m RMO0530

Reference manual

STM32WB07xC and STM32WBO06xC ultra-low power wireless 32-bit MCUs
Arm®-based Cortex®-M0+ with Bluetooth® LE and 2.4 GHz radio solution

Introduction

This reference manual provides complete information on how to use the STM32WB07xC and STM32WB06xC microcontroller
memory and peripherals.

STM32WB07xC and STM32WB06xC are powerful and ultra-low-power 2.4 GHz RF transceivers with a Cortex®-M0+
microcontroller that can operate at up to 64 MHz.

The STM32WB07xC and STM32WB06xC are suitable for implementation of applications compliant with the Bluetooth® LE SIG
specification.

Refer to the related device datasheet for detailed information.
STM32WB07xC and STM32WB06xC microcontrollers include ST state-of-the-art patented technology.

Related documents

Available from STMicroelectronics web site www.st.com:
. STM32WB07xC, STM32WB06xC datasheet (DS14676)
. STM32WB07xC, STM32WB06xC errata sheet (ES0632)

For information on the Cortex®-M0+ core, refer to the corresponding Technical Reference Manuals, available from the
www.arm.com website. For information on Bluetooth® refer to www.bluetooth.com.
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1 Documentation conventions

1.1 General information

For information on the Arm® Cortex®-MO0+ core, refer to the Cortex®-M0+ technical reference manual, available
from the www.arm.com website.

For information on Bluetooth® refer to www.bluetooth.com website.

Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
€3 Bluetooth arm
1.2 List of abbreviations for registers
The following abbreviations are used in register descriptions:
Table 1. List of abbreviations for registers
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) s:lﬁ\évare can read as well as clear this bit by writing 1. Writing ‘0" has no effect on the bit
read/clear (rc_w0 or RWCO) \?:Iflj\évare can read as well as clear this bit by writing 0. Writing ‘1’ has no effect on the bit
read/clear by read (rc_r or RC) Software can r.ead this bit. Reading this bit automatically clears it to ‘0’. 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 or Software can read this bit. Writing ‘0’ or ‘1’ triggers an event but has no effect on the bit
RWH) value
toggle (t or RWT1) Software can only toggle this bit by writing ‘1°. Writing ‘0" has no effect
Reserved (Res.) Reserved bit, must be kept at reset value
1.3 Glossary

This section gives a brief definition of the abbreviations used in this document:

The SoC integrates the SWD debug port (SWD-DP) which provides a 2-pin (clock and data) interface based on
the serial wire debug (SWD) protocol.

Word: data/instruction of 32-bit length
Half word: data/instruction of 16-bit length
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Byte: data of 8-bit length

Double word: data of 64-bit length
AHB: advanced high-performance bus
APB: advanced peripheral bus

CPU: refers to the Cortex®-MO0+core


http://www.arm.com
http://www.bluetooth.com
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1.4 Availability of peripherals

For availability of peripherals and their number across all sales types, refer to the particular device datasheet.

RMO0530 - Rev 3 page 3/660



‘_ RM0530
,’ Documentation conventions

1.5 Acronyms

Table 2. Acronyms

ADC Analog to digital converter
AES Advanced encryption standard hardware accelerator
AGC Automatic gain converter
AHB Advanced high-performance bus
APB Advanced peripheral bus
ART Adaptive real-time memory accelerator
BOR Brown-Out Reset
BPU Breakpoint unit (ARM debug component)
COMP COMParator
CPU Central processor unit
CRC Cyclic redundancy check
CTI Cross trigger interface (ARM debug component)
DBG DeBuG
DMA Direct memory access
DMAMUX Direct memory access MUItipleXor
DWT Data watchpoint and trace (ARM debug component)
FSM Finite state machine
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)
IRQ Interrupt request
IT™ Instrumentation trace macrocell (ARM debug component)
IWDG Independent watchdoG
JTAG Joint test access group (test interface standard)
LCD Liquid crystal display
LDO Low-dropoutput
LP Low power
LPUART Universal asynchronous receiver transmitter (communication standard)
LSB Least significant byte
LSE Low speed external clock oscillator
LSI Low speed internal clock oscillator
MCU Micro controller unit
MPU Memory protection unit
MR_BLE Radio sub-system
MSB Most significant byte
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NVIC Nested vector interrupt controller
OBL Option byte loading
oscC Oscillator
OTP One time programmable
PA Power amplifier
PDR Power-down reset
PDM Pulse density modulation
PKA Public key accelerator
PLL Phase locked loop
POR Power-on reset
PVD Programmable voltage detector
PVM Peripheral voltage monitoring
PWR Power controller
RC Resistor capacitor oscillator
RCC Reset and clock controller
RF Radio frequency
RF2G4 Analog radio block used with the MR_BLE IP
RNG True random number Generator
ROM Read-only memory
RRM Radio resource manager
RTC Real-time clock
Rx Reception
SAl Serial audio interface
SMPS Switch mode power supply
SoC System-on-chip
SPI Serial peripheral interface (communication standard)
SRAM Static random access memory
SwW 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)
Vbat Battery voltage. Voltage used for the always-on part of the design
VCO Voltage controlled oscillator
VREF Voltage reference
WEFI Wait for instruction (ARM instruction entering low-power mode)
WKUP Wakeup
WRP Write protection
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WWDG Window watchdog

XIP Execute in place
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2 System and memory overview
2.1 System architecture
The main system consists of a 32-bit multilayer AHB bus matrix that interconnects:
. Three masters:
—  CPU (Cortex®-MO0+) core S-bus
- DMA1
- Radio system
. Nine slaves:

- Internal flash memory on CPU (Cortex®-MO0+) S bus

- Internal SRAMO (16 Kbytes)

- Internal SRAM1 (16 Kbytes)

- Internal SRAM2 (16 Kbytes)

- Internal SRAM3 (16 Kbytes)

- 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. STM32WB07xC
and STM32WBO06xC 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 Bluetooth protocol and application management.
The peripherals are located on the different system buses (AHB, APBO, APB1, APB2 for the radio system). There
are 4 SRAM banks, an SRAMO always power supplied and three SRAM (SRAM1, SRAM2 and SRAM3) that can

be programmed to be always on or switchable. For more information see Section 5.7.2: Control register 2
(PWRC_CR2).
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Figure 1. STM32WB07xC and STM32WB06xC system architecture
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211 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).

2.1.2 S1: DMA-bus

This bus connects the AHB master interface of the DMA to the BusMatrix.The targets of this bus are the four
banks of SRAM and the APB1 peripheral.

213 S$2: Radio system-bus

This bus connects the AHB master interface of the radio system to the BusMatrix.The targets of this bus are the
four banks of SRAM and the APB2 peripherals (internal APB blocks of the MR_BLE/Radio sub-system IP).
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21.4 BusMatrix

The BusMatrix manages the access arbitration between masters. The arbitration uses a "Round Robin" algorithm.
The BusMatrix is composed of three masters (CPU, DMA1-bus and radio system-bus) and nine slaves (FLASH,
SRAMO, SRAM1, SRAM2 & SRAM3, APBO and APB1, AHBO and AHBRF).

AHB/APB bridges
The two bridges AHB to APB0 and AHB to ABP1 provide full synchronous connections between the AHB and the
two APB buses.

The bridge AHB to APB2 provides synchronous connections between the AHB and the APB bus. Two blocks are
added to the AHB/APB path to manage potential prescaled MR_BLE frequency versus the system frequency:

. AHB up converter is used for the MR_BLE AHB master transactions towards the SRAM
. AHB down converter is used for the CPU AHB master transactions towards the MR_BLE 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.

Note: 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.

2.2 Memory organization

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

These bytes are coded in memory in Little Endian format. The lowest numbered byte in a word is considered the
word least significant byte and the highest numbered byte the most significant.
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Figure 2. Memory map
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OXFFFF FFFF

O0x8FFF FFFF

Reserved (error)

0x6002 0000
Reserved APBZ (RF)
0x6000 0000
OxEOOF FFFF Reserved
Cortex®-MO0+ 0x4890 0000
internal ‘ AHBO
peripherals 0x4800 0000

0xE000 0000

OX8FFF FFFF

0x4000 0000

Reserved (error)

Peripherals

Reserved (error)

0x4102 0000

0x4100 0000
0x4002 0000

0x4000 0000

O0X2FFF FFFF

0x2000 FFFF

0x2000 C000

0x2000 8000

0x2000 4000

0x2000 0000

Reserved (error)

APB1

Reserved (error)

APBO

Reserved (error)

SRAMS3 (16 Kbytes)

SRAM2 (16 Kbytes)

SRAM1 (16 Kbytes)

SRAMO (16 Kbytes)

Reserved (error)
0x1007 FFFF
Ox2FFF FFFF
Main flash memory
SRAM (256 Kbytes)
0x1004 0000
0x2000 0000
Reserved Reserved
0x1007 FFFF
0x1000 0000
Reserved (error)
CODE 0x0000 3FFF
Cortex®-MO0+ IFR, flash or
SRAMO, depending on BOOT
configuration
0x0000 0000
0x0000 0000

DT60198

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 Section 2.2.2: Memory map and register
boundary addresses and to each peripheral register map section.

page 10/660




‘_ RM0530
,’ System and memory overview

222 Memory map and register boundary addresses

Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses gives the
boundary addresses of the peripherals available in the device.

Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses

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

0xE010 0800 - OXFFFF FFFF 255 M Reserved
Mise 0xEO000 0000 - OXEOOF FFFF 1™ Private peripheral bus = Cortex-MO0+ registers (interrupt controller, SysTick, etc.)
0x6000 1800 - 0x6000 1BFF 1K WAKEUP Wakeup registers of the MR_BLE
0x6000 1500 - 0x6000 17FF Radio registers Radio registers through APB direct access
APB2 = 0x6000 1400 - 0x6000 14FF T RRM RRM registers of the MR_BLE
0x6000 1000 - 0x6000 13FF 1K RADIO_CTRL Radio controller registers of the MR_BLE
0x6000 0000 - 0x6000 OOFF 256 BLE BLE link layer registers of the MR_BLE
0x4880 0000 - 0x4880 O3FF 1K DMAMUX See Table 29. DMAMUX register map and reset values
0x4870 0000 - 0x4870 00FF 256 DMA slave See Table 26. DMA register map and reset values
0x4860 0000 - 0x4860 03FF 4K RNG See Table 1
0x4850 0000 - 0x485F FFFF 156 PWRC See Table 11. PWRC register map
AHBO 0x4840 0000 - 0x484F FFFF 156 RCC See Section 6.6.18: RCC register map
0x4830 0400 - 0x4830 07FF 1K PKA RAM Table 3. STM32WB07xC and STM32WB06xC memory
0x4830 0000 - 0x4830 03FE 1K PKA slave map and peripheral register boundary addresses
0x4820 0000 - 0x4820 O3FF 1K CRC See Table 41. CRC register map and reset values
0x4810 0000 - 0x4810 O3FF 1K GPIOB See Section 7.4.11: GPIO register map
0x4800 0000 - 0x4800 03FF 1K GPIOA See Section 7.4.11: GPIO register map
0x4100 7000 - 0x4100 73FF 1K SPI3 See Section 22.9.10: SPI/I2S register map
0x4100 6000 - 0x4100 60FF 256 ADC See Section 12.6.23: ADC registers map
0x4100 5000 - 0x4100 53FF 1K LPUART See Section 21.5: LPUART registers
0x4100 4000 - 0x4100 43FF 1K USART See Section 20.7: USART registers
APBT 0x4100 3000 - 0x4100 33FF 1K SPI2 See Section 22.9.10: SPI/I2S register map
0x4100 2000 - 0x4100 23FF 1K SPI1 See Section 22.9.10: SPI/I2S register map
0x4100 1000 - 0x4100 13FF 1K 12C2 See Section 19.6.12: 12C register map
0x4100 0000 - 0x4100 03FF 1K 12C1 See Section 19.6.12: 12C register map
0x4000 4000 - 0x4000 43FF 1K RTC See Section 17.6.14: RTC register map
0x4000 3000 - 0x4000 33FF 1K IWDG See Section 18.4.6: IWDG register map
APBO | 0x4000 2000 - 0x4000 23FF 1K TIM1 See Section 16.4.24: TIM1 register map
0x4000 1000 - 0x4000 1FFF 4K FLASH_CTRL See Section 9.3: Flash controller register map
0x4000 0000 - 0x4000 003F 64 SYSTEM_CTRL See Section 8.2.17: System controller register map
0x2000 C000 - 0x2000 FFFF 16 K SRAM3 -
0x2000 8000 - 0x2000 BFFF 16 K SRAM2 -
SRAM ' 0x2000 4000 - 0x2000 7FFF 16 K SRAM1 -
0x2000 0018-0x2000 3FFF 16360 -
SRAMO
0x2000 0000-0x2000 0017 24 -
Flash = 0x1004 0000 - 0x1007 FFFF 256 K Main flash -
OTP  0x1000 1800 - 0x1000 1BFF 1K OTP area -
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m Boundary address Actual size (bytes) Peripheral Peripheral register map

Boot(") | 0x0000 0000 - 0x0000 3FFF 16 K 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 on REMAP and PREMARP bits located in
the Flash controller CONFIG register. See Table 5. Address remapping depending on REMAP bit for remapping detail.

Table 4. SRAMO reserved locations

0x2000
0000 Reserved1 Reserved for future use.
0x2000
0004 4 Reserved2 Reserved for future use.
0x2000 4 SavedMSP !Jsed by‘Ipm module. Used to save context
0008 information pointer.
0x2000 Used by Ipm module. Indicate whether the system
000C 4 WakeupFromSleepFlag has been woken up from DeepStop.
Copy of last reset reason from register
RCC_CSR. The register is read, copied to this
0x2000 4 ResetReason location by the bootloader code and finally
0010 cleared. As a consequence, software reading the
register always reads 0. Users should read this
location to know the last reset reason.
0x2000 Relocation of application base. Bootloader jumps
4 AppBase to the location pointed to by this value when a
0014
wakeup from DeepStop occurs.
Only when radio is used and radio clock is
activated.
0x2000 . ) NOTE: CFG_NUM_RADIO_TASKS is the number
ooco  CFG_NUM_RADIO_TASKS"92+28 Blue Core Config of simultaneous radio tasks selected by the

application (radio controller supports up to 128
simultaneous radio tasks, but actual usable max
value depends on the available RAM).

SRAMO memory locations from 0x2000 0000 to 0x2000 0017 are reserved for system use and users are not
allowed to use these locations for their application.

Table 5. Address remapping depending on REMAP bit

0 Main flash
1 SRAMO
2.3 Arm® Cortex®-M0+

The Arm® Cortex®-MO+ 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-M0+ embeds:

. four breakpoints

. two watchpoints

. an MPU (memory protection unit) providing eight unified protection regions

. a SysTick running only with the system clock (external clock option not supported)
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2.31 CPU memory remap

Following a 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 Section 9.4.2: Configuration
register (CONFIG).

The following memory can be remapped:

. Main flash memory
. SRAMO memory
Embedded boot loader
ST provides a boot loader executed after each CPU reboot. This boot loader has its own documentation.
Note: The STM32WBO07xC and STM32WBO06xC device latches the PA8 / PA9 / PA10/ PA11 pads value at POR. The
information is available in the PWRC_SR2 register (see Section 5.7.6: Status register 2 (PWRC_SR2)). One of

those four I/Os can be used by the boot loader as boot indication between a normal boot or a boot on serial
interface.

RMO0530 - Rev 3 page 13/660



‘_ RM0530
’l System and memory overview

2.3.2 Interrupts

Interrupts are handled by the Cortex-MO0+ nested vector interrupt controller (NVIC). The NVIC controls specific
Cortex-MO0+ interrupts (address 0x00 to 0x3C) as well as 32 user interrupts (address 0x40 to 0xBC). In the
STM32WB07xC and STM32WBO06xC devices, the user interrupts have been connected to the interrupt signals of
the different peripherals (GPIO, Flash controller, timers, UART,...). These interrupts can be controlled using the
ISER, ICER, ISPR and ICOR registers.

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-MO0+ registers area.

The interrupt mapping for the vector table of the STM32WBO07xC and STM32WBO06xC devices is described in
Table 6. Interrupt vectors.

Table 6. Interrupt vectors

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

0x0000_000C -

- - RESERVED RESERVED RESERVED 0x0000_0038
- 6 Settable SysTick System tick timer 0x0000_003C
0 Init 0 Settable NVM Non-volatile memory (Flash) controller 0x0000_0040
1 Init 0 Settable RCC Reset and clock controller 0x0000_0044
2 Init 0 Settable BATTERY PVD 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 Settable SPI2 SPI2 interrupt 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 TIM1 TIM1 interrupt 0x0000_0068
11 Init 0 Settable RTC RTC interrupt 0x0000_006C
12 Init 0 Settable RESERVED RESERVED 0x0000_0070
12 Init 0 Settable ADC ADC interrupt 0x0000_0070
13 Init 0 Settable PKA PKA interrupt 0x0000_0074
14 Init 0 Settable - - 0x0000_0078
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 BLE_TXRX (V) BLE end of transfer interrupt 0x0000_0088
19 Init 0 Settable -M - 0x0000_008C
20 Init 0 Settable - - 0x0000_0090
21 Init 0 Settable RADIO_CTRL Radio control slow clock measurement 0x0000_0094

(1) interrupt
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Init 0 Settable MR_BLE ! RRM and radio FSM interrupt 0x0000_0098
23 Init 0 Settable CPU—(Y)VKUP CPU wakeup interrupt 0x0000_009C
24 Init 0 Settable BLE_WKUP (") BLE wakeup interrupt 0x0000_00A0
25 Init 0 Settable BLE_SEQ BLE RX/TX sequence interrupt 0x0000_00A4

0x0000_00AS8 -

26 - 31 Init 0 Settable - RESERVED 0x0000_00BC

1. Some specific cares are needed at SW level to clear the interrupt: see Warning for interrupt clearance when system clock is
faster than MR_BLE clock.

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-MO0+ side using the NVIC ICPR register
. set the priority using the NVIC IPRO-IPR7 registers

. activate on the Cortex-M0+ side using the NVIC ISER register

. activate on the peripheral side

Note that 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.

For more details on the Cortex-M0+ NVIC behavior and registers, see “ARMv6-M Architecture Reference
Manual”, §B3.4.
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3 AHB up/down converter

The STM32WBO07xC and STM32WB06xC devices can support several system clock frequencies from 1 MHz to
64 MHz.

The MR_BLE/Radio sub-system IP does not need more than 32 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_BLE (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_BLE IP of
the device.

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

Note: The system clock must be at 16/32/64 MHz and always equal or faster than MR_BLE clock when radio is used
(no other frequencies).

3.1 AHB up/down converter description

The AHB up/down converter role is to allow STM32WB07xC and STM32WBO06xC devices to support a fast
system clock (up to 64 MHz).

The AHBUPCONYV 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_BLE IP frequencies.
. AHB and APB data transfer between MR_BLE 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 64 MHz.

Figure 3. AHB up/down converter

16 MHz or 32MHz 16 MHz, 32MHz or

|
| 64MHz
! Controland RCC Interrupt to CPU
! Status data | v
MR_BLE IP !
AHB | v AHB slave input
UI
AHB 1x / 2x / 4x AHB
< > | < >
|
APB — System bus matrix
|
’ I Control and
APB I Status data
| Y
AHB Down AHB
APB/AHB |« » ax/ ZJ(/ 1x »| AHB master output
|

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

RMO0530 - Rev 3 page 16/660



‘_ RMO0530
,l AHB up/down converter

When a CPU/system clock frequency switch is needed (activate or deactivate the divider by two or four between
the system and the MR_BLE), the user must request the new system clock targeted frequency in the
RCC_CSCMDR.REQUEST bit (see Section 6.6.6: 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_BLE APB
registers)

. Checks the traffic on the AHB bus between MR_BLE 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

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 waits until the current AHB transfer ends and then holds the AHB traffic as
explained above.

. 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_BLE APB registers).

. Once the AHBUPCONYV block has held 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.

. When the new system clock frequency is stable, the RCC informs the AHBUPCONYV it is done. Then:
— the AHBUPCONV releases the AHB transfers
— the AHBUPCONYV informs the AHBDOWNCONYV that it can also release the AHB/APB transfers.
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4 I/0 operating modes

The STM32WB07xC and STM32WB06xC devices propose up to 32 programmable 1/Os (depending on the
package).

Each 1/0 can be programmed in several modes:

. Input mode

. General purpose output mode
. Alternate function

. Analog mode (when available)

The STM32WBO07xC and STM32WB06xC 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. GPIO alternate options AF3 - AF4 and
Table 9. 1/0 analog feature mapping .

Caution: When an external slow clock XO is used (LSE on PB12 and PB13 I/Os), the USART transfers done on
PB14 / PB15 I/Os in AF7 generate some disturbances on the slow clock.

Note: I/Os features presented in Table 8. GPIO alternate options AF3 - AF4 and Table 9. I/O analog feature mapping
are valid only when the associated I/O is programmed as alternate function.
Refer to Section 7: General-purpose 1/0Os (GPIO) for more details on all configurations.
The number of 1/Os available in the STM32WB07xC and STM32WBO06xC devices depends on the package:
. 20 I/0s in VFQFPN32
. 30 1/0Os in WLCSP49
. 32 1/0s in VFQFPN48
Type acronyms correspond to:
. I: input
. O: output
. 1/O: input output
. OD: open drain

Note: Pin names in bold indicate the I/O is able to wake up the device and is able to be in input or output during
Deepstop.
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Table 7. GPIO alternate options AF0 - AF2

AF0 mode AF1 mode AF2 mode

Tpe | signal [ Type | Signal [ Tyee]  Signal

Port A
PAO(") /0D 12C1_SCL [ USART_CTS e} 12S2_MCK
PA1(") /0D 12C1_SDA 110 SPI2_MISO 1/0OD USART_TX
PA2 1/0 DEBUG_SWDIO 110 USART_CK I TIM_BKIN
PA3 I DEBUG_SWCLK o USART_RTS_DE I TIM_BKIN2
PA4 O RCC_LCO 110 SPI2_NSS/I2S2_WS - -
PA5 o} RCC_MCO /10 SPI2_SCK/ 1282_SCK - -
PA6 | LPUART_CTS 110 SPI2_MOSI/I2S2_SD - -
PA7 O LPUART_RTS_DE 110 SPI2_MISO - -
PA8 1/0 USART_RX l{e] SPI1_MOSI o} RADIO_RX_SEQUENCE
PA9 1/0 USART_TX /0 SPI1_SCK e} RTC_OUT
PA10 O RCC_LCO 110 SPI1_MISO O RADIO_TX_SEQUENCE
PA11 O RCC_MCO /0 SPI1_NSS e} RADIO_RX_SEQUENCE
PA12 (1) 110 12C1_SMBA 110 DEBUG_SWDIO 1/0 SPI1_NSS
PA13 @) 110 12C2_SCL | DEBUG_SWCLK 1/0 SPI1_SCK
PA14 () 1/0 12C2_SDA - - 110 SPI1_MISO
PA15 () 110 12C2_SMBA - - 110 SPI1_MOSI
Port B
PBO" 1/0 USART_RX O LPUART_RTS_DE - -
PB1 () 110 SPI1_NSS O PDM_CLK - -
PB2(") o USART_RTS_DE | PDM_DATA - -
PB3(" | USART_CTS 110 LPUART_TX - -
PB4") 110 LPUART_TX 110 SPI2_MISO - -
PB5(") 110 LPUART_RX 110 SPI2_MOs - -
/1282_SD
PB6'" oD 12C2_SCL 110 SPI2_NSS - -
/1282_WS
PB7() oD 12C2_SDA /0 SPI2_SCK - -
/IS2S_SCK
PB8 1/0 USART_CK 110 LPUART_RX - -
PB9 l{e} USART_TX | LPUART_CTS e} 1282_MCK
PB10 1/0 SPI1_NSS /0 SPl2_ScK 1/0 I12C1_SDA
/12S82_SCK
PB11 1/0 SPI1_SCK 110 SPI2_NSS 1/0 12C1_SCL
N12S2_WS
PB12(1) l{e} SPI1_SCK O RCC_LCO I PDM_DATA
PB13(16) 1/0 SPI1_MISO 110 12C2_SCL e} PDM_CLK
PB14(1 110 SPI1_MOSI 110 12C2_SDA I TIM1_ETR
PB15(" 110 12C1_SMBA (e} RADIO_TX_SEQUENCE o} RCC_MCO
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1. This I/O is able to be configured as analog (mixedl/O) in VFQFPN32 package.
2. This I/O is shared with OSC32_OUT (low speed clock oscillator pin) available on VFQFPN48 package from a WLCSP49.

3. This I/O is shared with OSC32_IN (low speed clock oscillator pin).

Note: Refer to the device datasheet for details about the available pin for each supported device package.

Note: For Table 8. GPIO alternate options AF3 - AF4 , pin names in bold indicate the I/0 is able to wake up the device
and is able to be in input or output during Deepstop.
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Table 8. GPIO alternate options AF3 - AF4

AF3 mode AF4 mode
T N T 7 N
Port A
PAO") | - 1/0 TIM1_CH3
PA1() 0 - 1/0 TIM1_CH4
PA2 O 12S3_MCK O -
SPI3_SCK/
PA3 1/0 O -
12S3_SCK
PA4 1/0 LPUART_TX 1/0 TIM1_CH1
PA5 1/0 LPUART_RX 1/0 TIM1_CH2
SPI2_NSS/
PAG6 1/0 1/0 TIM1_CH1
12S2_WS
PA7 110 SPI2_SCK/I2S82_SCK 1/0 TIM1_CH2
PA8 1/0 SPI3_MISO 1/0 TIM1_CH3
SPI3_NSS/
PA9 1/0 1/0 TIM1_CH4
12S3_WS
PA10 O 12S3_MCK O -
SPI3_MOSI/
PA11 1/0 O -
12S3_SD
SPI2_MOSI/
PA12(%) 110 110 TIM1_CH1
12S2_SD
PA13 ® 110 SPI2_MISO | TIM1_ETR
PA14 @ - - | TIM1_BKIN
PA15 () - - | TIM1_BKIN2
Port B
PBO @ 1/0 TIM1_CH2N - -
PB1@ | TIM1_ETR - -
PB2?) 110 TIM1_CH3 - -
PB3 1/0 TIM1_CH4 - -
PB4 2 | PDM_DATA - -
PB5?) (o) PDM_CLK - -
PB6'") 1/0 LPUART_TX 1/0 TIM1_CH1
PB7") 110 LPUART_RX 1/0 TIM1_CH2
PB8 1/0 TIM1_CH4 1/0 TIM1_CH1N
PB9 1/0 TIM1_CH1IN 1/0 TIM1_CH2N
PB10 1/0 TIM1_CH2 1/0 TIM1_CH3N
PB11 1/0 TIM1_CH1 1/0 TIM1_CH4N
PB12(2)0) | TIM1_BKIN 1/0 TIM1_CH3
PB13()*) | TIM1_BKIN2 110 TIM1_CH4
PB14 ) 1/0 TIM1_CH3N O -
PB15 @) 1/0 TIM1_CH4N O -
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This I/0 is able to be configured in open-drain.

This I/0 is able to be configured as analog (mixedl/O).

This I/0 is shared with OSC32_OUT (low speed clock oscillator pin).
This I/O is shared with OSC32_IN (low speed clock oscillator pin).

A LDd =

Note: AF5, AF6, AF7 alternate functions:
PA2: SWDIO (AF5, AF7)
PA3: SWCLK (AF5, AF7)
PB14: USART_RX (AF7)
PB15: USART_TX (AF7)
Note: The STM32WB07xC and STM32WB06xC are provided with the RADIO_TX_SEQUENCE and

RADIO_RX_SEQUENCE signals which alert, respectively, transmission and reception activities. A signal can be
enabled for TX and RX on two pins, through alternate functions:

. RADIO_TX_SEQUENCE is available on PA10 (AF2) or PB15 (AF1)
. RADIO_RX_SEQUENCE is available on PA8 (AF2) or PA11 (AF2)
The signal is high when radio is in TX (or RX), low otherwise.

The signals can be used to control external antenna switching and support coexistence with other wireless
technologies.

Note: Concerning the ADC block present in the STM32WB07xC and STM32WBO06xC devices:
. The eight ADC channels are available on PA12, PA13, PA14, PA15, PBO, PB1, PB2, PB3
. The two analog microphone pins are available on PB4 and PBS5.

The ADC features on those pins are available if the associated pin is configured in analog mode (see
Section 7.3.1: General-purpose 1I/O (GPIO) for more details)

The table below shows the mapping associated to analog configuration (for pins which can support analog mode).
In Table 9. I/0 analog feature mapping .

Note: Programming an alternate function sets the output value of the pin: 12C_SDA, 12C_SCL, 12C_SMBA set to 1,
SPI_SCK, SPI_NSS, SPI_MISO, SPI_MOSI, SPI_MCK set to 0, UART_RX set to 0 and UART_TX set to 1.
Note: Refer to device the datasheet for details about the available pin for each supported device package.
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Table 9. 1/0 analog feature mapping

m Analog feature m Analog feature Parallel analog feature

Port A Port B
PAO N/A( PBO ADC_VINM1 N/A()
PA1 N/A( PB1 ADC_VINP1 N/A()
PA2 N/A() PB2 ADC_VINMO PGA_CAP0O?
PA3 N/A() PB3 ADC_VINPO PGA_CAP1®
PA4 N/A( PB4 PGA_VIN N/A()
PA5 N/A() PB5 PGA_VBIAS_MIC® N/A()
PAG6 N/A() PB6 N/A N/A()
PA7 N/A( PB7 N/AC) N/A()
PA8 N/A() PB8 N/AC) N/A()
PA9 N/A( PB9 N/A N/A()
PA10 N/A() PB10 N/AC) N/A()
PA11 N/A() PB11 N/AC) N/A()
PA12 ADC_VINM3 PB12 N/AC) RCC_0SC32_OUT )
PA13 ADC_VINP3 PB13 N/AC) RCC_OSC32_IN @)
PA14 ADC_VINM2 PB14 N/A() PVD input voltage
PA15 ADC_VINP2 PB15 N/A() N/A

1. N/A means not applicable as the associated I/O does not support analog option.

2. The selection between ADC_VINx0 and PGA_CAPX is done through a register in the SYSCFG block. See
Section 8.2.11: I/O analog switch control register (GPIO_SWA_CTRL).

3. This pin is not 5 V tolerant. All other 31 pins are 5 V tolerant.

4. 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 RCC_OSC32_OUT /RCC_0OSC32_IN whatever the selected mode in
the associated GPIO_MODERX register.
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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
. 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 I/0 configuration.

5.2 Power supply domains
STM32WB07xC and STM32WBO06xC devices embed three power domains:
. VDD33 aka VDDIO or VDD:
- the voltage range is between 1.7 V and 3.6 V,

- it supplies a part of the 1/O ring, the embedded regulators and the system analog IPs such as power
management block and embedded oscillators

. VDD12o:
- 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 1.0 V during low-power mode (Deepstop)
. 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)
The digital power supplies are provided by different regulators:
- a main 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)
- a low-power LDO(LPREG):
° stays enabled during both active and low-power phases
° provides a 1.0 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)

- a dedicated 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).

Figure 4. Power supply domain overview shows an overview of the different regulators and connections
between the power supply domains.
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Figure 4. Power supply domain overview
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5.3 Power voltage supervisor

STM32WB07xC and STM32WB06xC devices embed several power voltage monitoring:
. Power-on reset (POR) / power-down reset (PDR) / Brown-Out Reset (BOR)
. Power voltage detector (PVD)

Power-on reset POR / power-down reset (PDR) / Brown-Out Reset (BOR)

The device has an integrated power-on reset / power-down reset, coupled with a Brown-Out Reset circuitry.
During the power-on, the device remains in reset mode as long as Vppo is below a VpoR threshold (typically
1.65 V).

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

5.3.1

Figure 5. Power-on reset/power-down reset waveform

A Vbpio

PORESETNn

With typical values as follows:
. Vpor: 1.65V
. Hysteresis: 20 mV (so Vppgr: 1.63 V)
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. Trempo: 250 ps
The Brown-Out Reset (BOR) generates a device reset when the power supply (VDD) drops under VppR.

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

5.3.2 Power voltage detection (PVD)

The PVD can be used to monitor:

. the VDDIO:
- VDDIO is compared to a programmed threshold (between 2.05 V and 2.91 V)
- The threshold programming is done through PWRC_CR2.PVDLS[2:0] bit field

. an external analog input signal:
- an external analog signal is compared to an internal VBGP (at 1.2 V) voltage
- the feature is selected through PWRC_CR2.PVDLS[2:0] bit field

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

When the feature is enabled and the PVD measures 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 Section 8.2.10: Power controller
interrupt status and clear register (PWRC_ISCR)).

5.4 Operating modes
The STM32WBO07xC and STM32WB06xC support three main operating modes:
. Run mode
. Deepstop mode
. Shutdown mode
The transition from one mode to another is managed through a PMU state machine.

5.4.1 Run mode
In Run mode:
. both regulators (MLDO and LPREG) are enabled
. MLDO provides the power supply for both VDD12i and VDD120
. System clock and bus clock are running
. the CPU and the radio can be used

The power consumption may be reduced by gating the clock of the unused peripherals through the RCC clock
enable registers (see Section 6.6.18: RCC register map).

Figure 6. Power regulators and SMPS configuration in Run mode shows the regulators and SMPS configuration
in Run mode with a product with only 48 Kbytes of RAM.
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Figure 6. Power regulators and SMPS configuration in Run mode
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5.4.2 Deepstop mode

The Deepstop is the only low-power mode of the STM32WB07xC and STM32WBO06xC in order to restart from a
saved context environment and go on running the application at wakeup.

The conditions to enter Deepstop mode are:
. Radio (MR_BLE) is sleeping
. CPU is sleeping (WFI with SLEEPDEEP information active)

. No unmasked wakeup sources are active (including those from a previous wakeup sequence for which the
software did not clear the associated flag after wakeup)

. System is clocked on RC64MPLL (HSI or pll locked mode)

. PWRC_CR1.LPMS bit is equal to 0

If the MR_BLE is not used at all by the SoC (or not yet started), the following steps need to be done after any
reset to allow low-power modes (Deepstop and Shutdown):

. Enable the MR_BLE clock by setting the RCC_APB2ENR.MRBLEEN bit

. Set the BLUE_SLEEP_REQUEST_MODE.FORCE_SLEEPING bit inside the wakeup block of the
MR_BLE to have the MR_BLE IP requesting low-power mode to the SoC

. Gate again the MR_BLE clock by clearing the RCC_APB2ENR.MRBLEEN bit
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In Deepstop mode:

. the system and bus clocks are stopped as the RC64MPLL block is OFF
. the VDD12i power domain is switched off

. the VDDI20 power domain is ON and supplied at 1.0 V

. the RAMO bank is kept in retention

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

. the other RAM banks are in retention or not, depending on software choice in PWRC_CR2 register
. the slow clock can be running or stopped, depending on the software configuration present before
Deepstop entry:
- ON or OFF
- LSE or LSI source
. RTC and the IWDOG stay active (if enabled and one slow clock source is ON)
. MR_BLE wakeup block including its timer stay active (if enabled and one slow clock source is ON)

. eight 1/0s (PA4/PA5/PA6/PA7/PA8/PA9/PA10/PA11) are able to be in output driving either a static low or
high level, the slow clock information or the RTC_OUT (see Section 5.7.15: 1/O Deepstop drive
configuration register (PWRC_IOxCFG) for details).

A version of Deepstop mode called Deepstop?2 is implemented to emulate Deepstop mode without losing the
debugger connection and breakpoints or 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_BLE block is able to generate two events to wake up the system through its embedded wakeup
timer running on slow clock:

- BLE IP wakeup time is reached
. the RTC is able to generate a wakeup event
. the IWDG is able to generate a reset event
. up to 28 GPIOs are able to wake up the system (PAO to PA15 and PBO to PB11)

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 Section 5.7.5: Status register 1 (PWRC_SR1) for details).

Figure 7. Power regulators and SMPS configuration in Deepstop mode shows the regulators and SMPS
configuration in Deepstop mode, with a configuration requesting retention only on RAMO and RAM1 banks.
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Figure 7. Power regulators and SMPS configuration in Deepstop mode
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5.4.3 Shutdown mode

Shutdown mode is the least power consuming mode.

The conditions to enter Shutdown mode are the same conditions needed to enter Deepstop mode except that the
PWRC_CR1.LPMS bit must be equal to 1 and the PWRC_DBGR.DEEPSTOP2 bit must be kept reset.

In Shutdown mode:

. The system is powered down as both regulators are OFF (so both VDD12i and VDD120 power domains
are OFF)

. only the VDDIO power domain is ON
. All clocks are OFF (system and slow clock tree) as RC64MPLL, LSI and LSE are OFF,

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

. the only wakeup source is a low pulse on the RSTN pad
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A Shutdown exit is similar to a POR startup of the board. The associated reset reason is the PORRSTF flag (see
Section 6.6.15: V33 reset status register (RCC_CSR) for reset reason flag detail).

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

Figure 8. Power regulators and SMPS configuration in Shutdown mode shows the regulators and SMPS
configuration in Shutdown mode, configured with the BOR reset disabled.

Figure 8. Power regulators and SMPS configuration in Shutdown mode
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Note: Strikethrough text indicates that the feature is OFF in Shutdown mode.
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5.4.4 Operating mode 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 modes transition
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5.5 SMPS step-down regulator

The STM32WB07xC and STM32WB06xC SMPS is a 20 mA output step-down SMPS (switch mode power
supply) converter.

The SMPS output voltage can be programmed from 1.2 V to 1.90 V. It is internally clocked at 4 MHz or 8 MHz.
The SMPS can be in different configurations:
. ON:

- theVFBSD pin of the SMPS outputs a regulated voltage (from 1.2 V to 1.9 V)

- the SMPS needs a clock

- the VFBSD pin has to be forced externally with VDDIO
- the SMPS does not need a clock

. PRECHARGE (aka BYPASS):
- the VFBSD pin outputs the VDDIO without regulation
- the SMPS does not need a clock

. OPEN:
- the VFBSD pin is floating
- the SMPS does not need a clock

Except for the configuration SMPS OFF, an L/C BOM must be present on the board and connected to the VFBSD
pad (see Figure 10. Power supply configuration).
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Figure 10. Power supply configuration
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The user must configure the PWRC_CR5.SMPSBOMSEL[1:0] according to the BOM implemented on their board.
The value to program is indicated in Table 10. SMPS BOM information.

Table 10. SMPS BOM information

m T Output capacitance (C) SMPS BOMSEL[1:0]

BOM1 1.5 uH 2.2 uF
BOM2 2.2 pH 4.7 uF 01
BOM3 10 uH 4.7 uF 10

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

Figure 11. PWRC SMPS state machine overview
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smps_req=0 smps_req=0

smps_req=0 _req= PRECHARGE —rea=
smps_precharge=~CR5.SMPSLPOPEN ¥ - o=
ICRS.NOSMPS

smps_precharge=0 smps_precharge=1
ICRS.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):

. Run:
- the SMPS is ON in a Run mode
- the SMPS clock is running

- the VFBSD is regulated and voltage amplitude is the one programmed in the PWRC_CR5.SMPSLVL
bit field

- the L/C BOM is present on the board and is connected on the VFBSD pad of the STM32WBO07xC
and STM32WB06xC (see Figure 10. Power supply configuration)
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. NO SMPS (if the software configures PWRC_CR5.NOSMPS=1):
- the SMPS is OFF
- the SMPS clock is stopped

- the VFBSD is directly connected to the VDDIO through the VFBSD pad of the STM32WB07xC and
STM32WBO06xC (see Figure 10. Power supply configuration)

- the PWRC does not control any specific sequencing on the SMPS during low-power entry/exit
phases

. PRECHARGE aka BYPASS (if the software configures PWRC_CR5.SMPSFBYP=1):
- the SMPS is ON in a precharge mode
- the SMPS clock is stopped
- the VFBSD is the VDDIO voltage crossing the SMPS block

- the PWRC does not control any specific sequencing on the SMPS during low-power entry/exit
phases

- this mode is compliant with an L/C BOM connected on the VFBSD pad of the STM32WB07xC and
STM32WB06xC

When the device enters Deepstop mode, the PWRC automatically switches the SMPS from Run to
Deepstop mode which can be:

- if PWRC_CR5.SMPSLPOPEN = 0: SMPS output is the VDDIO (as in PRECHARGE FSM state)
- if PWRC_CR5.SMPSLPOPEN = 1: the SMPS output is floating

5.6 1/0 pull-ups/pull-downs during low power mode

When PWRC_CR1.APC is set (default configuration), the pull-up/pull-down of the 10s is controlled by the
PWRC_PUCRx and PWRC_PDCRXx registers of the PWRC block, instead of GPIOx_PUPDR register of the GPIO
block. This feature avoids glitches on the lines by keeping the same pull-up/pull-down configuration during all the
supported operating modes.
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5.7 PWRC registers
All PWRC APB registers are only 16-bit registers. The 16 MSB bits are always stuck to 0.

5.71 Control register 1 (PWRC_CR1)
This register controls the BOR in Shutdown, the low-power mode selection and the 10 control owner.
Address offset: 0x00
Reset value: 0x0000 0010

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. APC Res. Res. ENSDNBOR LPMS

rw w w

Bits 31:5 | Reserved, must be kept at reset value.

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

Bit4 | ° 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 10s (default)

Bits 3:2 ' Reserved, must be kept at reset value.

ENSDNBOR: Enable BOR reset supervising during Shutdown mode.

. 0: No BOR is monitored during Shutdown mode (default)

Bit 1 . 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.
However, it adds an overconsumption.

LPMS: Low-power mode selection.

This bit defines whether the device enters Deepstop or Shutdown mode when both CPU and MR_BLE requests a
Bit0 | low-power mode entry.

. 0: Deepstop mode(default)
. 1: Shutdown mode (PWRC_DBGR.DEEPSTOP2 bit must be kept reset)
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5.7.2 Control register 2 (PWRC_CR?2)
Address offset: 0x04
Reset value: 0x0000 0100

31 30 29 28 27 26 25 24 23 22 21 20 19 18 | 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
z
N o o r
5 w w w
Res. Res. Res. Res. Res. = ENTS Res. %: g g Res. PVDLS[2:0] PVDE
9 < < <
D 4 4 4
-
w w w w rw w rw | rw w

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

LSILPMUFEN: LS| LPMU force enable.

Bit10 | ° 0: LSI LPMU is automatically enabled/disabled by hardware depending on the analog LPMU block needs
(default)
. 1: LSI LPMU is always enabled (32 kHz free running clock)

ENTS: Enable the temperature sensor.
Bit 9 . 0: Temperature sensor is disabled (default)
. 1: Temperature sensor is enabled

Bit 8 Reserved, must be kept at reset value.

RAMRET3: Enables the RAM3 bank retention in Deepstop mode.

Bit7 . 0: RAM3 bank is not retained during Deepstop mode (default)
. 1: RAMS3 bank is retained during Deepstop mode

RAMRET2: Enables the RAM2 bank retention in Deepstop mode.

Bit6 . 0: RAM2 bank is not retained during Deepstop mode (default)
. 1: RAM2 bank is retained during Deepstop mode

RAMRET1: Enables the RAM1 bank retention in Deepstop mode.

Bit5 . 0: RAM1 bank is not retained during Deepstop mode (default)
. 1: RAM1 bank is retained during Deepstop mode

Bit 4 Reserved, must be kept at reset value.

PVDLS[2:0]: Programmable voltage detector level selection:

. 000: 2.05V - Lowest level
. 001:2.20 V
. 010:2.36 V
Bits 31 ° 011:2.52V
. 100: 2.64 V
. 101:2.81V
. 110: 2.91 V - Highest level
. 111: External input analog voltage (compared internally to VBGP). In this case, PVDO signal is high when
external voltage is lower than VBGP

PVDE: Programmable voltage detector enable.

Bit0 . 0: The power voltage detector feature is disabled (default)
. 1: The power voltage detector feature is enabled
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5.7.3 Control register 3 (PWRC_CR3)
This register manages the selection of the 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
D
o
g Y S 2
EIWL  Res. w g g :3) EWU9 EWU8 EWU7 EWU6 EWU5 EWU4 EWU3 EWU2 EWU1 EWUO
@ w w w
=
i}
w w rw rw rw rw rw w rw w rw rw rw rw w
Bits 31:16 Reserved, must be kept at reset value.

EIWL: Enable wakeup on internal event (RTC).

Bit 15 . 0: Wakeup on internal line is disabled (default)
. 1: Wakeup on internal line is enabled
Bit 14 Reserved, must be kept at reset value.

EWBLEHCPU: Enable wakeup on BLE Host CPU event.

Bit 13 . 0: Wakeup on BLE Host CPU line is disabled (default)
. 1: Wakeup on BLE Host CPU line is enabled
EWBLE: Enable wakeup on BLE event.

Bit 12 . 0: Wakeup on BLE line is disabled(default)
. 1: Wakeup on BLE line is enabled
EWU11: Enable wakeup on PA11 I/O event.

Bit 11 . 0: Wakeup on PA11 1/O line is disabled (default)
. 1: Wakeup on PA11 I/O line is enabled
EWU10: Enable wakeup on PA10 I/O event.

Bit 10 . 0: Wakeup on PA10 I/O line is disabled (default)
. 1: Wakeup on PA10 I/O line is enabled
EWU9: Enable wakeup on PA9 I/O event.

Bit 9 . 0: Wakeup on PA9 I/O line is disabled (default)
. 1: Wakeup on PA9 1/O line is enabled
EWUS: Enable wakeup on PA8 I/O event.

Bit 8 . 0: Wakeup on PA8 /0 line is disabled (default)
. 1: Wakeup on PA8 1/O line is enabled
EWUT7: Enable wakeup on PB7 1/O event.

Bit 7 . 0: Wakeup on PB7 /O line is disabled (default)
. 1: Wakeup on PB7 I/O line is enabled
EWUG6: Enable wakeup on PB6 1/O event.

Bit 6 . 0: Wakeup on PB6 1/O line is disabled (default)
. 1: Wakeup on PB6 I/O line is enabled
EWUS5: Enable wakeup on PB5 1/O event.

Bit 5 . 0: Wakeup on PB5 1/O line is disabled (default)
. 1: Wakeup on PB5 I/O line is enabled
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EWU4: Enable wakeup on PB4 I/O event.

Bit 4 . 0: Wakeup on PB4 /O line is disabled (default)
. 1: Wakeup on PB4 I/O line is enabled
EWU3: Enable wakeup on PB3 I/O event.

Bit 3 . 0: Wakeup on PB3 /O line is disabled (default)
. 1: Wakeup on PB3 I/O line is enabled
EWU2: Enable wakeup on PB2 1/O event.

Bit 2 . 0: Wakeup on PB2 I/O line is disabled (default)
. 1: Wakeup on PB2 I/O line is enabled
EWU1: Enable wakeup on PB1 I/O event.

Bit 1 . 0: Wakeup on PB1 /O line is disabled (default)
. 1: Wakeup on PB1 I/O line is enabled
EWUO: Enable wakeup on PBO I/O event.

Bit 0 . 0: Wakeup on PBO /O line is disabled (default)
. 1: Wakeup on PBO I/O line is enabled
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5.7.4 Control register 4 (PWRC_CR4)
This register manages the polarity for the 1/0s wakeup sources to get out of Deepstop mode.

Note: The wakeup events are edge detection only, 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
Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. WUP11  WUP10  WUP9 WUP8 WUP7 WUP6 WUP5 WUP4 WUP3 WUP2 WUP1  WUPO

rw rw rw rw rw rw rw rw rw rw rw rw
Bits 31:12 Reserved, must be kept at reset value.

WUP11: Wakeup polarity for PA11 I/O.

Bit 11 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP10: Wakeup polarity for PA10 I/O.

Bit 10 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP9: Wakeup polarity for PA9 10 event.

Bit 9 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP8: Wakeup polarity for PA8 10 event.

Bit 8 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP7: Wakeup polarity for PB7 10 event.

Bit 7 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP6: Wakeup polarity for PB6 10 event.

Bit 6 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUPS5: Wakeup polarity for PB5 10 event.

Bit 5 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP4: Wakeup polarity for PB4 10 event.

Bit 4 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP3: Wakeup polarity for PB3 1O event.

Bit 3 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP2: Wakeup polarity for PB2 |0 event.

Bit 2 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP1: Wakeup polarity for PB1 10 event.

Bit 1 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
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WUPO0: Wakeup polarity for PBO IO event.

Bit 0 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge

WUP2: Wakeup polarity for PB2 10O event.

Bit 2 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge

WUP1: Wakeup polarity for PB1 10 event.

Bit 1 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge

WUPO: Wakeup polarity for PBO 10 event.

Bit 0 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
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5.7.5 Status register 1 (PWRC_SR1)
This register provides the information concerning which 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
Res. Res. Res. Res. Res. Res. Res. | Res.  Res. | Res. | Res. Res. Res. Res. Res. Res.
15 14 12 11 10 9 8 7 6 5 4 3 2 1 0

IWUF | Res. WBLEF | WUF11 WUF10 WUF9 WUF8 WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUFO

S WBLE HCPUF | 3

rc wl  rcwl  rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rc_wl rc_wl rc_wi

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

IWUF: Internal wakeup flag (RTC).

. 0: No wakeup from RTC occurred since last clear
Bit15 |- 1: A wakeup from RTC occurred since last clear

Note: The user must clear the RTC wakeup flag inside the RTC IP to clear this bit (mirror of the RTC wakeup line
on the PWRC block).

Bit 14 | Reserved, must be kept at reset value.

WBLEHCPUF: BLE Host CPU wakeup flag.

Bit13 . 0: No wakeup from BLE Host CPU occurred since last clear
. 1: A wakeup from BLE Host CPU occurred since last clear. Cleared by writing 1 in this bit

WBLEF: BLE wakeup flag.

Bit12 . 0: No wakeup from BLE occurred since last clear
. 1: A wakeup from BLE occurred since last clear. Cleared by writing 1 in this bit
WUF11: PA11 1/O wakeup flag.

Bit11 |« 0: No wakeup from PA11 1/O occurred since last clear
. 1: A wakeup from PA11 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF10: PA10 I/O wakeup flag.

Bit10 . 0: No wakeup from PA10 1/O occurred since last clear
. 1: A wakeup from PA10 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF9: PA9 I/O wakeup flag.

Bit 9 . 0: No wakeup from PA9 1/O occurred since last clear
. 1: A wakeup from PA9 I/O occurred since last clear. Cleared by writing 1 in this bit

WUFS8: PA8 I/O wakeup flag.

Bit 8 . 0: No wakeup from PA8 1/O occurred since last clear
. 1: A wakeup from PA8 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF7: PB7 1/O wakeup flag.

Bit7 . 0: No wakeup from PB7 I/O occurred since last clear
. 1: A wakeup from PB7 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF6: PB6 1/0 wakeup flag.

Bit 6 . 0: No wakeup from PB6 I/0O occurred since last clear
. 1: A wakeup from PB6 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF5: PB5 I/0 wakeup flag.

Bit 5 . 0: No wakeup from PB5 I/O occurred since last clear
. 1: A wakeup from PB5 1/O occurred since last clear. Cleared by writing 1 in this bit
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WUF4: PB4 |/O wakeup flag.

Bit 4 . 0: No wakeup from PB4 I/O occurred since lastclear
. 1: A wakeup from PB4 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF3: PB3 I/O wakeup flag.

Bit3 |« 0: No wakeup from PB3 1/O occurred since last clear
. 1: A wakeup from PB3 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF2: PB2 I/0O wakeup flag.

Bit2 |« 0: No wakeup from PB2 1/O occurred since last clear
. 1: A wakeup from PB2 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF1: PB1 1/O wakeup flag.

Bit 1 . 0: No wakeup from PB1 1/O occurred since last clear
. 1: A wakeup from PB1 1/O occurred since last clear. Cleared by writing 1 in this bit
WUFO0: PBO I/0 wakeup flag.

Bit0 |« 0: No wakeup from PBO 1/O occurred since last clear
. 1: A wakeup from PBO 1/O occurred since last clear. Cleared by writing 1 in this bit
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5.7.6 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 -306

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o

%) 2 é = =

IOBOOTVAL[3:0] PVDO Res. (% 5 Res. Res. Res. Res. Res. 2 Ijé (“,3
i 4 s S <

n n &

r r r r r r r r r r

Bits 31:16 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,
Bits 1512 . it 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
Bit 11 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

Bit 10 ' Reserved, must be kept at reset value.

REGMS: Main regulator ready status.
Bit 9 . 0: The main regulator is not ready
. 1: The main regulator is ready
REGLPS: Low-power regulator ready status.
Bit 8 . 0: The low-power regulator is not ready
. 1: The low-power regulator is ready
Bits 7:3 | Reserved, must be kept at reset value.

SMPSRDY: SMPS ready status.

Bit2 . 0: SMPS regulator is not ready
. 1: SMPS regulator is ready

SMPSENR: SMPS Run mode status.
This bit mirrors the internal ENABLE_3V3 control signal connected to the SMPS and driven by the hardware.

Bit 1
. 0: SMPS regulator is not regulating (in PRECHARGE or NOSMPS mode)
. 1: SMPS regulator is in Run mode
SMPSBYPR: SMPS PRECHARGE mode status.

Bit 0 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)
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5.7.7 Control register 5 (PWRC_CR5)
This register is used to configure the SMPS.
Address offset: 0x1C
Reset value: 0x0000 0014

31 30 | 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
Res. | Res. Res. Res Res Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o =
2 = o z
%) DI g > o
a < m ©)
Res. Res. Res. m' 5 % 7 5 Res. Res. SMPSBOMSEL[ 1:0] SMPSLVL[3:0]
= o (7]
L UJI % = o
o o n =
< 3 ?
(@)
rw rw rw rw rw rw rw woowoowrw
Bits
. Reserved, must be kept at reset value.
31:13
CLKDETR_DISABLE: Disables the SMPS clock detection.
The SMPS clock detection enables an automatic SMPS bypass switching in case of unexpected loss of the SMPS
Bit 12  clock.
. 0: SMPS clock detection mechanism enabled (default)
. 1: SMPS clock detection mechanism disabled

SMPS_ENA_DCM: Discontinuous conduction mode enable.
Bit11 . 0: SMPS DCM is disabled (default)
. 1: SMPS DCM is enabled
NOSMPS: No SMPS mode.
. 0: SMPS is enabled (default)
Bit10 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: Forces the SMPS in PRECHARGE mode.
. 0: No effect (default)
Bit 9 . 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_SR2 register.
SMPSLPOPEN: Select OPEN mode instead of PRECHARGE mode for the SMPS during Deepstop.
Bit8 . 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
Bits 7:6  Reserved, must be kept at reset value.

SMPSBOMSEL[1:0]: Select the SMPS BOM.

< 00: BOM1
Bicsa 01 BOM2(defaul)
s o 10: BOM3

. 11: Not applicable
Note: BOM correspondence/details is available in Table 10. SMPS BOM information.
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SMPSLVL[3:0]: Select the SMPS output voltage level.

This bit field selects the SMPS voltage output level with a granularity of 50 mV. The SMPS output voltage level,
VSMPS, must be configured such that VBAT- VSMPS 2 0.2 V.

[e.g. For VBAT=2 V, VSMPS must be no higher than 1.8 V]

< -0000:1.2V
. -0001:1.25V
. -0010:1.3V
. -0011:1.35V
. -0100:1.4V
. -0101:145V
. 01015V
Bits3:0 . o111:155v
. -1000:1.6V
. -1001:1.65V
. 1010:17V
. -1011:1.75V
. -1100:1.8V
. -1101:1.85V
. M09V
. M119V

Warning: The SMPS output voltage must not be changed by more than one step 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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5.7.8 1/0 port A pull-up control register (PWRC_PUCRA)
This register is used to control the pull-up for the PAO to PA15 1/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
I/O, 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PUA15 | PUA14  PUA13 | PUA12 PUA11 PUA10 PUA9 PUA8 PUA7 PUAG6 PUA5 PUA4 PUA3 PUA2 PUA1 PUAO

rw w w w rw w rw w w w w rw rw w rw rw
Bits 31:16 Reserved, must be kept at reset value.
PUA15: Pull-up enable for PA15 1/0.
Bit 15 . 0: No pull-up

. 1: Pull-up enabled (default)

PUA14: Pull-up enable for PA14 1/0.
Bit 14 . 0: No pull-up

. 1: Pull-up enabled (default)

PUA13: Pull-up enable for PA13 1/O.
Bit 13 . 0: No pull-up

. 1: Pull-up enabled (default)

PUA12: Pull-up enable for PA12 1/O.
Bit 12 . 0: No pull-up

. 1: Pull-up enabled (default)

PUA11: Pull-up enable for PA11 1/0O.
Bit 11 . 0: No pull-up

. 1: Pull-up enabled (default)

PUA10: Pull-up enable for PA10 /0.
Bit 10 . 0: No pull-up

. 1: Pull-up enabled (default)

PUAQ: Pull-up enable for PA9 1/O.
Bit 9 . 0: No pull-up

. 1: Pull-up enabled (default)

PUAG&: Pull-up enable for PA8 1/0O.
Bit 8 . 0: No pull-up

. 1: Pull-up enabled (default)

PUAZT: Pull-up enable for PA7 1/O.
Bit 7 . 0: No pull-up

. 1: Pull-up enabled(default)

PUAG: Pull-up enable for PA6 1/0O.
Bit 6 . 0: No pull-up

. 1: Pull-up enabled (default)

PUADS5: Pull-up enable for PA5 1/0O.
Bit 5 . 0: No pull-up

. 1: Pull-up enabled (default)

RMO0530 - Rev 3 page 45/660



‘ RM0530
,l Power controller (PWRC)

PUAA4: Pull-up enable for PA4 I/O.
Bit 4 . 0: No pull-up

. 1: Pull-up enabled (default)

PUAZ3: Pull-up enable for PA3 I/O.
Bit 3 . 0: No pull-up (default)

. 1: Pull-up enabled

PUAZ2: Pull-up enable for PA2 1/O.
Bit 2 . 0: No pull-up

. 1: Pull-up enabled (default)

PUA1: Pull-up enable for PA1 1/O.
Bit 1 . 0: No pull-up

. 1: Pull-up enabled (default)

PUAO: Pull-up enable for PAQ 1/O.
Bit 0 . 0: No pull-up

. 1: Pull-up enabled (default)
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5.7.9 1/0 port A pull-down control register (PWRC_PDCRA)
This register is used to control the pull-down for the PAO to PA15 1/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
I/O, 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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PDA15 PDA14 PDA13 PDA12 PDA11 PDA10 PDA9 PDA8 PDA7 PDAG6 PDA5 PDA4 PDA3 PDA2 PDA1 PDAO

w rw rw rw rw w rw rw w rw rw rw w w rw rw
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Bits 31:16 Reserved, must be kept at reset value.
PDA15: Pull-down enable for PA15 1/O.
Bit 15 . 0: No pull-down (default)
. 1: Pull-down enabled

PDA14: Pull-down enable for PA14 1/O.
Bit 14 . 0: No pull-down (default)

. 1: Pull-down enabled

PDA13: Pull-down enable for PA13 I/O.
Bit 13 . 0: No pull-down (default)

. 1: Pull-down enabled

PDA12: Pull-down enable for PA12 1/0O.

Bit 12 . 0: No pull-down (default)

. 1: Pull-down enabled

PDA11: Pull-down enable for PA11 1/O.
Bit 11 . 0: No pull-down (default)

. 1: Pull-down enabled

PDA10: Pull-down enable for PA10 I/O.
Bit 10 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAZ9: Pull-down enable for PA9 1/0.
Bit 9 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAS8: Pull-down enable for PA8 1/0.
Bit 8 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAZ7: Pull-down enable for PA7 1/0.
Bit 7 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAG: Pull-down enable for PA6 1/0.
Bit 6 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAJS5: Pull-down enable for PA5 1/0.
Bit 5 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAA4: Pull-down enable for PA4 1/0.
Bit 4 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAZ3: Pull-down enable for PA3 1/0.
Bit 3 . 0: No pull-down

. 1: Pull-down enabled (default)

PDAZ2: Pull-down enable for PA2 1/O.
Bit 2 . 0: No pull-down (default)

. 1: Pull-down enabled

PDA1: Pull-down enable for PA1 1/O.
Bit 1 . 0: No pull-down (default)

. 1: Pull-down enabled

PDAO: Pull-down enable for PAO 1/O.
Bit 0 . 0: No pull-down (default)

. 1: Pull-down enabled
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5.7.10 1/0 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
I/O, 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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PUB15 PUB14 PUB13 PUB12 PUB11 PUB10 PUB9 PUB8 PUB7 PUB6 PUB5 PUB4 PUB3 PUB2 PUB1 PUBO

rw w w rw w rw w rw rw rw w w rw rw rw w
Bits 31:16 Reserved, must be kept at reset value.
PUB15: Pull-up enable for PB15 I/O.
Bit 15 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB14: Pull-up enable for PB14 I/O.
Bit 14 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB13: Pull-up enable for PB13 I/O.
Bit 13 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB12: Pull-up enable for PB12 I/O.
Bit 12 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB11: Pull-up enable for PB11 1/O.
Bit 11 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB10: Pull-up enable for PB10 I/O.
Bit 10 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB9: Pull-up enable for PB9 I/O.
Bit 9 . 0: No pull-up

. 1: Pull-up enabled (default)

PUBS8: Pull-up enable for PB8 I/O.
Bit 8 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB?7: Pull-up enable for PB7 I/O.
Bit 7 . 0: No pull-up

. 1: Pull-up enabled (default)

PUBG: Pull-up enable for PB6 I/O.
Bit 6 . 0: No pull-up

. 1: Pull-up enabled (default)

PUBS5: Pull-up enable for PB5 I/O.
Bit 5 . 0: No pull-up

. 1: Pull-up enabled (default)
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PUBA4: Pull-up enable for PB4 /0.
Bit 4 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB3: Pull-up enable for PB3 1/O.
Bit 3 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB2: Pull-up enable for PB2 I/O.
Bit 2 . 0: No pull-up

. 1: Pull-up enabled (default)

PUB1: Pull-up enable for PB1 I/O.
Bit 1 . 0: No pull-up

. 1: Pull-up enabled (default)

PUBO: Pull-up enable for PBO I/O.
Bit 0 . 0: No pull-up

. 1: Pull-up enabled (default)
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5.7.11 1/0 port B pull-down control register (PWRC_PDCRB)
This register is used to control the pull-down 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
I/O, 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

rw w w rw rw rw rw rw w rw rw rw rw w rw rw
Bits 31:16 Reserved, must be kept at reset value.
PDB15: Pull-down enable for PB15 I/O.
Bit 15 . 0: No pull-down (default)
. 1: Pull-down enabled

PDB14: Pull-down enable for PB14 I/O.
Bit 14 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB13: Pull-down enable for PB13 I/O.
Bit 13 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB12: Pull-down enable for PB12 I/O.
Bit 12 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB11: Pull-down enable for PB11 1/0O.

Bit 11 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB10: Pull-down enable for PB10 I/O.
Bit 10 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB9: Pull-down enable for PB9 1/0.
Bit9 . 0: No pull-down (default)

. 1: Pull-down enabled

PDBS8: Pull-down enable for PB8 1/0.
Bit 8 . 0: No pull-down (default)

. 1: Pull-down enabled

PDBY7: Pull-down enable for PB7 1/0.
Bit 7 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB6: Pull-down enable for PB6 1/0.
Bit 6 . 0: No pull-down (default)

. 1: Pull-down enabled

PDBS5: Pull-down enable for PB5 1/0.
Bit 5 . 0: No pull-down (default)

. 1: Pull-down enabled
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PDB4: Pull-down enable for PB4 1/0.
Bit 4 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB3: Pull-down enable for PB3 1/O.
Bit 3 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB2: Pull-down enable for PB2 1/O.
Bit 2 . 0: No pull-down (default)

. 1: Pull-down enabled

PDB1: Pull-down enable for PB1 1/O.
Bit 1 . 0: No pull-down (default)

. 1: Pull-down enabled

PDBO: Pull-down enable for PBO 1/0.

Bit 0 . 0: No pull-down (default)
. 1: Pull-down enabled
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5.712 Control register 6 (PWRC_CRS6)
This register manages the selection of the wakeup sources 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

EWU27 EWU26 EWU25 EWU24 EWU22 EWU22 EWU21 EWU20 EWU19 EWU18 EWU17 EWU16 EWU15 EWU14 EWU13  EWU12

rw w rw rw rw rw rw rw rw rw rw w w w rw rw
Bits 31:16 Reserved, must be kept at reset value.
EWU27: Enable wakeup on PA15 I/O event.
Bit 15 . 0: Wakeup on PA15 1/O line is disabled (default)

. 1: Wakeup on PA15 I/O line is enabled

EWU26: Enable wakeup on PA14 I/O event.

Bit 14 . 0: Wakeup on PA14 1/0O line is disabled (default)
. 1: Wakeup on PA14 |/O line is enabled
EWU25: Enable wakeup on PA13 I/O event.

Bit 13 . 0: Wakeup on PA13 1/O line is disabled (default)
. 1: Wakeup on PA13 I/O line is enabled
EWU24: Enable wakeup on PA12 I/O event.

Bit 12 . 0: Wakeup on PA12 I/O line is disabled (default)
. 1: Wakeup on PA12 I/O line is enabled
EWU23: Enable wakeup on PB11 I/O event.

Bit 11 . 0: Wakeup on PB11 I/O line is disabled (default)
. 1: Wakeup on PB11 I/O line is enabled
EWU22: Enable wakeup on PB10 I/O event.

Bit 10 . 0: Wakeup on PB10 I/O line is disabled (default).
. 1: Wakeup on PB10 I/O line is enabled.
EWU21: Enable wakeup on PB9 I/O event.

Bit 9 . 0: Wakeup on PB9 /O line is disabled (default)
. 1: Wakeup on PB9 I/O line is enabled
EWU20: Enable wakeup on PB8 I/O event.

Bit 8 . 0: Wakeup on PB8 1/O line is disabled (default)
. 1: Wakeup on PB8 I/O line is enabled
EWU19: Enable wakeup on PA7 I/O event.

Bit 7 . 0: wakeup on PA7 I/O line is disabled (default)
. 1: wakeup on PA7 1/O line is enabled
EWU18: Enable wakeup on PA6 I/O event.

Bit 6 . 0: Wakeup on PAG I/O line is disabled (default)
. 1: Wakeup on PAG6 I/O line is enabled
EWU17: Enable wakeup on PA5 I/O event.

Bit 5 . 0: Wakeup on PA5 I/O line is disabled (default)
. 1: Wakeup on PA5 I/O line is enabled
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EWU16: Enable wakeup on PA4 1/O event.

Bit 4 . 0: Wakeup on PA4 1/O line is disabled (default)
. 1: Wakeup on PA4 1/O line is enabled
EWU15: Enable wakeup on PA3 I/O event.

Bit 3 . 0: Wakeup on PA3 I/O line is disabled (default)
. 1: Wakeup on PA3 I/O line is enabled
EWU14: Enable wakeup on PA2 |/O event.

Bit 2 . 0: Wakeup on PA2 I/O line is disabled (default)
. 1: Wakeup on PA2 I/O line is enabled
EWU13: Enable wakeup on PA1 I/O event.

Bit 1 . 0: Wakeup on PA1 I/O line is disabled (default)
. 1: Wakeup on PA1 1/O line is enabled
EWU12: Enable wakeup on PAO I/O event.

Bit 0 . 0: Wakeup on PAO I/O line is disabled (default)
. 1: Wakeup on PAO I/O line is enabled
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5.7.13 Control register 7 (PWRC_CR?7)
This register manages the polarity for the 1/0s wakeup sources to get out of Deepstop mode.

Note: The wakeup events 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

WUP27 ' WUP26 WUP25 WUP24 WUP23 WUP22 WUP21 WUP20 WUP19 WUP18 WUP17 WUP16 WUP15 WUP14 WUP13 WUP12

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

WUP27: Wakeup polarity for PA15 I/O.

Bit 15 . 0: Detection of wakeup event on rising edge (default
. 1: Detection of wakeup event on falling edge
WUP26: Wakeup polarity for PA14 1/O.

Bit 14 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP25: Wakeup polarity for PA13 10 event.

Bit 13 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP24: Wakeup polarity for PA12 I/O.

Bit 12 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP23: Wakeup polarity for PB11 1/O.

Bit 11 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP22: Wakeup polarity for PB10 I/O.

Bit 10 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP21: Wakeup polarity for PB9 10 event.

Bit 9 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP20: Wakeup polarity for PB8 10 event.

Bit 8 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP19: Wakeup polarity for PA7 10 event.

Bit 7 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP18: Wakeup polarity for PA6 10 event.

Bit 6 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP17: Wakeup polarity for PA5 10 event.

Bit 5 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
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WUP16: Wakeup polarity for PA4 10 event.

Bit 4 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP15: Wakeup polarity for PA3 10 event.

Bit 3 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP14: Wakeup polarity for PA2 10 event.

Bit 2 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP13: Wakeup polarity for PA1 1O event.

Bit 1 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
WUP12: Wakeup polarity for PAO 10 event.

Bit 0 . 0: Detection of wakeup event on rising edge (default)
. 1: Detection of wakeup event on falling edge
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5.7.14 Status register 3(PWRC_SR3)
This register provides some information about which 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WUF27 WUF26 WUF25 WUF24 WUF23 WUF22 WUF21 WUF20 WUF19 WUF18 WUF17 WUF16 WUF15 WUF14 WUF13 WUF12

rcwl rcwl rcwl rcwl rcwl rcwl rcwl | rcwl rcwl rcwl rcwl rcwl rcwl  rcwl rcwl rcwil

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

WUF27: PA15 1/O wakeup flag.

Bit 15 . 0: No wakeup from PA15 I/O occurred since last clear
. 1: A wakeup from PA15 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF26: PA14 1/0 wakeup flag.

Bit 14 . 0: No wakeup from PA14 I/O occurred since last clear
. 1: A wakeup from PA14 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF25: PA13 I/0O wakeup flag.

Bit 13 . 0: No wakeup from PA13 I/O occurred since last clear
. 1: A wakeup from PA13 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF24: PA12 I/O wakeup flag.

Bit 12 . 0: No wakeup from PA12 I/O occurred since last clear
. 1: A wakeup from PA12 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF23: PB11 1/O wakeup flag.

Bit 11 . 0: No wakeup from PB11 I/O occurred since last clear
. 1: A wakeup from PB11 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF22: PB10 I/O wakeup flag.

Bit 10 . 0: No wakeup from PB10 I/O occurred since last clear
. 1: A wakeup from PB10 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF21: PB9 I/O wakeup flag.

Bit 9 . 0: No wakeup from PB9 1/0 occurred since last clear
. 1: A wakeup from PB9 I/O occurred since last clear. Cleared by writing 1 in this bit

WUF20: PB8 I/O wakeup flag.

Bit 8 . 0: No wakeup from PB8 1/0 occurred since last clear
. 1: A wakeup from PB8 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF19: PA7 1/O wakeup flag.

Bit 7 . 0: No wakeup from PA7 1/O occurred since last clear
. 1: A wakeup from PA7 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF18: PAG6 I/0 wakeup flag.

Bit 6 . 0: No wakeup from PA6 1/0O occurred since last clear
. 1: A wakeup from PAG 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF17: PA5 1/0O wakeup flag.

Bit 5 . 0: No wakeup from PA5 1/O occurred since last clear
. 1: A wakeup from PAS5 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF16: PA4 1/0O wakeup flag.

Bit 4 . 0: No wakeup from PA4 1/0 occurred since last clear
. 1: A wakeup from PA4 1/O occurred since last clear. Cleared by writing 1 in this bit

RMO0530 - Rev 3 page 57/660



‘_ RMO0530
,l Power controller (PWRC)

WUF15: PA3 I/O wakeup flag.

Bit 3 . 0: No wakeup from PA3 1/O occurred since last clear
. 1: A wakeup from PA3 I/O occurred since last clear. Cleared by writing 1 in this bit

WUF14: PA2 I/O wakeup flag.

Bit 2 . 0: No wakeup from PA2 1/0 occurred since last clear
. 1: A wakeup from PA2 I/O occurred since last clear. Cleared by writing 1 in this bit
WUF13: PA1 I/O wakeup flag.

Bit 1 . 0: No wakeup from PA1 1/O occurred since last clear
. 1: A wakeup from PA1 1/O occurred since last clear. Cleared by writing 1 in this bit
WUF12: PAO I/O wakeup flag.

Bit 0 . 0: No wakeup from PAO I/0 occurred since last clear
. 1: A wakeup from PAOQ I/O occurred since last clear. Cleared by writing 1 in this bit
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5.7.15 1/0 Deepstop drive configuration register (PWRC_IOxCFG)

This register is used to configure the behavior for the eight 1/Os able to output a signal during Deepstop mode
(PA4/PAS/PAG/PAT/PAB/PA9/PA10/PA11).

Note: The configuration defined in PWRC_IOxCFG register overloads the configuration programmed in the GPIO
block through GPIOx_MODER and GPIOx_ODR when different from BYPASS mode.

Address offset: 0x40
Reset value: 0x0000 0000

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

IOCFG7[1:0] =~ IOCFG6[1:0] = IOCFG5[1:0] = IOCFGA4[1:0] = IOCFG3[1:0] = IOCFG2[1:0] = IOCFG1[1:0] = IOCFGO[1:0]

rw rw 'w 'w 'w w rw w rw rw 'w 'w w w rw rw

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

IOCFG7[1:0]: Drive configuration for PA7.
. 00: BYPASS mode (default)

The /0 mode is controlled by the GPIO block registers in active mode and

Bits 15:14 switch to input mode during Deepstop state.
. 01: RTC_OUT signal is output in both active and Deepstop modes
. 10: 1/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes

IOCFG6[1:0]: Drive configuration for PAG.
. 00: BYPASS mode (default)

The I/0O mode is controlled by the GPIO block registers in active mode and

Bits 13:12 switches to input mode during Deepstop state.
. 01: RCC_LCO signal is output in both active and Deepstop modes
. 10: 1/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes

IOCFG5[1:0]: Drive configuration for PA5.
. 00: BYPASS mode (default)

The I/O mode is controlled by the GPIO block registers in active mode and

Bits 11:10 switches to input mode during Deepstop state.
. 01: RCC_LCO signal is output in both active and Deepstop modes
. 10: 1/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes

I0OCFG4[1:0]: Drive configuration for PA4.
. 00: BYPASS mode (default)

The I/0 mode is controlled by the GPIO block registers in active mode and

Bits 9:8 switches to input mode during Deepstop state.
. 01: RTC_OUT signal is output in both active and Deepstop modes
. 10: I/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes

IOCFG3][1:0]: Drive configuration for PA11.
. 00: BYPASS mode (default)

The /0O mode is controlled by the GPIO block registers in active mode and

Bits 7:6 switches to input mode during Deepstop state.
. 01: RTC_OUT signal is output in both active and Deepstop modes
. 10: 1/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes
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I0CFG2[1:0]: Drive configuration for PA10.
. 00: BYPASS mode (default)

The I/0 mode is controlled by the GPIO block registers in active mode and

Bits 5:4 switches to input mode during Deepstop state.
. 01: RCC_LCO signal is output in both active and Deepstop modes
. 10: I/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes

IOCFG1[1:0]: Drive configuration for PA9.
. 00: BYPASS mode (default)

The /0 mode is controlled by the GPIO block registers in active mode and

Bits 3:2 switches to input mode during Deepstop state.
. 01: RCC_LCO signal is output in both active and Deepstop modes
. 10: 1/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes

IOCFGO[1:0]: Drive configuration for PA8.
. 00: BYPASS mode (default)

The /0 mode is controlled by the GPIO block registers in active mode and

Bits 1:0 switches to input mode during Deepstop state.
. 01: RTC_OUT signal is output in both active and Deepstop modes
. 10: 1/O drives a low level in both active and Deepstop modes
. 11: 1/O drives a high level in both active and Deepstop modes
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5.7.16 Debug register (PWRC_DBGR)
This register is used for debug features.
Address offset: 0x84
Reset value: 0x0000 0000

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

16
Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res.  Res. Res. Res. | Res. Res. Res. Res. Res. DEEPSTOP2

w

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

DEEPSTOP2: DEEPSTOP2 low-power saving emulation enable.
Bit 0 . 0: Normal Deepstop is applied
. 1: Deepstop?2 (debugger features not lost) is applied instead of Deepstop
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5.7.17 Extended status and reset register (PWRC_EXTSRR)
This register provides flags about Bluetooth 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
Res.  Res. Res. Res. Res. Res. Res. Res. | Res. | Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. RFPHA SEF DEEPSTOPF Res. | Res. | Res. Res. Res. Res. Res. Res. Res.

rc_wi rc_wi1

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

RFPHASEF: RFPHASE Flag.

. 0: The BLE IP does not require any attention
) . 1: The BLE IP is awake and may require a system attention. This bit is set by hardware when a radio
Bit 10 wakeup event occurs

This bit is reset by hardware when the BLE IP raises the “ready to sleep” information.
The software can reset this bit by writing 1 in it.

DEEPSTOPF: System Deepstop Flag.

0: The device did not enter Deepstop mode

Bit 9 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.
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PWRC register map

Refer to Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses for the PWRC base address location
in the STM32WB07xC and STM32WB06xC.

All the PWRC registers are retained during Deepstop mode. The grey cells indicate 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).
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5.8 Programmer model

5.8.1 Reset reason management

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

Table 12. Flags versus CPU reboot reason

PWRC_ISCR (in | PWRC_EXT
HEE I SYSCFG) SRR

LOCKUPRSTF | WDGRSTF | SFTRSTF | PORRSTF | PADRSTF | WAKEUP_ISC DEEPSTOPF
- - - 1 1 - -

POR/BOR reset
NRSTn pad reset - - - - 1 - -
Watchdog reset - 1 - - 1 -
System reset (CPU ) ) 1 ) 1 i i
request)
LOCKUP reset 1 - - - 1 - -

Deepstop exit on
wakeup event

Deepstop exit on
watchdog reset

Deepstop exit on
NRSTn pad reset

Deepstop exit on
POR/BOR

Shutdown exit - - - 1 1 -

If the reboot reason is a wakeup from Deepstop, then the wakeup source(s) can be read in the PWRC_SR1
register as shown in Table 13. Wakeup reason flags.

Table 13. Wakeup reason flags

PWRC_SR1
m WBLEHCPUF | WBLEF WUFx (x=8..11)
; i, 1 i

Wakeup on BLE event

Wakeup on Host timer in MR_BLE event 1 - -
Wakeup on RTC event 1 - - -
Wakeup on I/Os (PAO..PA15, PB0..PB11) - - - 1
Note: If several (enabled) wakeup events occur, several bits are high in the PWRC_SR1. The wakeup flags are set as

soon as a wakeup event (enabled in PWRC_CRS3 register) occurs, the associated flag is set in the PWRC_SR1
register even if the device is in active mode or in the sleep exit sequence (initiated by another wakeup source).

Caution: 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 requests a Deepstop mode.

5.8.2 SMPS output level re-programming

The SMPS output voltage cannot be modified on-the-fly when the SMPS is in use for more than one step. When
the software needs to re-program the SMPS output voltage to another value, the following sequence must be
respected:

. Set PWRC_CR5.SMPSBYP =1

RMO0530 - Rev 3 page 66/660



‘ RM0530
,l Power controller (PWRC)

. 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

Caution: This sequence must be launched when no radio activity only / Bluetooth transfer is on-going.
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6 Reset and clock controller (RCC)
The RCC block manages the clock and reset generation for all the peripherals of the STM32WB07xC and
STM32WB06xC devices.

6.1 Reset management

6.1.1 General description

Figure 12. Reset generation shows the general principle of reset generation.

Figure 12. Reset generation

External

NRSTh PAD
Inside the SoC

[ = 7 T TR NRSTn pad circuitry |
PORESETn | VoD |
POR/BOR reset | |
WDOG reset | Spikes
Pulse | Filter |
Generator
CPU LOCKUP reset | 20us ...80us |

CPU SYSRESETREQ reset _I—, |
| | | GND |

PADRESETh |
h - —— —— _— — _— — — — — — |

Note: 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:

. PORESETN: this reset is provided by the LPMU 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.

Note: A Shutdown exits is equivalent to a POR/BOR situation and generates a PORESETn.
. PADRESETN (aka system reset): this reset is built through several sources:
- PORESETNn

- the watchdog reset
- the CPU LOCKUP reset
- the CPU software system reset
- the NRSTn external pad
Note: The system reset is called PADRESETn as when an internal reset source is activated (watchdog, software, efc.),
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 ys 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.
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6.1.2 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.

6.1.3 Watchdog reset

The STM32WBO07xC and STM32WB06xC device embeds a watchdog timer which may be used to recover from
software crashes. See Section 18: Independent watchdog (IWDG) for details about watchdog usage and
programming.

6.1.4 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-MO+. The user can use the
SWD to reset or recover the code in this case.

6.1.5 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). 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 switching off a part of the 1.2 V (power domain called V12i), while keeping
the rest of the 1.2 V at 1 V (power domain called V120) and the 3.3 V (VDDIO).

When the device exits the Deepstop mode, only the V12i power domain is reset as it is the only power domain
that lost the power supply.

6.2 Clock management

Three different clock sources may be used to drive the system clock (CLK_SYS) in the STM32WBO07xC and
STM32WB06xC:

. HSI: high speed internal 64 MHz RC oscillator (provided by the RC64MPLL analog block),
. PLL64M: 64 MHz PLL clock (provied by the RC64MPLL analog block),
. HSE (high speed external):

- high speed 32 MHz external crystal

- or provided by a single-ended 32 MHz input instead of a crystal.

The STM32WBO07xC and STM32WB06xC devices has also have a slow frequency clock tree used by some
timers (RTC, watchdog and MR_BLE radio timer). Four different clock sources can be used for this slow clock
tree:

. 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.

. LSE:

- 32.768 kHz low speed external crystal.

- or provided by a single-ended 32.768 kHz input instead of a crystal.
. The system clock divided by 2048. In this case, the slow clock is available in Deepstop low-power mode.
. LSI_LPMU: 32 kHz clock used by the LPMU analog block.
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6.2.1 System clock details

The HSI and the PLL64M clocks are provided by the same analog block called RC64MPLL. The 64 MHz clock
output by this block can be:

. a non 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 32 MHz and once its internal PLL is locked
Note: The usage of PLL64M or HSE as clock source is mandatory for Bluetooth 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 6.7: Programmer model.
This fast clock source is used to generate all the fast clock of the device through dividers.

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 list:
. 1 MHz (forbidden when radio or ADC is in use)
. 2 MHz (forbidden when radio or ADC is in use)
. 4 MHz (forbidden when radio or ADC is in use)

. 8 MHz (forbidden when radio is in use)
. 16 MHz
. 32 MHz
. 64 MHz (forbidden when I2S is in use)
Note: Forbidden configuration means that the “in use” feature cannot work if the system clock runs at this frequency.

Special care must be taken when programming the CLK_SYS as some constraints need to be respected:
CLK_SYS frequency must be greater or equal to CLK_SYS_BLE.

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

. A TIM1 kernel clock that is the maximum reachable frequency of the system (64 Mhz in RC64MPLL
configuration and 32 MHz in HSE).

. An always 32 MHz requested by few peripherals such as: the MR_BLE radio IP for instance

. An always 16 MHz requested by few peripherals like serial interfaces (to maintain fixed baud rate while
system clock is switching from one frequency to another) or like Flash controller and MR_BLE radio IP (to
have a fixed reference clock to manage delays).

Figure 13. Peripheral clock tree overview shows an overview of the peripheral clock tree.
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Most of the peripherals use the system clock only (CLK_SYS) except:
I12C, USART, LPUART:
In parallel with the system clock, they use an always 16 MHz clock 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

SPI:

external I/Os.

When using the 12S mode, the baud rate is managed through the always 16 MHz or always 32 MHz

clock
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Note: The CPU/system clock frequency must be equal or slower than the IS clock frequency.
. When running in other modes than the 12S, the baud rate is managed by the system clock. This implies
the baud rate is impacted by dynamic system clock frequency changes.
. RNG:

- In parallel with the system clock, the RNG uses an always 16 MHz clock to generate at a constant
frequency the random number whatever the system clock frequency.

. Flash controller:

- In parallel with the system clock, the Flash controller uses an always 16 MHz clock to generate
specific delays required by the Flash memory during programming and erase operation for instance

. PKA:

- In parallel with the system clock, the PKA uses a clock at half of the system clock frequency as PKA
RAM is a single port RAM

. MR_BLE IP

— MR_BLE IP does not use directly the system clock for its APB / AHB interfaces but the system clock
with a potential divider (1 or 2 or 4). Table 14. CPU versus MR_BLE clock dependency

- In parallel with the CLK_SYS_BLE, the MR_BLE uses an always 16 MHz and an always 32 MHz for
modulator, demodulator and to have a fixed reference clock to manage specific delays

Table 14. CPU versus MR_BLE clock dependency

1MHz /2 MHz /4 MHz / 8 MHz Not possible to use MR_BLE IP
16 MHz 16 MHz (CLKBLEDIV = 4)
. 16 MHz (CLKBLEDIV = 4)
32 MHz . or 32 MHz (CLKBLEDIV = 2)

. 16 MHz (CLKBLEDIV = 4)
. or 32 MHz (CLKBLEDIV = 2)

64 MHz

. ADC

- In parallel with the system clock, the ADC uses a 64 MHz prescaled clock (called CLKANA_ADC)
running at 16 MHz

Note: 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.

. This CLKANA_ADC is divided by 2 or 4 to feed the SMPS analog block.
Note: To avoid SNR degradation of the ADC, SMPS and ADC clocks must be synchronous
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6.2.3 Slow clock frequency details

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

. 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.

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

Caution: The user has to disable the pulls on PB12/PB13 by software to have the feature working fine. If the
single-ended input option is used, then the PB13 I/O must be configured as digital input mode.

The system clock divided by 2048. In this case, the slow clock is not available in Deepstop low-power mode.
LSI_LPMU: 32 kHz clock used by the LPMU analog block. Only one source at a time drives the whole low speed
clock tree.

Note: By default after a PORESETn, 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 are relevant during the Deepstop low-power mode and at wakeup as
they clock the timers involved in wakeup events generation.

Note: 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_BLE IP.

6.3 System frequency switch while MR_BLE is used

The CPU/system clock frequency can be from 1 MHz to 64 MHz while the MR_BLE clock frequency can be 16
MHz or 32 MHz.

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

. the system clock frequency must be 16 MHz, 32 MHz or 64 MHz and greater than or equal to the MR_BLE
frequency. Other options make the radio not functional.

. changing the frequency of the system must be done through the RCC_CSCMDR register mechanism to
avoid any risk of crashing the radio scenarios.

This proper system frequency switch is managed through the collaboration of several blocks:
. the RCC (see Section 6.6.6: Clock switch command register (RCC_CSCMDR))
. the AHBUPCONV 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 Section 6.6.6: 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 Section 6.7.3: Changing the system clock frequency while the MR_BLE is
enabled.

6.4 Clock observation on external pad
It is possible to output some internal clocks on external pads:
. the low speed clocks can be output on the RCC_LCO I/O
. the high speed clocks can be output on the RCC_MCO I/O

This is possible by programming the associated I/O in the good alternate function (see Table 7. GPIO alternate
options AFO - AF2 .

The selection of the clock to output for each 1/0O is programmable through an RCC register (see
Section 6.6.2: Clocks configuration register (RCC_CFGR) for more details).

Figure 14. RCC_LCO / RCC_MCO output clocks shows the possible configurations to output an internal clock.
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Figure 14. RCC_LCO / RCC_MCO output clocks
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6.5 Miscellaneous

6.5.1 10 BOOSTER
Some analog switches are used to select the analog VINM/P pair input signals to be used by the ADC.

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 (2.7 V) to guarantee the good behavior of those switches. This block has to be
enabled by the software when needed through RCC_CFGR.IOBOOSTEN bit.
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6.6 RCC registers

Refer to Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses
for the RCC base address location in the STM32WBO07xC and STM32WBO06xC.
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6.6.1 Clock source control register (RCC_CR)
This register controls the enable on the different clock sources (low and high speed).
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). As this register is in V120
power domain, its content is not modified after a wakeup from Deepstop and system clock is restored with
configuration present before Deepstop mode entry.

Address offset: 0x00

Reset value: 0x0000 1400

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
> z
[a)
Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. ﬁ 8
@ ¢
T
r rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
z
> o
g & & I~ > |z
- m > o [m] o)
Res. = 4 a Res. HSIRDY LOCKDET_NSTOP m o LSEON [ = Res. Res.
o a I : & 7] »n A
= n o -
@ T w - ~
T »
T
r rw w r rw rw rw rw r rw r w

Bits 31:18 Reserved, must be kept at reset value.

HSERDY: External high speed clock flag.
This bit is set by hardware to indicate that HSE oscillator (32 MHz XO) is stable.

Bit 17
. 0: HSE oscillator is not ready
. 1: HSE oscillator is ready
HSEON: External high speed clock enable.
Bit 16 The software has to set the bit to start the XO 32 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.

HSIPLLRDY: Internal high speed clock PLL flag.
This bit is set by hardware to indicate that the RC64MPLL pll is locked.

Bit 14
. 0: RC64MPLL pull is unlocked
. 1: RC64MPLL pull is locked
HSIPLLON: Internal high speed clock PLL enable.
Bit 13 The software has to set the bit to request an RC64MPLL lock on HSE and clear the bit to stop it.
. 0: RC64MPLL PLL is OFF
. 1: RC64MPLL PLL is ON
HSEPLLBUFON: External high speed clock buffer for PLL RF2G4 enable.
The software has to set the bit when the radio is used (to have the 2.4 GHz PLL working).
Bit12 | ° 0: HSE PLL RF2G4 buffer is OFF

. 1: HSE PLL RF2G4 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 for application not using the radio on this device.

Bit 11 Reserved, must be kept at reset value.

RMO0530 - Rev 3 page 76/660



m RM0530

Reset and clock controller (RCC)

HSIRDY: Internal high speed clock flag.
This bit is set by hardware to indicate that internal 64 MHz RC is stable.

Bit 10
. 0: Internal 64 MHz RC is not ready
. 1: Internal 64 MHz RC is ready
LOCKDET_NSTOP: Defines 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
Bits 97 time window).
The formula to define the time window target is the following:
time window target = (LOCKDET_NSTOP + 1) x 64.
LSEBYP: External low speed clock bypass.
Bit 6 (12 This bit needs to be set when the slow clock is directly provided through RCC_OSC32_IN pin.

. 0: No LSE oscillator bypass
. 1: LSE oscillator bypass is enabled
LSERDY: External low speed clock flag.

This bit is set by hardware to indicate that the slow clock has started.
Bits" | ° 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 RCC_OSC32_IN = LSEBYP).
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 412

LSIRDY: Internal low speed clock flag.

Bit 301 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
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

Bit 2"

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 RCC_OSC32_IN, they have to ensure both LSEON and LSEBYP are
low at a time to reset the LSERDY flag.
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6.6.2 Clocks 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 0440

31 30 | 29 28 27 26 25 24 23 22 21 20 | 19 18 17 16
o o 5
» co & 0
X X B 2
CCOPRE[2:0] MCOSEL[2:0] | LCOSEL[1:0] 2 2 Res. Res. Res. Res. o %
~ ~ Q 1
S o 0 ¢
o o - -
n (2] (@]
rw woorw w | rwooorw rw rw rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
=)
-
> D >
2 5 2 -
% Res.  Res. 2 ANADIV = Res. Res. CLKSYSDIV[2:0] Res.  Res. % HSESE L 2
d = 5 =
) %] n
-
(@]
rw rw w | rw rw rw rw rw rw rw
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
Bits 31:29 - 011: CCO clock is divided by 8
. 100: CCO clock is divided by1 6
. others: Reserved
Note: Glitches propagation possible if CCOPRE[2:0] value is modified while RCC_MCO output is enabled on the
10.

MCOSEL: Main configurable clock output selection.

. 000: RCC_MCO output disabled. No clock on RCC_MCO pad

. 001: system clock

. 010: Reserved

. 011: HSI_64M = RC64MPLL block output clock (can be internal 64 MHz or PLL 64 MHz accuracy)
Bits 28:26 - 100: HSE (external 32 MHz oscillator)

. 101: HSI_64M divided by 2048 clock

. 110: SMPS clock

. 111: ADC clock

Note: Glitches propagation possible if MCOSEL[2:0] value is modified while RCC_MCO output is enabled on the
10.

LCOSEL: Low speed configurable clock output selection.

. 00: RCC_LCO output disabled. No clock on RCC_LCO pad
. 01: LSI_LPMU clock (internal LPMU slow clock source)

10: LS| (internal slow clock RC) clock

11: LSE (external 32 kHz)

Note: Glitches propagation possible if LCOSEL[1:0] value is modified while RCC_LCO output is enabled on the
10.

Bits
25:24()
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SPI212SCLKSEL: Selection of I12S clock for SPI2 IP.
. 0: 16 MHz peripheral clock (default)
Bit 23 . 1: 32 MHz peripheral clock

Note: The 12S clock frequency must be higher or equal to the system clock (configured through
RCC_CFGR.CLKSYSDIV[2:0] bit field).
SPI2I3SCLKSEL: Selection of 12S clock for SPI3 IP.
. 0: 16 MHz peripheral clock (default)
Bit 22 . 1: 32 MHz peripheral clock

Note: The 12S clock frequency must be higher or equal to the system clock (configured through
RCC_CFGR.CLKSYSDIV[2:0] bit field).

Bits 21:18 ' Reserved, must be kept at reset value.

IOBOOSTEN: IO BOOSTER enable (see Section 6.5.1: IO BOOSTER for details).

Bit 17 . 0: IO BOOSTER block is disabled
. 1: 10 BOOSTER block is enabled.

CLKSLOWSEL.: Low speed clock source selection.

. 00: LSILPMU oscillator

. 01: LSE (external oscillator). This source can be kept during Deepstop mode
10: LS| (internal RC). This source can be kept during Deepstop mode
11: HSI_64M divided by 2048

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

Bits
16:15")

Bits 14:13 ' Reserved, must be kept at reset value.

SMPSDIV: SMPS clock prescaling factor.

Bit 12 . 0: SMPS clock is 8 MHz
. 1: SMPS clock is 4 MHz

Bits 11:8 ' Reserved, must be kept at reset value.

CLKSYSDIV: System clock divided factor from HSI_64M.

. 000: System clock frequency is 64 MHz (not available when HSESEL=1)
. 001: System clock frequency is 32 MHz

. 010: System clock frequency is 16 MHz

. 011: System clock frequency is 8 MHz*

. 100: System clock frequency is 4 MHz*

. 101: System clock frequency is 2 MHz*

. 110: System clock frequency is 1 MHz*

. 111: not used

*: If RCC_APB2ENR.MRBLEEN bit is set, writing in CLKSYSDIV one of those values is replaced by a 010b = 16
MHz writing at hardware level.

Bits 7:5

Warning:

. If the software programs the 64 MHz frequency target while the RCC_CFGR.HSESEL=1, the hardware
switches the system clock tree on HSI64MPLL again (and restarts HSIPLL64M analog block if
RCC_CFGR.STOPHSI=1).

. To switch the system frequency between 64 / 32 / 16 MHz without risk when the MR_BLE is used, prefer
the RCC_CSCMDR register to change the system frequency.

. the MR_BLE frequency must always be equal or less than the CPU/system clock to have functional radio.

Bits 4:3 | Reserved, must be kept at reset value.

STOPHSI: RC64MPLL clock source stop request

. 0: RC64MPLL is enabled (default)
Bit 2 . 1: RC64MPLL disable requested

Note: If the CLKSYSDIV (from RCC_CFGR or RCC_CSCMDR registers) selects the 64 MHz frequency, the
hardware automatically restarts the RC64MPLL block and switches on the RC64MPLL clock source.
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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
Bit 1 PLL64M 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
32 MHz.

SMPSINV: Control inversion of SMPS clock (versus ADC clock)

Bit 0 . 0: SMPS clock not inverted (default)
. 1: SMPS clock inverted

1. This bit is reset on PORESETn only.

6.6.3 Clocks sources 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
Res. | Res. HSITRIMSWI[5:0] Res. | Res. |Res. @ Res. Res. Res. Res.
TRIMEN
rw w w rw rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSISW
Res. | Res Res Res Res Res Res Res Res. LSEDRV LSISWBWI[3:0]
TRIMEN
w rw w rw w w w

Bits 31-30 Reserved, must be kept at reset value.
HSITRIMSW: High speed clock trimming set by software.

Bits 29:24
This value is taken into account instead of the trimming value loaded by HW at reset if HSISWTRIMEN bit is set.

HSISWTRIMEN: High speed clock software trimming enable.

0: HW trimming value readable in RCC_ICSCR.HSITRIM[3:0] bit field is used as trimming value on RC64MPLL
Bit23 | block.

1: trimming value written in RCC_CSSWCR.HSITRIMSWTI[3:0] bit field is used as trimming value on RC64MPLL
block.

LSEDRYV: external 32 kHz crystal GM.
00: low drive capability

Bits 6:5!") | 01: medium low drive capability
10: medium high drive capability
11: high drive capability

Bits 4:1(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.
LSISWTRIMEN: Low speed internal RC software trimming enable.

Bit 0" | 0: HW trimming value readable in RCC_ICSCR.LSIBW[3:0] bit field is used as trimming value on the LSI.

1: trimming value written in RCC_CSSWCR.LSISWBWI[3:0] bit field is used as trimming value on LSI.
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1. This bit is reset on PORESETn only.
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6.6.4 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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
w
i
w
w w ~: - w w w w
5 = &) @ > > > =
Res. Res. Res. Res. Res. Res. Res. % &’ 9 - E @ Res. @ @
a E 5 o o 2 o 2]
= = ? T -
o
%)
T
w w w w w w w w
Bits 31:9 Reserved, must be kept at reset value.

WDGRSTIE: Watchdog reset release interrupt enable.
Bit 8 . 0: Watchdog reset release interrupt is disabled
. 1: Watchdog reset release interrupt is enabled
RTCRSTIE: RTC reset release interrupt enable.
Bit 7 . 0: RTC reset release interrupt is disabled
. 1: RTC reset release interrupt is enabled
HSIPLLUNLOCKDETIE: HSI PLL unlock detection interrupt enable.
Bit 6 . 0: HSI PLL unlocked detection interrupt is disabled
. 1: HSI PLL unlocked detection is enabled
HSIPLLRDYIE: HSI PLL ready interrupt enable.
Bit 5 . 0: HSI PLL locked interrupt is disabled
. 1: HSI PLL locked interrupt is enabled
HSERDYIE: HSE ready interrupt enable.
Bit 4 . 0: HSE ready interrupt is disabled
. 1: HSE ready interrupt is enabled
HSIRDYIE: HSI ready interrupt enable.
Bit 3 . 0: HSI ready interrupt is disabled
. 1: HSI ready interrupt is enabled
Bit 2 Reserved, must be kept at reset value.

LSERDYIE: LSE ready interrupt enable.
Bit 1 . 0: LSE ready interrupt is disabled

. 1: LSE ready interrupt is enabled

LSIRDYIE: LSI ready interrupt enable.

Bit 0 . 0: LSl ready interrupt is disabled
. 1: LSl ready interrupt is enabled
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6.6.5 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L
'_
L
w g L
7 - 9 5 > L L w
Res. Res. Res. Res. Res. Res. Res. % & 2 - E E Res. E @
a 2 5 o 7 7] % @
= x 4 %) T I i pr
— T
a
»n
I
rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_w1
Bits 31:9 | Reserved, must be kept at reset value.
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.

Bit8 | 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.

Note: This flag is also set after any PORESETn.

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

Bit7 | 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.

Note: This flag is also set after any PORESETn.

HSIPLLUNLOCKDETF: HSI PLL unlock detection flag.

Bit6 . 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.

Bits5 . 0: No HSI PLL locked event occurred
. 1: HSI PLL locked event occurred. Cleared by writing 1 in this bit

HSERDYF: HSE ready flag.

Bit4 . 0: No HSE ready event occurred
. 1: HSE ready event occurred. Cleared by writing 1 in this bit

HSIRDYF: HSI ready flag.

Bit3 . 0: No HSI ready event occurred
. 1: HSI ready event occurred. Cleared by writing 1 in this bit

Bit2  Reserved, must be kept at reset value.

LSERDYF: LSE ready flag.

Bit1 . 0: No LSE ready event occurred
. 1: LSE ready event occurred. Cleared by writing 1 in this bit
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LSIRDYF: LSl ready flag.

Bit0 . 0: No LSI ready event occurred
. 1: LSl ready event occurred. Cleared by writing 1 in this bit
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6.6.6 Clock switch command register (RCC_CSCMDR)
This register allows switching the CPU / system clock frequency safely while the MR_BLE is active.
Requesting a frequency clock switch holds the AHB/APB transfers between the MR_BLE 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 6. Interrupt vectors).

Note: 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 0000

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

g u =
= | [}
o (¢} w
Res. | Res. Res. Res. Res. Res. Res. Res. w % STATUS[1:0] CLKSYSDIV_REQJ2:0] 8
g 3 2
o i}
rc_wi1 rw r r rw rw rw rw
Bits 31:8 | Reserved, must be kept at reset value.
EOFSEQ_IRQ: End of sequence flag.
Bit7 . 0: No end of sequence event occurred
. 1: End of sequence event occurred. Cleared by writing 1 in this bit
EOFSEQ_IE: End of sequence interrupt enable.
Bit6 . 0: End of sequence interrupt isdisabled
. 1: End of sequence interrupt is enabled
STATUS: Status of the switching sequence.
. 00: IDLE = no switch sequence requested /on-going
Bits 5:4 01: ONGOING = a system clock frequency switch is on-going
fsoa ., 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.

Bits 3:1 | same format and same notes/warnings as SYSCLKDIV[2:0] bit field described in Section 6.6.2: Clocks
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).
Bito | This bitis 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 occur after a long time (to unblock the
situation) but this is not supposed to occur.

6.6.7 AHBO0 macro cells reset register (RCC_AHBRSTR)

This register allows resetting individually by software each IP located in the AHBO mapping. This register is reset
on PADRESETN.

Address offset: 0x30
Reset value: 0x0000 0000
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res. Res. Res. | Res. | Res. Res. Res. Res. Res. Res. Res. RNGR ST | Res. PKARST.

rw rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. CRCRST | Res. Res. Res. Res. Res. Res. Res. Res. GPIOBRST | GPIOARST Res. DMARST

w rw rw rw
Bits 31:19 Reserved, must be kept at reset value.
RNGRST: RNG reset.
Bit 18 . 0: RNG IP is not under reset
. 1: RNG IP is under reset
Bit 17 Reserved, must be kept at reset value.
PKARST: PKA reset.
Bit 16 . 0: PKA IP is not under reset

. 1: PKA IP is under reset
Note: PKA RAM no longer accessible by CPU when this bit is set.

CRCRST: CRC reset.

Bit 12 . 0: CRC IP is not under reset
. 1: CRC IP is under reset

Bits 11:4 Reserved, must be kept at reset value.
GPIOBRST: |0 controller for port B reset.
Bit 3 . 0: GPIOB IP is not under reset

. 1: GPIOB IP is under reset

GPIOARST: |0 controller for port A reset.

Bit 2 . 0: GPIOA IP is not under reset
. 1: GPIOA IP is under reset

Bit 1 Reserved, must be kept at reset value.
DMARST: DMA and DMAMUX reset.
Bit 0 . 0: DMA and DMAMUX IPs are not under reset

. 1: DMA and DMAMUX IPs are under reset
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6.6.8 APBO0 macro cells reset register (RCC_APBORSTR)

This register allows resetting individually by software 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
Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

Res. WDGR ST Res. RTCRST Res. Res. Res. SYSCFGRST Res. Res. Res. Res. | Res. Res. Res. TIM1IRST

w r'w w rw

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

WDGRST: Watchdog reset.

. 0: Watchdog IP is not under reset

Bit 14 1: Watchdog IP is under reset

Note: Due to asynchronism slow clock/fast clock management, when the software requests to release the RTC
reset by writing 0 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.

Bit 13 | Reserved, must be kept at reset value.

RTCRST: RTC reset.

. 0: RTC IP is not under reset

Bit 12 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.

Bits 11:9 ' Reserved, must be kept at reset value.

SYSCFGRST: System controller reset.

Bit 8 . 0: System controller IP is not under reset
. 1: System controller IP is under reset

Bits 7:1 | Reserved, must be kept at reset value.

TIMARST: TIM1 reset.

Bit 0 . 0: TIM1 IP is not under reset
. 1: TIM1 IP is under reset
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6.6.9 APB1 macro cells reset register (RCC_APB1RSTR)

This register allows resetting individually by software 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
— —
() ()
Res. . Res. Res. Res. Res.| Res. Res. Res. @© Res. x Res. ' Res. Res. Res. Res.
8 8
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
l_
= = % @ - =
c/) » i e 0 o
Res. x Res. x Res. £ Res. o Res. Res. Res. o) Res. Res. Res. x
— — < —
6 6 3 = 2 5
n n 2 g
w rw w w w w
Bits 31:24 Reserved, must be kept at reset value.
I12C2RST: 12C2 reset.
Bit 23 . 0: 12C2 IP is not under reset
. 1: 12C2 IP is under reset
Bit 22 Reserved, must be kept at reset value.
I12C1RST: 12C1 reset.
Bit 21 . 0: 12C1 IP is not under reset
. 1:12C1 IP is under reset
Bits 20:15 Reserved, must be kept at reset value.
SPI3RST: SPI3 reset.
Bit 14 . 0: SPI3 IP is not under reset
. 1: SPI3 IP is under reset
Bit 13 Reserved, must be kept at reset value.
SPI2RST: SPI2 reset.
Bit 12 . 0: SPI2 IP is not under reset
. 1: SPI2 IP is under reset
Bit 11 Reserved, must be kept at reset value.
USARTRST: USART reset.
Bit 10 . 0: USART IP is not under reset
. 1: USART IP is under reset
Bit 9 Reserved, must be kept at reset value.
LPUARTRST: LPUART reset.
Bit 8 . 0: LPUART IP is not under reset
. 1: LPUART IP is under reset
Bits 7:5 Reserved, must be kept at reset value.
ADCRST: ADC reset.
Bit 4 . 0: ADC IP is not under reset
. 1: ADC IP is under reset
Bits 3:1 Reserved, must be kept at reset value.
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SPIMRST: SPI1 reset.

Bit 0 . 0: SPI1 IP is not under reset
. 1: SPI1 IP is under reset
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6.6.10 APB2 macro cells reset register (RCC_APB2RSTR)
This register allows resetting individually by software 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. MRBLE RST

w

Bits 31:1 Reserved, must be kept at reset value.
MRBLERST: MR_BLE (Bluetooth radio) reset.
Bit 0 . 0: MR_BLE IP is not under reset

. 1: MR_BLE IP is under reset
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6.6.11 AHBO macro cells clock enable register (RCC_AHBENR)

This register allows resetting individually by software each IP located in the AHBO mapping. This register is reset
on PADRESETN.

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

Address offset: 0x50
Reset value: 0x0000 000C

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res.  Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. RNGREN | Res. PKAEN

rw rw

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. CRCREN @ Res. Res. Res.  Res. Res. Res. Res. Res. GPIOBEN GPIOAEN = Res. DMAEN

rw rw w w
Bits 31:19 Reserved, must be kept at reset value.
RNGEN: RNG clock enable.
Bit 18 . 0: RNG IP is clock gated

. 1: RNG IP is clocked
Bit 17 Reserved, must be kept at reset value.

PKAEN: PKA enable.
0: PKA IP is clock gated

Bit 16 1: PKA IP is clocked
Note: PKA RAM no longer accessible by CPU when this bit is set.
Bits 15:13 Reserved, must be kept at reset value.
CRCEN: CRC enable.
Bit 12 . 0: CRC IP is clock gated
. 1: CRC IP is clocked
Bits 11:4 Reserved, must be kept at reset value.

GPIOBEN: 10 controller for port B enable.
Bit 3 . 0: GPIOB IP is clock gated

. 1: GPIOB IP is clocked (default)

GPIOAEN: 10 controller for port A enable.

Bit 2 . 0: GPIOA IP is clock gated
. 1: GPIOA IP is clocked (default)

Bit 1 Reserved, must be kept at reset value.
DMAEN: DMA and DMAMUX enable.
Bit 0 . 0: DMA and DMAMUX IPs are clock gated

. 1: DMA and DMAMUX IPs are clocked
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6.6.12 APBO0 macro cell clock enable register (RCC_APBOENR)
This register allows gating individually by software 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Res. WDGEN Res. RTCEN Res. Res. Res. SYSCFGEN Res. Res. Res. Res. Res. Res. Res. TIMIEN

'w w w w

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

WDGEN: Watchdog enable.

. 0: Watchdog IP is clock gated
Bit14 |- 1: Watchdog IP is clocked

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

Bit 13 | Reserved, must be kept at reset value.

RTCEN: RTC enable.

. 0: RTC IP is clock gated
Bit12(1) |« 1: RTC IP is clocked

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

Bit 11:9  Reserved, must be kept at reset value.

SYSCFGEN: System controller enable.

Bits8 . 0: System controller IP is clock gated
. 1: System controller IP is clocked

Bit 7:1 Reserved, must be kept at reset value

TIM1EN: TIM1 enable

Bit 0 . 0: TIM1 IP is clock gated
. 1: TIM1 IP is clocked

Bit 1 Reserved, must be kept at reset value.

DMARST: DMA and DMAMUX reset.

Bit 0 . 0: DMA and DMAMUX IPs are not under reset
. 1: DMA and DMAMUX IPs are under reset

1. This bit is reset on PORESETn only.
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6.6.13 APB1 macro cells clock enable register (RCC_APB1ENR)
This register allows gating individually by software 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
Res. Res. Res. Res. Res. Res. Res. Res. I12C2EN Res. I2C1EN Res. Res. Res. Res. Res.
rw rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
pd Z pd

z z g w P w z

w L = = © w

Res. 2] Res. N Res. x Res. g:C Res. Res. <Z( a Res. Res. Res. -

5 5 5 > 8 8 Z
) & 2 <

rw rw rw rw rw w rw

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

12C2EN: 12C2 enable.

Bit 23 . 0: 12C2 IP is clock gated
. 1:12C2 IP is clocked

Bit 22 Reserved, must be kept at reset value.
12C1EN: I12C1 enable.
Bit 21 . 0: 12C1 IP is clock gated

. 1:12C1 IP is clocked
Bits 20:15 Reserved, must be kept at reset value.

SPI3EN: SPI3 enable.

Bit 14 . 0: SPI3 IP is clock gated
. 1: SPI3 IP is clocked

Bit 13 Reserved, must be kept at reset value.
SPI2EN: SPI2 enable.

Bit 12 . 0: SPI2 IP is clock gated
. 1: SPI2 IP is clocked

Bit 11 Reserved, must be kept at reset value.
USARTEN: USART enable.

Bit 10 . 0: USART IP is clock gated
. 1: USART IP is clocked

Bit 9 Reserved, must be kept at reset value.
LPUARTEN LPUART enable.

Bit 8 . 0: LPUART IP is clock gated

. 1: LPUART IP is clocked
Bits 7:6 Reserved, must be kept at reset value.

ADCANAEN ADC clock enable for the analog part of the ADC block.

Bit 5 . 0: ADC analog IP is clock gated
. 1: ADC analog IP is clocked
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ADCDIGEN ADC clock enable for digital part of the ADC block.

Bit 4 . 0: ADC digital IP is clock gated
. 1: ADC digital IP is clocked

Bits 3:1 Reserved, must be kept at reset value.
SPIMEN SPI1 enable.
Bit 0 . 0: SPI1 IP is clock gated

. 1: SPI1 IP is clocked
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6.6.14 APB2 macro cells clock enable register (RCC_APB2ENR)

This register allows gating by software the MR_BLE clock located in the APB2 mapping (radio) and programming
the frequency to be used by the MR_BLE IP.

Note: Gating the MR_BLE means both MR_BLE fast and slow clock trees (so including WAKEUP block).
This register is reset on PADRESETn.
Address offset: 0x60
Reset value: 0x0000 0002

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. | Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. CLKBLEDIV MRBLE EN

w rw 'w

Bits
31:22 Reserved, must be kept at reset value.

CLKBLEDIV: MR_BLE (Bluetooth® LE radio) clock frequency selection when RCC_APB2ENR.MRBLEEN=1.
. 00: Reserved

Note: Writing “00” by software is replace by a write “01” in hardware.

. 01: 32 MHz
. 10: 16 MHz

. 11: Reserved
Bit 21
I Warning:
. MR_BLE frequency must always be equal or less than the CPU/system clock to have functional radio.

. When the ratio between system clock frequency and MR_BLE frequency is modified, the AHBUPCONV
block must adapt the clock ratio on APB/AHB bus. Only dynamic CPU system clock switching is managed
(see Section 6.6.6: Clock switch command register (RCC_CSCMDRY))

For this reason, using a static MR_BLE clock configuration is strongly recommended.

MRBLEEN: MR_BLE (Bluetooth® LE radio) enable.

Bit0 . 0: MR_BLE IP is clock gated
. 1: MR_BLE IP is clocked
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6.6.15 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.

Table 13. Wakeup reason flags provides a summary of active flags versus reset reason.
This register is reset on PORESETn.

Address offset: 0x94

Reset value: 0x0C00 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
= w w L w
2 7 = Z H
Res. % % g &: % Res. Res. RMVF Res. Res. Res. Res. Res. Res. Res.
5 a w o <
3 = %) a a
—
r r r r r rc_wi
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
Bit 31 Reserved, must be kept at reset value.
Bit 30 LOCKUPRSTF: CPU lock-up reset flag.
Set by the hardware when a CPU lock-up reset occurs. Reset by writing 1 in RMVF bit.
Bit 29 WDGRSTF: Watchdog reset flag.
Set by the hardware when a watchdog reset occurs. Reset by writing 1 in RMVF bit.
) SFTRSTF: Software reset flag.
Bit 28 Set by the hardware when a CPU system reset occurs. Reset by writing 1 in RMVF bit.
) PORRSTF: Power-on reset flag.
Bit27 Set by the hardware when a PORESETN or a BOR reset occurs. Reset by writing 1 in RMVF bit.
PADRSTF: NRSTn pad reset flag.
Bit26 | get 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.
Bits 25:24 Reserved, must be kept at reset value.
) RMVF: Remove flag reset.
Bit23 Writing 1 in this bit clears all the reset flags of this register. This bit is auto-cleared by the hardware.
Bits 22:0 = Reserved, must be kept at reset value.
6.6.16 RF software high speed external register (RCC_RFSWHSECR)
This register is reset on PADRESETn.
Address offset: 0x98
Reset value: 0x0000 0030
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. | Res. Res.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. SWXOTUNE[5:0] SWXO TUNEE N GMCJ[2:0] SATRG | Res. | Res. | Res.
rw rw rw rw rw rw rw rw rw rw rw
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Bits 31:14 Reserved, must be kept at reset value.
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.

SWXOTUNEEN: RF HSE software capacitor bank tuning enable.

Bit 7 . 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 13:8

GMC: High speed external 10 current control.
—000: max. 0.18 mA/V
—001: max. 0.57 mA/V
—010: Max. 0.78 mA/V
—011: Max. 1.13 mA/V
—100: Max. 0.61 mA/V
—101: Max. 1.65 mA/V
—110: Max. 2.12 mA/V
— 111: Max. 2.84 mA/V

Bits 6:4

Note: This value is set only by software.

SATRG: Sense amplifier threshold.

Bit 3 . 0: The bias current is confronted to a reference current with a ratio of 1/2
. 1: The bias current is confronted to a reference current with a ratio of 3/4

Bits 2:0 | Reserved, must be kept at reset value.
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6.6.17 RF high speed external register (RCC_RFHSECR)
This register is reset on PADRESETn.
Address offset: 0x9C

Reset value: 0x0000 0000 when STM32WB07xC and STM32WB06xC flash memory is empty, or 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 starting the XO.

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. XOTUNE[5:0]

r r r r r r

Bits 31:6 | Reserved, must be kept at reset value.

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

Refer to Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses for the RCC base address location in
the STM32WBO07xC and STM32WBO06xC.

The green cells indicate the register is in the V120 power domain. This implies those registers are not reset on Deepstop exit.
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6.7 Programmer model

6.7.1 Switch the system on the PLL64M clock tree
To switch the system from the HSI clock source to the PLL64M clock source, the user has to:
1. Enable the HSE (32 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 PLL64M 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.

6.7.2 Use the direct HSE instead of the RC64MPLL block

If the application does not target to use the 64 MHz system clock frequency, the system can be configured to use
directly the 32 MHz provided by the external XO (HSE).

This configuration choice is supposed to be static and to be used when 64 MHz is never used.

In this case, the software has to:

1. Ensure the RCC_CR.CLKSYSDIV bit field is programmed with a system frequency les than 64 MHz
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

. Set the 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 save 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 request 64 MHz.

Caution: The HSE configuration is not lost on a Deepstop sequence. So at wakeup, the system restarts the HSE
(thanks to HEON bit). However, the SW has to switch the system clock back to HSI or PLL64M path to be able to
enter in Deepstop/Shutdown, so at wakeup:

. the clock tree runs on RC64MPLL block (HSI orPLL64M)

. the SW has to reprogram the HSE mode. However, it is important to avoid the switch of clock tree between
HSI and HSE while the MR_BLE already triggered a wakeup event and started its sequence. The SW has
to anticipate the CPU wakeup to ensure the final clock source is restored before the radio starts any
activity.

6.7.3 Changing the system clock frequency while the MR_BLE is enabled

As long as the MR_BLE 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_BLE IP perform an AHB access to
the RAM. Changing the system clock and by this action changing the ratio between MR_BLE clock domain and
system clock domain could create a 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_BLE is ON.

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

1. Ensure the targeted frequency is greater than or equal to the MR_BLE frequency (visible in
RCC_APB2ENR.CLKBLEDIV[1:0]

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

3. Wait for the RCC_CSCMDR.EOFSEQ_IRQ flag information (through interrupt orby polling)

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

5. The RCC_CFGR.CLKSYSDIV[1:0] bit field has been updated by hardware to the new frequency value.
Note: If the software requested a frequency below 16 MHz, the current final frequency is 16 MHz (associated value is

readable in the RCC_CFGR.CLKSYSDIV[1:0]). If the software requested a frequency at 16 MHz while the
MR_BLE is clocked at 32 MHz, the wanted frequency is used but the radio scenario is no longer functional.
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7 General-purpose 1/0s (GPIO)

7.1 Introduction

Each general-purpose I/0 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).

7.2 GPIO main features
. Output states: push-pull or open drain +pull-up/down
. Output data from output data register (GPIOx_ODR) or peripheral (alternate function output)
. Speed selection for each I/0
. Input states: floating, pull-up/down, analog
. Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)

. Bit set and reset register (GPIOx_ BSRR) for bitwise write access to GPIOx_ODR
. Locking mechanism (GPIOx_LCKR) provided to freeze the I/O port configurations

. Analog function
. Alternate function selection registers
. Fast toggle capable of changing every clock cycle
. Highly flexible pin multiplexing allows the use of I/O pins as GPIOs or as one of several peripheral
functions
7.3 GPIO functional description

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

. Input floating

. Input pull-up

. Input pull-down

. Analog

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

. Qutput push-pull with pull-up or pull-down capability

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

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

Each 1/0O port bit is freely programmable, however the 1/0O 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.

Note: Open-drain and analog features are not available on all the I/Os of the STM32WB07xC and STM32WB06xC.
Refer to Table 8. GPIO alternate options AF3 - AF4 and Table 9. I/O analog feature mapping footnotes.

Figure 15. Basic structure of a mixed analog/digital five-volt tolerant I/O port bit and Figure 16. Basic structure of
a digital only five-volt tolerant I/O port bit show the basic structures of a mixed analog/digital 5 V tolerant I/O port
bit and a digital only 5 V tolerant, respectively. Table 16. Port bit configuration gives the possible port bit
configurations.
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Figure 15. Basic structure of a mixed analog/digital five-volt tolerant I/O port bit
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1. Vpp_fr is a potential specific to five-volt tolerant I/Os and different from Vpp.

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

Note:

RMO0530 - Rev 3

GP = general-purpose, PP = push-pull, PU = pull-up, PD = pull-down, OD = open-drain, AF = alternate function
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Table 16. Port bit configuration

MODE(i) [1:0] OSPEED(i) [1:0] PUPD(i) [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
0 1 1 Reserved

01 SPEED [1:0]
1 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
0 1 1 Reserved

10 SPEED [1:0]
1 0 0 AF oD
1 0 1 AF OD + PU
1 1 0 AF OD +PD
1 1 1 Reserved
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

Note: Open-drain and analog features are not available on all the I/Os of the STM32WB07xC and STM32WBO06xC.

Refer to Table 8. GPIO alternate options AF3 - AF4 and Table 9. I/O analog feature mapping .

7.31 General-purpose 1/0 (GPIO)

During and just after reset, the alternate functions are not active and most of the 1/O 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:

. PA2: DEBUG_SWDIO in pull-up
. PA3: DEBUG_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 1/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.

7.3.2 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.
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Each I/O pin has a multiplexer with up to eight alternate function inputs (AFO to AF7) that can be configured
through the GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15) registers:

. After reset the multiplexer selection is alternate function 0 (AF0). The 1/Os are configured in alternate
function mode through GPIOx_MODER register.
. The specific alternate function assignments for each pin are detailed in Section 4: 1/0 operating modes.

In addition to this flexible I/O multiplexing architecture, each peripheral has alternate functions mapped onto
different 1/O pins to optimize the number of peripherals available in smaller packages.

To use an /O in a given configuration, the user has to proceed as follows:

. Debug function: after each device reset these pins are assigned as alternate function pins immediately
usable by the debugger host

. System function: RCC_MCO and RCC_LCO pins have to be configured in alternate function mode
. GPIO: configures the desired I/O as output, input or analog in the GPIOx_MODER register
. Alternate function:

- Connect the 1/0 to the desired AFx in one of the GPIOx_AFRL or GPIOx_AFRH registers.

- Select the type, pull-up/pull-down and output speed via GPIOx_OTYPER, GPIOx_PUPDR and
GPIOx_OSPEEDER registers, respectively.

- Configure the desired I/O as an alternate function in the GPIOx_MODER register.

- Cortex-MO0+ alternate function (EVENTOUT): The Cortex®-M0+ output EVENTOUT signal can be
output as alternate function on several I/Os. An event can be signaled through the configured pin
after executing an SEV instruction.

. Additional functions:

- For the ADC, configure the desired I/O in analog mode in GPIOx_MODER register and configure the

required function in the ADC registers

Note: When configuring 10s in analog mode, the user must disable the pull-up/pull-down through the
PWRC registers, if PWRC_CR1.APC is set.
Note: If PWRC_CR1.APC is set (default configuration), the pull-up/-down of the 10s is controlled by the

PWRC_PUCRx and PWRC_PDCRXx registers of the PWRC block. Otherwise it is controlled by the
GPIOx_PUPDR register of the GPIO block.

- For the additional functions such as Wakeup I/Os and LSE oscillator, configure the required function
in the related PWRC, RCC, and RTC registers. These functions have priority over the configuration in
the standard GPIO registers.

Refer to Table 7. GPIO alternate options AFO - AF2 and Table 8. GPIO alternate options AF3 - AF4 for the

detailed mapping of the alternate function 1/0O pins.

7.3.3 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 1/0 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 1/0O direction.

7.3.4 1/0 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
I/O are stored into the input data register (GPIOx_IDR), a read-only register. See Section 7.4.5: GPIO port input
data register (GPIOx_IDR) (x = A, B) and Section 7.4.6: GPIO port output data register (GPIOx_ODR) (x = A, B).

7.3.5 1/0 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, two control bits in GPIOx_BSRR: BS(i) and BR(i) correspond. 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.
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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.

7.3.6 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 Section 7.4.8: GPIO port configuration lock register (GPIOx_LCKR) (x = A, B)) 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 Section 7.4.8: GPIO port configuration lock register
(GPIOx_LCKR) (x = A, B).

7.3.7 1/0 alternate function input/output

Two registers are provided to select one of the alternate function inputs/outputs available for each 1/0. With these
registers, the user can connect an alternate function to some other pin as required by their 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 Section 4: 1/O operating modes.

7.3.8 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).

7.3.9 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 I/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. Input floating/pull-up/pull-down configurations shows the input configuration of the I/O port bit.
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Figure 17. Input floating/pull-up/pull-down configurations
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7.3.10 Output configuration
When the 1/O port is programmed as output:
. 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

. 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 1/0 pin are sampled into the input data register every AHB clock cycle

. A read access to the input data register gets the I/Ostate

. A read access to the output data register gets the last written value

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

Figure 18. Output configuration
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7.3.11 Alternate function configuration
When the 1/O port is programmed as alternate function:

. The output buffer can be configured in open-drain or push-pull mode

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

. The Schmitt trigger input is activated

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

. The data present on the 1/0O pin are sampled into the input data register every AHB clock cycle

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

Figure 19. Alternate function configuration shows the alternate function configuration of the 1/O port bit.

Figure 19. Alternate function configuration
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7.3.12 Analog configuration
When the 1/O port is programmed as analog configuration:
. The output buffer is disabled
. The Schmitt trigger input is deactivated, providing zero consumption for every analog value of the 1/0O pin.
The output of the Schmitt trigger is forced to a constant value (0).
. The pull-up and pull-down resistors have to be disabled by the software or else the associated analog
feature does not work as expected.

. Read access to the input data register gets the value“0”.
Figure 20. High impedance-analog configuration shows the high-impedance, analog-input configuration of the I/O
port bit.
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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 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
RCC_0OSC32_IN (PB13) and RCC_0OSC32_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 GPIOs.
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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 Table 17. GPIO register map
and reset values. The peripheral registers can be written in word, half word or byte mode.

741 GPIO port mode register (GPIOx_MODER) (x = A, B)
Address offset: 0x00 reset values:
. 0x0000 00AO for portA
. 0x0000 0000 for port B

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] MODEB8[1:0]
rw w w rw rw w 'w rw rw w w 'w rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODE7[1:0] =~ MODES6[1:0] = MODE5[1:0] = MODE4[1:0] MODE3[1:0] MODE2[1:0] MODE1[1:0] MODEO[1:0]

rw w w rw rw w rw rw rw w w w rw rw rw rw

MODEy[1:0]: Port x configuration bits (y = 0..15).
These bits are written by software to configure the I/O mode. 00: Input mode
) 01: General purpose output mode
zy?,lﬁzy 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.

RMO0530 - Rev 3 page 113/660



‘_ RMO0530
,’ General-purpose 1/0s (GPIO)

7.4.2 GPIO port output type register (GPIOx_OTYPER) (x = A, B)
Address offset: 0x04
Reset value: 0x0000 0000

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

Res. Res. Res. Res. Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
o115 OT14  OT13 O0OT12 OT11  OT10 OT9 OT8 OT7 OT6  OT5  0OT4 OT3 OT2 OT1 OT0

rw w rw rw rw w rw rw w rw rw w rw rw rw w

Bits 31:16 Reserved, must be kept at reset value.
OTy: Port x configuration bits (y = 0..15).
) . These bits are written by software to configure the 1/0 output type.
Bits 15:0 0: Output push-pull (reset state)

1: Output open-drain

743 GPIO port output speed register (GPIOx_OSPEEDR) (x = A, B)
Address offset: 0x08
Reset value:
. 0x0000 0030 for port A
. 0x0000 0000 for port B

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]
rw 'w rw w w w w rw rw w w rw w rw 'w w
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]
rw w rw rw w rw w rw rw w rw rw rw rw w rw

OSPEEDy][1:0]: Port x configuration bits (y = 0..15).
Bits 2y+1:2y
These bits are written by software to configure the 1/0 output speed.
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744 GPIO port pull-up/pull-down register (GPIOx_PUPDR) (x = A, B)
Address offset: 0xOC Reset values:
. 0x5555 5595 for port A
. 0x5555 5555 for port B

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]
rw rw w w w rw rw rw rw 'w w 'w rw rw w rw
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]

rw rw rw w rw rw rw rw rw w w rw rw w w rw

PUPDy[1:0]: Port x configuration bits (y = 0..15).
These bits are written by software to configure the 1/O pull-up or pull-down.

00: No pull-up, pull-down

Bits 2y+1:2
y Y 01: Pull-up
10: Pull-down
11: Reserved
Note: When PWRC_CR1[4] = APC bit is set, GPIOx_PUPDR has no effect on the behavior. When PWRC_CR1[4] =

APC bit is not set, GPIOx_PUPDR pull configuration is not effective under low power modes.

7.4.5 GPIO port input data register (GPIOx_IDR) (x = A, B)
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

Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ID15 | ID14 ID13  ID12 ID11  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.
IDy: Port input data bit (y = 0..15).

Bits 15:0
These bits are read-only. They contain the input value of the corresponding 1/O port.
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7.4.6 GPIO port output data register (GPIOx_ODR) (x = A, B)
Address offset: 0x14
Reset value: 0x0000 0000

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

Res. Res. Res. Res. Res. Res. | Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
OD15 O©OD14 OD13 O0OD12 O©OD11  OD10 OD9 OD8 OD7 OD6 OD5 OD4 OD3 OD2 OD1 O0DO

rw w rw rw rw w rw rw rw rw rw w rw rw rw rw

Bits 31:16  Reserved, must be kept at reset value.
ODy: Port output data bit (y = 0..15).
Bits 15:0 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).

74.7 GPIO port bit set/reset register (GPIOx_BSRR) (x = A, B)
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

BRy: Port x 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
Bits 31:16 1: Resets the corresponding ODx bit
Note: If both BSx and BRx are set, BSx has priority.
BSy: Port x set bit y (y=0..15).
Bits 15:0 | These bits are write-only. A read to these bits returns the value 0x0000. 0: No action on the corresponding ODx bit

1: Set the corresponding ODx bit
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7.4.8 GPIO port configuration lock register (GPIOx_LCKR) (x = A, B)

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 resets.

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
Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. LCKK
rw

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

rw w w w rw w w w w w w w w w w w
Bits
31:17 Reserved, must be kept at reset value.

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]
Bit 16 = 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.

LCKy: Port x 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

1B;t80 LCKK bit description.
’ 0: Port configuration not locked

1: Port configuration locked
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7.4.9 GPIO alternate function low register (GPIOx_AFRL) (x = A, B)
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]

w w rw rw rw w 'w 'w w w w rw rw rw w 'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL3[3:0] AFSEL2[3:0] AFSELA1[3:0] AFSELO[3:0]
rw rw rw rw rw rw w w w rw rw rw rw rw rw w

) ) y[3:0]: Alternate function selection for port x piny (y =0..7).
Bits 31:0 These bits are written by software to configure alternate function 1/Os.
AFSELy selection: 0000: AFO
0001: AF1
0010: AF2
0011: AF3
0100: AF4

others: Reserved

7.4.10 GPIO alternate function high register (GPIOx_AFRH) (x = A, B)
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]

w rw rw rw rw rw 'w w rw w rw rw rw rw rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSELS8[3:0]

w rw rw rw rw rw w w w w rw rw rw rw rw w

Bits 31:0 y[3:0]: Alternate function selection for port x pin y (y = 8..15).
These bits are written by software to configure alternate function 1/Os.
AFSELy selection: 0000: AFO
0001: AF1
0010: AF2
0011: AF3
0100: AF4

others: Reserved
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Table 17. GPIO register map and reset values

oret] __Register |5 [812 |8 & [8]8]3 ][5 [gleleltlelalzlolslslelalolmelols]o]l~] ]

GPIO register map
The following table gives the GPIO register map and reset values.

7.4.11

RM0530 - Rev 3

~
(3]

(=]
(3]

[o:1lo3aon

[o:Lll3aow

[o:1]z3aon

[o:1le3aon

[o: 1]y 300

[0:1]s3a0N

[o:1]l9g3aon

[0:1]2300I

[o:1]83a0n

[o:1l63a0N

[o:tlor3aow

[o:L]LL3a0N

[o:tlzL3aonw

[o:1]ler3aonw

[o:LlyL3aon

[o:1lsLaaon

GPIOA_MODER

0x00

0

Reset value

[o:1lo3aon

[o:1l3aon

[o:1]e3aon

[o:1le3aon

[o:1]y3a0n

[o:1]s3a0on

[o:1]9g3aon

[o:1]2300I

[o:1183a0

[o:1]l63a0N

[o:tlor3aow

[o:L]LL 300

[o:1lzL3aonw

[o:1ler3aomw

[o:1lyL3aoW

[o:1]s1aaon

GPIOB_MODER

0x00

0

Reset value
GPIOx_OTYPER

010
110
¢l0
€10
¥10
G10
910
110
810
610
0L10
LL10
Z¢l10
€110
7110
G110
‘soy
"soy
‘soy
‘soy
"say
‘soy
"soy
‘say
‘soy
"soy
‘soy
"soy
"say
‘soy
"soy

‘soy

=A, B)

(where x

0x04

Reset value

[0:1lo@33dso

[0:1]La3adso

[0:1]za3adso

[0:1leaaadso

[0:1]P@33dsO

[0:1]sa33dso

[0:1]eaaadso

[0:1]2033ds0

[0:118a@3adso

[0:1]6@3adso

[0:1lora3adso

[o:1]1 a33adso

[0:1]zLa3adso

[0:1leraaadso

[0:1]¥L@33dsO

[0:1]51a33ds0

0x08 ' GPIOA_OSPEEDR

0

Reset value

[0:1lo@33dso

[o:1]La3adso

[0:1]za3adso

[0:1leaaadso

[0:1]P@33dSO

[0:1]sa33dso

[0:1]9aaadso

[0:112033ds0

[0:118a@3adso

[0:1]6@3ads0

[o:1lora3adso

[0:1]11a33ds0o

[0:1]21@3adso

[0:1le1@aadso

[0:1]¥L@33dso

[0:1]51a33ds0

GPIOB_OSPEEDR

0x08

0

Reset value

[o:1]lo¥adnd

[o:1lvdadnd

[0:1lzdadnd

[0:1ledadnd

[0:1lPdadnd

[0:1lsdadnd

[0:1l9dadnd

[0:1129adnd

[0:118dadnd

[0:1l6dadnd

[o:1lovdadnd

[o:1]1bdadnd

[0:tlzvdadnd

[o:tlerdadnd

[0:1lPLdadnd

[0:Lls1H¥adnd

GPIOA_PUPDR

0x0C
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8 System controller (SYSCFG)

The system Controller is a set of registers (configuration, control and status) linked to system features of the
STM32WB07xC and STM32WB06xC device.

8.1 SYSCFG main features

The system controller set of registers are mainly linked to:

. Provide the JTAG_ID, Die ID and cut version

. Manage the interrupts linked to GPIO feature

. Manage the interrupts linked to the power controller (PWRC)

. Manage the interrupt linked to MR_BLE reception and transmission sequences
. Enable/disable 12C fast-mode plus driving capability on some I/0s

Note: This peripheral is in the non-retained power domain so all settings done in the associated registers are lost after
a Deepstop.
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8.2 System controller registers

8.2.1 Die ID register (DIE_ID)

This register provides the device version and cut information.
Address offset: 0x00
Reset value: 0x0000 0120

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

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. | Res. PRODUCT][3:0] VERSIONI[3:0] REVISION[3:0]
r r r r r r r r r r r r
Bits 31:12 Reserved, must be kept at reset value.
Bits 11:8 PRODUCT: Product version.
Bits 7:4 VERSION: Cut version.
Bits 3:0 REVISION: Cut revision (metal fix).
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8.2.2 JTAG ID register (JTAG_ID)

This register provides the JTAG ID of the STM32WBO07xC and STM32WBO06xC.

Address offset: 0x04

Reset value: 0x0201E041

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
VERSION_NUMBER[3:0] PART_NUMBER[15:4]
r r r r r r r r r r r r
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PART_NUMBER[3:0] MANUF_ID[10:0] Res.
r r r r r r r r r r r r r r r

Bits 31:28 VERSION_NUMBER: Version.
Bits 27:12 PART_NUMBER: Part number.
Bits 11:1 MANUF_ID: Manufacturer ID.

Bit 0 RESERVED
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8.2.3 12C Fast-Mode Plus pin capability control register (12C_FMP_CTRL)
This register allows activating the fast-mode Plus driving capability on 12C open-drain pads.
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 | 24 23 | 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o o o o
= = = =
o [ o [
N o _ o
Res. | Res. Res. Res. m m < <
o o o o
o o _ |
O O O O
N N N N
w w w w

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

12C2_PB7_FMP: 12C2 Fast-Mode Plus driving capability for 12C2_SDA on PB7 1/O.
Bit 3 . 0: PB7 pin operated in standard mode

. 1: FM+ mode is enabled on PB7 pin, and speed control is bypassed

12C2_PB6_FMP: |12C2 Fast-Mode Plus driving capability for 12C2_SCL on PB6 1/O.

Bit 2 . 0: PB6 pin operated in standard mode
. 1: FM+ mode is enabled on PB6 pin, and speed control is bypassed

12C1_PA1_FMP: I12C1 Fast-Mode Plus driving capability for I2C1_SDA on PA1 I/O.

Bit 1 . 0: PA1 pin operated in standard mode
. 1: FM+ mode is enabled on PA1 pin, and speed control is bypassed

12C1_PAO0_FMP: I12C1 Fast-Mode Plus driving capability for I2C1_SCL on PAO /0.

Bit 0 . 0: PAO pin operated in standard mode
. 1: FM+ mode is enabled on PAO pin, and speed control is bypassed
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8.24 I/0O interrupt detection type register (I0_DTR)
Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Py Py P = = B - — - — — - - - - -
Dl D, D, D, Dl Dl a) [a) a) a a a a a a) la)
© < o o - o %| g El 8| gl Eé| 8| 8| El 8|
@ @ @ @ @ @ o o o a a o o o o a
rw rw rw rw w rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Py Py Py Py = p — — — — — — — — — —
D' D' D' D' D' D' e e e 2 o, 2 o 9 5 e
T X % ¥ ¥ 5 % & 3z £ g % g % :1 %
g g g & £ X a a a a a a a a a a
w w 'w w 'w w w w 'w w 'w w 'w w w w

PBx_DT (x=15 to 0): Interrupt detection type for port B I/Os.
Bits 31:16 . 0: Edge detection

. 1: Level detection

PAx_DT (x=15 to 0): Interrupt detection type for port A 1/Os.

Bits 15:0 . 0: Edge detection
. 1: Level detection
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8.2.5 1/0 interrupt edge register (I0_IBER)
Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
u w w W w u ww L ww ww w w w w ww L
=02 £ 2 £ £ a2 2 @ o @ @ 2 @ o @
0 - o o - o %I g| BI 8| gl EI 8| é\u'l El 8|
@ @ @ @ @ @ o a o a o o o o o a
w w w w rw w w w w w w w rw w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
w w W W w w w L ww w w w w w w L
e N = o o o o o o o o o
0 < o o - o 2| 2| 2| SEI gl }I 2| c<}:I| E| <o):|
g by o s £ < a a a a a a a a a a
w w w w w w w w w w w w rw w w w

PBx_IBE (x=15 to 0): Interrupt edge selection for port B I/Os.
Bits 31:16 . 0: Single edge detection

. 1: Both edges detection

PAx_IBE (x=15 to 0): Interrupt edge selection for port A I/Os.

Bits 15:0 . 0: Single edge detection
. 1: Both edges detection
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8.2.6 1/0O interrupt polarity event register (I0_IEVR)
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
= = = = = = > > > > > > > > > >
= =5 5 5 Y 5w W W W W oW oW oW oW W
0 < o o - o %| g E| 8| £| EI 8| g| E| 8|
@ @ @ @ @ @ o a o a o o o o o a
w w w w w rw rw rw rw rw w w rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o o o o = o > > > > > > > > > >
= 5 = 5 % 5w uw w w w w w woow oW
© - o o - o 2| 2| 2| SEl gl }I 2| 2:“ E| <o):|
g by o s £ < a a a a a a a a a a
rw w w w rw rw rw rw rw w w w w rw rw rw

PBx_IEV (x=15 to 0): Interrupt polarity event for port B I/Os.
Bits 31:16 . 0: Falling edge / low level

. 1: Rising edge / high level

PAXx_IEV (x=15 to 0): Interrupt polarity event for port A 1/Os.

Bits 15:0 . 0: Falling edge / low level
. 1: Rising edge / high level
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8.2.7 1/0O interrupt enable register (I0_IER)
Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
el e et e e B w w w w w w w w w W
£| $| 52| Sl‘l :| el %| &?l 'Fnl 8| 8| §I 8| g| E| 8|
@ Q@ Q@ Q@ Q Q o a o a o o o o o a
o rwoorw | worw | rw rw w rw rw rw rw rw rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ww Wwoow  ow ow | ow
o ¢ o o ' o' PA9IE PASIE PA7IE PA6IE PA5IE PA4IE PA3IE PA2IE PA1_IE PAO_IE
T & & & & £
w o woorw o wrw | rw rw w rw rw rw rw rw rw rw rw
PBx_IE (x=15 to 0): Interrupt enable for port B 1/Os.
Bits 31:16 . 0: Interrupt is disabled
. 1: Interrupt is enabled
PAx_IE (x=15 to 0): Interrupt enable for port A 1/Os.
Bits 15:0 . 0: Interrupt is disabled

. 1: Interrupt is enabled
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8.2.8 I/O Interrupt status and clear register (I0_ISCR)
Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Q Q Q Q Q Q 8} ($) $) ) $) 8} [$) 8} 8} 8}
e 2 22 22 9 0 0 @ o o o @ o 0
ﬁ‘-’l 3' 2' ﬁl “:l 9' %| g| El 8| Eﬁl EI 8| B‘l El 8|
@ @ @ @ @ @ o a o a o o o o o a
rc wl ' rcwl rcwl rcw!l | rcwl rcwl rcwl rcwl rcwl rcwl rcwl | rcwl rcwl rcwl rcwl rc_wil
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Q Q Q Q Q Q $) $) ¢ ¢ ¢ o $) ) $) $)
202 2 2 2 2 2 o 2 o 2 @ @ @ @ @0
© ¥ © ~ - o gl gl ':(I SI gl :(rl 2| g| E| ?:l
g g g g £ X a a a a a a a a a a
rc wl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl rcwl | rcwl rcwl rcwl rcwi
PBx_ISC (x=15 to 0): Interrupt status (before mask) for port B 1/Os.
Bits 31:16  « 0: No pending interrupt
. 1: Event occurred on corresponding 1/O / interrupt occurred (if enabled). Cleared by writing 1 in the bit
PAx_ISC (x=15 to 0): Interrupt status (before mask) for port A 1/Os.
Bits 15:0 '« 0: No pending interrupt
. 1: Event occurred on corresponding 1/O / interrupt occurred (if enabled). Cleared by writing 1 in the bit
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8.2.9 Power controller interrupt enable register (PWRC_IER)
This register allows control of the enable or mask on the interrupt sources of the power controller (PWRC) block.
Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res.
%5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L
Res. Res. Res. Res. %I PVD_I E  Res.
=
rw rw

Bits 31:3 Reserved, must be kept at reset value.

WKUP_IE: Power controller wakeup event interrupt enable.

Bit 2 . 0: Interrupt on wakeup event seen by the PWRC is disabled
. 1: Interrupt on wakeup event seen by the PWRC is enabled

PVD_IE: Programmable voltage detector interrupt enable.

Bit 1 . 0: PVD interrupt is disabled
. 1: PVD interrupt is enabled

Bit 0 Reserved, must be kept at reset value.
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8.2.10 Power controller interrupt status and clear register (PWRC_ISCR)
This register allows checking the status and clear the interrupt sources of the power controller (PWRC) block.
Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.| Res. Res. Res. Res. Res. Res.
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
O
2]
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. %l P\élé—l Res.
4
=
rc_w1 rc_w1

Bits 31:3 | Reserved, must be kept at reset value.

WKUP_ISC: Indicates the power controller receives a wakeup event.

. 0: No pending interrupt
Bit2 - 1: Wakeup event on PWRC occurred / interrupt occurred (if enabled). Cleared by writing 1 in the bit.

This flag is read at 1 if a wakeup event arrives so close to the low-power mode entry requests that the PWRC
aborts before shutting down the system.

PVD_ISC: Programmable voltage detector status.
. 0: No pending interrupt

Bit 1 . 1: Voltage went under programmed threshold / interrupt occurred (if enabled). Cleared by writing 1 in the bit.

See Section 5.3.2: Power voltage detection (PVD) for details.

Bit 0 Reserved, must be kept at default value.
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8.2.11 1/0 analog switch control register (GPIO_SWA_CTRL)
This register allows selecting the analog source to connect on analog pads embedding two features.
Address offset: 0x28
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PGACA
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. ATB1_n PVD
P_nVINO
rw rw

Bits 31:2 | Reserved, must be kept at reset value.

PGACAP_nVINO: Select the analog feature on PB2/PB3 between connecting external capacitors on PGA (for
analog audio mode) and VINM/PO for ADC measurements when the PB2/3 I/Os are programmed in analog mode
(in the associated GPIO_MODER register):

Bit1 | 0: VINM/PO feature is selected (default)
. 1: External capacitors for PGA feature is selected

WARNING: No specific HW protection is in place if the configuration selects the PGA external capacitor and
the SW enables the ADC in analog measurements through VINM/PO pins.

ATB1_nPVD: Select the analog feature on PB14 between ATB1 and PVD when the PB14 1/O is programmed in
analog mode (in the associated GPIO_MODER register):

Bit 0
! 0: PVD external voltage feature is selected (default)
. 1: ATB1 feature is selected
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8.2.12 MR_BLE RX or TX sequence information detection type register (BLERXTX_DTR)

This register allows selecting the type of detection (level or edge) on RADIO_RX_SEQUENCE and
RADIO_TX_SEQUENCE coming from the MR_BLE IP.

Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. RXDT TXDT

rw rw

Bits 31:2 Reserved, must be kept at reset value.

RX_DT: Detection type on RADIO_RX_SEQUENCE signal:

Bit 1 . 0: Detection on edge (default)
. 1: Detection on level

TX_DT: Detection type on RADIO_TX_SEQUENCE signal:

Bit 0 . 0: Detection on edge (default)
. 1: Detection on level
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8.2.13 MR_BLE RX or TX sequence information detection type register (BLERXTX_IBER)

This register is used to activate RADIO_RX_SEQUENCE and RADIO_TX_SEQUENCE signal detection on single
edge or both edges when edge detection type is active.

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. RX_IBE | TX_IBE

rw w

Bits 31:2 Reserved, must be kept at reset value.

RX_IBE: Interrupt edge register on RADIO_RX_SEQUENCE signal:

Bit 1 . 0: Detection on single edge (default)

. 1: Detection on both edges

TX_IBE: Interrupt edge register on RADIO_TX_SEQUENCE signal:
Bit 0 . 0: Detection on single edge(default)

. 1: Detection on both edges
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8.2.14 MR_BLE RX or TX sequence information detection event register (BLERXTX_IEVR)
This register defines the polarity of the RADIO_RX_SEQUENCE and RADIO_TX_SEQUENCE signals detection.
Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. RX_IEV | TX_IEV

rw rw
Bits 31:2 Reserved, must be kept at reset value.
RX_IEV: Interrupt polarity event on RADIO_RX_SEQUENCE signal:
Bit 1 . 0: Detection on falling edge / low level (default)
. 1: Detection on rising edge / high level
TX_IEV: Interrupt polarity event on RADIO_TX_SEQUENCE signal:
Bit 0 . 0: Detection on falling edge / low level (default)
. 1: Detection on rising edge / high level
8.2.15 MR_BLE RX or TX sequence information detection interrupt enable register (BLERXTX_IER)

This register defines the interrupt enable of the RADIO_RX_SEQUENCE and RADIO_TX_SEQUENCE signals.
Address offset: 0x38
Reset value: 0x0000 0000

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

Res.  Res. Res. Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

Bits 31:2 Reserved, must be kept at reset value.
RX_IE: Interrupt enable on RADIO_RX_SEQUENCE signal:
Bit 1 . 0: Interrupt disabled (default)
. 1: Interrupt enabled
TX_IE: Interrupt enable on RADIO_TX_SEQUENCE signal:
Bit 0 . 0: Interrupt disabled (default)
. 1: Interrupt enabled
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8.2.16 MR_BLE RX or TX sequence information detection status and clear register (BLERXTX_ISCR)

This register allows checking the status and clear the interrupt linked to the RADIO_RX_SEQUENCE and
RADIO_TX_SEQUENCE information provided by the MR_BLE IP.

Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res.  Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. | Res. | Res. Res. Res. Res. Res. Res. Res. Res. | Res. Res. Res. Res. RX_ISC TX_ISC

rc_wc1 rc_wr1

Bits 31:2 | Reserved, must be kept at reset value.

RX_ISC: Interrupt status on RADIO_RX_SEQUENCE signal (can be a rising or a falling edge depending on
BLERXTX_IEVR and BLERXTX_IBER):

Bit 1
! . 0: No activity on RADIO_RX_SEQUENCE detected
. 1: Activity on RADIO_RX_SEQUENCE occurred
TX_ISC: Interrupt status on RADIO_TX_SEQUENCE signal (can be a rising or a falling edge depending on
Bit O BLERXTX_IEVR and BLERXTX_IBER):
i

. 0: No activity on RADIO_TX_SEQUENCE detected
. 1: Activity on RADIO_TX_SEQUENCE occurred
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9 Embedded Flash memory

The Flash controller implements the erase and programs Flash memory operation. The Flash controller also
implements the read and write protection.

9.1 Flash main features
Flash memory features:
. Up to 256 Kbytes of flash memory single bank architecture.
. Memory organization: 1 bank
- main memory: up to 256 Kbytes
- page size: 2 Kbytes
. 32-bit wide data read
. 32-bit wide data write

. Page erase (2 Kbytes) and mass erase.
Flash controller features:
. Flash memory read operations
. Flash memory write operations: single data write or 4x32-bits burst write (to reduce programming time by
4)
. Flash memory erase operations
. Flash readout protection and disable of debug access
. Page write protect mechanism
9.2 Description

The flash memory is organized as follows:

. Main memory block containing 128 pages of 2 Kbytes. Each page is made of 8 rows of 256 bytes (64
words).

Erasing the whole flash results in every bit cell of the flash memory.

In parallel, the flash controller manages 1 Kbyte of OTP (one-time programmable) memory for user data. The
OTP data cannot be erased. The OTP data area can no longer be written only as soon as the last word (address
0x1000_1BFC) is different from OXFFFF_FFFF and a system reset occurred.

The flash memory is mapped on the AHB-Lite bus with the range described below.

Table 19. Flash memory section address

m Flash AHB start address Flash AHB end address

Main flash memory 0x1004_0000 0x1007_FFFF("
User OTP 0x1000_1800 0x1000_1BFF

1. Depends on Flash size. See Table 22. Flash size information.
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Flash controller register map

Refer to Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses
for the flash controller base address location in the STM32WB07xC and STM32WBO06xC.

Table 20. Flash APB registers

Address Description
offset i

0x00

0x04

0x08

0x0C

0x10

0x14

0x18

0x24

0x34

0x38

0x3C

0x40

0x44

0x48

0x4C

COMMAND

CONFIG

IRQSTAT

IRQMASK

IRQRAW

FLASH_SIZE

ADDRESS

LFSRVAL

PAGEPROTO

PAGEPROT1

RESERVED

DATAO

DATA1

DATA2

DATA3

16

14

32

32

32

32

32

32

32

32

RwW

RC

RwW

RC

RO

RwW

RO

Rw

RwW

RwW

RwW

RwW

RwW

RwW

0x0000_0000

0x000_0018

0x0000_0000

0x0000_003F

0x0000_0001

0x000-_---

0x0000_0000

OXFFFF_FFFF

0x0000_0000

0x0000_0000

0x0000_0000

OXFFFF_FFFF

OXFFFF_FFFF

OXFFFF_FFFF

OXFFFF_FFFF

Commands for the module. See Section 9.4.1: Command
register (COMMAND).

Configure the wrapper. See Section 9.4.2: Configuration
register (CONFIG).

Flash status interrupts (masked). See Section 9.4.3: Interrupt
status register (IRQSTAT).

Mask for interrupts. See Section 9.4.4: Interrupt mask register
(IRQMASK).

Status interrupts (unmasked). See Section 9.4.5: Raw status
register (IRQRAW).

Indicates the last usable address of the main Flash and the
RAM size. See Section 9.4.6: SIZE register.

Address for programming Flash, auto-increments. See
Section 9.4.7: Address register (ADDRESS).

LFSR register needed for check after MASS READ command.
See Section 9.4.8: Linear feedback shift register (LFSRVAL).

Write/page erase protection management register. See
Section 9.4.9: Main flash page protection registers
(PAGEPROTxX) (PAGEPRTO).

Write/page erase protection management register. See
Section 9.4.9: Main flash page protection registers
(PAGEPROTXx) (PAGEPRT1).

UNUSED

Program cycle data. See Section 9.4.10: Data registers
(DATAO-DATAS3).

Program cycle data. See Section 9.4.10: Data registers
(DATAO-DATAS3).

Program cycle data. See Section 9.4.10: Data registers
(DATAO-DATAS3).

Program cycle data. See Section 9.4.10: Data registers
(DATAO-DATA3).

1. Acronym meaning: RW: read and write RC: read and write to clear RO: read only.
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94 Flash controller registers

9.4.1 Command register (COMMAND)
Address offset: 0x00
Reset value: 0x0000 0000

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. COMMAND

w

Bits 31:8 | Reserved, must be kept at reset value.

COMMAND: Command opcode to launch any operation on Flash memory. Refer to Table 20. Command list

Bit 7:0 available for customer.

Table 21. Command list available for customer

e Command
m

ERASE Main memory | Erase page defined by register ADDRESS. 0x11
MASSERASE | Main memory ' Mass erase (main flash memory is completely erased). 0x22
WRITE™ Main memory | Program one location (defined by registers DATA and ADDRESS). 0x33

Read all locations and compare with DATA register value or produce LFSR

. 0x55
signature.

MASSREAD = Main memory

Put Flash in sleep mode.

Warning: Once this command is launched, no access (read) nor

SLEEP Whole memory | action (any command except WAKE) on the Flash component is OxAA
possible until the WAKE command is requested (and associated
CMDDONE status is returned).

WAKEUP Whole memory  Get Flash out of sleep mode. 0xBB

Program 4 locations (ADDRESS — ADDRESS+3) with data in DATAO-
DATAS registers.

BURSTWRITE | Main memory A Warning: Bursts always start (=DATAQ is always written) on a 16-byte 0xCC
aligned address, even if ADDRESS is not 16-byte aligned (register bit
field ADDRESS][1:0] is always considered as 0 at flash controller
level).

One time writable 1 Kbyte for customer.

OTPWRITE User OTP OXEE
No erase nor second programming is possible.

KEYWRITE Main memory | Write the customer key used to protect the main Flash. OxFF

1. Each address can be programmed only twice without erase operation in between.

Status bit behavior versus commands:

. Writing to the COMMAND register starts the action that is performed on the Flash
. The CMDSTART flag goes and stays high until it is cleared

. When the command has finished the CMDDONE flag goes high

. When a MASS READ command was given and when CMDDONE is high, the READOK flag can be
checked or the LFSRVAL register can be read (contains the signature of the mass read)

The sequences to use the different commands are described in Section 9.5: Programmer model.
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9.4.2 Configuration register (CONFIG)
Address offset: 0x04
Reset value: 0x0000 0018

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w

=

o

§|

o
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. WAIT_STATES Res. 8 REMAP Res.

x

ol

2]

=}

w rw w rw

Bits 31:6 | Reserved, must be kept at reset value.

WAIT_STATES: Number of wait states to be inserted on flash read (AHB accesses).

Bits 5:4 | The flash memory embedded in the STM32WB07xC and STM32WB06xC devices require 1 wait_state when
system clock frequency is 64 MHz.

Bit3  Reserved, must be kept at reset value.

DIS_GROUP_WRITE:

. 0: Burst write operations areallowed/enabled
Bit2 - 1: Burst write operations are blocked and result on a single write

Note: If this bit is set during an on-going burst write operation, the flash controller stops the write operation at the
end of the current word writing even if some words are still to be written.

Bit 1 REMAP: Bit to redirect boot area on SRAMO.

Bit0  Reserved, must be kept at reset value.

The flash memory can be read in one system clock cycle (the best for power consumption) when the system clock
is 32 MHz maximum.
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9.4.3 Interrupt status register (IRQSTAT)
The interrupt status register shows the masked version of the interrupt raw register.
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
9 0 %) g 2
= = = [ [
! [ ! b g
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. o) g % li: %
9: O [a) »n 8
2 = 2 < o
[v4 = O 5 o
rc_wi1 rc_wi1 rc_wi1 rc_wi1 rc_wi1

Bits 31:5 Reserved, must be kept at reset value.
READOK_MIS: Mass read OK masked interrupt status.
This bit is set at the end of a MASSREAD operation if all the words read in the memory match the DATAO register

Bit4 value.
Cleared by writing 1.
Bit3 ILLCMD_MIS: lllegal command masked interrupt status.
This bit is set when a bad opcode command is written in the COMMAND register. Cleared by writing 1.
) CMDERR_MIS: Command error masked interrupt status.
Bit2 This bit is set if a command opcode is written in COMMAND register while the Flash is busy. Cleared by writing 1.
) CMDSTART_MIS: Command started masked interrupt status.
Bit This bit is set once the requested command execution has started. Cleared by writing 1.
Bit O CMDDONE_MIS: Command done masked interrupt status.

This it is set once the requested command execution is completed. Cleared by writing 1.

The CMDDONE and CMDSTART bits are updated a few clock cycles after the requested command has been
started by writing to the COMMAND register.

Note: Clearing a bit by writing in IRQSTAT (respectively IRQRAW) register also cleared the same bit in IRQRAW
(respectively IRQSTAT) register as they are referring to a common condition/event.
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9.4.4 Interrupt mask register (IRQMASK)

The mask bit in IRQMASK masks the condition in the status register IRQSTAT and prevents the generation from
the interrupt.

Address offset: 0x0C
Reset value: 0x0000 003F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. READOKM ILLCMD M  CMDERRM CMDSTART M CMDDONE M

rw rw w w w
Bits 31:5 Reserved, must be kept at reset value.
READOKM: Mass read OK mask.
Bit 4 . 0: Enable interrupt on “Mass read OK” event
. 1: Disable interrupt on “Mass read OK” event
ILLCMDM: lllegal command mask.
Bit 3 . 0: Enable interrupt on “illegal command”event
. 1: Disable interrupt on “illegal command’event
CMDERRM: Command error mask.
Bit 2 . 0: Enable interrupt on “command error” event
. 1: Disable interrupt on “command error” event
CMDSTARTM: Command started mask.
Bit 1 . 0: Enable interrupt on “command started” event
. 1: Disable interrupt on “command started” event
CMDDONEM: Command done mask.
Bit 0 . 0: Enable interrupt on “command done” event
. 1: Disable interrupt on “command done” event
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9.4.5 Raw status register (IRQRAW)
The raw status register shows the unmasked condition of interrupt events.
Address offset: 0x10
Reset value: 0x0000 0001

31 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
(%)
2} %) 2 [z ©
4 "4 o I I
v [ o' K gy
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. @) g % fl: %
<D): ] [a) 1] 8
4 = O 5 5
rc_wi1 rc_w1 rc_w1 rc_w1 rc_wi1

Bits 31:5 | Reserved, must be kept at reset value.

READOK_RIS: Mass read OK raw/unmasked interrupt status.
This bit is set at the end of a MASSREAD operation if all the words read in the memory match the DATAO register

Bit4 value.
Cleared by writing 1.
) ILLCMD_RIS: lllegal command raw/unmasked interrupt status.
Bit3 This bit is set when a bad opcode command is written in the COMMAND register. Cleared by writing 1.
Bit 2 CMDERR_RIS: Command error raw/unmasked interrupt status.

This bit is set if a command opcode is written in COMMAND register while the Flash is busy. Cleared by writing 1.

CMDSTART_RIS: Command started raw/unmasked interrupt status. This bit is set once the requested command
Bit1  execution has started.

Cleared by writing 1.

CMDDONE_RIS: Command done raw/unmasked interrupt status. This it is set once the requested command

Bit0 execution is completed. Cleared by writing 1.

The CMDDONE and CMDSTART bits are updated a few clock cycles after the requested command has been
started by writing to the COMMAND register.
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9.4.6 SIZE register
Address offset: 0x14
Reset value: 0x000- ---- (depends on the device)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. SWD DISABLE FLASH SECURE RAM SIZE[1:0] Res.
r
%5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
FLASH_SIZE[15:0]

r

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

SWD_DISABLE: Flash+SWD protection:
Bit20 . 0: No SWD protection (refer to FLASH_SECURE)
. 1: Flash and SWD protected
FLASH_SECURE: Flash memory protection:
Bit19 . 0: The main FLASH is not protected
. 1: The main FLASH is protected through a customer key
RAM_SIZE: Indicates the size of RAM available in the device:

. 00: 32 Kbytes of RAM available (RAMO and RAM1 banks)
Bits 18:17  « 01: 32 Kbytes of RAM available (RAMO and RAM1 banks)
. 10: 48 Kbytes of RAM available (RAMO, RAM1 and RAM2 banks)
. 11: 64 Kbytes of RAM available (RAMO, RAM1, RAM2 and RAM3 banks)

Bit 16 | Reserved, must be kept at reset value.

FLASH_SIZE: Indicates the last usable address of the Flash using memory component address format. See
Table 22. Flash size information for relation between address at Flash component level and AHB address

) mapping.
Bits 15:0 0x7FFF: 128 Kbytes of main flash are available on this device
. O0xBFFF: 192 Kbytes of main flash are available on this device
. OxFFFF: 256 Kbytes of main flash are available on this device

Table 22. Flash size information

Main flash size Highest usable address at Flash level(") Highest usable address at AHB level

128 Kbytes Ox7FFF 0x1005_FFFC
192 Kbytes OxBFFF 0x1006_FFFC
256 Kbytes OxFFFF 0x1007_FFFC

1. Value seen in FLASH_SIZE bit field.
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9.4.7 Address register (ADDRESS)
Address offset: 0x18
Reset value: 0x0000 0000

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

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
XADDR[9:0] YADDRJ5:0]
w w
Bits 31:16 Reserved, must be kept at reset value.
XADDR][9:0]:

Bits 15:6 . XADDR[9:3]: Page number (from 0 to 127)
. XADRR[2:0]: Row number (from 0 to 7)

Bits 5:0 YADDR[5:0]: Word number inside the selected row (from 0 to 63)

Address to provide to the Flash is not the AHB device mapping address but the address respecting Flash
component format.

The main Flash is composed of 128 pages containing 8 rows each with 64 words = 256 bytes by row.
To program the ADDRESS register, the formula is the following:

. XADDR[9:0] = AHB address bit [17:8]

. YADDR[5:0] = AHB address bit [7:2]

Example 1: To program a word (32-bit) at AHB address 0x1005_0454:

. XADDR[9:0] = AHB address bit [17:8] = 0x104

. YADDR[5:0] = AHB address bit [7:2] = 0x15

. ADDRESS register = 0x4115

9.4.8 Linear feedback shift register (LFSRVAL)
The LFSRVAL register contains the signature issued by a MASSREAD command.

The LFSRVAL register is initialized with all ones when the MASS READ command is written to the COMMAND
register. Then every read value is put through the LFSR.

The final signature can be read in this register once the CMDDONE information is set.
Address offset: 0x24
Reset value: OXFFFF FFFF

3 30 29 28 27 26 25 24 23 22 20 2 19 18 17 | 16
LFSRVAL[31:16]

r r r r r r r r r r r r r r r r

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LFSRVAL[15:0]

r r r r r r r r r r r r r r r r

Bits 31:0 | LSFRVAL: Signature after a MASSREAD command, generated through a linear feedback. Shift Register block.
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9.4.9 Main flash page protection registers (PAGEPROTX)

The PAGEPROTX register allows protecting from accidental write a contiguous set of pages called segment in the
following description. A maximum of four segments can be defined.

An example of usage is available in Section 9.5.7: Write page protection example.
PAGEPROTO0

Address offset: 0x34

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SEG1[15:0]
'w
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
SEGO[15:0]
rw
Bits

31:16 SEG1: Second segment definition. See SEGO description for details on SEG1[31:16] content.

SEGO: First segment definition.

A segment SEGx is built as follows:

. SEGx[15]: Reserved

. SEGx[14:8] = OFFSET: Page number to start the write protection (value between 0 and 0x7F)

. SEGX[7]: Reserved
Bit 15:0 ' ° SEGXx[6:0] = SIZE: number of 2 Kbytes pages to protect including the starting page (provided in SEGx[14:8])

Note: . SIZE=0 means no segment defined so if all segments have SIZE=0, then no write protection
is applied on the whole FLASH.
. The segments can overlap, the protection on a page is guaranteed if at least one segment

covers this page.
. If OFFSET + SIZE > 127d so exceeds the maximum size of the FLASH, the end of the
segment is positioned on the maximum allowed address.

PAGEPROTO01
Address offset:0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SEG3[15:0]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEG2[15:0]
rw

Bits 31:16 A SEG3: Fourth segment definition. See PAGEPROTO SEGO description for details on SEG3[15:0] content.
Bit 15:0 | SEG2: Third segment definition. See PAGEPROTO SEGO description for details on SEG2[15:0] content.

9.4.10 Data registers (DATA0-DATA3)
The DATAO register needs to be written with:
. The desired value written to the Flash location (for single write or mass write).

. The desired compare value for a (mass) read operation, the flag READOK indicates if there was a match or
not. For mass read, all read values must match for READOK.
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The DATA1-DATAS registers need to be written only for burst write.

DATA0

Address offset: 0x40
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATAO[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATAO[15:0]
w

DATAO: This register has several uses:

. Data to write in Flash in single write mode
Bits 31:0 * First data to be written in Flash on a burst write
. Compared value for a MASSREAD command (useful only if Flash is fully written with the same word)

Note: In this last case, the flag READOK indicates whether there was a match or not at the end of the mass read.

DATA1

Address offset: 0x44
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA1[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA1[15:0]
w

Bits 31:0 DATAA1: Data that are written at ADDRESS+1 during a BURSTWRITE command.
its 31:
Note: This register is used only on burst write.

DATA2

Address offset: 0x48
Reset value: OXFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA2[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA2[15:0]
w

B 0 Data that are written at ADDRESS+2 duri g a BURSTWRITE command.
its 31:
Note IS eg|Ste is used Only on burst write.
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DATA3

Address offset: 0x4C
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA3[31:16]
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA3[15:0]
w

DATAZ3: Data that are written at ADDRESS+3 during a BURSTWRITE command.

Note: This register is used only on burst write.

Bits 31:0

9.5 Programmer model

The STM32WBO07xC and STM32WB06xC embed up to 256 Kbytes (65536 x 32-bit) of internal flash memory. A
flash interface implements instruction access and data access based on the AHB protocol. It implements the logic
necessary to carry out the flash memory operations (program/erase) controlled through the flash registers.

9.5.1 General information

Writing to flash memory only allows clearing bits from ‘1’ to ‘0’. This means any write from ‘0’ to ‘1’ implies erasing
before performing a write.

Flash memory is composed of 128 pages containing 8 rows of 64 words (128 x 8 x 64 = 65536 words). Each word
is 32-bit = 4 bytes long which means 256 Kbytes of flash memory.

The address inside the the Flash controller ADDRESS register is built as follows: ADDRESS[15:0] = XADR[9:0] &
YADRJ[5:0] with:

. XADRJ9:3] = page address

. XADR][2:0] = row address

. YADR]5:0] = word address (one word = four bytes)

Note: One specific address can be written only twice between two erase actions even if each writing only clears bit 1.

9.5.2 Read function examples
There are two possible read accesses:

. Read one single word: simple read as if SRAM memory: read the desired Flash address and get read data
on the bus

. MASSREAD command: read the full Flash memory and compare with expected content
There are two ways of using MASSREAD:

. Full Flash contains a fixed 32-bit pattern: indicate the expected pattern (value to be compared with each
read value inside Flash) in the Flash controller DATA register and check the READOK flag in the Flash
controller interrupt register once the command is completed

. Otherwise: request a MASSREAD command without specifying any expected read value and check the
LFSRVAL register once the command is completed. This LFSRVAL register contains a signature of the
memory read

MASSREAD sequence:

. Write in the Flash controller DATA register the expected value (if MASSREAD is used in combination with
the READOK flag)

. Write the MASSREAD command (0x55) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution
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. Clear the CMDSTART flag by writing CMDSTART to ‘1" in the Flash controller IRQSTAT register

. Then, wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that
the command is completed

. Check the READOK flag (expected high) in the IRQSTAT register or the LFSRVAL register value to ensure
Flash memory content is the expected result

. Clear the CMDDONE flag by writing CMDDONE to ‘1" in the Flash controller IRQSTAT register.

9.5.3 Erase function examples
The flash memory controller allows the erasing of one page.

ERASE sequence (erase one page):

. Write the page address to be erased by writing in the flash controller ADDRESS register the following
value:
- ADDRESS[15:9] = XADR[9:3] = page address to erase
- ADDRESSJ8:0] = 9'b0 (row and word addresses at zero)

. Write the ERASE command (0x11) in the flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating command
is taken into account and under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the flash controller IRQSTAT register
. After this command, the erased page contains bits set to ‘1’ only.

MASSERASE sequence (erase whole main flash memory):

. Write the MASSERASE command (0x22) in the flash controller COMMAND register.

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution.

. Clear the CMDSTART flag by writing CMDSTART to ‘1" in the flash controller IRQSTAT register.

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command is completed.

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the flash controller IRQSTAT register.
. After this command, the full main flash contains only bits set to ‘“1°.

9.5.4 Write function examples

The Flash controller allows writing one word (WRITE), up to 4 words (BURSWRITE) or the full main Flash
memory (with a single fixed word).

Note: As a write can only program to ‘0’ on bits already set to ‘1’, it is necessary to erase the page and request that the
bits are set to ‘1’ (instead of ‘0’) in order to re-write to ‘0’.

WRITE sequence:

. Indicate the location to write by filling the Flash controller ADDRESS register with the targeted address
(page, row and word number)
. Write the value to program in the Flash controller DATA register

. Write the WRITE command (0x33) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the Flash controller IRQSTAT register.
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BURSTWRITE sequence:

. Indicate the location to write by filling the Flash controller ADDRESS register with the targeted address of
the first data to write (page, row and word number). DATAQ is written at ADDRESS, DATA1 at
ADDRESS+1, etc.

. Write the values to program in the Flash controller DATAO-3 registers. To write less than four words, write
OxFFFFFFFF in the unused DATA1-3 registers

. Write the BURSTWRITE command (0xCC) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1" in the Flash controller IRQSTAT register.
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9.5.5 Enabling protection example

The device offers three levels of protection to prevent application cloning and/or altering of application code. The
different levels are described in Table 23. System memory protection. It is important to note that disabling of SWD
access is an irreversible operation.

Table 23. System memory protection

protection

Debugger can access and modify Flash memory and
None OxFFFFFFFF OxFFFFFFFF Not applicable ' RAM content. This is the default configuration. All the
bootloader commands are available.

Debugger cannot read or modify both Flash memory
Perform mass and RAM content. The bootloader commands
erase READ_MEMORY, WRITE_MEMORY and GO are
disabled and MASS ERASE is available.

Readout OXAAAAAAAA OXAAAAAAAA

This selection is Debugger connection is not possible. There is no
SWD 0xABACABAD 0xABACABAD . . possibility to access to the device via SWD and all the
irreversible .
bootloader commands are disabled.

This configuration is forbidden and can lead to

Not specified  Any other value | Any other value = Not applicable unrecoverable damage of the device.

In order to activate the desired level of protection, the following KEYWRITE sequence should be used:
. Write DATAO (LSB key) and DATA1 (MSB key) registers with the value to program

. Write OXC7EF584D to DATA2 and 0xB3A21096 to DATA3

. Write the KEYWRITE command (0xFF) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1" in the Flash controller IRQSTAT register

. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode), indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1" in the Flash controller IRQSTAT register.
The keys are activated (and Flash and RAM banks are protected) after a reset.

Note: The secure bootloader capability offers a further security level for preventing unwanted control from external
users.

When the secure bootloader capability is enabled, the flash and RAM contents are readable. The GO command
of the bootloader is disabled and all the other bootloader commands are available. Only signed firmware can be
executed.

For more information about the secure bootloader capability refer to the AN6140: How to use the secure
bootloader on STM32WBO0O MCUs.

9.5.6 OTP function example
OTPWRITE sequence:

. Write DATAO register with the value to program (no burst write feature is available as only few bytes to be
written once only)

. Write ADDRESS register according to the following rule:
- ADDRESS[15:9] = do not care (page number frozen by hardware on this command)
- ADDRESS|[8:6]=0,1,20r3
- ADDRESSJ[5:0] = full area possible (from 0x00 to Ox3F)

. Write the OTPWRITE command (0xEE) in the Flash controller COMMAND register

. Wait for the CMDSTART flag in the IRQSTAT register (polling mode or interrupt mode) indicating that the
command has been taken into account and is under execution

. Clear the CMDSTART flag by writing CMDSTART to ‘1’ in the Flash controller IRQSTAT register
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. Wait for the CMDDONE flag in the IRQSTAT register (polling mode or interrupt mode), indicating that the
command is completed

. Clear the CMDDONE flag by writing CMDDONE to ‘1’ in the FlashController IRQSTAT register.

Note: The OTP locations are following Flash memory rules, that is, a second write only flips bit from 1 to 0. If the user
wishes to lock the OTP values and prevent any further modification in the OTP area, they must write the last
OTP word (address 0x10001BFC) with a value different from OxFFFFFFFF and perform system reset. The
operation of locking the OTP area is irreversible.

9.5.7 Write page protection example

Example to write protect against accidental programming knowing the Flash starts at address 0x1004_0000 and
contains 128 pages of 2 Kbytes (pages 0 to 127)

. the address ranges 0x1004C000-0x1004FFFF
Starting page: 0xC000 / 0x800 = 0x18

. SEGO[14:8] = 0x18 (OFFSET = 0x18)

Number of pages: (0x10000 - 0xC000) / 0x800 = 0x8

. SEGO[6:0] = 0x8 (SIZE = 0x8)

. and the address ranges 0x1005E000-0x1005FFFF
Starting page: Ox1E000 / 0x800 = 0x3C

. SEG1[14:8] = 0x3C (OFFSET = 0x3C)

Number of pages: (0x20000 - 0x1E000) / 0x800 = 0x4
Conclusion: program the PAGEPROTO = 0x3C041808.
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10 DMA controller (DMA)

10.1 DMA introduction

Direct memory access (DMA) is used in order to provide high-speed data transfer between peripherals and
memory as well as memory-to-memory. Data can be quickly moved by DMA without any CPU actions. This keeps
CPU resources free for other operations.

The DMA has an arbiter to handle the priority between DMA requests.

10.2 DMA main features

. Eight independently configurable channels (requests)

. Each of the eight channels is connected to dedicated hardware DMA requests, software trigger is also
supported on each channel. This configuration is done by software

. Priorities between requests from channels of the DMA are software programmable (4 levels consisting of
very high, high, medium, low) or hardware in case of equality (request 1 has priority over request 2, etc.)

. Independent source and destination transfer size (byte, half word, word), emulating packing and
unpacking. Source/destination addresses must be aligned on the data size

. Support for circular buffer management

. 3 event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error) logically ORed
together in a single interrupt request for each channel

. Memory-to-memory transfer (SRAMO/SRAM1/SRAM2/SRAMS but not the PKA RAM)

. Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral transfers
. Access to SRAMs and APB1 peripherals as source and destination
. Programmable number of data to be transferred: up to 65536.

10.3 DMA functional description

The DMA controller performs a direct memory transfer by sharing the system bus with the other masters of the
device. The DMA request may stop the CPU access to the system bus for some bus cycles, when the CPU and
DMA are targeting the same destination (memory or peripheral). The bus matrix implements round-robin
scheduling, thus ensuring at least half of the system bus bandwidth (both to memory and peripheral) for the CPU.

10.3.1 DMA transactions

After an event, the peripheral sends a request signal to the DMA controller. The DMA controller serves the
request depending on the channel priorities. As soon as the DMA controller accesses the peripheral, an
acknowledge is sent to the peripheral by the DMA controller. The peripheral releases its request as soon as it gets
the acknowledge from the DMA controller. Once the request is deasserted by the peripheral, the DMA controller
releases the acknowledge. If there are more requests, the peripheral can initiate the next transaction. In summary,
each DMA transfer consists of three operations:

. The loading of data from the peripheral data register or a location in memory addressed through an internal
current peripheral/memory address register. The start address used for the first transfer is the base
peripheral/memory address programmed in the DMA_CPARX or DMA_CMARX register

. The storage of the data loaded to the peripheral data register or a location in memory addressed through
an internal current peripheral/memory address register. The start address used for the first transfer is the
base peripheral/memory address programmed in the DMA_CPARXx or DMA_CMARX register

. The post-decrementing of the DMA_CNDTRX register, which contains the number of transactions that has
still to be performed.
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10.3.2 Arbiter

The arbiter manages the channel requests based on their priority and launches the peripheral/memory access
sequences.

The priorities are managed in two stages:

. Software: each channel priority can be configured in the DMA_CCRXx register. There are four levels:
- Very high priority
- High priority
- Medium priority
- Low priority
. Hardware: if 2 requests have the same software priority level, the channel with the lowest number gets the

priority versus the channel with the highest number. For example, channel 2 gets the priority over channel
4

10.3.3 DMA channels

Each channel can handle DMA transfer between a peripheral register located at a fixed address and a memory
address. The amount of data to be transferred (up to 65535) is programmable. The register which contains the
amount of data items to be transferred is decremented after each transaction.

Programmable data sizes

Transfer data sizes of the peripheral and memory are fully programmable through the PSIZE and MSIZE bits in
the DMA_CCRXx register.

Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented after each transaction
depending on the PINC and MINC bits in the DMA_CCRXx register. If incremented mode is enabled, the address
of the next transfer is the address of the previous one incremented by 1, 2 or 4 depending on the chosen data
size. The first transfer address is the one programmed in the DMA_CPARx/DMA_CMARX registers. During
transfer operations, these registers keep the initially programmed value. The current transfer addresses (in the
current internal peripheral/memory address register) are not accessible by software.

If the channel is configured in non circular mode, no DMA request is served after the last transfer (that is once the
number of data items to be transferred has reached zero). In order to reload a new number of data items to be
transferred into the DMA_CNDTRX register, the DMA channel must be disabled.

Note: If a DMA channel is disabled, the DMA registers are not reset. The DMA channel registers (DMA_CCRX,
DMA_CPARx and DMA_CMARYX) retain the initial values programmed during the channel configuration phase.

In circular mode, after the last transfer, the DMA_CNDTRX register is automatically reloaded with the initially
programmed value. The current internal address registers are reloaded with the base address values from the
DMA_CPARx/DMA_CMARX registers.

Channel configuration procedure
The following sequence should be followed to configure a DMA channelx (where x is the channel number).

1. Set the peripheral register address in the DMA_CPARX register. The data are moved from/to this address to/
from the memory after the peripheral event.

2. Set the memory address in the DMA_CMARX register. The data are written to or read from this memory after
the peripheral event.

3. Configure the total number of data to be transferred in the DMA_CNDTRX register. After each peripheral
event, this value is decremented.

4. Configure the channel priority using the PL[1:0] bits in the DMA_CCRX register.

5. Configure data transfer direction, circular mode, peripheral and memory incremented mode, peripheral and
memory data size, and interrupt after half and/or full transfer in the DMA_CCRX register.

6. Activate the channel by setting the ENABLE bit in the DMA_CCRXx register.
As soon as the channel is enabled, it can serve any DMA request from the peripheral connected on the channel.

Once half of the bytes are transferred, the half-transfer flag (HTIF) is set and an interrupt is generated if the half-
transfer interrupt enable bit (HTIE) is set. At the end of the transfer, the transfer complete flag (TCIF) is set and an
interrupt is generated if the transfer complete interrupt enable bit (TCIE) is set.

Circular mode
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Circular mode is available to handle circular buffers and continuous data flows (e.g. ADC scan mode). This
feature can be enabled using the CIRC bit in the DMA_CCRX register. When circular mode is activated, the
number of data to be transferred is automatically reloaded with the initial value programmed during the channel
configuration phase, and the DMA requests continue to be served.

Memory-to-memory mode

The DMA channels can also work without being triggered by a request from a peripheral. This mode is called
memory-to-memory mode.

If the MEM2MEM bit in the DMA_CCRX register is set, then the channel initiates transfers as soon as it is enabled
by software by setting the enable bit (EN) in the DMA_CCRXx register. The transfer stops once the DMA_CNDTRXx
register reaches zero. Memory-to-memory mode may not be used at the same time as circular mode.

10.3.4 Programmable data width, data alignment and endians

When PSIZE and MSIZE are not equal, the DMA performs some data alignments as described in
Table 24. Programmable data width and endian behavior (when PINC=MINC=1 and NDT=4). Note that NDT
means number of data items to transfer.

Table 24. Programmable data width and endian behavior (when PINC=MINC=1 and NDT=4)

Transfer operation

Dest content

@0x0 /B0 Read B0[7:0] @0x0 then write BO[7:0]@0x0 @0x0 /B0
~ @O0x1/B1 Read B1[7:0] @0x1 then write B1[7:0] @0x1 @O0x1/B1
8=>8 @0x2 / B2 Read B2[7:0] @0x2 then write B2[7:0] @0x2 @0x2 / B2
@0x3 /B3 Read B3[7:0] @0x3 then write B3[7:0] @0x3 @0x3 /B3
@0x0 /B0 Read B0[7:0] @0x0 then write 00B0[15:0] @0x0 @O0x0 /00BO
8> 16 @O0x1/B1 Read B1[7:0] @0x1 then write 00B1[15:0] @0x2 @0x2 /00B1
@O0x2 /B2 Read B2[7:0] @0x2 then write 00B2[15:0] @0x4 @0x4 / 00B2
@0x3 /B3 Read B3[7:0] @0x3 then write 00B3[15:0] @0x6 @O0x6 /00B3
@O0x0 /B0 Read B0[7:0] @0x0 then write 000000B0[31:0] @0x0 @0x0 / 000000B0
g > 32 @0x1/B1 Read B1[7:0] @0x1 then write 000000B1[31:0] @0x4 @0x4 / 000000B1
@0x2 /B2 Read B2[7:0] @0x2 then write 000000B2[31:0] @0x8 @0x8 /000000B2
@0x3 /B3 Read B3[7:0] @0x3 then write 000000B3[31:0] @0xC @O0xC / 000000B3
@0x0 / B1BO Read B1B0[15:0] @0x0 then write BO[7:0] @0x0 @O0x0 /B0
168 @0x2 / B3B2 Read B3B2[15:0] @0x2 then write B2[7:0] @0x1 @O0x1/B2
@O0x4 / B5B4/ Read B5B4[15:0] @0x4 then write B4[7:0] @0x2 @0x2 / B4
@O0Ox6 / B7B6 Read B7B6[15:0] @0x6 then write B6[7:0] @0x3 @0x3 / B6
@0x0 / B1BO Read B1B0[15:0] @0x0 then write B1B0[15:0] @0x0 @O0x0/B1B0
16 2> 16 @O0x2 / B3B2 Read B3B2[15:0] @0x2 then write B3B2[15:0] @0x2 @0x2 / B3B2
@O0x4 / B5B4/ Read B5B4[15:0] @0x4 then write B5B4[15:0] @0x4 @O0x4 / B5B4
@O0x6 / B7B6 Read B7B6[15:0] @0x6 then write B7B6[15:0] @0x6 @O0x6 / B7B6
@0x0/B1B0 Read B1B0[15:0] @0x0 then write 0000B1B0[31:0] @0x0 @0x0/0000B1B0O
162> 32 @O0x2 / B3B2 Read B3B2[15:0] @0x2 then write 0000B3B2[31:0] @0x4 @0x4 / 0000B3B2
@O0x4 / B5B4/ Read B5B4[15:0] @0x4 then write 0000B5B4[31:0] @0x8 @O0x8 / 0000B5B4
@O0x6 / B7B6 Read B7B6[15:0] @0x6 then write 0000B7B6[31:0] @0xC @0xC / 0000B7B6
@0x0/ B3B2B1B0  Read B3B2B1B0[31:0] @0x0 then write BO[7:0] @0x0 @0x0 /B0
3258 @O0x4 / B7TB6B5B4  Read B7B6B5B4[31:0] @0x4 then write B4[7:0] @0x 1 @O0x1/B4
@O0x8 / BBBAB9B8 Read BBBABI9BS8[31:0] @0x8 then write B8[7:0] @0x2 @0x2 / B8
@OxC/BFBEBDBC | Read BFBEBDBC[31:0] @0xC then write BC[7:0] @0x3 @0x3/BC
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Port width Dest content
Transfer operation
addr / data addr / data

@0x0/ B3B2B1B0 ' Read B3B2B1B0[31:0] @0x0 then write B1B0[15:0] @0x0 @O0x0/B1B0
3225 16 @0x4 / B7B6B5B4 | Read B7B6B5B4[31:0] @0x4 then write B5B4[15:0] @0x2 @0x2 / B5B4
@0x8 / BBBAB9B8 ' Read BBBAB9B8[31:0] @0x8 then write BOB8[15:0] @0x4 @O0x4 / B9B8
@OxC/BFBEBDBC ' Read BFBEBDBC[31:0] @0xC then write BDBC[15:0] @0x6 @O0x6 / BDBC
@0x0/B3B2B1B0  Read B3B2B1B0[31:0] @0x0 then write B3B2B1B0[31:0] @0x0 @0x0 / B3B2B1B0
32 => 3 @O0x4 / B7TB6B5B4  Read B7B6B5B4[31:0] @0x4 then write B7B6B5B4[31:0] @0x4 @O0x4 / B7B6B5B4

@0Ox8 / BBBAB9B8 | Read BBBAB9B8[31:0] @0x8 then write BBBAB9B8[31:0] @0x8 @Ox8 / BBBAB9B8
@OxC/BFBEBDBC ' Read BFBEBDBC[31:0] @0xC then write BFBEBDBC[31:0] @0OxC = @O0xC/BFBEBDBC

Addressing an AHB peripheral that does not support byte or halfword write operations

When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on the unused lanes of
the HWDATA[31:0] bus. So when the used AHB slave peripheral does not support byte or halfword write
operations (when HSIZE is not used by the peripheral) and does not generate any error, the DMA writes the 32
HWDATA bits as shown in the two examples below:

. To write the halfword “OxABCD”, the DMA sets the HWDATA bus to “OXABCDABCD” with HSIZE =
HalfWord

. To write the byte “OxAB”, the DMA sets the HWDATA bus to “OXABABABAB” with HSIZE = byte

Assuming that the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take the HSIZE data into

account, it transforms any AHB byte or halfword operation into a 32-bit APB operation in the following manner:

. an AHB byte write operation of the data “0xB0” to 0x0 (or to 0x1, 0x2 or 0x3) is converted to an APB word
write operation of the data “0xBOBOBOBO0” to 0x0

. an AHB halfword write operation of the data “0xB1B0” to 0x0 (or to 0x2) is converted to an APB word write
operation of the data “OxB1B0B1B0” to 0x0

For instance, if you want to write the APB backup registers (16-bit registers aligned to a 32-bit address boundary),
you must configure the memory source size (MSIZE) to “16-bit” and the peripheral destination size (PSIZE) to
“32-bit”.

10.3.5 Error management

A DMA transfer error can be generated by reading from or writing to a reserved address space. When a DMA
transfer error occurs during a DMA read or a write access, the faulty channel is automatically disabled through a
hardware clear of its EN bit in the corresponding channel configuration register (DMA_CCRX). The channel
transfer error interrupt flag (TEIF) in the DMA_IFR register is set and an interrupt is generated if the transfer error
interrupt enable bit (TEIE) in the DMA_CCRX register is set.

10.3.6 Interrupts

An interrupt can be produced on a half-transfer, transfer complete or transfer error for each DMA channel.
Separate interrupt enable bits are available for flexibility.

Table 25. DMA interrupt requests

Interrupt event Event flag Enable control bit

Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE
10.3.7 DMA request mapping

A DMAMUX is present in the STM32WB07xC and STM32WBO06xCP devices and allows selecting which
requester is connected to which DMA channel. See Table 28. DMAMUX map for details.
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10.4 DMA registers

Refer to Section 1.5: Acronyms for a list of abbreviations used in register descriptions. The peripheral registers
must be accessed by words (32-bit) only.

10.4.1 DMA interrupt status register (DMA_ISR)
Address offset: 0x000
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TEIF8 HTIF8 TCIF8 GIF8 | TEIF7  HTIF7 | TCIF7 GIF7 TEIF6 HTIF6 TCIF6 GIF6 TEIF5 HTIF5 | TCIFS GIF5
r r r r r r r r r r r r r r r r
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TEIF4 HTIF4 TCIF4 GIF4 TEIF3 HTIF3  TCIF3 GIF3 TEIF2 HTIF2 TCIF2 GIF2 TEIF1  HTIF1 TCIF1 GIF1

r r r r r r r r r r r r r r r r

Bits 31:28 Reserved, must be kept at reset value.

TEIFx: Channel x transfer error flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR

Bits 31, 27, 23, 19, )
register.

15,11,7,3 0: No transfer error (TE) on channel x

1: A transfer error (TE) occurred on channel x

HTIFx: Channel x half transfer flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR

Bits 30, 26, 22, 18, )
register.

14,10.6,2 0: No half transfer (HT) event on channel x

1: A half transfer (HT) event occurred on channel x
TCIFx: Channel x transfer complete flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR

Bits 29, 25, 21, 17, )
register.

139,51 0: No transfer complete (TC) event on channel x

1: A transfer complete (TC) event occurred on channel x
GIFx: Channel x global interrupt flag (x = 1..8).

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the DMA_IFCR
register.

0: No TE, HT or TC event on channel x

Bits 28, 24, 20, 16,
12,8,4,0

1: ATE, HT or TC event occurred on channel x
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10.4.2 DMA interrupt flag clear register (DMA_IFCR)
Address offset: 0x004
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
e & g L Lok op o2 £ £ g & £ £ p
w = [S) o w = O o w = [S) o w [ O o
[ I = o [ T = 3 [ I = o [ T = 3
O (@) (@) O O O O (@) (@) (@) O O
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
r & £ gy €& 2 & p X £ & g L I L g
w = [S) o w [ O o w = [S) o w [ O o
[ I = o = T = ) = I = o = T = 3
O () (@) O O O O (@) (@) O () O
w w w w w w w w w w w w w w w w
Bits 31:28 Reserved, must be kept at reset value.
CTEIFx: Channel x transfer error clear (x = 1..8). This bit is set and cleared by software.
Bits 31, 27, 23, 19,
0: No effect
15,11,7,3
1: Clears the corresponding TEIF flag in the DMA_ISR register
CHTIFx: Channel x half transfer clear (x = 1..8). This bit is set and cleared by software.
Bits 30, 26, 22, 18,
0: No effect
14,10, 6, 2
1: Clears the corresponding HTIF flag in the DMA_ISR register
CTCIFx: Channel x transfer complete clear (x = 1..8). This bit is set and cleared by software.
Bits 29, 25, 21, 17,
0: No effect
13,9,5,1
1: Clears the corresponding TCIF flag in the DMA_ISR register
CGIFx: Channel x global interrupt clear (x = 1..8). This bit is set and cleared by software.
Bits 28, 24, 20, 16,
0: No effect
12,8,4,0
1: Clears the GIF, TEIF, HTIF and TCIF flags in the DMA_ISR register
10.4.3 DMA channel x configuration register (DMA_CCRXx) (x = 1..8, where x = channel number)

Address offset: 0x008 + 0d20 x (channel number - 1)
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | MEM2 MEM PL[1:0] MSIZE[1:0] = PSIZE[1:0] MINC | PINC CIRC DIR TEIE HTIE TCIE EN

w w rw w w w w w w w w w w w w
Bits 31:15 | Reserved, must be kept at reset value.
MEM2MEM: Memory-to-memory mode. This bit is set and cleared by software.
Bit 14 0: Memory-to-memory mode disabled

1: Memory-to-memory mode enabled
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PL[1:0]: Channel priority level.

These bits are set and cleared by software.
00: Low

01: Medium

10: High

11: Very high

MSIZE[1:0]: Memory size.

These bits are set and cleared by software.
00: 8-bits

01: 16-bits

10: 32-bits

11: Reserved

PSIZE[1:0]: Peripheral size.

These bits are set and cleared by software.
00: 8-bits

01: 16-bits

10: 32-bits

Bits 13:12

Bits 11:10

Bits 9:8

11: Reserved
MINC: Memory increment mode.
) This bit is set and cleared by software.
Bit7 0: Memory increment mode disabled
1: Memory increment mode enabled
PINC: Peripheral increment mode. This bit is set and cleared by software.
Bit 6 0: Peripheral increment mode disabled
1: Peripheral increment mode enabled
CIRC: Circular mode.
Bit5 This bit is set and cleared by software.
0: Circular mode disabled
1: Circular mode enabled
DIR: Data transfer direction.
) This bit is set and cleared by software.
Bit4 0: Read from peripheral
1: Read from memory
TEIE: Transfer error interrupt enable. This bit is set and cleared by software.
Bit 3 0: TE interrupt disabled
1: TE interrupt enabled
HTIE: Half transfer interrupt enable. This bit is set and cleared by software.
Bit 2 0: HT interrupt disabled
1: HT interrupt enabled
TCIE: Transfer complete interrupt enable. This bit is set and cleared by software.
Bit 1 0: TC interrupt disabled

1: TC interrupt enabled
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EN: Channel enable.

This bit is set and cleared by software.

Bit 0
0: Channel disabled
1: Channel enabled
10.4.4 DMA channel x number of data register (DMA_CNDTRX) (x = 1..8, where x = channel number)

Address offset: 0x00C + 0d20 x (channel number - 1)
Reset value: 0x0000 0000

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]
rw rw rw w w w w w w rw rw rw w w w w
Bits

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

NDT[15:0]: Number of data to transfer.

Number of data to be transferred (0 up to 65535). This register can only be written when the channel is disabled.
Once the channel is enabled, this register is read-only, indicating the remaining bytes to be transmitted. This
Bits 15:0 ' register decrements after each DMA transfer.

Once the transfer is completed, this register can either stay at zero or be reloaded automatically by the value
previously programmed if the channel is configured in auto-reload mode.

If this register is zero, no transaction can be served whether the channel is enabled or not.

10.4.5 DMA channel x peripheral address register (DMA_CPARX) (x = 1..8, where x = channel number)
Address offset: 0x010 + 0d20 x (channel number - 1)
Reset value: 0x0000 0000
This register must not be written when the channel is enabled.

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

PA [31:16]

rw rw rw rw rw rw w w w rw rw rw rw rw rw w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PA [15:0]

w rw rw rw rw rw rw rw rw rw rw rw rw rw rw w

PA[31:0]: Peripheral address.

Bits  Base address of the peripheral data register from/to which the data is read/written. When PSIZE is 01 (16-bit), the
31:0 | PA[O] bit is ignored. Access is automatically aligned to a half-word address.

When PSIZE is 10 (32-bit), PA[1:0] are ignored. Access is automatically aligned to a word address.
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10.4.6 DMA channel x memory address register (DMA_CMARX) (x = 1..8, where x = channel number)
Address offset: 0x014 + 0d20 x (channel number - 1)
Reset value: 0x0000 0000
This register must not be written when the channel is enabled.

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

MA [31:16]

w w rw rw rw w w w w w w rw rw rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MA [15:0]
rw rw rw rw rw w w w w rw rw rw rw rw rw w

MA[31:0]: Memory address.

Bits 31:0 Base address of the memory area from/to which the data are read/written.

its 31:
When MSIZE is 01 (16-bit), the MA[0] bit is ignored. Access is automatically aligned to a half-word address.

When MSIZE is 10 (32-bit), MA[1:0] are ignored. Access is automatically aligned to a word address.
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10.4.7 DMA register map
The following table gives the DMA register map and the reset values.

€ A9Y - 0SSO

Table 26. DMA register map and reset values

offsst|_ Register [ 31 |30 [29 |28 |27 |26 |25 |24 232221 20 (49 [ M8 [ 716454443l z 11 0 0 el 7[6]5]4 al2[1]0]
sk E B E|@ L E|E p|8 &Ele LR EleXT el epeerg
0x000 - P T R o E £ R o Ef R o E PR o E LT ROopEEIROEEROEEPRO
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O/ 0 O O 0 OO O0O0OO0 O0O0
rer EEEE L LLyEEfelEfelllrlflpolilyrllc
_ O E O g U E O § U E O 3 U E O g U E O g 0o ESOCELEOCSH LECSS
= = =~ = ~ = [ = =~ = = = [ = =~ =
0x004 5 5 6 © 6 &8 6 06 6 35 6 © 6 366 063836 06350685505856¢0
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O/ 0 O O 0 OO 0 OO0 0O
= ) g
) 0 » 1) 0 » ) o« ) o« ) ) o« 0 g ) = = Q09 p Wwuwuw
DMA_CCR1 o) o) o) o} o) 9] o) o) o} o) o) o} o) J9) o 0 N = w w Z£2 Z2 X = oO0F o0
0x008 (4 ¥ 14 ¥ o« ¥r ¢ 14 = 5 % N S a2 ol Fr Ik
= s 8
Reset value 0o 0 0O O O OO0 O OO O0O/0O O0 O0 O
DMACNDTRT & & & & 8 8 & 8 8 & 8 8 8 8 & 8 NDT[15:0]
0x00C - X ¥ ¢ & ¥ ¢ ¢ ¢ ¥ & ¢ ¥ € X ¥
Reset value o o0 o0 O o0 O/ 0 O OO0OO0OO0OO0OO0O0
DMA_CPAR1 PA[31:0]
0x010
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 O O o O/ 0 O OO0OOOTO0OWO0OTUOSFO o
DMA_CMAR1 MA[31:0]
0x014
Reset value 0 0 0] 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 O O/ 0 O O 0 OO 0 O0O SO0 O0 O
= = g
[} [%2] [2] 1] [%2] [2] 1] [%2] [%2] 1] [%2] » 1] [} %2} [%2] [%2] g 8 = = Q o Q9 x www
DMA_CCR2 ) o) o @ | O Qo @ | O O O | O o @ | @ (o) o o o = NI w ZZ2 X =0 E oS
0x01C o o [h4 h4 o o [h4 o o [h4 o o [h4 o o o o E i o % > o O 0O F T E
= s o
Reset value 0 o 0 O O O 0 0 0O O O O0OO0O O0 00
DMACNDTR2 & & & 8 & & & 8 8 & 8 8 8 & 38 8 NDT[15:0]
0x020 ¥ ¥ o ¥ ¢ ¢ & ¢ ¥ & ¥ ¥ @ X ¥
Reset value o 0 O O O/ 0 O O 0 OO0 OO0 O0O0
DMA_CPAR2 PA[31:0]
0x024
3 Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 o0 O o0 O/ 0 O OO0OOO0OTO0OO0OO0O0
Q
° DMA_CMAR2 MA[31:0]
2 0x028
§ Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o0 O O o0 O/ 0 O OO0OOO0OTO0ONO0OTO0OSFO0
o

(vna) 4811043u00 YING

0€SOINY




offsst| _Register [ 31 [30 [20 |28 |27 26 (25 (24 [23 |22 21 |20 [0 [ 48 [ 47 [ 164544434z 11400 a7 6[s]4 al2]1 0]
(3]
8 = 2 g
l” %) %) %) 1) %) %) 1) %) %) %) %) %) 1%} %) %) 1) %) g Q = = Q Q9 y Wwww
2 DMACCR ¢ © © © © © @ © © © @© © @ © 0 © © o hai ﬁ UJZZEE—E;GE
© 0x030 o o [h4 o o 14 o o o o o o o o o 14 o E i o % S a o 0O - T E
= s o
Reset value 0 o 0 O O O/ 0 0 OO OO0OO0O/ 0 O0 O
DMACNDTR3 8 8 & ¢ & 8 ¢ ¢ ¢ ¢ ¢ 8 8 8 & ¢ NDT[15:0]
0x034 ¥ ¢ ¢ ¥ ¢ & ¢ ¥ & & ¥ ¢ & ¥ ¥ @
Reset value o 0 0 O O/ 0 O O 0 OO 0 O0O SO0 0O
DMA_CPAR3 PA[31:0]
0x038
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O/ 0 O O 0 OO D0 OO0 O0 O
DMA_CMARS3 MA[31:0]
0x03C
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 O O O O OO O OOOO OTU OO OO
= 2 g
[} [%2] [%2] 1] [%2] [%2] 1] [%2] [%2] 1] [%2] » 1] [} 0 [%2] [%2] g 8‘ = = ) (SRES) ¥ wowow
DMACCR4 ¢ ¢ © ¢ @© © @ © ¢ o © @ © @ 2 o ¢ o = NI UJZZD_:—EIZGE
0x044 - r X @ @ ¥ 2 €€ o = 7 N %EQ_OD._I._
= = o
Reset value 0 o 0 0 O O/ 0 0 O0OO0OOTO0OO0O 0 MO0 O
DMACNDTR 8 & ¢ ¢ & ¢ ¢ ¢ ¢ ¢ ¢ 8 ¢ ¢ & § NDT[15:0]
0x048 ¥ ¥ ¥ ¢ @ ¥ r r o ¢ ¥ ¥ ¥ & &
Reset value o o0 o0 o0 O O 0/0O/ 0 O OOOO OO0
DMA_CPAR4 PA[31:0]
0x04C
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 O O/ 0 O O 0 OO 0 O0O SO0 0O
DMA_CMAR4 MA[31:0]
0x050
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O/ 0 O O 0 OO D0 O0O SO0 O0 O
0x054 Reserved
= ) g
%] %] 0 2] %] 0 2] %] 0 12} %] » [%2] %] 12 0 %] g 8‘ = = Q 0 9 ¥ wowow
DMACCRS ¢ ¢ © ¢ @© © @ © ¢ o © o © @ 2 ¢ ¢ o = w LUZZQ—E;GE
0x058 - r X @ @ 2 €@ o = 7 N N ST obFIF
= s &)
Reset value o 0 O O O 0 0 O0 O O OO0 O0 00
DMACNDTRS 8 & & & & & ¢ ¢ ¢ ¢ ¢ 8 ¢ ¢ & § NDT[15:0]
0x05C - X ¢ ¥ & @ ¥ r r ¢ ¢ ¥ ¥ X & &
= Reset value 0o 0 0O O O O 0 OO OO0 O0OO0OO0OTO0TO0
Q
s DMA_CPAR5 PA[31:0]
S 0x060
S Reset value 0 0 0] 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 O O/ 0 O O 0 OO 0 OO0 O0 O
(<2}
o

(vina) 4811043u00 YING
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2 Offset| _Register | 31 30 |20 |28 | 27|26 (2524 |23 [22[21 |20 [0 [ 18] 47 [ 46 [15[14]4342] 11400 B 7]6]5 4la]2]1 0]
(3]
8 DMA_CMARS5 MA[31:0]
2 0x064
) Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O o O/ 0 OO0 O0OO0OTO0OTO0O0O0
w
0x068 Reserved
= S g
1] 2] 2] [%2] 2] 2] [%2] (] 7] [%2] [%] [%2] [%2] (%] «n 2] 2] g 8 = = S) o 9 x W ww
DMACCR6 ¢ © © © © © © @ ¢ ¢ © @© @ ¢ 2 o ¢ d = N w 2 Z X =0E 05
0x06C o [h4 o o 14 o o o [h4 o o [h4 o x 14 o E El o % = 0o O 0O F T F
= s o
Reset value 0 o 0 O O O 0 0 0O O O0OO0ODO0O O0 00
DMACNDTRG 8 8 & & ¢ ¢ ¢ ¢ ¢ ¢ ¢ 8 ¢ 8 & § NDT[15:0]
0x070 ¥ ¥ ¢ ¥ ¥ ¥ r ¢ ¥ ¥ ¥ € & &
Reset value o o0 o0 o0 o O/ 0 OO O0OO0OO0OO0O0O0
DMA_CPARG6 PA[31:0]
0x074
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O o O/ 0 OO0 OO0OTO0OTO0OO0O0
DMA_CMAR6 MA[31:0]
0x078
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O o O/ 0 OO0 O O0OTO0OTO0O0O0
0x07C Reserved
= S g
[} [%2] [%2] 1] [%2] [2] 1] [%2] [%2] 1] [} [%2] (I) [} %2} [%2] [%2] g 8 = : S) O S x www
DMACCR7 ¢ © © © © © © © © © © ¢ © © 9 ¢ o ha H UJZZE—EIZGE
0x080 - x o r @ 2 @€ r x> = N %§Q_OD|_I._
= s o
Reset value 0 o 0 O O O 0 0 0 O O0O OO0 O0 00
DMACNDTR? 8 8 & & & ¢ ¢ ¢ ¢ ¢ ¢ 8 ¢ ¢ & § NDT[15:0]
0x084 ¥ ¥ ¢ ¥ ¥ ¥ o ¢ ¢ ¥ ¥ € &€ &
Reset value o 0 O O o O/ 0 0 OO0 O0OO0OO0OO0TO0TO0
DMA_CPAR?7 PA[31:0]
0x088
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O O O/ 0 O OO0 OO0OTO0OO0OO0OO0
DMA_CMAR7 MA[31:0]
0x08C
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 O O O o O/ 0 OO0 O O0OTO0OTO0O0O0
0x090 Reserved
= S g
» » % @ » @» @ » @» @ » » 17 » [ » % g e = = Qoo W wow
DMACCR8 ¢ o © © ¢ © © @ ¢ @ © @© @ ¢ 2 o ¢ d = NI uJZZD_C—mﬁGE
= 0x094 - [h4 o [v4 [v4 o 14 [v4 o o [v4 o o [v4 o x 14 o E i o % S o O 0O - T £
% = s o
§ Reset value 0 o 0 O O O 0 0 0O O O O0OO0O O0 00
S
(<2}
o

(vna) 4811043u00 YING

0€SOINY



x
=
[=]
a
1]
=)
]
]
o
<
w

099/891 abed

omelRemter Ui i i L i e m i e e Ly e s iz [l s T e e 42 2l

0x088
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DMA_CNDTR8 & NDT[15:0]

¥ E ﬂf DC I Df EE m CE CE m CE ﬂf m E Df
Reset value 0 0 0 0 0O 0O 0O 0O OO0 OO0 00
DMA_CPARS PA[31:0]

Resetvalte 'O 0 O O O 0O 0 0 0 O O O O O O O O O O 0O 0O O 00 OO0 OO0 OO OO0 O
DMA_CMARS MA[31:0]
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Reserved

Refer to Section 2.2.2: Memory map and register boundary addresses for the register boundary addresses.
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11 DMA request multiplexer (DMAMUX)

11.1 Introduction

A peripheral indicates a request for DMA transfer by setting its DMA request signal. The DMA request is pending
until it is served by the DMA controller which generates a DMA acknowledge signal and the corresponding DMA
request signal is de-asserted.

For simplicity, the functional description of the DMA request/acknowledge protocol and its associated control
signals are abstracted in this document and globally named as DMA request lines. The DMA controller response
signals are not shown in figures nor described in the text.

The DMAMUX request multiplexer allows routing a DMA request line between the peripherals and the DMA
controller of the product. The routing function is ensured by a programmable multi-channel DMA request line
multiplexer. Each channel selects a unique DMA request line.

11.2 DMAMUX main features
. 8-channel programmable DMA request line multiplexer output
. Per DMA request line multiplexer channel output:

- 16 input DMA request lines from peripherals
- One DMA request line output

1.3 DMAMUX implementation

11.3.1 DMAMUX instantiation
DMAMUX is instantiated with the following hardware configuration parameters.

Table 27. DMAMUX instantiation

Number of DMAMUX output request channels 8
Number of DMAMUX request generator channels 1
Number of DMAMUX request trigger inputs 2
Number of DMAMUX synchronization inputs 2
Number of DMAMUX peripheral request inputs 16
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11.3.2 DMAMUX mapping
The mapping of resources to DMAMUX is hardwired.

Table 28. DMAMUX map

1 10

Reserved 12C2_RX
2 SPI3_RX 11 12C2_TX
3 SPI3_TX 12 USART_RX
4 SPI1_RX 13 USART_TX
5 SPI1_TX 14 LPUART_RX
6 SPI2_RX 15 LPUART_TX
7 SPI2_TX 16 ADC_CHO (DS channel)
8 12C1_RX 17 ADC_CH1 (DF channel)
9 12C1_TX
1.4 DMAMUX functional description
11.4.1 DMAMUX block diagram

Figure 21. DMAMUX block diagram shows the DMAMUX block diagram.

Figure 21. DMAMUX block diagram
32-bit AHB Bus
L e d

dmamux_hclk

DMAMUX AHB Slave Request ﬁultiplexer
Interface Channel M
/ Channel 1
. LA M
DMA t: »
e DMA requests
from peripherals: Channel 0 1o DMA

DMAMUX_COCR

dmamux_req_inx —¥
—

1 controllers:
dmamux_req_outx

vy

dmamux_reqx

\j

DMA channels
events:
Not used

Yy

Synchronization inputs:
none

The implementation assigns:
. DMAMUX request multiplexer sub-block inputs (dmamux_reqx) from peripherals (dmamux_req_inx)
. DMAMUX requests outputs to channels of DMA controllers (dmamux_req_outx)
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11.4.2 DMAMUX channels

A DMAMUX channel is a DMAMUX request multiplexer channel which may include, depending on the selected
input of the request multiplexer.

A DMAMUX request multiplexer channel is connected and dedicated to one single DMA controller(s) channel.

Channel configuration procedure

The following sequence should be followed to configure both a DMAMUX x channel and the related DMA channel
y:

1. Set and configure completely the DMA channel y, except enabling the channel y.

2. Set and configure completely the related DMAMUX y channel.

3. Activate the DMA channel y by setting the EN bit in the DMA y channel register.

11.4.3 DMAMUX request line multiplexer

The DMAMUX request multiplexer with its multiple channels ensures the actual routing of DMA request/
acknowledge control signals, named as DMA request lines.

Each DMA request line is connected in parallel to all the channels of the DMAMUX request line multiplexer.

A DMA request is sourced from the peripherals.

The DMAMUX request line multiplexer channel x selects the DMA request line number as configured by the 8-bit
DMAREQ_ID field in the DMAMUX_CxCR register.

Note: The null value in the field DMAREQ_ID corresponds to no DMA request line selected. A same non-null
DMA_REQ_ID value shall not be programmed to different x and y DMAMUX request multiplexer channels (via
DMAMUX1_CxCR and DMAMUX CyCR). It is not allowed to configure a same non-null DMAREQ_ID to two
different channels of the DMAMUX request line multiplexer.

On top of the DMA request selection, the synchronization mode and/or the event generation may be configured
and enabled, if required.
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11.5 DMAMUX registers

Refer to the table about register boundary addresses for the DMAMUX base address. The registers can only be
accessed by words (32-bits).

11.51 DMAMUX request line multiplexer channel x configuration register (DMAMUX_CxCR)
Address offset: 0x04 * x (x =0 to 7)
Reset value: 0x0000 0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RESERVED DMAREQ_ID[4:0]

w

Bits 31:5 Reserved, must be kept at reset value.
DMAREQ_ID[4:0]: DMA REQuest IDentification.

Bits 4:0
Selects the input DMA request. C.f. the DMAMUX table about assignments of multiplexer inputs to resources.
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o

§ The following table summarizes the DMAMUX registers and reset values. Refer to the register boundary address table for the DMAMUX register base
2 address.

b

w

Table 29. DMAMUX register map and reset values
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0x010 Reset value

DMAMUX_C5CR
0x014

Reset value

DMAMUX_C6CR
0x018

Reset value

DMAMUX_C7CR
0x01C

Reset value
0x020
0x3E8
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0
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0/ 0 0 O
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ID[4:0]
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_ID[4:0]
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Res.

Res.
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12 Analog digital converter (ADC)

The STM32WB07xC and STM32WB06xC embed a 12-bit ADC. The ADC consists of a 12-bit successive
approximation analog-to-digital converter (SAR) with 2 x 8 multiplexed channels allowing measurements of up to
eight external sources and up to two internal sources.

121 Features
. Conversion frequency is up to 1 Msps
. Three input voltage ranges are supported (0 - 1.2V,0—-24V,0— 3.6 V)
. Up to eight analog single-ended channels or four analog differential inputs or a mix of both
. One analog microphone supported through two GPIOs configured in analog mode (an input for the analog
microphone and a Vbias output for the analog microphone)
. Temperature sensor conversion
. Battery level conversion up to 3.6 V
. Continuous or single acquisition

. Digital decimation filter to process a digital audio PDM stream provided by 2 GPIOs and for ADC post-
processing, especially for analog audio stream

. Five modes of conversion are possible:
- ADC continuous or single mode
- Analog continuous audio mode
- Occasional conversions
- Digital continuous audio mode

- Full mode

. ADC down sampler for multi-purpose applications to improve analog performance while off-loading the
CPU (ratio adjustable from 1 to 128)

. A watchdog feature to inform when data is outside thresholds (available for all modes except the digital
audio mode)

. DMA capability

. Interrupt sources with flags.

12.2 ADC presentation

Figure 22. ADC top level diagram shows the top level diagram of the ADC.

The analog ADC can be configured to interface with the following inputs:

. External signals through ADC_VINPx and ADC_VINMx, where x=0,1,2 or 3
- Up to 4 differential inputs
- Up to 8 single-ended inputs

. Analog microphone interface

. Temperature sensor battery level detector up to 3.6 V

. Battery level detector up to 3.6 V
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Figure 22. ADC top level diagram
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In parallel of the analog ADC, a digital microphone can be supported (PDM interface through two GPIOs).
The input of the data path can come from:

. the analog ADC

. a digital microphone signal

The conversion data path can go through:

. a decimation filter

. a down sampler (for static or low frequency input signals)

The existence of those two different data paths allows some concurrent conversion (specific combinations).

Caution: Do not change the configuration registers related to the function in use. Any change done by the user
on the different bits are applied immediately, with an immediate effect on the on-going process (conversion,
decimator filter or downsampler). This action can lead to unexpected results.

For VBAT < 2.7 V, the 10 booster needs to be activated to maintain linearity.

12.2.1 Programmable gain amplifier (PGA)

The input signal coming from the analog microphone is amplified with a programmable gain amplifier (PGA) (see
Figure 23. Microphone setup) from 0 dB to 30 dB by step of 3 dB.

The signal is then filtered by a low-pass filter with -1 dB at 20 kHz.
The PGA output voltage is 1.2 V and is inverted versus the VIN_MIC input signal.
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Figure 23. Microphone setup
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VBIAS_MIC, whose function is independent of PGA_VIN, is used as the microphone power supply. In order to
accommodate different microphone supply specifications with a battery that could vary between 1.7 V and 3.6 V,
VBIAS MIC voltage is adjustable as a ratio of VBAT, between 0.5 and 0.9. Refer to the section on PGA_CONF
registers for details.

100 nF capacitors need to be connected to VCMDEC and XVBAT respectively to filter out the noise above 1 kHz.

PGA_VIN has a typical input common-mode voltage, VCM, of 750 mV. In order to avoid DC conflicts which could
cause saturation in the PGA, a coupling capacitor, Cin, needs to be connected between the microphone and
PGA_VIN. The recommended value is 1 yF but one could use a lower value (see Table 30. PGA parameters).
The smaller the capacitor, the quicker the start-up time but with the drawback of the input signal being attenuated.
For example, with a Cin of 10 nF a 1 kHz signal would be attenuated by approximately 1 dB.

The PGA gain is adjustable between 0 dB and 30 dB in steps of 3 dB (see Section 12.6.5: ADC PGA
configuration register (PGA_CONF)). In order to avoid distortion in the PGA, the gain setting would need to be
adjusted in accordance with the microphone output peak voltage. Below are the PGA maximum output peak
voltage values to be respected along with the formula for estimating the maximum PGA gain with respect to the
microphone sensitivity, S.

Table 30. PGA parameters

1 yF is recommended

PGA Max Vout MxVout -6.8 -5.8 dBVpk Typ. at 25 °C; Min. at 105 °C
Note: Maximum PGA gain in dB = MxVout — S, — 3 [N.B. Sensitivity for analog mics are in dBVrms]
Note: E.g. With the microphone sensitivity = -38 dB in a typical setting and no attenuation in the input signal: Maximum
PGA gain =-5.8 + 38— 3=29.2 dB.
Note: The usage of the PGA in analog audio mode implies connecting 3 external capacitors on PB2/PB3/PB4 I/Os.

The user has to ensure that the analog switch is well configured to select the PGA external capacitor mode (see
Section 8.2.11: I/O analog switch control register (GPIO_SWA_CTRL) for details) and then that those two pads
are programmed in analog mode (see Section 7.4.1: GPIO port mode register (GPIOx_MODER) (x = A, B) for
details) in this order. A filter needs to be added to the output of the decimation filter in order to filter out the DC
level.
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12.2.2 Temperature sensor subsystem

The temperature sensor can be used to measure the junction temperature (T;) of the device. The temperature
sensor is internally connected to the ADC input channels which are used to convert the sensor output voltage to a
digital value.

The temperature sensor needs to be enabled through the PWRC_CR2.ENTS bit.

The temperature sensor measurement conversion is on the input range 0 to 1.2 V as the temperature range is:

. for minimum temperature = -40 °C, Vmin = 0.585 V

. for maximum temperature = +125 °C, Vmax = 0.999 V

The temperature sensor output voltage changes linearly with temperature. The offset of this line varies from chip-
to-chip due to process variation. The uncalibrated internal temperature sensor is more suited for applications that
detect temperature variations instead of absolute temperatures. To improve the accuracy of the temperature
sensor measurement, calibration values are stored in system memory for each device by ST during production.
During the manufacturing process, the calibration data of the temperature sensor and the internal voltage
reference are stored in the system memory area. The user application can then read them and use them to
improve the accuracy of the temperature sensor or the internal reference. In this way the temperature can be
calculated with this formula:

55

m' [Cmeas—C30]+30 (1)

Temperature in Celsius =
Where:
C85 is the temperature sensor calibration value acquired at 85 °C readable @0x10001E68.
C30 is the temperature sensor calibration value acquired at 30 °C readable @0x10001E60.
Cmeas is the actual temperature sensor output value converted by ADC.

Note: ADC gain calibration for VINPx range 1.2 V only must be applied. Offset calibration must be 0 (not used).

Note: Refer to Section Section 25.1: DESIG registers for information about the location where these calibration values
are stored.

12.2.3 Battery sensor

The battery sensor can be used to measure the internal battery voltage of the device. The battery input is
internally connected to the ADC input channels which are used to convert the sensor output voltage to a digital
value.

The battery sensor range is up to 3.6 V.

The formula for ADC converted data after calibration is the following:

Code = Integer(4096/3.6 * VIN) [clamped at 4095]

As calibration points the VBAT is considered as single negative input with 3.6 V range.

Note: Refer to Section Section 25.1: DESIG registers for information about the location where these calibration values
are stored.
12.2.4 ADC input mode conversion

The ADC is designed to deliver a digital value corresponding to the ratio between the analog power supply and
the voltage applied on the converted channel. For most application use cases, it is necessary to convert this ratio
into a voltage independent of VDDA.

The formula for ADC digital converted data after calibration and offset is the following:

. Single-ended input mode
Code = Integer(Slope* VIN) [clamped at 4095]
where Slope for single-ended input mode has the following value:
3.6 V. mode: Slope = 4096/3.6 [calibrated gain = 1/3]
2.4 V mode: Slope = 4096/2.4 [calibrated gain = 1/2]
1.2 V mode: Slope = 4096/1.25 [calibrated gain = 0.96, gain clamped at 1]
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. Differential input mode
Code = Integer(Slope * (VINP - VINN)) + 2048 [clamped at 4095]
where Slope for differential input mode has the following value:
3.6 V. mode: Slope = 2048/3.6 [calibrated gain = 1/3]
2.4 V mode: Slope = 2048/2.4 [calibrated gain = 1/2]
1.2 V mode: Slope = 2048/1.25 [calibrated gain = 0.96, gain clamped at 1]

12.2.5 Calibration points

Calibration values are stored in the system memory for each device by ST during production. Each value consists
of a 12-bit unsigned value for the gain and an 8-bit signed value for the offset as follows:

OFFSET[18:12] | GAIN[11:0]

These values can be written inside the registers COMP_x with x=1, 2, 3, 4 to apply a point to a particular ADC
input. The COMP_SEL register allows a specific calibration point to be associated to one of the ADC inputs.

The offset value can be written inside the COMP_x register only if it fits in the 7-bit of register field, that means
offset is in [-64, 63]. Otherwise, it can be removed by the output raw data manually as raw_value + offset.

The negative offset values need to be converted as:
offset | 0x80, if the bitfield BIT_INVERT_SN=1 (default value).
Below the list of the calibration points and their location in the system memory.

Table 31. Calibration points

Calibration point Address location

VINPx - VINMx range 1.2 V 0x10001E00
VINMx range 1.2V 0x10001E04
VINPx range 1.2V 0x10001E08
VINPx - VINMx range 2.4 V 0x10001E0C
VINMx range 2.4 V 0x10001E10
VINPx range 2.4 V 0x10001E14
VINPx - VINMx range 3.6 V 0x10001E18
VINMx range 3.6 V 0x10001E1C
VINPx range 3.6 V 0x10001E20
Note: Previous version of the calibration points has the offset in 7-bit signed. This version can be recognized as the
user can read at address 0x10001EFC the value 0.
Note: Refer to Section Section 25.1: DESIG registers for information about the location where these calibration values
are stored.
12.2.6 Steady-state input impedance

As the input nature of the ADC is a switched-capacitor, its steady-state input impedance is defined as the
impedance seen in DC. It depends only on the analog sampling frequency, Fs, and the input capacitor, Cin: Zin =
1/(Cin*Fs).

12.2.7 Input signal sampling transient response
As represented in Figure 25. Effect of analog source resistance, the analog signal path consists of a series
resistance (Rext) between source and pin, the internal switch resistor (Rin) and the internal sampling capacitor
(Cin). The charging of the capacitor is controlled by Rin. When there is Rext in series, the effective value
of charging of Cin is governed by Rin+Rext. So the charging time constant becomes (Rin+Rext)*Cin and the
necessary time to reach a given accuracy is longer. The ADC has a fixed sampling time Tsw depending on
ADC frequency which is 1/Ts as shown in Figure 24. ADC sampling time Tsw and sampling period Ts.
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Figure 24. ADC sampling time Tsw and sampling period Ts
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Figure 25. Effect of analog source resistance
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Knowing that: Rin=550 Q, Cin=4 pF, and imposing a maximum sampling error of 1/2 bits, we can determine the
maximum input resistance as below:
€ = (Vs-Vin)/Vin = -e(/RC)

In| € | < t/(Rext+Rin)*Cin
(Rext+Rin)*Cin <t/ In| € |
(Rext+Rin)*Cin < 125e-9/ In(122e-6)
(Rext+Rin)*Cin < 14 ns

Rext < 14 ns/4 pF - 550 Q

Rext <2950 Q

where:

|€]<1/213

| €1]<122e-6

12.2.8 Decimation filter (DF)

The purpose of the decimation filter (DF) is to provide a way to reduce the incoming fixed rate sample to some
fixed output data rates, while improving the overall noise performance (signal to noise ratio).

The decimation filter is used to process either the PDM data stream from a digital MEMS microphone or from the
output of the 12-bit ADC, mainly targeting the audio sources of signal.

The input data rate of the decimation filter is:
. in analog audio / full mode: 1 Mpbs
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. in digital audio mode: the PDM clock rate itself (configured through PDM_RATE bit field of the DF_CONF
register). The constraint is to fit the MEMS microphone range of possible frequencies (typically 1 to 3 MHz).
The decimation filter is composed of two chained blocks:

- a CIC filter capable to perform a wide range of decimation factors

- a FIR filter performing the last stage of decimation and compensating the attenuation effect of the
CIC filter.

The FIR filter has a fixed decimation rate of 3

Figure 26. Simplified decimation filter block diagram

Decimation Factor=M

input data

Table 32. Output data rate with ADC input at 1 MHz for analog mode and Table 33. CIC filter output frequency
with digital microphone input list the decimation factors and the output frequencies according to the supported
inputs (ADC or digital microphone).
The relationship between input data rate and output data rate is that the input data rate is:
. divided by DF_CIC_DEC_FACTOR
. then divided by 3
. divided by 2 if DF_CIC_DHF is set
Note: This divider by 2 is too noisy for digital audio scenario; to be kept for analog scenarios only.

. multiplied by 1.2 if DF_IT1P2 is set

Table 32. Output data rate with ADC input at 1 MHz for analog mode

Target frequency | DF_CIC_DEC_FACTOR | DF_CIC_DHF (freq/ 2) | DF_ITP1P2 (freq x 1.2) | Output frequency m

8 kHz 7.936 kHz 0.79 %
16 kHz 21 0 0 15.873 kHz 0.79 %
200 kHz" 2 0 1 200 kHz 0 %
44.1 kHz® 14 1 0 44.444 kHz 0.78 %
48 kHz®) 7 0 0 47.619 kHz 0.79 %
22.05 kHz?) 15 0 0 22.222 kHz 0.78 %

1. The 200 kHz use-case is not supposed to be used for the analog audio scenario. It mainly targets sensor measurements.
2. This is a possible configuration but neither verified nor guaranteed (to be validated in lab).

Note: A constraint on the ratio between APB system clock (Fpcrk) and the output data rate (DR,1) must be respected:
. In analog audio mode and in full mode, the ratio to respect is Fpc; x / DRout=6.
Example: Fpgp x must be at least 2 MHz to have a DRout = 200 kHz.

If the DMA is not used to get the data output by the decimation filter path, the CPU needs to be clocked at a
frequency ratio high enough (taking into account bus matrix latency) to avoid missing samples.

Table 33. CIC filter output frequency with digital microphone input

Division ratio from 32 MHz clock | Digital microphone frequency | MCIC | Target frequency | Output frequency

2 MHz 8 kHz 7.936 kHz 0.79 %
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Division ratio from 32 MHz clock | Digital microphone frequency | MCIC | Target frequency | Output frequency

2 MHz 16 kHz 15.873 kHz 0.79 %
16 2 MHz 30 22.05 kHz 22.22 kHz 0.78 %
16 2 MHz 15 44.1 kHz 44.44 kHz 0.78 %
16 2 MHz 14 48 kHz 47.619 kHz 0.79 %

Table 34. Minimum decimation factor for the CIC / total versus pdm_rate provides the value of the allowable
minimum decimation factor for the CIC filter and for the complete chain versus the pdm_rate input parameter.

Table 34. Minimum decimation factor for the CIC / total versus pdm_rate

y ¢ Decimation filter Minimum allowed decimation
pdm_rate
input rate factor CIC / total

0 3.2 MHz 5/15
1 2.91 MHz 5/15
2 2.66 MHz 5/15
3 2.46 MHz 4/12
4 2.28 MHz 4/12
5 2.13 MHz 4/12
6 2.00 MHz 4/12
7 1.88 MHz 3/9
8 1.78 MHz 3/9
9 1.68 MHz 3/9
10 1.60 MHz 3/9
11 1.52 MHz 3/9
12 1.46 MHz 3/9
13 1.40 MHz 3/9
14 1.33 MHz 3/9
15 1.28 MHz 2/6

When the input of the decimation filter comes from 12-bit ADC, an unsigned-to-signed data conversion is possible
through a configuration bit (DF_I_U2S bit in DF_CONF register).

The output of the decimation filter can also be converted from signed to unsigned through a configuration bit
(DF_O_S2U bit in DF_CONF register) to be compatible with the down sampler output which is always signed.

The input PDM data is sampled either on the falling edge or the rising edge of the PDM clock. This is configurable
through DF_MICRO_L_RN bit in the DF_CONF register. The PDM clock is generated by a division of the
decimation filter clock (always 32 MHz) according to the targeted output frequency.
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12.2.9 Down sampler (DS)
This down sampler is a simple averaging filter, which can divide the ADC frequency by 1 to 128 by power of 2.

The goal is to handle multiple ADC samples and average them into a single data with increased data width
ranging from 12-bit to 16-bit.
The down sampler increases the data precision but reduces the output data rate.

Note: A constraint on the ratio between APB system clock (Fpcik) and the output data rate (DRout) must be
respected:

. In ADC mode, the ratio to respect is FpcLk / DRout= 4.
Example: FpcLk must be at least 2 MHz to have a DRout = 500 kHz.

If the DMA is not used to get the data output by the down sampler filter path, the CPU needs to be clocked at a
frequency ratio high enough (taking into account bus matrix latency) to avoid missing samples.

12.3 Interrupts

There are 6 maskable interrupts generated by the ADC block. These interrupts are combined to produce one
single interrupt output, which is the only interrupt line from the ADC to the CPU.

Table 35. ADC interrupt requests

Interrupt event Event flag Interrupt / flag clearing method Interrupt enable control bit

Down sampler end of conversion EODS_IRQ Write 1 on EODS_IRQ bit EODS_IRQ_ENA
Decimation filter end of conversion EODF_IRQ Write 1 on EODF_IRQ bit EODF_IRQ_ENA
End of conversion sequence EOS_IRQ Write 1 on EOS_IRQ bit EOS_IRQ_ENA
Analog watchdog event AWD_IRQ Write 1 on AWD_IRQ bit AWD_IRQ_ENA
Down sampler overrun OVR_DS_IRQ Write 1 on OVR_DS_IRQ bit OVR_DS_IRQ_ENA
Decimation filter overrun OVR_DF_IRQ Write 1 on OVR_DF_IRQ bit OVR_DF_IRQ_ENA

12.4 DMA interface
The ADC has two DMA channels interface:
. one to get down sampler data output value (DS_DATAOUT register),
. one to get Decimation Filter data output value (DF_DATAOUT register)

The DMA feature is enabled by software through CONF register respectively by DMA_DS_ENA bit for down
sampler data output and DMA_DF_ENA bit for decimation filter data output.

When DMA feature is disabled for one or both output, the data can be read by the CPU through the
corresponding APB register.
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12.5 ADC modes

Table 36. ADC mode summary provides an overview of the different supported modes.

Table 36. ADC mode summary

Continuous or Possible concurrent
single mode

Analog audio Analog microphone Continuous Occasional
Digital audio Digital GPIO (PDM_DATA) DF Continuous ADC
8 single external channels (or 4 when
coupled as differential Continuous or
ADC e :T ) DS _ Digital audio
single
. Temperature sensor
. 8 single external channels (or 4 when
coupled as differential) . )
Full VBAT DF Continuous Occasional
Temperature sensor
. . VBAT . . Full
Occasional . Temperature sensor DS Single Analog audio
12.5.1 Analog audio mode

Presentation

The Analog audio mode has the following characteristics:

. The input in the analog audio mode is the analog microphone signal
. The input signal is amplified with a programmable gain amplifier (PGA) from 0 dB to 30 dB
. The data path is from the analog audio PGA interface, the ADC and the decimation filter (down sampler not

used in this mode)
. The converted data is output in the DF_DATAOUT register
. The analog audio mode conversion sequence is always in continuous mode.

Analog audio mode usage

This paragraph describes the process to use the analog audio mode:

. Program the PB2 and PB3 I/Os to connect the two external capacitors to the PGA analog block. This is
done in two steps (keep the order):

- first, program the PB2 and PB3 analog switch to select the PGA external capacitor mode by setting
the GPIO_SWA_CTRL][1] bit in the SYSCFG block,

- then, program the PB2 and PB3 1/Os to be in analog mode through the GPIOB_MODER([5:4] and
GPIOB_MODER]7:6] bit field of the GPIOB block.

. Enable the LDO of the ADC by setting the ADC_LDO_ENA bit in the CTRL register.

Caution: This LDO enable bit must not be set when VFQFPN32 devices are used because the VDDA pin used to
supply the ADC LDO is not available on this package.

. Power on the ADC if not yet done by setting the ADC_ON_OFF bit in the CTRL register

. Program the wanted PGA gain through the PGA_GAIN bit field of the PGA_CONF register

. Set the analog bias voltage through the PGA_BIAS bit field of the PGA_CONF register

. Program the analog audio mode through the OP_MODE bit field in the CONF register

. Modify the data rate of the decimation filter if needed

. Program the continuous mode (mandatory in this mode) by setting the CONT bit in the CONF register

. Start the conversion by setting the START_CONYV bit in CTRL register

. Each time a data is available at the output of the decimation filter, the data is stored in the DF_DATAOUT
register and the EODF flag is set (as analog audio mode goes through the decimation filter)
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. To get the converted values:
- Either the DMA is enabled on DF data path (through DMA_DF_ENA bit in CONF register) and DMA
copies the data in RAM at the end of each data conversion (via the APB bus)

- Or the software has enabled the EODF_IRQ interrupt and is able to get the data from DF_DATAOUT
register before a new converted data is generated.

Note: If the CPU does not manage to get the converted data before a new converted data is generated, the
OVR_DF_IRQ flag is raised to inform a data has been lost. The software can program the hardware behavior in
case of overrun through the OVR_DF_CFG bit in CONF register:

. if 0, the previous data is kept, the new one is lost.
. if 1, the previous data is lost, the new one is kept.

. The data conversion goes on until the software stops it by setting the STOP_OP_MODE bit in the CTRL
register: in this case, the conversion stops immediately and on-going conversion data are issued.
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12.5.2 ADC mode

Presentation

The ADC mode has the following characteristics:

. The input in the ADC mode can be the eight external channels and the two internal sources (VBAT and
temperature sensor)

. The data path goes from the ADC to the down sampler (decimation filter is not used in this mode)

. The converted data is output in the DS_DATAOQUT register

. The output data rates are in the range 4.4 ksps to 1 Msps

. The12-bit converted data can be extended up to 16-bit data thanks to the down sampler. However, in this
case, the output data rate is decreased

. A regular sequence of conversion can be executed in single of continuous mode

- A regular sequence consists of chaining ADC conversions on any ADC input channel (except the
analog microphone) and in any order.

- A regular sequence can chain up to 16 conversions.

- The source of the input for each conversion of the sequence is selected through SEQx bit field in
SEQ_1 and SEQ_2 registers.

- This regular sequence can be run once or repeated continuously by setting the CONT bit in CONF
register.

ADC mode usage

This paragraph describes the process to use the ADC mode:
. Enable the LDO of the ADC by setting the ADC_LDO_ENA bit in the CTRL register
Note: This LDO enable bit must not be set when VFQFPN32 devices are used because the VDDA pin used to supply
the ADC LDO is not available on this package.
. Power on the ADC if not yet done by setting the ADC_ON_OFF bit in the CTRL register
. Program the targeted data rate through SAMPLE_RATE and DS_CONF registers
. Program the input voltage selections through SWITCH register
. Program the COMP_1 to COMP_4 and the COMP_SEL registers
. Program the ADC mode through the OP_MODE bit field in the CONF register

. Program the targeted regular sequence (up to 16 chained conversions) through SEQ_1 and SEQ_2
registers

. Specify the length of the sequence in SEQ_LEN bit field in CONF (from O for one conversion to OxF for
sixteen conversions).
To have more than one conversion, ensure the bit SEQUENCE is well at 1 in CONF register.

. Program the CONT bit and the SEQ_LEN bit field in the CONF register, considering SEQUENCE bit is
always set) depending on the wished sequence:

- CONT =0 and SEQ_LEN = 0 to have a single conversion on a single channel.

- CONT =0 and SEQ_LEN > 0 to have a single run of a sequence chaining several conversions on
different channels/sources.

- CONT =1 and SEQ_LEN = 0 to have a continuous conversion of a single channel/source.

- CONT =1 and SEQ_LEN > 0 to have a continuous run of sequence chaining several conversions on
different channels/sources.

. Launch the programmed regular sequence by setting the START_CONYV bit in CTRL register

. Each time a data is available at the output of the down sampler, the data is stored in the DS_DATAOUT
register and the EODS flag is set (as analog mode goes through the down sampler)

. To get the converted values:

- Either the DMA is enabled on DS data path (through DMA_DS_ENA bit inCONF register) and DMA
copies the converted data in RAM at the end of each data conversion

- Or the software has enabled the EODS_IRQ interrupt and is able to get the data from DS_DATAOUT
register before a new converted data is generated.
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Note: If the CPU does not manage to get the converted data before a new converted data is generated, the
OVR_DS _IRQ flag is raised to inform a data has been lost. The software can program the hardware behavior in
case of overrun through the OVR_DS_CFG bit in CONF register:

. if 0, the previous data is kept, the new one is lost.

. if 1, the previous data is lost, the new one is kept.

. Each time the regular sequence is completed, the EOS_IRQ flag is raised (and may generate an interrupt if
enabled)

. If the sequence is a single sequence (CONT=0), the ADC stops at the end of the sequence and does not
restart until START_CONV bit is not set again

. If continuous conversion is enabled (CONT = 1), the ADC restarts a new sequence, and data conversion

goes on until the software stops it, by setting the STOP_OP_MODE bit in the CTRL register; in this case,
the ADC stops immediately, and the data from any on-going conversion is discarded.

12.5.3 Digital audio mode

Presentation

The digital audio mode aims to interconnect with an external digital MEMS microphone. The digital audio mode
has the following characteristics:

. Only the decimation filter and the digital control resources are used
. The decimation filter interfaces with the external microphone with 2 GPIOs:

- PDM_CLK: a clock output at programmable frequency through PDM_RATE[3:0] of the DF_CONF
register (see Section 12.6.2: ADC configuration register (CONF)),

- PDM_DATA: pulse density modulation input data.
. The converted data is output in the DF_DATAOUT register
. The digital audio mode conversion sequence is always in continuous mode.

Digital audio mode usage

This paragraph describes the process to use the digital audio mode:

. Program the PDM_CLK and PDM_DATA alternate functions on targeted 10s to have the digital microphone
connected to the decimation filter

. Program the DF_MICRO_L_RN bit in the DF_CONF register to select the right or the left channel of the
microphone

. Program the decimator rate through the DF_ITP1P2, DF_CIC_DHF and DF_CIC_DEC_FACTOR bit fields
of the DF_CONF register

. Ensure the OP_MODE bit field in the CONF register is equal to 2

. As soon as the software sets the DIG_AUD_MODE bit in the CTRL register, the decimation filter starts
sending the PDM_CLK and processing continuously the data received from the PDM_DATA input

. Each time a filtered data is available, the data is stored in the DF_DATAOUT register and the EODF_IRQ
flag is raised (as digital audio mode goes through the decimation filter).

Note: The first filtered data is available after a delay depending on the latency of the filter (according to the decimation
factor) to guarantee the first issued value is correct.
. To get the converted values:

- Either the DMA is enabled on DF data path (through DMA_DF_ENA bit in CONF register) and DMA
copies the converted data in RAM at the end of each data conversion

- Or the software has enabled the EODF_IRQ interrupt and is able to get the data from DF_DATAOUT
register before a new converted data is generated.

Note: If the CPU does not manage to get the converted data before a new converted data is generated, the
OVR_DF_IRQ flag is raised to inform a data has been lost.

Note: The software can program the hardware behavior in case of overrun through the OVR_DF_CFG bit in CONF
register:

. if 0, the previous data is kept, the new one is lost.
. if 1, the previous data is lost, the new one is kept.
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. As soon as the software clears the DIG_AUD_MODE bit in the CTRL register, the conversion is stopped
immediately and the on-going conversion is not completed.

12.5.4 Full mode

Presentation

The full mode is the same mode as the analog audio mode but with the other analog channels than the audio
PGA interface.

The full mode has the following characteristics:

. The input in the full mode can be the eight external channels and the two internal sources (VBAT and
temperature sensor)

. The data path is from the ADC through the decimation filter (down sampler not used in this mode)

. The converted data is output in the DF_DATAOUT register

. The full mode conversion sequence is always in continuous mode

. CONF.SEQ_LENTJ3:0]=0x0 is the only supported configuration for this mode.

Full mode usage

This paragraph describes the process to use the full mode:
. Enable the LDO of the ADC by setting the ADC_LDO_ENA bit in the CTRL register
Note: This LDO enable bit must not be set when VFQFPN32 devices are used because the VDDA pin used to supply
the ADC LDO is not available on this package.
. Power on the ADC if not yet done by setting the ADC_ON_OFF bit in the CTRL register
. Program the full mode through the OP_MODE bit field in the CONF register
. Program the targeted data rate
. Program the continuous mode (mandatory in this mode) by setting the CONT bit in the CONF register
. Ensure CONF.SEQ_LEN[3:0]=0x0
. Start theconversion by setting the START_CONYV bit in CTRL register

. Each time a conversion is completed, the converted data is stored in the DF_DATAOUT register and the
EODF flag is set (as analog audio mode goes through the decimation filter)
. To get the converted values:

- Either the DMA is enabled on DF data path (through DMA_DF_ENA bit in CONF register) and DMA
copies the converted data in RAM at the end of each data conversion

- Or the software has enabled the EODF_IRQ interrupt and is able to get the data from DF_DATAOUT
register before a new converted data is generated.

Note: If the CPU does not manage to get the converted data before a new converted data is generated, the
OVR_DF_IRQ flag is raised to inform a data has been lost.

Note: The software can program the hardware behavior in case of overrun through the OVR_DF_CFG bit in CONF
register:

. if 0, the previous data is kept, the new one is lost.
. if 1, the previous data is lost, the new one is kept.

. The data conversion goes on until the software stops it by setting the STOP_OP_MODE bit in the CTRL
register: in this case, the conversion stops immediately and on-going conversion data are not issued.

12.5.5 Occasional mode

Presentation

The occasional mode has the following characteristics:

. The occasional mode input is either the VBAT or the temperature sensor
. The data path is from the ADC through the down sampler

. The converted data is output in the DS_DATAQUT register

. The occasional mode is always a single conversion
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. The occasional mode is only a complementary mode to analog AUDIO mode or full mode and cannot be
activated alone

. The applied down sampler ratio is always 1 for this mode. The DS ratio programmed in the DS_RATIO bit
field of the DS_RATIO register is not taken into account.

Occasional usage

This paragraph describes the process to use the occasional mode:

. Select the source to be converted during the occasional mode (VBAT or temperature sensor) through the
OCM_SRC bit field in the OCM_CTRL register

. Set the OCM_ENA bit in the OCM_CTRL register to start the occasional conversion

. Once the single conversion is completed, the converted data is stored in the DS_DATAOUT register and
the EODS flag is set (as occasional mode goes through the down sampler)
. To get the converted values:

- Either the DMA is enabled on DS data path (through DMA_DS_ENA bit in CONF register) and DMA
copies the converted data in RAM at the end of each data conversion

- Or the software has enabled the EODS_IRQ interrupt and is able to get the data from DS_DATAOUT
register before a new converted data is generated.

12.5.6 Concurrent functions
Some modes support having concurrent conversions:
. ADC mode and digital audio mode
. Analog audio mode and occasional mode
. Full mode and occasional mode.
In this case the data are available in DF_DATAOUT and/or in DS_DATAOUT registers, depending on the selected
concurrent modes.

Note: Audio analog mode, full mode and occasional mode use a common hardware resource (12-bit ADC block).
Furthermore, the audio analog mode and the full mode are continuous. So when the occasional mode is used in
concurrent mode, they lose one conversion. In this configuration, the hardware keeps the previous data on lost
conversion.
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12.6 ADC registers

12.6.1 Version register (VERSION_ID)
Address offset: 0x00
Reset value: 0x0000 0020

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. VERSION_ID[7:0]
r
Bits 31:8 Reserved, must be kept at reset value.
Bit 7:0 VERSION_ID[7:0]: Version of the embedded IP.
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12.6.2 ADC configuration register (CONF)
Address offset: 0x04
Reset value: 0x0002 0002
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Bits 31:21  Reserved, must be kept at reset value.

VBIAS_PRECH_FORCE: Possibility to keep the VBIAS_PRECH enabled to deactivate the filter (in case power
supply is clean enough):

Bit 20
0: VBIAS_PRECH signal is controlled by the ADC digital state machine (default)
. 1: VBIAS_PRECH signal is set permanently to 1
ADC_CONT_1V2: Select the input sampling method:
Bit19 . 0: Sampling only at conversion start (default)
. 1: Sampling starts at the end of conversion
BIT_INVERT_DIFF: Invert bit-to-bit the ADC data output (1’s complement) when a differential input is connected to
the ADC:
Bit 18 ) .
. 0: No inversion (default)
. 1: Enable the inversion
BIT_INVERT_SN: Invert bit-to-bit the ADC data output (1’'s complement) when a single negative input is
connected to the ADC:
Bit 17 ) .
. 0: No inversion
. 1: Enable the inversion (default)
OVR_DF_CFG: Decimation Filter overrun configuration:
Bit16 | . 0: The previous data is kept, the new one is lost (default)
. 1: The previous data is lost, the new one is kept
OVR_DS_CFG: Down sampler overrun configuration:
Bit15 |« 0: The previous data is kept, the new one is lost (default)

. 1: The previous data is lost, the new one is kept

DMA_DF_EN: Enable the DMA mode for the decimation filter data path:

Bit14 . 0: DMA mode is disabled
. 1: DMA mode is enabled
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DMA_DS_EN: Enable the DMA mode for the down sampler data path:

Bit13 . 0: DMA mode is disabled
. 1: DMA mode is enabled

SAMPLE_RATE[1:0]: Conversion rate of ADC:
—00: 16 (= 1 Msp/s)
Bits 12:11 | — 01: 20 (= 800 ksp/s)
—10: 24(= 667 ksp/s)
—11: 28 (= 571 ksp/s)
Bits 10:9 Reserved, must be kept at reset value.

OP_MODE[1:0]: ADC mode selection (=data path selection):

. 00: Reserved for future used

Bits 8:7 |« 01: Analog audio mode (PGAON)
. 10: ADC mode
. 11: Full mode

SMPS_SYNCHRO_ENA: Synchronize the ADC start conversion with a pulse generated by the SMPS:

. 0: SMPS synchronization is disabled for all ADC clock frequencies
1: SMPS synchronization is enabled

Note: SMPS_SYNCHRO_ENA must be 0 when PWRC_CR5.NOSMPS=1.

Bit 6

SEQ_LEN[3:0]: Number of conversions in a regular sequence:

. 0000: 1 conversion, starting from SEQ 0
Bits 52 | ° 0001: 2 conversions, starting from SEQ 0

. 1111: 16 conversions, starting from SEQ 0

SEQUENCE: Enable the sequence mode (active by default):
. 0: Sequence mode is disabled, only SEQO is selected
Bit 1 . 1: Sequence mode is enabled, conversions from SEQO to SEQx with x=SEQ_LEN (default)
Note: Clearing this bit is equivalent to SEQUENCE=1 and SEQ_LEN=0000. Ideally, this bit can be kept high as
redundant with keeping high and setting SEQ_LEN=0000.
CONT: Regular sequence runs continuously when ADC mode is enabled:

Bit 0 . 0: Enable the single conversion: when the sequence is over, the conversion stops

. 1: Enable the continuous conversion: when the sequence is over, the sequence starts again until the
software sets the CTRL.STOP_OP_MODE bit
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12.6.3 ADC control register (CTRL)
Address offset: 0x08
Reset value: 0x0000 0000
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Bits 31:6 = Reserved, must be kept at reset value.

ADC_LDO_ENA: Enable the LDO associated to the ADC block:

. 0: Disable the ADCLDO
1: Enable the ADCLDO

Warning: This bit must not be set on VFQFPN32 packages.

Bit 5

Bit 4 Reserved, must be kept at reset value.

DIG_AUD_MODE: Enable the digital audio mode (the data path uses the decimation filter):
Bit 3 . 0: Stop digital audio mode
. 1: Start digital audio mode
STOP_OP_MODE!"): Stop the on-going OP_MODE (ADC mode, Analog audio mode, Full mode):
. 0: No effect

Bit 2
! . 1: Stop on-going ADC mode
Note: This bit is set by software and cleared by hardware.
START_CONV!"): Generates a start pulse to initiate an ADC conversion:
Bit 1 . 0: No effect

. 1: Start the ADC conversion

Note: This bit is set by software and cleared by hardware.

ADC_ON_OFF:

Bit 0 . 0: Power off the ADC
. 1: Power on the ADC

1. When setting the STOP_MODE_OR, the user has to wait around 10 us before starting a new ADC conversion by setting the
START_CONV bit.
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12.6.4 ADC occasional mode control register (OCM_CTRL)
Address offset: 0x0C
Reset value: 0x0000 0000

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

1] [%2] [%2] [%2] [%2] 1] 1] (I) [} [%2] [%2] [%2] [%2] 1] 1] 1]

Q Q Q Q Q Q Q Q Q Q Q Q O Q Q Q

04 o o 1 [v4 14 x x o o [0 1 14 14 x x

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OCM_  OCM_
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. ENA SRC

t w

Bits 31:2 Reserved, must be kept at reset value.

OCM_ENA: Start occasional conversion in analog audio and full modes:

Bit 1 0: No effect ‘ .
. 1: Start occasional conversion
Note: This bit is set by software and cleared by hardware.
OCM_SRC: Select the occasional conversion source

Bit 0 . 0: VBAT occasional conversion

. 1: Temperature sensor occasional conversion
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12.6.5 ADC PGA configuration register (PGA_CONF)
Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[%2] 1] [} [%2] 1] [%2] [%2] 1] U) 1] 1] 1] 1] 1] 1] 1]
[0) [0 Q [0) Q Q [0) Q Q Q Q Q Q Q Q Q
X 14 x X x x 14 x 14 x x x x x @ x
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. Res. Res. PGA_BIAS[2:0] PGA_GAIN[3:0]
rw rw rw rw rw rw rw

Bits 31:7 Reserved, must be kept at reset value.
PGA_BIAS[2:0]: Set the microphone bias voltage:
—000: 0.5 x VBAT
—001: 0.55 x VBAT
—010: 0.6 x VBAT

Bits 6:4 —011: 0.65 x VBAT
—100: 0.7 x VBAT
—101:0.75 x VBAT
—110: 0.8 x VBAT
—111: 0.9 x VBAT
PGA_GAIN[3:0]: From 0 to 30 dB.
—0000: 0 dB PGA min. gain, equivalent to the 1.2 V ADC full scale
—0001: 3dB
—0010: 6 dB
—0011: 9dB
—0100: 12 dB
—-0101: 15 dB
-0110: 18 dB
-0111: 21 dB
—1000: 24 dB
—1001: 27 dB
— 1010 to 1111: 30 dB

Bits 3:0
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12.6.6 ADC input voltage switch selection register (SWITCH)
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[%2] [%2] (%] (%] [%] [%] 2] 1) [%2] [%2] (%] [%] [%] %] 2] [%2]
o} o} o) o) o) o) o) o) o} o} o) o) o) o) o) o)
o o o o 12 12 o o o o o o 12 12 o o
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SE_VIN_7[1:0] SE_VIN_6[1:0] =SE_VIN_5[1:0] SE_VIN_4[1:0] SE_VIN_3[1:0] SE_VIN_2[1:0] =SE_VIN_1[1:0] SE_VIN_0[1:0]

rw w w w w rw rw rw rw w w w w rw rw rw

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

SE_VIN_7[1:0]: Input voltage for VINP[3].
. 00: Vinput=1.2V

Bits 15:14 . 01: Reserved (not used for this cut)
. 10: Vinput =24V
. 11: Vinput=3.6 V
SE_VIN_6[1:0]: Input voltage for VINP[2].
. 00: Vinput=1.2V

Bits 13:12 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput = 3.6 V

SE_VIN_5[1:0]: Input voltage for VINP[1].
. 00: Vinput=1.2V
Bits 11:10 . 01: Reserved (not used for this cut)
. 10: Vinput =24V
. 11: Vinput=3.6 V
SE_VIN_4[1:0]: Input voltage for VINP[0].
. 00: Vinput=1.2V
Bits 9:8 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput = 3.6 V

SE_VIN_3[1:0]: Input voltage for VINM[3] / VINP[3]-VINM[3].
. 00: Vinput=1.2V
Bits 7:6 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput=3.6 V
SE_VIN_2[1:0]: Input voltage for VINM[2] / VINP[2]-VINM[2].
. 00: Vinput=1.2V
Bits 5:4 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput = 3.6 V
SE_VIN_1[1:0]: Input voltage for VINM[1] / VINP[1]-VINM[1].
. 00: Vinput=1.2V
Bits 3:2 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput = 3.6 V
SE_VIN_0[1:0]: Input voltage for VINM[0] / VINP[O]-VINM[O].
. 00: Vinput=1.2V
Bits 1:0 . 01: Reserved (not used for this cut)
. 10: Vinput=2.4V
. 11: Vinput = 3.6 V
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12.6.7 Decimation filter configuration register (DF_CONF)
Address offset: 0x18
Reset value: 0x0000 3015

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
z
LIJI =
o Y
1) ] ) 1) 1] o« ] ] %) %) 1) 1] %) 1) |_|_| L
Q [} o} ] o} o} o} o} ] ] o} o} o o 5 o
14 14 14 14 4 14 14 14 14 ¥ o ¢ ¢ £ Z II
II w
Ll_ D
[m]
w 'w
15 14 13 12 | 11 10 9 8 7 6 5 4 3 2 1 0
DF_MICROL_RN PDM_RATE[3:0] DF_O_S2U DF_I_U2S DF_ITP1P2 DF_CIC_DHF DF_CIC_DEC_FACTOR[6:0]
w rw rw rw w w rw r'w w 'w w w r'w w rw rw

Bits 31:18 Reserved, must be kept at reset value.

DF_HALF_D_EN: Half dynamic enable.
Bit17 . 0: OFF: full dynamic (default)
. 1: ON: the dynamic is divided by 2 at the input of the decimation filter.
DF_HPF_EN: High pass filter enable.
Bit16 . 0: OFF (default)
. 1: ON, the cut-off frequency is 40 Hz.
DF_MICROL_RN: Left/right channel selection on digital microphone:
Bit15 . 0: right channel selection
. 1: left channel selection
PDM_RATE[3:0]: Select the PDM clock rate.
PDM period = (PDM_RATE[3:0] + 10) x 32mhz_period.
. 0000: PDM frequency = 3.2 MHz
Bits 14:11 — ...
. 0110: PDM frequency = 2 MHz (default)

. 1111: PDM frequency = 1.28 MHz

DF_O_S2U: Select signed/unsigned format for data output
Bit10 |« 0: signed (default)
. 1: unsigned
DF_I_U2S: Select signed/unsigned format for input
Bit 9 . 0: unsigned (default)
. 1: signed
DF_ITP1P2: 1.2 fractional interpolator enable
. 0: 1.2 interpolator bypassed (default),
Bit 8 . 1: 1.2 interpolator ON.
Note: This bit must be set only for the generation of a data rate at 200 kps from ADC data at 1 MHz. Unpredictable
result may happen if set for other configuration.
DF_CIC_DHF: CIC filter decimator half factor

. 0: integer factor (default),
Bit 7 . 1: half factor.

Note: This bit must be set only for the generation of a data rate at 44.1 kps from ADC data at 1 MHz.
Unpredictable result may happen if set for other configuration.
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DF_CIC_DEC_FACTORJ6:0]:

MCIC for digital microphone (PDM freq = 2 MHz)

. OxOE: output frequency 47.619 kHz (MCIC = 14)

. 0xOF: output frequency 44.44 kHz (MCIC = 15)

. 0x1E: output frequency 22.22 kHz (MCIC = 30)
Bits 6:0 | ¢ 0x2A: output frequency 15.873 kHz (MCIC = 42)

. 0x54: output frequency 7.936 kHz (MCIC = 84)

MCIC for analog microphone (ADC frequency = 1 Mhz):

. 0x02: output frequency 200 kHz with DF_ITP1P2 = 1
. 0x15: output frequency 15.873 kHz
. 0x2A: output frequency 7.936 kHz
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12.6.8 Down sampler configuration register (DS_CONF)
Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
%) %) %) %) 1) %) ) 1) %) 1) 1) %) %) %) %) %)
[0) Q Q [0 Q Q [0) Q [0) Q Q Q Q Q Q [0
x x x 14 x x 14 x x 14 x x x x x 14
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. DS_WIDTH][2:0] DS_RATIO[2:0]
w w w rw w rw

Bits 31:6 Reserved, must be kept at reset value.

DS_WIDTH[2:0]: Program the down sampler width of data output (DSDTATA).

. 000: DS_DATA output on 12-bit (default)
. 001: DS_DATA output on 13-bit
Bits 5:3 . 010: DS_DATA output on 14-bit
. 011: DS_DATA output on 15-bit
. 100: DS_DATA output on 16-bit
. 1xx: Reserved

DS_RATIO[2:0]: Program the down sampler ratio (N factor).
—000: Ratio = 1, no down sampling (default)
—001: ratio=2
—010: ratio =4
Bits 2:0 —011:ratio=8
—100: ratio = 16
—101: ratio = 32
—110: ratio = 64
—111: ratio = 128
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12.6.9 ADC sequence programming 1 register (SEQ_1)
Address offset: 0x20
Reset value: 0x0000 0000

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

SEQ7[3:0] SEQ6[3:0] SEQ5[3:0] SEQ4[3:0]

w w w rw rw w 'w 'w 'w w w w rw rw w 'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEQ3[3:0] SEQ2[3:0] SEQ1[3:0] SEQO[3:0]
rw rw rw rw rw rw rw rw w rw rw rw rw rw rw rw

SEQ7[3:0]: Channel number code for 8t conversion of the sequence.
See SEQO for code detail.

Bits 31:28

Bits 27:24 | SEQ6[3:0]: Channel number code for 7" conversion of the sequence. See SEQO for code detail.
Bits 23:20 | SEQS5[3:0]: Channel number code for 6t conversion of the sequence. See SEQO for code detail.
Bits 19:16 | SEQ4[3:0]: Channel number code for 5" conversion of the sequence. See SEQO for code detail.
Bits 15:12 | SEQ3[3:0]: Channel number code for 4" conversion of the sequence. See SEQO for code detail.

Bits 11:8 | SEQ2[3:0]: Channel number code for 3™ conversion of the sequence. See SEQO for code detail.
Bits 7:4 | SEQ1[3:0]: Channel number code for second conversion of the sequence. See SEQO for code detail.

SEQO[3:0]: Channel number code for first conversion of the sequence

. 0000: VINMIO] to ADC single negative input

. 0001: VINM[1] to ADC single negative input

. 0010: VINMI[2] to ADC single negative input

. 0011: VINMI3] to ADC single negative input

. 0100: VINP[0] to ADC single positive input

. 0101: VINP[1] to ADC single positive input
0110: VINP[2] to ADC single positive input

. 0111: VINP[3] to ADC single positive input

. 1000: VINP[0]-VINM[0] to ADC differential input

. 1001: VINP[1]-VINM[1] to ADC differential input

. 1010: VINP[2]-VINM[2] to ADC differential input

. 1011: VINP[3]-VINM[3] to ADC differential input

. 1100: VBAT - battery level detector

. 1101: Temperature sensor

. 111x: Reserved

Bits 3:0
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12.6.10 ADC sequence programming 2 register (SEQ_2)
Address offset: 0x24
Reset value: 0x0000 0000

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

SEQ15[3:0] SEQ14[3:0] SEQ13[3:0] SEQ12[3:0]

w w w rw rw w 'w 'w 'w w w w rw rw w 'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEQ11[3:0] SEQ10[3:0] SEQQ[3:0] SEQ8[3:0]
rw rw rw rw rw rw rw rw w rw rw rw rw rw rw rw

Bits 31:28 ' SEQ15[3:0]: Channel number code for 16t conversion of the sequence. See SEQS8 for code detail.
Bits 27:24 ' SEQ14[3:0]: Channel number code for 15t conversion of the sequence. See SEQS for code detail.
Bits 23:20 ' SEQ13[3:0]: Channel number code for 14t conversion of the sequence. See SEQS for code detail.
Bits 19:16 ' SEQ12[3:0]: Channel number code for 13t conversion of the sequence. See SEQS for code detail.
Bits 15:12 ' SEQ11[3:0]: Channel number code for 12t" conversion of the sequence. See SEQS8 for code detail.
Bits 11:8 | SEQ10[3:0]: Channel number code for 11t conversion of the sequence. See SEQS for code detail.

Bits 7:4  SEQQ[3:0]: Channel number code for 10t conversion of the sequence. See SEQS for code detail.

SEQ8[3:0]: Channel number code for 9th conversion of the sequence.

. 0000: VINMI[O0] to ADC single negative input

. 0001: VINM[1] to ADC single negative input

. 0010: VINM[2] to ADC single negative input

. 0011: VINMI[3] to ADC single negative input

. 0100: VINP[0] to ADC single positive input

. 0101: VINP[1] to ADC single positive input
0110: VINP[2] to ADC single positive input
0111: VINPI[3] to ADC single positive input

. 1000: VINP[0]-VINM[O0] to ADC differential input

. 1001: VINP[1]-VINM[1] to ADC differential input

. 1010: VINP[2]-VINM[2] to ADC differential input

. 1011: VINP[3]-VINM[3] to ADC differential input

. 1100: VBAT - battery level detector

. 1101: Temperature sensor

. 111x: Reserved

Bits 3:0

RMO0530 - Rev 3 page 201/660



‘_ RMO0530
,’ Analog digital converter (ADC)

12.6.11 ADC gain and offset correction 1 register (COMP_1)
Address offset: 0x28
Reset value: 0x0000 0555

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
S)
)
%) 1) » %) » o« o« ] ] 1) ) ] 1) -
[0) (0] 0] Q 0] 0] (0] (0] (0] (0] (0] (0] (0] L
o 14 14 14 14 14 14 12 14 12 14 14 14 %
%
@]
w 'w 'w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OSFFSET1[6:0] GAIN1[11:0]
w 'w w w w w w w w w w w w 'w w 'w
Bits 31:19 Reserved, must be kept at reset value.
Bits 18:12 OFFSET1[6:0]: First calibration point: signed offset compensation[6:0].
Bits 11:0 GAIN1[11:0]: First calibration point: gain AUXADC_GAIN_1V2[11:0].
Note: Refer to Section 25.1: DESIG registers for information about the location where the calibration values are stored.
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12.6.12 ADC gain and offset correction 2 register (COMP_2)
Address offset: 0x2C
Reset value: 0x0000 0555

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
S)
©
&
» @ @ » @ @ @ @ @ @ @ @ @ =
[0) (0] 0] Q 0] 0] (0] (0] (0] (0] (0] (0] (0] L
14 14 x 14 @ @ 14 14 14 14 4 4 14 @
%
@]
w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSFFSET2[6:0] GAIN2[11:0]
w rw rw w rw rw rw rw rw rw rw w w rw rw rw
Bits 31:19 Reserved, must be kept at reset value.
Bits 18:12 OFFSET2[6:0]: Second calibration point: signed offset compensation[6:0].
Bits 11:0 GAIN2[11:0]: Second calibration point: gain AUXADC_GAIN_1V2[11:0].
Note: Refer to Section 25.1: DESIG registers for information about the location where the calibration values are stored.
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12.6.13 ADC gain and offset correction 3 register (COMP_3)
Address offset: 0x30
Reset value: 0x0000 0555

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
S)
©
o
@ @ @ @ @ @ @ @ @ @ @ @ @ =
[0) (0] 0] Q 0] 0] (0] (0] (0] (0] (0] (0] (0] L
o 14 14 14 14 14 14 12 14 12 14 14 14 %
%
@]
w 'w 'w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OSFFSET3[6:0] GAIN3[11:0]
w 'w w w w w w w w w w w w 'w w 'w
Bits 31:19 Reserved, must be kept at reset value.
Bits 18:12 OFFSET3[6:0]: Third calibration point: signed offset compensation[6:0].
Bits 11:0 GAIN3[11:0]: Third calibration point: gain AUXADC_GAIN_1V2[11:0].
Note: Refer to Section 25.1: DESIG registers for information about the location where the calibration values are stored.
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12.6.14 ADC gain and offset correction 4 register (COMP_4)
Address offset: 0x34
Reset value: 0x0000 0555

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
S)
©,
<
@ @ @ @ @ @ @ @ @ @ @ @ @ =
[0) (0] 0] Q 0] 0] (0] (0] (0] (0] (0] (0] (0] L
o 14 14 14 14 14 14 12 14 12 14 14 14 %
%
@]
w 'w 'w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OSFFSET4[6:0] GAIN4[11:0]
w 'w w w w w w w w w w w w 'w w 'w
Bits 31:19 Reserved, must be kept at reset value.
Bits 18:12 OFFSETA4[6:0]: Third calibration point: signed offset compensation[6:0].
Bits 11:0 GAIN4[11:0]: Third calibration point: gain AUXADC_GAIN_1V2[11:0].
Note: Refer to Section 25.1: DESIG registers for information about the location where the calibration values are stored.
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12.6.15 ADC gain and offset selection register (COMP_SEL)
Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
=2
&
Zz
@ 0 o« %) ) » %) ) » %) %) 17 %) %) <
Q Q Q Q Q Q Q Q Q Q Q Q Q Q O
[v4 o 14 [v4 o 14 [v4 o [v4 o o [v4 o o |_|
L
w
o
[
(@]
rw w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
S 5 5 S 5 5 = =
z z z z z z z z
< < < < < < < <
(DI (DI ol (DI (DI ol (DI (DI
— — — — — — — —
L L L L L L L L
w w ] () w [} w w
o s s s s s s o
o o o L w o L [
(@] (@] (o] (o] o (@] (o] (@]
w w 'w 'w rw w 'w w w 'w

Bits 31:18 Reserved, must be kept at reset value.

OFFSET_GAINS8[1:0]: Gain / offset used in ADC differential mode with Vinput range = 3.6 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 17:16 |« 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN7[1:0]: Gain / offset used in ADC single positive mode with Vinput range = 3.6 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 15:14  » 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAING6[1:0]: Gain / offset used in ADC single negative mode with Vinput range = 3.6 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 13:12 |« 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN5[1:0]: Gain / offset used in ADC differential mode with Vinput range = 2.4 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 11:10 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN4[1:0]: Gain / offset used in ADC single positive mode with Vinput range = 2.4 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 9:8 . 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4
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OFFSET_GAIN3[1:0]: Gain / offset used in ADC single negative mode with Vinput range = 2.4 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 7.6 . 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN2[1:0]: Gain / offset used in ADC differential mode with Vinput range = 1.2 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 5:4 . 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAIN1[1:0]: Gain / offset used in ADC single positive mode with Vinput range = 1.2 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 3:2 . 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4

OFFSET_GAINO[1:0]: Gain / offset used in ADC single negative mode with Vinput range = 1.2 V:

. 00: OFFSET1 and GAIN1 from COMP_1
Bits 1.0 . 01: OFFSET2 and GAIN2 from COMP_2
. 10: OFFSET3 and GAIN3 from COMP_3
. 11: OFFSET4 and GAIN4 from COMP_4
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12.6.16 ADC watchdog threshold register (WD_TH)
Address offset: 0x3C
Reset value: 0xOFFF 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. WD_HT[11:0]
rw rw rw rw rw w rw rw rw rw rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. WD_LT[11:0]
rw rw rw rw rw w rw rw rw rw rw w
Bits 31:28 Reserved, must be kept at reset value.
Bits 27:16 WD_HT[11:0]: Analog watchdog high level threshold.
Bits 15:12 Reserved, must be kept at reset value.
Bits 11:0 WD_LT[11:0]: Analog watchdog low level threshold.
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12.6.17 ADC watchdog configuration register (WD_CONF)
Address offset: 0x40
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[%2] [%2] (%] (%] [%] [%] 2] 1] [%2] [%2] (%] [%] [%] %] 2] [%2]
o} o} o) o) o) o) o) o) o} o} o) o) o) o) o) o}
o o o o 12 12 o o o o o o 12 12 o o
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

AWD_CHX[15:0]

rw rw rw rw rw w rw w rw rw rw rw rw w w rw
Bits
31:16 Reserved, must be kept at reset value.
AWD_CHX[15:0]: Analog watchdog channel selection to define which input channel(s) need to be guarded by the
watchdog.
. Bit0: VINM[O] to ADC negative input
. Bit1: VINM[1] to ADC negative input
. Bit2: VINM[2] to ADC negative input
. Bit3: VINM[3] to ADC negative input
. Bit4: MICROM to ADC negative input
. Bit5: VBAT to ADC negative input
Bits 15:0 Bit6: GND to ADC negative input

Bit7: VDDA to ADC negative input

. Bit8: VINP[0] to ADC positive input

. Bit9: VINP[1] to ADC positive input

. Bit10: VINP[2] to ADC positive input
. Bit11: VINP[3] to ADC positive input
. Bit12: MICROP to ADC positive input
. Bit13: TEMP to ADC positive input

. Bit14: GND to ADC positive input

. Bit15: VDDA to ADC positive input
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12.6.18 Down sampler data out register (DS_DATAOUT)
Address offset: 0x44
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
%) 1) %) %) %) %) 1) 1% %) %) %) %) %) %) %) 1%
Q Q Q Q Q [0) [0 [0 Q Q Q Q [0) [0) [0 Q
14 x x x x x 14 14 x x x x x x o 14
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

DS_DATA[15:0]

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 DS_DATA[15:0]: Contains the converted data at the output of the down sampler.
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12.6.19 Decimation filter data out register (DF_DATAOUT)
Address offset: 0x48
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
%) 1) %) %) %) %) 1) 1% %) %) %) %) %) %) %) 1%
Q Q Q Q Q [0) [0 [0 Q Q Q Q [0) [0) [0 Q
14 x x x x x 14 14 x x x x x x o 14
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

DF_DATA[15:0]

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 DF_DATA[15:0]: Contains the converted data at the output of the Down Sampler.
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12.6.20 ADC interrupt status register (IRQ_STATUS)
Address offset: 0x4C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
1% 7] 1) 1% %) 7] 1) 1% 7] 1% 1%} 1% 7] 1) 1%}
o) o} o) o) o) o} o) o) o} o) o) o) o} o) o)
1 x o 1 04 x 14 1 44 x o 04 (04 04 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
g g

. g g i %

3 3 3 3 3 3 3 3 3 3 3 _ o W ®
4 4 4 4 4 4 4 4 4 o (14 g 3 a a
z m 2 2

rcwl rcwl  rcwl rcwl rcwl rcwl rc_wil

Bits 31:8 | Reserved, must be kept at reset value.

DF_OVRFL_IRQ: Set to indicate the decimation filter is saturated. When read, provide the status of the interrupt:

. 0: No saturation on the decimation filter

Bit 7 . 1: Decimation filter is saturated.

i

Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
OVR_DF_IRQ: Set to indicate a decimation filter overrun (a data is lost). When read, provide the status of the
interrupt:
. 0: No overrun occurred

Bite | ° 1: Overrun occurred
Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
OVR_DS_IRQ: Set to indicate a down sampler overrun (at least one data is lost). When read, provide the status of
the interrupt:
. 0: No overrun occurred

Bits5 @ ° 1: Overrun occurred
Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
AWD_IRQ: Set when an analog watchdog event occurs. When read, provide the status of the interrupt:
. 0: No analog watchdog event occurred

Bit4 . 1: Analog watchdog event has occurred. Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
EOS_IRQ: Set when a sequence of conversion is completed. When read, provide the status of the interrupt:
. 0: Sequence of conversion is not completed

Bit3 . 1: Sequence of conversion is completed. Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
EODF_IRQ: Set when the decimation filter conversion is completed. When read, provide the status of the interrupt:
. 0: Decimation filter conversion is not completed

Bit2 . 1: Decimation filter conversion is completed. Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
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EODS_IRQ: Set when the down sampler conversion is completed. When read, provide the status of the interrupt:

. 0: Down sampler conversion is not completed

Bit 1 . 1: Down sampler conversion is completed Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt

Reserved, must be kept at reset value.

. 0: ADC conversion is not completed
Bit O . 1: ADC conversion is completed
i
Writing this bit clears the status of the interrupt:
. 0: No effect
. 1: Clear the interrupt
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12.6.21 ADC interrupt enable register (IRQ_ENABLE)
Address offset: 0x50
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1) %) 1) %) %) %) %) %) %) ) %) %) %) %) %) 1)
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
[v4 o [v4 o o [v4 o [v4 [v4 V4 14 o o o [v4 [v4
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

<

Z < <

z < <

. & i z < Z z 3

(@] | | w i L L w

x g g | | | | |
% @ % @ @ » @ @ = [1d o ¢] ¢] g g e]
Q Q o} Q Q Q Q Q 1 | | 14 o o o 14
[v4 o [v4 o o [v4 o [v4 [T L. 0 = = | | =

€ 5 8§ o g4 & 2 g

o, =2 < 2 i B Q 2

w ) 3 L L

a

rw rw rw rw rw w w

Bits 31:8 | Reserved, must be kept at reset value.

DF_OVRFL_IRQ_ENA: Decimation filter saturation interrupt enable:
Bit 7 . 0: DF_OVRFL interrupt is disabled

. 1: DF_OVRFL interrupt is enabled

OVR_DF_IRQ_ENA: Decimation filter overrun interrupt enable:
Bit 6 . 0: Decimation filter interrupt is disabled

. 1: Decimation filter interrupt is enabled

OVR_DS_IRQ_ENA: Down sampler overrun interrupt enable:
Bit 5 . 0: Down sampler interrupt is disabled

. 1: Down sampler interrupt is enabled

AWD_IRQ_ENA: Analog watchdog interrupt enable:
Bit 4 . 0: Analog watchdog interrupt is disabled

. 1: Analog watchdog interrupt is enabled

EOS_IRQ_ENA: End of regular sequence interrupt enable:
Bit 3 . 0: EOS interrupt is disabled

. 1: EOS interrupt is enabled

EODF_IRQ_ENA: End of conversion interrupt enable for the decimation filter output:
Bit 2 . 0: EODF interrupt is disabled

. 1: EODF interrupt is enabled

EODS_IRQ_ENA: End of conversion interrupt enable for the down sampler output:
Bit 1 . 0: EODF interrupt is disabled

. 1: EODF interrupt is enabled

Bit 0 Reserved, must be kept at reset value.
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12.6.22 ADC timers configuration register (TIMER_CONF)
Address offset: 0x54
Reset value: 0x0000 9628

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-
w
2,
z

[%2] [} %] n 0 [%2] [} » %] n [%2] [} %] %] 0 d

Q [0) [0) [0) [0) Q Q [0) [0) [0) [0 Q Q [0) [0)

o o o o 14 o o o o [h4 [h4 o o o o DI
T
O
|
o
o
rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

VBIAS_PRECH_DELAY[7:0] ADC_LDO_DELAY[7:0]
rw rw rw w w w rw rw w w rw rw rw rw w rw
Bits
31:17 Reserved, must be kept at reset value.

PRECH_DELAY_SEL.: Selects the time step PD_STEP for the VBIAS_PRECH_DELAY timer.
Bit16 | —0:PD_STEP =4 ps = (32 x4)/32 MHz
—1: PD_STEP =4.096 ms = (32 x 4 x 1024) / 32 MHz

VBIAS_PRECH_DELAY[7:0]: Defines the duration of a waiting time starting at rising edge of PGA_EN signal and
corresponding to the VBIAS precharge pulse duration. The delay is expressed in multiples of PD_STEP knowing
PD_STEP is defined by the PRECH_DELAY_SEL bit value.

Bits 15:8 | The time unitis PD_STEP (4 us or 4.096 ms).
With PRECH_DELAY_SEL=0, the maximum delay is 1.02 ms (255 x 4 ps).

With PRECH_DELAY_SEL=1, the maximum delay is 1044.48 ms (255 x 4.096 ms). Default value is 600 ps (150 x
4 ps).

ADC_LDO_DELAY[7:0]: Defines the duration of a waiting time to be inserted between the ADC_LDO enable and
the ADC ON to let time to the LDO to stabilize before starting a conversion.

Bits 7:0 The time unit is 4 ps.

Maximum delay is 1.02 ms (255 x 4 ps). Default value is 40 = 160 ps.
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DS _DATAOUT
0x44
Reset value
DF_DATAOUT
0x48
Reset value
IRQ_STATUS
0x4C
Reset value
IRQ_ENABLE
0x50
Reset value
TIMER_CONF
0x54
Reset value
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1]
Q
14

Res.
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Res.

Res.

Res.

Res.
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Res.
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Res.
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Res.
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Res.
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Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res. Res.

Res. Res.

PRECH_DELAY_SEL

o

Res.

Res.

Res.

Res.

Res.

Res.

Res.

Res.

[7:0]

VBIAS_PRECH_DELAY|

RN

Res.

Res.

Res.

Res.

o

o

Res.

Res.

[15

DS_DATA

o

[15:0]

DF_DATA

o

Res.

o DF_OVRFL_IRQ_ENA o DF_OVRFL_IRQ o

Res.

OVR_DF_IRQ

OVR_DF_IRQ_ENA

o

o

o

OVR_DS_IRQ

OVR_DS_IRQ_ENA

o

o

o

AWD_IRQ

AWD_IRQ_ENA

o

o

o

EOS_IRQ

EOS_IRQ_ENA

o

o

o

[7:0]

ADC_LDO_DELAY|

EODF_IRQ

EODF_IRQ_ENA

o

o

EODS_IRQ

EODS_IRQ_ENA

o

o

o

EOC_IRQ

EOC_IRQ_ENA

o

o

o

Refer to Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses for the register boundary addresses.
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13 Random number generator (RNG)

The RNG is a random number generator based on a continuous analog noise that provides a 16-bit value to the
host when read.

13.1 Features
. AHB slave peripheral
. Deliver 16-bit random number produced by an analog generator
. Minimum period of 1.25 ps (corresponding to 20 RNGCLK cycles) between two consecutive random

numbers. This is automatically managed by a pulling spacer counter that adds wait-state on the AHB bus
when reading occurs too closely to the previous one

. Monitoring of the entropy of the RNG to flag abnormal behavior (generation of stable values or stable
sequence of values)
. 2 clock domains:

- RNGCLK:16 MHz for the normalization and shifter (specific serial to 16-bit parallel conversion)
- HCLK: AHB clock (16 MHz, 32 MHz or 64 MHz) for the AHB interface
. Can be disabled to reduce power consumption.

Power consumption and RNG:

The internal free-running oscillators are quite power consuming. It is possible to stop them when the RNG is not

used

. After a PORESETN, the internal free-running oscillators are stopped by default to limit consumption

. When the RNG clock tree is enabled through the RCC after a PORESETNn, the oscillators are automatically
restarted

. If the SW enables the RNG clock tree through the RCC, it does not stop the internal oscillator. The SW has

to first set the RNG_CR[2] = RNG_DIS to stop them.

. On the other side, the SW has to restart them by clearing the RNG_DIS bit once the RNG clock tree is re-
enabled.
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13.2 RNG registers

13.2.1 RNG configuration register (RNG_CR)
Address offset: 0x00
Reset value: 0x0000
This register configures the RNG.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. | Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. TST_CLK  RNG_DIS Res. Res.

rw rw

Bits 31:4 | Reserved, must be kept at reset value.
TST_CLK: RNG test clock bit.
Writing this bit with 1b starts the logic that detects the presence of the RNG_CLK.

Then wait (with a timeout of at least four RNGCLK cycles) for REVCLK = 1b in the RNG_SR register. If REVCLK =
Bit3 | Ob after timeout elapsed, it means that RNGCLK is not present and reading RNG_VAL register triggers an AHB
error response.

For security reasons, software should check that the RNGCLK is present before reading random values.
This bit is auto-cleared and always read as 0.
RNG_DIS: RNG disable bit.

This bit enables or disables the random number generator.

. 0: RNG is enabled (default)

. 1: RNG is disabled. The internal free-running oscillators are put in power-down mode and the RNG clock is
stopped at the input of the block.

Bit 2

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

13.2.2 RNG status flag register (RNG_SR)
Address offset: 0x04
Reset value: 0x0000
This register provides status flags of the RNG.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. FAULT | REVCLK | RNGRDY

rc_wi r r

:?;tz Reserved, must be kept at reset value.

FAULT: Fault reveal bit.

This bit is set by hardware when a faulty sequence of bits occurs. The faulty sequences are:
Bit2 . Sequence of more than 32 consecutive bits of samevalue (0b or 1b)

. Sequence of more than 16 consecutive alternation of Oband 1b (010101...01b).

Writing this bit with 1b clears it. Writing with Ob has no effect.
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Bit 1

Bit 0

13.2.3

REVCLK: RNGCLK clock reveal bit.

A write with 1b to bit TSTCLK in RNG_CR resets this bit. If the RNGCLK is present, this bit is 1b after four RNGCLK
cycles after the end of the write to RNG_CR. If REVCLK = 0b after this period, it means the RNGCLK is not present
and reading RNG_VAL triggers an AHB error response.

RNGRDY: New random value ready.

. 0: The RNG_VAL register value is not yet valid. If performing a read access to RNG_VAL, the host is on hold
(by wait-states insertion on the AHB bus) until a random value is available.
. 1: The RNG_VAL register contains a valid random number.

This bit remains at Ob when the RNG is disabled (RNGDIS bit = 1b in RNG_CR)

RNG value register (RNG_VAL)

Address offset: 0x08
Reset value: OxXXXX

This register delivers a 16-bit random value when read. After being read, this register delivers a new random
value only after 20 cycles of RNGCLK. If the host performs a new read before the period has elapsed, the RNG
inserts a wait-state on the AHB bus.

31

Res.

15
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30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

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

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.

Bit 15:0 RANDOM_VALUE: Random value.
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13.24 RNG register map
Refer to Section 2.2.2: Memory map and register boundary addresses for the register boundary addresses.

Note: Despite RNG registers being addressed through AHB, only 32-bit accesses are allowed. Any 8-bit or 16-bit access generates an AHB error leading to
a hard fault on Cortex-MO+.

Table 38. RNG register list

0x00 RNG_CR 0x00000000 RNG configuration register. See Section 13.2: RNG registers
0x04 RNG_SR RO 0x00000000 RNG status register. See Section 13.2: RNG registers
0x08 RNG_VAL RO 0x00000000 RNG 16-bit random value. See Section 13.2: RNG registers

1. These acronyms have the following meaning: RW = read and write; RO = read only.
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14 Public key accelerator (PKA)

The public key accelerator is an AHB slave block dedicated to the computation of cryptographic public key
primitives related to ECC (elliptic curve cryptography) using a predefined prime modulus and a predefined curve.

The PKA core is clocked by the system clock divided by two and the PKA memory is clocked by system clock.

14.1 Features
The main features of the PKA block are:
. Elliptic curve Diffie-Hellman (ECDH) public-private key pair calculation accelerator
. Based on the Montgomery method for fast modular multiplications
. Built-in Montgomery domain inward and outward transforations
. AMBA AHB lite slave interface with a reduced command set
. Single port internal memory available for the system when the STM32WB07xC and STM32WB06xC PKA
is not using it.
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14.2 PKA registers

14.2.1 PKA command and status register (PKA_CSR)
Address offset: 0x00
Reset value: 0x0000 0002

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

Res. Res.  Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
z 5

Res.  Res. Res. | Res. Res. Res. Res. Res. |_| Res. Res. Res. Res. Res. E 8
Lo o
7}
rw r rw

Bits 31:8 Reserved, must be kept at zero

SFT_RST: PKA software reset.

. Writing O clears the bit and releases the PKA block reset.
Bit7 | ° Writing 1 resets the PKA block. The PKA RAM content is not changed.

Note: When the SFT_RST is set, the access to the PKA registers is not blocked, only the core is under
reset.
Bits 6:2 | Reserved, must be kept at zero

READY: PKA readiness status.

. 0: The PKA is still computing
Bit 1 . 1: The PKA is ready to start a new calculation

Caution: If READY bit is high, the PKA cannot be accessed through the AHB interface.
The rising edge of the READY bit set the PROC_END flag in the PKA_ISR register.

GO: PKA start processing command.

. Writing 0 has no effect

Bit 0 . Writing 1 starts the encryption engine

This bit must be written back to zero before the end of the calculation.
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14.2.2 PKA interrupt status register (PKA_ISR)
Address offset: 0x04
Reset value: 0x0000 0000

The PKA_ISR register gives the interrupts status of the PKA block. To clear a pending interrupt, it is necessary to
chain two writings in the corresponding bit: write 1’b1 and then 1’b0.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0
m D
% i g
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. §| 2I Res. o'
a Z o
< o4 &
rw w rw
Bits
31:4 Reserved, must be kept at reset value
ADD_ERR: AHB Address error interrupt. When read:
. 0: All AHB read or write access to the PKA RAM occurred in a mapped address range
. 1: All AHB read or write access to the PKA RAM occurred in an unmapped address range

Bit3 | When written:

To clear the pending interrupt, the user must write this bit to 1 and clear it just after by writing 0. If the write 0 does not
occur, the interrupt is generated on next event towards the CPU if enabled in PKA_IER but the flag is seen at 0 when
the interrupt handler reads it in this register (as clear action is still active).

RAM_ERR: RAM read / write access error interrupt. When read:

. 0: All AHB read or write access to the PKA RAM occurred while the PKA was stopped
. 1: All the AHB read or write access to the PKA RAM occurred while the PKA was operating and using the
internal RAM. Those read or write could not succeed as the PKA internal RAM is disconnected from the AHB
Bit 2 bus when the PKA is operating (READY bit low).

When written:

To clear the pending interrupt, the user must write this bit to 1 and clear it just after by writing 0. If the write 0 does not
occur, the interrupt is generated on next event towards the CPU if enabled in PKA_IER but the flag is seen at 0 when
the interrupt handler reads it in this register (as clear action is still active).

Bit 1 | Reserved, must be kept at reset value

PROC_END: PKA process ending interrupt. When read:

. 0: No new event detected
. 1: The PKA process is ended (This bit is set to 1 when the PKA_CSR.READY bit rises.)

BitO ' when written:

To clear the pending interrupt, the user must write this bit to 1 and clear it just after by writing 0. If the write 0 does not
occur, the interrupt is generated on next event towards the CPU if enabled in PKA_IER but the flag is seen at 0 when
the interrupt handler reads it in this register (as clear action is still active).
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14.2.3 PKA control register (PKA_IEN)
Address offset: 0x08
Reset value: 0x0000 0000
The PKA_IEN register allows enabling of the PKA interrupts.

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

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
zZ =z

z

" o o

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. 5 ﬁ Res. E

= 2 3

< P @

rw w rw

Bits 31:4 Reserved, must be kept at reset value
ADDERR_EN: AHB Address error interrupt enable.
Bit 3 . 0: ADD_ERR interrupt is disabled

. 1: ADD_ERR interrupt is enabled

RAMERR_EN: RAM access error interrupt enable.
Bit 2 . 0: RAM_ERR interrupt is disabled

. 1: RAM_ERR interrupt is enabled
Bit 1 Reserved, must be kept at reset value

READY_EN: READY interrupt enable.

Bit 0 . 0: READY interrupt is disabled
. 1: READY interrupt is enabled
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14.2.4 PKA register map
The device communicates to the PKA via 32-bit-wide control registers accessible via the AMBA™ rev. 2.0 “AHB bus.
Refer to Table 3. STM32WB07xC and STM32WB06xC memory map and peripheral register boundary addresses.
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Table 39. PKA register map
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14.3 Programmer model

14.3.1 Basic sequence
The typical sequence to use the PKA block is the following:
. Load input data into the PKA internal memory (PKA_RAM).
Assert the GO command by setting the GO bit in the PKA_CSR register.
Wait for READY bit setting (by polling READY bit in PKA_CSR register or through PROC_END interrupt).
Copy back elaboration results from PKA internal memory.

—_

hPown

14.3.2 Data location in PKA_RAM

The input and output data have a specific location in PKA_RAM. The locations are specified in Table 40. ECC
scalar multiplication data location.

Table 40. ECC scalar multiplication data location

Parameter description m Address (decimal) | Size (words) | PKA_RAM offset address

Input

‘K’ of kP ecc_addr_k 27 EOS 0x6C
36 0x90

Initial point P, coordinates X,Y | ecc_addr_px ecc_addr_py 2*EOS(")
45 0xB4

Output

36 0x90

Coordinates X,Y, of the results  ecc_addr_px ecc_addr_py 2*EOS(")
45 0xB4
Error ecc_addr_kp_error 0 1 0x00

1. EOS:ECC operand size.

The error field returns one if the input point is not a valid point so does not statisfy the curve equation. In this case
the computation is very short. If the error field is zero at the end of the calculation, then the result should be
considered as valid. The maximum length of data is calculated with the following formula:

max. EOS = (max_ecc_size / word_size) + 1.

Example 1

If ECC P256 is used, an operand needs (256 / 32 + 1) words, so 9 words are needed by the PKA core. When

loading an input that is represented on 256 bits = 8 words, an additional word is requested and has to be filled
with zero.
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15 Cyclic redundancy check calculation unit (CRC)

15.1 Introduction

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from 8-, 16- or 32-bit data word
and a generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or storage integrity. In the
purpose of the functional safety standards, they offer a means of verifying the Flash memory integrity. The CRC
calculation unit helps compute a signature of the software during runtime, to be compared with a reference
signature generated at link time and stored at a given memory location.

15.2 CRC main features
. Fully programmable polynomial with programmable size (7, 8, 16, 32-bits).
. Handles 8, 16, 32-bit data size
. Programmable CRC initial value
. Single input/output 32-bit data register
. Input buffer to avoid bus stall during calculation
. CRC computation done in 4 AHB clock cycles (HCLK) for the 32-bit data size
. General-purpose 8-bit register (can be used for temporary storage)

. Reversibility option on I/Odata.

15.3 CRC functional description

15.3.1 CRC block diagram

Figure 27. CRC calculation unit block diagram

< 32-bit AHB bus >
i} il

\/ 32-bit (read access)
Data register (output)

| it

CRC computation

32-bit (write access) {} ﬁ

Data register (input)

crc_hclk —»|

15.3.2 CRC operation

The CRC calculation unit has a single 32-bit read/write data register (CRC_DR). It is used to input new data (write
access), and holds the result of the previous CRC calculation (read access).

Each write operation to the data register creates a combination of the previous CRC value (stored in CRC_DR)
and the new one. CRC computation is done on the whole 32-bit data word or byte-by-byte depending on the
format of the data being written.

The CRC_DR register can be accessed by word, right-aligned half-word and right-aligned byte. For the other
registers only 32-bit access is allowed.

The duration of the computation depends on data width:
. 4 AHB clock cycles for 32-bit
. 2 AHB clock cycles for 16-bit
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. 1 AHB clock cycles for 8-bit.

An input buffer allows a second data to be immediately written without waiting for any wait states due to the
previous CRC calculation.

The data size can be dynamically adjusted to minimize the number of write accesses for a given number of bytes.
For instance, a CRC for 5 bytes can be computed with a word write followed by a byte write.

The input data can be reversed, to manage the various endianness schemes. The reversing operation can be
performed on 8 bits, 16 bits and 32 bits depending on the REV_IN[1:0] bits in the CRC_CR register.

For example: input data 0x1A2B3C4D is used for CRC calculation as:

. 0x58D43CB2 with bit-reversal done by byte

. 0xD458B23C with bit-reversal done by half-word

. 0xB23CD458 with bit-reversal done on the full word.

The output data can also be reversed by setting the REV_OUT bit in the CRC_CR register.

The operation is done at bit level: for example, output data 0x11223344 is converted into 0x22CC4488.

The CRC calculator can be initialized to a programmable value using the RESET control bit in the CRC_CR
register (the default value is OXFFFFFFFF).

The initial CRC value can be programmed with the CRC_INIT register. The CRC_DR register is automatically
initialized upon CRC_INIT register write access.

The CRC_IDR register can be used to hold a temporary value related to CRC calculation. It is not affected by the
RESET bit in the CRC_CR register.

Polynomial programmability

The polynomial coefficients are fully programmable through the CRC_POL register, and the polynomial size can
be configured to be 7, 8, 16 or 32 bits by programming the POLYSIZE[1:0] bits in the CRC_CR register. Even
polynomials are not supported.

If the CRC data is less than 32-bit, its value can be read from the least significant bits of the CRC_DR register.

To obtain a reliable CRC calculation, the change on-the-fly of the polynomial value or size can not be performed
during a CRC calculation. As a result, if a CRC calculation is on-going, the application must either reset it or
perform a CRC_DR read before changing the polynomial.

The default polynomial value is the CRC-32 (Ethernet) polynomial: 0x4C11DB7.
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15.4 CRC registers

15.4.1 Data register (CRC_DR)
Address offset: 0x00
Reset value: OxFFFF FFFF

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

rw w rw w rw w w rw rw w w w 'w rw w rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DR[15:0]
rw rw

DR[31:0]: Data register bits

Bits This register is used to write new data to the CRC calculator. It holds the previous CRC calculation result when it is
31:0 | read.

If the data size is less than 32 bits, the least significant bits are used to write/read the correct value.

15.4.2 Independent data register (CRC_IDR)
Address offset: 0x04
Reset value: 0x0000 0000

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

IDR[31:16]

w w w rw rw w 'w w w w w w rw rw w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IDR[31:16]

w rw rw rw rw rw 'w w rw w rw rw rw rw w w

Bits 310 IDR[31:0]: This field can be used to hold a temporary value related to the CRC calculation. It is not affected by the
"~ RESET bit in the CRC_CR register.
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15.4.3 Control register (CRC_CR)
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. = Res. Res. Res. ' Res. Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

REV_OUT = REV_IN[1:0] POLYSIZE[1:0] Res. Res. RESET

rw rw w rw rw w

Bits 31:8 | Reserved, must be kept cleared.
REV_OUT: Reverse output data
Bit 7 | This bit controls the reversal of the bit order of the output data. 0: Bit order not affected
1: Bit-reversed output format
REV_IN[1:0]: Reverse input data.
These bits control the reversal of the bit order of the input data.
Bits 6:5 00: Bit order not affected
01: Bit reversal done by byte
10: Bit reversal done by half-word
11: Bit reversal done by word
POLYSIZE[1:0]: Polynomial size.
These bits control the size of the polynomial.
Bits 4:3 00: 32-bit polynomial
01: 16-bit polynomial
10: 8-bit polynomial
11: 7-bit polynomial
Bits 2:1 ' Reserved, must be kept cleared.
RESET: RESET bit

Bit0 | This bitis set by software to reset the CRC calculation unit and set the data register to the value stored in the
CRC_INIT register. This bit can only be set, it is automatically cleared by hardware.
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15.4.4 Initial CRC value (CRC_INIT)
Address offset: 0x10
Reset value: OxFFFF FFFF

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

CRC_INIT[31:16]
w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC_INIT[15:0]

rw rw rw rw rw rw w w w rw rw rw rw rw rw w

Bits 31:0 A CRC_INIT: Programmable initial CRC value. This register is used to write the CRC initial value.

15.4.5 CRC polynomial (CRC_POL)
Address offset: 0x14
Reset value: 0x04C11DB7

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

POL[31:16]
w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POL[15:0]

rw rw rw rw rw rw rw w w w rw rw rw rw rw rw

Bits 31:0  POL[31:0]: CRC polynomial coefficients. This allows programming of the polynomial coefficients.
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15.4.6 CRC register map

Table 41. CRC register map and reset values

e e e e e e e ) B e R R R R R R R R R R E

CRC_DR DRI[31:0]
0x00
Reset 4 'y 41 1 1141414 1111111111111 11111111111
value
CRC_IDR IDR[31:0]
0x04 Reset
el (00 0 0 0000000000000 O0O0O0O0O0000000000O
— | =T
- g &
. 3 o o i
CRCCR 8 &8 8 &8 8 &8 8 &8 8 8 8 8 8 8 8 8 8 8 8 8 &8 888- % YN 8w
vzn:ncn:n:vzn:ncn:n:ncn:ncncn:ncn:ncrxn:nzncn:nc>>|errxm
0x08 ooz 4
¢ O
o
Reset 00 0 0
value
CRC_INIT CRC_INIT[31:0]
0x10
Reset 4 4 114 1111 1111111111111 11111111111
value
CRC_POL POL[31:0]
0x14
Reset 0x04C11DB7
value

Refer to Section 2.2.2: Memory map and register boundary addresses for the register boundary addresses.
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16 Advanced-control timers (TIM1)

In this section, “TIMx” should be understood as “TIM1” since there is only one instance of this timer in the
STM32WB07xC and STM32WB06xC devices.

16.1 TIM1 introduction

The advanced-control timers (TIM1) consist of a 16-bit auto-reload counter driven by a programmable prescaler.

It may be used for a variety of purposes, including measuring the pulse lengths of input signals (input capture) or
generating output waveforms (output compare, PWM, complementary PWM with deadtime insertion).

Pulse lengths and waveform periods can be modulated from a few microseconds to several milliseconds using
the timer prescaler on the timer input clock which is at 64 MHz.

16.2 TIM1 main features
TIM1 timer features include:
. 16-bit up, down, up/down auto-reload counter
. 16-bit programmable prescaler allowing dividing (also “on-the-fly”) the counter clock frequency either by
any factor between 1 and 65536
. Up to 6 independent channels for:

- Input capture (except channels 5 and 6)

- Output compare

- PWM generation (edge and center-aligned mode)
- One-pulse mode output

. Complementary outputs with programmable deadtime

. Synchronization circuit to control the timer with external signals

. Repetition counter to update the timer registers only after a given number of cycles of the counter
. 2 break inputs to put the timer output signals in a safe user selectable configuration

. Interrupt generation on the following events:

- Update: counter overflow/underflow, counter initialization (by software or internal/external trigger)
- Trigger event (counter start, stop, initialization or count by internal/external trigger)
- Input capture
- Output compare
. Supports incremental (quadrature) encoder for positioning purposes
. Trigger input for external clock or cycle-by-cycle current management.
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Figure 28. Advanced-control timer block diagram
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16.3 TIM1 functional description

16.3.1 Time-base unit

The main block of the programmable advanced-control timer is a 16-bit counter with its related auto-reload
register. The counter can count up, down or both up and down. The counter clock can be divided by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by software. This is true
even when the counter is running.

The time-base unit includes:

. Counter register(TIMx_CNT)

. Prescaler register(TIMx_PSC)

. Auto-reload register(TIMx_ARR)

. Repetition counter register(TIMx_RCR)

The auto-reload register is preloaded. Writing to or reading from the auto-reload register accesses the preload
register. The contents of the preload register are transferred into the shadow register permanently or at each
update event (UEV), depending on the auto-reload preload enable bit (ARPE) in TIMx_CR1 register. The update
event is sent when the counter reaches the overflow (or underflow when down-counting) and if the UDIS bit
equals 0 in the TIMx_CR1 register. It can also be generated by software. The generation of the update event is
described in detail for each configuration.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the counter enable bit (CEN)
in TIMx_CR1 register is set (refer also to the slave mode controller description to get more details on counter
enabling).

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIMx_CR1 register.
Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It is based on a 16-bit
counter controlled through a 16-bit register (in the TIMx_PSC register). It can be changed on-the-fly as this control
register is buffered. The new prescaler ratio is taken into account at the next update event.

Figure 29. Counter timing diagram with prescaler division change from 1 to 2 and Figure 30. Counter timing
diagram with prescaler division change from 1 to 4 give some examples of the counter behavior when the
prescaler ratio is changed on-the-fly

Figure 29. Counter timing diagram with prescaler division change from 1 to 2

orse JUUUUUUUUULUUUUUT

CEN |
Timer clock = CK_CNT |—| |_| |_| |_|
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Update event (UEV) |_|

Prescaler control register 0 ‘X 1

Write a new value in TIMx_PSC

Prescaler buffer 0 X 1
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Figure 30. Counter timing diagram with prescaler division change from 1 to 4

arse JUUUUUUUTUUUUUUUYT

CEN |
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Update event (UEV) [
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16.3.2 Counter modes
Up-counting mode

In up-counting mode, the counter counts from 0 to the auto-reload value (content of the TIMx_ARR register), then
restarts from 0 and generates a counter overflow event.

If the repetition counter is used, the update event (UEV) is generated after up-counting is repeated for the number
of times programmed in the repetition counter register (TIMx_RCR) + 1. Otherwise, the update event is generated
at each counter overflow.

Setting the UG bit in the TIMx_EGR register (by software or by using the slave mode controller) also generates an
update event.

The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register. This is to avoid
updating the shadow registers while writing new values in the preload registers. Then no update event occurs
until the UDIS bit has been written to 0. However, the counter restarts from 0, as well as the counter of the
prescaler (but the prescale rate does not change). In addition, if the URS bit (update request selection) in
TIMx_CR1 register is set, setting the UG bit generates an update event UEV but without setting the UIF flag (thus
no interrupt is sent). This is to avoid generating both update and capture interrupts when clearing the counter on
the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR register) is
set (depending on the URS bit):

. The repetition counter is reloaded with the content of TIMx_RCR register
. The auto-reload shadow register is updated with the preload value (TIMx_ARR)
. The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).

The following figures show some examples of the counter behavior for different clock frequencies when
TIMx_ARR=0x36.
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Figure 31. Counter timing diagram, internal clock divided by 1

arse JUUUUUUUUUTUUUUU
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Figure 32. Counter timing diagram, internal clock divided by 2
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Figure 33. Counter timing diagram, internal clock divided by 4
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Figure 34. Counter timing diagram, internal clock divided by N
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Figure 35. Counter timing diagram, update event when ARPE=0 (TIMx_ARR not preloaded)
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Figure 36. Counter timing diagram, update event when ARPE=1 (TIMx_ARR preloaded)

ocpse JUUUUHHUUUUT LT
ceN |
mmercock=ck ont [T U U U U U UUU UL

Counter overflow |_|

Update event (UEV) |_|
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Down-counting mode

In down-counting mode, the counter counts from the auto-reload value (content of the TIMx_ARR register) down
to 0, then restarts from the auto-reload value and generates a counter underflow event.

If the repetition counter is used, the update event (UEV) is generated after down-counting is repeated for the
number of times programmed in the repetition counter register (TIMx_RCR) +1. Otherwise, the update event is
generated at each counter underflow.

Setting the UG bit in the TIMx_EGR register (by software or by using the slave mode controller) also generates an
update event.

The UEV update event can be disabled by software by setting the UDIS bit in TIMx_CR1 register. This is to avoid
updating the shadow registers while writing new values in the preload registers. Then no update event occurs
until UDIS bit has been written to 0. However, the counter restarts from the current auto-reload value, whereas the
counter of the prescaler restarts from 0 (but the prescale rate does not change).

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit generates an
update event UEV but without setting the UIF flag (thus no interrupt is sent). This is to avoid generating both
update and capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR register) is
set (depending on the URS bit):

. The repetition counter is reloaded with the content of TIMx_RCR register
. The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)
. The auto-reload active register is updated with the preload value (content of the TIMx_ARR register). Note

that the auto-reload is updated before the counter is reloaded, so that the next period is the expected one.

The following figures show some examples of the counter behavior for different clock frequencies when
TIMx_ARR=0x36.
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Figure 37. Counter timing diagram, internal clock divided by 1
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Figure 38. Counter timing diagram, internal clock divided by 2

orse JUUUUTTTUUUHUUTL
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Figure 39. Counter timing diagram, internal clock divided by 4
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Figure 40. Counter timing diagram, internal clock divided by N
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Counter register 20 1F 00 ){ 36
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Figure 41. Counter timing diagram, update event when repetition counter is not used
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Center-aligned mode (up/down-counting)

In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the TIMx_ARR register) —
1, generates a counter overflow event, then counts from the auto-reload value down to 1 and generates a counter
underflow event. Then it restarts counting from 0.

Center-aligned mode is active when the CMS bits in TIMx_CR1 register is not equal to '00". The output compare
interrupt flag of channels configured in output is set when: the counter counts down (Center aligned mode 1, CMS
="01"), the counter counts up (Center aligned mode 2, CMS = "10") the counter counts up and down (Center
aligned mode 3, CMS ="11").

In this mode, the DIR direction bit in the TIMx_CR1 register cannot be written. It is updated by hardware and
gives the current direction of the counter.

The update event can be generated at each counter overflow and at each counter underflow or by setting the UG
bit in the TIMx_EGR register (by software or by using the slave mode controller) also generates an update event.
In this case, the counter restarts counting from 0, as well as the counter of the prescaler.

The UEV update event can be disabled by software by setting the UDIS bit in the TIMx_CR1 register. This is to
avoid updating the shadow registers while writing new values in the preload registers. Then no update event
occurs until UDIS bit has been written to 0. However, the counter continues counting up and down, based on the
current auto-reload value.

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the UG bit generates a
UEV update event but without setting the UIF flag (thus no interrupt is sent). This is to avoid generating both
update and capture interrupts when clearing the counter on the capture event.

RMO0530 - Rev 3 page 244/660



m RM0530

Advanced-control timers (TIM1)

When an update event occurs, all the registers are updated and the update flag (UIF bit in TIMx_SR register) is
set (depending on the URS bit):

. The repetition counter is reloaded with the content of TIMx_RCR register
. The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register)
. The auto-reload active register is updated with the preload value (content of the TIMx_ARR register). Note

that if the update source is a counter overflow, the auto-reload is updated before the counter is reloaded,
so that the next period is the expected one (the counter is loaded with the new value).

The following figures show some examples of the counter behavior for different clock frequencies.

Figure 42. Counter timing diagram, internal clock divided by 1, TIMx_ARR = 0x6

opse JUUHTUUTTUUUUUTUTL
ceN |
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Counter underflow I_L

Update event (UEV) I_L

Update interrupt flag (UIF) I

Auto-reload register FF ‘X 36

Write a new value in TIMXx_ARR

Note: Here, center-aligned mode 1 is used (for more details refer to Section 16.4: TIM1 registers).

Figure 43. Counter timing diagram, internal clock divided by 2
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Figure 44. Counter timing diagram, internal clock divided by 4, TIMx_ARR=0x36
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Figure 45. Counter timing diagram, internal clock divided by N
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Counter underflow
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Figure 46. Counter timing diagram, update event with ARPE=1 (counter underflow)
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Figure 47. Counter timing diagram, update event with ARPE=1 (counter overflow)
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16.3.3 Repetition counter

Section 16.3.1: Time-base unit describes how the update event (UEV) is generated with respect to the counter
overflows/underflows. It is actually generated only when the repetition counter has reached zero. This can be
useful when generating PWM signals.

This means that data are transferred from the preload registers to the shadow registers (TIMx_ARR auto-reload
register, TIMx_PSC prescaler register, but also TIMx_CCRXx capture/compare registers in compare mode) every
N+1 counter overflows or underflows, where N is the value in the TIMx_RCR repetition counter register.

The repetition counter is decremented:

. At each counter overflow in up-counting mode
. At each counter underflow in down-counting mode
. At each counter overflow and at each counter underflow in center-aligned mode. Although this limits the

maximum number of repetition to 32768 PWM cycles, it makes it possible to update the duty cycle twice
per PWM period. When refreshing compare registers only once per PWM period in center-aligned mode,
maximum resolution is 2xT¢, due to the symmetry of the pattern.

The repetition counter is an auto-reload type; the repetition rate is maintained as defined by the TIMx_RCR
register value (refer to Figure 48. Update rate examples depending on mode and TIMx_RCR register settings).

When the update event is generated by software (by setting the UG bit in TIMx_EGR register) or by hardware
through the slave mode controller, it occurs immediately whatever the value of the repetition counter is and the
repetition counter is reloaded with the content of the TIMx_RCR register.

In center-aligned mode, for odd values of RCR, the update event occurs either on the overflow or on the
underflow depending on when the RCR register was written and when the counter was launched: if the RCR was
written before launching the counter, the UEV occurs on the overflow. If the RCR was written after launching the
counter, the UEV occurs on the underflow.

For example, for RCR = 3, the UEV is generated each 4t overflow or underflow event depending on when the
RCR was written.

RMO0530 - Rev 3 page 247/660



‘_ RM0530
,’ Advanced-control timers (TIM1)

Figure 48. Update rate examples depending on mode and TIMx_RCR register settings

Center-aligned mode Edge-aligned mode

Upcounting Downcounting

Counter
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ANNNNN AV NNNNNNN
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TIMx_RCR=2 UEVaA A A A A

NNV M NN

TMx RCR=3 UEWA A4 A4 AN & 4 4 T
re-synchronization UE\L.-A+ + + + + + + + +
(by SW) (by SW) (by SW)

UEVGA Update Event: Preload registers transferred to active registers and update interrupt generated
/I\ Update Event if the repetition counter underflow occurs when the counter is equal to the auto-reload value.

16.3.4 External trigger input
The timer features an external trigger input ETR. It can be used as:
. External clock (external clock mode 2, see Section 16.3.5:)
. Trigger for the slave mode (see Section 16.4: TIM1 registers)

. PWM reset input for cycle-by-cycle current regulation Section 16.3.17: Clearing the OCxREF signal on an
external event).

Figure 49. External trigger input block below describes the ETR input conditioning. The input polarity is defined
with the ETP bit in TIMx_SMCR register. The trigger can be prescaled with the divider programmed by the
ETPS[1:0] bit field and digitally filtered with the ETF[3:0] bit field.

Figure 49. External trigger input block

ETR input} ETRP To the Output mode controller
divider filter Tothe CK PSC circuit
M,12, 14,18 fyrs — downcounter > Tothe CK_| clreurtry
‘ ‘ To the Slave mode controller
ETPS[1:0] ‘ ETF[3:0] ‘
TIMx_SMCR TIMx_SMCR TIMx_SMCR

The ETR input comes from input pins (see Table 8. GPIO alternate options AF3 - AF4 and Table 9. I/O analog
feature mapping ).
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16.3.5 Clock selection
The counter clock can be provided by the following clock sources:
. Internal clock (CK_INT)
. External clock mode1: external input pin
Note: Only channel 1 and channel 2 support the external clock mode 1.
. External clock mode 2: external trigger input ETR
. Encoder mode.

Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS=000), then the CEN, DIR (in the TIMx_CR1 register) and UG bits (in
the TIMx_EGR register) are actual control bits and can be changed only by software (except UG which remains
cleared automatically). As soon as the CEN bit is written to 1, the prescaler is clocked by the internal clock
CK_INT.

Figure 50. Control circuit in normal mode, internal clock divided by 1 shows the behavior of the control circuit and
the upcounter in normal mode, without prescaler.

Figure 50. Control circuit in normal mode, internal clock divided by 1

Internal clock
CEN=CNT_EN J
UG [ ]
CNT_INIT [ ]
Counter clock = CK_CNT = CK_PSC
Counter register 31 32133134 36} 00 m 02 @

External clock source mode 1

This mode is selected when SMS=111 in the TIMx_SMCR register. The counter can count at each rising or falling
edge on a selected input.

Figure 51. TI2 external clock connection example

TIMx_SMCR

orTI2F§ oy
THHFA or¥y  |encoder
—————mode

TRGI external clock
4 mode 1

0xx
Reserved 100
Ed TI2F_Rising
TI2 : e
D—| Filter H Detedtor [TI2F Falling .

ICF[3:0] CK_INTA internal clock

TIMx_CCMR1 TIMx_CCER (internal clock) mode
SMS[2:0]

TIMx_SMCR

CK_PSC
=

TI2FP2
ETRF external clock
Reserved A mode 2

For example, to configure the upcounter to count in response to a rising edge on the TI2 input, use the following
procedure:

1. Select the proper TI2x source (internal or external) with the TI2SEL[3:0] bits in the TIMx_TISEL register.

2. Configure channel 2 to detect rising edges on the TI2 input by writing CC2S = ‘01’ in the TIMx_CCMR1
register.
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3. Configure the input filter duration by writing the IC2F[3:0] bits in the TIMx_CCMR1 register (if no filter is
needed, keep IC2F=0000).

Select rising edge polarity by writing CC2P=0 and CC2NP=0 in the TIMx_CCER register.
Configure the timer in external clock mode 1 by writing SMS=111 in the TIMx_SMCR register.
Select TI2 as the trigger input source by writing TS=110 in the TIMx_SMCR register.

Enable the counter by writing CEN=1 in the TIMx_CR1 register.

No o~

Note: The capture prescaler is not used for triggering, so you do not need to configure it.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge on TI2 and the actual clock of the counter is due to the resynchronization
circuit on TI2 input.

Figure 52. Control circuit in external clock mode 1

TI2 [T ] [ ]
CNT_EN |
Counter clock = CK_CNT = CK_PSC —l
Counter register 34 35 X 36

TIF [ ] -

Write TIF=0 /

External clock source mode 2

This mode is selected by writing ECE=1 in the TIMx_SMCR register.

The counter can count at each rising or falling edge on the external trigger input ETR.
Shown below in Figure 53. External trigger input block.

Figure 53. External trigger input block

OrTI2F§ orvy.
TIMFA ory  |encoder
————Imode

TRGI external clock
# mode 1

. ETR
ETR inputD divider ETRP filter ETRF & external clock
1,12, 14,18 f downcounter mode 2
>. DTS —| )

CK_INT & [internal clock
(internal clock) mode
ETP ETPS[1:0] ETF[3:0]
TIMx_SMCR TIMx_SMCR TIMx_SMCR SMS[2:0]

TIMx_SMCR

CK_PSC
;’

For example, to configure the upcounter to count each 2 rising edges on ETR, use the following procedure:
As no filter is needed in this example, write ETF[3:0]=0000 in the TIMx_SMCR register.

Set the prescaler by writing ETPS[1:0]=01 in the TIMx_SMCR register.

Select rising edge detection on the ETR pin by writing ETP=0 in the TIMx_SMCR register.

Enable external clock mode 2 by writing ECE=1 in the TIMx_SMCR register.

Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The counter counts once each 2 ETR rising edges.

S
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Lys

The delay between the rising edge on ETR and the actual clock of the counter is due to the resynchronization
circuit on the ETRP signal.

Figure 54. Control circuit in external clock mode 2

fok INT
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|
.

ETR [ S s |
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ETRF |

Counter clock = CK_CNT = CK_PSC

L
Counter register 34 X 35 @

16.3.6 Capture/compare channels

Each capture/compare channel is built around a capture/compare register (including a shadow register), an input
stage for capture (with digital filter, multiplexing, and prescaler, except for channels 5 and 6) and an output stage
(with comparator and output control).

Figure 55. Capture/compare channel (example: channel 1 input stage) to Figure 58. Output stage of capture/
compare channel (channel 4) give an overview of one capture/compare channel.

The input stage samples the corresponding TIx input to generate a filtered signal TIxF. Then, an edge detector
with polarity selection generates a signal (TIxFPx) which can be used as trigger input by the slave mode controller
or as the capture command. It is prescaled before the capture register (ICxPS).

Figure 55. Capture/compare channel (example: channel 1 input stage)

to the slave mode controller

o— "t filter THF Edge o1
fors downcounter Detector  |TI1F_Falling
TI2FP1 IC1 divider IC1PS
10 1,12,14, 18
ICF[3:0] CC1P/CCINP TRC
TIMx CCMR1 TIMx_CCER (from slave mode "
- . controller)
TI2F _rising
(from channel 2) ] -
TIor faling |CC1S[1.0]| ICPS[1:0] | |CC1E|
(from channel 2) TIMx_CCMR1 TIMx_CCER

The output stage generates an intermediate waveform which is then used for reference: OCxRef (active high).
The polarity acts at the end of the chain.
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Figure 56. Capture/compare channel 1 main circuit
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Counter | CNT=CCRY1
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Figure 57. Output stage of capture/compare channel (channel 1, idem ch. 2 and 3)

TIMx_SMCR
0oCCSs
To the master mode
OCREF_CLR
| ) controller
ETRF 1 Output ocC1
0 enable 4o
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(r)rlngz:t Output Dead-time
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OC5REF — | circuit
A
[ociceloctmo] [acsct] [oTer70]| |ccinE[ccte|  [ccinp| [moE|ossiossR]
TIM1_CCMR1  TIM1_CCR5 TIM1_BDTR TIM1_CCER TIM1_CCER TIM1_BDTR
Note: OCXREF, where x is the rank of the complementary channel.

Figure 58. Output stage of capture/compare channel (channel 4)
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RMO0530 - Rev 3 page 252/660




‘_ RM0530
,’ Advanced-control timers (TIM1)

Figure 59. Output stage of capture/compare channel (channel 5, idem ch.6)
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Not available externally.

The capture/compare block is made of one preload register and one shadow register. Write and read always
access the preload register.

In capture mode, captures are actually done in the shadow register, which is copied into the preload register.

In compare mode, the content of the preload register is copied into the shadow register which is compared to the
counter.

16.3.7 Input capture mode

In input capture mode, the capture/compare registers (TIMx_CCRXx) are used to latch the value of the counter
after a transition detected by the corresponding ICx signal. When a capture occurs, the corresponding CCXIF flag
(TIMx_SR register) is set and an interrupt can be sent if they are enabled. If a capture occurs while the CCxIF flag
was already high, then the overcapture flag CCxOF (TIMx_SR register) is set. CCxIF can be cleared by software
by writing it to ‘0’ or by reading the captured data stored in the TIMx_CCRXx register. CCxOF is cleared when you
write it to ‘0’.

The following example shows how to capture the counter value in TIMx_CCR1 when TI1 input rises. To do this,
use the following procedure:

. Select the active input: TIMx_CCR1 must be linked to the TI1 input, so write the CC1S bits to 01 in the
TIMx_CCMR1 register. As soon as CC1S becomes different from 00, the channel is configured in input and
the TIMx_CCR1 register becomes read-only.

. Program the input filter duration you need with respect to the signal you connect to the timer (when the
input is one of the TIx (ICxF bits in the TIMx_CCMRXx register). Imagine that, when toggling, the input signal
is not stable during, at most, 5 internal clock cycles. A filter duration longer than these 5 clock cycles must
be programmed. A transition on TI1 can be validated when 8 consecutive samples with the new level have
been detected (sampled at fDTS frequency). Then write IC1F bits to 0011 in the TIMx_CCMR1 register.

. Select the edge of the active transition on the TI1 channel by writing CC1P and CC1NP bits to 0 in the
TIMx_CCER register (rising edge in this case).

. Program the input prescaler. In our example, we wish the capture to be performed at each valid transition,
so the prescaler is disabled (write IC1PS bits to ‘00’ in the TIMx_CCMR1 register).

. Enable capture from the counter into the capture register by setting the CC1E bit in the TIMx_CCER
register.

. If needed, enable the related interrupt request by setting the CC1IE bit in the TIMx_DIER register.

When an input capture occurs:
- The TIMx_CCR1 register gets the value of the counter on the active transition.

- CCA1IF flag is set (interrupt flag). CC10F is also set if at least two consecutive captures occurred
whereas the flag was not cleared.

- An interrupt is generated depending on the CC1IE bit.

In order to handle the overcapture, it is recommended to read the data before the overcapture flag. This is to
avoid missing an overcapture which could happen after reading the flag and before reading the data.
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Note:

16.3.8
Note:

16.3.9

IC interrupt can be generated by software by setting the corresponding CCxG bit in the TIMx_EGR register.

PWM input mode
Only channel 1 and channel 2 support this PWM input mode.

This mode is a particular case of input capture mode. The procedure is the same except:

. Two ICx signals are mapped on the same TIx input

. These 2 ICx signals are active on edges with opposite polarity

. One of the two TIXFP signals is selected as trigger input and the slave mode controller is configured in
reset mode.

For example, you can measure the period (in TIMx_CCR1 register) and the duty cycle (in TIMx_CCR2 register) of
the PWM applied on TI1 using the following procedure (depending on CK_INT frequency and prescaler value):

. Select the active input for TIMx_CCR1: write the CC1S bits to 01 in theTIMx_CCMR1 register (TI1
selected).

. Select the active polarity for TI1FP1 (used both for capture in TIMx_CCR1 and counter clear): write the
CC1P and CC1NP bits to ‘0’ (active on rising edge).

. Select the active input for TIMx_CCR2: write the CC2S bits to 10 in theTIMx_CCMR1 register (TI1
selected).

. Select the active polarity for TI1FP2 (used for capture in TIMx_CCR2): write the CC2P and CC2NP bits to
CC2P/CC2NP="10’ (active on falling edge).

. Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register (TI1FP1 selected).
. Configure the slave mode controller in reset mode: write the SMS bits to 0100 inthe TIMx_SMCR register.
. Enable the captures: write the CC1E and CC2E bits to ‘1’ in the TIMx_CCER register.

Figure 60. PWM input mode timing
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Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRX register), each output compare signal (OCxREF and then
OCx/OCxN) can be forced to active or inactive level directly by software, independently of any comparison
between the output compare register and the counter.

To force an output compare signal (OCXREF/OCXx) to its active level, you just need to write 0101 in the OCxM bits
in the corresponding TIMx_CCMRXx register. Thus, OCXREF is forced high (OCxREF is always active high) and
OCx gets an opposite value to CCxP polarity bit.

For example: CCxP=0 (OCx active high) => OCx is forced to high level.

The OCXxREF signal can be forced low by writing the OCxM bits to 0100 in the TIMx_CCMRXx register.

Anyway, the comparison between the TIMx_CCRx shadow register and the counter is still performed and allows
the flag to be set. Interrupt can be sent accordingly. This is described in the output compare mode section below.
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16.3.10 Output compare mode

This function is used to control an output waveform or indicate when a period of time has elapsed. Channels 1 to
6 can be output.

When a match is found between the capture/compare register and the counter, the output compare function:

. Assigns the corresponding output pin to a programmable value defined by the output compare mode
(OCxM bits in the TIMx_CCMRXx register) and the output polarity (CCxP bit in the TIMx_CCER register).
The output pin can keep its level (OCXM=0000), be set active (OCxM=0001), be set inactive (OCxM=0010)
or can toggle (OCxM=0011) on match.

. Sets a flag in the interrupt status register (CCxIF bit in the TIMx_SR register).
. Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the TIMx_DIER register).

The TIMx_CCRXx registers can be programmed with or without preload registers using the OCxPE bit in the
TIMx_CCMRX register.

In output compare mode, the update event UEV has no effect on OCxREF and OCx output. The timing resolution
is one count of the counter. Output compare mode can also be used to output a single pulse (in one-pulse mode).

Procedure:
1. Select the counter clock (internal, external, prescaler)
2. Write the desired data in the TIMx_ARR and TIMx_CCRXx registers.
3. Set the CCxIE bit if an interrupt request is to be generated.
4. Select the output mode. For example:
a. Write OCxM = 0011 to toggle OCx output pin when CNT matches CCRx
b. Write OCxPE = 0 to disable preload register
c. Write CCxP = 0 to select active high polarity
d. Write CCxE = 1 to enable the output
5. Enable the counter by setting the CEN bit in the TIMx_CR1 register.

The TIMx_CCRXx register can be updated at any time by software to control the output waveform, provided that
the preload register is not enabled (OCxPE="0’, otherwise the TIMx_CCRx shadow register is updated only at the
next update event UEV). An example is given in Figure 61. Output compare mode, toggle on OC1

Figure 61. Output compare mode, toggle on OC1

Write B201h in the CC1R register

TIMI_CNT _ 0039 §_003A A 0038 N\ _ _ _ _ _ B200 X B201

TIM1_CCR1 003A /‘X B201

oc1ref=0C1

"N

Match detected on CCR1
Interrupt generated if enabled

16.3.11 PWM mode

Pulse width modulation mode allows you to generate a signal with a frequency determined by the value of the
TIMx_ARR register and a duty cycle determined by the value of the TIMx_CCRX register.
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The PWM mode can be selected independently on each channel (one PWM per OCx output) by writing ‘0110’
(PWM mode 1) or ‘0111’ (PWM mode 2) in the OCxM bits in the TIMx_CCMRX register. You must enable the
corresponding preload register by setting the OCxPE bit in the TIMx_CCMRX register, and eventually the auto-
reload preload register (in up-counting or center-aligned modes) by setting the ARPE bit in the TIMx_CR1
register.

As the preload registers are transferred to the shadow registers only when an update event occurs, before
starting the counter, you have to initialize all the registers by setting the UG bit in the TIMx_EGR register.

OCx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It can be programmed as
active high or active low. OCx output is enabled by a combination of the CCxE, CCxNE, MOE, OSSI and OSSR
bits (TIMx_CCER and TIMx_BDTR registers). Refer to the TIMx_CCER register description for more details.

In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRXx are always compared to determine whether
TIMx_CCRX<TIMx_CNT or TIMx_CNT<TIMx_CCRXx (depending on the direction of the counter).

The timer is able to generate PWM in edge-aligned mode or center-aligned mode depending on the CMS bits in
the TIMx_CR1 register.

PWM edge-aligned mode
. Up-counting configuration
Up-counting is active when the DIR bit in the TIMx_CR1 register is low. Refer to Section 16.3.2: Counter modes.

In the following example, we consider PWM mode 1. The reference PWM signal OCxREF is high as long as
TIMx_CNT < TIMx_CCRYX, otherwise it becomes low. If the compare value in TIMx_CCRX is greater than the auto-
reload value (in TIMx_ARR) then OCXREF is held at ‘1’. If the compare value is 0 then OCxRef is held at ‘0’.

Figure 62. Edge-aligned PWM waveforms (ARR=8) shows some edge-aligned PWM waveforms in an example
where TIMx_ARR=8.

Figure 62. Edge-aligned PWM waveforms (ARR=8)
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CCxIF |
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CCxIF

CCRx=8
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CCRx>8
cexF |

OCXREF ‘0’
CCxIF J

CCRx=0

. Down-counting configuration
Down-counting is active when DIR bit in TIMx_CR1 register is high. Refer to Section 16.3.2: Counter
modes.
In PWM mode 1, the reference signal OCxRef is low as long as TIMx_CNT> TIMx_CCRXx else it becomes
high. If the compare value in TIMx_CCRX is greater than the auto-reload value in TIMx_ARR, then
OCXREF is held at “1’. 0% PWM is not possible in this mode.

PWM center-aligned mode
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Center-aligned mode is active when the CMS bits in TIMx_CR1 register are different from ‘00’ (all the remaining

configurations having the same effect on the OCxRef/OCx signals). The compare flag is set when the counter

counts up, when it counts down or both when it counts up and down depending on the CMS bits configuration.

The direction bit (DIR) in the TIMx_CR1 register is updated by hardware and must not be changed by software.

Refer to Section 16.3.2: Counter modes.

Figure 63. Center-aligned PWM waveforms (ARR=8) shows some center-aligned PWM waveforms in an example

where:

. TIMx_ARR=8

. PWM mode is the PWM mode 1

. The flag is set when the counter counts down corresponding to the center-aligned mode 1 selected for
CMS=01 in TIMx_CR1 register.

Figure 63. Center-aligned PWM waveforms (ARR=8)

Counter register

OCXREF
CCRx=4
CCXIF CMS=01 ha
CMS=10 A
CMS=11 a ha
OCXREF
CCRx=7 I
CMS=10 or 11 I
CCxIF
OCXREF
CCRx =8
CCxIF CMS=01 f
CMsS=10
CMS=11 a
OCXREF =
CCRx > 8
CCxIF CMS=01 f
CMS=10 A
cMs=11 A
OCXREF 2
CCRx =0
CCxIF CMsS=01
CMS=10 A
A cMs=11 f

Hints on using center-aligned mode

. When starting in center-aligned mode, the current up-down configuration is used. It means that the counter
counts up or down depending on the value written in the DIR bit in the TIMx_CR1 register. Moreover, the
DIR and CMS bits must not be changed at the same time by the software.
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. Writing to the counter while running in center-aligned mode is not recommended as it can lead to
unexpected results. In particular:

1. The direction is not updated if you write a value in the counter that is greater than the auto-reload value
(TIMx_CNT>TIMx_ARR). For example, if the counter was counting up, it continues to count up.

2. The direction is updated if you write 0 or write the TIMx_ARR value in the counter but no Update Event
UEV is generated.

. The safest way to use center-aligned mode is to generate an update by software (setting the UG bit in the
TIMx_EGR register) just before starting the counter and not to write the counter while it is running.

16.3.12 Asymmetric PWM mode

Asymmetric mode allows two center-aligned PWM signals to be generated with a programmable phase-shift.
While the frequency is determined by the value of the TIMx_ARR register, the duty cycle and the phase-shift are
determined by a pair of TIMx_CCRXx registers. One register controls the PWM during up-counting, the second
during down-counting, so that PWM is adjusted every half PWM cycle:

. OC1REFC (or OC2REFC) is controlled by TIMx_CCR1 and TIMx_CCR2
. OC3REFC (or OC4REFC) is controlled by TIMx_CCR3 and TIMx_CCR4
Asymmetric PWM mode can be selected independently on two channels (one OCx output per pair of CCR

registers) by writing ‘1110’ (asymmetric PWM mode 1) or ‘1111’ (asymmetric PWM mode 2) in the OCxM bits in
the TIMx_CCMRX register.

Note: The OCxM/[3:0] bit field is split into two parts for compatibility reasons, the most significant bit is not contiguous
with the 3 least significant ones.

When a given channel is used as asymmetric PWM channel, its complementary channel can also be used. For
instance, if an OC1REFC signal is generated on channel 1 (asymmetric PWM mode 1), it is possible to output
either the OC2REF signal on channel 2, or an OC2REFC signal resulting from asymmetric PWM mode 1.

Figure 64. Generation of 2 phase-shifted PWM signals with 50% duty cycle represents an example of signals that
can be generated using the asymmetric PWM mode (channels 1 to 4 are configured in asymmetric PWM mode
1). Together with the deadtime generator, this allows a full-bridge phase-shifted DC to DC converter to be
controlled.

Figure 64. Generation of 2 phase-shifted PWM signals with 50% duty cycle
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16.3.13 Combined PWM mode

Combined PWM mode allows two edge or center-aligned PWM signals to be generated with programmable delay
and phase-shift between respective pulses. While the frequency is determined by the value of the TIMx_ARR
register, the duty cycle and delay are determined by the two TIMx_CCRX registers. The resulting signals,
OCXREFC, are made of an OR or AND logical combination of two reference PWMs:

. OC1REFC (or OC2REFC) is controlled by TIMx_CCR1 and TIMx_CCR2
. OC3REFC (or OC4REFC) is controlled by TIMx_CCR3 and TIMx_CCR4

Combined PWM mode can be selected independently on two channels (one OCx output per pair of CCR
registers) by writing “1100’ (combined PWM mode 1) or ‘1101’ (combined PWM mode 2) in the OCxM bits in the
TIMx_CCMRXx register.

When a given channel is used as combined PWM channel, its complementary channel must be configured in the
opposite PWM mode (for instance, one in combined PWM mode 1 and the other in combined PWM mode 2).

Note: The OCxM/[3:0] bit field is split into two parts for compatibility reasons, the most significant bit is not contiguous
with the 3 least significant ones.

Figure 65. Combined PWM mode on channel 1 and 3 represents an example of signals that can be generated
using the asymmetric PWM mode, obtained with the following configuration:

. Channel 1 is configured in combined PWM mode 2
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. Channel 2 is configured in PWM mode 1
. Channel 3 is configured in combined PWM mode 2
. Channel 4 is configured in PWM mode 1.

Figure 65. Combined PWM mode on channel 1 and 3
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16.3.14 Combined 3-phase PWM mode

Combined 3-phase PWM mode allows one to three center-aligned PWM signals to be generated with a single
programmable signal ANDed in the middle of the pulses. The OC5REF signal is used to define the resulting
combined signal. The 3-bit GC5C[3:1] in the TIMx_CCRS5 allows the selection on which reference signal the
OCS5REF is combined. The resulting signals, OCXREFC, are made of an AND logical combination of two
reference PWMs:

. If GC5C1 is set, OC1REFC is controlled by TIMx_CCR1 and TIMx_CCRS5
. If GC5C2 is set, OC2REFC is controlled by TIMx_CCR2 and TIMx_CCR5
. If GC5C3 is set, OC3REFC is controlled by TIMx_CCR3 and TIMx_CCR5

Combined 3-phase PWM mode can be selected independently on channels 1 to 3 by setting at least one of the 3-
bits GC5C[3:1].
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Figure 66. 3-phase combined PWM signals with multiple trigger pulses per period
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16.3.15 Complementary outputs and deadtime insertion

The advanced-control timers (TIM1) can output two complementary signals and manage the switching-off and the
switching-on instants of the outputs.

Note: This feature concerns channels 1 to 4 only.

This time is generally known as the deadtime and you have to adjust it depending on the devices you have
connected to the outputs and their characteristics (intrinsic delays of level-shifters, delays due to power
switches...)

You can select the polarity of the outputs (main output OCx or complementary OCxN) independently for each
output. This is done by writing to the CCxP and CCxNP bits in the TIMx_CCER register.

The complementary signals OCx and OCxN are activated by a combination of several control bits: the CCxE and
CCxNE bits in the TIMx_CCER register and the MOE, OISx, OISxN, OSSI and OSSR bits in the TIMx_BDTR and
TIMx_CR2 registers.

Refer to Table 44. Output control bits for complementary OCx and OCxN channels with break feature for more
details. In particular, the deadtime is activated when switching to the idle-state (MOE falling down to 0).

The deadtime insertion is enabled by setting both CCxE and CCxNE bits, and the MOE bit if the break circuit is
present. There is one 10-bit deadtime generator for each channel. From a reference waveform OCxREF, it
generates 2 outputs OCx and OCxN. If OCx and OCxN are active high:

. The OCx output signal is the same as the reference signal except for the rising edge, which is delayed
relative to the reference rising edge
. The OCxN output signal is the opposite of the reference signal except for the rising edge, which is delayed

relative to the reference falling edge

If the delay is greater than the width of the active output (OCx or OCxN) then the corresponding pulse is not
generated.

The following figures show the relationships between the output signals of the deadtime generator and the
reference signal OCxREF (we suppose CCxP=0, CCxNP=0, MOE=1, CCxE=1 and CCxNE=1 in these examples).
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Figure 67. Complementary output with deadtime insertion
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Figure 68. Deadtime waveforms with delay greater than the negative pulse
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Figure 69. Deadtime waveforms with delay greater than the positive pulse
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The deadtime delay is the same for each of the channels and is programmable with the DTG bits in the
TIMx_BDTR register. Refer to Section 16.4.18: TIM1 break and deadtime register (TIMx_BDTR) for delay
calculation.

Re-directing OCxREF to OCx or OCxN

In output mode (forced, output compare or PWM), OCxREF can be re-directed to the OCx output or to OCxN
output by configuring the CCxE and CCxNE bits in the TIMx_CCER register.

This allows you to send a specific waveform (such as PWM or static active level) on one output while the
complementary remains in its inactive level. Other alternative possibilities are to have both outputs at inactive
level or both outputs active and complementary with deadtime.

Note: When OCxN is enabled (CCxE=0, CCxNE=1) only, it is not complemented and becomes active as soon as
OCXREF is high. For example, if CCxNP=0 then OCxN=0CxRef. On the other hand, when both OCx and OCxN
are enabled (CCxE=CCxNE=1) OCx becomes active when OCxREF is high whereas OCxN is complemented
and becomes active when OCxREF is low.

16.3.16 Using the break function

The purpose of the break function is to protect power switches driven by PWM signals generated with the TIM1
timer. The break inputs are usually connected to fault outputs of power stages and 3-phase inverters. When
activated, the break circuitry shuts down the PWM outputs and forces them to a predefined safe state.

The break features two channels which gather the application fault from input pins. A break2 channel is able to
force the outputs to an inactive state. The output enable signal and output levels during break depend on several
control bits:

. the MOE bit in TIMx_BDTR register allows the outputs to be enabled/disabled by sowftare and is reset in
case of break or break2 event
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. the OSSI bit in the TIMx_BDTR register defines whether the timer controls the output in inactive state or
releases the control to the GPIO controller (typically to have it in Hi-Z mode)

. the OISx and OISxN bits in the TIMx_CR2 register which are setting the output shutdown level, either
active or inactive. The OCx and OCxN outputs cannot be set both to active level at a given time, whatever
the OISx and OISxN values. Refer to Table 44. Output control bits for complementary OCx and OCxN
channels with break feature for more details.

When exiting from reset, the break circuit is disabled and the MOE bit is low. The break functions are globally
enabled by setting the BKE and BKE2 bits in the TIMx_BDTR register. The break input global polarities can be
selected by configuring the BKP and BKP2 bits in the TIMx_BDTR register. BKEx and BKPx can be modified at
the same time. When the BKEx and BKPx bits are written, a delay of 1 APB clock cycle is applied before the
writing is effective. Consequently, it is necessary to wait for 1 APB clock period to correctly read back the bit after
the write operation.

Note: Since MOE falling edge can be asynchronous, a resynchronization circuit has been inserted between the actual
signal (acting on the outputs) and the synchronous control bit (accessed in the TIMx_BDTR register). It results in
some delays between the asynchronous and the synchronous signals. In particular, if you write MOE to 1
whereas it was low, you must insert a delay (dummy instruction) before reading it correctly. This is because you
write the asynchronous signal and read the synchronous signal.

The break can be generated from multiple sources, which can be individually enabled and with programmable
edge sensitivity, using the TIMx_AF1 and TIMx_AF2 registers.

Break events can also be generated by software using BG and B2G bits in the TIMx_EGR register. The software
break generation using BG and BG2 is active whatever the BKE and the BKE2 enable bits values.

Figure 70. Break and break2 circuitry overview
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from AF
controller
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flag
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BRK2 request
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Caution

An asynchronous (clockless) operation is only guaranteed when the programmable filter is disabled. If it is
enabled, a fail-safe clock mode must be used to guarantee that break events are handled.

When one of the breaks occurs (selected level on the one of the break inputs):

. The MOE bit is cleared asynchronously, putting the outputs in inactive state, idle state or even releasing the
control to the GPIO controller (selected by the OSSI bit). This feature functions even if the MCU oscillator is
off

. Each output channel is driven with the level programmed in the OISx bit in the TIMx_CR2 register as soon

as MOE=0. If OSSI=0, the timer releases the output control (taken over by the GPIO controller) while the
enable output remains high
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. When complementary outputs are used:

1. The outputs are first put into an inactive state (depending on the polarity). This is done asynchronously
so that it works even if no clock is provided to the timer

2. If the timer clock is still present, then the dead-time generator is reactivated in order to drive the outputs
with the level programmed in the OISx and OISxN bits after a dead-time. Even in this case, OCx and
OCxN cannot be driven to their active level together. Note that because of the resynchronization on
MOE, the dead-time duration is a bit longer than usual (around 2 ck_tim clock cycles)

3. If OSSI=0, the timer releases the output control (taken over by the GPIO controller which forces a Hi-Z
state) otherwise the enable outputs remain or become high as soon as one of the CCxE or CCxNE bits
is high

. The break status flag (BIF and B2IF bits in the TIMx_SR register) is set. An interrupt can be generated if
the BIE bit in the TIMx_DIER register is set

. If the AOE bit in the TIMx_BDTR register is set, the MOE bit is automatically set again at the next update
event UEV. This can be used to perform a regulation, for instance. Otherwise, MOE remains low until you
write it to ‘1" again. In this case, it can be used for security and you can connect the break input to an alarm
from power drivers, thermal sensors or any security components.

Note: The break inputs are active on level. Thus, the MOE cannot be set while the break input is active (neither
automatically nor by software). In the meantime, the status flag BIF and B2IF cannot be cleared.

In addition to the break input and the output management, a write protection has been implemented inside the
break circuit to safeguard the application. It allows you to freeze the configuration of several parameters (dead-
time duration, OCx/OCxN polarities and state when disabled, OCxM configurations, break enable and polarity).
You can choose from 3 levels of protection selected by the LOCK bits in the TIMx_BDTR register. Refer to
Section 16.4.18: TIM1 break and deadtime register (TIMx_BDTR). The LOCK bits can be written only once after
an MCU reset.

Figure 71. Various output behavior in response to a break event on BRK (OSSI = 1) shows an example of
behavior of the outputs in response to a break.

Figure 71. Various output behavior in response to a break event on BRK (0SSl = 1)
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The two break inputs have different behaviors on timer outputs:
. The BRKIN input can either disable (inactive state) or force the PWM outputs to a predefined safe state
. BRKIN2 can only disable (inactive state) the PWM outputs.

The BRKIN has a higher priority than BRKINZ2 input, as described in Table 42. Behavior of timer outputs versus
BRK/BK2inputs.
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Note: BRKIN2 must only be used with OSSR = OSS/ = 1.

Table 42. Behavior of timer outputs versus BRK/BK2inputs

Typical use case

Timer outputs state OCxN output (low-side OCx output (high-
switches) side switches)

. Inactive then forced output state (after a
. deadtime) ON after deadtime
) ) FF
Active X . Outputs disabled if OSSI = 0 (control taken insertion ©
over by GPIO logic)
Inactive = Active Inactive OFF OFF

Figure 72. PWM output state following BRK and BRK2 pins assertion (OSSI=1) gives an example of OCx and
OCxN output behavior in case of active signals on BRK and BRK2 inputs. In this case, both outputs have active
high polarities (CCxP = CCxNP = 0 in TIMx_CCER register).

Figure 72. PWM output state following BRK and BRK2 pins assertion (OSSI=1)
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Figure 73. PWM output state following BRK assertion (OSSI=0)
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16.3.17 Clearing the OCxREF signal on an external event

The OCXREF signal of a given channel can be cleared when a high level is applied on the ETRF input (OCxCE
enable bit in the corresponding TIMx_CCMRX register set to 1) if TIMx_SMCR.OCCS bit is set to 1.

This function can only be used in output compare and PWM modes. It does not work in forced mode.
1. The external trigger prescaler should be kept off: bits ETPS[1:0] of the TIMx_SMCR register set to ‘00’.
2. The external clock mode 2 must be disabled: bit ECE of the TIMx_SMCR register set to ‘0’.

3. The external trigger polarity (ETP) and the external trigger filter (ETF) can be configured according to the user
needs.

Figure 74. Clearing TIMx OCxREF shows the behavior of the OCxREF signal when the ETRF input becomes
high, for both values of the enable bit OCxCE. In this example, the timer TIMx is programmed in PWM mode.
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Figure 74. Clearing TIMx OCxREF
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Note: In case of a PWM with a 100% duty cycle (if CCRx>ARR), then OCxREF is enabled again at the next counter

overflow.

16.3.17.1 6-step PWM generation

When complementary outputs are used on a channel, preload bits are available on the OCxM, CCxE and CCxNE
bits. The preload bits are transferred to the shadow bits at the COM commutation event. Therefore the user can
program in advance the configuration for the next step and change the configuration of all the channels at the
same time. COM can be generated by software by setting the COM bit in the TIMx_EGR register or by hardware
(on TRGI rising edge).

A flag is set when the COM event occurs (COMIF bit in the TIMx_SR register), which can generate an interrupt (if
the COMIE bit is set in the TIMx_DIER register).

Figure 75. 6-step generation, COM example (OSSR=1) describes the behavior of the OCx and OCxN outputs
when a COM event occurs, in 3 different examples of programmed configurations.

RMO0530 - Rev 3 page 265/660



‘_ RM0530
,’ Advanced-control timers (TIM1)

Figure 75. 6-step generation, COM example (OSSR=1)
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16.3.18 One-pulse mode

One-pulse mode (OPM) is a particular case of the previous modes. It allows the counter to be started in response
to a stimulus and to generate a pulse with a programmable length after a programmable delay.

Starting the counter can be controlled through the slave mode controller. Generating the waveformcan be done in
output compare mode or PWM mode. You select one-pulse mode by setting the OPM bit in the TIMx_CR1
register. This makes the counter stop automatically at the next update event UEV.

A pulse can be correctly generated only if the compare value is different from the counter initial value. Before
starting (when the timer is waiting for the trigger), the configuration must be:

. In up-counting: CNT < CCRx <= ARR (in particular, 0 <CCRXx)
. In down-counting: CNT >CCRx
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Figure 76. Example of one-pulse mode
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For example you may want to generate a positive pulse on OC1 with a length of tpy sg and after a delay of tpg_ay
as soon as a positive edge is detected on the TI2 input pin.

Let us use TI2FP2 as trigger 1:
. Map TI2FP2 to TI2 by writing CC2S="01" in the TIMx_CCMR1 register
. TI2FP2 must detect a rising edge, write CC2P="0" and CC2NP="0" in theTIMx_CCER register

. Configure TI2FP2 as trigger for the slave mode controller (TRGI) by writing TS="110’ in the TIMx_SMCR
register

. TI2FP2 is used to start the counter by writing SMS to ‘110’ in the TIMx_SMCR register (trigger mode).

The OPM waveform is defined by writing the compare registers (taking into account the clock frequency and the
counter prescaler).

. The tpgay is defined by the value written in the TIMx_CCR1 register.

. The tpyskg is defined by the difference between the auto-reload value and the compare value (TIMx_ARR -
TIMx_CCR1)
. Assume that you want to build a waveform with a transition from ‘0’ to ‘1’ when a compare match occurs

and a transition from ‘1’ to ‘0’ when the counter reaches the auto-reload value. To do this you enable PWM
mode 2 by writing OC1M=111 in the TIMx_CCMR1 register. You can optionally enable the preload registers
by writing OC1PE="1" in the TIMx_CCMR1 register and ARPE in the TIMx_CR1 register. In this case you
have to write the compare value in the TIMx_CCR1 register, the auto-reload value in the TIMx_ARR
register, generate an update by setting the UG bit and wait for the external trigger event on TI2. CC1P is
written to ‘0’ in this example.

In our example, the DIR and CMS bits in the TIMx_CR1 register should be low.

You only want 1 pulse (single mode), so you write '1 in the OPM bit in the TIMx_CR1 register to stop the counter
at the next update event (when the counter rolls over from the auto-reload value back to 0). When OPM bit in the
TIMx_CR1 register is set to '0', so the repetitive mode is selected.

Particular case: OCx fast enable:

In one-pulse mode, the edge detection on Tlx input sets the CEN bit which enables the counter. Then the

comparison between the counter and the compare value makes the output toggle. Several clock cycles are
needed for these operations. The minimum delay tpg| ay is the minimum we can get.

If you want to output a waveform with the minimum delay, you can set the OCxFE bit in the TIMx_CCMRXx
register. Then OCxRef (and OCx) are forced in response to the stimulus, without taking into account the
comparison. Its new level is the same as if a compare match had occurred. OCxFE acts only if the channel is
configured in PWM1 or PWM2 mode.
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16.3.19 Retriggerable one-pulse mode (OPM)

This mode allows the counter to be started in response to a stimulus and to generate a pulse with a
programmable length, but with the following differences with non-retriggerable one-pulse mode described in
Section 16.3.18: One-pulse mode:

. The pulse starts as soon as the trigger occurs (no programmable delay)
. The pulse is extended if a new trigger occurs before the previous one is completed.
The timer must be in slave mode, with the bits SMS[3:0] = ‘1000’ (combined reset + trigger mode) in the
TIMx_SMCR register, and the OCxM[3:0] bits set to ‘1000’ or ‘1001’ for retrigerrable OPM mode 1 or 2.
If the timer is configured in up-counting mode, the corresponding CCRx must be set to 0 (the ARR register sets
the pulse length). If the timer is configured in down-counting mode, the ARR must be set to 0 (the CCRXx register
sets the pulse length).

Note: The OCxM[3:0] and SMS[3:0] bit fields are split into two parts for compatibility reasons, the most significant bits
are not contiguous with the 3 least significant ones. In retriggerable one-pulse mode, the CCxIF flags are not
significant.

Figure 77. Retrigerrable one-pulse mode

TRGI

Counter

Output

16.3.20 Encoder interface mode

To select encoder interface mode write SMS='001" in the TIMx_SMCR register if the counter is counting on TI2
edges only, SMS="010’ if it is counting on TI1 edges only and SMS="'011’ if it is counting on both TI1 and TI2
edges.

Select the TI1 and TI2 polarity by programming the CC1P and CC2P bits in the TIMx_CCER register. When
needed, you can program the input filter as well. CC1NP and CC2NP must be kept low.

The two inputs TI1 and TI2 are used to interface to a quadrature encoder. Refer to Table 43. Counting direction
versus encodersignals.

The counter is clocked by each valid transition on TI1FP1 or TI2FP2 (TI1 and TI2 after input filter and polarity
selection, TITFP1=TI1 if not filtered and not inverted, TI2FP2=TI2 if not filtered and not inverted) assuming that it
is enabled (CEN bit in TIMx_CR1 register written to ‘“1’). The sequence of transitions of the two inputs is evaluated
and generates count pulses as well as the direction signal. Depending on the sequence the counter counts up or
down, the DIR bit in the TIMx_CR1 register is modified by hardware accordingly. The DIR bit is calculated at each
transition on any input (TI1 or TI2), whatever the counter is counting on TI1 only, TI2 only or both TI1 and TI2.

Encoder interface mode acts simply as an external clock with the direction selection. This means that the counter
just counts continuously between 0 and the auto-reload value in the TIMx_ARR register (0 to ARR or ARR down
to 0 depending on the direction). So you must configure TIMx_ARR before starting. In the same way, the capture,
compare, prescaler, repetition counter, trigger output features continue to work as normal. Encoder mode and
external clock mode 2 are not compatible and must not be selected together.

Note: The prescaler must be set to zero when encoder mode is enabled.

In this mode, the counter is modified automatically following the speed and the direction of the quadrature
encoder and its content, therefore, it always represents the encoder position. The count direction corresponds to
the rotation direction of the connected sensor. The table below summarizes the possible combinations, assuming
TI1 and TI2 do not switch at the same time.
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Table 43. Counting direction versus encodersignals

) Level on opposite signal (THFP1 for T2, TI2FP2 for | T1!1FP1 signal TI2FP2 signal
Active edge TH

High Down Up No Count ' No count
Counting on TI1 only

Low Up Down  No Count  No count

High No count | No count Up Down
Counting on TI2 only

Low No count No count| Down Up

High Down Up Up Down

Counting on TI1 and TI2
Low Up Down Down Up

A quadrature encoder can be connected directly to the MCU without any external interface logic. However,
comparators are normally used to convert the encoder differential outputs to digital signals. This greatly increases
noise immunity. The third encoder output, which indicates the mechanical zero position, may be connected to an
external interrupt input and trigger a counter reset.

Figure 78. Example of counter operation in encoder interface mode gives an example of counter operation,
showing count signal generation and direction control. It also shows how input jitter is compensated where both
edges are selected. This might occur if the sensor is positioned near to one of the switching points. For this
example we assume that the configuration is the following:

. CC1S="01" (TIMx_CCMR1 register, TI1TFP1 mapped on TI1)

. CC2S="'01" (TIMx_CCMR2 register, TI1FP2 mapped on TI2)

. CC1P='0" and CC1NP='0" (TIMx_CCER register, TI1FP1 non-inverted, TI1FP1=TI1)

. CC2P='0" and CC2NP='0" (TIMx_CCER register, TI1FP2 non-inverted, TI1TFP2= TI2)

. SMS='011" (TIMx_SMCR register, both inputs are active on both rising and falling edges)
. CEN="1" (TIMx_CR1 register, counter enabled.

Figure 78. Example of counter operation in encoder interface mode

forward jitter backward jitter forward
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Figure 79. Example of encoder interface mode with TI1FP1 polarity inverted gives an example of counter
behavior when TI1FP1 polarity is inverted (same configuration as above except CC1P="1").
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Figure 79. Example of encoder interface mode with TI1FP1 polarity inverted
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The timer, when configured in encoder interface mode, provides some information on the sensor current position.
You can obtain the dynamic information (speed, acceleration, deceleration) by measuring the period between two
encoder events using a second timer configured in capture mode (not available in the STM32WB07xC and
STM32WB06xC devices). The output of the encoder, which indicates the mechanical zero, can be used for this
purpose. Depending on the time between two events, the counter can also be read at regular times. You can do
this by latching the counter value into a third input capture register if available (then the capture signal must be
periodic and can be generated by another timer).

The IUFREMAP bit in the TIMx_CR1 register forces a continuous copy of the update interrupt flag (UIF) into the
timer counter register bit 31 (TIMXCNT[31]). This allows both the counter value and a potential roll-over condition
signaled by the UIFCPY flag to be read in an atomic way. It eases the calculation of angular speed by avoiding
race conditions caused, for instance, by a processing shared between a background task (counter reading) and
an interrupt (update interrupt).

There is no latency between the UIF and UIFCPY flag assertions.

In 32-bit timer implementations, when the IUFREMAP bit is set, bit 31 of the counter is overwritten by the UIFCPY
flag upon read access (the counter most significant bit is only accessible in write mode).

16.3.21 UIF bit remapping

The IUFREMAP bit in the TIMx_CR1 register forces a continuous copy of the update interrupt flag UIF into the
timer counter register bit 31 (TIMXCNT[31]). This allows both the counter value and a potential roll-over condition
signaled by the UIFCPY flag to be read in an atomic way. In particular cases, it can ease the calculations by
avoiding race conditions, caused for instance by a processing shared between a background task (counter
reading) and an interrupt (update interrupt). There is no latency between the UIF and UIFCPY flags assertion.

16.3.22 Timer input XOR function

The TI1S bit, in the TIMx_CR2 register, allows the input filter of channel 1 to be connected to the output of an
XOR gate, combining the two input pins TIMx_CH1 and TIMx_CH2. The XOR output can be used with all the
timer input functions such as trigger or input capture. It is convenient to measure the interval between edges on
two input signals, as per Figure 80. Measuring time interval between edges on 3 signals.
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Figure 80. Measuring time interval between edges on 3 signals
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16.4 TIM1 registers

16.4.1 TIM1 control register 1 (TIMx_CR1)
Address offset: 0x00
Reset value: 0x0000

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. UIFREMAP @ Res. CKD[1:0] ARPE CMS[1:0] DIR OPM  URS UDIS CEN

w w | rw 'w w rw rw 'w w w w

1%”15 2 Reserved, always read as 0.
UIFREMAP: UIF status bit remapping.
Bit 11 0: No remapping. UIF status bit is not copied to TIMx_CNT register bit 31.
1: Remapping enabled. UIF status bit is copied to TIMx_CNT register bit 31.
Bits 10  Reserved, always read as 0.
CKDI[1:0]: Clock division.

This bit-field indicates the division ratio between the timer clock (CK_INT) frequency and the deadtime and
sampling clock (tDTS) used by the deadtime generators and the digital filters (ETR, TIx).

00: tpTs=tCK_INT

Bits 9:8
01: tpTs=2"tCK_INT
10: tpTs=4*tCK_INT
11: Reserved, do not program this value
ARPE: Auto-reload preload enable.
Bit 7

0: TIMx_ARR register is not buffered 1: TIMx_ARR register is buffered
CMSJ[1:0]: Center-aligned mode selection.
00: Edge-aligned mode. The counter counts up or down depending on the direction bit (DIR).

01: Center-aligned mode 1. The counter counts up and down alternatively. Output compare interrupt flags of
channels configured in output (CCxS=00 in TIMx_CCMRXx register) are set only when the counter is counting
down.

Bits 6:5 @ 10: Center-aligned mode 2. The counter counts up and down alternatively. Output compare interrupt flags of
channels configured in output (CCxS=00 in TIMx_CCMRXx register) are set only when the counter is counting up.

11: Center-aligned mode 3. The counter counts up and down alternatively. Output compare interrupt flags of
channels configured in output (CCxS=00 in TIMx_CCMRX register) are set both when the counter is counting up or
down.

Note: It is not allowed to switch from edge-aligned mode to center-aligned mode as long as the counter is enabled
(CEN=1).

DIR: Direction
0: Counter used as up-counter
Bit 4
1: Counter used as down-counter
Note: This bit is read only when the timer is configured in center-aligned mode or encoder mode.
OPM: One-pulse mode.
Bit 3 0: Counter is not stopped at update event

1: Counter stops counting to the next update event (clearing the bit CEN)
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URS: Update request source.

This bit is set and cleared by software to select the UEV event sources.

0: Any of the following events generates an update interrupt if enabled. These events can be:

Bit 2 . Counter overflow/underflow
. Setting the UG bit
. Update the generation through the slave mode controller

1: Only counter overflow/underflow generates an update interrupt if enabled
UDIS: Update disable.
This bit is set and cleared by software to enable/disable UEV event generation.

0: UEV enabled. The update (UEV) event is generated by one of the following events:

. Counter overflow/underflow
Bit 1 . Setting the UG bit
. Update generation through the slave mode controller buffered registers are then loaded with their preload
values.

1: UEV disabled. The update event is not generated, shadow registers keep their value (ARR, PSC, CCRXx).
However the counter and the prescaler are reinitialized if the UG bit is set or if a hardware reset is received from
the slave mode controller.

CEN: Counter enable.
0: Counter disabled
Bit0 ' 1: Counter enabled

Note: The external clock, gated mode and encoder mode can work only if the CEN bit has been previously set by
software. However trigger mode can set the CEN bit automatically by hardware.
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16.4.2 TIM1 control register 2 (TIMx_CR2)
Address offset: 0x04
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. | Res. Res. #Res. Res. | Res. Res. Res. Res. Res. Res. O0IS6 @Res. OIS5

rw rw

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. 0OIS4 OIS3N  OIS3 OIS2N OIS2 OIS1N OIS1 TI1S Res. Res. Res. Res. CCUS Res. CCPC

rw rw rw rw rw w rw rw rw rw

Bits 31:19 Reserved, always read as 0.

Bit 18 | OIS6: Output idle state 6 (OC6 output). Refer to OIS1 bit.

Bit 17 | Reserved, always read as 0.

Bit 16 | OIS5: Output idle state 5 (OC5 output). Refer to OIS1 bit.

Bit 15 | Reserved, always read as 0.

Bit 14 | OIS4: Output idle state 4 (OC4 output). Refer to OIS1 bit.

Bit 13 | OIS3N: Output idle state 3 (OC3N output). Refer to OIS1N bit.

Bit 12 | OIS3: Output idle state 3 (OC3 output). Refer to OIS1 bit.

Bit 11 OIS2N: Output idle state 2 (OC2N output). Refer to OIS1N bit.

Bit 10 | OIS2: Output idle state 2 (OC2 output). Refer to OIS1 bit.
OIS1N: Output idle state 1 (OC1N output).
0: OC1N=0 after a deadtime when MOE=0

Bit9 1: OC1N=1 after a deadtime when MOE=0

Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed (LOCK bits in
TIMx_BDTR register).

0OIS1: Output idle state 1 (OC1 output).
0: OC1=0 (after a deadtime if OC1N is implemented) when MOE=0
Bit8  1:0C1=1 (after a deadtime if OC1N is implemented) when MOE=0

Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed (LOCK bits in
TIMx_BDTR register).

TI1S: TI1 selection.
Bit 7 0: The TIMx_CH1 pin is connected to TI1 input
1: The TIMx_CH1, CH2 and CH3 pins are connected to the TI1 input (XOR combination)
Bits 6:3 | Reserved, always read as 0.
CCUS: Capture/compare control update selection.
0: When capture/compare control bits are preloaded (CCPC=1), they are updated by setting the COMG bit only

Bit 2 1: When capture/compare control bits are preloaded (CCPC=1), they are updated by setting the COMG bit or
when an rising edge occurs on TRGI

Note: This bit acts only on channels that have a complementary output.
Bit 1 Reserved, always read as 0.

CCPC: Capture/compare preloaded control.

0: CCxE, CCxNE and OCxM bits are not preloaded

Bit 0 1: CCxE, CCxNE and OCxM bits are preloaded, after having been written, they are updated only when a
commutation event (COM) occurs (COMG bit set or rising edge detected on TRGI, depending on the CCUS bit)

Note: This bit acts only on channels that have a complementary output.
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16.4.3 TIM1 slave mode control register (TIMx_SMCR)
Address offset: 0x08
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. = SMSJ3]

rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ETP A ECE  ETPS[1:0] ETF[3:0] Res. TS[2:0] OCCs SMSJ2:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
B,it Reserved, always read as 0.
31:17

Bit 16 | SMS[3]: Slave mode selection - bit 3. Refer to SMS description - bits 2:0.

ETP: External trigger polarity.
) This bit selects whether ETR or ETR is used for trigger operations.

Bit1s 0: ETR is non-inverted, active at high level or rising edge
1: ETR is inverted, active at low level or falling edge
ECE: External clock enable.
This bit enables external clock mode 2.
0: External clock mode 2 disabled
1: External clock mode 2 enabled. The counter is clocked by any active edge on the ETRF signal.

Bit 14 | Note: 1: Setting the ECE bit has the same effect as selecting external clock mode 1 with TRGI connected to ETRF
(SMS=111 and TS=111).

2: Itis possible to simultaneously use external clock mode 2 with the following slave modes: reset mode, gated
mode and trigger mode. Nevertheless, TRGI must not be connected to ETREF in this case (TS bits must not be 111).

3: If external clock mode 1 and external clock mode 2 are enabled at the same time, the external clock input is
ETRF.

ETPS[1:0]: External trigger prescaler.

External trigger signal ETRP frequency must be at most 1/4 of TIMXCLK frequency. A prescaler can be enabled to
reduce ETRP frequency. It is useful when inputting fast external clocks.

Bits ' 00: Prescaler OFF
13:12
01: ETRP frequency divided by 2
10: ETRP frequency divided by 4
11: ETRP frequency divided by 8
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ETF[3:0]: External trigger filter.

This bit-field then defines the frequency used to sample ETRP signal and the length of the digital filter applied to
ETRP. The digital filter is made of an event counter in which N events are needed to validate a transition on the
output:

0000: No filter, sampling is done at fDTS 0001: fsampLing=fck_INT, N=2
0010: fsampLing=fck_INT, N=4
0011: fsampLING=Tck_INT, N=8
0100: fsampLING=fDTS/2, N=6
0101: fsampLING=fDTs/2, N=8
Bits 11:8 0110: fsampLiNG=fDTS/4, N=6
0111: fsampLinG=fDTS/4, N=8
1000: fsampLing=TDTs/8, N=6
1001: fsampLiNG=fDTS/8, N=8
1010: fsampLiInG=fDTS/16, N=5
1011: fsampLing=fDTS/16, N=6
1100: fsampLinG=fDTS/16, N=8
1101: fsampLing=fDTS/32, N=5
1110: fsampLing=fDT/32, N=6
1111: fsampLING=TDTS/32, N=8
Bit7  Reserved, always read as 0.
TS[2:0]: Trigger selection.
This bit-field selects the trigger input to be used to synchronize the counter.
101: Filtered timer input 1 (TI1FP1)
110: Filtered timer input 2 (TI2FP2) others: Reserved

Bits 6:4

Note: These bits must be changed only when they are not used (e.g. when SMS=000) to avoid wrong edge
detections at the transition.

OCCS: OCREF clear selection.

This bit is used to select the OCREF clear source.

0: OCREF_CLR_INT is connected to the OCREF_CLR input (stuck at 0 so no effect)
1: OCREF_CLR_INT is connected to ETRF

Bit 3
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SMS: Slave mode selection.

When external signals are selected the active edge of the trigger signal (TRGI) is linked to the polarity selected on
the external input (see Input Control register and Control Register description).

0000: Slave mode disabled - if CEN = ‘1’ then the prescaler is clocked directly by the internal clock
0001: Encoder mode 1 - counter counts up/down on TI2FP2 edge depending on TI1FP1 level
0010: Encoder mode 2 - counter counts up/down on TI1FP1 edge depending on TI2FP2 level

0011: Encoder mode 3 - counter counts up/down on both TI1TFP1 and TI2FP2 edges depending on the level of the
other input

0100: Reset mode - rising edge of the selected trigger input (TRGI) reinitializes the counter and generates an

Bits 2:0 update of the registers

0101: Gated mode - the counter clock is enabled when the trigger input (TRGI) is high. The counter stops (but is not
reset) as soon as the trigger becomes low. Both start and stop of the counter are controlled.

0110: Trigger mode - the counter starts at a rising edge of the trigger TRGI (but it is not reset). Only the start of the
counter is controlled.

0111: External clock mode 1 - rising edges of the selected trigger (TRGI) clock the counter.

1000: Combined reset + trigger mode - Rising edge of the selected trigger input (TRGI) reinitializes the counter,
generates an update of the registers and starts the counter.

Codes above 1000: Reserved

Note: The gated mode must not be used if TI1TF_ED is selected as the trigger input (TS="100’). Indeed, TI1F_ED
outputs 1 pulse for each transition on TI1F, whereas the gated mode checks the level of the trigger signal.
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16.4.4 TIM1 interrupt enable register (TIMx_DIER)
Address offset: 0x0C
Reset value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. Res. Res. Res. Res. Res. BIE TIE COMIE CC4IE CC3IE CC2IE CC1IE @ UIE

w rw 'w 'w w w 'w 'w

Bits 15:8 Reserved, always read as 0.

BIE: Break interrupt enable.
Bit 7 0: Break interrupt disabled

1: Break interrupt enabled

TIE: Trigger interrupt enable.
Bit 6 0: Trigger interrupt disabled

1: Trigger interrupt enabled

COMIE: COM interrupt enable.
Bit 5 0: COM interrupt disabled

1: COM interrupt enabled

CCAIE: Capture/compare 4 interrupt enable.
Bit 4 0: CC4 interrupt disabled

1: CC4 interrupt enabled

CC3IE: Capture/compare 3 interrupt enable.
Bit 3 0: CC3 interrupt disabled

1: CC3 interrupt enabled

CC2IE: Capture/compare 2 interrupt enable.
Bit 2 0: CC2 interrupt disabled

1: CC2 interrupt enabled

CCA1IE: Capture/compare 1 interrupt enable.
Bit 1 0: CC1 interrupt disabled

1: CC1 interrupt enabled

UIE: Update interrupt enable.
Bit 0 0: Update interrupt disabled

1: Update interrupt enabled
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16.4.5 TIM1 status register (TIMx_SR)
Address offset: 0x10
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. | Res. Res. Res. Res. Res. Res. = Res. Res. Res. Res. Res. = Res. Res. CC6IF CC5IF
rc w0  rc_w0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. CC40F CC30F CC20F CC10OF B2IF | BIF | TIF COMIF CC4IF CC3IF | CC2IF CC1IF | UIF

rc wO  rcwO0 rcwO rcwO rcwO rcwO rc wO rcwO rcwO rcwO rc w0 rc_wO rc_wO

Bits 31:18 Reserved, always read as 0.
Bit 17 CCG6IF: Compare 6 interrupt flag.
Refer to CC1IF description (note: channel 6 can only be configured as output).
Bit 16 CCS5IF: Compare 5 interrupt flag.
Refer to CC1IF description (note: channel 5 can only be configured as output).
Bits 15:13  Reserved, always read as 0.
Bit 12 | CC40F: Capture/compare 4 overcapture flag. Refer to CC10F description.
Bit 11 CC3OF: Capture/compare 3 overcapture flag. Refer to CC10F description.
Bit 10 | CC20F: Capture/compare 2 overcapture flag. Refer to CC10F description.

CC10F: Capture/compare 1 overcapture flag.

This flag is set by hardware only when the corresponding channel is configured in input capture mode. It is cleared
Bit9 Dby software by writing it to ‘0".

0: No overcapture has been detected
1: The counter value has been captured in TIMx_CCR1 register while CC1IF flag was already set
B2IF: Break 2 interrupt flag.

This flag is set by hardware as soon as the break 2 input goes active. It can be cleared by software if the break 2

input is not active.
Bit 8
0: No break event occurred

1: An active level has been detected on the break 2 input. An interrupt is generated if BIE=1 in the TIMx_DIER
register.

BIF: Break interrupt flag.

This flag is set by hardware as soon as the break input goes active. It can be cleared by software if the break input

is not active.
Bit 7
0: No break event occurred

1: An active level has been detected on the break input. An interrupt is generated if BIE = 1 in the TIMx_DIER
register.

TIF: Trigger interrupt flag.

This flag is set by hardware on trigger event (active edge detected on TRGI input when the slave mode controller
) is enabled in all modes but gated mode. It is set when the counter starts or stops when gated mode is selected. It
Bit6 s cleared by software.

0: No trigger event occurred
1: Trigger interrupt pending
COMIF: COM interrupt flag.

This flag is set by hardware on COM event (when capture/compare control bits - CCxE, CCxNE, OCxM - have
Bit 5 been updated). It is cleared by software.

0: No COM event occurred

1: COM interrupt pending
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Bit 4 CCAIF: Capture/compare 4 interrupt flag. Refer to CC1IF description.
Bit 3 CC3IF: Capture/compare 3 interrupt flag. Refer to CC1IF description.
Bit 2 CC2IF: Capture/compare 2 interrupt flag. Refer to CC1IF description.
CCH1IF: Capture/compare 1 interrupt flag.
If channel CC1 is configured as output:

This flag is set by hardware when the counter matches the compare value, with some exception in center-aligned
mode (refer to the CMS bits in the TIMx_CR1 register description). It is cleared by software.

0: No match

1: The content of the counter TIMx_CNT matches the content of the TIMx_CCR1 register. When the contents of
Bit 1 TIMx_CCR1 are greater than the contents of TIMx_ARR, the CC1IF bit goes high on the counter overflow (in up-
counting and up/down-counting modes) or underflow (in down-counting mode).

If channel CC1 is configured as input:

This bit is set by hardware on a capture. It is cleared by software or by reading the TIMx_CCR1 register.
0: No input capture occurred

1: The counter value has been captured in TIMx_CCR1 register (an edge has been detected on IC1 which
matches the selected polarity)

UIF: Update interrupt flag.

This bit is set by hardware on an update event. It is cleared by software.

0: No update occurred

1: Update interrupt pending. This bit is set by hardware when the registers are updated:

Bit 0 . At overflow or underflow regarding the repetition counter value (update if repetition counter = 0) and if the
UDIS=0 in the TIMx_CR1 register.

. When CNT is reinitialized by software using the UG bit in TIMx_EGR register, if URS=0 and UDIS=0 in the
TIMx_CR1 register.

. When CNT is reinitialized by a trigger event (refer to Section 16.4.3: TIM1 slave mode control register
(TIMx_SMCR)), if URS=0 and UDIS=0 in the TIMx_CR1 register.
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16.4.6 TIM1 event generation register (TIMx_EGR)
Address offset: 0x14
Reset value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. Res. Res. Res. Res. Res. B2G BG TG COMG CC4G CC3G CC2G CC1G UG

w w w w w w w w w

Bits 15:9 ' Reserved, always read as 0.

B2G: Break 2 generation.

Bits This bit is set by software in order to generate an event, it is automatically cleared by hardware.
0: No action
1: A break 2 event is generated. MOE bit is cleared and B2IF flag is set. Related interrupt can occur if enabled.
BG: Break generation.

Bit7 This bit is set by software in order to generate an event, it is automatically cleared by hardware.
0: No action
1: A break event is generated. MOE bit is cleared and BIF flag is set. Related interrupt can occur if enabled.
TG: Trigger generation.

Bit6 This bit is set by software in order to generate an event, it is automatically cleared by hardware.
0: No action
1: The TIF flag is set in TIMx_SR register. Related interrupt can occur if enabled.
COMG: Capture/compare control update generation.
This bit can be set by software, it is automatically cleared by hardware.

Bit5 | 0:no action
1: When CCPC bit is set, it allows to update CCxE, CCxNE and OCxM bits
Note: This bit acts only on channels having a complementary output.

Bit4 | CCA4G: Capture/compare 4 generation. Refer to CC1G description.

Bit3  CC3G: Capture/compare 3 generation. Refer to CC1G description.

Bit2  CC2G: Capture/compare 2 generation. Refer to CC1G description.
CC1G: Capture/compare 1 generation.
This bit is set by software in order to generate an event, it is automatically cleared by hardware.
0: No action
1: A capture/compare event is generated on channel 1:

Bit 1 If channel CC1 is configured as output:
CCH1IF flag is set, corresponding interrupt is sent if enabled.
If channel CC1 is configured as input:

The current value of the counter is captured in TIMx_CCR1 register. The CC1IF flag is set, the corresponding
interrupt is sent if enabled. The CC10F flag is set if the CC1IF flag was already high.

UG: Update generation.
This bit can be set by software, it is automatically cleared by hardware.
0: No action

Bit0 1: Reinitialize the counter and generates an update of the registers. Note that the prescaler counter is cleared too

(anyway the prescaler ratio is not affected). The counter is cleared if the center-aligned mode is selected or if DIR=0
(up-counting), else it takes the auto-reload.

Value (TIMx_ARR) if DIR=1 (down-counting).
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16.4.7 TIM1 capture/compare mode register 1 (TIMx_CCMR1)
Address offset: 0x18
Reset value: 0x0000
The channels can be used in input (capture mode) or in output (compare mode). The direction of a channel is
defined by configuring the corresponding CCxS bits. All the other bits of this register have a different function in
input and in output mode. For a given bit, OCxx describes its function when the channel is configured in output,

ICxx describes its function when the channel is configured in input. So you must take care that the same bit can
have a different meaning for the input stage and for the output stage.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. |Res. OC2M[3] Res. Res. Res. Res.| Res. Res. |Res. OC1M[3]

Res. Res.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oc2 oc2  oc2 oc1 oc1  oct
OC2M[2:0] OC1M[2:0]
CE PE FE CC2S[1:0] CE PE FE CCAS[1:0]
IC2F[3:0] IC2PSC[1:0] IC1F[3:0] IC1PSC[1:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Output compare mode:

Bits
31:25

Bit24  OC2M[3]: Output compare 2 mode - bit 3

Reserved, always read as 0.

Bits

23:17 Reserved, always read as 0.
Bits16  OC1M[3]: Output compare 1 mode - bit 3. Refer to OC1M description on bits 6:4.
Bit 15  OC2CE: Output compare 2 clear enable.

13i:t1s,2 0OC2M[2:0]: Output compare 2 mode.
Bit 11 OC2PE: Output compare 2 preload enable.
Bit 10 ' OC2FE: Output compare 2 fast enable.
CC28[1:0]: Capture/compare 2 selection.
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC2 channel is configured as output
Bits 9:8 01: CC2 channel is configured as input, IC2 is mapped on TI2
10: CC2 channel is configured as input, IC2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is working only if an internal trigger
input is selected through the TS bit (TIMx_SMCR register).

Note: CC28S bits are writable only when the channel is OFF (CC2E = ‘0’ in TIMx_CCER).
OC1CE: Output compare 1 clear enable.
Bit 7 0: OC1 Ref is not affected by the ETRF input

1: OC1 Refis cleared as soon as a high level is detected on ETRF input
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OC1M: Output compare 1 mode.

These bits define the behavior of the output reference signal OC1REF from which OC1 and OC1N are derived.
OC1REF is active high whereas OC1 and OC1N active level depends on CC1P and CC1NP bits.

0000: Frozen - the comparison between the output compare register TIMx_CCR1 and the counter TIMx_CNT has
no effect on the outputs (this mode is used to generate a timing base).

0001: Set channel 1 to active level on match. OC1REF signal is forced high when the counter TIMx_CNT matches
the capture/compare register 1 (TIMx_CCR1).

0010: Set channel 1 to inactive level on match. OC1REF signal is forced low when the counter TIMx_CNT
matches the capture/compare register 1 (TIMx_CCR1).

0011: Toggle - OC1REF toggles when TIMx_CNT=TIMx_CCR1.
0100: Force inactive level - OC1REF is forced low.
0101: Force active level - OC1REF is forced high.

0110: PWM mode 1 - in up-counting, channel 1 is active as long as TIMx_CNT<TIMx_CCR1, otherwise inactive. In
down-counting, channel 1 is inactive (OC1REF='0’) as long as TIMx_CNT>TIMx_CCR1, otherwise active
(OC1REF="1").

0111: PWM mode 2 - in up-counting, channel 1 is inactive as long as TIMx_CNT<TIMx_CCR1, otherwise active. In
down-counting, channel 1 is active as long as TIMx_CNT>TIMx_CCR1, otherwise inactive.

1000: Retrigerrable OPM mode 1 - in up-counting mode, the channel is active until a trigger event is detected (on
TRGI signal). Then, a comparison is performed as in PWM mode 1 and the channels become active again at the
next update. In down-counting mode, the channel is inactive until a trigger event is detected (on TRGI signal).

Bits 6:4 Then, a comparison is performed as in PWM mode 1 and the channels become inactive again at the next update.

1001: Retrigerrable OPM mode 2 - in up-counting mode, the channel is inactive until a trigger event is detected (on
TRGI signal). Then, a comparison is performed as in PWM mode 2 and the channels become inactive again at the
next update. In down-counting mode, the channel is active until a trigger event is detected (on TRGI signal). Then,
a comparison is performed as in PWM mode 1 and the channels become active again at the next update.

1010: Reserved
1011: Reserved

1100: Combined PWM mode 1 - OC1REF has the same behavior as in PWM mode 1. OC1REFC is the logical OR
between OC1REF and OC2REF.

1101: Combined PWM mode 2 - OC1REF has the same behavior as in PWM mode 2. OC1REFC is the logical
AND between OC1REF and OC2REF.

1110: Asymmetric PWM mode 1 - OC1REF has the same behavior as in PWM mode 1. OC1REFC outputs
OC1REF when the counter is counting up, OC2REF when it is counting down.

1111: Asymmetric PWM mode 2 - OC1REF has the same behavior as in PWM mode 2. OC1REFC outputs
OC1REF when the counter is counting up, OC2REF when it is counting down.

Note: 1: These bits cannot be modified as long as LOCK level 3 has been programmed (LOCK bits in TIMx_BDTR
register) and CC1S="00’ (the channel is configured in output).

Note 2: In PWM mode, the OCREF level changes only when the result of the comparison changes or when the
output compare mode switches from “frozen” mode to “PWM” mode.

Note 3: On channels having a complementary output, this bit field is preloaded. If the CCPC bit is set in the
TIMx_CR2 register then the OC1M active bits take the new value from the preloaded bits only when a COM event
is generated.

OC1PE: Output compare 1 preload enable

0: Preload register on TIMx_CCR1 disabled. TIMx_CCR1 can be written at anytime, the new value is taken into
account immediately.

1: Preload register on TIMx_CCR1 enabled. Read/write operations access the preload register. TIMx_CCR1
Bit 3 preload value is loaded in the active register at each update event.

Note 1: These bits cannot be modified as long as LOCK level 3 has been programmed (LOCK bits in TIMx_BDTR
register) and CC1S="00’ (the channel is configured in output).

Note 2: The PWM mode can be used without validating the preload register only in one-pulse mode (OPM bit set
in TIMx_CRH1 register). Otherwise the behavior is not guaranteed.
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OC1FE: Output compare 1 fast enable
This bit is used to accelerate the effect of an event on the trigger in input on the CC output.

) 0: CC1 behaves normally depending on counter and CCR1 values even when the trigger is ON. The minimum
Bit 2 delay to activate CC1 output when an edge occurs on the trigger input is 5 clock cycles.

1: An active edge on the trigger input acts like a compare match on CC1 output. Then, OC is set to the compare
level independently from the result of the comparison. Delay to sample the trigger input and to activate CC1 output
is reduced to 3 clock cycles. OCFE acts only if the channel is configured in PWM1 or PWM2 mode.

CC1S: Capture/compare 1 selection.
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC1 channel is configured as output
Bits 1:0 01: CC1 channel is configured as input, IC1 is mapped on TI1
10: CC1 channel is configured as input, IC1 is mapped on TI2

11: CC1channel is configured as input, IC1 is mapped on TRC. This mode is working only if an internal trigger
input is selected through TS bit (TIMx_SMCR register).

Note: CC18S bits are writable only when the channel is OFF (CC1E = ‘0’ in TIMx_CCER).

Input capture mode

Bits
3116 Reserved, always read as 0.
Bits . )
15:12 IC2F: Input capture 2 filter.
Bits .
11:10 IC2PSCJ[1:0]: Input capture 2 prescaler.
CC28S: Capture/compare 2 selection.
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC2 channel is configured as output
Bits 9:8 01: CC2 channel is configured as input, IC2 is mapped on TI2

10: CC2 channel is configured as input, IC2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register).

Note: CC2S bits are writable only when the channel is OFF (CC2E = ‘0’ in TIMx_CCER).
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IC1F[3:0]: Input capture 1 filter.

This bit-field defines the frequency used to sample TI1 input and the length of the digital filter applied to TI1. The
digital filter is made of an event counter in which N events are needed to validate a transition on the output:

0000: No filter, sampling is done at fpTg
0001: fsampLinG=fck_inT, N=2
0010: fsampLING=fck_INT, N=4

0011: fsampLing=fck_INT, N=8

0100: fsampLING=TDTS/2, N=6

0101: fsampLING=fDTS/2, N=8
Bits 7:4 0110: fsampLing=fDTs/4, N=6
0111: fsampLING=fDTs/4, N=8

1000: fsampLinG=TDTs/8, N=6
1001: fsampLing=TDTs/8, N=8

1010: fsampLing=TDTs/16, N=5

1011: fsampLING=fDTS/16, N=6

1100: fsampLiNG=fDTS/16, N=8
1101: fsampLING=fDTs/32, N=5
1110: fsampLING=fDTS/32, N=6

1111 fsampLING=TDTS/32, N=8

IC1PSC: Input capture 1 prescaler.

This bit-field defines the ratio of the prescaler acting on CC1 input (IC1). The prescaler is reset as soon as
CC1E="0’ (TIMx_CCER register).

Bits 3:2 | 00: No prescaler, capture is done each time an edge is detected on the capture input
01: Capture is done once every 2 events
10: Capture is done once every 4 events
11: Capture is done once every 8 events
CC18S: Capture/compare 1 selection
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC1 channel is configured as output
Bits 1:0 01: CC1 channel is configured as input, IC1 is mapped on TI1
10: CC1 channel is configured as input, IC1 is mapped on TI2

11: CC1 channel is configured as input, IC1 is mapped on TRC. This mode is working only if an internal trigger input
is selected through TS bit (TIMx_SMCR register).

Note: CC18S bits are writable only when the channel is OFF (CC1E = ‘0’ in TIMx_CCER).
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16.4.8 TIM1 capture/compare mode register 2 (TIMx_CCMR2)
Address offset: 0x1C
Reset value: 0x0000
Refer to Section 16.4.7: TIM1 capture/compare mode register 1 (TIMx_CCMR1).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res.  Res. Res. Res. Res. | OC4M[3] Res. Res. Res.  Res. Res. Res. Res. | OC3M[3]

Res. Res.

w w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

OC4 CE 0OC4M[2:0] OC4 PE  OC4 FE OC3CE OC3M[2:0] OC3 PE OC3FE
CC4S[1:0] CC3S[1:0]
IC4F[3:0] IC4PSC[1:0] IC3F[3:0] IC3PSC[1:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Output compare mode

Bits 31:25 Reserved, always read as 0.

Bit24 | OC4M[3]: Output compare 4 mode - bit 3
Bits 23:17  Reserved, always read as 0.

Bit 16 | OC3M[3]: Output compare 3 mode - bit 3.

Bit 15 | OC4CE: Output compare 4 clear enable.
Bits 14:12  OC4M: Output compare 4 mode.

Bit 11 OCA4PE: Output compare 4 preload enable.

Bit 10 | OC4FE: Output compare 4 fast enable.
CCA4S: Capture/compare 4 selection.
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC4 channel is configured as output
Bits 9:8 01: CC4 channel is configured as input, IC4 is mapped on Tl4

10: CC4 channel is configured as input, IC4 is mapped on TI3

11: CC4 channel is configured as input, IC4 is mapped on TRC. This mode is working only if an internal trigger
input is selected through TS bit (TIMx_SMCR register).

Note: CC4S bits are writable only when the channel is OFF (CC4E = ‘0’ in TIMx_CCER).
Bit 7 OC3CE: Output compare 3 clear enable.
Bits 6:4 | OC3M: Output compare 3 mode.
Bit 3 OC3PE: Output compare 3 preload enable.
Bit 2 OC3FE: Output compare 3 fast enable.
CC3S: Capture/compare 3 selection.
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC3 channel is configured as output
Bits 1:0 01: CC3 channel is configured as input, IC3 is mapped on TI3
10: CC3 channel is configured as input, IC3 is mapped on Tl4

11: CC3 channel is configured as input, IC3 is mapped on TRC. This mode is working only if an internal trigger
input is selected through TS bit (TIMx_SMCR register).

Note: CC38S bits are writable only when the channel is OFF (CC3E = ‘0’ in TIMx_CCER).

Input capture mode
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Bits 31:16 Reserved, always read as 0.
Bits 15:12 ' IC4F: Input capture 4 filter.
Bits 11:10 1C4PSC: Input capture 4 prescaler.
CCA4S: Capture/compare 4 selection.
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC4 channel is configured as output
Bits 9:8 01: CC4 channel is configured as input, IC4 is mapped on Tl4
10: CC4 channel is configured as input, IC4 is mapped on TI3

11: CC4 channel is configured as input, IC4 is mapped on TRC. This mode is working only if an internal trigger
input is selected through TS bit (TIMx_SMCR register).

Note: CC4S bits are writable only when the channel is OFF (CC4E = ‘0’ in TIMx_CCER).
Bits 7:4 | IC3F: Input capture 3 filter.
Bits 3:2 | IC3PSC: Input capture 3 prescaler.
CC3S: Capture/compare 3 selection.
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC3 channel is configured as output
Bits 1:0 01: CC3 channel is configured as input, IC3 is mapped on TI3

10: CC3 channel is configured as input, IC3 is mapped on Tl4

11: CC3 channel is configured as input, IC3 is mapped on TRC. This mode is working only if an internal trigger
input is selected through TS bit (TIMx_SMCR register).

Note: CC38S bits are writable only when the channel is OFF (CC3E = ‘0’ in TIMx_CCER).
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16.4.9 TIM1 capture/compare enable register (TIMx_CCER)
Address offset: 0x20
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. = Res. | Res. Res. Res. | Res. Res. Res. Res. ' CC6P CC6E Res. Res. | CC5P | CCSE
rw rw rw w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CC4NP CC4NE CC4P CC4E CC3NP CC3NE CC3P | CC3E CC2NP CC2NE CC2P CC2E CCI1NP CCINE CC1P CC1E

rw w w rw w rw w rw w rw rw rw rw rw w w

Bits 31:22 Reserved, always read as 0.
Bit 21 CC6P: Capture/compare 6 output polarity. Refer to CC1P description.
Bit20 | CC6E: Capture/compare 6 output enable. Refer to CC1E description.
Bits 19:18 Reserved, always read as 0.
Bit 17 | CC5P: Capture/compare 5 output polarity. Refer to CC1P description.
Bit 16 | CC5E: Capture/compare 5 output enable. Refer to CC1E description.
CCA4NP: Capture/compare 4 complementary output polarity.
Refer to CC1NP description.

Bits 15

Bit 14 | CC4NE: Capture/compare 4 complementary output enable. Refer to CC1NE description.
Bit 13 | CC4P: Capture/compare 4 output polarity. Refer to CC1P description.
Bit 12 | CC4E: Capture/compare 4 output enable. Refer to CC1E description.
Bit 11 CC3NP: Capture/compare 3 complementary output polarity. Refer to CC1NP description.
Bit 10 | CC3NE: Capture/compare 3 complementary output enable. Refer to CC1NE description.
Bit 9 CC3P: Capture/compare 3 output polarity. Refer to CC1P description.
Bit 8 CC3E: Capture/compare 3 output enable. Refer to CC1E description.
Bit 7 CC2NP: Capture/compare 2 complementary output polarity. Refer to CC1NP description.
Bit 6 CC2NE: Capture/compare 2 complementary output enable. Refer to CC1NE description.
Bit 5 CC2P: Capture/compare 2 output polarity. Refer to CC1P description.
Bit 4 CC2E: Capture/compare 2 output enable. Refer to CC1E description.

CC1NP: Capture/compare 1 complementary output polarity.

CC1 channel configured as output:

0: OC1N active high

1: OC1N active low

CC1 channel configured as input:

This bit is used in conjunction with CC1P to define the polarity of TI1TFP1 and TI2FP1. Refer to CC1P description.

Note: This bit is not writable as soon as LOCK level 2 or 3 has been programmed (LOCK bits in TIMx_BDTR
register) and CC1S="00" (channel configured as output).

Bit 3

Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the CC1NP active bit takes the new value from the preloaded bit only when a Commutation event is
generated.
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CC1NE: Capture/compare 1 complementary output enable.
0: Off - OC1N is not active. OC1N level is then function of MOE, OSSI, OSSR, OIS1, OIS1N and CC1E bits.

) 1: On - OC1N signal is output on the corresponding output pin depending on MOE, OSSI, OSSR, OIS1, OIS1N
Bit2  and CC1E bits

Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the CC1NE active bit takes the new value from the preloaded bit only when a Commutation event is
generated.

CC1P: Capture/compare 1 outputpolarity. CC1 channel configured as output:

0: OC1 active high

1: OC1 active low

CC1 channel configured as input:

CC1NP/CC1P bits select the active polarity of TI1FP1 and TI2FP1 for trigger or capture operations.

00: Non-inverted/rising edge. The circuit is sensitive to TIXFP1 rising edge (capture or trigger operations in reset,
external clock or trigger mode), TIXFP1 is not inverted (trigger operation in gated mode or encoder mode).

01: Inverted/falling edge. The circuit is sensitive to TIXFP1 falling edge (capture or trigger operations in reset,
Bit 1 external clock or trigger mode), TIXFP1 is inverted (trigger operation in gated mode or encoder mode).

10: Reserved, do not use this configuration.

11: Non-inverted/both edges/ The circuit is sensitive to both TIxFP1 rising and falling edges (captureor trigger
operations in reset, external clock or trigger mode), TIxFP1 is not inverted (trigger operation in gated mode). This
configuration must not be used in encoder mode.

Note: This bit is not writable as soon as LOCK level 2 or 3 has been programmed (LOCK bits in TIMx_BDTR
register).

Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the CC1P active bit takes the new value from the preloaded bit only when a commutation event is
generated.

CC1E: Capture/compare 1 output enable.
CC1 channel configured as output:
0: Off - OC1 is not active. OC1 level is then function of MOE, OSSI, OSSR, OIS1, OIS1N and CC1NE bits.

1: On - OC1 signal is output on the corresponding output pin depending on MOE, OSSI, OSSR, OIS1, OIS1N and
CC1NE bits

CC1 channel configured as input:
Bit0 This bit determines if a capture of the counter value can actually be done into the input capture/compare register 1
(TIMx_CCR1) or not.
0: Capture disabled.
1: Capture enabled.

Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is set in the TIMx_CR2
register then the CC1E active bit takes the new value from the preloaded bit only when a commutation event is
generated.
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Table 44. Output control bits for complementary OCx and OCxN channels with break feature

Control bits Output states(!

B

Output disabled (not driven by the timer: Hi-Z) OCx=0, OCxN=0

Output disabled (not driven by the ]
0 0 1 timer: Hi-Z) OCXxREF + Polarity OCxN=OCXxREF xor
CCxNP
OCx=0

Output disabled (not driven by the timer:
OCXREF + polarity OCx=0OCxREF xor Hi-Z)

CCxP OCKN=0
1 X =
. . Complementary to OCREF (not
X 1 1 OCREF + polarity + deadtime OCREF) + polarity + deadtime
1 0 1 Off-state (output enabled with inactive = OCxXREF + polarity OCxN=OCxREF xor
state) OCx=CCxP CCxNP
Off-state (output enabled with inactive
OCxREF + polarity OCx=OCXxREF xor | gtat,
1 1 0 state)
CCxP
OCxN=CCxNP
0 X X
Output disabled (not driven by the timer: Hi-Z) OCx=CCxP, OCxN=CCxNP
0
0 1 Off-state (output enabled with inactive state) Asynchronously: OCx=CCxP,
1 0 OCxN=CCxNP (if BRKIN or BRKIN2 is triggered).
0 X

1 Then (this is valid only if BRKIN is triggered), if the clock is present: OCx=0ISx
and OCxN=0ISxN after a deadtime, assuming that OISx and OISxN do not
correspond to OCX and OCxN both in active state (may cause a short-circuit
when driving switches in half-bridge configuration).

Note: BRKIN2 can only be used if OSSI = OSSR = 1

1. When both outputs of a channel are not used (control taken over by GPIO), the OISx, OISxN, CCxP and CCxNP bits must
be kept cleared.

Note: The state of the external I/O pins connected to the complementary OCx and OCxN channels depends on the
OCx and OCxN channel state and the GPIO registers.
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16.4.10 TIM1 counter (TIMx_CNT)
Address offset: 0x24
Reset value: 0x0000

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

r

15 14 13 12 N 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
rw w rw rw w w rw rw rw rw rw rw rw rw rw rw

UIFCPY: UIF copy

Bit31 | This bit is a read-only copy of the UIF bit of the TIMx_ISR register. If the UIFREMAP bit in the TIMXCR1 is reset,
bit 31 is reserved and read at 0.

Bits 30:16 Reserved, always read as 0.

Bits 15:0 A CNT[15:0]: Counter value
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16.4.11 TIM1 prescaler (TIMx_PSC)
Address offset: 0x28
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
rw w rw w w 'w rw rw rw rw rw rw rw rw rw rw

PSC[15:0]: Prescaler value
Bits The counter clock frequency (CK_CNT) is equal to fCK_PSC / (PSC[15:0] + 1).

15:0  PSC contains the value to be loaded in the active prescaler register at each update event (including when the
counter is cleared through UG bit of TIMx_EGR register or through trigger controller when configured in “reset
mode”).
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16.4.12 TIM1 auto-reload register (TIMx_ARR)
Address offset: 0x2C
Reset value: OxFFFF

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARR[15:0]
rw w rw w w 'w rw rw rw rw rw rw rw rw rw rw

ARR[15:0]: Prescaler value.
Bits 15:0 ARR is the value to be loaded in the actual auto-reload register.
its 15:
Refer to Section 16.3.1: Time-base unit for more details about ARR update and behavior.

The counter is blocked while the auto-reload value is null.
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16.4.13 TIM1 repetition counter register (TIMx_RCR)
Address offset: 0x30
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
REP[15:0]
rw w rw w w 'w rw rw rw rw rw rw rw rw rw rw

REP[15:0]: Repetition counter value.

These bits allow the user to set-up the update rate of the compare registers (i.e. periodic transfers from preload to

active registers) when preload registers are enabled, as well as the update interrupt generation rate, if this interrupt is
enabled.

Bits | Each time the REP_CNT related down-counter reaches zero, an update event is generated and it restarts counting
15:0 | from REP value. As REP_CNT is reloaded with REP value only at the repetition update event U_RC, any write to the
TIMx_RCR register is not taken into account until the next repetition update event.

It means in PWM mode (REP+1) corresponds to:
the number of PWM periods in edge-aligned mode

the number of half PWM period in center-aligned mode
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16.4.14 TIM1 capture/compare register 1 (TIMx_CCR1)
Address offset: 0x34
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR1[15:0]
rw w rw w w 'w rw rw rw rw rw rw rw rw rw rw

CCR1[15:0]: Capture/compare 1 value.
If channel CC1 is configured as output:
CCR1 is the value to be loaded in the actual capture/compare 1 register (preload value).

It is loaded permanently if the preload feature is not selected in the TIMx_CCMR1 register (bit OC1PE). Otherwise the

Bits preload value is copied in the active capture/compare 1 register when an update event occurs.

15:0
The active capture/compare register contains the value to be compared to the counter TIMx_CNT and signaled on
OC1 output.

If channel CC1 is configured as input:

CCR1 is the counter value transferred by the last input capture 1 event (IC1).
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16.4.15 TIM1 capture/compare register 2 (TIMx_CCR2)
Address offset: 0x38
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR2[15:0]
rw w rw w w 'w rw rw rw rw rw rw rw rw rw rw

CCR2[15:0]: Capture/compare 2 value
If channel CC2 is configured as output:
CCR2 is the value to be loaded in the actual capture/compare 2 register (preload value).

It is loaded permanently if the preload feature is not selected in the TIMx_CCMR2 register (bit OC2PE). Otherwise the

Bits preload value is copied in the active capture/compare 2 register when an update event occurs.

15:0
The active capture/compare register contains the value to be compared to the counter TIMx_CNT and signalled on
OC2 output.

If channel CC2 is configured as input:

CCR2 is the counter value transferred by the last input capture 2 event (IC2).
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16.4.16 TIM1 capture/compare register 3 (TIMx_CCR3)
Address offset: 0x3C
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR3[15:0]
rw w rw w w 'w rw rw rw rw rw rw rw rw rw rw

CCR3[15:0]: Capture/compare value
If channel CC3 is configured as output:
CCRS is the value to be loaded in the actual capture/compare 3 register (preload value).

) It is loaded permanently if the preload feature is not selected in the TIMx_CCMRS3 register (bit OC3PE). Otherwise the
Bits preload value is copied in the active capture/compare 3 register when an update event occurs.

15:0
The active capture/compare register contains the value to be compared to the counter TIMx_CNT and signalled on
OC3 output.
If channel CC3 is configured as input:

CCRa3 is the counter value transferred by the last input capture 3 event (IC3).
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16.4.17 TIM1 capture/compare register 4 (TIMx_CCR4)
Address offset: 0x40
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR4[15:0]
rw w rw w w 'w rw rw rw rw rw rw rw rw rw rw

CCRA4[15:0]: Capture/compare value
If channel CC4 is configured as output:
CCR4 is the value to be loaded in the actual capture/compare 4 register (preload value).

It is loaded permanently if the preload feature is not selected in the TIMx_CCMRA4 register (bit OC4PE). Otherwise the

Bits preload value is copied in the active capture/compare 4 register when an update event occurs.

15:0
The active capture/compare register contains the value to be compared to the counter TIMx_CNT and signaled on
OC4 output.

If channel CC4 is configured as input:

CCR4 is the counter value transferred by the last input capture 4 event (IC4).

RMO0530 - Rev 3 page 298/660



m RM0530

Advanced-control timers (TIM1)

16.4.18 TIM1 break and deadtime register (TIMx_BDTR)
Address offset: 0x44
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 219 20 19 18 17 16
Res. Res. Res. Res. Res. Res. BK2P BK2E BK2F[3:0] BKF[3:0]
rw w w  rw o rworworworwrwrw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MOE AOE BKP BKE OSSR 0OSsl LOCK]1:0] DTG[7:0]
rw w rw w rw w w w W rw | rwoorworwwrw | rw
Note: As the bits BK2P, BK2E, BK2F[3:0], BKF[3:0], AOE, BKP, BKE, OSSI, OSSR and DTG[7:0] can be write-locked

depending on the LOCK configuration, it may be necessary to configure all of them during the first write access
to the TIMx_BDTR register.

S?ItZSG Reserved.

BK2P: Break 2 polarity.

0: Break input BRK2 is active low
1: Break input BRK2 is active high

Note: This bit cannot be modified as long as LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR
register).

Bit 25

Note: Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.
BK2E: Break 2 enable.
This bit enables the complete break 2 protection (including all sources connected to bk_acth and BKIN sources).
0: Break?2 function disabled
Bit 24 | 1: Break2 function enabled
Note: The BRKIN2 must only be used with OSSR = OSSI = 1.
Note: This bit cannot be modified when LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR register).

Note: Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.
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BK2F[3:0]: Break 2 filter.

This bit-field defines the frequency used to sample BRK2 input and the length of the digital filter applied to BRK2.
The digital filter is made of an event counter in which N events are needed to validate a transition on the output:

Note:
0000: No filter, BRK2 acts asynchronously

0001: fsampLiNG=fck_INT, N=2
0010: fsampLinG=Tck_INT, N=4
0011: fisampLing=fck_INT, N=8
0100: fsampLING=Tck_INT/2, N=6
0101: fsampLiNnG=fck_INT/2, N=8
Bits | 0110: fsampLING=fck_INT/4, N=6

23:20 0111: fsampLING=Tck_INT/4, N=8
1000: fsampLing=fck_INT/8, N=6
1001: fsampLING=fek_INT/8, N=8
1010: fsampLing=fDTS/16, N=5
1011: fsampLinGg=fck_INT/16, N=6
1100: fsampLing=fck_INT/16, N=8
1101: fsampLing=fck_INT/32, N=5
1110: fsampLinG=fck_INT/32, N=6
111 fsampLinGg=fck_INT/32, N=8
Note: This bit cannot be modified when LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR register).
BKF[3:0]: Break filter.

This bit-field defines the frequency used to sample BRK input and the length of the digital filter applied to BRK. The
digital filter is made of an event counter in which N events are needed to validate a transition on the output:

0000: No filter, BRK acts asynchronously
0001: fsampLiNG=fck_INT, N=2

0010: fsampLinG=fck_INT, N=4

0011: fsampLinG=fck_INT, N=8

0100: fsampLING=TDTS/2, N=6

0101: fsampLING=TDTS/2, N=8

0110: fsampLING=fDTs/4, N=6

Bits
19:16  0111: fsampLinG=fDTs/4, N=8

1000: fsampLING=fDTS/8, N=6

1001: fsampLING=TDTS/8, N=8

1010: fsampLing=fDTs/16, N=5

1011: fsampLing=fDTs/16, N=6

1100: fsampLing=fDTS/16, N=8

1101: fsampLing=TDTS/32, N=5

1110: fsampLing=fDTs/32, N=6

1111: fsampLing=DTS/32, N=8

This bit cannot be modified when LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR register).
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MOE: Main output enable.

This bit is cleared asynchronously by hardware as soon as one of the break inputs is active (BRK or BRK2). It is set
by software or automatically depending on the AOE bit. It is acting only on the channels which are configured in
output.

0: In response to a break 2 event. OC and OCN outputs are disabled
Bit 15 In response to a break event or if MOE is written to.
0: OC and OCN outputs are disabled or forced to idle state depending on the OSSI bit.
1: OC and OCN outputs are enabled if their respective enable bits are set (CCxE, CCxNE in TIMx_CCER register).

See OC/OCN enable description for more details (Section 16.4.9: TIM1 capture/compare enable register
(TIMx_CCER)).

AOE: Automatic output enable.
0: MOE can be set only by software

Bit 14 1: MOE can be set by software or automatically at the next update event (if none of the break inputs BRK and BRK2
are active).

Note: This bit can not be modified as long as LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR
register).

BKP: Break polarity.
0: Break input BRK is active low
1: Break input BRK is active high

Note: This bit can not be modified as long as LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR
register).

Bit 13

Note: Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.

BKE: Break enable.

This bit enables the complete break protection (including all sources connected to bk_acth and BKIN sources).
Bit 12 0: Break function disabled.

1: Break function enabled.

Note: This bit cannot be modified when LOCK level 1 has been programmed (LOCK bits in TIMx_BDTR register).

Note: Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.

OSSR: Off-state selection for Run mode.

This bit is used when MOE=1 on channels having a complementary output which are configured as outputs. OSSR is
not implemented if no complementary output is implemented in the timer.

See OC/OCN enable description for more details (Section 16.4.9: TIM1 capture/compare enable register
(TIMx_CCER)).

Bit 11 ' 0: When inactive, OC/OCN outputs are disabled (the timer releases the output control which is taken over by the
GPIO logic, which forces a Hi-Z state).

1: When inactive, OC/OCN outputs are enabled with their inactive level as soon as CCxE=1 or CCxNE=1 (the output
is still controlled by the timer).

Note: This bit can not be modified as soon as the LOCK level 2 has been programmed (LOCK bits in TIMx_BDTR
register).

OSSI: Off-state selection for Idle mode.
This bit is used when MOE=0 due to a break event or by a software write, on channels configured as outputs.

See OC/OCN enable description for more details (Section 16.4.9: TIM1 capture/compare enable register
(TIMx_CCER)).

Bit 10 | 0: When inactive, OC/OCN outputs are disabled (the timer releases the output control which is taken over by the
GPIO logic and which imposes a Hi-Z state).

1: When inactive, OC/OCN outputs are first forced with their inactive level then forced to their idle level after the
deadtime. The timer maintains its control over the output.

Note: This bit cannot be modified as soon as the LOCK level 2 has been programmed (LOCK bits in TIMx_BDTR
register).
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LOCK]1:0]: Lock configuration.

These bits offer a write protection against software errors.
00: LOCK OFF - No bit is write protected.

01: LOCK Level 1 = DTG bits in TIMx_BDTR register, OISx and OISxN bits in TIMx_CR2 register and BKE/BKP/AOE
bits in TIMx_BDTR register can be no longer written.

Bits 9:8 10: LOCK Level 2 = LOCK Level 1 + CC Polarity bits (CCxP/CCxNP bits in TIMx_CCER register,as long as the
related channel is configured in output through the CCxS bits) as well as OSSR and OSSI bits can be no longer
written.

11: LOCK level 3 = LOCK level 2 + CC control bits (OCxM and OCxPE bits in TIMx_CCMRX registers, as long as the
related channel is configured in output through the CCxS bits) can be no longer written.

Note: The LOCK bits can be written only once after the reset. Once the TIMx_BDTR register has been written, their
content is frozen until the next reset.

DTG[7:0]: Deadtime generator setup.

This bit-field defines the duration of the deadtime inserted between the complementary outputs. DT matches this
duration.

DTG[7:5]=0xx => DT=DTG[7:0]x tgtg With tgtg=tpTs. DTG[7:5]=10x => DT=(64+DTG[5:0])xtgtg With Tgig=2xtDTS.
DTG[7:5]=110 => DT=(32+DTG[4:0])xtqtg With Tatg=8xtprs. DTG[7:5]=111 => DT=(32+DTG[4:0])xtgtg With
Tgtg=16XtpTs.
Bits 720 Example if Tprs = 125 ns (8 MHz), deadtime possible values are:
0 to 15875 ns by 125 ns steps,
16 ps to 31750 ns by 250 ns steps, 32 ys to 63 ps by 1 s steps,
64 ps to 126 ys by 2 us steps

Note: This bit-field cannot be modified as long as LOCK level 1, 2 or 3 has been programmed (LOCK bits in
TIMx_BDTR register).
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16.4.19 TIM1 capture/compare mode register 3 (TIMx_CCMR3)
Address offset: 0x54
Reset value: 0x00000000

Refer to Section 16.4.7: TIM1 capture/compare mode register 1 (TIMx_CCMR1) about the configuration of
channels 5 and 6.

31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. | OC6M[3] Res. Res. Res. Res. Res. | Res. Res. OC5M[3]
rw rw
15 14 13 1 10 9 8 7 6 5 4 3 2 1 0
OC6 CE = OC6M[2:0] | OC6PE @ OC6FE Res. Res. OC5CE. OC5M[2:0] OC5PE OC5FE Res. Res.
rw w o rwoorw rw w rw w o rwoorw rw rw

Output compare mode

Bits 31:25 Reserved, always read as 0.
Bits 24 OC6M[3]: Output compare 6 mode - bit 3.
Bits 23:17 Reserved, always read as 0.
Bits 16 OC5M[3]: Output compare 5 mode - bit 3.
Bit 15 OCB6CE: Output compare 6 clear enable.
Bits 14:12 OC6M: Output compare 6 mode.
Bit 11 OCG6PE: Output compare 6 preload enable.
Bit 10 OCG6FE: Output compare 6 fast enable.
Bits 9:8 Reserved, always read as 0.
Bit 7 OCS5CE: Output compare 5 clear enable.
Bits 6:4 OC5M: Output compare 5 mode.
Bit 3 OCS5PE: Output compare 5 preload enable.
Bit 2 OCS5FE: Output compare 5 fast enable.
Bits 1:0 Reserved, always read as 0.
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16.4.20 TIM1 capture/compare register 5 (TIMx_CCRS5)
Address offset: 0x58
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GC5C3  GC5C2  GC5C1 | Res. Res. Res. Res. | Res. Res. Res. Res. Res. Res. Res. Res. Res.

w w 'w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR5[15:0]

w rw w rw rw rw rw w w w w rw rw rw rw rw

GC5C3: Group channel 5 and channel 3 distortion on channel 3 output:
0: No effect of OC5REF on OC3REFC
Bits 31 1: OC3REFC is the logical AND of OC3REFC and OC5REF

This bit can either have immediate effect or be preloaded and taken into account after an update event (if preload
feature is selected in TIMXCCMR2).

Note: It is also possible to apply this distortion on combined PWM signals.
GC5C2: Group channel 5 and channel 2 distortion on channel 2 output:
0: No effect of OC5REF on OC2REFC

Bits 30 1: OC2REFC is the logical AND of OC2REFC and OC5REF

This bit can either have immediate effect or be preloaded and taken into account after an update event (if preload
feature is selected in TIMXCCMR1).

Note: It is also possible to apply this distortion on combined PWM signals.
GC5C1: Group channel 5 and channel 1 distortion on channel 1 output:
0: No effect of OC5REF on OC1REFC5

1: OC1REFC is the logical AND of OC1REFC and OC5REF

This bit can either have immediate effect or be preloaded and taken into account after an update event (if preload
feature is selected in TIMXCCMR