz input instead of a crystal.
STM32WL30xx/31xx/33xx devices also have a slow frequency clock tree used by some

peripherals (RTC, watchdog, LPUART, LCDC, LPAWUR, LCSC and MR_SUBG radio
timer). Three different clock sources can be used for this slow clock tree:

e LSI: low speed low drift internal RC with a fixed frequency between 24 kHz and 49 kHz
depending on the sample. It is called 32 kHz clock inside this document to simplify.

e LSE:
—  32.768 kHz low speed external crystal.
— orprovided by a single-ended 32.768 kHz input instead of a crystal.

e The CLK_ROOT_DIV divided by 512. In this case, the slow clock is not available in
Deepstop low power mode and it has not be used for peripherals working in Deepstop
low power mode.

The Figure 13 provides an overview of the fast clock tree in STM32WL30xx/31xx/33xx
devices.
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Figure 13. System clock details
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Note: 1  Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only on STM32WL33xx
device.

2 ADC, temperature sensor, 12C1, SPI1, I12S are available only on STM32WL31xx/33xx
devices.

The HSI and the PLL clocks are provided by the same analog block called RC64MPLL. The
output of this block can be:

— anon accurate clock (target is 1% typical) when no external XO provides an input
clock to this block,

— an accurate clock when the external XO provides the 48 MHz or 50 MHz and once
its internal PLL is locked.
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Note: The usage of PLL or HSE as clock source is mandatory for SUBGHz radio operations (need
of a high accuracy on the clock).
The software process to switch the system on the accurate clock is indicated in Section 6.8:
Programmer’s model.
This fast clock source is used to generate all the fast clock of the device through dividers as
shown in the Figure 13.
After reset, the CLK_SYS is divided by four to provide a 16 MHz to the whole system (CPU,
DMA, memories and peripherals).
Then the software can program another system clock frequency in the following using
CLKSYSDIV bits (see Clock configuration register (RCC_CFGR)):
— 110 (forbidden when radio or ADC is in use)
— 101 (forbidden when radio or ADC is in use)
— 100 (forbidden when radio or ADC is in use)
— 011 (forbidden when radio is in use)
- 010
- 001
- 000
Note: Forbidden configuration means that the “in use” feature cannot work if the system clock runs
at this frequency.
Note: Special care must be taken when programming the CLK_SYS as some constraints need to
be respected:
CLK_SYS frequency must be an integer multiple of 16 MHz greater or equal than
CLK MR _SUBGHz, CLK_LPAWUR.
6.2.1 Peripheral clock details

3

This fast clock source is also used to generate several internal fast clocks in the system:

e ATIM2/TIM16 kernel clock that is the maximum reachable frequency of the system
(output of RCPLL when HSESEL=0 or HSE when HSESEL=1).

e Afixed clock frequency CLK_ROOT_DIV requested by few peripherals like serial
interfaces (to maintain fixed baud rate while system clock is switching from a frequency
to another) or like flash controller, ADC (STM32WL31xx/33xx only),
LPAWUR(STM32W33xx only), and MR_SUBG radio IP (to have a fixed reference clock
to manage delays).

Most of the peripherals use only the system clock (CLK_SYS) except:
e [2C (STM32WL31xx/33xx only),USART:
— In parallel of the system clock, they use a fixed frequency clock (CLK_ROOT_DIV)
to have a fixed reference clock for baud rate management. The goal is to allow the
CPU to boost or slow down the system clock (depending on on-going activities)
without impacting a potential on-going serial interface transfer on external 1/Os.

e LPUART:

— In parallel of the system clock, it uses a fixed frequency clock (CLK_ROOT_DIV)
to have a fixed reference clock for baud rate management and LSE clock when
active in Deepstop. The goal is to allow the CPU to boost or slow down the system
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Note:

Note:

Note:

6.2.1.1
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clock (depending on on-going activities) without impacting a potential on-going
serial interface transfer on external 1/Os.
e SPI:

—  When using the 12S mode (STM32WL31xx/33xx only), the baud rate is managed
through CLK_ROOT/2 clock, CLK_ROOT_DIV cock or system clock (SYS_CLK).

The CPU/system clock frequency must be equal or slower than the I12S clock frequency.
—  When running in other modes than the 12S, the baud rate is managed by the
system clock This implies there baud rate is impacted by dynamic system clock
frequency changes.
¢ RNG:
— In parallel of the system clock, the RNG uses a fixed frequency clock
(CLK_ROOT_DIV) to generate at a constant frequency the random number
whatever the system clock frequency.

. Flash controller:

— In parallel of the system clock, the flash controller uses a fixed frequency clock
(CLK_ROOQOT_DIV) to generate specific delays required by the flash memory
during programming and erase operation for instance.

e Radio IP (MR_SUBG, and LPAWUR (STM32W33xx only))

— theradio IPs does not use directly the system clock for their APB / AHB interfaces
but the system clock with a potential divider (1 or 2 or 4). Table 16 shows the
supported configurations.

— In parallel of the CLK_MR_SUBGHz, the MR_SUBG uses a fixed frequency clock
(CLK_ROOT_DIV) for modulator, demodulator and to have a fixed reference clock
to manage specific delays.

Table 16. System clock versus Radio IPs clock dependency

CLKSYSDIV bits CLK_MR_SUBGHz
110/101/100/0M1 Not possible to use radio IPs
010 CLK_ROOT_DIV
001 CLK_ROOT_DIV
000 CLK_ROOT_DIV

e ADC (STM32WL31xx/33xx only):

— In parallel of the system clock, the ADC uses a fixed clock frequency (called
CLKANA_ADC, CLKDIG_ADC) see Figure 13: System clock details.

When the ADC is used, the system clock must run at minimum 8 MHz to be able to read the
ADC sample before they are overloaded by a new sample.

To avoid SNR degradation of the ADC, SMPS and ADC clocks must be synchronous.

Sleep mode management

Sleep mode management enables the capability to clock gate each peripherals bus clock
independently during CPU sleeping mode (WFI).

Peripheral Sleep mode is configured, before WFI, thanks to three dedicated RCC registers
(peripherals are split between AHB, APBO, APB1 clock domains):
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Note:

Note:

6.2.2

Note:

Caution:

Note:

Note:

6.3

3

» AHB Sleep Mode Enable register (see AHB sleep mode enable register
(RCC_AHBSMENR))

» APBO Sleep Mode Enable register (see APBO sleep mode enable register
(RCC_APBOSMENR))

» APB1 Sleep Mode Enable register (see APB1 sleep mode enable register
(RCC_APB1SMENR))

APB2 clock domain are not impacted by this feature.

Some restrictions can be applied depending of each register fields, and further power
consumption reduction is expected when all APB1 peripherals are in SLEEP mode.

FLASH SLEEP mode is enabled only when both RCC and flash controller are configured
correctly.

Slow clock frequency details

As explained at the beginning of the clock management sub-chapter, three different clock
sources can be used for this slow clock tree:

e LSI: low speed low drift internal RC with a fixed frequency between 24 kHz and 49 kHz
depending on the sample. It is called 32 kHz clock inside this document to simplify.

e LSE: 32.768 kHz low speed external crystal (or single-ended input frequency).

If the external oscillator is used, the PB12/PB13 I/Os are automatically connected to this
feature when RCC_CR.LSEON bit is set (GPIO_MODERX configuration is overloaded).

If APC bit is set, the user has to disable by software the PUB12/PUB13/PDB12/PDB13 bits
on PB12/PB13 I/O Port B pull-up control register (PWRC_PUCRB) and I/O Port B pull-down
control register (PWRC_PDCRB) to have the feature working fine. Otherwise if APC is
reset, the pull-up, pull-down of PB12/13 are automatically configured.

e Analways 32 kHz clock equal to CLK_16MHz divided by 512 (see Figure 13). In this
case, the slow clock is not available in Deepstop low power mode.
Only one source at a time drives the whole low speed clock tree.

By default after a PORESETNn, all low speed sources are OFF. After a PADRESETNn, the
slow clock configuration is the one programmed before the PADRESETn.

The slow clock activation and selection stays relevant during the Deepstop low power mode
and at wakeup as it clocks the timers involved in wakeup events generation.

If LSI configuration is used, the software must measure the slow clock frequency to know
the associated period that is used by the timers. A slow clock measurement feature is
available in the MR_SUBG IP.

System frequency switch while MR_SUBG is used

When the radio is used on the device, the system clock frequency selection must respect
some rules:

e  The system clock frequency must be an integer multiple of 16 MHz equal or greater
than the MR_SUBG frequency. Other options make the radio non functional.

¢ Changing the frequency of the system must be done through the RCC_CSCMDR
register mechanism to avoid any risk to crash the radio scenarios.
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This proper system frequency switch is managed through the collaboration of several
blocks:
— the RCC (see Clock switch command register (RCC_CSCMDR))
— the AHBUPCONYV and the AHBDOWNCONYV blocks (see Section 3: AHB
up/down converter)

Using this safe mechanism, the software requests a system clock frequency change and is
informed by the hardware when the new frequency is really in place through a status bit (see
Clock switch command register (RCC_CSCMDR)) and an associated interrupt line on the
CPU (see Section 2.3.2: Interrupts).

The software sequence is described in the Section 6.8.3: Changing the system clock
frequency while the MR_SUBGHz is enabled sub-chapter.

Clock observation on external pad

It is possible to output some internal clocks on external pads:
e the low speed clocks can be output on the LCO I/O,
e the high speed clocks can be output on the MCO 1/0.

This is possible by programming the associated I/O in the good alternate function (see
Table 8: GPIO alternate options AF0 - AF3).

The selection of the clock to output for each 1/O is programmable through a RCC register
(see Section 6.6.2: Clock configuration register (RCC_CFGR) for more details).

The Figure 14 shows the possible configurations to output an internal clock.

3
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Figure 14. LCO / MCO output clocks
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6.5 10 booster

Some analog switches are used to select the analog VINM/P pair input signals to be used
by the ADC® or the COMP®) or the DAC®).

An 10 booster block has been added to boost the voltage on the command of those analog
switches when the VBAT goes below a threshold (2.7V) to guarantee the good behavior of
those switches. This block has to be enabled by the software when needed through

RCC_CFGR.IOBOOSTEN bit.

a. ADC is available only on STM32WL31xx/33xx devices.

b. Comparator and DAC are available only on STM32WL33xx devices.

3

RMO0511 Rev 5

115/1079




Reset and clock controller (RCC) RMO0511

6.6 RCC register descriptions
6.6.1 Clock source control register (RCC_CR)
This register controls the enable on the different clock sources (low and high speed).
Note: 1  The control bits linked to high speed clock source are reset on PADRESETn. The control
bits linked to slow speed clock source are reset on PORESETn only (identified by the table
footnote). As this register is in VDD120 power domain, its content is not modified after a
wakeup from Deepstop and system clock is restored with configuration present before
Deepstop mode entry.
2 Comparator, DAC, 12C2, LCSC, LCD, LPAWUR are available only on STM32WL33xx
devices.
ADC, temperature sensor, 12C1, SPI1, 12S are available only on STM32WL31xx/33xx
devices.
Any reference to these IPs on RCC registers is valid within this perimeter.
Address offset: 0x00
Reset value: 0x0000 1400
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
HSERD | HSEO
Y N
r rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSEPL
HS:DP\I(‘L HSOIZLL LBL;‘FO HS\I(RD LOCKDET_NSTOPJ[2:0] LSEBY LSERD LSEON LS{(RD LSION
r rw rw r rw | rw | w rw r w r w

Bits 31:18 Reserved, must be kept at reset value.
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Bit 17 HSERDY: External High Speed clock flag.
This bit is set by hardware to indicate that HSE oscillator (48 MHz or 50 MHz XO) is stable.
— 0: HSE oscillator is not ready.
— 1: HSE oscillator is ready.

Bit 16 HSEON: External High Speed clock enable.
The software has to set the bit to start the XO 48 MHz or 50 MHz and clear the bit to stop it.
— 0: HSE oscillator is OFF.
— 1: HSE oscillator is ON.

Bit 15 Reserved, must be kept at reset value.

Bit 14 HSIPLLRDY: Internal High Speed clock PLL flag.
This bit is set by hardware to indicate that the RC64MPLL PLL is locked.
— 0: RC64MPLL PLL is unlocked.
— 1: RC64MPLL PLL is locked.

Bit 13 HSIPLLON: Internal High Speed clock PLL enable.
The software has to set the bit to request a RC64MPLL lock on HSE and clear the bit to stop it.
— 0: RC64MPLL PLL if OFF.
— 1: RC64MPLL PLL is ON.

3
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Bit 12 HSEPLLBUFON: External high speed clock buffer for PLL RF enable.
The software has to set the bit when the radio is used (to have the RF PLL working).
— 0: HSE pll RF buffer is OFF.
— 1: HSE pll RF buffer is ON.
Warning: this bit must be set when the radio is used. The only reason to clear this bit
would be to reduce power consumption in case the radio is not used on this device.
Bit 11 Reserved, must be kept at reset value.
Bit 10 HSIRDY: Internal High Speed clock flag.
This bit is set by hardware to indicate that internal 64 MHz RC is stable.
This bit is activated only if the RC is enabled by HSION (it is not activated if the RC is enabled
by an IP request).
— 0:internal 64 MHz RC is not ready.
— 1:internal 64 MHz RC is ready.

Bits 9:7 LOCKDET_NSTOP: define a time window target for the counter of the lock detector block in
charge to manage the HSIPLLRDY information (PLL indicated as locked if the analog lock
signal stays high and stable during this time window).

The formula to define the time window target is the following:
time window target = (LOCKDET_NSTOP + 1) x 64.
Bit 6(") @ LSEBYP: External Low Speed clock bypass.

This bit needs to be set when the slow clock is directly provided through SXTALI pin.
— 0: No LSE oscillator bypass.
— 1: LSE oscillator bypass is enabled.
Note: when this bit is set, ensure GPIOB_MODER([27:26] is not programmed as “11” and, if
APC=1, PWRC_PUCRBJ[13] and PWRC_PDCRB[13] are not set.

Bit 5 () LSERDY: External Low Speed clock flag.
This bit is set by hardware to indicate that the slow clock has started.
— 0: LSE oscillator is not ready.
— 1: LSE oscillator is ready.
Note: this status bit is true whatever the chosen configuration (external 32 kHz oscillator -=
LSEON or external clock provided on SXTALI = LSEBYP).

Bit 4(1) @) LSEON: External Low Speed clock enable.

The software has to set the bit to start the XO 32 kHz and clear the bit to stop it.
— 0: LSE oscillator is OFF.
— 1: LSE oscillator is ON.

Bit 3() LSIRDY: Internal Low Speed clock flag.
This bit is set by hardware to indicate that internal low speed RC is stable.
— 0: internal low speed RC is not ready.
— 1: internal low speed RC is ready.

Bit 2(1) LSION: Internal low speed RC clock enable.
The software has to set the bit to start the internal slow clock RO and clear the bit to stop it.
— 0: LSIRC is OFF.
— 1: LSIRC is ON.

Bits 1:0 Reserved, must be kept at reset value.

1. This bit is reset on PORESETn only.

2. The LSEBYP and LSEON bits must not be used at the same time. If the user decides to dynamically change the slow clock
source between external XO and clock injection on SXTALI, he has to ensure both LSEON and LSEBYP are low at a time
to reset the LSERDY flag.

S74
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6.6.2 Clock configuration register (RCC_CFGR)

Note: The control bits linked to high speed clock source are reset on PADRESETn. The control
bits linked to slow speed clock source are reset on PORESETn only (identified by the table
footnote).

Address offset: 0x08
Reset value: 0x0000 0240
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SPI3I2SCLKSEL loBOO |CLKSL
CCOPRE[2:0] MCOSEL[2:0] LCOSEL[1:0] ) LCOEN OWSE
[1:0] STEN |/ 11)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLKSL HSESE
LPUCL |SMPS CLKSYSDIV_STATUS[1:0 STOPH | HSESE
OWSE CLKSYSDIV L_STAT
L[0] KSEL |DIV ] us sl L
w rw rw r | r | r w | w | w r w w
Bits 31:29 CCOPRE: Configurable Clock Output Prescaler.
— 000: CCO clock is divided by 1
— 001: CCO clock is divided by 2
— 010: CCO clock is divided by 4
— 011: CCO clock is divided by 8
— 100: CCO clock is divided by 16
— 101: CCO clock is divided by 32
— others: reserved
Note: Glitches propagation possible if CCOPRE[2:0] value is modified while MCO output is
enabled on the IO.
Bits 28:26 MCOSEL: Main Configurable Clock Output Selection.
— 000: MCO output disabled. No clock on MCO pad.
— 001: system clock
— 010: reserved
— 011: RC64MPLL block output clock (can be internal RC 64 MHz or PLL output).
— 100: HSE (external 48 MHz or 50 MHz oscillator)
— 101: CLK_ROOT_DIV divided by 512 clock
— 110: SMPS clock
— 111: ADC clock
Note: Glitches propagation possible if MCOSEL[2:0] value is modified while MCO output is
enabled on the IO.
Bits 25:24(") LCOSEL: Low speed Configurable Clock Output Selection.
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— 00: LCO output disabled. No clock on LCO pad.
— 01: not used

— 10: LSI (internal slow clock RC) clock

— 11: LSE (external 32 kHz)

Note: Glitches propagation possible if LCOSEL[1:0] value is modified while LCO output is
enabled on the IO.
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Bits 23:22

Bits 21:20
Bits 19(")

Bit 18
Bit 17

Bits 16:15(")

Bit 14
Bit 13

Bit 12

Bit 11
Bits 1110:8

SPI3I2SCLKSEL.: Selection of I12S clock for SPI3 IP.
— 00: CLK_ROOQT/2 clock

— 01: CLK_ROOT_DIV clock (default)

— 1x: CLK_SYS

Note: the I2S clock frequency must be higher or equal to the system clock (configured
through RCC_CFGR.CLKSYSDIV[2:0] bit field).

Reserved, must be kept at reset value.

LCOEN: LCO enable on PA10 also in Deepstop.
— 0: LCO output on PA10 is disabled
— 1: LCO output on PA10 is enabled.

Reserved, must be kept at reset value.

IOBOOSTEN: IO BOOSTER enable (see Section 6.5: 10 booster for details).
— 0: 10 BOOSTER block is disabled
— 1: 10 BOOSTER block is enabled.

CLKSLOWSEL.: low speed clock source selection.

— 00: not used

— 01: LSE (external oscillator). This source can be kept during Deepstop mode.
— 10: LSI (internal RC). This source can be kept during Deepstop mode.

— 11: CLK_ROOT_DIV divided by 512

Note: No glitch mechanism has been added so glitches may appear on slow clock when the
user changes its source.

Reserved, must be kept at reset value.

LPUCLKSEL: Selection of LPUART clock
— 0: CLK_ROOT_DIV clock (default)
— 1: LSE clock

SMPSDIV: SMPS clock prescaling factor (when KRMEN=0)
— 0: SMPS clock is 8 MHz
— 1: SMPS clock is 4 MHz

Note: updating this field can cause issues if SMPS is running, it is recommended to first set
SMPS in bypass mode (PWRC_CR5[9] SMPSBYP) before updating this value

Reserved, must be kept at reset value.

CLKSYSDIV_STATUS: system clock frequency status

Set and cleared by hardware to indicate the actual system clock frequency. This register must
be read to be sure that the new frequency, selected by CLKSYSDIV, has been applied.

— 000: CLK_SYS is CLK_ROOT

— 001: CLK_SYS is CLK_ROOT/2

— 010:CLK_SYS is CLK_ROOT/4 (HSESEL = 0) or CLK_ROOT/3 (HSESEL = 1)

— 011: CLK_SYS is CLK_ROOT/8 (HSESEL = 0) or CLK_ROOT/6 (HSESEL = 1)

— 100: CLK_SYS is CLK_ROOT/16 (HSESEL = 0) or CLK_ROOQOT/12 (HSESEL = 1)
— 101: CLK_SYS is CLK_ROOT/32 (HSESEL = 0) or CLK_ROOQOT/24 (HSESEL = 1)
— 110: CLK_SYS is CLK_ROOQOT/64 (HSESEL = 0) or CLK_ROOT/48 (HSESEL = 1)
— 111: not used.

The actual clock frequency switching can be delayed of up to 128 system clock cycles,
depending on the RCC internal counter status at the moment the new CLKSYSDIV is applied
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Bits 7:5

Bit 4
Bit 3

Bit 2

Bit 1

Bit 0

CLKSYSDIV: system clock frequency selection.

The division factor depends on RCC_CFGR.HSESEL

— 000: CLK_SYS is CLK_ROOT

— 001: CLK_SYS is CLK_ROOT/2

— 010:CLK_SYS is CLK_ROOT/4 (HSESEL = 0) or CLK_ROOT/3 (HSESEL = 1)

— 011: CLK_SYS is CLK_ROOT/8 (HSESEL = 0) or CLK_ROOT/6 (HSESEL = 1) *

— 100: CLK_SYS is CLK_ROOT/16 (HSESEL = 0) or CLK_ROOT/12 (HSESEL = 1) *

— 101: CLK_SYS is CLK_ROOT/32 (HSESEL = 0) or CLK_ROOT/24 (HSESEL = 1) *

— 110: CLK_SYS is CLK_ROQOT/64 (HSESEL = 0) or CLK_ROOT/48 (HSESEL = 1) *

— 111: not used.

*: If RCC_APB2ENR.MRSUBGEN bit or RCC_APB2ENR.LPAWUREN bit are set, writing in
CLKSYSDIV one of above values is replaced by 010b by hardware.

Warning:

— if the software programs the CLSYSDIV= 000 while the RCC_CFGR.HSESEL=1, the

system clock source is switched to PLL by hardware (and restart PLL analog block if
RCC_CFGR.STOPHSI=1)

— To switch CLKSYSDIV between 000/ 001 /010 without risk when either the MR_SUBG
or the LPAWUR is used, prefer the RCC_CSCMDR register to change the system
frequency.

— The bus frequency of the radio IPs (MRSUBG, LPAWUR) must always be equal or less
than the CPU/system clock to have functional radio and system clock must be an
integer multiple of 16 MHz, this means that CLKSYSDIV=001 is forbidden when
HSESEL=1.

Reserved, must be kept at reset value.

HSESEL_STATUS: Clock source selection status.
— 0: RC64MPLL clock source is selected (default).
— 1: Direct HSE clock source is selected.

STOPHSI: RC64MPLL clock source stop request
— 0: RC64MPLL is enabled (default)
— 1: RC64MPLL disable requested.

Note: if the CLKSYSDIV (from RCC_CFGR or RCC_CSCMDR registers) is 000 the
hardware automatically restart the RC64MPLL block and switch on the RC64MPLL
clock source.

HSESEL.: Clock source selection request.

— 0: RC64MPLL clock source is requested (default).
In this case, the fast clock tree is sourced by the RC64MPLL block. The clock can be either
the HSI or the PLL if the HSI PLL is locked

— 1: Direct HSE clock source is requested.
In this case, the RC64MPLL block is not used and the maximum available frequency for the
system clock tree is 48 MHz or 50 MHz.

Reserved, must be kept at reset value.

1. This bit is reset on PORESETn only.
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6.6.3 Clock source software calibration register (RCC_CSSWCR)

This register allows overloading the trimming values loaded automatically by hardware with
other values.

Note: The control bits linked to high speed clock source are reset on PADRESETn. The control
bits linked to high speed clock source are reset on PORESETn only (identified by the table
footnote).

Address offset: 0x0C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
HSISW
HSITRIMSW[5:0] TRIME
N
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSISW
LSEDRV[1:0] LSISWBW[3:0] TRIME
N
Bits 31:30 Reserved, must be kept at reset value.
Bits 29:24 HSITRIMSW: High speed clock trimming set by software.
This value is taken into account instead of the trimming value loaded by HW at reset if
HSISWTRIMEN bit is set.
Note: when selected/active, this value must be modified either in JTAG mode (with CPU
halted) or with CPU/system running on HSE clock tree
Bit 23 HSISWTRIMEN: High speed clock software trimming enable.
— 0: HW trimming value is used as trimming value on RC64MPLL block.
— 1: trimming value written in RCC_CSSWCR.HSITRIMSWI[3:0] bit field is used as trimming
value on RC64MPLL block.
Note: this bit must be modified either in JTAG mode (with CPU halted) or with
CPU/system running on HSE clock tree
Bits 22:7 Reserved, must be kept at reset value.
Bits 6:5(") LSEDRV: external 32 kHz crystal GM.
— 00: low drive capability
— 01: medium low drive capability
— 10: medium high drive capability
— 11: high drive capability
Bits 4:1(") LSISWBW: Low speed internal RC trimming value set by software.
This value is taken into account instead of the trimming value loaded by HW at reset if
LSISWTRIMEN bit is set.
Bit 0 () LSISWTRIMEN: Low speed internal RC software trimming enable.

— 0: HW trimming value is used as trimming value on the LSI.

— 1: trimming value written in RCC_CSSWCR.LSISWBW][3:0] bit field is used as trimming
value on LSI.

1. This bit is reset on PORESETn only.
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6.6.4 SMPS clock variable rate multiplier register (RCC_KRMR)
This register controls the enable and variable rate multiplier for SMPS clock.
This register is reset on PORESETn.
Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
KRM[4:0] KR,\'IV'E

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:1 KRM[4:0]: SMPS clock dividing Ratio (CLK_SPMS_KRM frequency= CLK_ROOT frequency
(depending on RCC_CFGR.HSESEL) divided by KRM when KRMEN=1)

- 0x00 to 0x08: SMPS clock frequency equals CLK_ROOT/8 (8.00 MHz / 6.00 MHz)
- 0x09: SMPS clock frequency equals CLK_ROOT/9 (7.11 MHz / 5.33 MHz)
- 0x0A: SMPS clock frequency equals CLK_ROOT/10 (6.40 MHz / 4.80 MHz)
- 0x0B: SMPS clock frequency equals CLK_ROOT/11 (5.82 MHz / 4.36 MHz)
- 0x0C: SMPS clock frequency equals CLK_ROOT/12 (5.33 MHz / 4.00 MHz)
- 0x0D: SMPS clock frequency equals CLK_ROOT/13 (4.92 MHz / 3.69 MHz)
- OXOE: SMPS clock frequency equals CLK_ROOT/14 (4.57 MHz / 3.43 MHz)
- OxOF: SMPS clock frequency equals CLK_ROOT/15 (4.27 MHz / 3.20 MHz)
- 0x10: SMPS clock frequency equals CLK_ROOT/16 (4.00 MHz / 3.00 MHz)
- Ox1x: Reserved
Note: SMPS clock frequency must be selected in a range [4-8] MHz (depending on
RCC_KRMR.KRM and RCC_CFGR.HSESEL).
Bit 0 KRMEN: Variable rate multiplier
— 0: KRM is disabled (SMPS clock frequency depends only on RCC_CFGR.SMPSDIV)

— 1: KRM is enabled (SMPS clock frequency depends on source clock selection
RCC_CFGR.HSESEL and KRM[4:0] dividing ratio)

Note: this bit must be 0 when SMPS is in precharge mode (PWRC_CR5. SMPSFBYP=1)
Note: before setting this bit ensure that PWRC_SR2.SMPSRDY=1

3
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6.6.5

31 30

Clock interrupt enable register (RCC_CIER)

This register controls the enable on interrupt sources.
This register is reset on PADRESETn.

Address offset: 0x18

Reset value: 0x0000 0000

29

28 27 26 25 24 23 22 21 20 19 18 17 16

12 1 10 9 8 7 6 5 4 3 2 1 0

LCSCR
STIE

HSIPLL
LCDRS | LPURS | WDGR | RTCRS | UNLOC | HSIPLL | HSERD | HSIRD LSERD | LSIRD
TIE TIE STIE TIE KDETI | RDYIE | YIE YIE YIE YIE.
E

w w w w w w w w w w

Bits 31:14

Bit 13

Bits 12:11

3

Bit 10

Bit 9

Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Reserved, must be kept at reset value.

LCSCRSTIE: LCSC reset release interrupt enable.
— 0: LCSC reset release interrupt is disabled.
— 1: LCSC reset release interrupt is enabled.

Reserved, must be kept at reset value.

LCDRSTIE: LCD reset release interrupt enable.
— 0: LCD reset release interrupt is disabled.
— 1: LCD reset release interrupt is enabled.

LPURSTIE: LPUART reset release interrupt enable.
— 0: LPUART reset release interrupt is disabled.
— 1: LPUART reset release interrupt is enabled.

WDGRSTIE: Watchdog reset release interrupt enable.
— 0: Watchdog reset release interrupt is disabled.
— 1: Watchdog reset release interrupt is enabled.

RTCRSTIE: RTC reset release interrupt enable.
— 0: RTC reset release interrupt is disabled.
— 1: RTC reset release interrupt is enabled.

HSIPLLUNLOCKDETIE: HSI PLL unlock detection interrupt enable.
— 0: HSI PLL unlocked detection interrupt is disabled.
— 1: HSI PLL unlocked detection is enabled.

HSIPLLRDYIE: HSI PLL ready interrupt enable.
— 0: HSI PLL locked interrupt is disabled.
— 1: HSI PLL locked interrupt is enabled.

HSERDYIE: HSE ready interrupt enable.
— 0: HSE ready interrupt is disabled.
— 1: HSE ready interrupt is enabled.
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Bit 3

Bit 2
Bit 1

Bit 0

HSIRDYIE: HSI ready interrupt enable.
— 0: HSI ready interrupt is disabled.
— 1: HSI ready interrupt is enabled.

Reserved, must be kept at reset value.

LSERDYIE: LSE ready interrupt enable.
— 0: LSE ready interrupt is disabled.
— 1: LSE ready interrupt is enabled.

LSIRDYIE: LSI ready interrupt enable.
— 0: LSl ready interrupt is disabled.
— 1: LSl ready interrupt is enabled.
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6.6.6 Clock Interrupt flag register (RCC_CIFR)
This register provides the status flag linked to clock source ready state or not. It is also used
to clear the flags.
This register is reset on PADRESETn.
Address offset: 0x1C
Reset value: 0x0000 0008
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
LCSCR LCDRS | LPURS | WDGR | RTCRS | HBIPLL | HSIPLL [HSERD | HSIRD LSERD | LSIRD
STF TF TF STF TF | kpetr | ROYF | YF YF YF YF.
rc_w1 rc wl | rcw!l | rcwl | rcw!l | recw!l | rcwl | rcwl | rc_wi rc. wl | rc_wi
Bits 31:14 Reserved, must be kept at reset value.
Bit 13 LCSCRSTF: LCSC reset release flag.
— 0: no LCSC reset release event occurred.
— 1: LCSC reset release event occurred.
Cleared by writing 1 in this bit.
Note: due to asynchronism slow clock/fast clock management, when the software request to
release the LCSC reset by writing in the RCC_APBORSTR.LCSCRST, the reset release is
effective only 2 slow clock periods after the APB writing. This interrupt allows informing the
software when the reset release is really done.
Bits 12:11 Reserved, must be kept at reset value.
Bit 10 LCDRSTF: LCD reset release flag.
— 0: no LCD reset release event occurred.
— 1: LCD reset release event occurred.
Cleared by writing 1 in this bit.
Note: due to asynchronism slow clock/fast clock management, when the software request to
release the LCD reset by writing in the RCC_APBORSTR.LCDCRST, the reset release is
effective only 2 slow clock periods after the APB writing. This interrupt allows informing the
software when the reset release is really done.
Bit9 LPURSTF: LPUART reset release flag.

3

— 0: no LPUART reset release event occurred.

— 1: LPUART reset release event occurred.

Cleared by writing 1 in this bit.

Note: due to asynchronism slow clock/fast clock management, when the software request to
release the LPUART reset by writing in the RCC_APBORSTR.LPUARTRST, the reset release
is effective only 2 slow clock periods or 2 CLK_ROOT_DIV clock periods after the APB writing,
depending on how it's configured LPUCLKSEL bit in Clock configuration register
(RCC_CFGR) on page 118. This interrupt allows informing the software when the reset
release is really done.
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Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2
Bit 1

Bit 0
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WDGRSTF: Watchdog reset release flag.

— 0: no Watchdog reset release event occurred.
— 1: Watchdog reset release event occurred.
Cleared by writing 1 in this bit.

Note: due to asynchronism slow clock/fast clock management, when the software request to
release the Watchdog reset by writing in the RCC_APBORSTR.WDGRST, the reset release is
effective only 2 slow clock periods after the APB writing. This interrupt allows informing the
software when the reset release is really done.

RTCRSTF: RTC reset release flag.

— 0: no RTC reset release event occurred.
— 1: RTC reset release event occurred.
Cleared by writing 1 in this bit.

Note: due to asynchronism slow clock/fast clock management, when the software request to
release the RTC reset by writing in the RCC_APBORSTR.RTCRST, the reset release is
effective only 2 slow clock periods after the APB writing. This interrupt allows informing the
software when the reset release is really done.

HSIPLLUNLOCKDETF: HSI PLL unlock detection flag.
— 0: no HSI PLL unlock event occurred.

— 1: HSI PLL unlock event occurred.

Cleared by writing 1 in this bit.

HSIPLLRDYF: HSI PLL ready flag.

— 0: no HSI PLL locked event occurred.
— 1: HSI PLL locked event occurred.
Cleared by writing 1 in this bit.

HSERDYF: HSE ready flag.

— 0: no HSE ready event occurred.
— 1: HSE ready event occurred.
Cleared by writing 1 in this bit.

HSIRDYF: HSI ready flag.

— 0: no HSI ready event occurred.
— 1: HSI ready event occurred.
Cleared by writing 1 in this bit.

Reserved, must be kept at reset value.

LSERDYF: LSE ready flag.

— 0: no LSE ready event occurred.
— 1: LSE ready event occurred.
Cleared by writing 1 in this bit.

LSIRDYF: LSI ready flag.

— 0: no LSI ready event occurred.
— 1: LSl ready event occurred.
Cleared by writing 1 in this bit.

3
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6.6.7

Note:

Clock switch command register (RCC_CSCMDR)
This register allows safe CPU/system clock frequency switching while the MR_SUBG or the

LPAWUR is active.

Requesting a frequency clock switch holds the AHB/APB transfers between the MR_SUBG
or the LPAWUR and the rest of the system to execute safely the clock switching and release
AHB / APB transfers as soon as the new frequency is in place.

A dedicated line of interrupt (instead of the RCC line) is used on the NVIC for the

EOFSEQ_IRQ information (see Table 7: Interrupt vectors).

Anyway, the user must keep the CPU/system frequency at minimum 16 MHz clock when the

radio is used.

This register is reset on PADRESETn.
Address offset: 0x20

Reset value: 0x0000 0080

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
EOFSE | EOFSE ) ) REQU
QRQ| QI | STATUS[1:0] | CLKSYSDIV_REQI20] | "oy
rc_w1 w r r w | w | w w
Bits 31:8 Reserved, must be kept at reset value.
Bit 7 EOFSEQ_IRQ: End of sequence flag.
— 0: No end of sequence event occurred.
— 1: End of sequence event occurred.
Cleared by writing 1 in this bit.
Bit 6 EOFSEQ_IE: End of sequence interrupt enable.
— 0: End of sequence interrupt is disabled.
— 1: End of sequence interrupt is enabled.
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Bits 5:4

Bits 3:1

Bit 0

STATUS: Status of the switching sequence.

— 00: IDLE = no switch sequence requested / on-going.

— 01: ONGOING = a system clock frequency switch is on-going
— 10: DONE = a system clock frequency switch is done.

— 11: reserved.

This bit field is cleared when EOFSEQ_IRQ bit is cleared.

CLKSYSDIV_REQ: System clock requested/targeted frequency.

Same format and same notes/warnings as SYSCLKDIV[2:0] bit field described in Clock
configuration register (RCC_CFGR).

REQUEST: Request to switch the system clock frequency.

Write 1 in this bit to request a system clock frequency switch (using CLKSYSDIV_REQ[2:0]
information).

This bit is cleared by hardware when the clock frequency switch is done.

Note: writing 0 in this bit aborts the frequency switch sequence if it is not yet finished. This
action must not be used in the normal life of the application except if the end of sequence does
not occurs after a long time (to unblock the situation) but this is not supposed to occur.

3
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6.6.8 AHBO macrocell reset register (RCC_AHBRSTR)

This register allows individual software reset of each IP located in the AHBO mapping.
This register is reset on PADRESETn.
Address offset: 0x30

Reset value: 0x0000 0000

31 30 29

28 27 26 25 24 23 22

21

20

18

17

16

AESRS

RNGR
ST

CRCR
ST

GPIOB
RST

GPIOA
RST

DMAR
ST

Bits 31:21
Bit 20

Bit 19
Bit 18

Bit 17:16
Bits 15:13
Bit 12

Bits 11:4
Bit 3

Bit 2

Bit 1
Bit 0

3

Reserved, must be kept at reset value.

AESRST: AES reset.

— 0: AES IP is not under reset.

— 1: AES IP is under reset.

Reserved, must be kept at reset value.

RNGRST: RNG reset.

— 0: RNG IP is not under reset.

— 1: RNG IP is under reset.

Reserved, must be kept at reset value.
Reserved, must be kept at reset value.
CRCRST: CRC reset.

— 0: CRC IP is not under reset.
— 1: CRC IP is under reset.

Reserved, must be kept at reset value.

GPIOBRST: |0 controller for port B reset.
— 0: GPIOB IP is not under reset.

— 1: GPIOB IP is under reset.
GPIOARST: 10 controller for port A reset.
— 0: GPIOA IP is not under reset.

— 1: GPIOA IP is under reset.

Reserved, must be kept at reset value.

DMARST: DMA and DMAMUX reset.

— 0: DMA and DMAMUX IPs are not under reset.

— 1: DMA and DMAMUX IPs are under reset.
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6.6.9 APBO0 macrocell reset register (RCC_APBORSTR)
This register allows individual software reset of each IP located in the APBO mapping.
This register is reset on PADRESETn.
Note: Each bit is set and reset by the software.
Address offset: 0x34
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DBGM | WDGR |LCSCR |RTCRS | DACRS | COMP |LCDCR | SYSCF TIM16 | TIM2R
CURST| ST ST T T RST ST | GRST RST ST
w w rw rw w w rw rw w w
Bits 31:16 Reserved, must be kept at reset value.
Bit 15 DBGMCURST: DBGMCU reset.
— 0: DBGMCU IP is not under reset.
— 1: DBGMCU IP is under reset.
Bit 14 WDGRST: Watchdog reset.
— 0: Watchdog IP is not under reset.
— 1: Watchdog IP is under reset.
Note: due to asynchronism slow clock/fast clock management, when the software requests to
release the WDG reset by writing 0 in the RCC_APBORSTR.WDGRST, the reset release is
effective only 2 slow clock periods after the APB writing. An interrupt/status flag is available to
inform the software when the reset release is really done (see RCC_CIFR/RCC_CIFR
registers).
Bit 13 LCSCRST: LCSC reset.
— 0: LCSC IP is not under reset.
— 1: LCSC IP is under reset.
Note: due to asynchronism slow clock/fast clock management, when the software request to
release the LCSC reset by writing in the RCC_APBORSTR.LCSCRST, the reset release is
effective only 2 slow clock periods after the APB writing. An interrupt/status flag is available to
inform the software when the reset release is really done (see RCC_CIFR/RCC_CIFR
registers).
Bit 12 RTCRST: RTC reset.
— 0: RTC IP is not under reset.
— 1: RTC IP is under reset.
Note: due to asynchronism slow clock/fast clock management, when the software request to
release the RTC reset by writing in the RCC_APBORSTR.RTCRST, the reset release is
effective only 2 slow clock periods after the APB writing. An interrupt/status flag is available to
inform the software when the reset release is really done (see RCC_CIFR/RCC_CIFR
registers).
Bit 11 DACRST: DAC controller reset.
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— 0: DAC controller IP is not under reset.
— 1: DAC controller IP is under reset.
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Bit 10 COMPRST: Comparator controller reset.
— 0: Comp controller IP is not under reset.
— 1: Comp controller IP is under reset.

Bit9 LCDCRST: LCD controller reset.
— 0: LCD controller IP is not under reset.
— 1: LCD controller IP is under reset.
Note: due to asynchronism slow clock/fast clock management, when the software request to
release the LCD reset by writing in the RCC_APBORSTR.LCDCRST, the reset release is
effective only 2 slow clock periods after the APB writing. An interrupt/status flag is available to
inform the software when the reset release is really done (see RCC_CIFR/RCC_CIFR
registers).

Bit 8 SYSCFGRST: system controller reset.
— 0: system controller IP is not under reset.
— 1: system controller IP is under reset.

Bits 7:2 Reserved, must be kept at reset value.

Bit 1 TIM16RST: TIM16 reset.
— 0: TIM16 IP is not under reset.
— 1: TIM16 IP is under reset.

Bit 0 TIM2RST: TIM2 reset.
— 0: TIM2 IP is not under reset.
— 1: TIM2 IP is under reset.

3
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6.6.10 APB1 macrocell reset register (RCC_APB1RSTR)
This register allows individual software reset of each IP located in the APB1 mapping.
This register is reset on PADRESETn.
Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
12C2RS 12C1RS
T T
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SPI3R USART LPUAR ADCRS SP
ST RST TRST T I1RST
w rw rw w w

Bits 31:24 Reserved, must be kept at reset value.

Bit 23 12C2RST: 12C2 reset.
— 0: 12C2 IP is not under reset.
— 1:12C2 IP is under reset.

Bit 22 Reserved, must be kept at reset value.

Bit 21 12C1RST: 12C1 reset.
— 0: 12C1 IP is not under reset.
— 1:12C1 IP is under reset.

Bits 20:15 Reserved, must be kept at reset value.

Bit 14 SPI3RST: SPI3 reset.
— 0: SPI3 IP is not under reset.
— 1: SPI3 IP is under reset.

Bit 13:11 Reserved, must be kept at reset value.

Bit 10 USARTRST: USART reset.
— 0: USART IP is not under reset.
— 1: USART IP is under reset.

Bit 9 Reserved, must be kept at reset value.

Bit 8 LPUARTRST: LPUART reset.
— 0: LPUART IP is not under reset.
— 1: LPUART IP is under reset.

Note: due to asynchronism slow clock/fast clock management, when the software request to
release the LPUART reset by writing in the RCC_APB1RSTR.LPUARTRST, the reset release
is effective only 2 slow clock periods after the APB writing. An interrupt/status flag is available
to inform the software when the reset release is really done (see RCC_CIFR/RCC_CIFR
registers).

Bits 7:5 Reserved, must be kept at reset value.

3
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Bit4 ADCRST: ADC reset.
— 0: ADC IP is not under reset.
— 1: ADC IP is under reset.

Bits 3:1 Reserved, must be kept at reset value.

Bit 0 SPIMRST: SPI1 reset.
— 0: SPI1 IP is not under reset.
— 1: SPI1 IP is under reset.

6.6.11 APB2 macrocell reset register (RCC_APB2RSTR)

This register allows individual software reset of each IP located in the APB2 mapping
(radio).

This register is reset on PADRESETN.
Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LPAWU MRSU
RRST BGRST
w w

Bits 31:4 Reserved, must be kept at reset value.

Bit 3 LPAWURRST: LPAWUR reset.
— 0: LPAWUR is not under reset.
— 1: LPAWUR is under reset.

Bits 2:1 Reserved, must be kept at reset value.

Bit 0 MRSUBGRST: MR_SUBG (SubG radio) reset.
— 0: MR_SUBG IP is not under reset.
— 1: MR_SUBG IP is under reset.

3
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6.6.12

Note:

AHBO macrocell clock enable register (RCC_AHBENR)

This register allows individual software gating of the clock of each IP located in the AHBO
mapping.

Each IP clock gating is controlled by only 1 bit which gates both AHB clock and kernel clock
when the IP uses one.

This register is reset on PADRESETn.
Address offset: 0x50
Reset value: 0x0000 000C

31 30 29

28 27 26 25 24 23

20

18

16

AESEN

RNGE

12 1" 10 9 8 7

GPIOB
EN

GPIOA
EN

DMAE

Bits 31:21
Bit 20

Bits 19
Bit 18

Bit 17:13
Bit 12

Bits 11:4
Bit 3

Bit 2

Bit 1
Bit 0
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Reserved, must be kept at reset value.

AESEN: AES clock enable.
— 0: AES IP is clock gated.
— 1: AES IP is clocked.

Reserved, must be kept at reset value.

RNGEN: RNG clock enable.
— 0: RNG IP is clock gated.
— 1: RNG IP is clocked.

Reserved, must be kept at reset value.

CRCEN: CRC enable.
— 0: CRC IP is clock gated.
— 1: CRC IP is clocked.

Reserved, must be kept at reset value.

GPIOBEN: 10 controller for port Benable.
— 0: GPIOB IP is clock gated.
— 1: GPIOB IP is clocked (default).

GPIOAEN: 10 controller for port A enable.
— 0: GPIOA IP is clock gated.
— 1: GPIOAIP is clocked (default).

Reserved, must be kept at reset value.

DMAEN: DMA and DMAMUX enable.
— 0: DMA and DMAMUX IPs are clock gated.
— 1: DMA and DMAMUX IPs are clocked.
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6.6.13 APBO0 macrocell clock enable register (RCC_APBOENR)
This register allows individual software gating of the clock of each IP located in the APBO
mapping.
Note: Each IP clock gating is controlled by only 1 bit which gates both APB clock and kernel clock
when the IP uses one.
This register is reset on PADRESETn (except one bit identified with a table footnote).
Address offset: 0x54
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

CUEN

DBGM | WDGE | LCSCE

COMP | LCDCE | SYSCF TIM16E | TIM2E

RTCEN [ DACEN EN N GEN N N

w w w w w w w
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Bits 31:16
Bit 15

Bit 14

Bit 13

Bit 12(1)

Bit 11

Bit 10

Bit 8

Reserved, must be kept at reset value.

DBGMCUEN: DBGMCU enable.
— 0: DBGMCU IP is clock gated.
— 1: DBGMCU IP is clocked.

WDGEN: Watchdog enable.
— 0: Watchdog IP is clock gated.
— 1: Watchdog IP is clocked.

WARNING: the software has to wait 2 slow clock cycles before to use the IWDOG IP
after setting this bit due to a double resynchronization on slow clock.

LCSCEN: LCSC enable.
— 0: LCSC IP is clock gated.
— 1: LCSC IP is clocked.

WARNING: the software has to wait 2 slow clock cycles before to use the LCSC IP after
setting this bit due to a double resynchronization on slow clock.

RTCEN: RTC enable.

— 0: RTC IP is clock gated.

— 1: RTC IP is clocked.

WARNING: the software has to wait 2 slow clock cycles before to use the RTC IP after
setting this bit due to a double resynchronization on slow clock.

DACEN: DAC controller enable.

— 0: DAC controller is clock gated.

— 1: DAC controller is clocked.

COMPEN: Comparator controller enable.
— 0: COMP controller is clock gated.
— 1: COMP controller is clocked.

SYSCFGEN: system controller enable.
— 0: system controller IP is clock gated.
— 1: system controller IP is clocked.
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Bits 7:2 Reserved, must be kept at reset value.

Bit 1 TIM16EN: TIM16 enable.
— 0: TIM16 IP is clock gated.
— 1: TIM16 IP is clocked.

Bit 0 TIM2EN: TIM2 enable.
— 0: TIM2 IP is clock gated.
— 1: TIM2 IP is clocked.

1. This bit is reset on PORESETn only.
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6.6.14 APB1 macrocell clock enable register (RCC_APB1ENR)
This register allows individual software gating of the clock of each IP located in the APB1
mapping.
Note: Each IP clock gating is controlled by only 1 bit which gates both APB clock and kernel clock
when the IP uses one.
This register is reset on PADRESETn.
Address offset: 0x58
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I2C2EN I2C1EN
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SPI3E USART LPUAR ADCAN [ ADCDI SPIME
N EN TEN AEN GEN N
w rw rw w w rw

Bits 31:24 Reserved, must be kept at reset value.

Bit 23 12C2EN: 12C2 enable.

Bit 22
Bit 21

Bits 20:15
Bit 14

Bits 13:11
Bit 10

Bit 9

Bit 8

Bits 7:6
Bit 5

3

— 0:12C21 IP is clock gated.
— 1:12C2 IP is clocked.

Reserved, must be kept at reset value.

12C1EN: 12C1 enable.
— 0:12C1 IP is clock gated.
— 1:12C1 IP is clocked.

Reserved, must be kept at reset value.

SPI3EN: SPI3 enable.
— 0: SPI3 IP is clock gated.
— 1: SPI3 IP is clocked.

Reserved, must be kept at reset value.

USARTEN: USART enable.
— 0: USART IP is clock gated.
— 1: USART IP is clocked.

Reserved, must be kept at reset value.

LPUARTEN LPUART enable.
— 0: LPUART IP is clock gated.
— 1: LPUART IP is clocked.

WARNING: the software has to wait 2 slow clock cycles before to use the LPUART IP
after setting this bit due to a double resynchronization on slow clock.

Reserved, must be kept at reset value.

ADCANAEN ADC clock enable for the analog part of the ADC block.
— 0: ADC analog IP is clock gated.
— 1: ADC analog IP is clocked.
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Bit4 ADCDIGEN ADC clock enable for digital part of the ADC block.

— 0: ADC digital IP is clock gated.
— 1: ADC digital IP is clocked.

Bits 3:1 Reserved, must be kept at reset value.

Bit 0 SPIMEN: SPI1 enable.
— 0: SPI1 IP is clock gated.
— 1: SPI1 IP is clocked.

6.6.15 APB2 macrocell clock enable register (RCC_APB2ENR)

This register allows software gating of the clock of each IP located in the APB2 mapping
(radio).

Note: Gating the MR_SUBG or LPAWUR clocks mean that both their fast and slow clocks are
gated (so including their WAKEUP block clocks).Gating the MR_SUBG clock means that
the fast and slow clocks are gated (so including its WAKEUP block clock).

This register is reset on PADRESETN.
Address offset: 0x60
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LPAWU MRSU
REN BGEN
rw w
Bits 31:4 Reserved, must be kept at reset value.
Bit 3 LPAWUREN: LPAWUR enable.
— 0: LPAWUR is clock gated.
— 1: LPAWUR s clocked.
Bits 2:1 Reserved, must be kept at reset value.
Bit0 MRSUBGEN: MR_SUBG enable.
— 0: MR_SUBG IP is clock gated.
— 1: MR_SUBG IP is clocked.
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6.6.16

31 30

V33 reset status register (RCC_CSR)

This register provides the reset reason flags. It is set automatically by hardware on any new
reset event and must be cleared by software.

The Figure 12: Reset generation provides a summary of active flags versus reset reason.
This register is reset on PORESETn.
Address offset: 0x94

Reset value: 0x0C00 0000

29

28 27 26 25 24 23 22 21 20 19

18

17

16

LOCKU
PRSTF

WDGR
STF

SFTRS | PORR | PADRS

TF | STF | TF RMVF

r r r rc_w1

Bit 31
Bit 30

Bit 29

Bit 28

Bit 27

Bit 26

Bits 25:24

Bit 23

Bits 22:0

3

Reserved, must be kept at reset value.

LOCKUPRSTF: CPU lockup reset flag.
Set by the hardware when a CPU lockup reset occurs.
Reset by writing 1 in RMVF bit.

WDGRSTF: Watchdog reset flag.
Set by the hardware when a Watchdog reset occurs.
Reset by writing 1 in RMVF bit.

SFTRSTF: Software reset flag.
Set by the hardware when a CPU system reset occurs.
Reset by writing 1 in RMVF bit.

PORRSTF: Power-On reset flag.
Set by the hardware when a PORESETN or a BOR reset occurs.
Reset by writing 1 in RMVF bit.

PADRSTF: NRSTn pad reset flag.

Set by the hardware when a reset from external NRSTn pad occurs but also after any reset.
This means the source of the reset is the NRSTn pad only if all flags are low except this one.

Reset by writing 1 in RMVF bit.
Reserved, must be kept at reset value.

RMVF: Remove Flag reset.
Writing 1 in this bit clears all the reset flags of this register.
This bit is auto-cleared by the hardware.

Reserved, must be kept at reset value.
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6.6.17 RF software high-speed external register (RCC_RFSWHSECR)
This register is reset on PADRESETn.
Address offset: 0x98
Reset value: 0x0000 803F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AMPLTHRESH
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWXO
ISTARTUP SWXOTUNEI5:0] TUNEE GMCI6:0]
N
Bits 31:19 Reserved, must be kept at reset value.
Bits 18:16 AMPLTHRESH: RF-HSE Amplitude Control threshold.
Set by software
Bits 15:14 ISTARTUP: RF-HSE Startup current
Set by software
Bits 13:8 SWXOTUNE: RF HSE capacitor bank tuning value set by software.
This value is taken into account instead of the trimming value loaded by HW at reset if
SWXOTUNEEN bit is set.
Bit 7 SWXOTUNEEN: RF HSE software capacitor bank tuning enable.
— 0: trimming value readable in RCC_RFHSECR.XOTUNE[5:0] bit field is used as trimming
value on HSE.
— 1: trimming value written in RCC_RFSWHSECR.SWXOTUNE[5:0] bit field is used as
trimming value on HSE.
Bits 6:5 GMC[6:5]: High speed external XO current control reference
- 00: 10 pA
-01: 20 pA
- 1x: 40 A
Note: this value is set only by software.
Bits 4:0 GMCI[4:0]: High speed external XO current control multiplying factor
IcoreHSE= GMC[4:0] * GMCJ[6:5]
Example: GMC[6:0]=0x1111001 -> IcoreHSE=25*40uA
Note: this value is set only by software.
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6.6.18 RF high speed external register (RCC_RFHSECR)

This register is reset on PADRESETn.
Address offset: 0x9C

Reset value: 0x0000 0000 when the STM32WL30xx/31xx/33xx device flash is empty, else
depends on trimmed values flashed in the sample.

Note: The XOTUNE value depends on the choice of the external XO component. For this reason,
the RCC_RFSWHSECR.SWXOTUNE bit field is the one to program and select before to
start the XO.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AMPLR
EADY, XOTUNE[5:0]
r r | r | r | r | r | r

Bits 31:7 Reserved, must be kept at reset value.
Bit6 AMPLREADY: RF-HSE Amplitude Control Ready output

Bits 5:0 XOTUNE: RF-HSE capacitor bank tuning.
This value is loaded by HW at reset as soon as the flash controller achieves the reading of the
information in flash memory.

3
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6.6.19 AHB sleep mode enable register (RCC_AHBSMENR)
This register is reset on PADRESETn.
Address offset: 0xAQ
Reset value: 0x0014 160F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AESSM RNGS
EN MEN
w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
CRCS SRAM1 | SRAMO GPIOB | GPIOA | FLASH | DMAS
MEN SMEN | SMEN SMEN | SMEN | SMEN | MEN
rw rw rw w w w w

Bits 31:21 Reserved, must be kept at reset value.

Bit 20 AESSMEN: AES clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: AES clock disabled in Sleep mode
- 1: AES clock enabled in Sleep mode (if enabled in AESEN)

Bits 20:19 Reserved, must be kept at reset value.

Bit 18 RNGSMEN: RNG bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: RNG bus clock disabled in Sleep mode
- 1: RNG bus clock enabled in Sleep mode (if enabled in RNGEN)

Bits 17:13 Reserved, must be kept at reset value.

Bit 122 CRCSMEN: CRC clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: CRC clock disabled in Sleep mode
- 1: CRC clock enabled in Sleep mode (if enabled in CRCEN)

Bit 11 Reserved, must be kept at reset value.

Bit 10 SRAM1SMEN: SRAM1 clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: SRAM1 clock disabled in Sleep mode
- 1: SRAM1 clock enabled in Sleep mode

Bit9 SRAMOSMEN: SRAMO clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: SRAMO clock disabled in Sleep mode
- 1: SRAMO clock enabled in Sleep mode

Bits 8:4 Reserved, must be kept at reset value.

Bit 3 GPIOASMEN: GPIOB clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: GPIOB clock disabled in Sleep mode
- 1: GPIOB clock enabled in Sleep mode (if enabled by GPIOBEN)

3
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Bit 2

Bit 1

Bits 0

GPIOASMEN: GPIOA clock enable during Sleep mode bit

This bit is set and reset by software.

- 0: GPIOA clock disabled in Sleep mode

- 1: GPIOA clock enabled in Sleep mode (if enabled by GPIOAEN)

FLASHSMEN: Flash clocks enable during flash Sleep mode and CPU WFI bit
This bit is set and reset by software.

- 0: flash clocks are disabled in flash Sleep mode and CPU WFI mode

- 1: flash clocks are enabled in Sleep mode

Note: Flash Sleep mode is enabled through flash controller register
CONFIG.SLEEP_SM (see Configuration register (CONFIG))

DMASMEN: DMA clock enable during Sleep mode bit

This bit is set and reset by software.

- 0: DMA clock disabled in Sleep mode

- 1: DMA clock enabled in Sleep mode (if enabled in DMAEN)

RMO0511 Rev 5
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6.6.20 APBO sleep mode enable register (RCC_APB0OSMENR)
This register is reset on PADRESETn.
Address offset: OxA4
Reset value: 0x0000 FFO3
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DBGM SYSCF
WDGS | LCSCS |[RTCSM| DACS | COMP |LCDCS TIM16S | TIM2S
CEﬁM MEN | MEN | EN | MEN | SMEN | MEN GSNME MEN | MEN
w w rw rw rw rw rw rw w w
Bits 31:16 Reserved, must be kept at reset value.
Bit 15 DBGMCUSMEN: DBGMCU clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: DBGMCU clock disabled in Sleep mode
- 1: DBGMCU clock enabled in Sleep mode (if enabled in DBGMCUEN)
Bit 14 WDGSMEN: WDG bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: WDG bus clock disabled in Sleep mode
- 1: WDG bus clock enabled in Sleep mode (if enabled in WDGEN)
Bit 13 LCSCSMEN: LCSC bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: LCSC bus clock disabled in Sleep mode
- 1: LCSC bus clock enabled in Sleep mode (if enabled in LCSCEN)
Bit 122 RTCSMEN: RTC bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: RTC bus clock disabled in Sleep mode
- 1: RTC bus clock enabled in Sleep mode (if enabled in RTCEN)
Bit 11 DACSMEN: DAC clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: DAC clock disabled in Sleep mode
- 1: DAC clock enabled in Sleep mode (if enabled in DACEN)
Bit 10 COMPSMEN: COMP clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: COMP clock disabled in Sleep mode
- 1: COMP clock enabled in Sleep mode (if enabled in COMPEN)
Bit 9 LCDCSMEN: LCDC bus clock enable during Sleep mode bit
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This bit is set and reset by software.
- 0: LCDC bus clock disabled in Sleep mode
- 1: LCDC bus clock enabled in Sleep mode (if enabled in LCDCEN)
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Bit 8

Bits 7:2
Bit 1

Bit 0

SYSCFGSMEN: SYSCFG bus clock enable during Sleep mode bit

This bit is set and reset by software.

- 0: SYSCFG bus clock disabled in Sleep mode

- 1: SYSCFG bus clock enabled in Sleep mode (if enabled in SYSCFGEN)

Reserved, must be kept at reset value.

TIM16SMEN: TIM16 bus clock enable during Sleep mode bit

This bit is set and reset by software.

- 0: TIM16 bus clock disabled in Sleep mode

- 1: TIM16 bus clock enabled in Sleep mode (if enabled in TIM16EN)

TIM2SMEN: TIM2 bus clock enable during Sleep mode bit

This bit is set and reset by software.

- 0: TIM2 bus clock disabled in Sleep mode

- 1: TIM2 bus clock enabled in Sleep mode (if enabled in TIM2EN)
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6.6.21

31 30

APB1 sleep mode enable register (RCC_APB1SMENR)

This register is reset on PADRESETn.
Address offset: 0xA8
Reset value: 0x00A0 4511

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

17

16

12C28 12C18
MEN MEN

SPI3S
MEN

ADCDI

USART LPUAR GSME

SMEN TSMEN

SPI1S
MEN

Bits 31:24 Reserved, must be kept at reset value.

Bit 23 12C2SMEN: 12C2 bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: 12C2 bus clock disabled in Sleep mode
- 1:12C2 bus clock enabled in Sleep mode (if enabled in I2C2EN)

Bit 22 Reserved, must be kept at reset value.

Bit 21 12C1SMEN: 2C1 bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: 12C1 bus clock disabled in Sleep mode
- 1:12C1 bus clock enabled in Sleep mode (if enabled in I2C1EN)

Bits 20:15 Reserved, must be kept at reset value.

Bit 14 SPI3SMEN: SPI3 bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: SPI3 bus clock disabled in Sleep mode
- 1: SPI3 bus clock enabled in Sleep mode (if enabled in SPISEN)

Bits 13:11 Reserved, must be kept at reset value.

Bit 10 USARTSMEN: USART bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: USART bus clock disabled in Sleep mode
- 1: USART bus clock enabled in Sleep mode (if enabled in USARTEN)

Bit 9 Reserved, must be kept at reset value.

Bit 8 LPUARTSMEN: LPUART bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: LPUART bus clock disabled in Sleep mode
- 1: LPUART bus clock enabled in Sleep mode (if enabled in LPUARTEN)

Bits 7:6 Reserved, must be kept at reset value.
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Bit 5 Reserved, must be kept at reset value.
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Bit4 ADCDIGSMEN: ADCDIG bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: ADCDIG bus clock disabled in Sleep mode
- 1: ADCDIG bus clock enabled in Sleep mode (if enabled by ADCDIGEN)

Bits 3:1 Reserved, must be kept at reset value.

Bit 0 SPI1SMEN: SPI1 bus clock enable during Sleep mode bit
This bit is set and reset by software.
- 0: SPI1 bus clock disabled in Sleep mode
- 1: SPI1 bus clock enabled in Sleep mode (if enabled in SPI1EN)

3
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6.7

RCC register map

Refer to Table 2.2.2: Memory map and register boundary addresses for the RCC base
address location in the STM32WL30xx/31xx/33xx.

The green cells indicate that the register is in the VDD120 power domain, and the salmon
cells indicate that the register is in the VDDIO (V33) power domain. This implies that those
registers are not reset on Deepstop exit.

Table 17. RCC register map and reset values
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Table 17. RCC register map and reset values (continued)
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Table 17. RCC register map and reset values (continued)

Reset and clock controller (RCC)

0 NIZNIL NILIdS NIDaNSIN - NINSYNG | — | NINSTAIL | —
L NIILNIL - NIWSHSYTH | — | NIWSOIWIL | —
z - NIWSVOIdD | —
€ NERIZR —| 3NNLoX NINSHOIdD | —
v N3DIaoav oS -
S NIVNVOQY -
9 o | AQVId 1dNY
L
8 | N3940SAS | o | NALUVNd1 NIWSOADOSAS | —
NI0AD01 | o NIWSONVES | — | NIWSDADT | —
6
oL NIJNOD | o | NILEVSN NIWNSLANVES | — | NIWSANOD | —
m NIOVA | o NINSOVA | —
Zl NIOE | o NIWSOED | — | NIWNSOLY | —
€l N3I0SO1 | o NIINSOS | —
vl NIDAM | o | NIEIidS o NINSOAM | —
Gl [Nanowedd| o dnidvist NIWSNOWOSA | —
9l S
Ll - - HSIYHLAY | ©
8l g g o NINSONY | —
6l
0z x x NIWSSTV | —
1z N3Ozl
(44
€z NE[Ze14] IANY IANY
1 44
G¢
9z J1S9avd
12 Jisgdod | —
8z J1sd1ds | o
62 J1S49aM | o
oc 31S9dnNM001 | o
1€
z z x 3 5 z :
) | E] w E] ] Ef @ E] £ Ef Y Ef = Ef = E]
- b 5} = © N © & © B © (4] © 1) © ) ©
2 o ke o ke a Z | Z D z T Z @ Ie 2 Z
> < |8l < |3 < |8 3 gl & Bl o« gl Z g & g
nm o' 9 o' ) o' 4 m 4] | 9] o 9] | 9] < 9
8 o 8 o 8 4 o o) o g o 0 o o o
¥ & x O x %] o
[v4 14 x
ﬂ © Q o 39 © o <
& g ; ; g 23 g g g g ;
...Ol S ) S S Wﬂ S S 3 3 3

RMO0511 Rev 5

150/1079



RMO0511 Reset and clock controller (RCC)

Table 17. RCC register map and reset values (continued)
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6.8 Programmer’s model

6.8.1 Switch the system on the PLL64M clock tree

To switch the system from the HSI clock source to the PLL clock source, the user has to:

1. Enable the HSE (48 MHz or 50 MHz external crystal)

2. Wait for the HSE ready flag information (through interrupt or by polling)

3. Request to enable the PLL

4. Wait for the PLL ready flag information (through interrupt or by polling). From this point,
the clock source for the whole fast clock tree is the accurate PLL source.

Note: A status flag and an associated interrupt are available to inform the software in case of
HSIPLL64M unlock event. See RCC_CIER and RCC_CIFR registers.

6.8.2 Use the direct HSE instead of the RC64MPLL block

If the application does not target to use the maximum system clock frequency, the system
can be configured to use directly the 48 MHz or 50 MHz provided by the external XO (HSE).

This configuration choice is supposed to be static and to be used when maximum frequency
is never used.

In this case, the software has to:

1. Ensure the RCC_CR.CLKSYSDIV bit field is programmed with a value greater then
000

2. Enable the external XO (by setting the RCC_CR.HSEON if not yet done)

3.  Wait for the HSE ready flag information (through interrupt or by polling)

4. Setthe RCC_CFGR.HSESEL bit to switch the fast clock tree on HSE path. If both
clocks (HSI and HSE) are present, the switch should take around 4 clock cycles.

5. To safe power, the software can stop the RC64MPLL analog block by setting the
RCC_CFGR.STOPHSI bit.

Note: A hardware mechanism is in place to restart the RC64MPLL and switch back the clock tree
on it if the HSERDY is low or if the CLKSYSDIV bit field has been programmed to 000.

The HSE configuration is not lost on a Deepstop sequence. So at wakeup, the system

restarts the HSE (thanks to HEON bit) and clock tree switches back on HSE as soon as the

HSERDY flag is set. In the meantime, the clock tree run on RC64MPLL block. If the

STOPHSI was high before the Deepstop, the RC64MPLL analog is switched off as soon as

the clock tree is back on HSE path.

—  The HSE configuration is not lost on a Deepstop sequence. So at wakeup, the

system restarts the HSE (thanks to HEON bit). So at wakeup:the clock tree runs
on RC64MPLL block (HSI or PLL)

—  the clock is automatically switched from HSI to HSE

6.8.3 Changing the system clock frequency while the MR_SUBGHz is
enabled

As long as the MR_SUBG is enabled (by setting the RCC_APB2ENR.MRBLEEN), the
application software has no guarantee the radio is running or about to start a sequence that
makes the MR_SUBG IP does AHB access to the RAM. Changing the system clock and by
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Reset and clock controller (RCC)

Note:

3

this action changing the ratio between MR_SUBG clock domain and system clock domain
could create crash if not managed carefully.

For this reason, a hardware mechanism has been put in place and must be used to change
the system frequency when MR_SUBG is ON.

The sequence to execute to change the system clock is the following:

1.

Ensure the targeted frequency is a integr multiple of 16 MHz greater than or equal to
the MR_SUBG frequency (visible in RCC_APB2ENR.CLKBLEDIV)

Program the wanted frequency in the RCC_CSCMDR.CLKSYDIV bit field and set the
RCC_CSCMDR.REQUEST bit.

Wait for the RCC_CSCMDR.EOFSEQ_IRQ flag information (through interrupt or by
polling)

When the flag (and the interrupt if enabled) is set, the system is running on the new
frequency.

The RCC_CFGR.CLKSYSDIV[1:0] bit field has been updated by hardware to the new
frequency value.

If the software requested a frequency below 16 MHz, the actual final frequency is 16 MHz
(associated value is readable in the RCC_CFGR.CLKSYSDIV[1:0].
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General-purpose 1/0s (GPIO)

Introduction

Each general-purpose I/O port has four 32-bit configuration registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR and GPIOx_PUPDR), two 32-bit data registers
(GPIOx_IDR and GPIOx_ODR) and a 32-bit set/reset register (GPIOx_BSRR). In addition
all GPIOs have a 32-bit locking register (GPIOx_LCKR) and two 32-bit alternate function
selection registers (GPIOx_AFRH and GPIOx_AFRL).

GPIO main features

e  Output states: push-pull or open drain + pull-up/down

e  Output data from output data register (GPIOx_ODR) or peripheral (alternate function
output)

e  Speed selection for each I/O

e Input states: floating, pull-up/down, analog

e Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)
e Bit set and reset register (GPIOx_ BSRR) for bitwise write access to GPIOx_ODR

e  Locking mechanism (GPIOx_LCKR) provided to freeze the I/O port configurations

e Analog function

e Alternate function selection registers

e  Fast toggle capable of changing every clock cycle

e Highly flexible pin multiplexing allows the use of I/O pins as GPIOs or as one of several
peripheral functions

GPIO functional description

Subject to the specific hardware characteristics of each I/O port listed in the Section 4: 1/0
operating modes, each port bit of the general-purpose /O (GPIO) ports can be individually
configured by software in several modes:

e Input floating

e Input pull-up

e Input-pull-down

e Analog

e  Output open-drain with pull-up or pull-down capability

e Output push-pull with pull-up or pull-down capability

e  Alternate function push-pull with pull-up or pull-down capability

e Alternate function open-drain with pull-up or pull-down capability

Each 1/O port bit is freely programmable, however the 1/O port registers have to be
accessed as 32-bit words, half-words or bytes. The purpose of the GPIOx_BSRR and
GPIOx_BRR registers is to allow atomic read/modify accesses to any of the GPIOx_ODR

registers. In this way, there is no risk of an IRQ occurring between the read and the modify
access.
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Note: Open-drain and analog features are not available on all the I/Os of the
STM32WL30xx/31xx/33xx. Refer to Table 8: GPIO alternate options AF0 - AF3 and Table 9:
GPIO alternate options AF4 - AF6 footnotes.

Figure 15 and Figure 16 show the basic structures of a mixed analog/digital 5V tolerant 1/0
port bit and a digital only 5V tolerant, respectively. Table 18 gives the possible port bit
configurations.

Figure 15. Basic structure of a mixed analog/digital five-volt tolerant I/O port bit
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1. Vpp_pr is a potential specific to five-volt tolerant I/Os and different from Vpp.
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Figure 16. Basic structure of a digital only five-volt tolerant I/O port bit
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1. Vpp_pr is a potential specific to five-volt tolerant I/Os and different from Vpp.

Table 18. Port bit configuration table(?)

MODE(i) . OSPEED(i) PUPD(i) . .
[1:0] OTYPER(i) [1:0] [1:0] 1/0 configuration
0 0 0 GP output PP
0 0 1 GP output PP + PU
0 1 0 GP output PP + PD
01 0 SPEED 1 1 Reserved
1 [1:0] 0 0 GP output oD
1 0 1 GP output OD + PU
1 1 0 GP output OD + PD
1 1 1 Reserved (GP output OD)
0 0 0 AF PP
0 0 1 AF PP + PU
0 1 0 AF PP + PD
10 0 SPEED 1 1 Reserved
1 [1:0] 0 0 |AF oD
1 0 1 AF OD +PU
1 1 0 AF OD +PD
1 1 1 Reserved
156/1079 RM0511 Rev 5 Kys
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Table 18. Port bit configuration table(?) (continued)
MODE(i) . OSPEED(i) PUPD(i) ' .
[1:0] OTYPER(i) [1:0] [1:0] 1/0 configuration

X X X 0 0 Input Floating
X X X 0 1 Input PU

00
X X X 1 0 Input PD
X X X 1 1 Reserved (input floating)
X X X 0 0 Input/output Analog
X X X 0 1

11
X X X 1 0 Reserved
X X X 1 1

1. GP = general-purpose, PP = push-pull, PU = pull-up, PD = pull-down, OD = open-drain, AF = alternate function.

Note:

7.3.1

7.3.2

3

Open-drain and analog features are not available on all the I/Os of the
STM32WL30xx/31xx/33xx. Refer to Table 8: GPIO alternate options AF0 - AF3 and Table 9:
GPIO alternate options AF4 - AF6 footnotes.

General-purpose 1/O (GPIO)

During and just after reset, the alternate functions are not active and most of the 1/0O ports
are configured in GPIO input pull-up mode except the SWD debug pins.

The debug pins are in AFO pull-up/pull-down after reset:

e PA2: SWDIO in pull-up

e PA3: SWDCLK in pull-down

When the pin is configured as output, the value written to the output data register

(GPIOx_ODR) is output on the I/O pin. It is possible to use the output driver in push-pull
mode or open-drain mode (only the low level is driven, high level is HI-Z).

The input data register (GPIOx_IDR) captures the data present on the I/O pin at every AHB
clock cycle.

All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated or
not depending on the value in the GPIOx_PUPDR register.

1/0 pin alternate function multiplexer and mapping

The device I/O pins are connected to on-board peripherals/modules through a multiplexer
that allows only one peripheral alternate function (AF) connected to an I/O pin at a time. In
this way, there can be no conflict between peripherals available on the same 1/O pin.

Each 1/0 pin has a multiplexer with up to seven alternate function inputs (AFO to AF6) that
can be configured through the GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to
15) registers:

e After reset the multiplexer selection is alternate function 0 (AFQ). The I/Os are
configured in alternate function mode through GPIOx_MODER register.

e  The specific alternate function assignments for each pin are detailed in the Section 4:
I/O operating modes.
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Note:

7.3.3

7.3.4

158/1079

In addition to this flexible /O multiplexing architecture, each peripheral has alternate
functions mapped onto different I/O pins to optimize the number of peripherals available in
smaller packages.

To use an I/O in a given configuration, the user has to proceed as follows:
e Debug function: after each device reset these pins are assigned as alternate function
pins immediately usable by the debugger host
e System function: MCO and LCO pins have to be configured in alternate function
mode.
e  GPIO: configure the desired I/O as output, input or analog in the GPIOx_MODER
register.
e  Alternate function:
—  Connect the I/O to the desired AFx in one of the GPIOx_AFRL or GPIOx_AFRH
register.
—  Select the type, pull-up/pull-down and output speed via the GPIOx_OTYPER,
GPIOx_PUPDR and GPIOx_OSPEEDER registers, respectively.
—  Configure the desired I/O as an alternate function in the GPIOx_MODER register.
e  Cortex-MO0+ alternate function (EVENTOUT): The Cortex®-M0+ output EVENTOUT
signal can be output as alternate function on several 1/Os. An event can be signaled
through the configured pin after executing SEV instruction.
e Additional functions:
—  Forthe ADC (STM32WL33xx/31xx only), configure the desired I/O in analog mode
in the GPIOx_MODER register and configure the required function in the
ADCregisters.

The user has to disable the pulls by software on I/Os he configures in analog mode.

—  For the additional functions like Wakeup I/Os, LSE oscillator, LCO and LCSC
(STM32WL33xx only) configure the required function in the related PWRC and
RCC registers. These functions have priority over the configuration in the standard
GPIO registers.

Refer to the “Alternate function mapping” table in the for the detailed mapping of the
alternate function 1/O pins.

1/0 port control registers

Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 1/0s. The
GPIOx_MODER register is used to select the I/0O mode (input, output, AF, analog). The
GPIOx_OTYPER and GPIOx_OSPEEDR registers are used to select the output type (push-
pull or open-drain) and speed. The GPIOx_PUPDR register is used to select the pull-
up/pull-down whatever the 1/O direction.

I/0 port data registers

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers
(GPIOx_IDR and GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/write
accessible. The data input through the 1/O are stored into the input data register
(GPIOx_IDR), a read-only register.

See GPIOA port input data register (GPIOA_IDR) and GPIOA port output data register
(GPIOA_ODR) for the register descriptions.
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7.3.5

7.3.6

7.3.7

3

I/0 data bitwise handling

The bit set reset register (GPIOx_BSRR) is a 32-bit register which allows the application to
set and reset each individual bit in the output data register (GPIOx_ODR). The bit set reset
register has twice the size of GPIOx_ODR.

To each bit in GPIOx_ODR, correspond two control bits in GPIOx_BSRR: BS(i) and BR(i).
When written to 1, bit BS(i) sets the corresponding ODR(i) bit. When written to 1, bit BR(i)
resets the ODR(i) corresponding bit.

Writing any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit in
GPIOx_ODR. If there is an attempt to both set and reset a bit in GPIOx_BSRR, the set
action takes priority.

Using the GPIOx_BSRR register to change the values of individual bits in GPIOx_ODR is a
“one-shot” effect that does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always
be accessed directly. The GPIOx_BSRR register provides a way of performing atomic
bitwise handling.

There is no need for the software to disable interrupts when programming the GPIOx_ODR
at bit level: it is possible to modify one or more bits in a single atomic AHB write access.

GPIO locking mechanism

It is possible to freeze the GPIO control registers by applying a specific write sequence to
the GPIOx_LCKR register. The frozen registers are GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH.

To write the GPIOx_LCKR register, a specific write / read sequence has to be applied. When
the right LOCK sequence is applied to bit 16 in this register, the value of LCKR[15:0] is used
to lock the configuration of the I/Os (during the write sequence the LCKR[15:0] value must
be the same). When the LOCK sequence has been applied to a port bit, the value of the port
bit can no longer be modified until the next MCU reset or peripheral reset. Each
GPIOx_LCKR bit freezes the corresponding bit in the control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH.

The LOCK sequence (refer to GPIOB port bit set/reset register (GPIOB_BSRR)) can only
be performed using a word (32-bit long) access to the GPIOx_LCKR register due to the fact
that GPIOx_LCKR bit 16 has to be set at the same time as the [15:0] bits.

For more details refer to LCKR register description in GPIOB port bit set/reset register
(GPIOB_BSRR).

1/0 alternate function input/output

Two registers are provided to select one of the alternate function inputs/outputs available for
each I/0O. With these registers, you can connect an alternate function to some other pin as
required by your application.

This means that a number of possible peripheral functions are multiplexed on each GPIO
using the GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can
thus select any one of the possible functions for each 1/0. The AF selection signal being
common to the alternate function input and alternate function output, a single channel is
selected for the alternate function input/output of a given 1/O.

To know which functions are multiplexed on each GPIO pin, refer to the Section 4: I/O
operating modes.
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7.3.8

7.3.9

160/1079

External interrupt/wakeup lines

All ports have external interrupt capability. To use external interrupt lines, the 10 port must
be configured in input mode. The interruption configuration (level/edge, polarity, mask)has
to be done in the system controller (SYSCFG). See Section 8: System controller (SYSCFG).

Input configuration

When the 1/O port is programmed as input:

The output buffer is disabled
The Schmitt trigger input is activated

The pull-up and pull-down resistors are activated depending on the value in the
GPIOx_PUPDR register

The data present on the 1/O pin are sampled into the input data register every AHB
clock cycle

A read access to the input data register provides the I/O state

Figure 17 shows the input configuration of the I/O port bit.

Figure 17. Input floating/pull up/pull down configurations
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7.3.10

7.3.11

3

Output configuration

When the 1/O port is programmed as output:
e  The output buffer is enabled:

—  Open drain mode: A “0” in the Output register activates the N-MOS whereas a “1”
in the Output register leaves the port in Hi-Z (the P-MOS is never activated)

—  Push-pull mode: A “0” in the Output register activates the N-MOS whereas a “1” in
the Output register activates the P-MOS

e  The Schmitt trigger input is activated

e  The pull-up and pull-down resistors are activated depending on the value in the
GPIOx_PUPDR register

e The data present on the I/O pin are sampled into the input data register every AHB
clock cycle

e Aread access to the input data register gets the I/O state
e Aread access to the output data register gets the last written value

Figure 18 shows the output configuration of the I/O port bit.

Figure 18. Output configuration
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Alternate function configuration

When the 1/O port is programmed as alternate function:
e  The output buffer can be configured in open-drain or push-pull mode

e  The output buffer is driven by the signals coming from the peripheral (transmitter
enable and data)

e  The Schmitt trigger input is activated

e  The weak pull-up and pull-down resistors are activated or not depending on the value
in the GPIOx_PUPDR register

e The data present on the I/O pin are sampled into the input data register every AHB
clock cycle

e Aread access to the input data register gets the I/O state

Figure 19 shows the Alternate function configuration of the I/O port bit.
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Figure 19. Alternate function configuration

r—— - —— — — — — B
To on-chip ﬁlternate function input | |
peripheral < |
8 ! on
Read B | /‘ |
5 | J [
» § | TTL Schmitt |
o 3 trigger
2 | s | |
= .
Write e N Inputdriver |
b s _______r
@ 'aajy I—Output driver Vbb
2 s |
& 3 | —[ P-mos |
= —I—. Output
£ | control |
N-MOS
Read/write o | —| ‘
— h-pull or
Vgg  PUSn-pUnL
From on-chip i of - - - - _ == _ open-drain
peripheral Alternate function output

on/o

VDDIOXVDDIOX

protection
diode

1/0 pin

protection
diode

Analog configuration

When the I/O port is programmed as analog configuration:
e  The output buffer is disabled

e  The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt trigger is forced to a constant value (0).

e The pull-up and pull-down resistors have to be disabled by the software else the
associated analog feature does not work as expected.

e Read access to the input data register gets the value “0”

Figure 20 shows the high-impedance, analog-input configuration of the 1/0 port bit.

Figure 20. High impedance-analog configuration
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7.3.13 Using the LSE oscillator pins as GPIOs

When the LSE oscillator is switched OFF (default state after reset), the related oscillator
pins can be used as normal GPIOs.

When the oscillator is configured in a user external clock mode, only the OSC32_IN pin is
reserved for clock input and the OSC32_OUT pin can still be used as normal GPIO.

Caution:  There is no hardware mechanism to isolate software configuration automatically for the 1/0s
shared with OSC32_IN (PB13) and OSC32_OUT (PB12) when the external low speed
oscillator (LSE) is used. The user has to take care to program the concerned 1/O as input
floating.

Note: The high speed oscillator (HSE) OSC_IN and OSC_OUT pins are dedicated oscillator pins
and can not be used as GPIO.

RMO0511 Rev 5 163/1079

3




General-purpose 1/0s (GPIO)

RM0511

7.4 GPIO registers
This section gives a detailed description of the GPIO registers.
For a summary of register bits, register address offsets and reset values, refer to
Section 7.5: GPIO register map.
The peripheral registers can be written in word, half word or byte mode.
7.41 GPIOA port mode register (GPIOA_MODER)
Address offset:0x00
Reset values:0x0000 00AQ
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15[1:0] | MODE14[1:0] | MODE13[1:0] | MODE12[1:0] | MODE11[1:0] | MODE10[1:0] | MODE9[1:0] MODES[1:0]
w [ [ w [w [w [ w | w [ w [ [ w | w ][ | o[ | w]w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] | MODES6[1:0] | MODES[1:0] MODE4[1:0] MODES3[1:0] MODE2[1:0] MODE1[1:0] MODEQ[1:0]
S I N N A I A

Bits 2y+1:2y MODEy[1:0]: Port A configuration bits (y = 0..15)

164/1079

These bits are written by software to configure the I/O mode.
00: Input mode
01: output mode
10: Alternate function mode
11: Analog mode

Note: when configuring a pad in Analog mode, the user must take care to disable the
associated pull-up/down to avoid pollution on the analog signal.
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74.2 GPIOB port mode register (GPIOB_MODER)
Address offset:0x00
Reset values:0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15[1:0] MODE14[1:0] MODE13[1:0] MODE12[1:0] MODE11[1:0] MODE10[1:0] MODE9[1:0] MODES][1:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MODET7[1:0] MODES®6[1:0] MODES5[1:0] MODEA4[1:0] MODES3[1:0] MODEZ2[1:0] MODE1[1:0] MODEO[1:0]

Bits 2y+1:2y MODEy[1:0]: Port B configuration bits (y = 0..15)

These bits are written by software to configure the I/O mode.

00: Input mode

01: output mode

10: Alternate function mode

11: Analog mode

Note: when configuring a pad in Analog mode, the user must take care to disable the
associated pull-up/down to avoid pollution on the analog signal.

743 GPIOA port output type register (GPIOA_OTYPER)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 oT9 oT8 oT7 oT6 oT5 oT4 oT3 oT2 OoT1 OoT0
w w rw w w w w w w w w w w w rw rw

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 OTy: Port A configuration bits (y = 0..15)

3

These bits are written by software to configure the I/O output type.

0: Output push-pull (reset state)
1: Output open-drain
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744 GPIOB port output type register (GPIOB_OTYPER)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 | OT9 | OT8 | OT7 | OTé | OT5 | OT4 | OT3 | OT2 | OT1 | OTO
w rw rw w w rw w w rw rw w w rw w rw w
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 OTy: Port B configuration bits (y = 0..15)
These bits are written by software to configure the 1/0 output type.
0: Output push-pull (reset state)
1: Output open-drain
7.4.5 GPIOA port output speed register (GPIOA_OSPEEDR)
Address offset: 0x08
Reset value: 0x0000 0030
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEED15 OSPEED14 OSPEED13 OSPEED12 OSPEED11 OSPEED10 OSPEED9 OSPEEDS8
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEED7 OSPEED6 OSPEED5 OSPEED4 OSPEED3 OSPEED2 OSPEED1 OSPEEDO
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]

Bits 2y+1:2y OSPEEDy[1:0]: Port A configuration bits (y = 0..15)

166/1079

These bits are written by software to configure the I/O output speed.
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7.4.6 GPIOB port output speed register (GPIOB_OSPEEDR)
Address offset: 0x08
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEED15 OSPEED14 OSPEED13 OSPEED12 OSPEED11 OSPEED10 OSPEED9 OSPEEDS8
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEED7 OSPEED6 OSPEED5 OSPEED4 OSPEED3 OSPEED2 OSPEED1 OSPEEDO
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
Bits 2y+1:2y OSPEEDy[1:0]: Port B configuration bits (y = 0..15)
These bits are written by software to configure the I/O output speed.
7.4.7 GPIOA port pull-up/pull-down register (GPIOA_PUPDR)
Address offset: 0x0C
Reset values: 0x5555 5595
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPD15[1:0] | PUPD14[1:0] | PUPD13[1:0] PUPD12[1:0] PUPD11[1:0] PUPD10[1:0] PUPD9[1:0] PUPD8[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPD7[1:0] PUPD6[1:0] PUPD5[1:0] PUPD4[1:0] PUPD3[1:0] PUPD2[1:0] PUPD1[1:0] PUPDO[1:0]
Bits 2y+1:2y PUPDy[1:0]: Port A configuration bits (y = 0..15)
These bits are written by software to configure the /O pull-up or pull-down
00: No pull-up, pull-down
01: Pull-up
10: Pull-down
11: Reserved
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7.4.8 GPIOB port pull-up/pull-down register (GPIOB_PUPDR)
Address offset: 0x0C
Reset values: 0x5555 5555
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPD15[1:0] | PUPD14[1:0] | PUPD13[1:0] PUPD12[1:0] PUPD11[1:0] PUPD10[1:0] PUPD9[1:0] PUPD8[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPD7[1:0] PUPD6[1:0] PUPD5[1:0] PUPD4[1:0] PUPD3[1:0] PUPD2[1:0] PUPD1[1:0] PUPDO[1:0]
Bits 2y+1:2y PUPDy[1:0]: Port B configuration bits (y = 0..15)
These bits are written by software to configure the 1/0 pull-up or pull-down
00: No pull-up, pull-down
01: Pull-up
10: Pull-down
11: Reserved
749 GPIOA port input data register (GPIOA_IDR)
Address offset: 0x10
Reset value: 0x0000 XXXX (where X means undefined)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ID15 | ID14 | D13 | D12 | ID11 | ID10 | ID9 ID8 ID7 ID6 ID5 ID4 ID3 ID2 D1 IDO
r r r r r r r r r r r r r r r r

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 IDy: Port A input data bit (y = 0..15)

These bits are read-only. They contain the input value of the corresponding 1/O port.
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7.410 GPIOB port input data register (GPIOB_IDR)
Address offset: 0x10
Reset value: 0x0000 XXXX (where X means undefined)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ID15 | ID14 | D13 | D12 | D11 | ID10 | ID9 ID8 ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
r r r r r r r r r r r r r r r r
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 IDy: Port B input data bit (y = 0..15)
These bits are read-only. They contain the input value of the corresponding 1/O port.
7411 GPIOA port output data register (GPIOA_ODR)
Address offset: 0x14
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OD15 | OD14 | OD13 | OD12 | OD11 | OD10 | OD9 | OD8 | OD7 | OD6 | OD5 | OD5 | OD3 | OD2 | OD1 | ODO
w rw w rw w w w w w w rw w w w w w

Bits 31:16 Reserved, must be kept at reset value.
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Bits 15:0 ODy: Port A output data bit (y = 0..15)

These bits can be read and written by software.

Note: For atomic bit set/reset, the OD bits can be individually set and/or reset by writing to the

GPIOx_BSRR or GPIOx_BRR registers (x = A, B)
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7412 GPIOB port output data register (GPIOB_ODR)

Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

OD15 | OD14 | OD13 | OD12 | OD11 | OD10 | OD9 0oD8 oD7 OD6 OD5 OD4 OoD3 oD2 OD1 ODO0

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 ODy: Port B output data bit (y = 0..15)
These bits can be read and written by software.

Note: For atomic bit set/reset, the OD bits can be individually set and/or reset by writing to the
GPIOx_BSRR or GPIOx_BRR registers (x = A, B)

7413 GPIOA port bit set/reset register (GPIOA_BSRR)

Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO
w w w w w w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS11 BS10 BS9 BS8 BS7 BS6 BS5 BS4 BS3 BS2 BS1 BSO
w w w w w w w w w w w w w w w w

Bits 31:16 BRy: Port Areset bity (y = 0..15)
These bits are write-only. A read to these bits returns the value 0x0000.

0: No action on the corresponding ODx bit
1: Resets the corresponding ODx bit

Note: If both BSx and BRx are set, BSx has priority.

Bits 15:0 BSy: Port A set bity (y=0..15)
These bits are write-only. A read to these bits returns the value 0x0000.

0: No action on the corresponding ODx bit
1: Sets the corresponding ODx bit
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7414 GPIOB port bit set/reset register (GPIOB_BSRR)

Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w w w w w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS11 | BS10 | BS9 | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO
w w w w w w w w w w w w w w w w

Bits 31:16 BRYy: Port B reset bit y (y = 0..15)

These bits are write-only. A read to these bits returns the value 0x0000.
0: No action on the corresponding ODx bit
1: Resets the corresponding ODx bit

Note: If both BSx and BRx are set, BSx has priority.

Bits 15:0 BSy: Port B set bit y (y= 0..15)

These bits are write-only. A read to these bits returns the value 0x0000.
0: No action on the corresponding ODx bit
1: Sets the corresponding ODx bit
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7.4.15 GPIOA port configuration lock register (GPIOA_LCKR)
This register is used to lock the configuration of the port bits when a correct write sequence
is applied to bit 16 (LCKK). The value of bits [15:0] is used to lock the configuration of the
GPIO. During the write sequence, the value of LCKR[15:0] must not change. When the
LOCK sequence has been applied on a port bit, the value of this port bit can no longer be
modified until the next MCU reset or peripheral reset.
Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access
(32-bit long) is allowed during this locking sequence.
Each lock bit freezes a specific configuration register (control and alternate function
registers).
Address offset: 0x1C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LCKK
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LCK15 | LCK14 | LCK13 | LCK12 | LCK11 | LCK10 | LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 LCKO
w w w w rw w rw w w rw rw rw rw w w w
Bits 31:17 Reserved, must be kept at reset value.

Bit 16 LCKK: Lock key
This bit can be read any time. It can only be modified using the lock key write sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. The GPIOx_LCKR register is locked until the next MCU
reset or peripheral reset.
LOCK key write sequence:
WR LCKR[16] = ‘1" + LCKR[15:0]
WR LCKR[16] = ‘0’ + LCKR[15:0]
WR LCKR[16] = ‘1" + LCKR[15:0]
RD LCKR
RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)
Note: During the LOCK key write sequence, the value of LCK[15:0] must not change.
Any error in the lock sequence aborts the lock.
After the first lock sequence on any bit of the port, any read access on the LCKK bit
returns ‘1’ until the next MCU reset or peripheral reset.

Bits 15:0 LCKYy: Port A lock bit y (y= 0..15)
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These bits are read/write but can only be written when the LCKK bit is ‘0, using the specific
sequence described in LCKK bit description.

0: Port configuration not locked

1: Port configuration locked
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7.4.16 GPIOB port configuration lock register (GPIOB_LCKR)
This register is used to lock the configuration of the port bits when a correct write sequence
is applied to bit 16 (LCKK). The value of bits [15:0] is used to lock the configuration of the
GPIO. During the write sequence, the value of LCKR[15:0] must not change. When the
LOCK sequence has been applied on a port bit, the value of this port bit can no longer be
modified until the next MCU reset or peripheral reset.
Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access
(32-bit long) is allowed during this locking sequence.
Each lock bit freezes a specific configuration register (control and alternate function
registers).
Address offset: 0x1C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LCKK
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LCK15 | LCK14 | LCK13 | LCK12 | LCK11 | LCK10 | LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 LCKO
w w w w rw w rw w w rw rw rw rw w w w
Bits 31:17 Reserved, must be kept at reset value.
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Bit 16 LCKK: Lock key
This bit can be read any time. It can only be modified using the lock key write sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. The GPIOx_LCKR register is locked until the next MCU
reset or peripheral reset.
LOCK key write sequence:
WR LCKR[16] = ‘1" + LCKR[15:0]
WR LCKR[16] = ‘0’ + LCKR[15:0]
WR LCKR[16] = ‘1" + LCKR[15:0]
RD LCKR
RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)
Note: During the LOCK key write sequence, the value of LCK[15:0] must not change.
Any error in the lock sequence aborts the lock.
After the first lock sequence on any bit of the port, any read access on the LCKK bit
returns ‘1’ until the next MCU reset or peripheral reset.

Bits 15:0 LCKYy: Port B lock bit y (y= 0..15)

These bits are read/write but can only be written when the LCKK bit is ‘0, using the specific
sequence described in LCKK bit description.

0: Port configuration not locked
1: Port configuration locked

RMO0511 Rev 5 173/1079




General-purpose 1/0s (GPIO) RMO0511
7417 GPIOA alternate function low register (GPIOA_AFRL)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFSEL7[3:0] AFSEL6([3:0] AFSEL5[3:0] AFSEL4[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL3[3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO[3:0]
Bits 31:0 y[3:0]: Alternate function selection for port A piny (y = 0..7)
These bits are written by software to configure alternate function 1/0s
AFSELy selection:
0000: AFO
0001: AF1
0010: AF2
0011: AF3
0100: AF4
Other: Reserved
7.4.18 GPIOB alternate function low register (GPIOB_AFRL)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFSEL7[3:0] AFSEL6[3:0] AFSEL5[3:0] AFSEL4[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL3[3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO[3:0]
Bits 31:0 y[3:0]: Alternate function selection for port B piny (y = 0..7)
These bits are written by software to configure alternate function 1/0s
AFSELy selection:
0000: AFO
0001: AF1
0010: AF2
0011: AF3
0100: AF4
Other: Reserved
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7.4.19 GPIOA alternate function high register (GPIOA_AFRH)
Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFSEL15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSEL8[3:0]

Bits 31:0 y[3:0]: Alternate function selection for port A piny (y = 8..15)
These bits are written by software to configure alternate function 1/0s

AFSELy selection:
0000: AFO
0001: AF1
0010: AF2
0011: AF3
0100: AF4
Other: Reserved

7.4.20 GPIOB alternate function high register (GPIOB_AFRH)
Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFSEL15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSELS[3:0]

Bits 31:0 y[3:0]: Alternate function selection for port B piny (y = 8..15)
These bits are written by software to configure alternate function 1/0s

AFSELy selection:
0000: AFO
0001: AF1
0010: AF2
0011: AF3
0100: AF4
Other: Reserved
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7.4.21 GPIOA port bit reset register (GPIOA_BRR)
Address offset: 0x28
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w w w w w w w w w w w w w w w
Bits 31:16 BRy: Port Areset bity (y = 0..15)
These bits are write-only. A read to these bits returns the value 0x0000.
0: No action on the corresponding ODx bit
1: Resets the corresponding ODx bit
7.4.22 GPIOB port bit set/reset register (GPIOB_BSRR)
Address offset: 0x28
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w w w w w w w w w w w w w w w

Bits 15:0 BRy: Port B reset bity (y = 0..15)

These bits are write-only. A read to these bits returns the value 0x0000.

0: No action on the corresponding ODx bit
1: Resets the corresponding ODx bit
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GPIO register map

7.5

The following table gives the GPIO register map and reset values.

Table 19. GPIO register map and reset values
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