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Introduction

This reference manual targets application developers. It provides complete information on
how to use the STM32F405xx/07xx, STM32F415xx/17xx, STM32F42xxx and
STM32F43xxx microcontroller memory and peripherals.

The STM32F405xx/07xx, STM32F415xx/17xx, STM32F42xxx and STM32F43xxx constitute
a family of microcontrollers with different memory sizes, packages and peripherals.

For ordering information, mechanical and electrical device characteristics please refer to the
datasheets.

For information on the Arm® Cortex®-M4 with FPU core, please refer to the Cortex®-M4 with
FPU Technical Reference Manual.

The STM32F405xx/07xx, STM32F415xx/17xx, STM32F42xxx and STM32F43xxx
microcontrollers include ST state-of-the-art patented technology.

Related documents

Available from STMicroelectronics web site (www.st.com):

STM32F40x and STM32F41x datasheets
STM32F42x and STM32F43x datasheets
STM32F40x and STM32F41x errata sheets
STM32F42x and STM32F43x errata sheets

For information on the Arm® Cortex®-M4 with FPU, refer to the STM32F3xx/F4xxx
Cortex®-M4 with FPU programming manual (PM0214).
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1.1

3

Documentation conventions

The STM32F405xx/07xx, STM32F415xx/17xx, STM32F42xxx and STM32F43xxx devices
have an Arm®®@ Cortex®-M4 with FPU core.

arm

List of abbreviations for registers

The following abbreviations are used in register descriptions:

read/write (rw)
read-only (r)

write-only (w)

read/clear (rc_w1)

read/clear (rc_wO0)

read/clear by read
(rc_r)

read/set (rs)

read-only write
trigger (rt_w)

toggle (t)
Reserved (Res.)

Software can read and write to these bits.
Software can only read these bits.

Software can only write to this bit. Reading the bit returns the reset
value.

Software can read as well as clear this bit by writing 1. Writing ‘0’ has
no effect on the bit value.

Software can read as well as clear this bit by writing 0. Writing ‘1’ has
no effect on the bit value.

Software can read this bit. Reading this bit automatically clears it to ‘0’.
Writing ‘0’ has no effect on the bit value.

Software can read as well as set this bit. Writing ‘0’ has no effect on the
bit value.

Software can read this bit. Writing ‘0’ or ‘1’ triggers an event but has no
effect on the bit value.

Software can only toggle this bit by writing “1’. Writing ‘0" has no effect.

Reserved bit, must be kept at reset value.

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

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

The CPU core integrates two debug ports:

— JTAG debug port (JTAG-DP) provides a 5-pin standard interface based on the
Joint Test Action Group (JTAG) protocol.

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

For both the JTAG and SWD protocols, please refer to the Cortex®-M4 with FPU
Technical Reference Manual

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

Double word: data of 64-bit length.

IAP (in-application programming): IAP is the ability to reprogram the flash memory of a
microcontroller while the user program is running.

ICP (in-circuit programming): ICP is the ability to program the flash memory of a
microcontroller using the JTAG protocol, the SWD protocol or the bootloader while the
device is mounted on the user application board.

I-Code: this bus connects the Instruction bus of the CPU core to the Flash instruction
interface. Prefetch is performed on this bus.

D-Code: this bus connects the D-Code bus (literal load and debug access) of the CPU
to the Flash data interface.

Option bytes: product configuration bits stored in the flash memory.
OBL.: option byte loader.

AHB: advanced high-performance bus.

CPU: refers to the Cortex®-M4 with FPU core.

1.3 Peripheral availability

For peripheral availability and number across all STM32F405xx/07xx and
STM32F415xx/17xx sales types, please refer to the STM32F405xx/07xx and
STM32F415xx/17xx datasheets.

For peripheral availability and number across all STM32F42xxx and STM32F43xxx sales
types, please refer to the STM32F42xxx and STM32F43xxx datasheets.
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2.1

3

Memory and bus architecture

System architecture

In STM32F405xx/07xx and STM32F415xx/17xx, the main system consists of 32-bit
multilayer AHB bus matrix that interconnects:

The main system consists of 32-bit multilayer AHB bus matrix that interconnects:
e  Eight masters:

Cortex®-M4 with FPU core I-bus, D-bus and S-bus
DMA1 memory bus

DMA2 memory bus

DMAZ2 peripheral bus

Ethernet DMA bus

USB OTG HS DMA bus

. Seven slaves:

Internal flash memory ICode bus

Internal flash memory DCode bus

Main internal SRAM1 (112 KB)

Auxiliary internal SRAM2 (16 KB)

AHB1 peripherals including AHB to APB bridges and APB peripherals
AHB2 peripherals

FSMC

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. The 64-
Kbyte CCM (core coupled memory) data RAM is not part of the bus matrix and can be
accessed only through the CPU. This architecture is shown in Figure 1.
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Figure 1. System architecture for STM32F405xx/07xx and STM32F415xx/17xx devices
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In the STM32F42xx and STM32F43xx devices, the main system consists of 32-bit multilayer
AHB bus matrix that interconnects:

. Ten masters:

Cortex®-M4 with FPU core I-bus, D-bus and S-bus
DMA1 memory bus

DMA2 memory bus

DMA2 peripheral bus

Ethernet DMA bus

USB OTG HS DMA bus

LCD Controller DMA-bus

DMA2D (Chrom-Art Accelerator™) memory bus

e Eight slaves:

Internal flash memory ICode bus

Internal flash memory DCode bus

Main internal SRAM1 (112 KB)

Auxiliary internal SRAM2 (16 KB)

Auxiliary internal SRAM3 (64 KB)

AHB1peripherals including AHB to APB bridges and APB peripherals
AHB2 peripherals

FMC

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. The 64-
Kbyte CCM (core coupled memory) data RAM is not part of the bus matrix and can be
accessed only through the CPU. This architecture is shown in Figure 2.
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Figure 2. System architecture for STM32F42xxx and STM32F43xxx devices
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I-bus

This bus connects the Instruction bus of the Cortex®-M4 with FPU core to the BusMatrix.
This bus is used by the core to fetch instructions. The target of this bus is a memory
containing code (internal flash memory/SRAM or external memories through the
FSMC/FMC).

D-bus

This bus connects the databus of the Cortex®-M4 with FPU to the 64-Kbyte CCM data RAM
to the BusMatrix. This bus is used by the core for literal load and debug access. The target
of this bus is a memory containing code or data (internal flash memory or external memories
through the FSMC/FMC).

S-bus

This bus connects the system bus of the Cortex®-M4 with FPU core to a BusMatrix. This
bus is used to access data located in a peripheral or in SRAM. Instructions may also be
fetched on this bus (less efficient than ICode). The targets of this bus are the internal
SRAM1, SRAM2 and SRAM3, the AHB1 peripherals including the APB peripherals, the
AHB2 peripherals and the external memories through the FSMC/FMC.

3
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21.4

21.5

2.1.6

21.7

2.1.8

21.9

2.1.10

3

DMA memory bus

This bus connects the DMA memory bus master interface to the BusMatrix. It is used by the
DMA to perform transfer to/from memories. The targets of this bus are data memories:
internal SRAMs (SRAM1, SRAM2 and SRAM3) and external memories through the
FSMC/FMC.

DMA peripheral bus

This bus connects the DMA peripheral master bus interface to the BusMatrix. This bus is
used by the DMA to access AHB peripherals or to perform memory-to-memory transfers.
The targets of this bus are the AHB and APB peripherals plus data memories: internal

SRAMs (SRAM1, SRAM2 and SRAM3) and external memories through the FSMC/FMC.

Ethernet DMA bus

This bus connects the Ethernet DMA master interface to the BusMatrix. This bus is used by
the Ethernet DMA to load/store data to a memory. The targets of this bus are data
memories: internal SRAMs (SRAM1, SRAM2, SRAM3), internal flash memory, and external
memories through the FSMC/FMC.

USB OTG HS DMA bus

This bus connects the USB OTG HS DMA master interface to the BusMatrix. This bus is
used by the USB OTG DMA to load/store data to a memory. The targets of this bus are data
memories: internal SRAMs (SRAM1, SRAM2, SRAM3), internal flash memory, and external
memories through the FSMC/FMC.

LCD-TFT controller DMA bus

This bus connects the LCD controller DMA master interface to the BusMatrix. It is used by
the LCD-TFT DMA to load/store data to a memory. The targets of this bus are data
memories: internal SRAMs (SRAM1, SRAM2, SRAM3), external memories through FMC,
and internal flash memory.

DMA2D bus

This bus connect the DMA2D master interface to the BusMatrix. This bus is used by the
DMAZ2D graphic Accelerator to load/store data to a memory. The targets of this bus are data
memories: internal SRAMs (SRAM1, SRAM2, SRAM3), external memories through FMC,
and internal flash memory.

BusMatrix

The BusMatrix manages the access arbitration between masters. The arbitration uses a
round-robin algorithm.
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2.1.11

Note:

2.2

2.3

AHBI/APB bridges (APB)

The two AHB/APB bridges, APB1 and APB2, provide full synchronous connections between
the AHB and the two APB buses, allowing flexible selection of the peripheral frequency.

Refer to the device datasheets for more details on APB1 and APB2 maximum frequencies,
and to Table 1 for the address mapping of AHB and APB peripherals.

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

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

Memory organization

Program memory, data memory, registers and I/O ports are organized within the same linear
4 Gbyte address space.

The bytes are coded in memory in little endian format. The lowest numbered byte in a word
is considered the word’s least significant byte and the highest numbered byte, the word’s
most significant.

For the detailed mapping of peripheral registers, please refer to the related chapters.
The addressable memory space is divided into 8 main blocks, each of 512 MB.

All the memory areas that are not allocated to on-chip memories and peripherals are
considered “Reserved”). Refer to the memory map figure in the product datasheet.

Memory map

See the datasheet corresponding to your device for a comprehensive diagram of the
memory map. Table 1 gives the boundary addresses of the peripherals available in all
STM32F4xx devices.

Table 1. STM32F4xx register boundary addresses

Boundary address Peripheral Bus Register map

0xA000 0000 - OXxA000 OFFF | STM32F415xx/17xx)/ | AHB3

FSMC control register
(STM32F405xx/07xx

and Section 36.6.9: FSMC register map on page 1603

FMC control register Section 37.8: FMC register map on page 1683

(STM32F42xxx and
STM32F43xxx)

64/1757
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Table 1. STM32F4xx register boundary addresses (continued)

Boundary address Peripheral Bus Register map

0x5006 0800 - 0x5006 OBFF RNG Section 24.4.4: RNG register map on page 774
0x5006 0400 - 0x5006 07FF HASH Section 25.4.9: HASH register map on page 798
0x5006 0000 - 0x5006 O3FF CRYP AHB2 Section 23.6.13: CRYP register map on page 766
0x5005 0000 - 0x5005 O03FF DCMI Section 15.8.12: DCMI register map on page 481
0x5000 0000 - 0x5003 FFEF USB OTG FS Section 34.16.6: OTG_FS register map on

page 1329
0x4004 0000 - 0x4007 FFEF USB OTG HS Section 35.12.6: OTG_HS register map on

page 1475
0x4002 BOOO - 0x4002 BBFF DMA2D Section 11.5: DMA2D registers on page 355
0x4002 8000 - 0x4002 93FF ETHERNET MAC Section 33.8.5: Ethernet register maps on

page 1239
0x4002 6400 - 0x4002 67FF DMA2

Section 10.5.11: DMA register map on page 338
0x4002 6000 - 0x4002 63FF DMA1
0x4002 4000 - 0x4002 4FFF BKPSRAM -
0x4002 3C00 - 0x4002 3FFF Flasrzglgri]stteer:ace Section 3.9: Flash interface registers
0x4002 3800 - 0x4002 3BFF RCC Section 7.3.24: RCC register map on page 267
0x4002 3000 - 0x4002 33FF CRC Section 4.4.4: CRC register map on page 116

AHB1

0x4002 2800 - 0x4002 2BFF GPIOK

Section 8.4.11: GPIO register map on page 290
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE Section 8.4.11: GPIO register map on page 290
0x4002 0C00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 O7FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA
0x4001 6800 - 0x4001 6BFF LCD-TFT APB2 Section 16.7.26: LTDC register map on page 515
0x4001 5800 - 0x4001 5BFF SAI Section 29.17.9: SAl register map on page 966
0x4001 5400 - 0x4001 57FF SPI6

APB2 | Section 28.5.10: SPI register map on page 928

0x4001 5000 - 0x4001 53FF SPI5
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Table 1. STM32F4xx register boundary addresses (continued)

Boundary address Peripheral Bus Register map
0x4001 4800 - 0x4001 4BFF TIM11 Section 19.5.12: TIM10/11/13/14 register map on
0x4001 4400 - 0x4001 47FF TIM10 page 697
0x4001 4000 - 0x4001 43FF TIM9 Section 19.4.13: TIM9/12 register map on
page 687
0x4001 3C00 - 0x4001 3FFF EXTI APB2 | Section 12.3.7: EXTI register map on page 390
Section 9.2.8: SYSCFG register maps for
STM32F405xx/07xx and STM32F415xx/17xx on
0x4001 3800 - 0x4001 3BFF SYSCFG page 297 and Section 9.3.8: SYSCFG register
maps for STM32F42xxx and STM32F43xxx on
page 304
0x4001 3400 - 0x4001 37FF SPI4 APB2 | Section 28.5.10: SPI register map on page 928
0x4001 3000 - 0x4001 33FF SPI1 Section 28.5.10: SPI register map on page 928
0x4001 2C00 - 0x4001 2FFF SDIO Section 31.9.16: SDIO register map on page 1077
0x4001 2000 - 0x4001 23FF | ADC1 - ADC2 - ADC3 Section 13.13.18: ADC register map on page 433
0x4001 1400 - 0x4001 17FF USART6 APB2
Section 30.6.8: USART register map on page 1021
0x4001 1000 - 0x4001 13FF USART1
0x4001 0400 - 0x4001 07FF TIM8 Section 17.4.21: TIM1 and TIM8 register map on
0x4001 0000 - 0x4001 03FF TIMA page 590
0x4000 7C00 - 0x4000 7FFF UARTS
APB1 | Section 30.6.8: USART register map on page 1021
0x4000 7800 - 0x4000 7BFF UART7
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Table 1. STM32F4xx register boundary addresses (continued)

Boundary address Peripheral Bus Register map

0x4000 7400 - 0x4000 77FF DAC Section 14.5.15: DAC register map on page 456
0x4000 7000 - 0x4000 73FF PWR Section 5.6: PWR register map on page 151
0x4000 6800 - 0x4000 6BFF CAN2

Section 32.9.5: bxCAN register map on page 1121
0x4000 6400 - 0x4000 67FF CAN1
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2 Section 27.6.11: 12C register map on page 875
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4

Section 30.6.8: USART register map on page 1021
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF 12S3ext
0x4000 3C00 - 0x4000 3FFF SPI3/12S3

Section 28.5.10: SPI register map on page 928
0x4000 3800 - 0x4000 3BFF SPI2 /1282 APB1
0x4000 3400 - 0x4000 37FF 12S2ext
0x4000 3000 - 0x4000 33FF IWDG Section 21.4.5: IWDG register map on page 715
0x4000 2C00 - 0x4000 2FFF WWDG Section 22.6.4: WWDG register map on page 722
0x4000 2800 - 0x4000 2BFF | RTC & BKP Registers Section 26.6.21: RTC register map on page 839
0x4000 2000 - 0x4000 23FF TIM14 Section 19.5.12: TIM10/11/13/14 register map on
0x4000 1C00 - 0x4000 1FFF TIM13 page 697
0x4000 1800 - 0x4000 1BFF TIM12 Section 19.4.13: TIM9/12 register map on

page 687
0x4000 1400 - 0x4000 17FF TIM7 Section 20.4.9: TIM6 and TIM?7 register map on
0x4000 1000 - 0x4000 13FF TIM6 page 710
0x4000 0C00 - 0x4000 OFFF TIM5
0x4000 0800 - 0x4000 OBFF TIM4

Section 18.4.21: TIMx register map on page 651
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2
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2.3.1

2.3.2

2.3.3
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Embedded SRAM

The STM32F405xx/07xx and STM32F415xx/17xx feature 4 Kbytes of backup SRAM (see
Section 5.1.2: Battery backup domain) plus 192 Kbytes of system SRAM.

The STM32F42xxx and STM32F43xxx feature 4 Kbytes of backup SRAM (see
Section 5.1.2: Battery backup domain) plus 256 Kbytes of system SRAM.

The embedded SRAM can be accessed as bytes, half-words (16 bits) or full words (32 bits).
Read and write operations are performed at CPU speed with 0 wait state. The embedded
SRAM is divided into up to three blocks:

e SRAM1 and SRAM2 mapped at address 0x2000 0000 and accessible by all AHB
masters.

e  SRAMS3 (available on STM32F42xxx and STM32F43xxx) mapped at address
0x2002 0000 and accessible by all AHB masters.

e CCM (core coupled memory) mapped at address 0x1000 0000 and accessible only by
the CPU through the D-bus.

The AHB masters support concurrent SRAM accesses (from the Ethernet or the USB OTG
HS): for instance, the Ethernet MAC can read/write from/to SRAM2 while the CPU is
reading/writing from/to SRAM1 or SRAMS.

The CPU can access the SRAM1 through the System bus or through the I-Code/D-Code
buses when boot from SRAM is selected or when physical remap is selected (Section 9.2.1:
SYSCFG memory remap register (SYSCFG_MEMRMP) in the SYSCFG controller). To get
the max performance on SRAM execution, physical remap should be selected (boot or
software selection).

Flash memory overview

The flash memory interface manages CPU AHB I-Code and D-Code accesses to the flash

memory. It implements the erase and program flash memory operations and the read and

write protection mechanisms. It accelerates code execution with a system of instruction

prefetch and cache lines.

The flash memory is organized as follows:

e A main memory block divided into sectors.

e  System memory from which the device boots in System memory boot mode

e 512 OTP (one-time programmable) bytes for user data.

e  Option bytes to configure read and write protection, BOR level, watchdog
software/hardware and reset when the device is in Standby or Stop mode.

Refer to Section 3: Embedded flash memory interface for more details.

Bit banding

The Cortex®-M4 with FPU memory map includes two bit-band regions. These regions map
each word in an alias region of memory to a bit in a bit-band region of memory. Writing to a
word in the alias region has the same effect as a read-modify-write operation on the
targeted bit in the bit-band region.

In the STM32F4xx devices both the peripheral registers and the SRAM are mapped to a bit-
band region, so that single bit-band write and read operations are allowed. The operations
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are only available for Cortex®-M4 with FPU accesses, and not from other bus masters (e.g.
DMA).

A mapping formula shows how to reference each word in the alias region to a corresponding
bit in the bit-band region. The mapping formula is:

bit_word_addr = bit_band_base + (byte_offset x 32) + (bit_number x 4)

where:

—  bit_word_addr is the address of the word in the alias memory region that maps to

the targeted bit
—  bit_band_base is the starting address of the alias region
—  byte offset is the number of the byte in the bit-band region that contains the
targeted bit

—  bit_number is the bit position (0-7) of the targeted bit
Example
The following example shows how to map bit 2 of the byte located at SRAM address
0x20000300 to the alias region:

0x22006008 = 0x22000000 + (0x300*32) + (2*4)
Writing to address 0x22006008 has the same effect as a read-modify-write operation on bit
2 of the byte at SRAM address 0x20000300.
Reading address 0x22006008 returns the value (0x01 or 0x00) of bit 2 of the byte at SRAM
address 0x20000300 (0x01: bit set; 0x00: bit reset).
For more information on bit-banding, please refer to the Cortex®-M4 with FPU programming
manual (see Related documents on page 1).

24 Boot configuration

3

Due to its fixed memory map, the code area starts from address 0x0000 0000 (accessed
through the ICode/DCode buses) while the data area (SRAM) starts from address
0x2000 0000 (accessed through the system bus). The Cortex®-M4 with FPU CPU always
fetches the reset vector on the ICode bus, which implies to have the boot space available
only in the code area (typically, flash memory). STM32F4xx microcontrollers implement a
special mechanism to be able to boot from other memories (like the internal SRAM).

In the STM32F4xx, three different boot modes can be selected through the BOOT[1:0] pins
as shown in Table 2.

Table 2. Boot modes

Boot mode selection pins
Boot mode Aliasing
BOOT1 BOOTO
X 0 Main flash memory | Main flash memory is selected as the boot space
0 1 System memory System memory is selected as the boot space
1 1 Embedded SRAM | Embedded SRAM is selected as the boot space
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Note:
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The values on the BOOT pins are latched on the 4th rising edge of SYSCLK after a reset. It
is up to the user to set the BOOT1 and BOOTO pins after reset to select the required boot
mode.

BOOTO is a dedicated pin while BOOT1 is shared with a GPIO pin. Once BOOT1 has been
sampled, the corresponding GPIO pin is free and can be used for other purposes.

The BOOT pins are also resampled when the device exits the Standby mode. Consequently,
they must be kept in the required Boot mode configuration when the device is in the Standby
mode. After this startup delay is over, the CPU fetches the top-of-stack value from address
0x0000 0000, then starts code execution from the boot memory starting from 0x0000 0004.

When the device boots from SRAM, in the application initialization code, you have to
relocate the vector table in SRAM using the NVIC exception table and the offset register.

In STM32F42xxx and STM32F43xxx devices, when booting from the main flash memory,
the application software can either boot from bank 1 or from bank 2. By default, boot from
bank 1 is selected.

To select boot from flash memory bank 2, set the BFB2 bit in the user option bytes. When
this bit is set and the boot pins are in the boot from main flash memory configuration, the
device boots from system memory, and the boot loader jumps to execute the user
application programmed in flash memory bank 2. For further details, please refer to
AN2606.

Embedded bootloader

The embedded bootloader mode is used to reprogram the flash memory using one of the
following serial interfaces:

e USART1 (PA9/PA10)

e USART3 (PB10/11 and PC10/11)

e CAN2 (PB5/13)

e USB OTG FS (PA11/12) in Device mode (DFU: device firmware upgrade).

The USART peripherals operate at the internal 16 MHz oscillator (HSI) frequency, while the

CAN and USB OTG FS require an external clock (HSE) multiple of 1 MHz (ranging from 4 to
26 MHz).

The embedded bootloader code is located in system memory. It is programmed by ST
during production. For additional information, refer to application note AN2606.

Physical remap in STM32F405xx/07xx and STM32F415xx/17xx

Once the boot pins are selected, the application software can modify the memory
accessible in the code area (in this way the code can be executed through the ICode bus in
place of the System bus). This modification is performed by programming the Section 9.2.1:
SYSCFG memory remap register (SYSCFG_MEMRMP) in the SYSCFG controller.

The following memories can thus be remapped:

Main flash memory

System memory

Embedded SRAM1 (112 KB)

FSMC bank 1 (NOR/PSRAM 1 and 2)

3
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Table 3. Memory mapping vs. Boot mode/physical remap
in STM32F405xx/07xx and STM32F415xx/17xx
Addresses Boot/Remap in Boot/Remap in Boot/Remap in Remap in FSMC

main flash memory

embedded SRAM

System memory

0x2001 C000 - 0x2001 FFFF

SRAM2 (16 KB)

SRAM2 (16 KB)

SRAM2 (16 KB)

SRAM2 (16 KB)

0x2000 0000 - 0x2001 BFFF

SRAM1 (112 KB)

SRAM1 (112 KB)

SRAM1 (112 KB)

SRAM1 (112 KB)

Ox1FFF 0000 - Ox1FFF 77FF

System memory

System memory

System memory

System memory

0x0810 0000 - 0XOFFF FFFF

Reserved

Reserved

Reserved

Reserved

0x0800 0000 - 0x080F FFFF

Flash memory

Flash memory

Flash memory

Flash memory

0x0400 0000 - 0x07FF FFFF

Reserved

Reserved

Reserved

FSMC bank 1
NOR/PSRAM 2
(128 MB Aliased)

0x0000 0000 -
0x000F FFFF(D2)

Flash (1 MB) Aliased

SRAM1 (112 KB)
Aliased

System memory
(30 KB) Aliased

FSMC bank 1
NOR/PSRAM 1
(128 MB Aliased)

1. When the FSMC is remapped at address 0x0000 0000, only the first two regions of bank 1 memory controller (bank 1
NOR/PSRAM 1 and NOR/PSRAM 2) can be remapped. In remap mode, the CPU can access the external memory via
ICode bus instead of System bus which boosts up the performance.

Physical remap in STM32F42xxx and STM32F43xxx

Even when aliased in the boot memory space, the related memory is still accessible at its original memory space.

Once the boot pins are selected, the application software can modify the memory
accessible in the code area (in this way the code can be executed through the ICode bus in
place of the System bus). This modification is performed by programming the Section 9.2.1:
SYSCFG memory remap register (SYSCFG_MEMRMP) in the SYSCFG controller.

The following memories can thus be remapped:
e  Main flash memory

e  System memory

e Embedded SRAM1 (112 KB)
e FMC bank 1 (NOR/PSRAM 1 and 2)
e FMC SDRAM bank 1

Table 4. Memory mapping vs. Boot mode/physical remap
in STM32F42xxx and STM32F43xxx

Addresses

Boot/Remap in
main flash memory

Boot/Remap in
embedded SRAM

Boot/Remap in
System memory

Remap in FMC

0x2002 0000 - 0x2002 FFFF

SRAMS3 (64 KB)

SRAMS3 (64 KB)

SRAMS3 (64 KB)

SRAMS3 (64 KB)

0x2001 C000 - 0x2001 FFFF

SRAM2 (16 KB)

SRAM2 (16 KB)

SRAM2 (16 KB)

SRAM2 (16 KB)

0x2000 0000 - 0x2001 BFFF

SRAM1 (112 KB)

SRAM1 (112 KB)

SRAM1 (112 KB)

SRAM1 (112 KB)

O0x1FFF 0000 - Ox1FFF 77FF

System memory

System memory

System memory

System memory

0x0810 0000 - 0XOFFF FFFF

Reserved

Reserved

Reserved

Reserved

0x0800 0000 - 0x081F FFFF

Flash memory

Flash memory

Flash memory

Flash memory
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Table 4. Memory mapping vs. Boot mode/physical remap
in STM32F42xxx and STM32F43xxx (continued)

Boot/Remap in Boot/Remap in Boot/Remap in .

Addresses main flash memory | embedded SRAM | System memory Remap in FMC

FMC bank 1
0x0400 0000 - 0x07FF FFFF Reserved Reserved Reserved NOR/PSRAM 2
(128 MB Aliased)

FMC bank 1
NOR/PSRAM 1
0x0000 0000 - . SRAM1 (112 KB) | System memory | (128 MB Aliased)
0x001F FFFF(N@ Flash (2 MB) Aliased Aliased (30 KB) Aliased | or FMC SDRAM
bank 1 (128 MB

Aliased)

1. When the FMC is remapped at address 0x0000 0000, only the first two regions of bank 1 memory controller (bank 1
NOR/PSRAM 1 and NOR/PSRAM 2) or SDRAM bank 1 can be remapped. In remap mode, the CPU can access the
external memory via ICode bus instead of System bus which boosts up the performance.

2. Even when aliased in the boot memory space, the related memory is still accessible at its original memory space.
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3

3.1

3.2

3

Embedded flash memory interface

Introduction

The flash memory interface manages CPU AHB I-Code and D-Code accesses to the flash
memory. It implements the erase and program flash memory operations and the read and
write protection mechanisms.

The flash memory interface accelerates code execution with a system of instruction prefetch
and cache lines.

Main features

e  Flash memory read operations

e  Flash memory program/erase operations
e Read / write protections

e  Prefetch on I-Code

e 64 cache lines of 128 bits on I-Code

e 8 cache lines of 128 bits on D-Code

Figure 3 shows the flash memory interface connection inside the system architecture.

Figure 3. Flash memory interface connection inside system architecture
(STM32F405xx/07xx and STM32F415xx/17xx)

AHB Flash
Cortex-M4 with FPU 32-bit ——— memory
instruction Jrlash interrace bus
I-Code bus toode | S bus 128 bits
7 Flash
D-Code >
(‘Z:%rrt:x 7y 2 B memory
Shbus AHB
D-code bus 32-bit | FLITF registersl
\ data bus
»] AHB
CCM data >
RAM AHB periph1
32-bit
DVIAT system bus SRAM and
»| External
DMA2 memories
AHB
USB HS periph2
Ethernet /
—— Access to instruction in Flash memory
Access to data and literal pool in Flash memory
—— FLITF register access
MS30468V3
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Figure 4. Flash memory interface connection inside system architecture
(STM32F42xxx and STM32F43xxx)
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3.3 Embedded flash memory in
STM32F405xx/07xx and STM32F415xx/17xx

The flash memory has the following main features:
Capacity up to 1 Mbyte
128 bits wide data read
Byte, half-word, word and double word write
Sector and mass erase
Memory organization

The flash memory is organized as follows:
A main memory block divided into 4 sectors of 16 Kbytes, 1 sector of 64 Kbytes,

741757

and 7 sectors of 128 Kbytes

System memory from which the device boots in System memory boot mode
512 OTP (one-time programmable) bytes for user data
The OTP area contains 16 additional bytes used to lock the corresponding OTP

data block.

Option bytes to configure read and write protection, BOR level, watchdog
software/hardware and reset when the device is in Standby or Stop mode.
Low-power modes (for details refer to the Power control (PWR) section of the reference
manual)
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Table 5. Flash module organization (STM32F40x and STM32F41x)

Block Name Block base addresses Size
Sector 0 0x0800 0000 - 0x0800 3FFF 16 Kbytes
Sector 1 0x0800 4000 - 0x0800 7FFF 16 Kbytes
Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbytes
Sector 3 0x0800 C000 - 0x0800 FFFF 16 Kbytes
Sector 4 0x0801 0000 - 0x0801 FFFF 64 Kbytes
Main memory Sector 5 0x0802 0000 - 0x0803 FFFF 128 Kbytes
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbytes
Sector 11 0x080E 0000 - 0x080F FFFF 128 Kbytes
System memory O0x1FFF 0000 - Ox1FFF 77FF 30 Kbytes
OTP area Ox1FFF 7800 - Ox1FFF 7AQOF 528 bytes
Option bytes O0x1FFF C000 - 0x1FFF COOF 16 bytes
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3.4 Embedded flash memory in STM32F42xxx and STM32F43xxx

The flash memory has the following main features:

e  Capacity up to 2 Mbyte with dual bank architecture supporting read-while-write
capability (RWW)

e 128 bits wide data read

e  Byte, half-word, word and double word write

e  Sector, bank, and mass erase (both banks)

e  Dual bank memory organization
The dual bank organization is available only on 1 Mbyte and 2 Mbyte devices.
The flash memory is organized as follows:

—  For each bank, a main memory block (1 Mbyte) divided into 4 sectors of 16
Kbytes, 1 sector of 64 Kbytes, and 7 sectors of 128 Kbytes

—  System memory from which the device boots in System memory boot mode
— 512 OTP (one-time programmable) bytes for user data

The OTP area contains 16 additional bytes used to lock the corresponding OTP
data block.

—  Option bytes to configure read and write protection, BOR level, watchdog, dual
bank boot mode, dual bank feature, software/hardware and reset when the device
is in Standby or Stop mode.

e Dual bank organization on 1 Mbyte devices
The dual bank feature on 1 Mbyte devices is enabled by setting the DB1M option bit.

To obtain a dual bank flash memory, the last 512 Kbytes of the single bank (sectors
[8:11]) are re-structured in the same way as the first 512 Kbytes.

The sector numbering of dual bank memory organization is different from the single
bank: the single bank memory contains 12 sectors whereas the dual bank memory
contains 16 sectors (see Table 7: 1 Mbyte flash memory single bank vs dual bank
organization (STM32F42xxx and STM32F43xxx)).

For erase operation, the right sector numbering must be considered according the
DB1M option bit.

— When the DB1M bit is reset, the erase operation must be performed on the default
sector number.

—  When the DB1M bit is set, to perform an erase operation on bank 2, the sector
number must be programmed (sector number from 12 to 19). Refer to FLASH_CR
register for SNB (Sector number) configuration.

Refer to Table 8: 1 Mbyte single bank flash memory organization (STM32F42xxx and
STM32F43xxx) and Table 9: 1 Mbyte dual bank flash memory organization (STM32F42xxx
and STM32F43xxx) for details on 1 Mbyte single bank and 1 Mbyte dual bank
organizations.
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Table 6. Flash module - 2 Mbyte dual bank organization (STM32F42xxx and STM32F43xxx)

Block Bank Name Block base addresses Size

Sector 0 0x0800 0000 - 0x0800 3FFF 16 Kbytes

Sector 1 0x0800 4000 - 0x0800 7FFF 16 Kbytes

Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbytes

Sector 3 0x0800 C000 - 0x0800 FFFF 16 Kbyte

Sector 4 0x0801 0000 - 0x0801 FFFF 64 Kbytes
Bank 1 Sector 5 0x0802 0000 - 0x0803 FFFF 128 Kbytes
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbytes
Sector 11 0x080E 0000 - 0x080F FFFF 128 Kbytes

Main memory

Sector 12 0x0810 0000 - 0x0810 3FFF 16 Kbytes

Sector 13 0x0810 4000 - 0x0810 7FFF 16 Kbytes

Sector 14 0x0810 8000 - 0x0810 BFFF 16 Kbytes

Sector 15 0x0810 C000 - 0x0810 FFFF 16 Kbytes

Sector 16 0x0811 0000 - 0x0811 FFFF 64 Kbytes
Bank 2 Sector 17 0x0812 0000 - 0x0813 FFFF 128 Kbytes
Sector 18 0x0814 0000 - 0x0815 FFFF 128 Kbytes
Sector 23 0x081E 0000 - 0x081F FFFF 128 Kbytes

System memory Ox1FFF 0000 - Ox1FFF 77FF 30 Kbytes

OTP Ox1FFF 7800 - Ox1FFF 7AOF 528 bytes

Option bytes Bank 1 0x1FFF C000 - 0x1FFF COOF 16 bytes

Bank 2 0x1FFE C000 - Ox1FFE COOF 16 bytes
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Table 7. 1 Mbyte flash memory single bank vs dual bank organization
(STM32F42xxx and STM32F43xxx)

1 Mbyte single bank flash memory (default) 1 Mbyte dual bank flash memory
DB1M=0 DB1M=1
Main memory Sector number Sector size Main memory Sector number Sector size
Sector 0 16 Kbytes Sector 0 16 Kbytes
Sector 1 16 Kbytes Sector 1 16 Kbytes
Sector 2 16 Kbytes Sector 2 16 Kbytes
Sector 3 16 Kbytes Bank 1 Sector 3 16 Kbytes
Sector 4 64 Kbytes 512KB Sector 4 64 Kbytes
Sector 5 128 Kbytes Sector 5 128 Kbytes
Sector 6 128 Kbytes Sector 6 128 Kbytes
Sector 7 128 Kbytes Sector 7 128 Kbytes
M8 Sector 8 128 Kbytes Sector 12 16 Kbytes
Sector 9 128 Kbytes Sector 13 16 Kbytes
Sector 10 128 Kbytes Sector 14 16 Kbytes
Sector 11 128 Kbytes Bank 2 Sector 15 16 Kbytes
- - 512KB Sector 16 64 Kbytes
- - Sector 17 128 Kbytes
- - Sector 18 128 Kbytes
- - Sector 19 128 Kbytes
Table 8. 1 Mbyte single bank flash memory organization
(STM32F42xxx and STM32F43xxx)
Block Bank Name Block base addresses Size
Sector 0 0x0800 0000 - 0x0800 3FFF 16 Kbytes
Sector 1 0x0800 4000 - 0x0800 7FFF 16 Kbytes
Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbytes
Sector 3 0x0800 C000 - 0x0800 FFFF 16 Kbytes
Sector 4 0x0801 0000 - 0x0801 FFFF 64 Kbytes
Main memory Single bank Sector 5 0x0802 0000 - 0x0803 FFFF 128 Kbytes
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbytes
Sector 7 0x0806 0000 - 0x0807 FFFF 128 Kbytes
Sector 8 0x0808 0000 - 0x0809 FFFF 128 Kbytes
Sector 9 0x080A 0000 - 0x080B FFFF 128 Kbytes
Sector 10 0x080C 0000 - 0x080D FFFF 128 Kbytes
Sector 11 0x080E 0000 - 0x080F FFFF 128 Kbytes
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Table 8. 1 Mbyte single bank flash memory organization
(STM32F42xxx and STM32F43xxx) (continued)
Block Bank Name Block base addresses Size
System memory O0x1FFF 0000 - Ox1FFFF 77FF 30 Kbytes
OTP Ox1FFF 7800 - Ox1FFF 7A0F 528 bytes
O0x1FFF C000 - Ox1FFF COOF 16 bytes
Option bytes
Ox1FFE CO000 - Ox1FFE COOF 16 bytes

Table 9. 1 Mbyte dual bank flash memory organization (STM32F42xxx and STM32F43xxx)

Block Name Block base addresses Size

Sector 0 0x0800 0000 - 0x0800 3FFF 16 Kbytes

Sector 1 0x0800 4000 - 0x0800 7FFF 16 Kbytes

Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbytes

Sector 3 0x0800 C000 - 0x0800 FFFF 16 Kbyte

Bank 1 Sector 4 0x0801 0000 - 0x0801 FFFF 64 Kbytes
Sector 5 0x0802 0000 - 0x0803 FFFF 128 Kbytes
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbytes
Sector 7 0x0806 0000 - 0x0807 FFFF 128 Kbytes

Main memory

Sector 12 0x0808 0000 - 0x0808 3FFF 16 Kbytes

Sector 13 0x0808 4000 - 0x0808 7FFF 16 Kbytes

Sector 14 0x0808 0000 - 0x0808 BFFF 16 Kbytes

Sector 15 0x0808 C000 - 0x0808 FFFF 16 Kbytes

Bank2 Sector 16 0x0809 0000 - 0x0809 FFFF 64 Kbytes
Sector 17 0x080A 0000 - 0x080B FFFF 128 Kbytes
Sector 18 0x080C 0000 - 0x080D FFFF 128 Kbytes
Sector 19 0x080E 0000 - 0x080F FFFF 128 Kbytes

System memory Ox1FFF 0000 - Ox1FFF 77FF 30 Kbytes

OTP Ox1FFF 7800 - Ox1FFF 7AOF 528 bytes

Option bytes Bank 1 0x1FFF C000 - 0x1FFF COOF 16 bytes

Bank 2 0x1FFE C000 - Ox1FFE COOF 16 bytes
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Table 10. 512 Kbyte single bank flash memory organization
(STM32F42xxx and STM32F43xxx)

Block Bank Name Block base addresses Size

Sector 0 0x0800 0000 - 0x0800 3FFF 16 Kbytes

Sector 1 0x0800 4000 - 0x0800 7FFF 16 Kbytes

Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbytes

Sector 3 0x0800 C000 - 0x0800 FFFF 16 Kbytes

Main memory Single Bank

Sector 4 0x0801 0000 - 0x0801 FFFF 64 Kbytes
Sector 5 0x0802 0000 - 0x0803 FFFF 128 Kbytes
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbytes
Sector 7 0x0806 0000 - 0x0807 FFFF 128 Kbytes

System memory 0x1FFF 0000 - Ox1FFFF 77FF 30 Kbytes

OoTP O0x1FFF 7800 - Ox1FFF 7A0F 528 bytes

0x1FFF C000 - Ox1FFF COOF 16 bytes

Option bytes
0x1FFE C000 - 0x1FFE COOF 16 bytes

3.5

3.5.1

Note:

80/1757

Read interface

Relation between CPU clock frequency and flash memory read time

To correctly read data from flash memory, the number of wait states (LATENCY) must be
correctly programmed in the Flash access control register (FLASH_ACR) according to the
frequency of the CPU clock (HCLK) and the supply voltage of the device.

The prefetch buffer must be disabled when the supply voltage is below 2.1 V. The
correspondence between wait states and CPU clock frequency is given in Table 11 and
Table 12.

On STM32F405xx/07xx and STM32F415xx/17xx devices:

- when VOS = '0', the maximum value of fyc x = 144 MHz.

- when VOS = '1', the maximum value of fyc; x = 168 MHz.

On STM32F42xxx and STM32F43xxx devices:

- when VOS[1:0] = '0x01', the maximum value of fyc; k is 120 MHz.

- when VOS[1:0] = '0x10', the maximum value of fyc; k is 144 MHz. It can be extended to
168 MHz by activating the over-drive mode.

- when VOS[1:0] = '0x11, the maximum value of fyc; x is 168 MHz. It can be extended to
180 MHz by activating the over-drive mode.

- The over-drive mode is not available when Vpp ranges from 1.8 to 2.1 V.

Refer to Section 5.1.4: Voltage regulator for STM32F42xxx and STM32F43xxx for details on
how to activate the over-drive mode.
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Table 11. Number of wait states according to CPU clock (HCLK) frequency
(STM32F405xx/07xx and STM32F415xx/17xx)

Wait states (WS)

HCLK (MHz)

Voltage range

Voltage range

Voltage range

Voltage range

(LATENCY) 18V-21V
27V-36V 24V-27V 21V-24V
Prefetch OFF
0 WS (1 CPU cycle) 0 < HCLK <30 0 < HCLK <24 0 < HCLK <22 0 < HCLK <20
1 WS (2 CPU cycles) 30 < HCLK <60 24 < HCLK 48 22 < HCLK <44 20 <HCLK <40
2 WS (3 CPU cycles) 60 < HCLK <90 48 < HCLK <72 44 < HCLK <66 40 < HCLK <60
3 WS (4 CPU cycles) 90 < HCLK <120 72 < HCLK <96 66 < HCLK <88 60 < HCLK <80

4 WS (5 CPU cycles)

120 < HCLK <150

96 < HCLK 120

88 < HCLK <110

80 < HCLK <100

5 WS (6 CPU cycles)

150 < HCLK <168

120 < HCLK <144

110 < HCLK 132

100 < HCLK <120

6 WS (7 CPU cycles)

144 <HCLK <168

132 <HCLK <154

120 < HCLK <140

7 WS (8 CPU cycles)

154 < HCLK <168

140 < HCLK <160

Table 12. Number of wait states according to CPU clock (HCLK) frequency
(STM32F42xxx and STM32F43xxx)

Wait states (WS)

HCLK (MHz)

Voltage range

Voltage range

Voltage range

Voltage range

(LATENCY) 18V-21V
27V-36V 24V -27V 21V-24V
Prefetch OFF
0 WS (1 CPU cycle) 0 <HCLK <30 0 <HCLK <4 0 <HCLK <22 0 <HCLK <0
1 WS (2 CPU cycles) 30 <HCLK <60 24 < HCLK <48 22 <HCLK <44 20 <HCLK <40
2 WS (3 CPU cycles) 60 <HCLK <90 48 <HCLK <72 44 < HCLK <66 40 < HCLK <60
3 WS (4 CPU cycles) 90 <HCLK <120 72 < HCLK <96 66 <HCLK <88 60 < HCLK <80
(

4 WS (5 CPU cycles)

120 <HCLK 150

96 < HCLK 120

88 < HCLK <110

80 <HCLK <100

5 WS (6 CPU cycles)

150 <HCLK <180

120 <HCLK <144

110 < HCLK <132

100 < HCLK 120

6 WS (7 CPU cycles)

144 <HCLK <168

132 < HCLK <154

120 < HCLK <140

7 WS (8 CPU cycles)

168 <HCLK <180

154 <HCLK <176

140 < HCLK <160

8 WS (9 CPU cycles)

176 <HCLK 180

160 < HCLK <168

After reset, the CPU clock frequency is 16 MHz and 0 wait state (WS) is configured in the
FLASH_ACR register.

It is highly recommended to use the following software sequences to tune the number of

wait states needed to access the flash memory with the CPU frequency.

3

RMO0090 Rev 21

81/1757




Embedded flash memory interface RM0090

Note:

3.5.2

82/1757

Increasing the CPU frequency

1. Program the new number of wait states to the LATENCY bits in the FLASH_ACR
register

2. Check that the new number of wait states is taken into account to access the flash
memory by reading the FLASH_ACR register

3.  Modify the CPU clock source by writing the SW bits in the RCC_CFGR register
4. If needed, modify the CPU clock prescaler by writing the HPRE bits in RCC_CFGR

5. Check that the new CPU clock source or/and the new CPU clock prescaler value is/are
taken into account by reading the clock source status (SWS bits) or/and the AHB
prescaler value (HPRE bits), respectively, in the RCC_CFGR register.

Decreasing the CPU frequency

. Modify the CPU clock source by writing the SW bits in the RCC_CFGR register
2. If needed, modify the CPU clock prescaler by writing the HPRE bits in RCC_CFGR

3. Check that the new CPU clock source or/and the new CPU clock prescaler value is/are
taken into account by reading the clock source status (SWS bits) or/and the AHB
prescaler value (HPRE bits), respectively, in the RCC_CFGR register

4. Program the new number of wait states to the LATENCY bits in FLASH_ACR

5. Check that the new number of wait states is used to access the flash memory by
reading the FLASH_ACR register

A change in CPU clock configuration or wait state (WS) configuration may not be effective
straight away. To make sure that the current CPU clock frequency is the one you have
configured, you can check the AHB prescaler factor and clock source status values. To
make sure that the number of WS you have programmed is effective, you can read the
FLASH_ACR register.

Adaptive real-time memory accelerator (ART Accelerator™)

The proprietary Adaptive real-time (ART) memory accelerator is optimized for STM32
industry-standard Arm® Cortex®-M4 with FPU processors. It balances the inherent
performance advantage of the Arm® Cortex®-M4 with FPU over flash memory technologies,
which normally requires the processor to wait for the flash memory at higher operating
frequencies.

To release the processor full performance, the accelerator implements an instruction
prefetch queue and branch cache which increases program execution speed from the 128-
bit flash memory. Based on CoreMark benchmark, the performance achieved thanks to the
ART accelerator is equivalent to 0 wait state program execution from flash memory at a
CPU frequency up to 180 MHz.

Instruction prefetch

Each flash memory read operation provides 128 bits from either four instructions of 32 bits
or 8 instructions of 16 bits according to the program launched. So, in case of sequential
code, at least four CPU cycles are needed to execute the previous read instruction line.
Prefetch on the I-Code bus can be used to read the next sequential instruction line from the
flash memory while the current instruction line is being requested by the CPU. Prefetch is
enabled by setting the PRFTEN bit in the FLASH_ACR register. This feature is useful if at
least one wait state is needed to access the flash memory.
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Figure 5 shows the execution of sequential 32-bit instructions with and without prefetch
when 3 WSs are needed to access the flash memory.

Figure 5. Sequential 32-bit instruction execution
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When the code is not sequential (branch), the instruction may not be present in the currently
used instruction line or in the prefetched instruction line. In this case (miss), the penalty in
terms of number of cycles is at least equal to the number of wait states.

Instruction cache memory

To limit the time lost due to jumps, it is possible to retain 64 lines of 128 bits in an instruction
cache memory. This feature can be enabled by setting the instruction cache enable (ICEN)
bit in the FLASH_ACR register. Each time a miss occurs (requested data not present in the
currently used instruction line, in the prefetched instruction line or in the instruction cache
memory), the line read is copied into the instruction cache memory. If some data contained
in the instruction cache memory are requested by the CPU, they are provided without
inserting any delay. Once all the instruction cache memory lines have been filled, the LRU
(least recently used) policy is used to determine the line to replace in the instruction memory
cache. This feature is particularly useful in case of code containing loops.

Data management

Literal pools are fetched from flash memory through the D-Code bus during the execution
stage of the CPU pipeline. The CPU pipeline is consequently stalled until the requested
literal pool is provided. To limit the time lost due to literal pools, accesses through the AHB
databus D-Code have priority over accesses through the AHB instruction bus I-Code.

If some literal pools are frequently used, the data cache memory can be enabled by setting
the data cache enable (DCEN) bit in the FLASH_ACR register. This feature works like the
instruction cache memory, but the retained data size is limited to 8 rows of 128 bits.

Data in user configuration sector are not cacheable.

Erase and program operations

For any flash memory program operation (erase or program), the CPU clock frequency
(HCLK) must be at least 1 MHz. The contents of the flash memory are not guaranteed if a
device reset occurs during a flash memory operation.

Any attempt to read the flash memory on STM32F4xx while it is being written or erased,
causes the bus to stall. Read operations are processed correctly once the program
operation has completed. This means that code or data fetches cannot be performed while
a write/erase operation is ongoing.

On STM32F42xxx and STM32F43xxx devices, two banks are available allowing read
operation from one bank while a write/erase operation is performed to the other bank.

Unlocking the Flash control register

After reset, write is not allowed in the Flash control register (FLASH_CR) to protect the flash
memory against possible unwanted operations due, for example, to electric disturbances.
The following sequence is used to unlock this register:

1. Write KEY1 = 0x45670123 in the Flash key register (FLASH_KEYR)
2.  Write KEY2 = OxCDEF89AB in the Flash key register (FLASH_KEYR)

Any wrong sequence returns a bus error and lock up the FLASH_CR register until the next
reset.
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Note:
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The FLASH_CR register can be locked again by software by setting the LOCK bit in the
FLASH_CR register.

The FLASH_CR register is not accessible in write mode when the BSY bit in the FLASH_SR
register is set. Any attempt to write to it with the BSY bit set causes the AHB bus to stall until
the BSY bit is cleared.

Program/erase parallelism

The parallelism size is configured through the PSIZE field in the FLASH_CR register. It
represents the number of bytes to be programmed each time a write operation occurs to the
flash memory. PSIZE is limited by the supply voltage and by whether the external Vpp
supply is used or not. It must therefore be correctly configured in the FLASH_CR register
before any programming/erasing operation.

A flash memory erase operation can only be performed by sector, bank or for the whole
flash memory (mass erase). The erase time depends on PSIZE programmed value. For
more details on the erase time, refer to the electrical characteristics section of the device
datasheet.

Table 13 provides the correct maximum PSIZE values.

Table 13. Maximum program/erase parallelism

Voltage range 2.7 - 3.6 V | Voltage range | Voltage range | Voltage range | Voltage range
with External Vpp 27-36V 24-27V 21-24V 18VvV-21V

Max.

parallelism size

x64 x32 x16 x8

PSIZE(1:0)

11 10 01 00

Note:

3.6.3

3

Any program or erase operation started with inconsistent program parallelism/voltage range
settings may lead to unpredicted results. Even if a subsequent read operation indicates that
the logical value was effectively written to the memory, this value may not be retained.

To use Vpp, an external high-voltage supply (between 8 and 9 V) must be applied to the Vpp
pad. The external supply must be able to sustain this voltage range even if the DC
consumption exceeds 10 mA. It is advised to limit the use of VPP to initial programming on
the factory line. The Vpp supply must not be applied for more than an hour, otherwise the
flash memory might be damaged.

Erase

The flash memory erase operation can be performed at sector level or on the whole flash
memory (Mass Erase). Mass Erase does not affect the OTP sector or the configuration
sector.

Sector Erase

To erase a sector, follow the procedure below:
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Note:
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3.
4.

Check that no flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register

Set the SER bit and select the sector out of the 12 sectors (for STM32F405xx/07xx and
STM32F415xx/17xx) and out of 24 (for STM32F42xxx and STM32F43xxx) in the main
memory block you wish to erase (SNB) in the FLASH_CR register

Set the STRT bit in the FLASH_CR register
Wait for the BSY bit to be cleared

Bank erase in STM32F42xxx and STM32F43xxx devices

To erase bank 1 or bank 2, follow the procedure below:

1.

Check that no flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register

2. Set MER or MER1 bit accordingly in the FLASH_CR register
3. Setthe STRT bit in the FLASH_CR register

4. Wait for the BSY bit to be reset.

Mass Erase

To perform Mass Erase, the following sequence is recommended:

1.

4.
3

Check that no flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register

Set the MER bit in the FLASH_CR register (on STM32F405xx/07xx and
STM32F415xx/17xx devices)

Set both the MER and MERT1 bits in the FLASH_CR register (on STM32F42xxx and
STM32F43xxx devices).

Set the STRT bit in the FLASH_CR register
Wait for the BSY bit to be cleared

If MERx and SER bits are both set in the FLASH_CR register, mass erase is performed.

If both MERx and SER bits are reset and the STRT bit is set, an unpredictable behavior may
occur without generating any error flag. This condition should be forbidden.

Programming

Standard programming

The flash memory programming sequence is as follows:

1.

Check that no main flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register.

Set the PG bit in the FLASH_CR register

Perform the data write operation(s) to the desired memory address (inside main
memory block or OTP area):

—  Byte access in case of x8 parallelism

— Half-word access in case of x16 parallelism

—  Word access in case of x32 parallelism

—  Double word access in case of x64 parallelism
Wait for the BSY bit to be cleared.
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Note:

Note:

3.6.5

Note:

3

Successive write operations are possible without the need of an erase operation when
changing bits from ‘1’ to ‘0’. Writing ‘1’ requires a flash memory erase operation.

If an erase and a program operation are requested simultaneously, the erase operation is
performed first.

Programming errors

It is not allowed to program data to the flash memory that would cross the 128-bit row
boundary. In such a case, the write operation is not performed and a program alignment
error flag (PGAERR) is set in the FLASH_SR register.

The write access type (byte, half-word, word or double word) must correspond to the type of
parallelism chosen (x8, x16, x32 or x64). If not, the write operation is not performed and a
program parallelism error flag (PGPERR) is set in the FLASH_SR register.

If the standard programming sequence is not respected (for example, if there is an attempt
to write to a flash memory address when the PG bit is not set), the operation is aborted and
a program sequence error flag (PGSERR) is set in the FLASH_SR register.

Programming and caches

If a flash memory write access concerns some data in the data cache, the Flash write
access modifies the data in the flash memory and the data in the cache.

If an erase operation in flash memory also concerns data in the data or instruction cache,
you have to make sure that these data are rewritten before they are accessed during code
execution. If this cannot be done safely, it is recommended to flush the caches by setting the
DCRST and ICRST bits in the FLASH_CR register.

The I/D cache should be flushed only when it is disabled (I/DCEN = 0).

Read-while-write (RWW)

In STM32F42xxx and STM32F43xxx devices, the flash memory is divided into two banks
allowing read-while-write operations. This feature allows to perform a read operation from
one bank while an erase or program operation is performed to the other bank.

Write-while-write operations are not allowed. As an exampled, It is not possible to perform
an erase operation on one bank while programming the other one.

Read from bank 1 while erasing bank 2
While executing a program code from bank 1, it is possible to perform an erase operation on
bank 2 (and vice versa). Follow the procedure below:

1. Check that no flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register (BSY is active when erase/program operation is on going to
bank 1 or bank 2)

2. Set MER or MER1 bit in the FLASH_CR register
3. Setthe STRT bit in the FLASH_CR register
4. Wait for the BSY bit to be reset (or use the EOP interrupt).

Read from bank 1 while programming bank 2

While executing a program code (over the I-Code bus) from bank 1,it is possible to perform
an program operation to the bank 2 (and vice versa). Follow the procedure below:
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Note:

3.7

3.71
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1. Check that no flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register (BSY is active when erase/program operation is on going on bank
1 or bank 2)

2. Set the PG bit in the FLASH_CR register

3. Perform the data write operation(s) to the desired memory address inside main
memory block or OTP area

4. Wait for the BSY bit to be reset.

Interrupts

Setting the end of operation interrupt enable bit (EOPIE) in the FLASH_CR register enables
interrupt generation when an erase or program operation ends, that is when the busy bit
(BSY) in the FLASH_SR register is cleared (operation completed, correctly or not). In this
case, the end of operation (EOP) bit in the FLASH_SR register is set.

If an error occurs during a program, an erase, or a read operation request, one of the

following error flags is set in the FLASH_SR register:

e PGAERR, PGPERR, PGSERR (Program error flags)

e WRPERR (Protection error flag)

e RDERR (Read protection error flag) for STM32F42xxx and STM32F43xxx devices
only.

In this case, if the error interrupt enable bit (ERRIE) is set in the FLASH_CR register, an
interrupt is generated and the operation error bit (OPERR) is set in the FLASH_SR register.

If several successive errors are detected (for example, in case of DMA transfer to the flash
memory), the error flags cannot be cleared until the end of the successive write requests.

Table 14. Flash interrupt request

Interrupt event Event flag Enable control bit
End of operation EOP EOPIE
Write protection error WRPERR ERRIE
Programming error PGAERR, PGPERR, PGSERR ERRIE
Read protection error RDERR ERRIE

Option bytes

Description of user option bytes

The option bytes are configured by the end user depending on the application requirements.
Table 15 shows the organization of these bytes inside the user configuration sector.

Table 15. Option byte organization

Address [63:16] [15:0]
0x1FFF C000 Reserved ROP & user option bytes (RDP & USER)
Ox1FEF C008 Reserved SPRMOD and Write protection nWRP bits for
sectors 0 to 11
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Table 15. Option byte organization (continued)
Address [63:16] [15:0]

Ox1FFE C000 Reserved Reserved

SPRMOD and Write protection nWRP bits for
sectors 12 to 23

Ox1FFE C008 Reserved

Table 16. Description of the option bytes (STM32F405xx/07xx and
STM32F415xx/17xx)

Option bytes (word, address 0x1FFF C000)

RDP: Read protection option byte.
The read protection is used to protect the software code stored in flash memory.

O0xAA: Level 0, no protection
Bits 15:8 0xCC: Level 2, chip protection (debug and boot from RAM features disabled)
Others: Level 1, read protection of memories (debug features limited)

USER: User option byte
This byte is used to configure the following features:
— Select the watchdog event: Hardware or software
— Reset event when entering the Stop mode
— Reset event when entering the Standby mode

nRST_STDBY

Bit 7 0: Reset generated when entering the Standby mode
1: No reset generated

nRST_STOP

Bit 6 0: Reset generated when entering the Stop mode
1: No reset generated

WDG_SW

Bit 5 0: Hardware independent watchdog
1: Software independent watchdog

Bit 4 0x1: Not used

BOR_LEV: BOR reset Level
These bits contain the supply level threshold that activates/releases the reset.
They can be written to program a new BOR level value into flash memory.
00: BOR Level 3 (VBOR3), brownout threshold level 3
Bits 3:2 01: BOR Level 2 (VBOR2), brownout threshold level 2
10: BOR Level 1 (VBOR1), brownout threshold level 1
11: BOR off, POR/PDR reset threshold level is applied
Note: For full details on BOR characteristics, refer to the “Electrical characteristics”
section of the product datasheet.

Bits 1:0 0x3: Not used

3
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Table 16. Description of the option bytes (STM32F405xx/07xx and
STM32F415xx/17xx) (continued)

Option bytes (word, address 0x1FFF C008)

Bits 15:12 OxF: Not used

nWRP: Flash memory write protection option bytes
Sectors 0 to 11 can be write protected.

nWRPi
Bits 11:0 0: Write protection active on selected sector
1: Write protection not active on selected sector

Table 17. Description of the option bytes
(STM32F42xxx and STM32F43xxx)

Option bytes (word, address 0x1FFF C000)

RDP: Read protection option byte.
The read protection is used to protect the software code stored in flash memory.

O0xAA: Level 0, no protection

Bit 15:8 0XCC: Level 2, chip protection (debug and boot from RAM features disabled)
Others: Level 1, read protection of memories (debug features limited)

USER: User option byte

This byte is used to configure the following features:
Select the watchdog event: Hardware or software
Reset event when entering the Stop mode

Reset event when entering the Standby mode

nRST_STDBY
Bit 7 0: Reset generated when entering the Standby mode
1: No reset generated

nRST_STOP
Bit 6 0: Reset generated when entering the Stop mode
1: No reset generated

WDG_SW
Bit 5 0: Hardware independent watchdog
1: Software independent watchdog

BFB2: Dual bank boot

Bit 4 0: Boot from flash memory bank 1 or system memory depending on boot pin state
(Default).

1: Boot always from system memory (Dual bank boot mode).

3
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Table 17. Description of the option bytes
(STM32F42xxx and STM32F43xxx) (continued)

Bits 3:2

BOR_LEV: BOR reset Level
These bits contain the supply level threshold that activates/releases the reset.
They can be written to program a new BOR level value into flash memory.

00: BOR Level 3 (VBOR3), brownout threshold level 3

01: BOR Level 2 (VBORZ2), brownout threshold level 2

10: BOR Level 1 (VBORT1), brownout threshold level 1

11: BOR off, POR/PDR reset threshold level is applied

Note: For full details on BOR characteristics, refer to the “Electrical characteristics”
section of the product datasheet.

Bits 1:0

0x3: Not used

Option bytes (word, address Ox1FFF C008)

Bit 15

SPRMOD: Selection of protection mode of NWPRI bits
0: NWPRI bits used for sector i write protection (Default)
1: nWPRI bits used for sector i PCROP protection (Sector)

Bit 14

DB1M: Dual bank 1 Mbyte flash memory devices

0: 1 Mbyte single flash memory (contiguous addresses in bank 1)

1: 1 Mbyte dual bank flash memory. The flash memory is organized as two banks of
512 Kbytes each (see Table 7: 1 Mbyte flash memory single bank vs dual bank
organization (STM32F42xxx and STM32F43xxx) and Table 9: 1 Mbyte dual bank
flash memory organization (STM32F42xxx and STM32F43xxx)). To perform an erase
operation, the right sector must be programmed (see Table 7 for information on the
sector numbering scheme).

Bits 13:12

0x3: not used

nWRP: Flash
protected.

memory write protection option bytes for bank 1. Sectors 0 to 11 can be write

Bits 11:0

nWRPi:

If SPRMOD is reset (default value):

0: Write protection active on sector i.

1: Write protection not active on sector i.

If SPRMOD is set (active):

0: PCRORP protection not active on sector i.
1: PCROP protection active on sector i.

Option bytes (word, address Ox1FFE C000)

Bit 15:0

OxFFFF: not used

3
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Table 17. Description of the option bytes
(STM32F42xxx and STM32F43xxx) (continued)

Option bytes (word, address Ox1FFE C008)
Bit 15:12 OxF: not used

nWRP: Flash memory write protection option bytes for bank 2. Sectors 12 to 23 can be write
protected.

nWRPi:

If SPRMOD is reset (default value):

0: Write protection active on sector i.

Bits 11: 0 1: Write protection not active on sector i.

If SPRMOD is set (active):

0: PCROP protection not active on sector i.
1: PCROP protection active on sector i.

Programming user option bytes

To run any operation on this sector, the option lock bit (OPTLOCK) in the Flash option
control register (FLASH_OPTCR) must be cleared. To be allowed to clear this bit, you have
to perform the following sequence:

1. Write OPTKEY1 = 0x0819 2A3B in the Flash option key register (FLASH_OPTKEYR)
2.  Write OPTKEY2 = 0x4C5D 6E7F in the Flash option key register (FLASH_OPTKEYR)

The user option bytes can be protected against unwanted erase/program operations by
setting the OPTLOCK bit by software.

Modifying user option bytes on STM32F405xx/07xx and STM32F415xx/17xx

To modify the user option value, follow the sequence below:

1. Check that no flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register

2. Write the desired option value in the FLASH_OPTCR register.

3. Set the option start bit (OPTSTRT) in the FLASH_OPTCR register

4. Wait for the BSY bit to be cleared.

The value of an option is automatically modified by first erasing the user configuration sector

and then programming all the option bytes with the values contained in the FLASH_OPTCR
register.

Modifying user option bytes on STM32F42xxx and STM32F43xxx

The user option bytes for bank 1 and bank 2 cannot be modified independently. They must
be updated concurrently.
To modify the user option byte value, follow the sequence below:

1. Check that no flash memory operation is ongoing by checking the BSY bit in the
FLASH_SR register

Write the bank 2 option byte value in the FLASH_OPTCR1 register
Write the bank 1 option byte value in the FLASH_OPTCR register.

Set the option start bit (OPTSTRT) in the FLASH_OPTCR register

Wait for the BSY bit to be cleared

a e
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Note: The value of an option byte is automatically modified by first erasing the user configuration
sector (bank 1 and 2) and then programming all the option bytes with the values contained
inthe FLASH_OPTCR and FLASH_OPTCR1 registers.

3.7.3 Read protection (RDP)

3

The user area in the flash memory can be protected against read operations by an
entrusted code. Three read protection levels are defined:

Level 0: no read protection

When the read protection level is set to Level 0 by writing OxAA into the read protection
option byte (RDP), all read/write operations (if no write protection is set) from/to the
flash memory or the backup SRAM are possible in all boot configurations (Flash user
boot, debug or boot from RAM).

Level 1: read protection enabled

It is the default read protection level after option byte erase. The read protection Level
1 is activated by writing any value (except for OXAA and OxCC used to set Level 0 and
Level 2, respectively) into the RDP option byte. When the read protection Level 1 is set:

— No access (read, erase, program) to flash memory or backup SRAM can be
performed while the debug feature is connected or while booting from RAM or
system memory bootloader. A bus error is generated in case of read request.

—  When booting from flash memory, accesses (read, erase, program) to flash
memory and backup SRAM from user code are allowed.
When Level 1 is active, programming the protection option byte (RDP) to Level 0
causes the flash memory and the backup SRAM to be mass-erased. As a result the
user code area is cleared before the read protection is removed. The mass erase only
erases the user code area. The other option bytes including write protections remain
unchanged from before the mass-erase operation. The OTP area is not affected by
mass erase and remains unchanged. Mass erase is performed only when Level 1 is
active and Level 0 requested. When the protection level is increased (0->1, 1->2, 0->2)
there is no mass erase.

Level 2: debug/chip read protection disabled

The read protection Level 2 is activated by writing OxCC to the RDP option byte. When
the read protection Level 2 is set:

—  All protections provided by Level 1 are active.

—  Booting from RAM or system memory bootloader is no more allowed.

- JTAG, SWV (single-wire viewer), ETM, and boundary scan are disabled.
—  User option bytes can no longer be changed.

—  When booting from flash memory, accesses (read, erase and program) to flash
memory and backup SRAM from user code are allowed.

Memory read protection Level 2 is an irreversible operation. When Level 2 is activated,
the level of protection cannot be decreased to Level 0 or Level 1.

RMO0090 Rev 21 93/1757




Embedded flash memory interface RM0090

Note:

94/1757

If the read protection is set while the debugger is still connected (or has been connected
since the last power-on) through JTAG/SWD, apply a POR (power-on reset) instead of a
system reset.

If the read protection is programmed by software (executing from SRAM), perform a POR to
reload the option byte and clear the detected intrusion. This can be done with a transition
Standby mode followed by a wake-up.

The JTAG port is permanently disabled when Level 2 is active (acting as a JTAG fuse). As a
consequence, boundary scan cannot be performed. STMicroelectronics is not able to
perform analysis on defective parts on which the Level 2 protection has been set.

3
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Table 18. Access versus read protection level

Debug features, Boot from RAM or Booting from flash memory
Memory area Prtta:;:on from System memory bootloader
Read Write Erase Read Write Erase
1
Main Flash Memory Level 1 NO NO() YES
and Backup SRAM Level 2 NO s
Level 1 YES YES
Option Bytes
Level 2 NO NO
Level 1 NO NA YES NA
OoTP
Level 2 NO NA YES NA

1. The main flash memory and backup SRAM are only erased when the RDP change
remains unchanged.

s from level 1 to 0. The OTP area

Figure 6 shows how to go from one RDP level to another.

Figure 6. RDP levels

RDP /= AAh & /= CCh
Others options modified

l

Level 1
RDP /= AAh
RDP /= CCh
default

Write options
including
RDP = CCh

v

Write options including
RDP /= CCh & /= AAh

Write options
including
RDP = AAh

y

f Level 0

RDP =CCh /™ Write options

including
RDP = CCh

Options write (RDP level increase) includes

- Options erase
- New options program

Options write (RDP level decrease) includes
- Mass erase
- Options erase
- New options program

RDP = AAh

RDP = AAh
Others option(s) modified

Options write (RDP level identical) includes
- Options erase
- New options program

MS47541V1

3.74 Write protections

Up to 24 user sectors in flash memory can be protected against unwanted write operations
due to loss of program counter contexts. When the non-write protection nWRPi bit (0 < <11)
in the FLASH_OPTCR or FLASH_OPTCR1 registers is low, the corresponding sector

3
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cannot be erased or programmed. Consequently, a mass erase cannot be performed if one
of the sectors is write-protected.

If an erase/program operation to a write-protected part of the flash memory is attempted
(sector protected by write protection bit, OTP part locked or part of the flash memory that
can never be written like the ICP), the write protection error flag (WRPERR) is set in the
FLASH_SR register.

On STM32F42xxx and STM32F43xxx devices, when the PCROP mode is set, the active
level of NWRPI is high, and the corresponding sector i is write protected when nWRPi is
high. A PCROP sector is automatically write protected.

When the memory read protection level is selected (RDP level = 1), it is not possible to
program or erase flash memory sector i if the CPU debug features are connected (JTAG or
single wire) or boot code is being executed from RAM, even if n\WRPi = 1.

Write protection error flag

If an erase/program operation to a write protected area of the flash memory is performed,
the Write Protection Error flag (WRPERR) is set in the FLASH_SR register.

If an erase operation is requested, the WRPERR bit is set when:

e Mass, bank, sector erase are configured (MER or MER/MER1 and SER = 1)

e Asector erase is requested and the Sector Number SNB field is not valid

e A mass erase is requested while at least one of the user sector is write protected by
option bit (MER or MER/MER1 = 1 and nWRPi = 0 with 0 < <11 bits in the
FLASH_OPTCRX register

e Asector erase is requested on a write protected sector. (SER = 1, SNB =i and
nWRPi = 0 with 0 < <11 bits in the FLASH_OPTCRX register)

e The flash memory is readout protected and an intrusion is detected.

If a program operation is requested, the WRPERR bit is set when:

e A write operation is performed on system memory or on the reserved part of the user
specific sector.

e  Awrite operation is performed to the user configuration sector

e Awrite operation is performed on a sector write protected by option bit.
e A write operation is requested on an OTP area which is already locked
e The flash memory is read protected and an intrusion is detected.

Proprietary code readout protection (PCROP)

The proprietary readout protection (PCROP) is available only on STM32F42xxx and
STM32F43xxx devices.

Flash memory user sectors (0 to 23) can be protected against D-bus read accesses by
using the proprietary readout protection (PCROP).

The PCROP protection is selected as follows, through the SPRMOD option bit in the
FLASH_OPTCR register:
e SPRMOD = 0: nWRPIi control the write protection of respective user sectors

e SPRMOD = 1: nWRPi control the read and write protection (PCROP) of respective
user sectors.
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When a sector is readout protected (PCROP mode activated), it can only be accessed for
code fetch through ICODE Bus on Flash interface:

e Anyread access performed through the D-bus triggers a RDERR flag error.
e Any program/erase operation on a PCROPed sector triggers a WRPERR flag error.

Figure 7. PCROP levels

Write options
SPMOD = active
and valid nWRPi*

Level 1
RDP /= 0xAA
RDP /= 0xCC
default

Write options
SPMOD = active
and valid nWRPi*

Write options No restriction on
SPMOD = active Write options
and valid nWRPi*

v A

Leveﬁ / Level 0
i

RDP =0xCC [% Write options RDP = 0xAA

SPMOD = active
and valid nWRPi*

Write options
SPMOD = active

— User option sector erase and valid nWRPi*

—— Program new options

____ Global mass erase
User option section erase
Program new options

* Valid nWRPi means that none of the nWRP bits set can be reset (transition from 1 to 0)

MS30467V1

The deactivation of the SPRMOD and/or the unprotection of PCROPed user sectors can
only occur when, at the same time, the RDP level changes from 1 to 0. If this condition is not
respected, the user option byte modification is cancelled and the write error WRPERR flag
is set. The modification of the users option bytes (BOR_LEV, RST_STDBY, ..) is allowed
since none of the active nWRPi bits is reset and SPRMOD is kept active.

Note: The active value of nWRPi bits is inverted when PCROP mode is active (SPRMOD =1).

If SPRMOD = 1 and nWRPI =1, then user sector i of bank 1, respectively bank 2 is
read/write protected (PCROP).

3
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One-time programmable bytes

Table 19 shows the organization of the one-time programmable (OTP) part of the OTP area.

Table 19. OTP area organization

Block [128:96] [95:64] [63:32] [31:0] Address byte 0
OTPO OTPO OTPO OTPO 0x1FFF 7800
0
OTPO OTPO OTPO OTPO 0x1FFF 7810
1 OTP1 OTP1 OTP1 OTP1 Ox1FFF 7820
OTP1 OTP1 OTP1 OTP1 Ox1FFF 7830
e OTP15 OTP15 OTP15 OTP15 Ox1FFF 79E0
OTP15 OTP15 OTP15 OTP15 Ox1FFF 79F0
LOCKB15... | LOCKB11.. | LOCKB7.. | LOCKB3 ..
Lockblock | 5okp12 LOCKBS LOCKB4 LOCKBO Ox1FFF 7A00

The OTP area is divided into 16 OTP data blocks of 32 bytes and one lock OTP block of 16
bytes. The OTP data and lock blocks cannot be erased. The lock block contains 16 bytes
LOCKBI (0 g <15) to lock the corresponding OTP data block (blocks 0 to 15). Each OTP
data block can be programmed until the value 0x00 is programmed in the corresponding
OTP lock byte. The lock bytes must only contain 0x00 and OxFF values, otherwise the OTP
bytes might not be taken into account correctly.
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3.9 Flash interface registers

3.91 Flash access control register (FLASH_ACR)

for STM32F405xx/07xx and STM32F415xx/17xx

The Flash access control register is used to enable/disable the acceleration features and
control the flash memory access time according to CPU frequency.

Address offset: 0x00
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

31 30 29 28 27 26 25 24 23

Reserved |
10 9 8 7 6 5 4 3 2 1 0

22 21 17

15 14 13

Reserved

DCRST | ICRST | DCEN | ICEN |PRFTEN

Reserved
w

LATENCY[2:0]

Bits 31:13
Bit 12

Bit 11

Bit 10

Bit 9

Bit 8

Bits 7:3
Bits 2:0

3

Reserved, must be kept cleared.

DCRST: Data cache reset

0: Data cache is not reset
1: Data cache is reset

This bit can be written only when the D cache is disabled.

ICRST: Instruction cache reset

0: Instruction cache is not reset
1: Instruction cache is reset

This bit can be written only when the | cache is disabled.

DCEN: Data cache enable

0: Data cache is disabled

1: Data cache is enabled
ICEN: Instruction cache enable

0: Instruction cache is disabled

1: Instruction cache is enabled
PRFTEN: Prefetch enable

0: Prefetch is disabled

1: Prefetch is enabled
Reserved, must be kept cleared.

LATENCY[2:0]: Latency

These bits represent the ratio of the CPU clock period to the flash memory access time.

000: Zero wait state
001: One wait state
010: Two wait states
011: Three wait states
100: Four wait states
101: Five wait states
110: Six wait states
111: Seven wait states
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3.9.2 Flash access control register (FLASH_ACR)

for STM32F42xxx and STM32F43xxx

The Flash access control register is used to enable/disable the acceleration features and

control the flash memory access time according to CPU frequency.

Address offset: 0x00
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

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

DCRST | ICRST | DCEN | ICEN [PRFTEN
Reserved

LATENCY[3:0]

w w w w w

Bits 31:13
Bit 12

Bit 11

Bit 10

Bit 9

Bit 8

Bits 7:4
Bits 3:0

100/1757

Reserved, must be kept cleared.

DCRST: Data cache reset

0: Data cache is not reset
1: Data cache is reset

This bit can be written only when the D cache is disabled.

ICRST: Instruction cache reset

0: Instruction cache is not reset
1: Instruction cache is reset

This bit can be written only when the | cache is disabled.

DCEN: Data cache enable

0: Data cache is disabled

1: Data cache is enabled
ICEN: Instruction cache enable

0: Instruction cache is disabled

1: Instruction cache is enabled
PRFTEN: Prefetch enable

0: Prefetch is disabled

1: Prefetch is enabled
Reserved, must be kept cleared.

LATENCY[3:0]: Latency

These bits represent the ratio of the CPU clock period to the flash memory access time.

0000: Zero wait state
0001: One wait state
0010: Two wait states

1110: Fourteen wait states
1111: Fifteen wait states
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3.9.3

Flash key register (FLASH_KEYR)

The Flash key register is used to allow access to the Flash control register and so, to allow

program and erase operations.

Address offset: 0x04
Reset value: 0x0000 0000

Access: no wait state, word access

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

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

3.94

31

30

Bits 31:0 FKEYR[31:0]: FPEC key

The following values must be programmed consecutively to unlock the FLASH_CR register

and allow programming/erasing it:
a) KEY1=0x45670123
b) KEY2 =0xCDEF89AB

Flash option key register (FLASH_OPTKEYR)

The Flash option key register is used to allow program and erase operations in the user

configuration sector.

Address offset: 0x08
Reset value: 0x0000 0000

Access: no wait state, word access

29 28 27 26 25 24 23 22

21

20

19

18

17

16

OPTKEYR[31:16

15

OPTKEYR[15:0]

[ w [ w [ w [w ] w [ wl]w]ow

3

Bits 31:0 OPTKEYR[31:0]: Option byte key

The following values must be programmed consecutively to unlock the FLASH_OPTCR

register and allow programming it:
a) OPTKEY1 =0x08192A3B
b) OPTKEY2 = 0x4C5D6E7F
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3.95 Flash status register (FLASH_SR) for
STM32F405xx/07xx and STM32F415xx/17xx

The Flash status register gives information on ongoing program and erase operations.

Address offset: 0x0C
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

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

r

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PGSERR | PGPERR | PGAERR | WRPERR OPERR| EOP

Reserved Reserved

rc_w1 rc_w1 rc_w1 rc_w1 rc_wl | rc_w1

Bits 31:17 Reserved, must be kept cleared.

Bit 16 BSY: Busy
This bit indicates that a flash memory operation is in progress. It is set at the beginning of a
flash memory operation and cleared when the operation finishes or an error occurs.

0: no flash memory operation ongoing
1: Flash memory operation ongoing

Bits 15:8 Reserved, must be kept cleared.

Bit 7 PGSERR: Programming sequence error

Set by hardware when a write access to the flash memory is performed by the code while the
control register has not been correctly configured.

Cleared by writing 1.

Bit 6 PGPERR: Programming parallelism error
Set by hardware when the size of the access (byte, half-word, word, double word) during the
program sequence does not correspond to the parallelism configuration PSIZE (x8, x16, x32,
x64).
Cleared by writing 1.

Bit5 PGAERR: Programming alignment error

Set by hardware when the data to program cannot be contained in the same 128-bit flash
memory row.

Cleared by writing 1.

Bit4 WRPERR: Write protection error

Set by hardware when an address to be erased/programmed belongs to a write-protected part
of the flash memory.

Cleared by writing 1.

3
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Bits 3:2 Reserved, must be kept cleared.

Bit 1 OPERR: Operation error

Set by hardware when a flash operation (programming / erase /read) request is detected and
can not be run because of parallelism, alignment, or write protection error. This bit is set only if
error interrupts are enabled (ERRIE = 1).

Bit 0 EOP: End of operation

Set by hardware when one or more flash memory operations (program/erase) has/have
completed successfully. It is set only if the end of operation interrupts are enabled (EOPIE = 1).

Cleared by writing a 1.

3.9.6 Flash status register (FLASH_SR) for
STM32F42xxx and STM32F43xxx
The Flash status register gives information on ongoing program and erase operations.
Address offset: 0x0C
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BSY
Reserved
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RDERR | PGSERR | PGPERR | PGAERR | WRPERR OPERR| EOP
Reserved Reserved
rc_w1 rc_w1 rc_w1 rc_w1 rc_w1 rc_wl | rc_wi

3

Bits 31:17 Reserved, must be kept cleared.

Bit 16 BSY: Busy

This bit indicates that a flash memory operation is in progress to/from one bank. It is set at the
beginning of a flash memory operation and cleared when the operation finishes or an error
occurs.

0: no flash memory operation ongoing
1: Flash memory operation ongoing
Bits 15:9 Reserved, must be kept cleared.

Bit 8 RDERR: Proprietary readout protection (PCROP) error

Set by hardware when a read access through the D-bus is performed to an address belonging
to a proprietary readout protected Flash sector.

Cleared by writing 1.

Bit 7 PGSERR: Programming sequence error

Set by hardware when a write access to the flash memory is performed by the code while the
control register has not been correctly configured.

Cleared by writing 1.
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Bit 6

Bit 5

Bit 4

Bits 3:2
Bit 1

Bit 0

PGPERR: Programming parallelism error

Set by hardware when the size of the access (byte, half-word, word, double word) during the
program sequence does not correspond to the parallelism configuration PSIZE (x8, x16, x32,
x64).

Cleared by writing 1.

PGAERR: Programming alignment error
Set by hardware when the data to program cannot be contained in the same 128-bit flash

memory row.
Cleared by writing 1.

WRPERR: Write protection error

Set by hardware when an address to be erased/programmed belongs to a write-protected part
of the flash memory.
Cleared by writing 1.

Reserved, must be kept cleared.

OPERR: Operation error

Set by hardware when a flash operation (programming/erase/read) request is detected and
can not be run because of parallelism, alignment, write or read (PCROP) protection error. This
bit is set only if error interrupts are enabled (ERRIE = 1).

EOP: End of operation

Set by hardware when one or more flash memory operations (program/erase) has/have
completed successfully. It is set only if the end of operation interrupts are enabled (EOPIE = 1).
Cleared by writing a 1.

3.9.7 Flash control register (FLASH_CR) for
STM32F405xx/07xx and STM32F415xx/17xx
The Flash control register is used to configure and start flash memory operations.
Address offset: 0x10
Reset value: 0x8000 0000
Access: no wait state when no flash memory operation is ongoing, word, half-word and byte
access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LOCK ERRIE | EOPIE STRT
Reserved Reserved
rs w rw rs
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PSIZE[1:0] SNB[3:0] MER | SER | PG
Reserved Res.

104/1757
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Bit 31

Bits 30:26
Bit 25

Bit 24

Bits 23:17

Bit 16

Bits 15:10
Bits 9:8

Bit 7
Bits 6:3

Bit 2

Bit 1

Bit 0

3

LOCK: Lock

Write to 1 only. When it is set, this bit indicates that the FLASH_CR register is locked. It is
cleared by hardware after detecting the unlock sequence.
In the event of an unsuccessful unlock operation, this bit remains set until the next reset.

Reserved, must be kept cleared.

ERRIE: Error interrupt enable

This bit enables the interrupt generation when the OPERR bit in the FLASH_SR register is set
to 1.

0: Error interrupt generation disabled
1: Error interrupt generation enabled
EOPIE: End of operation interrupt enable

This bit enables the interrupt generation when the EOP bit in the FLASH_SR register goes to
1.

0: Interrupt generation disabled
1: Interrupt generation enabled

Reserved, must be kept cleared.

STRT: Start

This bit triggers an erase operation when set. It is set only by software and cleared when the
BSY bit is cleared.

Reserved, must be kept cleared.

PSIZE[1:0]: Program size
These bits select the program parallelism.

00 program x8

01 program x16
10 program x32
11 program x64

Reserved, must be kept cleared.

SNBI[3:0]: Sector number
These bits select the sector to erase.

0000 sector 0
0001 sector 1

1011 sector 11
Others not allowed

MER: Mass Erase
Erase activated for all user sectors.

SER: Sector Erase
Sector Erase activated.

PG: Programming
Flash programming activated.
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3.9.8 Flash control register (FLASH_CR) for
STM32F42xxx and STM32F43xxx

The F

lash control register is used to configure and start flash memory operations.

Address offset: 0x10

Reset

value: 0x8000 0000

Access: no wait state when no flash memory operation is ongoing, word, half-word and byte

access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LOCK ERRIE | EOPIE STRT
Reserved Reserved
rs w w rs
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MER1 PSIZE[1:0] SNBI[4:0] MER SER PG
Reserved
w w w w | w | w | w | w rw w w
Bit 31 LOCK: Lock

Bits 30:26
Bit 25

Bit 24

Bits 23:17
Bit 16

Bit 15

Bits 14:10
Bits 9:8

106/1757

Write to 1 only. When it is set, this bit indicates that the FLASH_CR register is locked. It is
cleared by hardware after detecting the unlock sequence.
In the event of an unsuccessful unlock operation, this bit remains set until the next reset.

Reserved, must be kept cleared.

ERRIE: Error interrupt enable
This bit enables the interrupt generation when the OPERR bit in the FLASH_SR register is set
to 1.

0: Error interrupt generation disabled
1: Error interrupt generation enabled

EOPIE: End of operation interrupt enable

This bit enables the interrupt generation when the EOP bit in the FLASH_SR register goes to
1.

0: Interrupt generation disabled
1: Interrupt generation enabled
Reserved, must be kept cleared.

STRT: Start
This bit triggers an erase operation when set. It is set only by software and cleared when the
BSY bit is cleared.

MER1: Mass Erase of bank 2 sectors
Erase activated for bank 2 user sectors 12 to 23.

Reserved, must be kept cleared.

PSIZE[1:0]: Program size
These bits select the program parallelism.
00 program x8
01 program x16
10 program x32
11 program x64

3
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Bits 7:3 SNBI[3:0]: Sector number
These bits select the sector to erase.
0000: sector 0
0001: sector 1

01011: sector 11
01100: not allowed
01101: not allowed
01110: not allowed
01111: not allowed
10000: section 12
10001: section 13

11011 sector 23

11100: not allowed
11101: not allowed
11110: not allowed
11111: not allowed

Bit 2 MER: Mass Erase of bank 1 sectors
Erase activated of bank 1 sectors.

Bit 1 SER: Sector Erase
Sector Erase activated.

Bit 0 PG: Programming
Flash programming activated.

3.9.9 Flash option control register (FLASH_OPTCR) for
STM32F405xx/07xx and STM32F415xx/17xx

The FLASH_OPTCR register is used to modify the user option bytes.
Address offset: 0x14

Reset value: OXxOFFF AAED. The option bits are loaded with values from flash memory at
reset release.

Access: no wait state when no flash memory operation is ongoing, word, half-word and byte

access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
nWRP[11:0]
Reserved
w | rw | rw | rw | w | rw | rw | w | rw | w | rw | w

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

e e s
w | w | w | w | w | w | rw | rw w rw rw d rw | w rs rs

3
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Bits 31:28 Reserved, must be kept cleared.

Bits 27:16 nWRP[11:0]: Not write protect
These bits contain the value of the write-protection option bytes after reset. They can be
written to program a new write protect value into flash memory.
0: Write protection active on selected sector
1: Write protection inactive on selected sector

Bits 15:8 RDP[7:0]: Read protect
These bits contain the value of the read-protection option level after reset. They can be written
to program a new read protection value into flash memory.
O0xAA: Level 0, read protection not active
0xCC: Level 2, chip read protection active
Others: Level 1, read protection of memories active

Bits 7:5 USER[2:0]: User option bytes
These bits contain the value of the user option byte after reset. They can be written to program
a new user option byte value into flash memory.
Bit 7: nRST_STDBY
Bit 6: nRST_STOP
Bit 5: WDG_SW
Note: When changing the WDG mode from hardware to software or from software to
hardware, a system reset is required to make the change effective.

Bit 4 Reserved, must be kept cleared. Always read as “0”.

Bits 3:2 BOR_LEV[1:0]: BOR reset Level
These bits contain the supply level threshold that activates/releases the reset. They can be
written to program a new BOR level. By default, BOR is off. When the supply voltage (Vpp)
drops below the selected BOR level, a device reset is generated.
00: BOR Level 3 (VBOR3), brownout threshold level 3
01: BOR Level 2 (VBOR2), brownout threshold level 2
10: BOR Level 1 (VBOR1), brownout threshold level 1
11: BOR off, POR/PDR reset threshold level is applied
Note: For full details about BOR characteristics, refer to the “Electrical characteristics” section
in the device datasheet.

Bit 1 OPTSTRT: Option start

This bit triggers a user option operation when set. It is set only by software and cleared when
the BSY bit is cleared.

Bit 0 OPTLOCK: Option lock

Write to 1 only. When this bit is set, it indicates that the FLASH_OPTCR register is locked. This
bit is cleared by hardware after detecting the unlock sequence.

In the event of an unsuccessful unlock operation, this bit remains set until the next reset.

3
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3.9.10 Flash option control register (FLASH_OPTCR)
for STM32F42xxx and STM32F43xxx

The FLASH_OPTCR register is used to modify the user option bytes.
Address offset: 0x14

Reset value: 0XOFFF AAED. The option bits are loaded with values from flash memory at
reset release.

Access: no wait state when no flash memory operation is ongoing, word, half-word and byte

access.

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

SPR
DB1M nWRP[11:0]

MOD Reserved

w w rw | w | w | rw | w | rw | w | w | rw | rw | rw | w

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

. nRST_ | nRST_ | WDG_ OPTST | OPTLO
RDP[7:0] STDBY | sTOP SW BFB2 BOR_LEV RT CK
w | w | rw | w | rw | w | w | rw w rw w w rw | rw rs rs

Bit 31 SPRMOD: Selection of protection mode for nWPRI bits
0: PCROP disabled. nWPRI bits used for Write protection on sector i.
1: PCROP enabled. nWPRi bits used for PCROP protection on sector i

Bit 30 DB1M: Dual-bank on 1 Mbyte flash memory devices

0: 1 Mbyte single bank flash memory (contiguous addresses in bank1)

1: 1 Mbyte dual bank flash memory. The flash memory is organized as two banks of

512 Kbytes each (see Table 7: 1 Mbyte flash memory single bank vs dual bank organization

(STM32F42xxx and STM32F43xxx) and Table 9: 1 Mbyte dual bank flash memory

organization (STM32F42xxx and STM32F43xxx)). To perform an erase operation, the right

sector must be programmed (see Table 7 for information on the sector numbering scheme).

Note: If DB1M is set and an erase operation is performed on Bank 2 while the default sector

number is selected (as an example, sector 8 is configured instead of sector 12), the
erase operation on Bank 2 sector is not performed.

Bits 29:28 Reserved, must be kept cleared.

Bits 27:16 nWRP[11:0]: Not write protect

These bits contain the value of the write-protection and read-protection (PCROP) option bytes
for sectors 0 to 11 after reset. They can be written to program a new write-protect or PCROP
value into flash memory.

If SPRMOD is reset:

0: Write protection active on sector i

1: Write protection not active on sector i

If SPRMOD is set:

0: PCRORP protection not active on sector i

1: PCROP protection active on sector i

Bits 15:8 RDP[7:0]: Read protect
These bits contain the value of the read-protection option level after reset. They can be written
to program a new read protection value into flash memory.
0xAA: Level 0, read protection not active
0xCC: Level 2, chip read protection active
Others: Level 1, read protection of memories active

3

RMO0090 Rev 21 109/1757




Embedded flash memory interface RM0090

110/1757

Bits 7:5

Bit 4

Bits 3:2

Bit 1

Bit 0

USER: User option bytes
These bits contain the value of the user option byte after reset. They can be written to program
a new user option byte value into flash memory.
Bit 7: nRST_STDBY
Bit 6: NRST_STOP
Bit 5: WDG_SW
Note: When changing the WDG mode from hardware to software or from software to
hardware, a system reset is required to make the change effective.

BFB2: Dual-bank Boot option byte
0: Dual-bank boot disabled. Boot can be performed either from flash memory bank 1 or from
system memory depending on boot pin state (default)
1: Dual-bank boot enabled. Boot is always performed from system memory.
Note: For STM32F42xx and STM32F43xx 1MB part numbers, this option bit must be kept
cleared when DB1M=0.

BOR_LEV: BOR reset Level
These bits contain the supply level threshold that activates/releases the reset. They can be
written to program a new BOR level. By default, BOR is off. When the supply voltage (Vpp)
drops below the selected BOR level, a device reset is generated.

00: BOR Level 3 (VBORS3), brownout threshold level 3

01: BOR Level 2 (VBORZ2), brownout threshold level 2

10: BOR Level 1 (VBOR1), brownout threshold level 1

11: BOR off, POR/PDR reset threshold level is applied
Note: For full details on BOR characteristics, refer to the “Electrical characteristics” section of

the product datasheet.

OPTSTRT: Option start
This bit triggers a user option operation when set. It is set only by software and cleared when
the BSY bit is cleared.

OPTLOCK: Option lock
Write to 1 only. When this bit is set, it indicates that the FLASH_OPTCR register is locked. This
bit is cleared by hardware after detecting the unlock sequence.

In the event of an unsuccessful unlock operation, this bit remains set until the next reset.

3
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3.9.11 Flash option control register (FLASH_OPTCR1)
for STM32F42xxx and STM32F43xxx

This register is available only on STM32F42xxx and STM32F43xxx.
The FLASH_OPTCR1 register is used to modify the user option bytes for bank 2.
Address offset: 0x18

Reset value: OxOFFF 0000. The option bits are loaded with values from flash memory at
reset release.

Access: no wait state when no flash memory operation is ongoing, word, half-word and byte

access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
nWRP[11:0]
Reserved
w | w | w | rw | w | w | rw | rw | w | w | rw | w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Reserved |

Bits 31:28 Reserved, must be kept cleared.

Bits 27:16 nWRP[11:0]: Not write protect
These bits contain the value of the write-protection and read-protection (PCROP) option bytes
for sectors 0 to 11 after reset. They can be written to program a new write-protect or PCROP
value into flash memory.
If SPRMOD is reset (default value):
0: Write protection active on sector i.
1: Write protection not active on sector i.
If SPRMOD is set:
0: PCRORP protection not active on sector i.
1: PCROP protection active on sector i.

Bits 15:0 Reserved, must be kept cleared.
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3.9.12 Flash interface register map
Table 20. Flash register map and reset values
(STM32F405xx/07xx and STM32F415xx/17xx)
Offset | Register |5|3|2|2N|Q|Q|3|2|8| (]| 2|e|vc|2|o|o|~ 0| w|<|o||- o
El=| =z Z
@ z| W
FLASH_ACR AR @l LA‘E’ZEE]CY
0x00 Reserved 8 olal® 4 Reserved :
Reset value 0|0|0|0]0O 0‘0 ‘ 0
FLASH
- KEY[31:16] KEY[15:0]
0x04 KEYR
Reset value 0‘0|o‘0‘0‘0‘0‘0‘0|0‘0|0‘0‘0‘0‘0 o‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0|0|o‘0‘0
FLASH_OPT OPTKEYR[31:16] OPTKEYR[15:0]
KEYR
0x08
Reset value o‘0|o‘0‘0‘0‘0‘0‘0|0‘0|0‘0‘0‘0 0 0‘0|0‘0‘0‘0‘0‘0 o|lofofo 0|o 0|o
vl el xl x
ol x| x| 1
FLASH_SR » o o £ g § ik
0x0C Reserved @ Reserved ololole & |SY
ajlalal= 2
7 x
Reset value 0 0{0|0]|0 0]0
" g
X w = ha o
FLASH_CR | 8 5 x S § SNB[3:0] | W i Q
0x10 = Reserved i} Reserved « Reserved o 9] =
- ] |8
Reset value | 1 0 0 0|0 oj(ofo|o0 0|0
> a S
o S
FLASH = ol % o = E é
OPTCR NWRP[11:0] RDP[7:0] o P o g Y ol
0x14 Reserved P b 8| & e | £
¥ Dé = 3 o O| O
c Xl m
Reset value 1‘1‘1‘1‘1|1‘1|1‘1‘1‘1‘11‘0|1‘0‘1‘0‘1‘0111 1|1 01
Table 21. Flash register map and reset values (STM32F42xxx and STM32F43xxx)
Offset| Register |5|3|RQQINIQIQI|KRQSIKRISZI=RI2Z 2D F S o o~ 0w/t N |- 0
P4
b 5 Z| z| W
FLASH_ACR 2ol & W i LATENCY[3:0]
0x00 Reserved 8l 9| g =2 | Reserved
Reset value o|{0f(o0|0]|O 0|0‘0|0
FLASH_KEYR KEY[31:16] KEY[15:0]
0x04
Reset value o‘o|o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘0‘0‘0|0 o‘o|o‘o‘0‘0‘0|0‘0‘0‘0‘0|0|0‘0| 0
FLASH_ ) .
OPTKEYR OPTKEYR[31:16] OPTKEYR[15:0]
0x08
Reset value 0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0 0 o‘0|0‘0‘0‘o‘0 olofo|o]|o 0|0 of|o
[nd
> CEEE e o |,
FLASH_SR % welg 2o ¢ W9
0x0C Reserved @ Reserved Blolololg & |F|IW
alalal= @
1 14
Reset value 0 0|0|0fOfO 0|0
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Table 21. Flash register map and reset values (STM32F42xxx and STM32F43xxx) (continued)

Offset| Register |5|3|RQIQIN|IQIQI|QQSIKISIRIF R I2F2C F 2 o o|~01v ¢ ™ N |- 0
w g
N w = = = x| o
FLASH CR |8 [ x| @ ] SNB[4:0] wlm| @
o] (@] = N S| ol
0x10 i} Reserved it} Reserved 0 = Reserved ®
o
Reset value 1 0 0|0 o|jojofoflofo|jo|jOfO]|O
>l a =
o) al ol = - |E|S
ol =| o |_|(7)U)N > =3
FLASH_OPTCR | 2| m| ¢ nWRP[11:0] RDP[7:0] « ol 2 Y @l
Ox14 alal & el gla o |&la
%] 3 n:ﬂé; o [el @)
(14 c o
Reset value 0|0 1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1|11‘0|1‘0‘1‘0‘1|011101 1101
FLASH 3
OPTCR1 g nWRP[11:0]
0x18 2 Reserved
Reset value & 1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1|1
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4 CRC calculation unit

This section applies to the whole STM32F4xx family, unless otherwise specified.

4.1 CRC introduction

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit

data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the EN/IEC 60335-1 standard, 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.

4.2 CRC main features
e Uses CRC-32 (Ethernet) polynomial: 0x4C

11DB7

X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1

e Single input/output 32-bit data register
e CRC computation done in 4 AHB clock cyc

e  General-purpose 8-bit register (can be used for temporary storage)

The block diagram is shown in Figure 8.

Figure 8. CRC calculation unit block diagram

les (HCLK)

AHB

bus

32-bit (read access)

Data register (output)

A

CRC computation (polynol

mial: 0x4C11DB7)

J
32-bit (write access)

Data register (input)

ai14968
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4.3 CRC functional description

The CRC calculation unit mainly consists of a single 32-bit data register, which:

e is used as an input register to enter new data in the CRC calculator (when writing into
the register)

e holds the result of the previous CRC calculation (when reading the register)

Each write operation into the data register creates a combination of the previous CRC value
and the new one (CRC computation is done on the whole 32-bit data word, and not byte per
byte).

The write operation is stalled until the end of the CRC computation, thus allowing back-to-
back write accesses or consecutive write and read accesses.

The CRC calculator can be reset to OxFFFF FFFF with the RESET control bit in the
CRC_CR register. This operation does not affect the contents of the CRC_IDR register.

4.4 CRC registers

The CRC calculation unit contains two data registers and a control register.The peripheral
The CRC registers have to be accessed by words (32 bits).

4.4.1 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]

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

Bits 31:0 Data register bits
Used as an input register when writing new data into the CRC calculator.
Holds the previous CRC calculation result when it is read.

4.4.2 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
Reserved |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IDR[7:0]
Reserved
w | w ‘ w ‘ w ‘ rw | w | w ‘ rw

3
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Bits 31:8 Reserved, must be kept at reset value.

Bits 7:0 General-purpose 8-bit data register bits

Can be used as a temporary storage location for one byte.
This register is not affected by CRC resets generated by the RESET bit in the CRC_CR

register.

443 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
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RESET
Reserved
w

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

Bit 0 RESET bit
Resets the CRC calculation unit and sets the data register to OxXFFFF FFFF.

This bit can only be set, it is automatically cleared by hardware.

44.4 CRC register map

The following table provides the CRC register map and reset values.

Table 22. CRC calculation unit register map and reset values
7 6 5 4 3 2 1 0

Offset | Register | 31-24 | 23-16 | 15-8

CRC_DR Data register

0x00
Reset OxFFFF FFFF
value

CRC_IDR

0x04 Reset
value

CRC_CR

0x08 Reset
value

Independent data register

Reserved
0x00

RESET

Reserved
0

3
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5 Power controller (PWR)
This section applies to the whole STM32F4xx family, unless otherwise specified.
5.1 Power supplies
The device requires a 1.8 to 3.6 V operating voltage supply (Vpp). An embedded linear
voltage regulator is used to supply the internal 1.2 V digital power.
The real-time clock (RTC), the RTC backup registers, and the backup SRAM (BKP SRAM)
can be powered from the Vgt voltage when the main Vpp supply is powered off.
Note: Depending on the operating power supply range, some peripheral may be used with limited

functionality and performance. For more details refer to section “General operating

conditions” in STM32F4xx datasheets.

Figure 9. Power supply overview for STM32F405xx/07xx and STM32F415xx/17xx

VBAT,
Backup circuitry
VBAT = ® . Power (OSC32K,RTC,
1.65 to 3.6V (#switch Wakeup logic
Backup registers,
= backup RAM)
OUT E
S| 10
(]
GPIOs I: | Logic
[
|
VCAP_1 Kernel logic
2x22yF  VCAP_2 (CPU, digital
T
—— & RAM)
VDD VDD
1/2/...14/15 Voltage
15 x 100 nF vss | regulator
+1x4.7pF 1/2/...14/15
Flash memory
Reset |  tocmememmmm e
PDR_ON controller
rw
I E. Analog:
100 nF 100 nF RCs,
+1pF | +1 uF PLL,..
=
MS19911V2
1. Vppa and Vgga must be connected to Vpp and Vgg, respectively.
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Figure 10. Power supply overview for STM32F42xxx and STM32F43xxx
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Backup registers,
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________________________i
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GP 1I0s [ ) Logic i
IN 3 Kernel logic | 1
Veap_ 1 = (CPU, :
1 ! & RAM) !
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BYPASS_REG | Flash memory | 1
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PDR_ON controller
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ADC _»|RCs, PLL,
MS30482V2
1. Vppa and Vgga must be connected to Vpp and Vgg, respectively.
51.1 Independent A/D converter supply and reference voltage

To improve conversion accuracy, the ADC has an independent power supply which can be
separately filtered and shielded from noise on the PCB.

e The ADC voltage supply input is available on a separate VDDA pin.
e Anisolated supply ground connection is provided on VSSA pin.

To ensure a better accuracy of low voltage inputs, the user can connect a separate external
reference voltage ADC input on Vggg. The voltage on Vggp ranges from 1.8 V to Vppa-
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5.1.2 Battery backup domain
Backup domain description
To retain the content of the RTC backup registers, backup SRAM, and supply the RTC when
Vpp is turned off, VBAT pin can be connected to an optional standby voltage supplied by a
battery or by another source.
To allow the RTC to operate even when the main digital supply (Vpp) is turned off, the VBAT
pin powers the following blocks:
e TheRTC
e  The LSE oscillator
e  The backup SRAM when the low-power backup regulator is enabled
e PC13to PC15 I/Os, plus PI8 I/O (when available)
The switch to the Vgat supply is controlled by the power-down reset embedded in the Reset
block.
Warning: During tgstrempo (temporization at Vpp startup) or after a PDR
is detected, the power switch between Vgat and Vpp remains
connected to VgaT.
During the startup phase, if Vpp is established in less than
tRSTTEMPO (Refer to the datasheet for the value of tRSTTEMPO)
and Vpp > Vgat * 0.6 V, a current may be injected into Vgat
through an internal diode connected between Vpp and the
power switch (Vgar).
If the power supply/battery connected to the VBAT pin cannot
support this current injection, it is strongly recommended to
connect an external low-drop diode between this power
supply and the VBAT pin.
If no external battery is used in the application, it is recommended to connect the VBAT pin
to Vpp supply, and add a 100 nF external decoupling ceramic capacitor on VBAT pin.
When the backup domain is supplied by Vpp (analog switch connected to Vpp), the
following functions are available:
e PC14 and PC15 can be used as either GPIO or LSE pins
e PC13 can be used as a GPIOas the RTC_AF1 pin (refer to Table 38: RTC_AF1 pin for
more details about this pin configuration)
Note: Due to the fact that the switch only sinks a limited amount of current (3 mA), the use of PI8

3

and PC13 to PC15 GPIOs in output mode is restricted: the speed has to be limited to 2 MHz
with a maximum load of 30 pF and these I/Os must not be used as a current source (e.g. to
drive an LED).
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When the backup domain is supplied by Vgt (analog switch connected to Vgat because
Vpp is not present), the following functions are available:

e PC14 and PC15 can be used as LSE pins only

e PC13 can be used as the RTC_AF1 pin (refer to Table 38: RTC_AF1 pin for more
details about this pin configuration)

e PI8 can be used as RTC_AF2

Backup domain access

After reset, the backup domain (RTC registers, RTC backup register and backup SRAM) is
protected against possible unwanted write accesses. To enable access to the backup
domain, proceed as follows:

e Access to the RTC and RTC backup registers

1. Enable the power interface clock by setting the PWREN bits in the RCC_APB1ENR
register (see Section 7.3.13 and Section 6.3.13)

2. Setthe DBP bit in the Section 5.4.1 and PWR power control register (PWR_CR) for
STM32F42xxx and STM32F43xxx to enable access to the backup domain

3. Select the RTC clock source: see Section 7.2.8: RTC/AWU clock

4. Enable the RTC clock by programming the RTCEN [15] bit in the Section 7.3.20: RCC
Backup domain control register (RCC_BDCR)

e  Access to the backup SRAM

1. Enable the power interface clock by setting the PWREN bits in the RCC_APB1ENR
register (see Section 7.3.13 and Section 6.3.13 for STM32F405xx/07xx and
STM32F415xx/17xx and STM32F42xxx and STM32F43xxx, respectively)

2. Set the DBP bit in the PWR power control register (PWR_CR) for STM32F405xx/07xx
and STM32F415xx/17xx and PWR power control register (PWR_CR) for
STM32F42xxx and STM32F43xxx to enable access to the backup domain

3. Enable the backup SRAM clock by setting BKPSRAMEN bit in the RCC AHB1
peripheral clock enable register (RCC_AHB1ENR).

RTC and RTC backup registers

The real-time clock (RTC) is an independent BCD timer/counter. The RTC provides a time-
of-day clock/calendar, two programmable alarm interrupts, and a periodic programmable
wake-up flag with interrupt capability. The RTC contains 20 backup data registers (80 bytes)
which are reset when a tamper detection event occurs. For more details refer to Section 26:
Real-time clock (RTC).

Backup SRAM

The backup domain includes 4 Kbytes of backup SRAM addressed in 32-bit, 16-bit or 8-bit
mode. Its content is retained even in Standby or Vgat mode when the low-power backup
regulator is enabled. It can be considered as an internal EEPROM when Vgat is always
present.

When the backup domain is supplied by Vpp (analog switch connected to Vpp), the backup
SRAM is powered from Vpp which replaces the Vgar power supply to save battery life.

When the backup domain is supplied by Vgar (analog switch connected to Vg because
Vpp is not present), the backup SRAM is powered by a dedicated low-power regulator. This
regulator can be ON or OFF depending whether the application needs the backup SRAM
function in Standby and Vgar modes or not. The power-down of this regulator is controlled
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by a dedicated bit, the BRE control bit of the PWR_CSR register (see Section 5.4.2: PWR
power control/status register (PWR_CSR) for STM32F405xx/07xx and
STM32F415xx/17xx).

The backup SRAM is not mass erased by an tamper event. When the Flash memory is read
protected, the backup SRAM is also read protected to prevent confidential data, such as
cryptographic private key, from being accessed. When the protection level change from
level 1 to level 0 is requested, the backup SRAM content is erased.

Figure 11. Backup domain

Power switch LP voltage regulator
Voltage regulator 33->12V
33->12V
|
1.2 V domain
Backup SRAM| | Backup SRAM
interface |~ 12V
< > RTC —hl LSE 32.768 Hz
Backup domain

MS30430V1

Voltage regulator for STM32F405xx/07xx and STM32F415xx/17xx

An embedded linear voltage regulator supplies all the digital circuitries except for the backup
domain and the Standby circuitry. The regulator output voltage is around 1.2 V.

This voltage regulator requires one or two external capacitors to be connected to one or two
dedicated pins, Vcap 4 and Vepap o available in all packages. Specific pins must be
connected either to Vgg or Vpp to activate or deactivate the voltage regulator. These pins
depend on the package.

When activated by software, the voltage regulator is always enabled after Reset. It works in
three different modes depending on the application modes.

¢ In Run mode, the regulator supplies full power to the 1.2 V domain (core, memories
and digital peripherals). In this mode, the regulator output voltage (around 1.2 V) can
be scaled by software to different voltage values:

Scale 1 or scale 2 can be configured on the fly through VOS (bit 15 of the
PWR_CR register).

The voltage scaling allows optimizing the power consumption when the device is
clocked below the maximum system frequency.

e In Stop mode, the main regulator or the low-power regulator supplies to the 1.2 V
domain, thus preserving the content of registers and internal SRAM. The voltage
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regulator can be put either in main regulator mode (MR) or in low-power mode (LPR).
The programmed voltage scale remains the same during Stop mode:

The programmed voltage scale remains the same during Stop mode (see
Section 5.4.1: PWR power control register (PWR_CR) for STM32F405xx/07xx
and STM32F415xx/17xx).

¢ In Standby mode, the regulator is powered down. The content of the registers and
SRAM are lost except for the Standby circuitry and the backup domain.

For more details, refer to the voltage regulator section in the STM32F405xx/07xx and
STM32F415xx/17xx datasheets.

Voltage regulator for STM32F42xxx and STM32F43xxx

An embedded linear voltage regulator supplies all the digital circuitries except for the backup
domain and the Standby circuitry. The regulator output voltage is around 1.2 V.

This voltage regulator requires two external capacitors to be connected to two dedicated
pins, VCAP_1 and VCAP_2 available in all packages. Specific pins must be connected
either to Vgg or Vpp to activate or deactivate the voltage regulator. These pins depend on
the package.

When activated by software, the voltage regulator is always enabled after Reset. It works in
three different modes depending on the application modes (Run, Stop, or Standby mode).

¢ In Run mode, the main regulator supplies full power to the 1.2 V domain (core,
memories and digital peripherals). In this mode, the regulator output voltage (around
1.2 V) can be scaled by software to different voltage values (scale 1, scale 2, and scale
3 can be configured through VOS[1:0] bits of the PWR_CR register). The scale can be
modified only when the PLL is OFF and the HSI or HSE clock source is selected as
system clock source. The new value programmed is active only when the PLL is ON.
When the PLL is OFF, the voltage scale 3 is automatically selected.

The voltage scaling allows optimizing the power consumption when the device is
clocked below the maximum system frequency. After exit from Stop mode, the voltage

3
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scale 3 is automatically selected.(see Section 5.4.1: PWR power control register
(PWR_CR) for STM32F405xx/07xx and STM32F415xx/17xx.

2 operating modes are available:

— Normal mode: The CPU and core logic operate at maximum frequency at a given
voltage scaling (scale 1, scale 2 or scale 3)

—  Over-drive mode: This mode allows the CPU and the core logic to operate at a
higher frequency than the normal mode for the voltage scaling scale 1 and scale
2.

e In Stop mode: the main regulator or low-power regulator supplies a low-power voltage
to the 1.2V domain, thus preserving the content of registers and internal SRAM.

The voltage regulator can be put either in main regulator mode (MR) or in low-power

mode (LPR). Both modes can be configured by software as follows:

— Normal mode: the 1.2 VV domain is preserved in nominal leakage mode. It is the
default mode when the main regulator (MR) or the low-power regulator (LPR) is
enabled.

— Under-drive mode: the 1.2 V domain is preserved in reduced leakage mode. This
mode is only available with the main regulator or in low-power regulator mode
(see Table 23).

¢ In Standby mode: the regulator is powered down. The content of the registers and

SRAM are lost except for the Standby circuitry and the backup domain.

Note: Over-drive and under-drive mode are not available when the regulator is bypassed.

3

For more details, refer to the voltage regulator section in the STM32F42xxx and
STM32F43xxx datasheets.

Table 23. Voltage regulator configuration mode versus device operating mode!")

VOItag? regu_lator Run mode Sleep mode Stop mode Standby mode
configuration
Normal mode MR MR MR or LPR -
Over-drive
mode@ MR MR - -
Under-drive mode - - MR or LPR -
Power-down
- - - Yes
mode
1. *~’means that the corresponding configuration is not available.
2. The over-drive mode is not available when Vpp = 1.8 to 2.1 V.
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Entering Over-drive mode

It is recommended to enter Over-drive mode when the application is not running critical
tasks and when the system clock source is either HSI or HSE. To optimize the configuration
time, enable the Over-drive mode during the PLL lock phase.

To enter Over-drive mode, follow the sequence below:

1. Select HSI or HSE as system clock.

2. Configure RCC_PLLCFGR register and set PLLON bit of RCC_CR register.

3. Set ODEN bit of PWR_CR register to enable the Over-drive mode and wait for the
ODRDY flag to be set in the PWR_CSR register.

4. Setthe ODSW bit in the PWR_CR register to switch the voltage regulator from Normal
mode to Over-drive mode. The System is stalled during the switch but the PLL clock
system is still running during locking phase.

Wait for the ODSWRDY flag in the PWR_CSR to be set.

Select the required Flash latency as well as AHB and APB prescalers.

Wiait for PLL lock.

Switch the system clock to the PLL.

Enable the peripherals that are not generated by the System PLL (I2S clock, LCD-TFT
clock, SAI1 clock, USB_48MHz clock....).

The PLLI2S and PLLSAI can be configured at the same time as the system PLL.

During the Over-drive switch activation, no peripheral clocks should be enabled. The
peripheral clocks must be enabled once the Over-drive mode is activated.

© © N oo

Entering Stop mode disables the Over-drive mode, as well as the PLL. The application
software has to configure again the Over-drive mode and the PLL after exiting from Stop
mode.

Exiting from Over-drive mode

It is recommended to exit from Over-drive mode when the application is not running critical
tasks and when the system clock source is either HSI or HSE.There are two sequences that
allow exiting from over-drive mode:

e By resetting simultaneously the ODEN and ODSW bits bit in the PWR_CR register
(sequence 1)

e By resetting first the ODSW bit to switch the voltage regulator to Normal mode and then
resetting the ODEN bit to disable the Over-drive mode (sequence 2).

Example of sequence 1:

1. Select HSI or HSE as system clock source.

2. Disable the peripheral clocks that are not generated by the System PLL (12S clock,
LCD-TFT clock, SAI1 clock, USB_48MHz clock,....)

3. Reset simultaneously the ODEN and the ODSW bits in the PWR_CR register to switch
back the voltage regulator to Normal mode and disable the Over-drive mode.

4. Wait for the ODWRDY flag of PWR_CSR to be reset.

3
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Example of sequence 2:
1. Select HSI or HSE as system clock source.

2. Disable the peripheral clocks that are not generated by the System PLL (12S clock,
LCD-TFT clock, SAI1 clock, USB_48MHz clock,....).

3. Reset the ODSW bit in the PWR_CR register to switch back the voltage regulator to
Normal mode. The system clock is stalled during voltage switching.

4. Wait for the ODWRDY flag of PWR_CSR to be reset.
5. Reset the ODEN bit in the PWR_CR register to disable the Over-drive mode.
Note: During step 3, the ODEN bit remains set and the Over-drive mode is still enabled but not

active (ODSW bit is reset). If the ODEN bit is reset instead, the Over-drive mode is disabled
and the voltage regulator is switched back to the initial voltage.

5.2 Power supply supervisor

5.2.1 Power-on reset (POR)/power-down reset (PDR)

The device has an integrated POR/PDR circuitry that allows proper operation starting
from 1.8 V.

The device remains in Reset mode when Vpp/Vpppa is below a specified threshold,
Vpor/pDRs Without the need for an external reset circuit. For more details concerning the
power on/power-down reset threshold, refer to the electrical characteristics of the
datasheet.

Figure 12. Power-on reset/power-down reset waveform

Voo/Vopa
40 mV
.../ . _i__W hysteresis POR
Temporization
tRSTTEMPO
> >
Reset L
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Brownout reset (BOR)

During power on, the Brownout reset (BOR) keeps the device under reset until the supply
voltage reaches the specified Vggg threshold.

Vgor is configured through device option bytes. By default, BOR is off. 3 programmable
Vpgor threshold levels can be selected:

e BOR Level 3 (VBORS3). Brownout threshold level 3.

e BOR Level 2 (VBOR2). Brownout threshold level 2.

e BORLevel 1 (VBOR1). Brownout threshold level 1.

For full details about BOR characteristics, refer to the "Electrical characteristics" section in
the device datasheet.

When the supply voltage (Vpp) drops below the selected VgoRg threshold, a device reset is
generated.

The BOR can be disabled by programming the device option bytes. In this case, the
power-on and power-down is then monitored by the POR/ PDR (see Section 5.2.1: Power-
on reset (POR)/power-down reset (PDR)).

The BOR threshold hysteresis is ~100 mV (between the rising and the falling edge of the
supply voltage).

Figure 13. BOR thresholds

VDD/VDDA

A

100 mV
__hysteresis

BOR threshold

MS30433V1

Programmable voltage detector (PVD)

You can use the PVD to monitor the Vpp power supply by comparing it to a threshold
selected by the PLS[2:0] bits in the PWR power control register (PWR_CR) for

3
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STM32F405xx/07xx and STM32F415xx/17xx and PWR power control register (PWR_CR)
for STM32F42xxx and STM32F43xxx.

The PVD is enabled by setting the PVDE bit.
A PVDO flag is available, in the PWR power control/status register (PWR_CSR) for
STM32F405xx/07xx and STM32F415xx/17xx, to indicate if Vpp is higher or lower than the
PVD threshold. This event is internally connected to the EXTI line16 and can generate an
interrupt if enabled through the EXTI registers. The PVD output interrupt can be generated
when Vpp drops below the PVD threshold and/or when Vpp rises above the PVD threshold
depending on EXTI line16 rising/falling edge configuration. As an example the service
routine could perform emergency shutdown tasks.
Figure 14. PVD thresholds
VDD
A
PVD threshold 100 mV
Y L y _hysteresis
>
PVD output +——————— - —
MS30432V2
5.3 Low-power modes

3

By default, the microcontroller is in Run mode after a system or a power-on reset. In Run
mode the CPU is clocked by HCLK and the program code is executed. Several low-power
modes are available to save power when the CPU does not need to be kept running, for
example when waiting for an external event. It is up to the user to select the mode that gives
the best compromise between low-power consumption, short startup time and available
wake-up sources.

The devices feature three low-power modes:

e Sleep mode (Cortex®-M4 with FPU core stopped, peripherals kept running)

e  Stop mode (all clocks are stopped)

e  Standby mode (1.2 V domain powered off)
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In addition, the power consumption in Run mode can be reduce by one of the following
means:

e  Slowing down the system clocks
e  Gating the clocks to the APBx and AHBx peripherals when they are unused.

Entering low-power mode

Low-power modes are entered by the MCU by executing the WFI (Wait For Interrupt), or
WFE (Wait for Event) instructions, or when the SLEEPONEXIT bit in the Cortex®-M4 with
FPU System Control register is set on Return from ISR.

Entering Low-power mode through WFI or WFE is executed only if no interrupt is pending or
no event is pending.

Exiting low-power mode

The MCU exits from Sleep and Stop modes low-power mode depending on the way the low-

power mode was entered:

e If the WFl instruction or Return from ISR was used to enter the low-power mode, any
peripheral interrupt acknowledged by the NVIC can wake up the device.

e If the WFE instruction is used to enter the low-power mode, the MCU exits the low-
power mode as soon as an event occurs. The wake-up event can be generated either
by:

— NVIC IRQ interrupt:
When SEVONPEND = 0 in the Cortex®-M4 with FPU System Control register: by
enabling an interrupt in the peripheral control register and in the NVIC. When the
MCU resumes from WFE, the peripheral interrupt pending bit and the NVIC
peripheral IRQ channel pending bit (in the NVIC interrupt clear pending register)
have to be cleared. Only NVIC interrupts with sufficient priority wakes up and
interrupts the MCU.

When SEVONPEND = 1 in the Cortex®-M4 with FPU System Control register: by
enabling an interrupt in the peripheral control register and optionally in the NVIC.
When the MCU resumes from WFE, the peripheral interrupt pending bit and when
enabled the NVIC peripheral IRQ channel pending bit (in the NVIC interrupt clear
pending register) have to be cleared. All NVIC interrupts wakes up the MCU, even
the disabled ones. Only enabled NVIC interrupts with sufficient priority wakes up
and interrupts the MCU.

— Event
This is done by configuring a EXTI line in event mode. When the CPU resumes
from WFE, it is not necessary to clear the EXTI peripheral interrupt pending bit or
the NVIC IRQ channel pending bit as the pending bits corresponding to the event
line is not set. It may be necessary to clear the interrupt flag in the peripheral.

The MCU exits from Standby low-power mode through an external reset (NRST pin), an
IWDG reset, a rising edge on one of the enabled WKUPXx pins or a RTC event occurs (see
Figure 237: RTC block diagram).

After waking up from Standby mode, program execution restarts in the same way as after a
Reset (boot pin sampling, option bytes loading, reset vector is fetched, etc.).
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Only enabled NVIC interrupts with sufficient priority wakes up and interrupts the MCU.

Table 24. Low-power mode summary

Effecton
Effecton 1.2V Vv
Mode name Entry Wake-up domain clocks dorggin Voltage regulator
clocks
Sleep WF1 or Return Any interrupt CPU CLK OFF
(Sleep now or from ISR no effect on other
None ON
Sleep-on- clocks or analog
exit) WFE Wake-up event clock sources
ON or in low- power
mode (depends on
PWR power control
register (PWR_CR)
for
STM32F405xx/07x
x and
PDDS and LPDS STM32F415xx/17x
bits + Any EXTI line (configured x and PWR power
Stop SLEEPDEEP bit in the EXTI registers, control register
+ WFI, Return |internal and external lines) (PWR_CR) for
from ISR or WFE HSl and | STM32F405xx/07x
All 1.2V domain | HSE x and
clocks OFF oscillator | STM32F415xx/17x
s OFF XxPWR power
control register
(PWR_CR) for
STM32F42xxx and
STM32F43xxx
WKUP pin rising edge,
PDDS bit + RTC alarm (Alarm A or
SLEEPDEEP bit Alarm B), RTC Wake-up
Standby event, RTC tamper OFF
+ WFI, Return .
from ISR or WFE events, RTC time starpp
event, external reset in
NRST pin, IWDG reset
5.3.1 Slowing down system clocks

In Run mode the speed of the system clocks (SYSCLK, HCLK, PCLK1, PCLK2) can be
reduced by programming the prescaler registers. These prescalers can also be used to slow
down peripherals before entering Sleep mode.

For more details refer to Section 7.3.3: RCC clock configuration register (RCC_CFGR).

5.3.2

Peripheral clock gating

In Run mode, the HCLKx and PCLKXx for individual peripherals and memories can be
stopped at any time to reduce power consumption.

To further reduce power consumption in Sleep mode the peripheral clocks can be disabled
prior to executing the WFI or WFE instructions.

3
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Peripheral clock gating is controlled by the AHB1 peripheral clock enable register
(RCC_AHB1ENR), AHB2 peripheral clock enable register (RCC_AHB2ENR), AHB3
peripheral clock enable register (RCC_AHB3ENR) (see Section 7.3.10: RCC AHB1
peripheral clock enable register (RCC_AHB1ENR), Section 7.3.11: RCC AHB2 peripheral
clock enable register (RCC_AHB2ENR), Section 7.3.12: RCC AHB3 peripheral clock
enable register (RCC_AHB3ENR) for STM32F405xx/07xx and STM32F415xx/17xx, and
Section 6.3.10: RCC AHB1 peripheral clock register (RCC_AHB1ENR), Section 6.3.11:
RCC AHB?2 peripheral clock enable register (RCC_AHB2ENR), and Section 6.3.12: RCC
AHB3 peripheral clock enable register (RCC_AHB3ENR) for STM32F42xxx and
STM32F43xxx).

Disabling the peripherals clocks in Sleep mode can be performed automatically by resetting
the corresponding bit in RCC_AHBXLPENR and RCC_APBXLPENR registers.

Sleep mode

Entering Sleep mode

The Sleep mode is entered according to Section : Entering low-power mode, when the
SLEEPDEEP bit in the Cortex®-M4 with FPU System Control register is cleared.

Refer to Table 25 and Table 26 for details on how to enter Sleep mode.

All interrupt pending bits must be cleared before the sleep mode entry.

Exiting Sleep mode
The Sleep mode is exited according to Section : Exiting low-power mode.

Refer to Table 25 and Table 26 for more details on how to exit Sleep mode.

Table 25. Sleep-now entry and exit

Sleep-now mode Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:

— SLEEPDEEP = 0, and

— No interrupt (for WFI) or event (for WFE) is pending.
Refer to the Cortex®-M4 with FPU System Control register.

Mode entry On Return from ISR while:

— SLEEPDEEP =0 and

— SLEEPONEXIT =1,

— No interrupt is pending.

Refer to the Cortex®-M4 with FPU System Control register.

3
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Table 25. Sleep-now entry and exit (continued)

Sleep-now mode Description

If WFI or Return from ISR was used for entry:
Interrupt: Refer to Table 62: Vector table for STM32F405xx/07xx and
STM32F415xx/17xx and Table 63: Vector table for STM32F42xxx and
STM32F43xxx

If WFE was used for entry and SEVONPEND =0

Mode exit Wake-up event: Refer to Section 12.2.3: Wake-up event management

f WFE was used for entry and SEVONPEND = 1
Interrupt even when disabled in NVIC: refer to Table 62: Vector table for
STM32F405xx/07xx and STM32F415xx/17xx and Table 63: Vector table
for STM32F42xxx and STM32F43xxx or Wake-up event (see
Section 12.2.3: Wake-up event management).

Wake-up latency None

Table 26. Sleep-on-exit entry and exit

Sleep-on-exit Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:

— SLEEPDEEP =0, and

— No interrupt (for WFI) or event (for WFE) is pending.
Refer to the Cortex®-M4 with FPU System Control register.

Mode entry On Return from ISR while:

— SLEEPDEEP =0, and

— SLEEPONEXIT =1, and

— No interrupt is pending.

Refer to the Cortex®-M4 with FPU System Control register.

Interrupt: refer to Table 62: Veector table for STM32F405xx/07xx and

Mode exit STM32F415xx/17xx and Table 63: Vector table for STM32F42xxx and
STM32F43xxx
Wake-up latency None

5.3.4 Stop mode (STM32F405xx/07xx and STM32F415xx/17xx)

The Stop mode is based on the Cortex®-M4 with FPU deepsleep mode combined with
peripheral clock gating. The voltage regulator can be configured either in normal or low-
power mode. In Stop mode, all clocks in the 1.2 V domain are stopped, the PLLs, the HSI
and the HSE RC oscillators are disabled. Internal SRAM and register contents are
preserved.

By setting the FPDS bit in the PWR_CR register, the Flash memory also enters power-down
mode when the device enters Stop mode. When the Flash memory is in power-down mode,
an additional startup delay is incurred when waking up from Stop mode (see Table 27: Stop
operating modes (STM32F405xx/07xx and STM32F415xx/17xx) and Section 5.4.1: PWR
power control register (PWR_CR) for STM32F405xx/07xx and STM32F415xx/17xx).

3
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Table 27. Stop operating modes
(STM32F405xx/07xx and STM32F415xx/17xx)

Stop mode LPDS bit FPDS bit Wake-up latency

STOP MR

0 0 HSI RC startup ti
(Main regulator) startup time

HSI RC startup time +

STOP MR-FPD 0 1 Flash wake-up time from Power
Down mode
HSI RC startup time +
STOP LP 1 0 regulator wake-up time from LP
mode

HSI RC startup time +
Flash wake-up time from Power
STOP LP-FPD 1 1 Down mode +

regulator wake-up time from LP
mode

Entering Stop mode (for STM32F405xx/07xx and STM32F415xx/17xx)

The Stop mode is entered according to Section : Entering low-power mode, when the
SLEEPDEEP bit in the Cortex®-M4 with FPU System Control register is set.

Refer to Table 28 for details on how to enter the Stop mode.

To further reduce power consumption in Stop mode, the internal voltage regulator can be put
in low-power mode. This is configured by the LPDS bit of the PWR power control register
(PWR_CR) for STM32F405xx/07xx and STM32F415xx/17xx and PWR power control
register (PWR_CR) for STM32F42xxx and STM32F43xxx.

If Flash memory programming is ongoing, the Stop mode entry is delayed until the memory
access is finished.

If an access to the APB domain is ongoing, The Stop mode entry is delayed until the APB
access is finished.

In Stop mode, the following features can be selected by programming individual control bits:

e Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by
hardware option. Once started it cannot be stopped except by a Reset. See
Section 21.3 in Section 21: Independent watchdog (IWDG).

e Real-time clock (RTC): this is configured by the RTCEN bit in the Section 7.3.20: RCC
Backup domain control register (RCC_BDCR)

e Internal RC oscillator (LSI RC): this is configured by the LSION bit in the
Section 7.3.21: RCC clock control & status register (RCC_CSR).

e External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
Section 7.3.20: RCC Backup domain control register (RCC_BDCR).

The ADC or DAC can also consume power during the Stop mode, unless they are disabled
before entering it. To disable them, the ADON bit in the ADC_CR2 register and the ENXx bit
in the DAC_CR register must both be written to 0.
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If the application needs to disable the external clock before entering Stop mode, the HSEON
bit must first be disabled and the system clock switched to HSI.

Otherwise, if the HSEON bit is kept enabled while the external clock (external oscillator) can
be removed before entering stop mode, the clock security system (CSS) feature must be
enabled to detect any external oscillator failure and avoid a malfunction behavior when
entering stop mode.

Exiting Stop mode (for STM32F405xx/07xx and STM32F415xx/17xx)
The Stop mode is exited according to Section : Exiting low-power mode.
Refer to Table 28 for more details on how to exit Stop mode.

When exiting Stop mode by issuing an interrupt or a wake-up event, the HSI RC oscillator is
selected as system clock.

When the voltage regulator operates in low-power mode, an additional startup delay is
incurred when waking up from Stop mode. By keeping the internal regulator ON during Stop
mode, the consumption is higher although the startup time is reduced.

Table 28. Stop mode entry and exit (for STM32F405xx/07xx and STM32F415xx/17xx)

Stop mode Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:

— No interrupt (for WFI) or event (for WFE) is pending,

— SLEEPDEEP bit is set in Cortex®-M4 with FPU System Control register,
— PDDS bit is cleared in Power Control register (PWR_CR),

— Select the voltage regulator mode by configuring LPDS bit in PWR_CR.

On Return from ISR:

— No interrupt is pending,

Mode entry — SLEEPDEEP bit is set in Cortex®-M4 with FPU System Control register,
— SLEEPONEXIT = 1,

— PDDS bit is cleared in Power Control register (PWR_CR).

Note: To enter Stop mode, all EXTI Line pending bits (in Pending register
(EXTI_PR)), all peripheral interrupts pending bits, the RTC Alarm
(Alarm A and Alarm B), RTC wake-up, RTC tamper, and RTC time
stamp flags, must be reset. Otherwise, the Stop mode entry
procedure is ignored and program execution continues.
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Table 28. Stop mode entry and exit (for STM32F405xx/07xx and STM32F415xx/17xx)

Stop mode

Description

Mode exit

If WFI or Return from ISR was used for entry:

Any EXTI lines configured in Interrupt mode (the corresponding EXTI
Interrupt vector must be enabled in the NVIC). The interrupt source can
be external interrupts or peripherals with wake-up capability. Refer to
Table 62: Vector table for STM32F405xx/07xx and STM32F415xx/17xx
on page 375 and Table 63: Vector table for STM32F42xxx and
STM32F43xxx.

If WFE was used for entry and SEVONPEND =0

Any EXTI lines configured in event mode. Refer to Section 12.2.3: Wake-
up event management on page 383.

If WFE was used for entry and SEVONPEND = 1:

— Any EXTI lines configured in Interrupt mode (even if the corresponding
EXTI Interrupt vector is disabled in the NVIC). The interrupt source can
be an external interrupt or a peripheral with wake-up capability. Refer to
Table 62: Vector table for STM32F405xx/07xx and STM32F415xx/17xx
on page 375 and Table 63: Vector table for STM32F42xxx and
STM32F43xxx.

— Wake-up event: refer to Section 12.2.3: Wake-up event management on
page 383.

Wake-up latency

Table 27: Stop operating modes (STM32F405xx/07xx and
STM32F415xx/17xx)

5.3.5 Stop mode (STM32F42xxx and STM32F43xxx)

The Stop mode is based on the Cortex®-M4 with FPU deepsleep mode combined with
peripheral clock gating. The voltage regulator can be configured either in normal or low-
power mode. In Stop mode, all clocks in the 1.2 V domain are stopped, the PLLs, the HSI
and the HSE RC oscillators are disabled. Internal SRAM and register contents are

preserved.

In Stop mode, the power consumption can be further reduced by using additional settings in
the PWR_CR register. However this induces an additional startup delay when waking up
from Stop mode (see Table 29).
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Table 29. Stop operating modes (STM32F42xxx and STM32F43xxx)

UDEN[1:0] | MRUDS | LPUDS | LPDS | FPDS
bits bit bit bit bit

Voltage Regulator Mode Wake-up latency

STOP MR

- 0 - 0 0 HSI RC startup i
(Main Regulator) startup time

HSI RC startup time +

STOP MR- FPD - 0 - 0 1 Flash wake-up time from power-
down mode

Normal HSI RC startup time +

mode STOP LP - 0 0 1 0 regulator wake-up time from LP
mode

HSI RC startup time +
Flash wake-up time from power-
STOP LP-FPD - - 0 1 1 down mode +
regulator wake-up time from LP

mode

HSI RC startup time +

Flash wake-up time from power-
STOP UMR- down mode +
FPD Main regulator wake-up time from
under-drive mode + Core logic to
Under- nominal mode
drive
Mode HSI RC startup time +
Flash wake-up time from power-
down mode +
regulator wake-up time from LP
under-drive mode + Core logic to
nominal mode

STOP ULP-FPD 3 - 1 1 -

Entering Stop mode (STM32F42xxx and STM32F43xxx)

The Stop mode is entered according to Section : Entering low-power mode, when the
SLEEPDEEP bit in the Cortex®-M4 with FPU System Control register is set.

Refer to Table 30 for details on how to enter the Stop mode.

When the microcontroller enters in Stop mode, the voltage scale 3 is automatically selected.
To further reduce power consumption in Stop mode, the internal voltage regulator can be put
in low voltage mode. This is configured by the LPDS, MRUDS, LPUDS and UDEN bits of
the PWR power control register (PWR_CR) for STM32F405xx/07xx and
STM32F415xx/17xx.

If Flash memory programming is ongoing, the Stop mode entry is delayed until the memory
access is finished.

If an access to the APB domain is ongoing, The Stop mode entry is delayed until the APB
access is finished.

If the Over-drive mode was enabled before entering Stop mode, it is automatically disabled
during when the Stop mode is activated.

3
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In Stop mode, the following features can be selected by programming individual control bits:

¢ Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by
hardware option. Once started it cannot be stopped except by a Reset. See
Section 21.3 in Section 21: Independent watchdog (IWDG).

e Real-time clock (RTC): this is configured by the RTCEN bit in the Section 7.3.20: RCC
Backup domain control register (RCC_BDCR)

¢ Internal RC oscillator (LSI RC): this is configured by the LSION bit in the
Section 7.3.21: RCC clock control & status register (RCC_CSR).

e  External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
RCC Backup domain control register (RCC_BDCR).

The ADC or DAC can also consume power during the Stop mode, unless they are disabled
before entering it. To disable them, the ADON bit in the ADC_CR2 register and the ENXx bit
in the DAC_CR register must both be written to 0.

Before entering Stop mode, it is recommended to enable the clock security system (CSS)
feature to prevent external oscillator (HSE) failure from impacting the internal MCU
behavior.

Exiting Stop mode (STM32F42xxx and STM32F43xxx)
The Stop mode is exited according to Section : Exiting low-power mode.
Refer to Table 30 for more details on how to exit Stop mode.

When exiting Stop mode by issuing an interrupt or a wake-up event, the HSI RC oscillator is
selected as system clock.

If the Under-drive mode was enabled, it is automatically disabled after exiting Stop mode.

When the voltage regulator operates in low voltage mode, an additional startup delay is
incurred when waking up from Stop mode. By keeping the internal regulator ON during Stop
mode, the consumption is higher although the startup time is reduced.

When the voltage regulator operates in Under-drive mode, an additional startup delay is
induced when waking up from Stop mode.

3
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Table 30. Stop mode entry and exit (STM32F42xxx and STM32F43xxx)

Stop mode

Description

Mode entry

WFI (Wait for Interrupt) or WFE (Wait for Event) while:

— No interrupt or event is pending,

— SLEEPDEEP bit is set in Cortex®-M4 with FPU System Control register,
— PDDS bit is cleared in Power Control register (PWR_CR),

— Select the voltage regulator mode by configuring LPDS, MRUDS, LPUDS
and UDEN bits in PWR_CR (see Table 29: Stop operating modes
(STM32F42xxx and STM32F43xxx)).

On Return from ISR while:

— No interrupt is pending,

— SLEEPDEEP bit is set in Cortex®-M4 with FPU System Control register,
and

— SLEEPONEXIT =1, and

— PDDS is cleared in PWR_CR1.

Note: To enter Stop mode, all EXTI Line pending bits (in Pending register
(EXTI_PR)), all peripheral interrupts pending bits, the RTC Alarm
(Alarm A and Alarm B), RTC wake-up, RTC tamper, and RTC time
stamp flags, must be reset. Otherwise, the Stop mode entry
procedure is ignored and program execution continues.

Mode exit

If WFI or Return from ISR was used for entry:

All EXTI lines configured in Interrupt mode (the corresponding EXTI
Interrupt vector must be enabled in the NVIC). The interrupt source can
be external interrupts or peripherals with wake-up capability. Refer to
Table 62: Vector table for STM32F405xx/07xx and STM32F415xx/17xx
on page 375.

If WFE was used for entry and SEVONPEND = 0:

All EXTI Lines configured in event mode. Refer to Section 12.2.3: Wake-
up event management on page 383

If WFE was used for entry and SEVONPEND = 1:

— Any EXTI lines configured in Interrupt mode (even if the corresponding
EXTI Interrupt vector is disabled in the NVIC). The interrupt source can
be external interrupts or peripherals with wake-up capability. Refer to
Table 62: Vector table for STM32F405xx/07xx and STM32F415xx/17xx
on page 375 and Table 63: Vector table for STM32F42xxx and
STM32F43xxx.

— Wake-up event: refer to Section 12.2.3: Wake-up event management on
page 383.

Wake-up latency

Refer to Table 29: Stop operating modes (STM32F42xxx and
STM32F43xxx)

Standby mode

The Standby mode allows to achieve the lowest power consumption. It is based on the
Cortex®-M4 with FPU deepsleep mode, with the voltage regulator disabled. The 1.2V
domain is consequently powered off. The PLLs, the HSI oscillator and the HSE oscillator are
also switched off. SRAM and register contents are lost except for registers in the backup
domain (RTC registers, RTC backup register and backup SRAM), and Standby circuitry (see

Figure 9).
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Entering Standby mode

The Standby mode is entered according to Section : Entering low-power mode, when the
SLEEPDEEP bit in the Cortex®-M4 with FPU System Control register is set.

Refer to Table 31 for more details on how to enter Standby mode.

In Standby mode, the following features can be selected by programming individual control
bits:

e Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by

hardware option. Once started it cannot be stopped except by a reset. See
Section 21.3 in Section 21: Independent watchdog (IWDG).

e Real-time clock (RTC): this is configured by the RTCEN bit in the backup domain
control register (RCC_BDCR)

e Internal RC oscillator (LS| RC): this is configured by the LSION bit in the Control/status
register (RCC_CSR).

e External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
backup domain control register (RCC_BDCR)

Exiting Standby mode

The Standby mode is exited according to Section : Exiting low-power mode. The SBF status
flag in PWR_CR (see Section 5.4.2: PWR power control/status register (PWR_CSR) for
STM32F405xx/07xx and STM32F415xx/17xx) indicates that the MCU was in Standby
mode. All registers are reset after wake-up from Standby except for PWR_CR.

Refer to Table 31 for more details on how to exit Standby mode.

Table 31. Standby mode entry and exit

Standby mode Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:

— SLEEPDEEP is set in Cortex®-M4 with FPU System Control register,
— PDDS bit is set in Power Control register (PWR_CR),

— No interrupt (for WFI) or event (for WFE) is pending,

— WUF bit is cleared in Power Control register (PWR_CR),

— the RTC flag corresponding to the chosen wake-up source (RTC Alarm
A, RTC Alarm B, RTC wake-up, Tamper or Timestamp flags) is cleared

On return from ISR while:

— SLEEPDEEP bit is set in Cortex®-M4 with FPU System Control register,
and

— SLEEPONEXIT =1, and

— PDDS bit is set in Power Control register (PWR_CR), and

— No interrupt is pending,

— WUF bit is cleared in Power Control/Status register (PWR_SR),

— The RTC flag corresponding to the chosen wake-up source (RTC Alarm
A, RTC Alarm B, RTC wake-up, Tamper or Timestamp flags) is cleared.

WKUP pin rising edge, RTC alarm (Alarm A and Alarm B), RTC wake-up,
tamper event, time stamp event, external reset in NRST pin, IWDG reset.

Mode entry

Mode exit

Wake-up latency Reset phase.
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I/0 states in Standby mode
In Standby mode, all I/O pins are high impedance except for:
e Reset pad (still available)
e RTC_AF1 pin (PC13) if configured for tamper, time stamp, RTC Alarm out, or RTC

clock calibration out

e  WKUP pin (PA0), if enabled
Debug mode
By default, the debug connection is lost if the application puts the MCU in Stop or Standby
mode while the debug features are used. This is due to the fact that the Cortex®-M4 with
FPU core is no longer clocked.
However, by setting some configuration bits in the DBGMCU_CR register, the software can
be debugged even when using the low-power modes extensively. For more details, refer to
Section 38.16.1: Debug support for low-power modes.

5.3.7 Programming the RTC alternate functions to wake up the device from

3

the Stop and Standby modes

The MCU can be woken up from a low-power mode by an RTC alternate function.

The RTC alternate functions are the RTC alarms (Alarm A and Alarm B), RTC wake-up,
RTC tamper event detection and RTC time stamp event detection.

These RTC alternate functions can wake up the system from the Stop and Standby low-
power modes.

The system can also wake up from low-power modes without depending on an external
interrupt (Auto-wake-up mode), by using the RTC alarm or the RTC wake-up events.

The RTC provides a programmable time base for waking up from the Stop or Standby mode
at regular intervals.

For this purpose, two of the three alternate RTC clock sources can be selected by
programming the RTCSEL[1:0] bits in the Section 7.3.20: RCC Backup domain control
register (RCC_BDCR):
e Low-power 32.768 kHz external crystal oscillator (LSE OSC)
This clock source provides a precise time base with a very low-power consumption
(additional consumption of less than 1 pA under typical conditions)

e Low-power internal RC oscillator (LS| RC)
This clock source has the advantage of saving the cost of the 32.768 kHz crystal. This
internal RC oscillator is designed to use minimum power.
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RTC alternate functions to wake up the device from the Stop mode

To wake up the device from the Stop mode with an RTC alarm event, it is necessary to:

a) Configure the EXTI Line 17 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC Alarm Interrupt in the RTC_CR register
c) Configure the RTC to generate the RTC alarm

To wake up the device from the Stop mode with an RTC tamper or time stamp event, it
is necessary to:

a) Configure the EXTI Line 21 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC time stamp Interrupt in the RTC_CR register or the RTC tamper
interrupt in the RTC_TAFCR register

c) Configure the RTC to detect the tamper or time stamp event

To wake up the device from the Stop mode with an RTC wake-up event, it is necessary
to:

a) Configure the EXTI Line 22 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC wake-up interrupt in the RTC_CR register
c) Configure the RTC to generate the RTC Wake-up event

RTC alternate functions to wake up the device from the Standby mode

To wake up the device from the Standby mode with an RTC alarm event, it is necessary
to:

a) Enable the RTC alarm interrupt in the RTC_CR register
b) Configure the RTC to generate the RTC alarm

To wake up the device from the Standby mode with an RTC tamper or time stamp
event, it is necessary to:

a) Enable the RTC time stamp interrupt in the RTC_CR register or the RTC tamper
interrupt in the RTC_TAFCR register

b) Configure the RTC to detect the tamper or time stamp event

To wake up the device from the Standby mode with an RTC wake-up event, it is
necessary to:

a) Enable the RTC wake-up interrupt in the RTC_CR register
b) Configure the RTC to generate the RTC wake-up event

Safe RTC alternate function wake-up flag clearing sequence

If the selected RTC alternate function is set before the PWR wake-up flag (WUTF) is
cleared, it is not detected on the next event as detection is made once on the rising edge.

To avoid bouncing on the pins onto which the RTC alternate functions are mapped, and exit
correctly from the Stop and Standby modes, it is recommended to follow the sequence
below before entering the Standby mode:

When using RTC alarm to wake up the device from the low-power modes:
a) Disable the RTC alarm interrupt (ALRAIE or ALRBIE bits in the RTC_CR register)
b) Clear the RTC alarm (ALRAF/ALRBF) flag
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c) Clear the PWR Wake-up (WUF) flag

d) Enable the RTC alarm interrupt

e) Re-enter the low-power mode

When using RTC wake-up to wake up the device from the low-power modes:
a) Disable the RTC Wake-up interrupt (WUTIE bit in the RTC_CR register)
b) Clear the RTC Wake-up (WUTF) flag

c) Clear the PWR Wake-up (WUF) flag

d) Enable the RTC Wake-up interrupt

e) Re-enter the low-power mode

When using RTC tamper to wake up the device from the low-power modes:
a) Disable the RTC tamper interrupt (TAMPIE bit in the RTC_TAFCR register)
b) Clear the Tamper (TAMP1F/TSF) flag

c) Clear the PWR Wake-up (WUF) flag

d) Enable the RTC tamper interrupt

e) Re-enter the low-power mode

When using RTC time stamp to wake up the device from the low-power modes:
a) Disable the RTC time stamp interrupt (TSIE bit in RTC_CR)

b) Clear the RTC time stamp (TSF) flag

c) Clear the PWR Wake-up (WUF) flag

d) Enable the RTC TimeStamp interrupt

e) Re-enter the low-power mode
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54 Power control registers (STM32F405xx/07xx and
STM32F415xx/17xx)
541 PWR power control register (PWR_CR)
for STM32F405xx/07xx and STM32F415xx/17xx
Address offset: 0x00
Reset value: 0x0000 4000 (reset by wake-up from Standby mode)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VOS FPDS | DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS | LPDS
Res. Reserved
rw rw rw rw | rw | rw w w w w rw

142/1757 RMO0090 Rev 21

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

Bit 14 VOS: Regulator voltage scaling output selection
This bit controls the main internal voltage regulator output voltage to achieve a trade-off
between performance and power consumption when the device does not operate at the
maximum frequency.
0: Scale 2 mode
1: Scale 1 mode (default value at reset)

Bits 13:10 Reserved, must be kept at reset value.

Bit 9 FPDS: Flash power-down in Stop mode
When set, the Flash memory enters power-down mode when the device enters Stop mode.
This allows to achieve a lower consumption in stop mode but a longer restart time.
0: Flash memory not in power-down when the device is in Stop mode
1: Flash memory in power-down when the device is in Stop mode

Bit 8 DBP: Disable backup domain write protection

In reset state, the RCC_BDCR register, the RTC registers (including the backup registers),

and the BRE bit of the PWR_CSR register, are protected against parasitic write access. This

bit must be set to enable write access to these registers.

0: Access to RTC and RTC Backup registers and backup SRAM disabled

1: Access to RTC and RTC Backup registers and backup SRAM enabled

Note: Depending on the APB1 prescaler, there is a delay between writing to DBP and the

effective disabling/enabling of the backup domain protection. Therefore, a dummy read
operation to the PWR_CR register is required just after writing to the DBP bit.
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Bits 7:5 PLS[2:0]: PVD level selection

These bits are written by software to select the voltage threshold detected by the
programmable voltage detector

000: 2.0V

001: 2.1V

010: 2.3V

011:2.5V

100: 2.6 V

101: 2.7V

110: 2.8V

111:29V

Note: Refer to the electrical characteristics of the datasheet for more details.

Bit 4 PVDE: Programmable voltage detector enable
This bit is set and cleared by software.
0: PVD disabled
1: PVD enabled

Bit 3 CSBF: Clear standby flag
This bit is always read as 0.
0: No effect
1: Clear the SBF Standby Flag (write).

Bit 2 CWUF: Clear wake-up flag
This bit is always read as 0.
0: No effect
1: Clear the WUF Wake-up Flag after 2 System clock cycles

Bit 1 PDDS: Power-down deepsleep
This bit is set and cleared by software. It works together with the LPDS bit.
0: Enter Stop mode when the CPU enters deepsleep. The regulator status depends on the
LPDS bit.
1: Enter Standby mode when the CPU enters deepsleep.

Bit 0 LPDS: Low-power deepsleep
This bit is set and cleared by software. It works together with the PDDS bit.
0: Voltage regulator on during Stop mode
1: Voltage regulator in low-power mode during Stop mode

5.4.2 PWR power control/status register (PWR_CSR)
for STM32F405xx/07xx and STM32F415xx/17xx

Address offset: 0x04
Reset value: 0x0000 0000 (not reset by wake-up from Standby mode)

Additional APB cycles are needed to read this register versus a standard APB read.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res \ég\s( Reserved BRE | EWUP Reserved BRR | PVDO | SBF WUF
r rw rw r r r r
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Bits 31:15
Bit 14

Bits 13:10
Bit 9

Bit 8

Bits 7:4
Bit 3

Bit 2

Bit 1
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Reserved, must be kept at reset value.

VOSRDY: Regulator voltage scaling output selection ready bit
0: Not ready
1: Ready

Reserved, must be kept at reset value.

BRE: Backup regulator enable
When set, the Backup regulator (used to maintain backup SRAM content in Standby and
VgaT Modes) is enabled. If BRE is reset, the backup regulator is switched off. The backup
SRAM can still be used but its content is lost in the Standby and Vgar modes. Once set, the
application must wait that the Backup Regulator Ready flag (BRR) is set to indicate that the
data written into the RAM is maintained in the Standby and Vgar modes.
0: Backup regulator disabled
1: Backup regulator enabled
Note: This bit is not reset when the device wakes up from Standby mode, by a system reset,
or by a power reset.
The DBP bit of the PWR_CR register must be set before BRE can be written.

EWUP: Enable WKUP pin
This bit is set and cleared by software.
0: WKUP pin is used for general purpose 1/O. An event on the WKUP pin does not wake up
the device from Standby mode.
1: WKUP pin is used for wake-up from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin wakes-up the system from Standby mode).

Note: This bit is reset by a system reset.

Reserved, must be kept at reset value.

BRR: Backup regulator ready
Set by hardware to indicate that the Backup Regulator is ready.
0: Backup Regulator not ready
1: Backup Regulator ready

Note: This bit is not reset when the device wakes up from Standby mode or by a system reset
or power reset.

PVDO: PVD output
This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.
0: Vpp is higher than the PVD threshold selected with the PLS[2:0] bits.
1: Vpp is lower than the PVD threshold selected with the PLS[2:0] bits.

Note: The PVD is stopped by Standby mode. For this reason, this bit is equal to 0 after
Standby or reset until the PVDE bit is set.

SBF: Standby flag
This bit is set by hardware and cleared only by a POR/PDR (power-on reset/power-down
reset) or by setting the CSBF bit in the PWR_CR register.
0: Device has not been in Standby mode
1: Device has been in Standby mode

3
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Bit 0 WUF: Wake-up flag

This bit is set by hardware and cleared either by a system reset or by setting the CWUF bit in
the PWR_CR register.

0: No wake-up event occurred

1: A wake-up event was received from the WKUP pin or from the RTC alarm (Alarm A or
Alarm B), RTC Tamper event, RTC TimeStamp event or RTC Wake-up).

Note: An additional wake-up event is detected if the WKUP pin is enabled (by setting the
EWUP bit) when the WKUP pin level is already high.

3
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5.5 Power control registers (STM32F42xxx and STM32F43xxx)
5.5.1 PWR power control register (PWR_CR)
for STM32F42xxx and STM32F43xxx
Address offset: 0x00
Reset value: 0x0000 C000 (reset by wake-up from Standby mode)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UDEN[1:0] ODﬁWE ODEN
Reserved
rw w w rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
VOS[1:0] ADCDC1 N MRUDS | LPUDS | FPDS | DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS | LPDS
rw w w o w w w w w | rw | rw w rcwl | rc_w1 rw w
Bits 31:20 Reserved, must be kept at reset value.
Bits 19:18 UDEN[1:0]: Under-drive enable in stop mode
These bits are set by software. They allow to achieve a lower power consumption in Stop
mode but with a longer wake-up time.
When set, the digital area has less leakage consumption when the device enters Stop mode.
00: Under-drive disable
01: Reserved
10: Reserved
11:Under-drive enable
Bit 17 ODSWEN: Over-drive switching enabled.
This bit is set by software. It is cleared automatically by hardware after exiting from Stop
mode or when the ODEN bit is reset. When set, It is used to switch to Over-drive mode.
To set or reset the ODSWEN bit, the HSI| or HSE must be selected as system clock.
The ODSWEN bit must only be set when the ODRDY flag is set to switch to Over-drive
mode.
0: Over-drive switching disabled
1: Over-drive switching enabled
Note: On any over-drive switch (enabled or disabled), the system clock is stalled during the
internal voltage set up.
Bit 16 ODEN: Over-drive enable
This bit is set by software. It is cleared automatically by hardware after exiting from Stop
mode. It is used to enabled the Over-drive mode in order to reach a higher frequency.
To set or reset the ODEN bit, the HSI or HSE must be selected as system clock. When the
ODEN bit is set, the application must first wait for the Over-drive ready flag (ODRDY) to be
set before setting the ODSWEN bit.
0: Over-drive disabled
1: Over-drive enabled
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Bits 15:14

Bit 13

Bit 12
Bit 11

Bit 10

Bit 9

Bit 8

VOSI[1:0]: Regulator voltage scaling output selection

These bits control the main internal voltage regulator output voltage to achieve a trade-off
between performance and power consumption when the device does not operate at the
maximum frequency (refer to the STM32F42xx and STM32F43xx datasheets for more
details).

These bits can be modified only when the PLL is OFF. The new value programmed is active
only when the PLL is ON. When the PLL is OFF, the voltage scale 3 is automatically
selected.

00: Reserved (Scale 3 mode selected)

01: Scale 3 mode

10: Scale 2 mode

11: Scale 1 mode (reset value)

ADCDC1:
0: No effect.
1: Refer to AN4073 for details on how to use this bit.

Note: This bit can only be set when operating at supply voltage range 2.7 to 3.6V and when
the Prefetch is OFF.

Reserved, must be kept at reset value.

MRUDS: Main regulator in deepsleep under-drive mode
This bit is set and cleared by software.
0: Main regulator ON when the device is in Stop mode

1: Main Regulator in under-drive mode and Flash memory in power-down when the device is
in Stop under-drive mode.

LPUDS: Low-power regulator in deepsleep under-drive mode
This bit is set and cleared by software.
0: Low-power regulator ON if LPDS bit is set when the device is in Stop mode

1: Low-power regulator in under-drive mode if LPDS bit is set and Flash memory in power-
down when the device is in Stop under-drive mode.

FPDS: Flash power-down in Stop mode
When set, the Flash memory enters power-down mode when the device enters Stop mode.
This allows to achieve a lower consumption in stop mode but a longer restart time.
0: Flash memory not in power-down when the device is in Stop mode
1: Flash memory in power-down when the device is in Stop mode

DBP: Disable backup domain write protection
In reset state, the RCC_BDCR register, the RTC registers (including the backup registers),
and the BRE bit of the PWR_CSR register, are protected against parasitic write access. This
bit must be set to enable write access to these registers.

0: Access to RTC and RTC Backup registers and backup SRAM disabled

1: Access to RTC and RTC Backup registers and backup SRAM enabled
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Bits 7:5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0
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PLS[2:0]: PVD level selection
These bits are written by software to select the voltage threshold detected by the
programmable voltage detector
000: 2.0V
001: 2.1V
010: 2.3V
011:2.5V
100: 2.6 V
101: 2.7V
110: 2.8V
111:29V
Note: Refer to the electrical characteristics of the datasheet for more details.

PVDE: Programmable voltage detector enable
This bit is set and cleared by software.

0: PVD disabled

1: PVD enabled

CSBF: Clear standby flag
This bit is always read as 0.
0: No effect
1: Clear the SBF Standby Flag (write).

CWUF: Clear wake-up flag
This bit is always read as 0.

0: No effect
1: Clear the WUF Wake-up Flag after 2 System clock cycles

PDDS: Power-down deepsleep

This bit is set and cleared by software. It works together with the LPDS bit.
0: Enter Stop mode when the CPU enters deepsleep. The regulator status depends on the
LPDS bit.
1: Enter Standby mode when the CPU enters deepsleep.

LPDS: Low-power deepsleep

This bit is set and cleared by software. It works together with the PDDS bit.
0:Main voltage regulator ON during Stop mode
1: Low-power voltage regulator ON during Stop mode

3
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5.5.2 PWR power control/status register (PWR_CSR)
for STM32F42xxx and STM32F43xxx

Address offset: 0x04
Reset value: 0x0000 0000 (not reset by wake-up from Standby mode)

Additional APB cycles are needed to read this register versus a standard APB read.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UDRDY[1:0] |ODSWRDY | ODRDY
Reserved
rc_wl | rc_wil r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\égs BRE | EWUP BRR | PVDO SBF WUF

Res Reserved Reserved.

r rw rw r r r r

Bits 31:20 Reserved, must be kept at reset value.

Bits 19:18 UDRDY[1:0]: Under-drive ready flag

These bits are set by hardware when MCU entered stop Under-drive mode and exited.
When the under-drive mode is enabled, these bits are not set as long as the MCU has not
entered stop mode yet. They are cleared by programming them to 1.

00: Under-drive is disabled

01: Reserved

10: Reserved

11:Under-drive mode is activated in Stop mode.

Bit 17 ODSWRDY: Over-drive mode switching ready
0: Over-drive mode is not active.
1: Over-drive mode is active on digital area on 1.2 V domain

Bit 16 ODRDY: Over-drive mode ready
0: Over-drive mode not ready.
1: Over-drive mode ready

Bit 14 VOSRDY: Regulator voltage scaling output selection ready bit
0: Not ready
1: Ready

Bits 13:10 Reserved, must be kept at reset value.

Bit 9 BRE: Backup regulator enable
When set, the Backup regulator (used to maintain backup SRAM content in Standby and
Vgar modes) is enabled. If BRE is reset, the backup regulator is switched off. The backup
SRAM can still be used but its content is lost in the Standby and Vgat modes. Once set, the
application must wait that the Backup Regulator Ready flag (BRR) is set to indicate that the
data written into the RAM is maintained in the Standby and Vgar modes.
0: Backup regulator disabled
1: Backup regulator enabled

Note: This bit is not reset when the device wakes up from Standby mode, by a system reset,
or by a power reset.

The DBP bit of the PWR_CR register must be set before BRE can be written.

3
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Bit 8 EWUP: Enable WKUP pin
This bit is set and cleared by software.

0: WKUP pin is used for general purpose 1/0O. An event on the WKUP pin does not wake up
the device from Standby mode.
1: WKUP pin is used for wake-up from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin wakes-up the system from Standby mode).

Note: This bit is reset by a system reset.

Bits 7:4 Reserved, must be kept at reset value.

Bit 3 BRR: Backup regulator ready
Set by hardware to indicate that the Backup Regulator is ready.
0: Backup Regulator not ready
1: Backup Regulator ready

Note: This bit is not reset when the device wakes up from Standby mode or by a system reset
or power reset.

Bit 2 PVDO: PVD output
This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.
0: Vpp is higher than the PVD threshold selected with the PLS[2:0] bits.
1: Vpp is lower than the PVD threshold selected with the PLS[2:0] bits.

Note: The PVD is stopped by Standby mode. For this reason, this bit is equal to 0 after
Standby or reset until the PVDE bit is set.

Bit 1 SBF: Standby flag

This bit is set by hardware and cleared only by a POR/PDR (power-on reset/power-down
reset) or by setting the CSBF bit in the PWR power control register (PWR_CR) for
STM32F405xx/07xx and STM32F415xx/17xx

0: Device has not been in Standby mode
1: Device has been in Standby mode

Bit 0 WUF: Wake-up flag
This bit is set by hardware and cleared either by a system reset or by setting the CWUF bit in
the PWR_CR register.
0: No wake-up event occurred
1: A wake-up event was received from the WKUP pin or from the RTC alarm (Alarm A or
Alarm B), RTC Tamper event, RTC TimeStamp event or RTC Wake-up).

Note: An additional wake-up event is detected if the WKUP pin is enabled (by setting the
EWUP bit) when the WKUP pin level is already high.

3
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5.6 PWR register map

The following table summarizes the PWR registers.

Table 32. PWR - register map and reset values for
STM32F405xx/07xx and STM32F415xx/17xx

Offset | Register |55|2(2(%|N|Q(2|3|Q XI5 |R[2(R|x||2|X|2|N c|2|o|o|~ | o|w|<|o|~|-|o
PWR_CR 3 815 | pLspor B |8 |2 (812
0x000 - Reserved 2 Reserved |0 8 (2:0] i 8 % E o
Reset value | 1] 000|0|000000
>-
[a) o (@] w
z w5 (] |w
0x004 PWR_CSR Reserved N Reserved % = Reserved % > 8 g
g ] o
Reset value 10| 00 0[0[0]0
Table 33. PWR - register map and reset values for STM32F42xxx and STM32F43xxx
Offset | Register |52\ Q(® K| €| Q|3 |R(R[R|R|2(2|x 22| 2| 2|8 5 |2|o ||~ o|n|¢|o|a|- o
o |z = |
= @zl 2 9181812 |0 wle % (oo
PWR_CR = |2|d| = |alg5|5|2|@|Psro|e (@ |22 |0
0x000 Reserved u 2503 83%5&0 21815125
5 |O > < &
Reset value 0]0[0[0[T[T]0 0[0[0[0[0J0[0[0[0]0[0]0
S >
= 2lxlsla o
= |2|a|3|2 w r |9 |u |
= @ =} a
0x004 PWR_CSR Reserved @ % OQ: az, 8 Reserved |% |2 | Reserved |% z a 2
a [@|o(8 |z u
> [© o |~ |
Reset value 0J0[0]0 0 olo olo|o]|o
Refer to Section 2.3: Memory map for the register boundary addresses.
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6.1

6.1.1

6.1.2
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Reset and clock control for
STM32F42xxx and STM32F43xxx (RCC)

Reset

There are three types of reset, defined as system Reset, power Reset and backup domain
Reset.

System reset

A system reset sets all registers to their reset values unless specified otherwise in the
register description (see Figure 10).

A system reset is generated when one of the following events occurs:

1. Alow level on the NRST pin (external reset)

Window watchdog end of count condition (WWDG reset)

Independent watchdog end of count condition (IWDG reset)

A software reset (SW reset) (see Software reset)

Low-power management reset (see Low-power management reset)

ok wbd

Software reset

The reset source can be identified by checking the reset flags in the RCC clock control &
status register (RCC_CSR).

The SYSRESETREQ bit in Cortex®-M4 with FPU Application Interrupt and Reset Control
Register must be set to force a software reset on the device. Refer to the Cortex®-M4 with
FPU technical reference manual for more details.

Low-power management reset

There are two ways of generating a low-power management reset:
1. Reset generated when entering the Standby mode:

This type of reset is enabled by resetting the nRST_STDBY bit in the user option bytes.
In this case, whenever a Standby mode entry sequence is successfully executed, the
device is reset instead of entering the Standby mode.

2. Reset when entering the Stop mode:

This type of reset is enabled by resetting the nRST_STOP bit in the user option bytes.
In this case, whenever a Stop mode entry sequence is successfully executed, the
device is reset instead of entering the Stop mode.

Power reset

A power reset is generated when one of the following events occurs:
1. Power-on/power-down reset (POR/PDR reset) or brownout (BOR) reset
2. When exiting the Standby mode

A power reset sets all registers to their reset values except the Backup domain (see
Figure 10)

3
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6.1.3

Note:

6.2

3

These sources act on the NRST pin and it is always kept low during the delay phase. The
RESET service routine vector is fixed at address 0x0000_0004 in the memory map.

The system reset signal provided to the device is output on the NRST pin. The pulse
generator guarantees a minimum reset pulse duration of 20 ps for each internal reset
source. In case of an external reset, the reset pulse is generated while the NRST pin is
asserted low.

Figure 15. Simplified diagram of the reset circuit

Voo/Voba

“ %RP“ |
External
reset

Filter » System reset
NRST
——— WWDG reset
Pulse ﬂ IWDG reset
|<_ generator Power reset
(min 20 ps) Software reset
Low-power management reset

ai16095¢

L

The Backup domain has two specific resets that affect only the Backup domain (see
Figure 10).

Backup domain reset

The backup domain reset sets all RTC registers, the RCC_BDCR register, and the BRE bit
of the PWR_CSR register to their reset values. The BKPSRAM is not affected by this reset.
The only way of resetting the BKPSRAM is through the Flash interface by requesting a
protection level change from 1 to 0.

A backup domain reset is generated when one of the following events occurs:

1. Software reset, triggered by setting the BDRST bit in the RCC Backup domain control
register (RCC_BDCR).
2. Vpp or Vgar power on, if both supplies have previously been powered off.

The DBP bit of the PWR_CR register must be set to generate a backup domain reset.

Clocks

Three different clock sources can be used to drive the system clock (SYSCLK):
e  HSI oscillator clock

e  HSE oscillator clock

e  Main PLL (PLL) clock

The devices have the two following secondary clock sources:

e 32 kHz low-speed internal RC (LS| RC) which drives the independent watchdog and,
optionally, the RTC used for Auto-wakeup from the Stop/Standby mode.

e 32.768 kHz low-speed external crystal (LSE crystal) which optionally drives the RTC
clock (RTCCLK)
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Each clock source can be switched on or off independently when it is not used, to optimize

power consumption.

Figure 16. Clock tree

Watchdog

.E IWDGCLK

LSIRC LSI enable
32 kHz

RTCSEL[1:0]

RTC

To Independent
watchdog

USB2.0 PHY OTG_HS_ULPI_CK

24 to 60 MHz

—EF

RTCCLK
05¢32_ IN [ H s osc LSE MD_> to RTC
32.768 kHz
0SC32_0uT [ ] —
SYSCLK
MCO2
= | |ise HSE_RTC
< Peripheral
< » Ethernet
MCO1 [ H/to5 o 2 to 31 clock enable ) P BTP clock
s 180 MHz max. HCLK
TD—> to AHB bus, core,
16 MHz HSI o¢ memory and DMA
HSIRC enable
SW /8 p to Cortex System timer
Hsl [l ¢
HSE AHB > FCLK Cortex ook
prRESC H ree-running cloc
PLLCLK 12,512
SYSCLK Peripheral clock
osc_out 4-26 MHz HSE 180 MHz \\ APBx enable _;l>_> APBX peripheral clocks
HSE OSC max PRESC
OSC_IN 1,2,4,8,16
Peripheral clock
L f (APBx presc =| enable . APBX timer clocks
1x1 else x2
™
coprl P Peripheral
o PLL48CK clock enable _;D—> 48 MHz
xN clocks
PLL R
12SSRC
PLLI2SCLK Peripheral
Xt dlock clock enable 125 clacks
125_CKIN [} : > !
Peripheral SAI1_A clock
PLLSAICLK 5] A clock enable -
L]
Peripheral SAI1_B clock
clock enable -
PLLSAICLK m I —
PLLLCDCLK L= Peripheral LCD-TFT
lock
PLLSAI % clock enable : ) > cloc
_IETH_MII_TX_CLK_MII Peripheral
PHY Ethernet :E, clock enable MACTXCLK
25 to 50 MHz
——»(/2,20 Sriphera MII_RMII_SEL in SYSCFG_PMC to Ethernet MAC
ETH_MII_RX_CLK_M clock enable MACRXCLK
| Peripheral
clock enabl ——» MACRMIICLK
Peripheral,
clock enable_:>—_>USBHs
ULPI clock

MSv30434V3

1. For full details about the internal and external clock source characteristics, refer to the Electrical characteristics section in

the device datasheet.

TIMxCLK = 2x PCLKXx.

TIMXCLK = 4x PCLKXx.
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The clock controller provides a high degree of flexibility to the application in the choice of the
external crystal or the oscillator to run the core and peripherals at the highest frequency
and, guarantee the appropriate frequency for peripherals that need a specific clock like
Ethernet, USB OTG FS and HS, I12S, SAIl, LTDC, and SDIO.

Several prescalers are used to configure the AHB frequency, the high-speed APB (APB2)
and the low-speed APB (APB1) domains. The maximum frequency of the AHB domain is
180 MHz. The maximum allowed frequency of the high-speed APB2 domain is 90 MHz. The
maximum allowed frequency of the low-speed APB1 domain is 45 MHz

All peripheral clocks are derived from the system clock (SYSCLK) except for:

e The USB OTG FS clock (48 MHz), the random analog generator (RNG) clock
(48 MHz) and the SDIO clock (48 MHz) which are coming from a specific output of
PLL (PLL48CLK)

e 12S clock
To achieve high-quality audio performance, the 12S clock can be derived either from a
specific PLL (PLLI2S) or from an external clock mapped on the 12S_CKIN pin. For

more information about 12S clock frequency and precision, refer to Section 28.4.4:
Clock generator.

e  SAIl1 clock
The SAI1 clock is generated from a specific PLL (PLLSAI or PLLI2S) or from an
external clock mapped on the 12S_CKIN pin.

The PLLSAI can be used as clock source for SAI1 peripheral in case the PLLI2S is
programmed to achieve another audio sampling frequency (49.152 MHz or
11.2896 MHz), and the application requires both frequencies at the same time.

e LTDC clock
The LTDC clock is generated from a specific PLL (PLLSALI).
e The USB OTG HS (60 MHz) clock which is provided from the external PHY

e  The Ethernet MAC clocks (TX, RX and RMII) which are provided from the external
PHY. For further information on the Ethernet configuration, please refer to
Section 33.4.4: MII/RMII selection in the Ethernet peripheral description. When the
Ethernet is used, the AHB clock frequency must be at least 25 MHz.

The RCC feeds the external clock of the Cortex System Timer (SysTick) with the AHB clock
(HCLK) divided by 8. The SysTick can work either with this clock or with the Cortex clock
(HCLK), configurable in the SysTick control and status register.

The timer clock frequencies for STM32F42xxx and STM32F43xxx are automatically set by
hardware. There are two cases depending on the value of TIMPRE bitin RCC_CFGR
register:

e If TIMPRE bitin RCC_DKCFGR register is reset:

If the APB prescaler is configured to a division factor of 1, the timer clock frequencies
(TIMxCLK) are set to PCLKx. Otherwise, the timer clock frequencies are twice the
frequency of the APB domain to which the timers are connected: TIMXCLK = 2xPCLKXx.

e If TIMPRE bitin RCC_DKCFGR register is set:

If the APB prescaler is configured to a division factor of 1, 2 or 4, the timer clock
frequencies (TIMxCLK) are set to HCLK. Otherwise, the timer clock frequencies is four
times the frequency of the APB domain to which the timers are connected: TIMXCLK =
4xPCLKXx.
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FCLK acts as Cortex®-M4 with FPU free-running clock. For more details, refer to the
Cortex®-M4 with FPU technical reference manual.

HSE clock

The high speed external clock signal (HSE) can be generated from two possible clock
sources:

e HSE external crystal/ceramic resonator
e  HSE external user clock
The resonator and the load capacitors have to be placed as close as possible to the

oscillator pins in order to minimize output distortion and startup stabilization time. The
loading capacitance values must be adjusted according to the selected oscillator.

Figure 17. HSE/ LSE clock sources

Hardware configuration
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External source (HSE bypass)

In this mode, an external clock source must be provided. You select this mode by setting the
HSEBYP and HSEON bits in the RCC clock control register (RCC_CR). The external clock
signal (square, sinus or triangle) with ~50% duty cycle has to drive the OSC_IN pin while the
OSC_OUT pin should be left HI-Z. See Figure 17.

External crystal/ceramic resonator (HSE crystal)

The HSE has the advantage of producing a very accurate rate on the main clock.

The associated hardware configuration is shown in Figure 17. Refer to the electrical
characteristics section of the datasheet for more details.

The HSERDY flag in the RCC clock control register (RCC_CR) indicates if the high-speed
external oscillator is stable or not. At startup, the clock is not released until this bit is set by
hardware. An interrupt can be generated if enabled in the RCC clock interrupt register
(RCC_CIR).

572
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The HSE Crystal can be switched on and off using the HSEON bit in the RCC clock control
register (RCC_CR).

HSI clock

The HSI clock signal is generated from an internal 16 MHz RC oscillator and can be used
directly as a system clock, or used as PLL input.

The HSI RC oscillator has the advantage of providing a clock source at low cost (no external
components). It also has a faster startup time than the HSE crystal oscillator however, even
with calibration the frequency is less accurate than an external crystal oscillator or ceramic
resonator.

Calibration

RC oscillator frequencies can vary from one chip to another due to manufacturing process
variations, this is why each device is factory calibrated by ST for 1% accuracy at Tp= 25 °C.

After reset, the factory calibration value is loaded in the HSICAL[7:0] bits in the RCC clock
control register (RCC_CR).

If the application is subject to voltage or temperature variations this may affect the RC
oscillator speed. You can trim the HSI frequency in the application using the HSITRIM[4:0]
bits in the RCC clock control register (RCC_CR).

The HSIRDY flag in the RCC clock control register (RCC_CR) indicates if the HSI RC is
stable or not. At startup, the HSI RC output clock is not released until this bit is set by
hardware.

The HSI RC can be switched on and off using the HSION bit in the RCC clock control
register (RCC_CR).

The HSI signal can also be used as a backup source (Auxiliary clock) if the HSE crystal
oscillator fails. Refer to Section 6.2.7: Clock security system (CSS) on page 159.

PLL configuration

The STM32F4xx devices feature three PLLs:

e Amain PLL (PLL) clocked by the HSE or HSI oscillator and featuring two different
output clocks:

—  The first output is used to generate the high speed system clock (up to 180 MHz)

—  The second output is used to generate the clock for the USB OTG FS (48 MHz),
the random analog generator (<48 MHz) and the SDIO (<48 MHz).

e  Two dedicated PLLs (PLLI2S and PLLSAI) used to generate an accurate clock to
achieve high-quality audio performance on the 12S and SAI1 interfaces. PLLSAl is also
used for the LCD-TFT clock.

Since the main-PLL configuration parameters cannot be changed once PLL is enabled, it is
recommended to configure PLL before enabling it (selection of the HSI or HSE oscillator as
PLL clock source, and configuration of division factors M, N, P, and Q).

The PLLI2S and PLLSAI use the same input clock as PLL (PLLM[5:0] and PLLSRC bits are
common to both PLLs). However, the PLLI2S and PLLSAI have dedicated enable/disable
and division factors (N and R) configuration bits. Once the PLLI2S and PLLSAI are enabled,
the configuration parameters cannot be changed.
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The three PLLs are disabled by hardware when entering Stop and Standby modes, or when
an HSE failure occurs when HSE or PLL (clocked by HSE) are used as system clock. RCC
PLL configuration register (RCC_PLLCFGR),RCC clock configuration register
(RCC_CFGR), and RCC Dedicated Clock Configuration Register RCC_DCKCFGR) can be
used to configure PLL, PLLI2S, and PLLSAI.

LSE clock

The LSE clock is generated from a 32.768 kHz low-speed external crystal or ceramic
resonator. It has the advantage providing a low-power but highly accurate clock source to
the real-time clock peripheral (RTC) for clock/calendar or other timing functions.

The LSE oscillator is switched on and off using the LSEON bit in RCC Backup domain
control register (RCC_BDCR).

The LSERDY flag in the RCC Backup domain control register (RCC_BDCR) indicates if the
LSE crystal is stable or not. At startup, the LSE crystal output clock signal is not released
until this bit is set by hardware. An interrupt can be generated if enabled in the RCC clock
interrupt register (RCC_CIR).

External source (LSE bypass)

In this mode, an external clock source must be provided. It must have a frequency up to

1 MHz. You select this mode by setting the LSEBYP and LSEON bits in the RCC Backup
domain control register (RCC_BDCR). The external clock signal (square, sinus or triangle)
with ~50% duty cycle has to drive the OSC32_IN pin while the OSC32_OUT pin should be
left HI-Z. See Figure 17.

LSI clock

The LSI RC acts as an low-power clock source that can be kept running in Stop and
Standby mode for the independent watchdog (IWDG) and Auto-wakeup unit (AWU). The
clock frequency is around 32 kHz. For more details, refer to the electrical characteristics
section of the datasheets.

The LSI RC can be switched on and off using the LSION bit in the RCC clock control &
status register (RCC_CSR).

The LSIRDY flag in the RCC clock control & status register (RCC_CSR) indicates if the low-
speed internal oscillator is stable or not. At startup, the clock is not released until this bit is
set by hardware. An interrupt can be generated if enabled in the RCC clock interrupt register
(RCC_CIR).

System clock (SYSCLK) selection

After a system reset, the HSI oscillator is selected as the system clock. When a clock source
is used directly or through PLL as the system clock, it is not possible to stop it.

A switch from one clock source to another occurs only if the target clock source is ready
(clock stable after startup delay or PLL locked). If a clock source that is not yet ready is
selected, the switch occurs when the clock source is ready. Status bits in the RCC clock
control register (RCC_CR) indicate which clock(s) is (are) ready and which clock is currently
used as the system clock.
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Clock security system (CSS)

The clock security system can be activated by software. In this case, the clock detector is
enabled after the HSE oscillator startup delay, and disabled when this oscillator is stopped.

If a failure is detected on the HSE clock, this oscillator is automatically disabled, a clock
failure event is sent to the break inputs of advanced-control timers TIM1 and TIM8, and an
interrupt is generated to inform the software about the failure (clock security system
interrupt CSSI), allowing the MCU to perform rescue operations. The CSSl is linked to the
Cortex®-M4 with FPU NMI (non-maskable interrupt) exception vector.

When the CSS is enabled, if the HSE clock happens to fail, the CSS generates an interrupt,
which causes the automatic generation of an NMI. The NMI is executed indefinitely unless
the CSS interrupt pending bit is cleared. As a consequence, the application has to clear the
CSS interrupt in the NMI ISR by setting the CSSC bit in the Clock interrupt register
(RCC_CIR).

If the HSE oscillator is used directly or indirectly as the system clock (indirectly meaning that
it is directly used as PLL input clock, and that PLL clock is the system clock) and a failure is
detected, then the system clock switches to the HSI oscillator and the HSE oscillator is
disabled.

If the HSE oscillator clock was the clock source of PLL used as the system clock when the
failure occurred, PLL is also disabled. In this case, if the PLLI2S was enabled, it is also
disabled when the HSE fails.

RTC/AWU clock

Once the RTCCLK clock source has been selected, the only possible way of modifying the
selection is to reset the power domain.

The RTCCLK clock source can be either the HSE 1 MHz (HSE divided by a programmable
prescaler), the LSE or the LSI clock. This is selected by programming the RTCSEL[1:0] bits
in the RCC Backup domain control register (RCC_BDCR) and the RTCPRE[4:0] bits in RCC
clock configuration register (RCC_CFGR). This selection cannot be modified without
resetting the Backup domain.

If the LSE is selected as the RTC clock, the RTC operates normally if the backup or the
system supply disappears. If the LSl is selected as the AWU clock, the AWU state is not
guaranteed if the system supply disappears. If the HSE oscillator divided by a value
between 2 and 31 is used as the RTC clock, the RTC state is not guaranteed if the backup
or the system supply disappears.

The LSE clock is in the Backup domain, whereas the HSE and LSI clocks are not. As a
consequence:
e IfLSE is selected as the RTC clock:

— The RTC continues to work even if the Vpp supply is switched off, provided the
Vgat supply is maintained.

e IfLSlis selected as the Auto-wakeup unit (AWU) clock:

— The AWU state is not guaranteed if the Vpp supply is powered off. Refer to
Section 6.2.5: LSl clock on page 158 for more details on LSI calibration.

° If the HSE clock is used as the RTC clock:

— The RTC state is not guaranteed if the Vpp supply is powered off or if the internal
voltage regulator is powered off (removing power from the 1.2 V domain).
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Note:

6.2.9

6.2.10

6.2.11

160/1757

To read the RTC calendar register when the APB1 clock frequency is less than seven times
the RTC clock frequency (fapg1 < 7XfrrcLck), the software must read the calendar time and
date registers twice. The data are correct if the second read access to RTC_TR gives the
same result than the first one. Otherwise a third read access must be performed.

Watchdog clock

If the independent watchdog (IWDG) is started by either hardware option or software
access, the LSI oscillator is forced ON and cannot be disabled. After the LSI oscillator
temporization, the clock is provided to the IWDG.

Clock-out capability

Two microcontroller clock output (MCO) pins are available:
e MCO1

You can output four different clock sources onto the MCO1 pin (PA8) using the
configurable prescaler (from 1 to 5):

— HSlclock
—  LSE clock
—  HSE clock
— PLL clock

The desired clock source is selected using the MCO1PRE[2:0] and MCO1[1:0] bits in
the RCC clock configuration register (RCC_CFGR).

e MCO2

You can output four different clock sources onto the MCO2 pin (PC9) using the
configurable prescaler (from 1 to 5):

—  HSE clock

—  PLL clock

—  System clock (SYSCLK)

—  PLLI2S clock

The desired clock source is selected using the MCO2PRE[2:0] and MCO2 bits in the
RCC clock configuration register (RCC_CFGR).

For the different MCO pins, the corresponding GPIO port has to be programmed in alternate
function mode.

The selected clock to output onto MCO must not exceed 100 MHz (the maximum 1/O
speed).
Internal/external clock measurement using TIM5/TIM11

It is possible to indirectly measure the frequencies of all on-board clock source generators
by means of the input capture of TIM5 channel4 and TIM11 channel1 as shown in Figure 18
and Figure 19.

Internal/external clock measurement using TIM5 channel4

TIM5 has an input multiplexer which allows choosing whether the input capture is triggered
by the 1/0 or by an internal clock. This selection is performed through the TI4_RMP [1:0] bits
in the TIM5_OR register.
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The primary purpose of having the LSE connected to the channel4 input capture is to be
able to precisely measure the HSI (this requires to have the HSI used as the system clock
source). The number of HSI clock counts between consecutive edges of the LSE signal
provides a measurement of the internal clock period. Taking advantage of the high precision
of LSE crystals (typically a few tens of ppm) we can determine the internal clock frequency
with the same resolution, and trim the source to compensate for manufacturing-process
and/or temperature- and voltage-related frequency deviations.

The HSI oscillator has dedicated, user-accessible calibration bits for this purpose.

The basic concept consists in providing a relative measurement (e.g. HSI/LSE ratio): the
precision is therefore tightly linked to the ratio between the two clock sources. The greater
the ratio, the better the measurement.

It is also possible to measure the LSI frequency: this is useful for applications that do not
have a crystal. The ultralow-power LS| oscillator has a large manufacturing process
deviation: by measuring it versus the HSI clock source, it is possible to determine its
frequency with the precision of the HSI. The measured value can be used to have more
accurate RTC time base timeouts (when LSl is used as the RTC clock source) and/or an
IWDG timeout with an acceptable accuracy.

Use the following procedure to measure the LSI frequency:

1. Enable the TIM5 timer and configure channel4 in Input capture mode.

2. This bit is set the TI4_RMP bits in the TIM5_OR register to 0x01 to connect the LSI
clock internally to TIM5 channel4 input capture for calibration purposes.

3. Measure the LSI clock frequency using the TIM5 capture/compare 4 event or interrupt.

4. Use the measured LSI frequency to update the prescaler of the RTC depending on the
desired time base and/or to compute the IWDG timeout.

Figure 18. Frequency measurement with TIM5 in Input capture mode

TIM5

TI4_RMP[1:0]
GPIO —————
RTC_WakeUp_IT Ti4
LSE
LSl

ai17741v2

Internal/external clock measurement using TIM11 channell

TIM11 has an input multiplexer which allows choosing whether the input capture is triggered
by the 1/0 or by an internal clock. This selection is performed through TI1_RMP [1:0] bits in
the TIM11_OR register. The HSE_RTC clock (HSE divided by a programmable prescaler) is
connected to channel 1 input capture to have a rough indication of the external crystal
frequency. This requires that the HSI is the system clock source. This can be useful for
instance to ensure compliance with the IEC 60730/IEC 61335 standards which require to be
able to determine harmonic or subharmonic frequencies (—50/+100% deviations).
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Figure 19. Frequency measurement with TIM11 in Input capture mode

GPIO

HSE_RTC(1 MHz)

TI1_RMP[1:0]

| T

TIM11

ai18433
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6.3 RCC registers
Refer to Section 1.1: List of abbreviations for registers for a list of abbreviations used in
register descriptions.
6.3.1 RCC clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 XX83 where X is undefined.
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLLSAI | PLLSAI| PLLI2S | PLLI2S | PLLRD | o | o CSS | HSE | HSE | HSE
Reserved RDY | ON | RDY | ON Y Reserved ON | BYP | RDY | ON
r w r w r w rw w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSICAL[7:0] HSITRIM[4:0] fes. :DS\I( HSION
r | r | r r | r | r | r | r w | w | w | rw | rw r w
Bits 31:28 Reserved, must be kept at reset value.
Bit 29 PLLSAIRDY: PLLSAI clock ready flag
Set by hardware to indicate that the PLLSAI is locked.
0: PLLSAI unlocked
1: PLLSAI locked
Bit 28 PLLSAION: PLLSAI enable
Set and cleared by software to enable PLLSAI.
Cleared by hardware when entering Stop or Standby mode.
0: PLLSAI OFF
1: PLLSAI ON
Bit 27 PLLI2SRDY: PLLI2S clock ready flag
Set by hardware to indicate that the PLLI2S is locked.
0: PLLI2S unlocked
1: PLLI2S locked
Bit 26 PLLI2SON: PLLI2S enable
Set and cleared by software to enable PLLI2S.
Cleared by hardware when entering Stop or Standby mode.
0: PLLI2S OFF
1: PLLI2S ON
Bit 25 PLLRDY: Main PLL (PLL) clock ready flag
Set by hardware to indicate that PLL is locked.
0: PLL unlocked
1: PLL locked
Bit 24 PLLON: Main PLL (PLL) enable

3

Set and cleared by software to enable PLL.

Cleared by hardware when entering Stop or Standby mode. This bit cannot be reset if PLL

clock is used as the system clock.
0: PLL OFF
1: PLL ON
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Bits 23:20 Reserved, must be kept at reset value.

Bit 19 CSSON: Clock security system enable
Set and cleared by software to enable the clock security system. When CSSON is set, the
clock detector is enabled by hardware when the HSE oscillator is ready, and disabled by
hardware if an oscillator failure is detected.
0: Clock security system OFF (Clock detector OFF)
1: Clock security system ON (Clock detector ON if HSE oscillator is stable, OFF if not)

Bit 18 HSEBYP: HSE clock bypass

Set and cleared by software to bypass the oscillator with an external clock. The external
clock must be enabled with the HSEON bit, to be used by the device.

The HSEBYP bit can be written only if the HSE oscillator is disabled.

0: HSE oscillator not bypassed

1: HSE oscillator bypassed with an external clock

Bit 17 HSERDY: HSE clock ready flag
Set by hardware to indicate that the HSE oscillator is stable. After the HSEON bit is cleared,
HSERDY goes low after 6 HSE oscillator clock cycles.
0: HSE oscillator not ready
1: HSE oscillator ready

Bit 16 HSEON: HSE clock enable
Set and cleared by software.
Cleared by hardware to stop the HSE oscillator when entering Stop or Standby mode. This
bit cannot be reset if the HSE oscillator is used directly or indirectly as the system clock.
0: HSE oscillator OFF
1: HSE oscillator ON

Bits 15:8 HSICAL[7:0]: Internal high-speed clock calibration
These bits are initialized automatically at startup.

Bits 7:3 HSITRIM[4:0]: Internal high-speed clock trimming

These bits provide an additional user-programmable trimming value that is added to the
HSICAL[7:0] bits. It can be programmed to adjust to variations in voltage and temperature
that influence the frequency of the internal HSI RC.

Bit 2 Reserved, must be kept at reset value.

Bit 1 HSIRDY: Internal high-speed clock ready flag
Set by hardware to indicate that the HSI oscillator is stable. After the HSION bit is cleared,
HSIRDY goes low after 6 HSI clock cycles.
0: HSI oscillator not ready
1: HSI oscillator ready

Bit 0 HSION: Internal high-speed clock enable
Set and cleared by software.
Set by hardware to force the HSI oscillator ON when leaving the Stop or Standby mode or in
case of a failure of the HSE oscillator used directly or indirectly as the system clock. This bit
cannot be cleared if the HSI is used directly or indirectly as the system clock.
0: HSI oscillator OFF
1: HSI oscillator ON

3
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6.3.2 RCC PLL configuration register (RCC_PLLCFGR)
Address offset: 0x04
Reset value: 0x2400 3010
Access: no wait state, word, half-word and byte access.
This register is used to configure the PLL clock outputs according to the formulas:
e frvco clock) = f(PLL clock inputy X (PLLN / PLLM)
*  fpLL general clock output) = fvco clock) / PLLP
* fusB 0TG Fs, SDIO, RNG clock output) = f(vco clock) / PLLQ
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLLSR
Reserved PLLQ3 | PLLQ2 | PLLQ1 | PLLQO Re:derv c Reserved PLLP1 | PLLPO
rw rw w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserv PLLN PLLM5 | PLLM4 | PLLM3 | PLLM2 | PLLM1 | PLLMO

3

Bits 31:28 Reserved, must be kept at reset value.

Bits 27:24 PLLQ: Main PLL (PLL) division factor for USB OTG FS, SDIO and random number generator
clocks

Set and cleared by software to control the frequency of USB OTG FS clock, the random
number generator clock and the SDIO clock. These bits should be written only if PLL is
disabled.

Caution: The USB OTG FS requires a 48 MHz clock to work correctly. The SDIO and the
random number generator need a frequency lower than or equal to 48 MHz to work
correctly.

USB OTG FS clock frequency = VCO frequency / PLLQ with 2 <PLLQ <15
0000: PLLQ = 0, wrong configuration

0001: PLLQ = 1, wrong configuration

0010: PLLQ =2

0011: PLLQ =3

0100: PLLQ =4

1111: PLLQ =15
Bit 23 Reserved, must be kept at reset value.

Bit 22 PLLSRC: Main PLL(PLL) and audio PLL (PLLI2S) entry clock source

Set and cleared by software to select PLL and PLLI2S clock source. This bit can be written
only when PLL and PLLI2S are disabled.

0: HSI clock selected as PLL and PLLI2S clock entry

1: HSE oscillator clock selected as PLL and PLLI2S clock entry

Bits 21:18 Reserved, must be kept at reset value.
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Bits 17:16 PLLP: Main PLL (PLL) division factor for main system clock

Set and cleared by software to control the frequency of the general PLL output clock. These
bits can be written only if PLL is disabled.

Caution: The software has to set these bits correctly not to exceed 180 MHz on this domain.
PLL output clock frequency = VCO frequency / PLLP with PLLP =2, 4, 6, or 8
00: PLLP =2
01: PLLP =4
10: PLLP =6
11: PLLP =8

Bits 14:6 PLLN: Main PLL (PLL) multiplication factor for VCO

Set and cleared by software to control the multiplication factor of the VCO. These bits can
be written only when PLL is disabled. Only half-word and word accesses are allowed to
write these bits.

Caution: The software has to set these bits correctly to ensure that the VCO output
frequency is between 100 and 432 MHz.
VCO output frequency = VCO input frequency x PLLN with 50 <PLLN <432
000000000: PLLN = 0, wrong configuration
000000001: PLLN = 1, wrong configuration

000110010: PLLN =50

001100011: PLLN =99
001100100: PLLN =100

110110000: PLLN =432
110110001: PLLN = 433, wrong configuration

111111111: PLLN = 511, wrong configuration
Note: Multiplication factors ranging from 50 and 99 are possible for VCO input frequency
higher than 1 MHz. However care must be taken that the minimum VCO output
frequency respects the value specified above.

Bits 5:0 PLLM: Division factor for the main PLL (PLL) and audio PLL (PLLI2S) input clock

Set and cleared by software to divide the PLL and PLLI2S input clock before the VCO.
These bits can be written only when the PLL and PLLI2S are disabled.

Caution: The software has to set these bits correctly to ensure that the VCO input frequency

ranges from 1 to 2 MHz. It is recommended to select a frequency of 2 MHz to limit
PLL jitter.

VCO input frequency = PLL input clock frequency / PLLM with 2 <PLLM <63

000000: PLLM = 0, wrong configuration

000001: PLLM = 1, wrong configuration

000010: PLLM =2

000011: PLLM =3

000100: PLLM = 4

111110: PLLM = 62
111111: PLLM = 63

3
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6.3.3 RCC clock configuration register (RCC_CFGR)
Address offset: 0x08
Reset value: 0x0000 0000

Access: 0 <wait state <2, word, half-word and byte access

1 or 2 wait states inserted only if the access occurs during a clock source switch.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
. . 128SC .
MCO2 MCO2 PRE[2:0] MCO1 PRE[2:0] R MCO1 RTCPRE[4:0]
w | rw ‘ w ‘ w w | w | rw rw rw ‘ w | w | w ‘ w ‘ w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PPREZ2[2:0] PPRE1[2:0] HPRE[3:0] SWS1 | SWS0 | SW1 SWO0
Reserved
w | w | rw w ‘ w ‘ w rw ‘ w ‘ w ‘ w r r w w

Bits 31:30 MCO2[1:0]: Microcontroller clock output 2

Set and cleared by software. Clock source selection may generate glitches on MCO2. It is
highly recommended to configure these bits only after reset before enabling the external
oscillators and the PLLs.

00: System clock (SYSCLK) selected

01: PLLI2S clock selected

10: HSE oscillator clock selected

11: PLL clock selected

Bits 27:29 MCO2PRE: MCO2 prescaler

Set and cleared by software to configure the prescaler of the MCO2. Modification of this
prescaler may generate glitches on MCO2. It is highly recommended to change this
prescaler only after reset before enabling the external oscillators and the PLLs.

Oxx: no division

100: division by 2

101: division by 3

110: division by 4

111: division by 5

Bits 24:26 MCO1PRE: MCO1 prescaler

Set and cleared by software to configure the prescaler of the MCO1. Modification of this
prescaler may generate glitches on MCO1. It is highly recommended to change this
prescaler only after reset before enabling the external oscillators and the PLL.

Oxx: no division

100: division by 2

101: division by 3

110: division by 4

111: division by 5

Bit 23 12SSRC: 12S clock selection

3

Set and cleared by software. This bit allows to select the 12S clock source between the
PLLI2S clock and the external clock. It is highly recommended to change this bit only after
reset and before enabling the 12S module.

0: PLLI2S clock used as I12S clock source
1: External clock mapped on the 12S_CKIN pin used as 12S clock source
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Bits 22:21 MCO1: Microcontroller clock output 1

Set and cleared by software. Clock source selection may generate glitches on MCO1. It is
highly recommended to configure these bits only after reset before enabling the external
oscillators and PLL.

00: HSI clock selected

01: LSE oscillator selected

10: HSE oscillator clock selected

11: PLL clock selected

Bits 20:16 RTCPRE: HSE division factor for RTC clock

Set and cleared by software to divide the HSE clock input clock to generate a 1 MHz clock
for RTC.

Caution: The software has to set these bits correctly to ensure that the clock supplied to the
RTC is 1 MHz. These bits must be configured if needed before selecting the RTC
clock source.

00000: no clock
00001: no clock
00010: HSE/2
00011: HSE/3
00100: HSE/4

11110: HSE/30
11111: HSE/31

Bits 15:13 PPRE2: APB high-speed prescaler (APB2)
Set and cleared by software to control APB high-speed clock division factor.

Caution: The software has to set these bits correctly not to exceed 90 MHz on this domain.

The clocks are divided with the new prescaler factor from 1 to 16 AHB cycles after
PPRE2 write.

Oxx: AHB clock not divided

100: AHB clock divided by 2

101: AHB clock divided by 4

110: AHB clock divided by 8

111: AHB clock divided by 16

Bits 12:10 PPRE1: APB Low speed prescaler (APB1)
Set and cleared by software to control APB low-speed clock division factor.

Caution: The software has to set these bits correctly not to exceed 45 MHz on this domain.

The clocks are divided with the new prescaler factor from 1 to 16 AHB cycles after
PPRE1 write.

Oxx: AHB clock not divided

100: AHB clock divided by 2

101: AHB clock divided by 4

110: AHB clock divided by 8

111: AHB clock divided by 16

Bits 9:8 Reserved, must be kept at reset value.

3

168/1757 RMO0090 Rev 21




RMO0090 Reset and clock control for STM32F42xxx and STM32F43xxx (RCC)
Bits 7:4 HPRE: AHB prescaler
Set and cleared by software to control AHB clock division factor.
Caution: The clocks are divided with the new prescaler factor from 1 to 16 AHB cycles after
HPRE write.
Caution: The AHB clock frequency must be at least 25 MHz when the Ethernet is used.
Oxxx: system clock not divided
1000: system clock divided by 2
1001: system clock divided by 4
1010: system clock divided by 8
1011: system clock divided by 16
1100: system clock divided by 64
1101: system clock divided by 128
1110: system clock divided by 256
1111: system clock divided by 512
Bits 3:2 SWS: System clock switch status
Set and cleared by hardware to indicate which clock source is used as the system clock.
00: HSI oscillator used as the system clock
01: HSE oscillator used as the system clock
10: PLL used as the system clock
11: not applicable
Bits 1:0 SW: System clock switch
Set and cleared by software to select the system clock source.
Set by hardware to force the HSI selection when leaving the Stop or Standby mode or in
case of failure of the HSE oscillator used directly or indirectly as the system clock.
00: HSI oscillator selected as system clock
01: HSE oscillator selected as system clock
10: PLL selected as system clock
11: not allowed
6.3.4 RCC clock interrupt register (RCC_CIR)
Address offset: 0x0C
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
cssc | PLLSAI [ PLLI2S | PLL | HSE | HSI LSE LSl
Reserved RDYC | RDYC | RDYC | RDYC | RDYC | RDYC | RDYC
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLLSAI | PLLI2S | PLL | HSE | HSI | LSE LSI | oggp |PLLSAI|PLLI2S | PLL | HSE | HSI LSE [S]
ReS:rv RDYIE | RDYIE | RDYIE | RDYIE | RDYIE | RDYIE | RDYIE RDYF | RDYF | RDYF | RDYF | RDYF | RDYF | RDYF
e w w rw w w w w r r r r r r r r
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Bits 31:24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16

Bit 15
Bit 14

Bit 13

170/1757

Reserved, must be kept at reset value.

CSSC: Clock security system interrupt clear
This bit is set by software to clear the CSSF flag.
0: No effect
1: Clear CSSF flag

PLLSAIRDYC: PLLSAI Ready Interrupt Clear

This bit is set by software to clear PLLSAIRDYF flag. It is reset by hardware when the
PLLSAIRDYF is cleared.

0: PLLSAIRDYF not cleared

1: PLLSAIRDYF cleared

PLLI2SRDYC: PLLI2S ready interrupt clear
This bit is set by software to clear the PLLI2SRDYF flag.
0: No effect
1: PLLI2SRDYF cleared

PLLRDYC: Main PLL(PLL) ready interrupt clear

This bit is set by software to clear the PLLRDYF flag.
0: No effect
1: PLLRDYF cleared

HSERDYC: HSE ready interrupt clear

This bit is set by software to clear the HSERDYF flag.
0: No effect
1: HSERDYF cleared

HSIRDYC: HSI ready interrupt clear

This bit is set software to clear the HSIRDYF flag.
0: No effect
1: HSIRDYF cleared

LSERDYC: LSE ready interrupt clear

This bit is set by software to clear the LSERDYF flag.
0: No effect
1: LSERDYF cleared

LSIRDYC: LSI ready interrupt clear

This bit is set by software to clear the LSIRDYF flag.
0: No effect
1: LSIRDYF cleared

Reserved, must be kept at reset value.

PLLSAIRDYIE: PLLSAI Ready Interrupt Enable
This bit is set and reset by software to enable/disable interrupt caused by PLLSAI lock.
0: PLLSAI lock interrupt disabled
1: PLLSAI lock interrupt enabled

PLLI2SRDYIE: PLLI2S ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by PLLI2S lock.
0: PLLIZS lock interrupt disabled
1: PLLI2S lock interrupt enabled

3
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Bit 12 PLLRDYIE: Main PLL (PLL) ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by PLL lock.
0: PLL lock interrupt disabled
1: PLL lock interrupt enabled

Bit 11 HSERDYIE: HSE ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by the HSE
oscillator stabilization.
0: HSE ready interrupt disabled
1: HSE ready interrupt enabled

Bit 10 HSIRDYIE: HSI ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by the HSI
oscillator stabilization.
0: HSI ready interrupt disabled
1: HSI ready interrupt enabled

Bit9 LSERDYIE: LSE ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by the LSE
oscillator stabilization.
0: LSE ready interrupt disabled
1: LSE ready interrupt enabled

Bit 8 LSIRDYIE: LSI ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by LSI oscillator
stabilization.
0: LSI ready interrupt disabled
1: LSI ready interrupt enabled

Bit 7 CSSF: Clock security system interrupt flag
This bit is set by hardware when a failure is detected in the HSE oscillator.
It is cleared by software by setting the CSSC bit.
0: No clock security interrupt caused by HSE clock failure
1: Clock security interrupt caused by HSE clock failure

Bit 6 PLLSAIRDYF: PLLSAI Ready Interrupt flag
This bit is set by hardware when the PLLSAI is locked and PLLSAIRDYIE is set.
It is cleared by software by setting the PLLSAIRDYC bit.
0: No clock ready interrupt caused by PLLSAI lock
1: Clock ready interrupt caused by PLLSAI lock

Bit 5 PLLI2SRDYF: PLLI2S ready interrupt flag
This bit is set by hardware when the PLLI2S is locked and PLLI2SRDYIE is set.
It is cleared by software by setting the PLLRI2SDYC bit.
0: No clock ready interrupt caused by PLLI2S lock
1: Clock ready interrupt caused by PLLI2S lock

Bit4 PLLRDYF: Main PLL (PLL) ready interrupt flag
This bit is set by hardware when PLL is locked and PLLRDYIE is set.
It is cleared by software setting the PLLRDYC bit.
0: No clock ready interrupt caused by PLL lock
1: Clock ready interrupt caused by PLL lock

3
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Bit 3 HSERDYF: HSE ready interrupt flag

This bit is set by hardware when External High Speed clock becomes stable and
HSERDYIE is set.

It is cleared by software by setting the HSERDYC bit.
0: No clock ready interrupt caused by the HSE oscillator
1: Clock ready interrupt caused by the HSE oscillator

Bit2 HSIRDYF: HSI ready interrupt flag

This bit is set by hardware when the Internal High Speed clock becomes stable and
HSIRDYIE is set.

It is cleared by software by setting the HSIRDYC bit.
0: No clock ready interrupt caused by the HSI oscillator
1: Clock ready interrupt caused by the HSI oscillator

Bit 1 LSERDYF: LSE ready interrupt flag

This bit is set by hardware when the External Low Speed clock becomes stable and
LSERDYIE is set.

It is cleared by software by setting the LSERDYC bit.
0: No clock ready interrupt caused by the LSE oscillator
1: Clock ready interrupt caused by the LSE oscillator

Bit 0 LSIRDYF: LSI ready interrupt flag

This bit is set by hardware when the internal low speed clock becomes stable and
LSIRDYIE is set.

It is cleared by software by setting the LSIRDYC bit.

0: No clock ready interrupt caused by the LSI oscillator

1: Clock ready interrupt caused by the LSI oscillator

6.3.5 RCC AHB1 peripheral reset register (RCC_AHB1RSTR)
Address offset: 0x10
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OTSGH ETHMAC DMA2D | DMA2 | DMAT
Reserved RST Reserved RST Res. RST RST RST Reserved
rw w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CRCR GPIOK| GPIOJ | GPIOI | GPIOH |GPIOGG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
Reserved ST | Res. | RST RST RST RST RST RST | RST | RST | RST | RST | RST
rw rw w rw w rw w rw w w rw rw
Bits 31:30 Reserved, must be kept at reset value.
Bit 29 OTGHSRST: USB OTG HS module reset
This bit is set and cleared by software.
0: does not reset the USB OTG HS module
1: resets the USB OTG HS module
Bits 28:26 Reserved, must be kept at reset value.
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Bit 25

Bit 24
Bit 23

Bit 22

Bit 21

Bits 20:13
Bit 12

Bit 11
Bit 10

Bit 9

Bit 8

Bit 7

Bit 6

3

ETHMACRST: Ethernet MAC reset
This bit is set and cleared by software.

0: does not reset Ethernet MAC
1: resets Ethernet MAC

Reserved, must be kept at reset value.

DMA2DRST: DMA2D reset
This bit is set and reset by software.
0: does not reset DMA2D
1: resets DMA2D

DMA2RST: DMA2 reset

This bit is set and cleared by software.
0: does not reset DMA2
1: resets DMA2

DMA1RST: DMA2 reset

This bit is set and cleared by software.
0: does not reset DMA2
1: resets DMA2

Reserved, must be kept at reset value.

CRCRST: CRC reset

This bit is set and cleared by software.
0: does not reset CRC
1: resets CRC

Reserved, must be kept at reset value.

GPIOKRST: |10 port K reset
This bit is set and cleared by software.
0: does not reset 10 port K
1: resets 10 port K

GPIOJRST: IO port J reset
This bit is set and cleared by software.
0: does not reset 10 port J
1: resets 10 port J

GPIOIRST: 10 port | reset
This bit is set and cleared by software.

0: does not reset 10 port |
1: resets 1O port |

GPIOHRST: IO port H reset
This bit is set and cleared by software.

0: does not reset 10 port H
1: resets 10O port H

GPIOGRST: IO port G reset
This bit is set and cleared by software.

0: does not reset 10 port G
1: resets 10 port G
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Bit 5 GPIOFRST: 10 port F reset
This bit is set and cleared by software.

0: does not reset 10 port F
1: resets 10 port F

Bit 4 GPIOERST: IO port E reset
This bit is set and cleared by software.

0: does not reset 10 port E
1: resets IO port E

Bit 3 GPIODRST: 10 port D reset
This bit is set and cleared by software.

0: does not reset 10 port D
1: resets 10 port D

Bit 2 GPIOCRST: 10 port C reset
This bit is set and cleared by software.

0: does not reset 10 port C
1: resets 10 port C

Bit 1 GPIOBRST: |0 port B reset
This bit is set and cleared by software.
0: does not reset 10 port B
1:resets 10 port B
Bit 0 GPIOARST: 10 port A reset
This bit is set and cleared by software.

0: does not reset 10 port A
1: resets 10 port A
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6.3.6

RCC AHB2 peripheral reset register (RCC_AHB2RSTR)

Address offset: 0x14
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

31 30 29

28 27 26 25 24 23 22 21 20 19

Reserved

15 13

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

OTGFS| RNG | HASH | CRYP

RST RST RST RST

Reserved Reserved

w

DCMI
RST

Bits 31:8
Bit 7

Bit 6

Bit 5

Bit 4

Bits 3:1
Bit 0

3

Reserved, must be kept at reset value.

OTGFSRST: USB OTG FS module reset
Set and cleared by software.

0: does not reset the USB OTG FS module
1: resets the USB OTG FS module

RNGRST: Random number generator module reset
Set and cleared by software.

0: does not reset the random number generator module
1: resets the random number generator module

HASHRST: Hash module reset
Set and cleared by software.
0: does not reset the HASH module
1: resets the HASH module
CRYPRST: Cryptographic module reset
Set and cleared by software.

0: does not reset the cryptographic module
1: resets the cryptographic module

Reserved, must be kept at reset value.

DCMIRST: Camera interface reset
Set and cleared by software.

0: does not reset the Camera interface
1: resets the Camera interface
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6.3.7 RCC AHBS3 peripheral reset register (RCC_AHB3RSTR)
Address offset: 0x18
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FMCRST
Reserved
rw
Bits 31:1 Reserved, must be kept at reset value.
Bit 0 FMCRST: Flexible memory controller module reset
Set and cleared by software.
0: does not reset the FMC module
1: resets the FMC module
6.3.8 RCC APB1 peripheral reset register (RCC_APB1RSTR)
Address offset: 0x20
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UARTBRIUART7R \ ool PWR CAN2 | CAN1 12C3 | 12C2 | 12C1 | UARTS | UART4 | UART3 | UART2
ST ST RST |Reser-| RST | RST |Reser-| RST | RST | RST | RST | RST | RST | RST |Reser-
ved ved ved
w w rw rw rw w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWDG TIM14 | TIM13 | TIM12 | TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
RST | RST Reserved RST Reserved RST | RST | RST | RST | RST | RST | RST | RST | RST
w w w rw w w w w w w w w
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Bit 31

Bit 30

Bit 29

Bit 28

Bit 27
Bit 26

Bit 25

Bit 24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

3

UARTS8RST: UARTS8 reset
Set and cleared by software.
0: does not reset UART8
1: resets UARTS8

UART7RST: UART7 reset
Set and cleared by software.
0: does not reset UART7
1: resets UART7

DACRST: DAC reset
Set and cleared by software.

0: does not reset the DAC interface
1: resets the DAC interface

PWRRST: Power interface reset
Set and cleared by software.

0: does not reset the power interface
1: resets the power interface

Reserved, must be kept at reset value.

CAN2RST: CAN2 reset

Set and cleared by software.
0: does not reset CAN2
1: resets CAN2

CAN1RST: CAN1 reset

Set and cleared by software.
0: does not reset CAN1
1: resets CAN1

Reserved, must be kept at reset value.

I2C3RST: 12C3 reset

Set and cleared by software.
0: does not reset 12C3
1: resets 12C3

I2C2RST: 12C2 reset
Set and cleared by software.

0: does not reset 12C2
1: resets 12C2

I2C1RST: 12C1 reset
Set and cleared by software.
0: does not reset 12C1
1: resets 12C1

UART5RST: UARTS5 reset

Set and cleared by software.
0: does not reset UARTS
1: resets UART5

UART4RST: USART4 reset

Set and cleared by software.
0: does not reset UART4
1: resets UART4
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Bit 18 USART3RST: USART3 reset

Set and cleared by software.
0: does not reset USART3
1: resets USART3

Bit 17 USART2RST: USART?2 reset

Set and cleared by software.
0: does not reset USART2
1: resets USART2

Bit 16 Reserved, must be kept at reset value.

Bit 15 SPI3RST: SPI3 reset
Set and cleared by software.

0: does not reset SPI3
1: resets SPI3

Bit 14 SPI2RST: SPI2 reset
Set and cleared by software.

0: does not reset SPI2
1: resets SPI2

Bits 13:12 Reserved, must be kept at reset value.

Bit 11 WWDGRST: Window watchdog reset
Set and cleared by software.

0: does not reset the window watchdog
1: resets the window watchdog

Bits 10:9 Reserved, must be kept at reset value.

Bit 8 TIM14RST: TIM14 reset
Set and cleared by software.

0: does not reset TIM14
1: resets TIM14

Bit 7 TIM13RST: TIM13 reset
Set and cleared by software.

0: does not reset TIM13
1: resets TIM13

Bit6 TIM12RST: TIM12 reset
Set and cleared by software.

0: does not reset TIM12
1: resets TIM12

Bit 5 TIM7RST: TIM7 reset
Set and cleared by software.
0: does not reset TIM7
1: resets TIM7
Bit 4 TIMBRST: TIM6 reset
Set and cleared by software.

0: does not reset TIM6
1: resets TIM6
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Bit 3 TIM5RST: TIM5 reset

Set and cleared by software.

0: does not reset TIM5
1: resets TIM5

Bit 2 TIM4RST: TIM4 reset

Set and cleared by software.

0: does not reset TIM4
1: resets TIM4

Bit 1 TIM3RST: TIM3 reset

Set and cleared by software.

0: does not reset TIM3
1: resets TIM3

Bit 0 TIM2RST: TIM2 reset

Set and cleared by software.

0: does not reset TIM2
1: resets TIM2
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6.3.9 RCC APB2 peripheral reset register (RCC_APB2RSTR)

Address offset: 0x24
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LTD SAI1 SPl6 SPI5 TIM11 | TIM10 | TIM9

Reserved CRST Reserved RST RST RST Res. | RST RST RST

w w w w w w w

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SYSCF| SPl4 | SPI1 | SDIO ADC USART | USART TIMe | TIM1
Rszsr— GRST| RST RST RST Reserved RST Reserved RST RST Reserved RST RST
w w w w w w w w w

Bits 31:27 Reserved, must be kept at reset value.

Bit 26 LTDCRST: LTDC reset
This bit is set and reset by software.
0: does not reset LCD-TFT
1: resets LCD-TFT

Bits 27:23 Reserved, must be kept at reset value.

Bit 22 SAI1RST: SAI1 reset
This bit is set and reset by software.
0: does not reset SAI1
1: resets SAI1

Bit 21 SPI6RST: SPI6 reset
This bit is set and cleared by software.
0: does not reset SPI6
1: resets SPI6

Bit 20 SPISRST: SPI5 reset
This bit is set and cleared by software.
0: does not reset SPI5
1: resets SPI5

Bit 19 Reserved, must be kept at reset value.

Bit 18 TIM11RST: TIM11 reset
This bit is set and cleared by software.

0: does not reset TIM11
1: resets TIM14

Bit 17 TIM10RST: TIM10 reset
This bit is set and cleared by software.

0: does not reset TIM10
1: resets TIM10

Bit 16 TIMORST: TIM9 reset
This bit is set and cleared by software.

0: does not reset TIM9
1: resets TIM9

3
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Bit 15 Reserved, must be kept at reset value.

Bit 14 SYSCFGRST: System configuration controller reset
This bit is set and cleared by software.
0: does not reset the System configuration controller
1: resets the System configuration controller

Bit 13 SPI4RST: SPI4 reset

This bit is set and cleared by software.
0: does not reset SP14
1: resets SPI4

Bit 12 SPI1RST: SPI1 reset

This bit is set and cleared by software.
0: does not reset SPI1
1: resets SPI1

Bit 11 SDIORST: SDIO reset

This bit is set and cleared by software.
0: does not reset the SDIO module
1: resets the SDIO module

Bits 10:9 Reserved, must be kept at reset value.

Bit 8 ADCRST: ADC interface reset (common to all ADCs)
This bit is set and cleared by software.

0: does not reset the ADC interface
1: resets the ADC interface

Bits 7:6 Reserved, must be kept at reset value.

Bit5 USART6RST: USARTG6 reset
This bit is set and cleared by software.

0: does not reset USART6
1: resets USARTG6

Bit4 USART1RST: USART1 reset
This bit is set and cleared by software.

0: does not reset USART1
1: resets USART1

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

Bit 1 TIMBRST: TIMS8 reset

This bit is set and cleared by software.
0: does not reset TIM8
1: resets TIM8

Bit 0 TIMIRST: TIM1 reset

This bit is set and cleared by software.
0: does not reset TIM1
1: resets TIM1

3
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6.3.10 RCC AHB1 peripheral clock register (RCC_AHB1ENR)
Address offset: 0x30
Reset value: 0x0010 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OTSG " oTeH | ETHM | ETHM | ETHM T erpiya DMA2D | DMA2E | DMATE | CCMDAT BKPSR
Rszgr- UL'\ITIE SEN ACE'T\ITP ACEXE AC,TIXE CEN | Res EN N N | ARAMEN | RES LAMEN | Reserved
rw 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
CRCE GPIOK | GPIOJ | GPIOIE | GPIOH | GPIOG | GPIOFE | 5o ~epy | GPIOD | GPIOC | GPIO | GPIO
Reserved N Res. EN EN N EN EN N EN EN | BEN | AEN
rw w rw w rw w w w w w w rw
Bit 31 Reserved, must be kept at reset value.
Bit 30 OTGHSULPIEN: USB OTG HSULPI clock enable
This bit is set and cleared by software. It must be cleared when the OTG_HS is used in FS
mode.
0: USB OTG HS ULPI clock disabled
1: USB OTG HS ULPI clock enabled
Bit 29 OTGHSEN: USB OTG HS clock enable
This bit is set and cleared by software.
0: USB OTG HS clock disabled
1: USB OTG HS clock enabled
Bit 28 ETHMACPTPEN: Ethernet PTP clock enable
This bit is set and cleared by software.
0: Ethernet PTP clock disabled
1: Ethernet PTP clock enabled
Bit 27 ETHMACRXEN: Ethernet Reception clock enable
This bit is set and cleared by software.
0: Ethernet Reception clock disabled
1: Ethernet Reception clock enabled
Bit 26 ETHMACTXEN: Ethernet Transmission clock enable
This bit is set and cleared by software.
0: Ethernet Transmission clock disabled
1: Ethernet Transmission clock enabled
Bit 25 ETHMACEN: Ethernet MAC clock enable
This bit is set and cleared by software.
0: Ethernet MAC clock disabled
1: Ethernet MAC clock enabled
Bit 24 Reserved, must be kept at reset value.
Bit 23 DMA2DEN: DMA2D clock enable
This bit is set and cleared by software.
0: DMA2D clock disabled
1: DMA2D clock enabled
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Bit 22

Bit 21

Bit 20

Bit 19
Bit 18

Bits 17:13
Bit 12

Bit 11
Bit 10

Bit 9

Bit 8

Bit 7

Bit 6

3

DMA2EN: DMA2 clock enable
This bit is set and cleared by software.

0: DMA2 clock disabled
1: DMAZ2 clock enabled

DMA1EN: DMA1 clock enable

This bit is set and cleared by software.
0: DMA1 clock disabled
1: DMA1 clock enabled

CCMDATARAMEN: CCM data RAM clock enable

This bit is set and cleared by software.
0: CCM data RAM clock disabled
1: CCM data RAM clock enabled

Reserved, must be kept at reset value.

BKPSRAMEN: Backup SRAM interface clock enable

This bit is set and cleared by software.
0: Backup SRAM interface clock disabled
1: Backup SRAM interface clock enabled

Reserved, must be kept at reset value.

CRCEN: CRC clock enable

This bit is set and cleared by software.
0: CRC clock disabled
1: CRC clock enabled

Reserved, must be kept at reset value.

GPIOKEN: IO port K clock enable
This bit is set and cleared by software.
0: 10 port K clock disabled
1: 10 port K clock enabled

GPIOJEN: |0 port J clock enable
This bit is set and cleared by software.

0: 1O port J clock disabled
1: 10 port J clock enabled

GPIOIEN: 10 port | clock enable
This bit is set and cleared by software.

0: 1O port | clock disabled
1: 10 port | clock enabled

GPIOHEN: |0 port H clock enable
This bit is set and cleared by software.
0: 10 port H clock disabled
1: 10 port H clock enabled
GPIOGEN: 10 port G clock enable
This bit is set and cleared by software.

0: 10 port G clock disabled
1: 10 port G clock enabled
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Bit 5 GPIOFEN: 10O port F clock enable
This bit is set and cleared by software.
0: 10 port F clock disabled
1: 10 port F clock enabled

Bit 4 GPIOEEN: IO port E clock enable
This bit is set and cleared by software.
0: 10 port E clock disabled
1: 10 port E clock enabled
Bit 3 GPIODEN: 10 port D clock enable
This bit is set and cleared by software.
0: 10 port D clock disabled
1: 10 port D clock enabled
Bit 2 GPIOCEN: IO port C clock enable
This bit is set and cleared by software.
0: 10 port C clock disabled
1: 10 port C clock enabled
Bit 1 GPIOBEN: 10 port B clock enable
This bit is set and cleared by software.
0: 1O port B clock disabled
1: 10 port B clock enabled
Bit 0 GPIOAEN: 10 port A clock enable
This bit is set and cleared by software.

0: 10 port A clock disabled
1: 10 port A clock enabled

6.3.11 RCC AHB2 peripheral clock enable register (RCC_AHB2ENR)

Address offset: 0x34
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access.

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

Reserved

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

OTGFS| RNG | HASH | CRYP

EN EN EN EN

Reserved Reserved

'w 'w 'w w

DCMI
EN

Bits 31:8 Reserved, must be kept at reset value.

Bit 7 OTGFSEN: USB OTG FS clock enable
This bit is set and cleared by software.

0: USB OTG FS clock disabled
1: USB OTG FS clock enabled

Bit 6 RNGEN: Random number generator clock enable
This bit is set and cleared by software.

0: Random number generator clock disabled
1: Random number generator clock enabled
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6.3.12

31

30

Bit 5 HASHEN: Hash modules clock enable
This bit is set and cleared by software.
0: Hash modules clock disabled
1: Hash modules clock enabled

Bit4 CRYPEN: Cryptographic modules clock enable
This bit is set and cleared by software.

0: cryptographic module clock disabled
1: cryptographic module clock enabled

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

Bit 0 DCMIEN: Camera interface enable
This bit is set and cleared by software.

0: Camera interface clock disabled
1: Camera interface clock enabled

RCC AHB3 peripheral clock enable register (RCC_AHB3ENR)

Address offset: 0x38
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.

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

16

Reserved

15

14

10 9 8 7 6 5 4 3 2 1

13 12

FMCEN

Reserved

6.3.13

31

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

Bit 0 FMCEN: Flexible memory controller module clock enable
This bit is set and cleared by software.

0: FMC module clock disabled
1: FMC module clock enabled

RCC APB1 peripheral clock enable register (RCC_APB1ENR)

Address offset: 0x40
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.

30

29

28

27

26

24

23

22

21

20

19

18

16

UART8
EN

UART7
EN

DAC
EN

PWR
EN

Reser-
ved

CAN2
EN

Reser-
ved

12C3
EN

12C2
EN

12C1
EN

UARTS
EN

UART4
EN

USART

EN

USART

EN

Reser-
ved

w

w

w

14

13

12

10 9

SPI3
EN

SPI2
EN

Reserved

WWDG
EN

Reserved

TIM14
EN

TIM13
EN

TIM12
EN

TIM7
EN

TIM6
EN

TIMS
EN

TIM4
EN

TIM3
EN

TIM2
EN

5] 2
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Bit 31 UARTS8EN: UARTS clock enable

This bit is set and cleared by software.
0: UARTS clock disabled
1: UARTS clock enabled

Bit 30 UART7EN: UARTY7 clock enable

This bit is set and cleared by software.
0: UARTY clock disabled
1: UARTY7 clock enabled

Bit 29 DACEN: DAC interface clock enable

This bit is set and cleared by software.
0: DAC interface clock disabled
1: DAC interface clock enable

Bit 28 PWREN: Power interface clock enable

This bit is set and cleared by software.
0: Power interface clock disabled
1: Power interface clock enable

Bit 27 Reserved, must be kept at reset value.

Bit 26  CAN2EN: CAN 2 clock enable
This bit is set and cleared by software.

0: CAN 2 clock disabled
1: CAN 2 clock enabled

Bit 25 CAN1EN: CAN 1 clock enable
This bit is set and cleared by software.

0: CAN 1 clock disabled
1: CAN 1 clock enabled

Bit 24 Reserved, must be kept at reset value.

Bit 23 12C3EN: 12C3 clock enable

This bit is set and cleared by software.
0: 12C3 clock disabled
1: 12C3 clock enabled

Bit 22 12C2EN: 12C2 clock enable

This bit is set and cleared by software.
0: 12C2 clock disabled
1:12C2 clock enabled

Bit 21 12C1EN: 12C1 clock enable

This bit is set and cleared by software.
0: 12C1 clock disabled
1:12C1 clock enabled

Bit 20 UARTS5EN: UART5 clock enable
This bit is set and cleared by software.

0: UART5 clock disabled
1: UARTS5 clock enabled

Bit 19 UART4EN: UART4 clock enable
This bit is set and cleared by software.

0: UART4 clock disabled
1: UART4 clock enabled

3
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Bit 18

Bit 17

Bit 16
Bit 15

Bit 14

Bits 13:12
Bit 11

Bit 10:9
Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

3

USART3EN: USART3 clock enable
This bit is set and cleared by software.

0: USART3 clock disabled
1: USARTS3 clock enabled

USART2EN: USART2 clock enable
This bit is set and cleared by software.

0: USART2 clock disabled
1: USART2 clock enabled

Reserved, must be kept at reset value.

SPI3EN: SPI3 clock enable

This bit is set and cleared by software.
0: SPI3 clock disabled
1: SPI3 clock enabled

SPI2EN: SPI2 clock enable

This bit is set and cleared by software.
0: SPI2 clock disabled
1: SPI2 clock enabled

Reserved, must be kept at reset value.

WWDGEN: Window watchdog clock enable

This bit is set and cleared by software.
0: Window watchdog clock disabled
1: Window watchdog clock enabled

Reserved, must be kept at reset value.

TIM14EN: TIM14 clock enable

This bit is set and cleared by software.
0: TIM14 clock disabled
1: TIM14 clock enabled

TIM13EN: TIM13 clock enable

This bit is set and cleared by software.
0: TIM13 clock disabled
1: TIM13 clock enabled

TIM12EN: TIM12 clock enable

This bit is set and cleared by software.
0: TIM12 clock disabled
1: TIM12 clock enabled

TIM7EN: TIM7 clock enable

This bit is set and cleared by software.
0: TIMY7 clock disabled
1: TIM7 clock enabled

TIMGEN: TIM6 clock enable

This bit is set and cleared by software.
0: TIM6 clock disabled
1: TIM6 clock enabled
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Bit 3 TIM5EN: TIM5 clock enable
This bit is set and cleared by software.

0: TIM5 clock disabled
1: TIM5 clock enabled

Bit 2 TIM4EN: TIM4 clock enable

This bit is set and cleared by software.
0: TIM4 clock disabled
1: TIM4 clock enabled

Bit 1 TIM3EN: TIM3 clock enable

This bit is set and cleared by software.
0: TIMS3 clock disabled
1: TIM3 clock enabled

Bit 0 TIM2EN: TIM2 clock enable

This bit is set and cleared by software.
0: TIM2 clock disabled
1: TIM2 clock enabled
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6.3.14 RCC APB2 peripheral clock enable register (RCC_APB2ENR)

Address offset: 0x44
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LTDC TIM11 | TIM10 | TIM9
SAMEN | SPIGEN | SPISEN
Reserved EN Reserved Res. EN EN EN
w w rw rw w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYSCF| SPI4E | SPI1 | SDIO | ADC3 | ADC2 | ADC1 USQRT US/:‘RT TIM8 | TIM1
Reser- | GEN N EN EN EN EN EN Reserved Reserved EN EN
ved EN EN
w w w w w w w rw w w w
Bits 31:27 Reserved, must be kept at reset value.
Bit 26 LTDCEN: LTDC clock enable
This bit is set and cleared by software.
0: LTDC clock disabled
1: LTDC clock enabled
Bits 27: 23 Reserved, must be kept at reset value.
Bit 22 SAIMEN: SAI1 clock enable
This bit is set and cleared by software.
0: SAI1 clock disabled
1: SAIl1 clock enabled
Bit 21 SPIGEN: SPI6 clock enable
This bit is set and cleared by software.
0: SPI6 clock disabled
1: SPI6 clock enabled
Bit 20 SPISEN: SPI5 clock enable
This bit is set and cleared by software.
0: SPI5 clock disabled
1: SPI5 clock enabled
Bit 18 TIM11EN: TIM11 clock enable
This bit is set and cleared by software.
0: TIM11 clock disabled
1: TIM11 clock enabled
Bit 17 TIM10EN: TIM10 clock enable
This bit is set and cleared by software.
0: TIM10 clock disabled
1: TIM10 clock enabled
Bit 16 TIM9EN: TIM9 clock enable
This bit is set and cleared by software.
0: TIM9 clock disabled
1: TIM9 clock enabled
Bit 15 Reserved, must be kept at reset value.
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Bit 14 SYSCFGEN: System configuration controller clock enable
This bit is set and cleared by software.

0: System configuration controller clock disabled
1: System configuration controller clock enabled

Bit 13 SPI4EN: SPI4 clock enable
This bit is set and cleared by software.

0: SPI4 clock disabled
1: SPI4 clock enabled

Bit 12 SPIMEN: SPI1 clock enable
This bit is set and cleared by software.

0: SPI1 clock disabled
1: SPI1 clock enabled

Bit 11 SDIOEN: SDIO clock enable
This bit is set and cleared by software.

0: SDIO module clock disabled
1: SDIO module clock enabled

Bit 10 ADC3EN: ADC3 clock enable
This bit is set and cleared by software.

0: ADC3 clock disabled
1: ADC3 clock enabled

Bit9 ADC2EN: ADC2 clock enable
This bit is set and cleared by software.
0: ADC2 clock disabled
1: ADC2 clock enabled

Bit8 ADC1EN: ADC1 clock enable
This bit is set and cleared by software.
0: ADC1 clock disabled
1: ADC1 clock enabled

Bits 7:6 Reserved, must be kept at reset value.

Bit 5 USART6EN: USARTG6 clock enable
This bit is set and cleared by software.

0: USARTBS clock disabled
1: USART®6 clock enabled

Bit4 USART1EN: USART1 clock enable
This bit is set and cleared by software.

0: USART1 clock disabled
1: USART1 clock enabled

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

Bit 1 TIM8BEN: TIM8 clock enable

This bit is set and cleared by software.
0: TIM8 clock disabled
1: TIM8 clock enabled

Bit0 TIM1EN: TIM1 clock enable
This bit is set and cleared by software.

0: TIM1 clock disabled
1: TIM1 clock enabled
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6.3.15 RCC AHB1 peripheral clock enable in low power mode register
(RCC_AHB1LPENR)

Address offset: 0x50
Reset value: OX7TEEF 97FF

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
&TP?LHPSE OTSGH ET';PT ETHRX | ETHTX ET'E':MA DMA2D | DMA2 | DMAT SRAM3 BKF,’V?RA SRzAM SR1AM
Res. N LPEN | LPEN | PEN | LPEN | oeN | Res. | LPEN | LPEN | LPEN| Res | LPEN |\ poen | pEN | LPEN
rw rw w rw rw w rw rw rw rw rw rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
FLITF CRC GPIOK | GPIOI | GPIOI | GPIOH GPC';OG G';'O GPIOE | GPIOD | GPIOC |GPIOB|GPIOA
LPEN Reserved LPEN | Res. | LPEN | LPEN [LPEN | LPEN | oo | by | LPEN | LPEN | LPEN | LPEN | LPEN
w rw rw rw rw rw rw rw rw rw rw rw rw

Bit 31 Reserved, must be kept at reset value.

Bit 30 OTGHSULPILPEN: USB OTG HS ULPI clock enable during Sleep mode

This bit is set and cleared by software. It must be cleared when the OTG_HS is used in FS
mode.

0: USB OTG HS ULPI clock disabled during Sleep mode

1: USB OTG HS ULPI clock enabled during Sleep mode

Bit 29 OTGHSLPEN: USB OTG HS clock enable during Sleep mode
This bit is set and cleared by software.

0: USB OTG HS clock disabled during Sleep mode
1: USB OTG HS clock enabled during Sleep mode

Bit 28 ETHMACPTPLPEN: Ethernet PTP clock enable during Sleep mode
This bit is set and cleared by software.

0: Ethernet PTP clock disabled during Sleep mode
1: Ethernet PTP clock enabled during Sleep mode

Bit 27 ETHMACRXLPEN: Ethernet reception clock enable during Sleep mode
This bit is set and cleared by software.

0: Ethernet reception clock disabled during Sleep mode
1: Ethernet reception clock enabled during Sleep mode

Bit 26 ETHMACTXLPEN: Ethernet transmission clock enable during Sleep mode
This bit is set and cleared by software.
0: Ethernet transmission clock disabled during sleep mode
1: Ethernet transmission clock enabled during sleep mode
Bit 25 ETHMACLPEN: Ethernet MAC clock enable during Sleep mode
This bit is set and cleared by software.

0: Ethernet MAC clock disabled during Sleep mode
1: Ethernet MAC clock enabled during Sleep mode

Bit 24 Reserved, must be kept at reset value.

3

RMO0090 Rev 21 191/1757




Reset and clock control for STM32F42xxx and STM32F43xxx (RCC) RMO0090

Bit 23

Bit 22

Bit 21

Bit 20
Bit 19

Bit 18

Bit 17

Bit 16

Bit 15

Bits 14:13
Bit 12

Bit 11
Bit 10

192/1757

DMAZ2DLPEN: DMA2D clock enable during Sleep mode
This bit is set and cleared by software.

0: DMAZ2D clock disabled during Sleep mode
1: DMA2D clock enabled during Sleep mode

DMAZ2LPEN: DMAZ2 clock enable during Sleep mode
This bit is set and cleared by software.

0: DMAZ2 clock disabled during Sleep mode
1: DMA2 clock enabled during Sleep mode

DMA1LPEN: DMA1 clock enable during Sleep mode
This bit is set and cleared by software.

0: DMA1 clock disabled during Sleep mode
1: DMA1 clock enabled during Sleep mode

Reserved, must be kept at reset value.

SRAMS3LPEN: SRAM3 interface clock enable during Sleep mode
This bit is set and cleared by software.

0: SRAMS interface clock disabled during Sleep mode
1: SRAM3 interface clock enabled during Sleep mode

BKPSRAMLPEN: Backup SRAM interface clock enable during Sleep mode
This bit is set and cleared by software.

0: Backup SRAM interface clock disabled during Sleep mode
1: Backup SRAM interface clock enabled during Sleep mode

SRAM2LPEN: SRAM2 interface clock enable during Sleep mode
This bit is set and cleared by software.

0: SRAM2 interface clock disabled during Sleep mode
1: SRAM2 interface clock enabled during Sleep mode

SRAM1LPEN: SRAM1 interface clock enable during Sleep mode
This bit is set and cleared by software.

0: SRAM1 interface clock disabled during Sleep mode
1: SRAM1 interface clock enabled during Sleep mode

FLITFLPEN: Flash interface clock enable during Sleep mode
This bit is set and cleared by software.

0: Flash interface clock disabled during Sleep mode
1: Flash interface clock enabled during Sleep mode

Reserved, must be kept at reset value.

CRCLPEN: CRC clock enable during Sleep mode
This bit is set and cleared by software.

0: CRC clock disabled during Sleep mode
1: CRC clock enabled during Sleep mode

Reserved, must be kept at reset value.

GPIOKLPEN: 10 port K clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port K clock disabled during Sleep mode
1: 10 port K clock enabled during Sleep mode
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Bit 9 GPIOJLPEN: IO port J clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port J clock disabled during Sleep mode
1: 10 port J clock enabled during Sleep mode

Bit 8 GPIOILPEN: IO port | clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port | clock disabled during Sleep mode
1: 10 port | clock enabled during Sleep mode

Bit7  GPIOHLPEN: IO port H clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port H clock disabled during Sleep mode
1: 10 port H clock enabled during Sleep mode

Bits 6 GPIOGLPEN: IO port G clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port G clock disabled during Sleep mode
1: 10 port G clock enabled during Sleep mode

Bit 5 GPIOFLPEN: |10 port F clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port F clock disabled during Sleep mode
1: 10 port F clock enabled during Sleep mode

Bit 4 GPIOELPEN: IO port E clock enable during Sleep mode
Set and cleared by software.

0: 10 port E clock disabled during Sleep mode
1: 10 port E clock enabled during Sleep mode

Bit 3 GPIODLPEN: |0 port D clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port D clock disabled during Sleep mode
1: 10 port D clock enabled during Sleep mode

Bit2 GPIOCLPEN: |0 port C clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port C clock disabled during Sleep mode
1: 10 port C clock enabled during Sleep mode

Bit 1 GPIOBLPEN: 10 port B clock enable during Sleep mode
This bit is set and cleared by software.

0: 1O port B clock disabled during Sleep mode
1: 10 port B clock enabled during Sleep mode

Bit 0 GPIOALPEN: IO port A clock enable during sleep mode
This bit is set and cleared by software.

0: 10 port A clock disabled during Sleep mode
1: 10 port A clock enabled during Sleep mode
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6.3.16 RCC AHB2 peripheral clock enable in low power mode register
(RCC_AHB2LPENR)

Address offset: 0x54
Reset value: 0x0000 00F1

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OTGFS| RNG | HASH | CRYP DCMI
Reserved LPEN | LPEN | LPEN | LPEN Reserved LPEN
w w w w w

Bits 31:8 Reserved, must be kept at reset value.

Bit 7 OTGFSLPEN: USB OTG FS clock enable during Sleep mode
This bit is set and cleared by software.

0: USB OTG FS clock disabled during Sleep mode
1: USB OTG FS clock enabled during Sleep mode

Bit 6 RNGLPEN: Random number generator clock enable during Sleep mode

This bit is set and cleared by software.
0: Random number generator clock disabled during Sleep mode
1: Random number generator clock enabled during Sleep mode

Bit 5 HASHLPEN: Hash modules clock enable during Sleep mode
This bit is set and cleared by software.

0: Hash modules clock disabled during Sleep mode
1: Hash modules clock enabled during Sleep mode

Bit 4 CRYPLPEN: Cryptography modules clock enable during Sleep mode
This bit is set and cleared by software.

0: cryptography modules clock disabled during Sleep mode
1: cryptography modules clock enabled during Sleep mode

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

Bit 0 DCMILPEN: Camera interface enable during Sleep mode
This bit is set and cleared by software.

0: Camera interface clock disabled during Sleep mode
1: Camera interface clock enabled during Sleep mode
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6.3.17 RCC AHBS3 peripheral clock enable in low power mode register
(RCC_AHB3LPENR)

Address offset: 0x58
Reset value: 0x0000 0001

Access: no wait state, word, half-word and byte access.

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

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

FMCLPEN: Flexible memory controller module clock enable during Sleep mode
Bit 0 This bit is set and cleared by software.

0: FMC module clock disabled during Sleep mode
1: FMC module clock enabled during Sleep mode

6.3.18 RCC APB1 peripheral clock enable in low power mode register
(RCC_APB1LPENR)

Address offset: 0x60
Reset value: OxF6FE COFF

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 2 25 24 23 2 21 20 19 18 17 16

UART8 | UART7 | DAC | PWR |RESER| CAN2 | CAN1 12C3 | 12c2 | 12C1 | UART5 | UART4 US’;RT USQRT

LPEN | LPEN | LPEN | LPEN | VED | LPEN | LPEN |Reser- | (PEN | LPEN | LPEN | LPEN | LPEN Reser-
ved LPEN | LPEN | yveg

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

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

SPI3 | SPI2 WWDG TIMA4 [ TIMA3 | TIM12 | TIM7 | TIM6 | TIM5 | TiM4 | TIM3 | TIM2

LPEN | LPEN | Reserved | LPEN |  Reserved | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN

rw rw rw w rw rw w rw rw w rw w
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Bit 31 UARTSLPEN: UARTS8 clock enable during Sleep mode
This bit is set and cleared by software.

0: UARTS clock disabled during Sleep mode
1: UARTS clock enabled during Sleep mode

Bit 30 UART7LPEN: UART7 clock enable during Sleep mode
This bit is set and cleared by software.

0: UARTY clock disabled during Sleep mode
1: UARTY7 clock enabled during Sleep mode

Bit 29 DACLPEN: DAC interface clock enable during Sleep mode
This bit is set and cleared by software.

0: DAC interface clock disabled during Sleep mode
1: DAC interface clock enabled during Sleep mode

Bit 28 PWRLPEN: Power interface clock enable during Sleep mode
This bit is set and cleared by software.

0: Power interface clock disabled during Sleep mode
1: Power interface clock enabled during Sleep mode

Bit 27 Reserved, must be kept at reset value.

Bit 26 CAN2LPEN: CAN 2 clock enable during Sleep mode
This bit is set and cleared by software.

0: CAN 2 clock disabled during sleep mode
1: CAN 2 clock enabled during sleep mode

Bit 25 CAN1LPEN: CAN 1 clock enable during Sleep mode
This bit is set and cleared by software.

0: CAN 1 clock disabled during Sleep mode
1: CAN 1 clock enabled during Sleep mode

Bit 24 Reserved, must be kept at reset value.

Bit 23 12C3LPEN: I12C3 clock enable during Sleep mode
This bit is set and cleared by software.

0: 12C3 clock disabled during Sleep mode
1: 12C3 clock enabled during Sleep mode

Bit 22 12C2LPEN: 12C2 clock enable during Sleep mode
This bit is set and cleared by software.

0: 12C2 clock disabled during Sleep mode
1: 12C2 clock enabled during Sleep mode

Bit 21 12C1LPEN: 12C1 clock enable during Sleep mode
This bit is set and cleared by software.

0: 12C1 clock disabled during Sleep mode
1: 12C1 clock enabled during Sleep mode

Bit 20 UARTS5LPEN: UARTS5 clock enable during Sleep mode
This bit is set and cleared by software.
0: UARTS clock disabled during Sleep mode
1: UARTS5 clock enabled during Sleep mode

Bit 19 UART4LPEN: UART4 clock enable during Sleep mode
This bit is set and cleared by software.

0: UART4 clock disabled during Sleep mode
1: UART4 clock enabled during Sleep mode
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Bit 18 USART3LPEN: USART3 clock enable during Sleep mode
This bit is set and cleared by software.
0: USARTS3 clock disabled during Sleep mode
1: USARTS3 clock enabled during Sleep mode

Bit 17 USART2LPEN: USART2 clock enable during Sleep mode
This bit is set and cleared by software.
0: USART2 clock disabled during Sleep mode
1: USART2 clock enabled during Sleep mode

Bit 16 Reserved, must be kept at reset value.

Bit 15 SPI3LPEN: SPI3 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI3 clock disabled during Sleep mode
1: SPI3 clock enabled during Sleep mode

Bit 14 SPI2LPEN: SPI2 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI2 clock disabled during Sleep mode
1: SPI2 clock enabled during Sleep mode

Bits 13:12 Reserved, must be kept at reset value.

Bit 11

Bits 10:9
Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

3

WWDGLPEN: Window watchdog clock enable during Sleep mode

This bit is set and cleared by software.
0: Window watchdog clock disabled during sleep mode
1: Window watchdog clock enabled during sleep mode

Reserved, must be kept at reset value.

TIM14LPEN: TIM14 clock enable during Sleep mode
This bit is set and cleared by software.

0: TIM14 clock disabled during Sleep mode
1: TIM14 clock enabled during Sleep mode

TIM13LPEN: TIM13 clock enable during Sleep mode
This bit is set and cleared by software.

0: TIM13 clock disabled during Sleep mode
1: TIM13 clock enabled during Sleep mode

TIM12LPEN: TIM12 clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM12 clock disabled during Sleep mode
1: TIM12 clock enabled during Sleep mode
TIM7LPEN: TIM7 clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM7 clock disabled during Sleep mode
1: TIM7 clock enabled during Sleep mode
TIM6LPEN: TIM6 clock enable during Sleep mode
This bit is set and cleared by software.

0: TIM6 clock disabled during Sleep mode
1: TIM6 clock enabled during Sleep mode
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Bit 3 TIM5LPEN: TIM5 clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM5 clock disabled during Sleep mode
1: TIM5 clock enabled during Sleep mode

Bit 2 TIM4LPEN: TIM4 clock enable during Sleep mode
This bit is set and cleared by software.

0: TIM4 clock disabled during Sleep mode
1: TIM4 clock enabled during Sleep mode

Bit 1 TIM3LPEN: TIM3 clock enable during Sleep mode
This bit is set and cleared by software.

0: TIM3 clock disabled during Sleep mode
1: TIM3 clock enabled during Sleep mode

Bit0  TIM2LPEN: TIM2 clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM2 clock disabled during Sleep mode
1: TIM2 clock enabled during Sleep mode
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6.3.19 RCC APB2 peripheral clock enabled in low power mode register
(RCC_APB2LPENR)
Address offset: 0x64
Reset value: 0x0x0477 7F33
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LTDC SAI1 | SPI6 | SPI5 TIM11 | TIM10 | TIM9
Reserved LPEN Reserved LPEN | LPEN | LPEN Resgf- LPEN | LPEN | LPEN
ve
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
S\F(gc SPI4 | SPI1 | SDIO | ADC3 | ADC2 | ADCH1 USQRT US';\RT TIM8 | TIM1
Rj:gr- LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN Reserved LreN | LPEN Reserved LPEN | LPEN
w rw w w w w w w w w w
Bits 31:27 Reserved, must be kept at reset value.
Bit 26 LTDCLPEN: LTDC clock enable during Sleep mode
This bit is set and cleared by software.
0: LTDC clock disabled during Sleep mode
1: LTDC clock enabled during Sleep mode
Bits 25:23 Reserved, must be kept at reset value.
Bit 22 SAIMLPEN: SAI1 clock enable during Sleep mode
This bit is set and cleared by software.
0: SAI1 clock disabled during Sleep mode
1: SAI1 clock enabled during Sleep mode
Bit 21 SPI6LPEN: SPI6 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI6 clock disabled during Sleep mode
1: SPI6 clock enabled during Sleep mode
Bit 20 SPISLPEN: SPI5 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI5 clock disabled during Sleep mode
1: SPI5 clock enabled during Sleep mode
Bit 19 Reserved, must be kept at reset value.
Bit 18 TIM11LPEN: TIM11 clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM11 clock disabled during Sleep mode
1: TIM11 clock enabled during Sleep mode
Bit 17 TIM10LPEN: TIM10 clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM10 clock disabled during Sleep mode
1: TIM10 clock enabled during Sleep mode
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Bit 16 TIMILPEN: TIM9 clock enable during sleep mode
This bit is set and cleared by software.

0: TIM9 clock disabled during Sleep mode
1: TIM9 clock enabled during Sleep mode

Bit 15 Reserved, must be kept at reset value.

Bit 14 SYSCFGLPEN: System configuration controller clock enable during Sleep mode
This bit is set and cleared by software.

0: System configuration controller clock disabled during Sleep mode
1: System configuration controller clock enabled during Sleep mode

Bit 13 SPI4LPEN: SPI4 clock enable during Sleep mode
This bit is set and cleared by software.

0: SPI4 clock disabled during Sleep mode
1: SPI4 clock enabled during Sleep mode

Bit 12 SPIMLPEN: SPI1 clock enable during Sleep mode
This bit is set and cleared by software.

0: SPI1 clock disabled during Sleep mode
1: SPI1 clock enabled during Sleep mode

Bit 11 SDIOLPEN: SDIO clock enable during Sleep mode
This bit is set and cleared by software.

0: SDIO module clock disabled during Sleep mode
1: SDIO module clock enabled during Sleep mode

Bit 10 ADC3LPEN: ADC 3 clock enable during Sleep mode
This bit is set and cleared by software.

0: ADC 3 clock disabled during Sleep mode
1: ADC 3 clock enabled during Sleep mode

Bit9 ADC2LPEN: ADC2 clock enable during Sleep mode

This bit is set and cleared by software.
0: ADC2 clock disabled during Sleep mode
1: ADC2 clock enabled during Sleep mode

Bit 8 ADC1LPEN: ADC1 clock enable during Sleep mode
This bit is set and cleared by software.

0: ADC1 clock disabled during Sleep mode
1: ADC1 clock enabled during Sleep mode

Bits 7:6 Reserved, must be kept at reset value.

Bit 5 USART6LPEN: USART®6 clock enable during Sleep mode
This bit is set and cleared by software.

0: USARTS6 clock disabled during Sleep mode
1: USART®6 clock enabled during Sleep mode

Bit4 USART1LPEN: USART1 clock enable during Sleep mode
This bit is set and cleared by software.

0: USART1 clock disabled during Sleep mode
1: USART1 clock enabled during Sleep mode
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Bits 3:2 Reserved, must be kept at reset value.

Bit 1 TIMBLPEN: TIM8 clock enable during Sleep mode
This bit is set and cleared by software.

0: TIM8 clock disabled during Sleep mode
1: TIM8 clock enabled during Sleep mode

Bit 0 TIM1LPEN: TIM1 clock enable during Sleep mode
This bit is set and cleared by software.

0: TIM1 clock disabled during Sleep mode
1: TIM1 clock enabled during Sleep mode

6.3.20 RCC Backup domain control register (RCC_BDCR)

Address offset: 0x70
Reset value: 0x0000 0000, reset by Backup domain reset.
Access: 0 <wait state <3, word, half-word and byte access
Wait states are inserted in case of successive accesses to this register.
The LSEON, LSEBYP, RTCSEL and RTCEN bits in the RCC Backup domain control
register (RCC_BDCR) are in the Backup domain. As a result, after Reset, these bits are
write-protected and the DBP bit in the PWR power control register (PWR_CR) for
STM32F42xxx and STM32F43xxx has to be set before these can be modified. Refer to
Section 6.1.1: System reset on page 152 for further information. These bits are only reset
after a Backup domain Reset (see Section 6.1.3: Backup domain reset). Any internal or
external Reset has no effect on these bits.

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

BDRST
Reserved
rw
15 14 13 12 1 10 9 8 7 5 4 3 2 1 0
RTCEN RTCSEL[1:0] LSEBY | LSERD LSEON
Reserved Reserved P Y
w w w w r w

Bits 31:17
Bit 16

Bit 15

Bits 14:10

572

Reserved, must be kept at reset value.

BDRST: Backup domain software reset
This bit is set and cleared by software.
0: Reset not activated
1: Resets the entire Backup domain

Note: The BKPSRAM is not affected by this reset, the only way of resetting the BKPSRAM is
through the Flash interface when a protection level change from level 1 to level 0 is

requested.

The backup domain software reset does not take effect until the DBP bit of the

PWR_CR register is set.

RTCEN: RTC clock enable
This bit is set and cleared by software.

0: RTC clock disabled
1: RTC clock enabled

Reserved, must be kept at reset value.
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Bits 9:8 RTCSEL[1:0]: RTC clock source selection

These bits are set by software to select the clock source for the RTC. Once the RTC clock
source has been selected, it cannot be changed anymore unless the Backup domain is
reset. The BDRST bit can be used to reset them.

00: No clock

01: LSE oscillator clock used as the RTC clock

10: LSI oscillator clock used as the RTC clock

11: HSE oscillator clock divided by a programmable prescaler (selection through the
RTCPRE[4:0] bits in the RCC clock configuration register (RCC_CFGR)) used as the RTC
clock

Bits 7:3 Reserved, must be kept at reset value.

Bit 2 LSEBYP: External low-speed oscillator bypass

This bit is set and cleared by software to bypass the oscillator. This bit can be written only
when the LSE clock is disabled.

0: LSE oscillator not bypassed
1: LSE oscillator bypassed
Bit 1 LSERDY: External low-speed oscillator ready
This bit is set and cleared by hardware to indicate when the external 32 kHz oscillator is
stable. After the LSEON bit is cleared, LSERDY goes low after 6 external low-speed
oscillator clock cycles.
0: LSE clock not ready
1: LSE clock ready

Bit 0 LSEON: External low-speed oscillator enable
This bit is set and cleared by software.

0: LSE clock OFF
1: LSE clock ON

6.3.21 RCC clock control & status register (RCC_CSR)
Address offset: 0x74
Reset value: 0xOE00 0000, reset by system reset, except reset flags by power reset only.
Access: 0 <wait state <3, word, half-word and byte access

Wait states are inserted in case of successive accesses to this register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPWR [WWDG| IWDG | SFT POR PIN |BORRS RMVF
RSTF | RSTF | RSTF | RSTF | RSTF | RSTF TF Reserved

r r r r r r r rtw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LSIRDY | LSION
Reserved
r w
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Bit 31

Bit 30

Bit 29

Bit 28

Bit 27

Bit 26

Bit 25

Bit 24

3

LPWRRSTF: Low-power reset flag
This bit is set by hardware when a Low-power management reset occurs.
Cleared by writing to the RMVF bit.
0: No Low-power management reset occurred
1: Low-power management reset occurred
For further information on Low-power management reset, refer to Low-power management
reset.

WWDGRSTF: Window watchdog reset flag
This bit is set by hardware when a window watchdog reset occurs.
Cleared by writing to the RMVF bit.
0: No window watchdog reset occurred
1: Window watchdog reset occurred

IWDGRSTF: Independent watchdog reset flag
This bit is set by hardware when an independent watchdog reset from Vpp domain occurs.
Cleared by writing to the RMVF bit.
0: No watchdog reset occurred
1: Watchdog reset occurred

SFTRSTF: Software reset flag
This bit is set by hardware when a software reset occurs.
Cleared by writing to the RMVF bit.
0: No software reset occurred
1: Software reset occurred

PORRSTF: POR/PDR reset flag
This bit is set by hardware when a POR/PDR reset occurs.
Cleared by writing to the RMVF bit.
0: No POR/PDR reset occurred
1: POR/PDR reset occurred

PINRSTF: PIN reset flag
This bit is set by hardware when a reset from the NRST pin occurs.
Cleared by writing to the RMVF bit.
0: No reset from NRST pin occurred
1: Reset from NRST pin occurred

BORRSTF: BOR reset flag
Cleared by software by writing the RMVF bit.
This bit is set by hardware when a POR/PDR or BOR reset occurs.
0: No POR/PDR or BOR reset occurred
1: POR/PDR or BOR reset occurred

RMVF: Remove reset flag
This bit is set by software to clear the reset flags.
0: No effect
1: Clear the reset flags
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Bits 23:2 Reserved, must be kept at reset value.

Bit 1 LSIRDY: Internal low-speed oscillator ready

This bit is set and cleared by hardware to indicate when the internal RC 40 kHz oscillator is
stable. After the LSION bit is cleared, LSIRDY goes low after 3 LSI clock cycles.

0: LSI RC oscillator not ready

1: LSI RC oscillator ready

Bit 0 LSION: Internal low-speed oscillator enable
This bit is set and cleared by software.

0: LSI RC oscillator OFF
1: LSI RC oscillator ON

6.3.22 RCC spread spectrum clock generation register (RCC_SSCGR)
Address offset: 0x80
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
The spread spectrum clock generation is available only for the main PLL.

The RCC_SSCGR register must be written either before the main PLL is enabled or after
the main PLL disabled.

Note: For full details about PLL spread spectrum clock generation (SSCG) characteristics, refer to
the “Electrical characteristics” section in your device datasheet.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SEﬁG EZE INCSTEP
SEL Reserved
w w w | w | w | | rw | w | w | w | w | rw | w | w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
INCSTEP MODPER
w | w | rw w | w | w | w | w | rw | w | w | w | w | rw | w | w

Bit 31 SSCGEN: Spread spectrum modulation enable
This bit is set and cleared by software.

0: Spread spectrum modulation DISABLE. (To write after clearing CR[24]=PLLON bit)
1: Spread spectrum modulation ENABLE. (To write before setting CR[24]=PLLON bit)

Bit 30 SPREADSEL: Spread Select
This bit is set and cleared by software.
To write before to set CR[24]=PLLON bit.

0: Center spread
1: Down spread

3

204/1757 RMO0090 Rev 21




RM0090

Reset and clock control for STM32F42xxx and STM32F43xxx (RCC)

Bits 29:28 Reserved, must be kept at reset value.

Bits 27:13 INCSTEP: Incrementation step

Bits 12:0 MODPER: Modulation period

These bits are set and cleared by software. To write before setting CR[24]=PLLON bit.
Configuration input for modulation profile amplitude.

These bits are set and cleared by software. To write before setting CR[24]=PLLON bit.
Configuration input for modulation profile period.

6.3.23 RCC PLLI2S configuration register (RCC_PLLI2SCFGR)
Address offset: 0x84
Reset value: 0x2400 3000
Access: no wait state, word, half-word and byte access.
This register is used to configure the PLLI2S clock outputs according to the formulas:
fvco clock) = f(PLLIZS clock inputy * (PLLI2ZSN 7/ PLLM)
fPLL 125 clock output) = frvco clock) / PLLIZSR
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLLI2S | PLLI2S | PLLI2S
Res;n, R R1 RO PLLI2SQ reserved
¢ w w rw rw rw w ‘ w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN
Res(;erv 8 7 6 5 4 3 2 1 0 Reserved
¢ w w rw rw w w w rw w

3
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Bit 31 Reserved, must be kept at reset value.
Bits 30:28 PLLI2SR: PLLI2S division factor for 12S clocks

These bits are set and cleared by software to control the 12S clock frequency. These bits
should be written only if the PLLI2S is disabled. The factor must be chosen in accordance
with the prescaler values inside the 12S peripherals, to reach 0.3% error when using
standard crystals and 0% error with audio crystals. For more information about 12S clock
frequency and precision, refer to Section 28.4.4: Clock generator in the 12S chapter.

Caution: The I2Ss requires a frequency lower than or equal to 192 MHz to work correctly.

12S clock frequency = VCO frequency / PLLR with 2 <PLLR <7
000: PLLR = 0, wrong configuration

001: PLLR = 1, wrong configuration

010: PLLR =2

1M1: PLLR =7

Bits 27:24 PLLI2SQ: PLLI2S division factor for SAI1 clock

These bits are set and cleared by software to control the SAI1 clock frequency.
They should be written when the PLLI2S is disabled.

SAIl1 clock frequency = VCO frequency / PLLI2SQ with 2 <= PLLI2SIQ <= 15
0000: PLLI2SQ = 0, wrong configuration

0001: PLLI2SQ = 1, wrong configuration

0010: PLLI2SQ =2

0011: PLLI2SQ =3

0100: PLLI2SQ = 4

0101: PLLI2SQ =5

1111: PLLI2SQ = 15

3
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Bits 23:15 Reserved, must be kept at reset value.

Bits 14:6 PLLI2SN: PLLI2S multiplication factor for VCO

These bits are set and cleared by software to control the multiplication factor of the VCO.
These bits can be written only when PLLI2S is disabled. Only half-word and word accesses
are allowed to write these bits.

Caution: The software has to set these bits correctly to ensure that the VCO output
frequency is between 100 and 432 MHz.
VCO output frequency = VCO input frequency x PLLI2SN with 50 <PLLI2SN <432
000000000: PLLI2SN = 0, wrong configuration
000000001: PLLI2SN = 1, wrong configuration

000110010: PLLI2SN = 50

001100011: PLLI2SN = 99

001100100: PLLI2SN =100
001100101: PLLI2SN =101
001100110: PLLI2SN = 102

110110000: PLLI2SN =432
110110001: PLLI2SN = 433, wrong configuration

111111111: PLLI2SN = 511, wrong configuration

Note: Muiltiplication factors ranging from 50 and 99 are possible for VCO input frequency
higher than 1 MHz. However care must be taken that the minimum VCO output
frequency respects the value specified above.

Bits 5:0 Reserved, must be kept at reset value.

3
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6.3.24 RCC PLL configuration register (RCC_PLLSAICFGR)
Address offset: 0x88
Reset value: 0x2400 3000
Access: no wait state, word, half-word and byte access.

This register is used to configure the PLLSAI clock outputs according to the formulas:
*  frvco clock) = f(PLLSAI clock inputy X (PLLSAIN / PLLM)

*  fipLLSAI clock output) = fvco clock) / PLLSAIQ

*  fipLL LD clock output) = frvco clock) / PLLSAIR

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

Bit 31 Reserved, must be kept at reset value.

Bits 30:28 PLLSAIR: PLLSAI division factor for LCD clock
Set and reset by software to control the LCD clock frequency.
These bits should be written when the PLLSAI is disabled.
LCD clock frequency = VCO frequency / PLLSAIR with 2 <PLLSAIR <7
000: PLLSAIR = 0, wrong configuration
001: PLLSAIR = 1, wrong configuration
010: PLLSAIR = 2

111: PLLSAIR =7

Bits 27:24 PLLSAIQ: PLLSAI division factor for SAI1 clock
Set and reset by software to control the frequency of SAI1 clock.
These bits should be written when the PLLSAI is disabled.
SAIl1 clock frequency = VCO frequency / PLLSAIQ with 2 <PLLSAIQ 45
0000: PLLSAIQ = 0, wrong configuration
0001: PLLSAIQ = 1, wrong configuration

0010: PLLSAIQ =2
0011: PLLSAIQ =3
0100: PLLSAIQ =4
0101: PLLSAIQ =5

1111: PLLSAIQ = 15

3
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Bits 23:15 Reserved, must be kept at reset value.

Bits 14:6 PLLSAIN: PLLSAI division factor for VCO
These bits are set and cleared by software to control the multiplication factor of the VCO.
These bits can be written only when PLLSAI is disabled. Only half-word and word accesses
are allowed to write these bits.

Caution: The software has to set these bits correctly to ensure that the VCO output frequency
is between 100 and 432 MHz.
VCO output frequency = VCO input frequency x PLLISAIN with 50 <PLLISAIN <432
000000000: PLLISAIN = 0, wrong configuration
000000001: PLLISAIN = 1, wrong configuration

000110010: PLLISAIN = 50

001100011: PLLISAIN =99

001100100: PLLISAIN =100
001100101: PLLISAIN = 101
001100110: PLLISAIN =102

110110000: PLLISAIN = 432
110110001: PLLISAIN = 433, wrong configuration

111111111: PLLISAIN = 511, wrong configuration

Note: Muiltiplication factors ranging from 50 and 99 are possible for VCO input frequency
higher than 1 MHz. However care must be taken that the minimum VCO output
frequency respects the value specified above.

Bits 5:0 Reserved, must be kept at reset value

6.3.25 RCC Dedicated Clock Configuration Register (RCC_DCKCFGR)
Address offset: 0x8C
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
The RCC_DCKCFGR register allows to configure the timer clock prescalers and the PLLSAI
and PLLI2S output clock dividers for SAI1 and LTDC peripherals according to the following
formula:
fPLLSAIDIVQ clock output) = f(PLLSAI Q) / PLLSAIDIVQ
f(PLLSAIDIVR clock output) = fPLLSAI_R)/ PLLSAIDIVR
f(pLLIZSDIVQ clock output) = fPLLI2S q) / PLLI2ZSDIVQ
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIMPRE | SAIBSRC SAIASRC PLLSAIDIVR
Reserved Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLLSAIDIVQ PLLS2DIVQ
Reserved Reserved
Kys RMO0090 Rev 21 209/1757
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Bits 31:25 Reserved, must be kept at reset value.

Bit 24 TIMPRE: Timers clocks prescalers selection
This bit is set and reset by software to control the clock frequency of all the timers connected
to APB1 and APB2 domain.

0: If the APB prescaler (PPRE1, PPRE2 in the RCC_CFGR register) is configured to a
division factor of 1, TIMXCLK = PCLKx. Otherwise, the timer clock frequencies are set to
twice to the frequency of the APB domain to which the timers are connected:

TIMxCLK = 2xPCLKXx.

1:1f the APB prescaler (PPRE1, PPRE2 in the RCC_CFGR register) is configured to a
division factor of 1, 2 or 4, TIMXxCLK = HCLK. Otherwise, the timer clock frequencies are set
to four times to the frequency of the APB domain to which the timers are connected:
TIMXCLK = 4xPCLKXx.

Bits 23:22 SAIM1BSRC: SAI1-B clock source selection
These bits are set and cleared by software to control the SAI1-B clock frequency.
They should be written when the PLLSAI and PLLI2S are disabled.
00: SAI1-B clock frequency = f(PLLSAI_Q) / PLLSAIDIVQ
01: SAI1-B clock frequency = f(PLLI2S_Q) / PLLI2SDIVQ
10: SAI1-B clock frequency = Alternate function input frequency
11: wrong configuration

Bits 21:20 SAI1ASRC: SAI1-A clock source selection
These bits are set and cleared by software to control the SAI1-A clock frequency.
They should be written when the PLLSAI and PLLI2S are disabled.
00: SAI1-A clock frequency = f(PLLSAI_Q) / PLLSAIDIVQ
01: SAI1-A clock frequency = f(PLLI2S_Q) / PLLI2SDIVQ
10: SAI1-A clock frequency = Alternate function input frequency
11: wrong configuration

Bits 19: 18 Reserved, must be kept at reset value.

Bits 17:16 PLLSAIDIVR: division factor for LCD_CLK
These bits are set and cleared by software to control the frequency of LCD_CLK.
They should be written only if PLLSAI is disabled.
LCD_CLK frequency = f(PLLSAI_R) / PLLSAIDIVR with 2 <PLLSAIDIVR <16
00: PLLSAIDIVR = /2
01: PLLSAIDIVR = /4
10: PLLSAIDIVR = /8
11: PLLSAIDIVR = /16

Bits 15: 13 Reserved, must be kept at reset value.
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00000: PLLSAIDIVQ =/1
00001: PLLSAIDIVQ = /2
00010: PLLSAIDIVQ =/3
00011: PLLSAIDIVQ = /4
00100: PLLSAIDIVQ = /5

11111: PLLSAIDIVQ = /32

00000: PLLI2SDIVQ = /1
00001: PLLI2SDIVQ = /2
00010: PLLI2SDIVQ = /3
00011: PLLI2SDIVQ = /4
00100: PLLI2SDIVQ = /5

11111: PLLI2SDIVQ = /32

Bits 12:8 PLLSAIDIVQ: PLLSAI division factor for SAI1 clock
These bits are set and reset by software to control the SAI1 clock frequency.
They should be written only if PLLSAI is disabled.
SAI1 clock frequency = f(PLLSAI_Q) / PLLSAIDIVQ with 1 PLLSAIDIVQ <31

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

Bits 4:0 PLLI2SDIVQ: PLLI2S division factor for SAI1 clock

These bits are set and reset by software to control the SAI1 clock frequency.
They should be written only if PLLI2S is disabled.

SAI1 clock frequency = f(PLLI2S_Q) / PLLI2SDIVQ with 1 <= PLLI2SDIVQ <= 31
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RCC register map

6.3.26

Table 34 gives the register map and reset values.

Table 34. RCC register map and reset values for STM32F42xxx and STM32F43xxx
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Table 34. RCC register map and reset values for STM32F42xxx and STM32F43xxx (continued)

RM0090
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Table 34. RCC register map and reset values for STM32F42xxx and STM32F43xxx (continued)

Addr. | Register bl L= = AN A A A R N = R A R e A A e R N A =R R P ~ o< |m o= |lo
offset name [0 [N [N |ON [N [N [N [N [N [N [N | | = e = | | | [ e
w |
= |= |-'|_- [T TR [T TS
RCCCSRQQE@"Zﬁzgﬁzg E%
0x74 — |9 |o|E |z ZIF = Reserved 5
slzlelx(o|s|o|® g
5 = 2 |0 |ad | @
Resetvalue [O[O0 [0 [0 [T [ T[T [1 010
Ox78 Reserved Reserved
Ox/7C Reserved Reserved
I
312] 3
RCC_SSCGR|Q |< | 2 INCSTEP MODPER
0x80 Oly| &
0N 7]
Resetvalue |0 [ 0 UJUOJO0JO0J0J0OJOJOJOJO0J0J0[0[0OJOU[O0OJ0OJ0J0J0OJ0OJOJOJO0O[0[0[0]0
RCC 9
=~ | @ |PLLI2SRx| PLLI2SQ PLLI2SNx
oxg4 |PLLI2SCFGR| g ResEnEd Reserved
Resetvalue§0‘1‘0 0‘1 0‘0 0‘1‘1‘0‘0‘0‘0‘0‘0
o g p4
RCC_ 8] = 2 g 2 E
0x88 |PLLSAICFGR|S | 94 4 & @ &
(2] - ) (2} — (2]
D o o (] o [0}
Resetvalue X [UJT[O0[0[T[0[0 x UO[T[T[0U[O0]0 U0 x
[id
o o <
wil o (&) o =
RCC_ 2| @ @ o a
0x8C DCKCFGR Reserved % g g E % Reserved [0 | 0] 0|0 Reserved | FPLLI2SDIVQ
E| < < 3 2
%) %) x g
Reset value U[0J0[0]0 U0 U[0[0]0 UJUJOJO0]O
Refer to Section 2.3: Memory map for the register boundary addresses.
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71 Reset

There are three types of reset, defined as system Reset, power Reset and backup domain
Reset.

711 System reset

A system reset sets all registers to their reset values unless specified otherwise in the
register description (see Figure 9).

A system reset is generated when one of the following events occurs:

1.  Alow level on the NRST pin (external reset)

Window watchdog end of count condition (WWDG reset)

Independent watchdog end of count condition (IWDG reset)

A software reset (SW reset) (see Software reset)

Low-power management reset (see Low-power management reset)

o b

Software reset

The reset source can be identified by checking the reset flags in the RCC clock control &
status register (RCC_CSR).

The SYSRESETREQ bit in Cortex®-M4 with FPU Application Interrupt and Reset Control
Register must be set to force a software reset on the device. Refer to the Cortex®-M4 with
FPU technical reference manual for more details.

3
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Low-power management reset

There are two ways of generating a low-power management reset:
1. Reset generated when entering the Standby mode:

This type of reset is enabled by resetting the nRST_STDBY bit in the user option bytes.
In this case, whenever a Standby mode entry sequence is successfully executed, the
device is reset instead of entering the Standby mode.

2. Reset when entering the Stop mode:

This type of reset is enabled by resetting the nRST_STOP bit in the user option bytes.
In this case, whenever a Stop mode entry sequence is successfully executed, the
device is reset instead of entering the Stop mode.

Power reset

A power reset is generated when one of the following events occurs:
1. Power-on/power-down reset (POR/PDR reset) or brownout (BOR) reset
2. When exiting the Standby mode

A power reset sets all registers to their reset values except the Backup domain (see
Figure 9)

These sources act on the NRST pin and it is always kept low during the delay phase. The
RESET service routine vector is fixed at address 0x0000_0004 in the memory map.

The system reset signal provided to the device is output on the NRST pin. The pulse
generator guarantees a minimum reset pulse duration of 20 us for each internal reset
source. In case of an external reset, the reset pulse is generated while the NRST pin is
asserted low.

Figure 20. Simplified diagram of the reset circuit

Voo/Voba
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o % |

External ) R

reset Filter » System reset
NRST

Pulse ﬁ— WWDG reset
|4— generator ——— IWDG reset
. Power reset
(min 20 ps) Software reset
Low-power management reset

ai16095¢

The Backup domain has two specific resets that affect only the Backup domain (see
Figure 9).

Backup domain reset

The backup domain reset sets all RTC registers, the RCC_BDCR register, and the BRE bit
of the PWR_CSR register to their reset values. The BKPSRAM is not affected by this reset.
The only way of resetting the BKPSRAM is through the Flash interface by requesting a
protection level change from 1 to 0.
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A backup domain reset is generated when one of the following events occurs:
1. Software reset, triggered by setting the BDRST bit in the RCC Backup domain control
register (RCC_BDCR).
2. Vpp or Vgat power on, if both supplies have previously been powered off.
Note: The DBP bit of the PWR_CR register must be set to generate a backup domain reset.
7.2 Clocks

3

Three different clock sources can be used to drive the system clock (SYSCLK):
e  HSI oscillator clock

e  HSE oscillator clock

e  Main PLL (PLL) clock

The devices have the two following secondary clock sources:

e 32 kHz low-speed internal RC (LS| RC) which drives the independent watchdog and,
optionally, the RTC used for Auto-wakeup from the Stop/Standby mode.

e 32.768 kHz low-speed external crystal (LSE crystal) which optionally drives the RTC
clock (RTCCLK)

Each clock source can be switched on or off independently when it is not used, to optimize
power consumption.
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Figure 21. Clock tree
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1. For full details about the internal and external clock source characteristics, refer to the Electrical characteristics section in
the device datasheet.
The clock controller provides a high degree of flexibility to the application in the choice of the
external crystal or the oscillator to run the core and peripherals at the highest frequency
and, guarantee the appropriate frequency for peripherals that need a specific clock like
Ethernet, USB OTG FS and HS, I12S and SDIO.
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Several prescalers are used to configure the AHB frequency, the high-speed APB (APB2)
and the low-speed APB (APB1) domains. The maximum frequency of the AHB domain is
168 MHz. The maximum allowed frequency of the high-speed APB2 domain is 84 MHz. The
maximum allowed frequency of the low-speed APB1 domain is 42 MHz
All peripheral clocks are derived from the system clock (SYSCLK) except for:

e The USB OTG FS clock (48 MHz), the random analog generator (RNG) clock
(48 MHz) and the SDIO clock (48 MHz) which are coming from a specific output of
PLL (PLL48CLK)

e The I2S clock
To achieve high-quality audio performance, the 12S clock can be derived either from a
specific PLL (PLLI2S) or from an external clock mapped on the 12S_CKIN pin. For
more information about 12S clock frequency and precision, refer to Section 28.4.4:
Clock generator.

e The USB OTG HS (60 MHz) clock which is provided from the external PHY

e  The Ethernet MAC clocks (TX, RX and RMII) which are provided from the external
PHY. For further information on the Ethernet configuration, please refer to
Section 33.4.4: MII/RMII selection in the Ethernet peripheral description. When the
Ethernet is used, the AHB clock frequency must be at least 25 MHz.

The RCC feeds the external clock of the Cortex System Timer (SysTick) with the AHB clock

(HCLK) divided by 8. The SysTick can work either with this clock or with the Cortex clock

(HCLK), configurable in the SysTick control and status register.

The timer clock frequencies are automatically set by hardware. There are two cases:

1. If the APB prescaler is 1, the timer clock frequencies are set to the same frequency as
that of the APB domain to which the timers are connected.

2. Otherwise, they are set to twice (x2) the frequency of the APB domain to which the
timers are connected.

FCLK acts as Cortex®-M4 with FPU free-running clock. For more details, refer to the

Cortex®-M4 with FPU technical reference manual.

7.21 HSE clock

3

The high speed external clock signal (HSE) can be generated from two possible clock
sources:

e  HSE external crystal/ceramic resonator
e  HSE external user clock
The resonator and the load capacitors have to be placed as close as possible to the

oscillator pins in order to minimize output distortion and startup stabilization time. The
loading capacitance values must be adjusted according to the selected oscillator.
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7.2.2
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Figure 22. HSE/ LSE clock sources
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In this mode, an external clock source must be provided. You select this mode by setting the
HSEBYP and HSEON bits in the RCC clock control register (RCC_CR). The external clock
signal (square, sinus or triangle) with ~50% duty cycle has to drive the OSC_IN pin while the
OSC_OUT pin should be left HI-Z. See Figure 22.

External crystal/ceramic resonator (HSE crystal)
The HSE has the advantage of producing a very accurate rate on the main clock.

The associated hardware configuration is shown in Figure 22. Refer to the electrical
characteristics section of the datasheet for more details.

The HSERDY flag in the RCC clock control register (RCC_CR) indicates if the high-speed
external oscillator is stable or not. At startup, the clock is not released until this bit is set by
hardware. An interrupt can be generated if enabled in the RCC clock interrupt register
(RCC_CIR).

The HSE Crystal can be switched on and off using the HSEON bit in the RCC clock control
register (RCC_CR).

HSI clock

The HSI clock signal is generated from an internal 16 MHz RC oscillator and can be used
directly as a system clock, or used as PLL input.

The HSI RC oscillator has the advantage of providing a clock source at low cost (no external
components). It also has a faster startup time than the HSE crystal oscillator however, even
with calibration the frequency is less accurate than an external crystal oscillator or ceramic
resonator.
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7.2.3

7.2.4

3

Calibration

RC oscillator frequencies can vary from one chip to another due to manufacturing process
variations, this is why each device is factory calibrated by ST for 1% accuracy at Tp= 25 °C.

After reset, the factory calibration value is loaded in the HSICAL[7:0] bits in the RCC clock
control register (RCC_CR).

If the application is subject to voltage or temperature variations this may affect the RC
oscillator speed. You can trim the HSI frequency in the application using the HSITRIM[4:0]
bits in the RCC clock control register (RCC_CR).

The HSIRDY flag in the RCC clock control register (RCC_CR) indicates if the HSI RC is
stable or not. At startup, the HSI RC output clock is not released until this bit is set by
hardware.

The HSI RC can be switched on and off using the HSION bit in the RCC clock control
register (RCC_CR).

The HSI signal can also be used as a backup source (Auxiliary clock) if the HSE crystal
oscillator fails. Refer to Section 7.2.7: Clock security system (CSS) on page 222.

PLL configuration

The STM32F4xx devices feature two PLLs:

e Amain PLL (PLL) clocked by the HSE or HSI oscillator and featuring two different
output clocks:

—  The first output is used to generate the high speed system clock (up to 168 MHz)

—  The second output is used to generate the clock for the USB OTG FS (48 MHz),
the random analog generator (48 MHz) and the SDIO (<48 MHz).

e Adedicated PLL (PLLI2S) used to generate an accurate clock to achieve high-quality
audio performance on the 12S interface.

Since the main-PLL configuration parameters cannot be changed once PLL is enabled, it is
recommended to configure PLL before enabling it (selection of the HSI or HSE oscillator as
PLL clock source, and configuration of division factors M, N, P, and Q).

The PLLI2S uses the same input clock as PLL (PLLM[5:0] and PLLSRC bits are common to
both PLLs). However, the PLLI2S has dedicated enable/disable and division factors (N and
R) configuration bits. Once the PLLI2S is enabled, the configuration parameters cannot be
changed.

The two PLLs are disabled by hardware when entering Stop and Standby modes, or when
an HSE failure occurs when HSE or PLL (clocked by HSE) are used as system clock. RCC
PLL configuration register (RCC_PLLCFGR) and RCC clock configuration register
(RCC_CFGR) can be used to configure PLL and PLLI2S, respectively.

LSE clock

The LSE clock is generated from a 32.768 kHz low-speed external crystal or ceramic
resonator. It has the advantage providing a low-power but highly accurate clock source to
the real-time clock peripheral (RTC) for clock/calendar or other timing functions.

The LSE oscillator is switched on and off using the LSEON bit in RCC Backup domain
control register (RCC_BDCR).
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The LSERDY flag in the RCC Backup domain control register (RCC_BDCR) indicates if the
LSE crystal is stable or not. At startup, the LSE crystal output clock signal is not released
until this bit is set by hardware. An interrupt can be generated if enabled in the RCC clock
interrupt register (RCC_CIR).

External source (LSE bypass)

In this mode, an external clock source must be provided. It must have a frequency up to

1 MHz. You select this mode by setting the LSEBYP and LSEON bits in the RCC Backup
domain control register (RCC_BDCR). The external clock signal (square, sinus or triangle)
with ~50% duty cycle has to drive the OSC32_IN pin while the OSC32_OUT pin should be
left HI-Z. See Figure 22.

7.2.5 LSI clock

The LSI RC acts as an low-power clock source that can be kept running in Stop and
Standby mode for the independent watchdog (IWDG) and Auto-wakeup unit (AWU). The
clock frequency is around 32 kHz. For more details, refer to the electrical characteristics
section of the datasheets.

The LSI RC can be switched on and off using the LSION bit in the RCC clock control &
status register (RCC_CSR).

The LSIRDY flag in the RCC clock control & status register (RCC_CSR) indicates if the low-
speed internal oscillator is stable or not. At startup, the clock is not released until this bit is
set by hardware. An interrupt can be generated if enabled in the RCC clock interrupt register
(RCC_CIR).

7.2.6 System clock (SYSCLK) selection

After a system reset, the HSI oscillator is selected as the system clock. When a clock source
is used directly or through PLL as the system clock, it is not possible to stop it.

A switch from one clock source to another occurs only if the target clock source is ready
(clock stable after startup delay or PLL locked). If a clock source that is not yet ready is
selected, the switch occurs when the clock source is ready. Status bits in the RCC clock
control register (RCC_CR) indicate which clock(s) is (are) ready and which clock is currently
used as the system clock.

7.2.7 Clock security system (CSS)

The clock security system can be activated by software. In this case, the clock detector is
enabled after the HSE oscillator startup delay, and disabled when this oscillator is stopped.

If a failure is detected on the HSE clock, this oscillator is automatically disabled, a clock
failure event is sent to the break inputs of advanced-control timers TIM1 and TIM8, and an
interrupt is generated to inform the software about the failure (clock security system
interrupt CSSI), allowing the MCU to perform rescue operations. The CSSl is linked to the
Cortex®-M4 with FPU NMI (non-maskable interrupt) exception vector.

Note: When the CSS is enabled, if the HSE clock happens to fail, the CSS generates an interrupt,
which causes the automatic generation of an NMI. The NMI is executed indefinitely unless
the CSS interrupt pending bit is cleared. As a consequence, the application has to clear the
CSS interrupt in the NMI ISR by setting the CSSC bit in the Clock interrupt register
(RCC_CIR).
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7.2.8

Note:

7.2.9

3

If the HSE oscillator is used directly or indirectly as the system clock (indirectly meaning that
it is directly used as PLL input clock, and that PLL clock is the system clock) and a failure is
detected, then the system clock switches to the HSI oscillator and the HSE oscillator is
disabled.

If the HSE oscillator clock was the clock source of PLL used as the system clock when the
failure occurred, PLL is also disabled. In this case, if the PLLI2S was enabled, it is also
disabled when the HSE fails.

RTC/AWU clock

Once the RTCCLK clock source has been selected, the only possible way of modifying the
selection is to reset the power domain.

The RTCCLK clock source can be either the HSE 1 MHz (HSE divided by a programmable
prescaler), the LSE or the LSI clock. This is selected by programming the RTCSEL[1:0] bits
in the RCC Backup domain control register (RCC_BDCR) and the RTCPRE[4:0] bits in RCC
clock configuration register (RCC_CFGR). This selection cannot be modified without
resetting the Backup domain.

If the LSE is selected as the RTC clock, the RTC operates normally if the backup or the
system supply disappears. If the LSI is selected as the AWU clock, the AWU state is not
guaranteed if the system supply disappears. If the HSE oscillator divided by a value
between 2 and 31 is used as the RTC clock, the RTC state is not guaranteed if the backup
or the system supply disappears.

The LSE clock is in the Backup domain, whereas the HSE and LSI clocks are not. As a
consequence:
e IfLSE is selected as the RTC clock:
— The RTC continues to work even if the Vpp supply is switched off, provided the
Vpgat supply is maintained.
e IfLSlis selected as the Auto-wakeup unit (AWU) clock:
— The AWU state is not guaranteed if the Vpp supply is powered off. Refer to
Section 7.2.5: LS| clock on page 222 for more details on LSI calibration.
e |fthe HSE clock is used as the RTC clock:

— The RTC state is not guaranteed if the Vpp supply is powered off or if the internal
voltage regulator is powered off (removing power from the 1.2 V domain).

To read the RTC calendar register when the APB1 clock frequency is less than seven times
the RTC clock frequency (fapgs < 7Xfr1cLck), the software must read the calendar time and
date registers twice. The data are correct if the second read access to RTC_TR gives the
same result than the first one. Otherwise a third read access must be performed.

Watchdog clock

If the independent watchdog (IWDG) is started by either hardware option or software
access, the LSl oscillator is forced ON and cannot be disabled. After the LSI oscillator
temporization, the clock is provided to the IWDG.
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7.2.10

7.2.11
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Clock-out capability

Two microcontroller clock output (MCO) pins are available:
e MCO1

You can output four different clock sources onto the MCO1 pin (PA8) using the
configurable prescaler (from 1 to 5):

— HSlclock
—  LSE clock
—  HSE clock
—  PLL clock
The desired clock source is selected using the MCO1PRE[2:0] and MCO1[1:0] bits in
the RCC clock configuration register (RCC_CFGR).
e MCO2
You can output four different clock sources onto the MCO2 pin (PC9) using the
configurable prescaler (from 1 to 5):
—  HSE clock
—  PLL clock
—  System clock (SYSCLK)
—  PLLI2S clock

The desired clock source is selected using the MCO2PRE[2:0] and MCQO2 bits in the
RCC clock configuration register (RCC_CFGR).

For the different MCO pins, the corresponding GPIO port has to be programmed in alternate
function mode.

The selected clock to output onto MCO must not exceed 100 MHz (the maximum 1/O
speed).

Internal/external clock measurement using TIM5/TIM11

It is possible to indirectly measure the frequencies of all on-board clock source generators
by means of the input capture of TIM5 channel4 and TIM11 channel1 as shown in Figure 23
and Figure 24.

Internal/external clock measurement using TIM5 channel4

TIM5 has an input multiplexer which allows choosing whether the input capture is triggered
by the 1/0 or by an internal clock. This selection is performed through the TI4_RMP [1:0] bits
in the TIM5_OR register.

The primary purpose of having the LSE connected to the channel4 input capture is to be
able to precisely measure the HSI (this requires to have the HSI used as the system clock
source). The number of HSI clock counts between consecutive edges of the LSE signal
provides a measurement of the internal clock period. Taking advantage of the high precision
of LSE crystals (typically a few tens of ppm) we can determine the internal clock frequency
with the same resolution, and trim the source to compensate for manufacturing-process
and/or temperature- and voltage-related frequency deviations.

The HSI oscillator has dedicated, user-accessible calibration bits for this purpose.

3
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The basic concept consists in providing a relative measurement (e.g. HSI/LSE ratio): the
precision is therefore tightly linked to the ratio between the two clock sources. The greater
the ratio, the better the measurement.

It is also possible to measure the LSI frequency: this is useful for applications that do not
have a crystal. The ultralow-power LS| oscillator has a large manufacturing process
deviation: by measuring it versus the HSI clock source, it is possible to determine its
frequency with the precision of the HSI. The measured value can be used to have more
accurate RTC time base timeouts (when LSl is used as the RTC clock source) and/or an
IWDG timeout with an acceptable accuracy.

Use the following procedure to measure the LSI frequency:

1. Enable the TIM5 timer and configure channel4 in Input capture mode.

2. Setthe TI4_RMP bits in the TIM5_OR register to 0x01 to connect the LSI clock
internally to TIM5 channel4 input capture for calibration purposes.

3. Measure the LSI clock frequency using the TIM5 capture/compare 4 event or interrupt.

4. Use the measured LSI frequency to update the prescaler of the RTC depending on the
desired time base and/or to compute the IWDG timeout.

Figure 23. Frequency measurement with TIM5 in Input capture mode
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Internal/external clock measurement using TIM11 channel1

TIM11 has an input multiplexer which allows choosing whether the input capture is triggered
by the 1/0 or by an internal clock. This selection is performed through TI1_RMP [1:0] bits in
the TIM11_OR register. The HSE_RTC clock (HSE divided by a programmable prescaler) is
connected to channel 1 input capture to have a rough indication of the external crystal
frequency. This requires that the HSI is the system clock source. This can be useful for
instance to ensure compliance with the IEC 60730/IEC 61335 standards which require to be
able to determine harmonic or subharmonic frequencies (—50/+100% deviations).

Figure 24. Frequency measurement with TIM11 in Input capture mode
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7.3 RCC registers

Refer to Section 1.1: List of abbreviations for registers for a list of abbreviations used in
register descriptions.

7.31 RCC clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 XX83 where X is undefined.

Access: no wait state, word, half-word and byte access

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLLI2S | PLLI2S | PLLRD | b | o CSS | HSE | HSE | HSE

Reserved RDY | ON Y Reserved ON | BYP | RDY | ON

r w r w w w r w

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

. , HsI

HSICAL[7:0] HSITRIM[4:0] ces. | ROY | HSION

r | r | r | r | r | r | r | r w | w | w | w | w r w

Bits 31:28 Reserved, must be kept at reset value.

Bit 27 PLLI2SRDY: PLLI2S clock ready flag
Set by hardware to indicate that the PLLI2S is locked.

0: PLLI2S unlocked
1: PLLI2S locked

Bit 26 PLLI2SON: PLLI2S enable
Set and cleared by software to enable PLLI2S.
Cleared by hardware when entering Stop or Standby mode.
0: PLLI2S OFF
1: PLLI2S ON

Bit 25 PLLRDY: Main PLL (PLL) clock ready flag
Set by hardware to indicate that PLL is locked.

0: PLL unlocked
1: PLL locked

Bit 24 PLLON: Main PLL (PLL) enable
Set and cleared by software to enable PLL.
Cleared by hardware when entering Stop or Standby mode. This bit cannot be reset if PLL
clock is used as the system clock.
0: PLL OFF
1: PLL ON

Bits 23:20 Reserved, must be kept at reset value.

Bit 19 CSSON: Clock security system enable
Set and cleared by software to enable the clock security system. When CSSON is set, the
clock detector is enabled by hardware when the HSE oscillator is ready, and disabled by
hardware if an oscillator failure is detected.
0: Clock security system OFF (Clock detector OFF)
1: Clock security system ON (Clock detector ON if HSE oscillator is stable, OFF if not)
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Bit 18

Bit 17

Bit 16

Bits 15:8

Bits 7:3

Bit 2
Bit 1

Bit 0

HSEBYP: HSE clock bypass

Set and cleared by software to bypass the oscillator with an external clock. The external
clock must be enabled with the HSEON bit, to be used by the device.

The HSEBYP bit can be written only if the HSE oscillator is disabled.

0: HSE oscillator not bypassed

1: HSE oscillator bypassed with an external clock

HSERDY: HSE clock ready flag
Set by hardware to indicate that the HSE oscillator is stable. After the HSEON bit is cleared,
HSERDY goes low after 6 HSE oscillator clock cycles.
0: HSE oscillator not ready
1: HSE oscillator ready

HSEON: HSE clock enable
Set and cleared by software.
Cleared by hardware to stop the HSE oscillator when entering Stop or Standby mode. This
bit cannot be reset if the HSE oscillator is used directly or indirectly as the system clock.
0: HSE oscillator OFF
1: HSE oscillator ON

HSICAL[7:0]: Internal high-speed clock calibration
These bits are initialized automatically at startup.

HSITRIM[4:0]: Internal high-speed clock trimming
These bits provide an additional user-programmable trimming value that is added to the
HSICAL[7:0] bits. It can be programmed to adjust to variations in voltage and temperature
that influence the frequency of the internal HSI RC.

Reserved, must be kept at reset value.

HSIRDY: Internal high-speed clock ready flag
Set by hardware to indicate that the HSI oscillator is stable. After the HSION bit is cleared,
HSIRDY goes low after 6 HSI clock cycles.
0: HSI oscillator not ready
1: HSI oscillator ready

HSION: Internal high-speed clock enable
Set and cleared by software.
Set by hardware to force the HSI oscillator ON when leaving the Stop or Standby mode or in
case of a failure of the HSE oscillator used directly or indirectly as the system clock. This bit
cannot be cleared if the HSI is used directly or indirectly as the system clock.
0: HSI oscillator OFF
1: HSI oscillator ON
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7.3.2 RCC PLL configuration register (RCC_PLLCFGR)
Address offset: 0x04
Reset value: 0x2400 3010
Access: no wait state, word, half-word and byte access.

This register is used to configure the PLL clock outputs according to the formulas:

e frvco clock) = f(PLL clock inputy X (PLLN / PLLM)
*  fpLL general clock output) = fvco clock) / PLLP
* fusB 0TG Fs, SDIO, RNG clock output) = f(vco clock) / PLLQ

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLLQ3 | PLLQ2 | PLLQ1 | PLLQO | Resery PLI(‘:SR PLLP1 | PLLPO
Reserved od Reserved
w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserv PLLN PLLM5 | PLLM4 | PLLM3 | PLLM2 | PLLM1 | PLLMO
ed w | rw ‘ w ‘ w ‘ w | w | w | w ‘ w w w w rw w w

Bits 31:28 Reserved, must be kept at reset value.

Bits 27:24 PLLQ: Main PLL (PLL) division factor for USB OTG FS, SDIO and random number generator
clocks

Set and cleared by software to control the frequency of USB OTG FS clock, the random
number generator clock and the SDIO clock. These bits should be written only if PLL is
disabled.

Caution: The USB OTG FS requires a 48 MHz clock to work correctly. The SDIO and the
random number generator need a frequency lower than or equal to 48 MHz to work
correctly.

USB OTG FS clock frequency = VCO frequency / PLLQ with 2 <PLLQ <15
0000: PLLQ = 0, wrong configuration

0001: PLLQ = 1, wrong configuration

0010: PLLQ =2

0011: PLLQ =3

0100: PLLQ =4

1111: PLLQ =15
Bit 23 Reserved, must be kept at reset value.

Bit 22 PLLSRC: Main PLL(PLL) and audio PLL (PLLI2S) entry clock source

Set and cleared by software to select PLL and PLLI2S clock source. This bit can be written
only when PLL and PLLI2S are disabled.

0: HSI clock selected as PLL and PLLI2S clock entry

1: HSE oscillator clock selected as PLL and PLLI2S clock entry

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

3
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Bits 17:16 PLLP: Main PLL (PLL) division factor for main system clock

Set and cleared by software to control the frequency of the general PLL output clock. These
bits can be written only if PLL is disabled.

Caution: The software has to set these bits correctly not to exceed 168 MHz on this domain.
PLL output clock frequency = VCO frequency / PLLP with PLLP =2, 4, 6, or 8
00: PLLP =2
01: PLLP =4
10: PLLP =6
11: PLLP =8

Bits 14:6 PLLN: Main PLL (PLL) multiplication factor for VCO
Set and cleared by software to control the multiplication factor of the VCO. These bits can
be written only when PLL is disabled. Only half-word and word accesses are allowed to
write these bits.

Caution: The software has to set these bits correctly to ensure that the VCO output
frequency is between 100 and 432 MHz.
VCO output frequency = VCO input frequency x PLLN with 50 <PLLN <432
000000000: PLLN = 0, wrong configuration
000000001: PLLN = 1, wrong configuration

000110010: PLLN =50

001100011: PLLN =99
001100100: PLLN =100

110110000: PLLN =432
110110001: PLLN = 433, wrong configuration

111111111: PLLN = 511, wrong configuration
Note: Multiplication factors ranging from 50 and 99 are possible for VCO input frequency
higher than 1 MHz. However care must be taken that the minimum VCO output
frequency respects the value specified above.

Bits 5:0 PLLM: Division factor for the main PLL (PLL) and audio PLL (PLLI2S) input clock

Set and cleared by software to divide the PLL and PLLI2S input clock before the VCO.
These bits can be written only when the PLL and PLLI2S are disabled.

Caution: The software has to set these bits correctly to ensure that the VCO input frequency

ranges from 1 to 2 MHz. It is recommended to select a frequency of 2 MHz to limit
PLL jitter.

VCO input frequency = PLL input clock frequency / PLLM with 2 <PLLM <63

000000: PLLM = 0, wrong configuration

000001: PLLM = 1, wrong configuration

000010: PLLM =2

000011: PLLM =3

000100: PLLM = 4

111110: PLLM = 62
111111: PLLM = 63
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7.3.3 RCC clock configuration register (RCC_CFGR)
Address offset: 0x08
Reset value: 0x0000 0000
Access: 0 <wait state <2, word, half-word and byte access

1 or 2 wait states inserted only if the access occurs during a clock source switch.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
. . 128SC .
MCO2 MCO2 PRE[2:0] MCO1 PRE[2:0] R MCO1 RTCPRE[4:0]
w | rw ‘ w ‘ w w | w | rw rw rw ‘ w | w | w ‘ w ‘ w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PPREZ2[2:0] PPRE1[2:0] HPRE[3:0] SWS1 | SWS0 | SW1 SWO0
Reserved
w | w | rw w ‘ w ‘ w rw ‘ w ‘ w ‘ w r r w w

Bits 31:30 MCO2[1:0]: Microcontroller clock output 2

Set and cleared by software. Clock source selection may generate glitches on MCO2. It is
highly recommended to configure these bits only after reset before enabling the external
oscillators and the PLLs.

00: System clock (SYSCLK) selected

01: PLLI2S clock selected

10: HSE oscillator clock selected

11: PLL clock selected

Bits 27:29 MCO2PRE: MCO2 prescaler

Set and cleared by software to configure the prescaler of the MCO2. Modification of this
prescaler may generate glitches on MCO2. It is highly recommended to change this
prescaler only after reset before enabling the external oscillators and the PLLs.

Oxx: no division

100: division by 2

101: division by 3

110: division by 4

111: division by 5

Bits 24:26 MCO1PRE: MCO1 prescaler

Set and cleared by software to configure the prescaler of the MCO1. Modification of this
prescaler may generate glitches on MCO1. It is highly recommended to change this
prescaler only after reset before enabling the external oscillators and the PLL.

Oxx: no division

100: division by 2

101: division by 3

110: division by 4

111: division by 5

Bit 23 12SSRC: 12S clock selection

Set and cleared by software. This bit allows to select the 12S clock source between the
PLLI2S clock and the external clock. It is highly recommended to change this bit only after
reset and before enabling the 12S module.

0: PLLI2S clock used as I12S clock source
1: External clock mapped on the 12S_CKIN pin used as 12S clock source
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Bits 22:21 MCO1: Microcontroller clock output 1

Set and cleared by software. Clock source selection may generate glitches on MCO1. It is
highly recommended to configure these bits only after reset before enabling the external
oscillators and PLL.

00: HSI clock selected

01: LSE oscillator selected

10: HSE oscillator clock selected

11: PLL clock selected

Bits 20:16 RTCPRE: HSE division factor for RTC clock

Set and cleared by software to divide the HSE clock input clock to generate a 1 MHz clock
for RTC.

Caution: The software has to set these bits correctly to ensure that the clock supplied to the
RTC is 1 MHz. These bits must be configured if needed before selecting the RTC
clock source.

00000: no clock
00001: no clock
00010: HSE/2
00011: HSE/3
00100: HSE/4

11110: HSE/30
11111: HSE/31

Bits 15:13 PPRE2: APB high-speed prescaler (APB2)
Set and cleared by software to control APB high-speed clock division factor.

Caution: The software has to set these bits correctly not to exceed 84 MHz on this domain.

The clocks are divided with the new prescaler factor from 1 to 16 AHB cycles after
PPRE2 write.

Oxx: AHB clock not divided

100: AHB clock divided by 2

101: AHB clock divided by 4

110: AHB clock divided by 8

111: AHB clock divided by 16

Bits 12:10 PPRE1: APB Low speed prescaler (APB1)
Set and cleared by software to control APB low-speed clock division factor.

Caution: The software has to set these bits correctly not to exceed 42 MHz on this domain.

The clocks are divided with the new prescaler factor from 1 to 16 AHB cycles after
PPRE1 write.

Oxx: AHB clock not divided

100: AHB clock divided by 2

101: AHB clock divided by 4

110: AHB clock divided by 8

111: AHB clock divided by 16

Bits 9:8 Reserved, must be kept at reset value.
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Bits 7:4 HPRE: AHB prescaler

Set and cleared by software to control AHB clock division factor.

Caution: The clocks are divided with the new prescaler factor from 1 to 16 AHB cycles after

HPRE write.

Caution: The AHB clock frequency must be at least 25 MHz when the Ethernet is used.

Oxxx: system clock not divided
1000: system clock divided by 2
1001: system clock divided by 4
1010: system clock divided by 8
1011: system clock divided by 16
1100: system clock divided by 64
1101: system clock divided by 128
1110: system clock divided by 256
1111: system clock divided by 512

Bits 3:2 SWS: System clock switch status

Set and cleared by hardware to indicate which clock source is used as the system clock.
00: HSI oscillator used as the system clock

01: HSE oscillator used as the system clock

10: PLL used as the system clock

11: not applicable

Bits 1:0 SW: System clock switch

Set and cleared by software to select the system clock source.

Set by hardware to force the HSI selection when leaving the Stop or Standby mode or in
case of failure of the HSE oscillator used directly or indirectly as the system clock.

00: HSI oscillator selected as system clock

01: HSE oscillator selected as system clock

10: PLL selected as system clock

11: not allowed

734 RCC clock interrupt register (RCC_CIR)
Address offset: 0x0C
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
cssc PLLI2S | PLL HSE HSI LSE LSI
Reserved Re:derv RDYC | RDYC | RDYC | RDYC | RDYC | RDYC
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLLI2S | PLL HSE HSI LSE LSI CSSF PLLI2S | PLL HSE HSI LSE LSI
Reserved RDYIE | RDYIE | RDYIE | RDYIE | RDYIE | RDYIE RBS(;%W RDYF | RDYF | RDYF | RDYF | RDYF | RDYF
el
w w w rw w rw r r r r r r r

232/1757
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Bits 31:24
Bit 23

Bits 22
Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16

Bits 15:12
Bit 13

Bit 12

Bit 11

3

Reserved, must be kept at reset value.

CSSC: Clock security system interrupt clear

This bit is set by software to clear the CSSF flag.
0: No effect
1: Clear CSSF flag

Reserved, must be kept at reset value.

PLLI2SRDYC: PLLI2S ready interrupt clear
This bit is set by software to clear the PLLI2SRDYF flag.
0: No effect
1: PLLI2SRDYF cleared

PLLRDYC: Main PLL(PLL) ready interrupt clear
This bit is set by software to clear the PLLRDYF flag.
0: No effect
1: PLLRDYF cleared

HSERDYC: HSE ready interrupt clear

This bit is set by software to clear the HSERDYF flag.
0: No effect
1: HSERDYF cleared

HSIRDYC: HSI ready interrupt clear

This bit is set software to clear the HSIRDYF flag.
0: No effect
1: HSIRDYF cleared

LSERDYC: LSE ready interrupt clear

This bit is set by software to clear the LSERDYF flag.
0: No effect
1: LSERDYF cleared

LSIRDYC: LSI ready interrupt clear

This bit is set by software to clear the LSIRDYF flag.
0: No effect
1: LSIRDYF cleared

Reserved, must be kept at reset value.

PLLI2SRDYIE: PLLI2S ready interrupt enable
Set and cleared by software to enable/disable interrupt caused by PLLI2S lock.
0: PLLIZS lock interrupt disabled
1: PLLI2S lock interrupt enabled

PLLRDYIE: Main PLL (PLL) ready interrupt enable
Set and cleared by software to enable/disable interrupt caused by PLL lock.
0: PLL lock interrupt disabled
1: PLL lock interrupt enabled

HSERDYIE: HSE ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by the HSE oscillator
stabilization.

0: HSE ready interrupt disabled
1: HSE ready interrupt enabled
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Bit 10 HSIRDYIE: HSI ready interrupt enable
Set and cleared by software to enable/disable interrupt caused by the HSI oscillator
stabilization.
0: HSI ready interrupt disabled
1: HSI ready interrupt enabled

Bit9 LSERDYIE: LSE ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by the LSE oscillator
stabilization.

0: LSE ready interrupt disabled

1: LSE ready interrupt enabled

Bit 8 LSIRDYIE: LSI ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by LS| oscillator
stabilization.

0: LSI ready interrupt disabled

1: LSI ready interrupt enabled

Bit 7 CSSF: Clock security system interrupt flag
Set by hardware when a failure is detected in the HSE oscillator.
Cleared by software setting the CSSC bit.
0: No clock security interrupt caused by HSE clock failure
1: Clock security interrupt caused by HSE clock failure

Bits 6 Reserved, must be kept at reset value.

Bit 5 PLLI2SRDYF: PLLI2S ready interrupt flag
Set by hardware when the PLLI2S locks and PLLI2SRDYIE is set.
Cleared by software setting the PLLRI2SDYC bit.
0: No clock ready interrupt caused by PLLI2S lock
1: Clock ready interrupt caused by PLLI2S lock

Bit4 PLLRDYF: Main PLL (PLL) ready interrupt flag
Set by hardware when PLL locks and PLLRDYIE is set.
Cleared by software setting the PLLRDYC bit.
0: No clock ready interrupt caused by PLL lock
1: Clock ready interrupt caused by PLL lock

Bit 3 HSERDYF: HSE ready interrupt flag
Set by hardware when External High Speed clock becomes stable and HSERDYIE is set.
Cleared by software setting the HSERDYC bit.
0: No clock ready interrupt caused by the HSE oscillator
1: Clock ready interrupt caused by the HSE oscillator
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Bit 2 HSIRDYF: HSI ready interrupt flag

Set by hardware when the Internal High Speed clock becomes stable and HSIRDYIE is
set.

Cleared by software setting the HSIRDYC bit.
0: No clock ready interrupt caused by the HSI oscillator
1: Clock ready interrupt caused by the HSI oscillator

Bit 1 LSERDYF: LSE ready interrupt flag

Set by hardware when the External Low Speed clock becomes stable and LSERDYIE is
set.

Cleared by software setting the LSERDYC bit.
0: No clock ready interrupt caused by the LSE oscillator
1: Clock ready interrupt caused by the LSE oscillator
Bit 0 LSIRDYF: LSl ready interrupt flag
Set by hardware when the internal low speed clock becomes stable and LSIRDYIE is set.
Cleared by software setting the LSIRDYC bit.
0: No clock ready interrupt caused by the LS| oscillator
1: Clock ready interrupt caused by the LS| oscillator

7.3.5 RCC AHB1 peripheral reset register (RCC_AHB1RSTR)

Address offset: 0x10
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OTSG H ETHMAC DMA2 | DMA1
Reserved RST Reserved RST Reserved RST RST Reserved
rw w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CRCR GPIOI | GPIOH [ GPIOGG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
Reserved ST Reserved RST RST RST RST RST RST | RST RST RST
w w rw w w w w w w w

Bits 31:30 Reserved, must be kept at reset value.

Bit29 OTGHSRST: USB OTG HS module reset
Set and cleared by software.

0: does not reset the USB OTG HS module
1: resets the USB OTG HS module

Bits 28:26 Reserved, must be kept at reset value.

Bit 25 ETHMACRST: Ethernet MAC reset
Set and cleared by software.

0: does not reset Ethernet MAC
1: resets Ethernet MAC

Bits 24:23 Reserved, must be kept at reset value.
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Bit 22 DMA2RST: DMAZ2 reset
Set and cleared by software.

0: does not reset DMA2
1: resets DMA2

Bit 21 DMA1RST: DMA1 reset
Set and cleared by software.

0: does not reset DMA1
1: resets DMA1

Bits 20:13 Reserved, must be kept at reset value.

Bit 172 CRCRST: CRC reset
Set and cleared by software.

0: does not reset CRC
1: resets CRC

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

Bit 8 GPIOIRST: IO port | reset
Set and cleared by software.
0: does not reset 10 port |
1: resets 10 port |

Bit 7 GPIOHRST: 10 port H reset
Set and cleared by software.

0: does not reset 10 port H
1: resets 10 port H

Bits 6 GPIOGRST: IO port G reset
Set and cleared by software.

0: does not reset 10 port G
1: resets 10 port G

Bit 5 GPIOFRST: 10 port F reset
Set and cleared by software.
0: does not reset 10 port F
1: resets 10 port F

Bit4 GPIOERST: IO port E reset
Set and cleared by software.

0: does not reset 10 port E
1: resets |10 port E

Bit 3 GPIODRST: 10 port D reset
Set and cleared by software.

0: does not reset 10 port D
1: resets 10 port D
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Bit 2 GPIOCRST: 10 port C reset

Set and cleared by software.

0: does not reset 10 port C
1: resets 10 port C

Bit 1 GPIOBRST: |0 port B reset

Set and cleared by software.

0: does not reset 10 port B
1:resets 10 port B

Bit 0 GPIOARST: 10 port A reset

Set and cleared by software.

0: does not reset 10 port A
1: resets |10 port A

3
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7.3.6 RCC AHB2 peripheral reset register (RCC_AHB2RSTR)
Address offset: 0x14
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access
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
OTGFS| RNG | HASH | CRYP DCMI
Reserved RST | RST | RST | RST Reserved RST
w w w w w

Bits 31:8
Bit 7

Bit 6

Bit 5

Bit 4

Bits 3:1
Bit 0
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Reserved, must be kept at reset value.

OTGFSRST: USB OTG FS module reset
Set and cleared by software.

0: does not reset the USB OTG FS module
1: resets the USB OTG FS module

RNGRST: Random number generator module reset
Set and cleared by software.

0: does not reset the random number generator module
1: resets the random number generator module

HASHRST: Hash module reset
Set and cleared by software.
0: does not reset the HASH module
1: resets the HASH module
CRYPRST: Cryptographic module reset
Set and cleared by software.

0: does not reset the cryptographic module
1: resets the cryptographic module

Reserved, must be kept at reset value.

DCMIRST: Camera interface reset
Set and cleared by software.

0: does not reset the Camera interface
1: resets the Camera interface
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7.3.7 RCC AHBS3 peripheral reset register (RCC_AHB3RSTR)
Address offset: 0x18
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FSMCRST|
Reserved
rw
Bits 31:1 Reserved, must be kept at reset value.
Bit 0 FSMCRST: Flexible static memory controller module reset
Set and cleared by software.
0: does not reset the FSMC module
1: resets the FSMC module
7.3.8 RCC APB1 peripheral reset register (RCC_APB1RSTR)
Address offset: 0x20
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
bacrsTl PWR CAN2 | CAN1 12C3 | 12C2 | 12C1 | UARTS | UART4 | UART3 | UART2
Reserved RST |Reser-| RST | RST |Reser-| RST | RST | RST | RST | RST | RST | RST |Reser-
ved ved ved
rw rw rw w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWDG TIM14 | TIM13 | TIM12 | TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
RST | RST Reserved RST Reserved RST | RST | RST | RST | RST | RST | RST | RST | RST
w w w rw w w w w w w w w

3

Bits 31:30 Reserved, must be kept at reset value.

Bit 29 DACRST: DAC reset
Set and cleared by software.
0: does not reset the DAC interface
1: resets the DAC interface
Bit 28 PWRRST: Power interface reset
Set and cleared by software.

0: does not reset the power interface
1: resets the power interface

Bit 27 Reserved, must be kept at reset value.
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Bit 26  CAN2RST: CAN2 reset
Set and cleared by software.

0: does not reset CAN2
1: resets CAN2

Bit 25 CAN1RST: CAN1 reset
Set and cleared by software.

0: does not reset CAN1
1: resets CAN1

Bit 24 Reserved, must be kept at reset value.

Bit 23 12C3RST: I12C3 reset

Set and cleared by software.
0: does not reset 12C3
1: resets 12C3

Bit 22 12C2RST: I12C2 reset

Set and cleared by software.
0: does not reset 12C2
1: resets 12C2

Bit 21 12C1RST: I12C1 reset

Set and cleared by software.
0: does not reset 12C1
1: resets 12C1

Bit 20 UART5RST: UARTS reset

Set and cleared by software.
0: does not reset UARTS
1: resets UARTS

Bit 19 UART4RST: USART4 reset
Set and cleared by software.

0: does not reset UART4
1: resets UART4

Bit 18 USART3RST: USART3 reset
Set and cleared by software.

0: does not reset USART3
1: resets USART3

Bit 17 USART2RST: USART2 reset

Set and cleared by software.
0: does not reset USART2
1: resets USART2

Bit 16 Reserved, must be kept at reset value.

Bit 15 SPI3RST: SPI3 reset

Set and cleared by software.
0: does not reset SPI3
1: resets SPI3

Bit 14 SPI2RST: SPI2 reset

Set and cleared by software.
0: does not reset SPI2
1: resets SPI2
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Bits 13:12
Bit 11

Bits 10:9
Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

3

Reserved, must be kept at reset value.

WWDGRST: Window watchdog reset
Set and cleared by software.

0: does not reset the window watchdog
1: resets the window watchdog

Reserved, must be kept at reset value.

TIM14RST: TIM14 reset

Set and cleared by software.
0: does not reset TIM14
1: resets TIM14

TIM13RST: TIM13 reset

Set and cleared by software.
0: does not reset TIM13
1: resets TIM13

TIM12RST: TIM12 reset

Set and cleared by software.
0: does not reset TIM12
1: resets TIM12

TIM7RST: TIM7 reset

Set and cleared by software.
0: does not reset TIM7
1: resets TIM7

TIM6RST: TIM6 reset
Set and cleared by software.

0: does not reset TIM6
1: resets TIM6

TIM5RST: TIMS reset
Set and cleared by software.

0: does not reset TIM5
1: resets TIM5

TIM4RST: TIM4 reset

Set and cleared by software.
0: does not reset TIM4
1: resets TIM4

TIM3RST: TIM3 reset

Set and cleared by software.
0: does not reset TIM3
1: resets TIM3

TIM2RST: TIM2 reset

Set and cleared by software.
0: does not reset TIM2
1: resets TIM2
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7.3.9 RCC APB2 peripheral reset register (RCC_APB2RSTR)
Address offset: 0x24
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM11 | TIM10 | TIM9
Reserved RST | RST | RST
w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYSCF SPI1 | SDIO ADC USQRT US’:‘RT TIM8 | TIM1
Rszsr' GRST Rs:zr- RST | RST Reserved RST Reserved RST RST Reserved RST RST
w w w w w w w w
Bits 31:19 Reserved, must be kept at reset value.
Bit 18 TIM11RST: TIM11 reset
Set and cleared by software.
0: does not reset TIM11
1: resets TIM14
Bit 17 TIM10RST: TIM10 reset
Set and cleared by software.
0: does not reset TIM10
1: resets TIM10
Bit 16 TIMORST: TIM9 reset
Set and cleared by software.
0: does not reset TIM9
1: resets TIM9
Bit 15 Reserved, must be kept at reset value.
Bit 14 SYSCFGRST: System configuration controller reset
Set and cleared by software.
0: does not reset the System configuration controller
1: resets the System configuration controller
Bit 13 Reserved, must be kept at reset value.
Bit 12 SPI1RST: SPI1 reset
Set and cleared by software.
0: does not reset SPI1
1: resets SPI1
Bit 11 SDIORST: SDIO reset
Set and cleared by software.
0: does not reset the SDIO module
1: resets the SDIO module
Bits 10:9 Reserved, must be kept at reset value.
242/1757 RM0090 Rev 21 Kys




RMO0090 Reset and clock control for STM32F405xx/07xx and STM32F415xx/17xx(RCC)

Bit 8 ADCRST: ADC interface reset (common to all ADCs)
Set and cleared by software.

0: does not reset the ADC interface
1: resets the ADC interface

Bits 7:6 Reserved, must be kept at reset value.

Bit 5 USART6RST: USARTG reset
Set and cleared by software.

0: does not reset USART6
1: resets USART6

Bit4 USART1RST: USART1 reset
Set and cleared by software.
0: does not reset USART1
1: resets USART1

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

Bit 1 TIMBRST: TIM8 reset
Set and cleared by software.

0: does not reset TIM8
1: resets TIM8

Bit 0 TIMIRST: TIM1 reset

Set and cleared by software.
0: does not reset TIM1
1: resets TIM1

3
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7.3.10 RCC AHB1 peripheral clock enable register (RCC_AHB1ENR)
Address offset: 0x30
Reset value: 0x0010 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OTSG : oTeH | ETHM | ETHM | ETHM T erpiya DMAZE | DMA1E | CCMDAT BKPSR
Rs:sr- UL'\ITIE SEN ACI:EF;\‘TP ACEXE AC,EXE CEN Reserved N N | ARAMEN | ReS AMEN | Reserved
w rw w w rw rw rw rw rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CRCE GPIOIE | GPIOH | GPIOG | GPIOFE | o o e | GPIOD | GPIOG | GPIO | GPIO
Reserved N Reserved N EN EN N EN EN | BEN | AEN
w w rw w rw w w w w w
Bit 31 Reserved, must be kept at reset value.
Bit 30 OTGHSULPIEN: USB OTG HSULPI clock enable
Set and cleared by software. This bit must be cleared when the OTG_HS is used in FS
mode.
0: USB OTG HS ULPI clock disabled
1: USB OTG HS ULPI clock enabled
Bit 29 OTGHSEN: USB OTG HS clock enable
Set and cleared by software.
0: USB OTG HS clock disabled
1: USB OTG HS clock enabled
Bit 28 ETHMACPTPEN: Ethernet PTP clock enable
Set and cleared by software.
0: Ethernet PTP clock disabled
1: Ethernet PTP clock enabled
Bit 27 ETHMACRXEN: Ethernet Reception clock enable
Set and cleared by software.
0: Ethernet Reception clock disabled
1: Ethernet Reception clock enabled
Bit 26 ETHMACTXEN: Ethernet Transmission clock enable
Set and cleared by software.
0: Ethernet Transmission clock disabled
1: Ethernet Transmission clock enabled
Bit 25 ETHMACEN: Ethernet MAC clock enable
Set and cleared by software.
0: Ethernet MAC clock disabled
1: Ethernet MAC clock enabled
Bits 24:23 Reserved, must be kept at reset value.
Bit 22 DMA2EN: DMAZ2 clock enable
Set and cleared by software.
0: DMA2 clock disabled
1: DMAZ2 clock enabled
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Bit 21

Bit 20

Bit 19
Bit 18

Bits 17:13
Bit 12

Bits 11:9
Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

DMA1EN: DMA1 clock enable
Set and cleared by software.

0: DMA1 clock disabled
1: DMA1 clock enabled

CCMDATARAMEN: CCM data RAM clock enable

Set and cleared by software.
0: CCM data RAM clock disabled
1: CCM data RAM clock enabled

Reserved, must be kept at reset value.

BKPSRAMEN: Backup SRAM interface clock enable

Set and cleared by software.
0: Backup SRAM interface clock disabled
1: Backup SRAM interface clock enabled

Reserved, must be kept at reset value.

CRCEN: CRC clock enable

Set and cleared by software.
0: CRC clock disabled
1: CRC clock enabled

Reserved, must be kept at reset value.

GPIOIEN: 10 port | clock enable
Set and cleared by software.

0: 10 port | clock disabled
1: 10 port | clock enabled

GPIOHEN: |0 port H clock enable
Set and cleared by software.
0: 10 port H clock disabled
1: 10 port H clock enabled

GPIOGEN: |0 port G clock enable
Set and cleared by software.

0: 10 port G clock disabled
1: 10 port G clock enabled

GPIOFEN: IO port F clock enable
Set and cleared by software.

0: 10 port F clock disabled
1: 10 port F clock enabled

GPIOEEN: 10 port E clock enable

Set and cleared by software.

0: 10 port E clock disabled

1: 10 port E clock enabled
GPIODEN: IO port D clock enable
Set and cleared by software.

0: 10 port D clock disabled
1: 10 port D clock enabled
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Bit 2 GPIOCEN: 10 port C clock enable
Set and cleared by software.
0: 10 port C clock disabled
1: 10 port C clock enabled

Bit 1 GPIOBEN: 10 port B clock enable

Set and cleared by software.
0: 10 port B clock disabled
1: 10 port B clock enabled

Bit 0 GPIOAEN: 10 port A clock enable
Set and cleared by software.

0: 1O port A clock disabled
1: 10 port A clock enabled

RCC AHB2 peripheral clock enable register (RCC_AHB2ENR)

Address offset: 0x34
Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access.

29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
13 12 1 10 9 8 7 6 5 4 3 2 1 0
OTGFS| RNG | HASH | CRYP DCMI
Reserved EN EN EN EN Reserved EN
w w w w w

Bits 31:8 Reserved, must be kept at reset value.

Bit 7 OTGFSEN: USB OTG FS clock enable
Set and cleared by software.

0: USB OTG FS clock disabled
1: USB OTG FS clock enabled

Bit 6 RNGEN: Random number generator clock enable
Set and cleared by software.

0: Random number generator clock disabled
1: Random number generator clock enabled

Bit 5 HASHEN: Hash modules clock enable
Set and cleared by software.

0: Hash modules clock disabled
1: Hash modules clock enabled

3
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Bit 4 CRYPEN: Cryptographic modules clock enable

Set and cleared by software.
0: cryptographic module clock disabled
1: cryptographic module clock enabled

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

Bit 0 DCMIEN: Camera interface enable
Set and cleared by software.
0: Camera interface clock disabled
1: Camera interface clock enabled

7.3.12 RCC AHB3 peripheral clock enable register (RCC_AHB3ENR)

Address offset: 0x38
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.

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
FSMCEN
Reserved
rw
Bits 31:1 Reserved, must be kept at reset value.
Bit 0 FSMCEN: Flexible static memory controller module clock enable
Set and cleared by software.
0: FSMC module clock disabled
1: FSMC module clock enabled
7.3.13 RCC APB1 peripheral clock enable register
(RCC_APB1ENR)
Address offset: 0x40
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DAC | PWR | cAN2 | CAN1 | 12C3 | 12C2 | 12C1 | UART5 | UART4 USS\RT USQRT -
EN EN eser- | EN EN eser- | EN EN EN EN EN eser-
Reserved ved ved EN EN ved
w w w w w w rw w rw rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWDG TIM14 | TIM13 | TIM12 | TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
EN EN Reserved EN Reserved EN EN EN EN EN EN EN EN EN
w rw w w w w rw w rw rw w w
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Bits 31:30 Reserved, must be kept at reset value.

Bit 29 DACEN: DAC interface clock enable

Set and cleared by software.
0: DAC interface clock disabled
1: DAC interface clock enable

Bit 28 PWREN: Power interface clock enable
Set and cleared by software.

0: Power interface clock disabled
1: Power interface clock enable

Bit 27 Reserved, must be kept at reset value.

Bit 26  CAN2EN: CAN 2 clock enable

Set and cleared by software.
0: CAN 2 clock disabled
1: CAN 2 clock enabled

Bit 25 CAN1EN: CAN 1 clock enable

Set and cleared by software.
0: CAN 1 clock disabled
1: CAN 1 clock enabled

Bit 24 Reserved, must be kept at reset value.

Bit 23 12C3EN: 12C3 clock enable

Set and cleared by software.
0: 12C3 clock disabled
1: 12C3 clock enabled

Bit 22 12C2EN: 12C2 clock enable

Set and cleared by software.
0: 12C2 clock disabled
1:12C2 clock enabled

Bit 21 12C1EN: 12C1 clock enable
Set and cleared by software.

0: 12C1 clock disabled
1:12C1 clock enabled

Bit 20 UART5EN: UARTS5 clock enable
Set and cleared by software.

0: UART5 clock disabled
1: UARTS5 clock enabled

Bit 19 UART4EN: UART4 clock enable

Set and cleared by software.
0: UART4 clock disabled
1: UART4 clock enabled

Bit 18 USART3EN: USART3 clock enable

Set and cleared by software.
0: USARTS3 clock disabled
1: USART3 clock enabled

3
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Bit 17

Bit 16
Bit 15

Bit 14

Bits 13:12
Bit 11

Bits 10:9
Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

3

USART2EN: USART2 clock enable
Set and cleared by software.

0: USART2 clock disabled
1: USART2 clock enabled

Reserved, must be kept at reset value.

SPI3EN: SPI3 clock enable

Set and cleared by software.
0: SPI3 clock disabled
1: SPI3 clock enabled

SPI2EN: SPI2 clock enable

Set and cleared by software.
0: SPI2 clock disabled
1: SPI2 clock enabled

Reserved, must be kept at reset value.

WWDGEN: Window watchdog clock enable
Set and cleared by software.

0: Window watchdog clock disabled
1: Window watchdog clock enabled

Reserved, must be kept at reset value.

TIM14EN: TIM14 clock enable

Set and cleared by software.
0: TIM14 clock disabled
1: TIM14 clock enabled

TIM13EN: TIM13 clock enable
Set and cleared by software.

0: TIM13 clock disabled
1: TIM13 clock enabled

TIM12EN: TIM12 clock enable

Set and cleared by software.
0: TIM12 clock disabled
1: TIM12 clock enabled

TIM7EN: TIM7 clock enable

Set and cleared by software.
0: TIM7 clock disabled
1: TIM7 clock enabled

TIMGEN: TIM6 clock enable

Set and cleared by software.
0: TIM6 clock disabled
1: TIM6 clock enabled

TIM5EN: TIM5 clock enable

Set and cleared by software.
0: TIM5 clock disabled
1: TIM5 clock enabled
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Bit 2 TIM4EN: TIM4 clock enable
Set and cleared by software.

0: TIM4 clock disabled
1: TIM4 clock enabled

TIM3EN: TIM3 clock enable
Set and cleared by software.

0: TIM3 clock disabled
1: TIM3 clock enabled

Bit 0 TIM2EN: TIM2 clock enable
Set and cleared by software.

0: TIM2 clock disabled
1: TIM2 clock enabled

Bit 1

7.3.14 RCC APB2 peripheral clock enable register (RCC_APB2ENR)
Address offset: 0x44
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM11 | TIM10 | TIMQ
Reserved EN EN EN
w w rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SYSCF SPI1 | SDIO | ADC3 | ADC2 | ADC1 USQRT Usﬁ‘RT TIM8 | TIM1
Rs:gr- GEN Rs:gr- EN EN EN EN EN Reserved EN EN Reserved EN EN
rw w w w w w w w rw w
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Bits 31:19 Reserved, must be kept at reset value.

Bit 18 TIM11EN: TIM11 clock enable
Set and cleared by software.

0: TIM11 clock disabled
1: TIM11 clock enabled

Bit 17 TIM10EN: TIM10 clock enable
Set and cleared by software.
0: TIM10 clock disabled
1: TIM10 clock enabled

Bit 16 TIM9EN: TIM9 clock enable
Set and cleared by software.

0: TIM9 clock disabled
1: TIM9 clock enabled

Bit 15 Reserved, must be kept at reset value.
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Bit 14

Bit 13
Bit 12

Bit 11

Bit 10

Bit 9

Bit 8

Bits 7:6
Bit 5

Bit 4

Bits 3:2
Bit 1

Bit 0

3

SYSCFGEN: System configuration controller clock enable

Set and cleared by software.

0: System configuration controller clock disabled
1: System configuration controller clock enabled

Reserved, must be kept at reset value.

SPIMEN: SPI1 clock enable
Set and cleared by software.

0: SPI1 clock disabled
1: SPI1 clock enabled

SDIOEN: SDIO clock enable
Set and cleared by software.

0: SDIO module clock disabled
1: SDIO module clock enabled

ADC3EN: ADC3 clock enable
Set and cleared by software.

0: ADC3 clock disabled
1: ADC3 clock disabled

ADC2EN: ADC2 clock enable
Set and cleared by software.
0: ADC2 clock disabled

1: ADC2 clock disabled

ADC1EN: ADC1 clock enable
Set and cleared by software.
0: ADCA1 clock disabled

1: ADC1 clock disabled

Reserved, must be kept at reset value.

USART6EN: USART6 clock enable
Set and cleared by software.

0: USARTBS clock disabled
1: USART®6 clock enabled

USART1EN: USART1 clock enable
Set and cleared by software.

0: USART1 clock disabled
1: USART1 clock enabled

Reserved, must be kept at reset value.

TIM8EN: TIM8 clock enable

Set and cleared by software.
0: TIM8 clock disabled
1: TIM8 clock enabled

TIM1EN: TIM1 clock enable
Set and cleared by software.

0: TIM1 clock disabled
1: TIM1 clock enabled
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7.3.15 RCC AHB1 peripheral clock enable in low power mode register
(RCC_AHB1LPENR)

Address offset: 0x50
Reset value: OX7E67 91FF

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OTGHS [ OTGH [ ETHPT [ Lo o [ oy iry | ETHMA oMA2 | oMAx BKPSRA| SRAM | SRAM
Reser | ULPILPE | S P | tren | Lren | .S LPEN |LPEN M 2 !
—ved N LPEN | LPEN LPEN Reserved Reserved LPEN | LPEN | LPEN
rw rw rw w w rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLITF CRC GPIOI | GPIOH GP(';OG G'T:'O GPIOE | GPIOD | GPIOC |GPIOB | GPIOA
LPEN Reserved LPEN Reserved LPEN | LPEN | | o2 | py | LPEN | LPEN | LPEN | LPEN | LPEN
rw rw rw rw rw rw w rw rw rw rw

Bit 31 Reserved, must be kept at reset value.

Bit 30 OTGHSULPILPEN: USB OTG HS ULPI clock enable during Sleep mode
Set and cleared by software. This bit must be cleared when the OTG_HS is used in FS
mode.
0: USB OTG HS ULPI clock disabled during Sleep mode
1: USB OTG HS ULPI clock enabled during Sleep mode

Bit 29 OTGHSLPEN: USB OTG HS clock enable during Sleep mode

Set and cleared by software.
0: USB OTG HS clock disabled during Sleep mode
1: USB OTG HS clock enabled during Sleep mode

Bit 28 ETHMACPTPLPEN: Ethernet PTP clock enable during Sleep mode
Set and cleared by software.
0: Ethernet PTP clock disabled during Sleep mode
1: Ethernet PTP clock enabled during Sleep mode

Bit 27 ETHMACRXLPEN: Ethernet reception clock enable during Sleep mode

Set and cleared by software.
0: Ethernet reception clock disabled during Sleep mode
1: Ethernet reception clock enabled during Sleep mode

Bit 26 ETHMACTXLPEN: Ethernet transmission clock enable during Sleep mode

Set and cleared by software.
0: Ethernet transmission clock disabled during sleep mode
1: Ethernet transmission clock enabled during sleep mode

Bit 25 ETHMACLPEN: Ethernet MAC clock enable during Sleep mode

Set and cleared by software.
0: Ethernet MAC clock disabled during Sleep mode
1: Ethernet MAC clock enabled during Sleep mode

Bits 24:23 Reserved, must be kept at reset value.

3
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Bit 22

Bit 21

Bits 20:19
Bit 18

Bit 17

Bit 16

Bit 15

Bits 14:13
Bit 12

Bits 11:9
Bit 8

Bit 7

Bits 6

3

DMAZ2LPEN: DMAZ2 clock enable during Sleep mode
Set and cleared by software.

0: DMAZ2 clock disabled during Sleep mode
1: DMA2 clock enabled during Sleep mode

DMA1LPEN: DMA1 clock enable during Sleep mode
Set and cleared by software.

0: DMA1 clock disabled during Sleep mode
1: DMA1 clock enabled during Sleep mode

Reserved, must be kept at reset value.

BKPSRAMLPEN: Backup SRAM interface clock enable during Sleep mode
Set and cleared by software.

0: Backup SRAM interface clock disabled during Sleep mode
1: Backup SRAM interface clock enabled during Sleep mode

SRAM2LPEN: SRAM 2 interface clock enable during Sleep mode
Set and cleared by software.

0: SRAM 2 interface clock disabled during Sleep mode
1: SRAM 2 interface clock enabled during Sleep mode

SRAM1LPEN: SRAM 1interface clock enable during Sleep mode
Set and cleared by software.

0: SRAM 1 interface clock disabled during Sleep mode
1: SRAM 1 interface clock enabled during Sleep mode

FLITFLPEN: Flash interface clock enable during Sleep mode
Set and cleared by software.

0: Flash interface clock disabled during Sleep mode
1: Flash interface clock enabled during Sleep mode

Reserved, must be kept at reset value.

CRCLPEN: CRC clock enable during Sleep mode
Set and cleared by software.

0: CRC clock disabled during Sleep mode
1: CRC clock enabled during Sleep mode

Reserved, must be kept at reset value.

GPIOILPEN: IO port | clock enable during Sleep mode
Set and cleared by software.

0: 10 port | clock disabled during Sleep mode
1: 10 port | clock enabled during Sleep mode

GPIOHLPEN: 10 port H clock enable during Sleep mode
Set and cleared by software.

0: 10 port H clock disabled during Sleep mode

1: 10 port H clock enabled during Sleep mode

GPIOGLPEN: 10 port G clock enable during Sleep mode
Set and cleared by software.

0: 10 port G clock disabled during Sleep mode
1: 10 port G clock enabled during Sleep mode
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Bit 5 GPIOFLPEN: 10 port F clock enable during Sleep mode
Set and cleared by software.
0: 10 port F clock disabled during Sleep mode
1: 10 port F clock enabled during Sleep mode

Bit4 GPIOELPEN: IO port E clock enable during Sleep mode
Set and cleared by software.
0: 10 port E clock disabled during Sleep mode
1: 10 port E clock enabled during Sleep mode

Bit 3 GPIODLPEN: 10 port D clock enable during Sleep mode
Set and cleared by software.
0: 1O port D clock disabled during Sleep mode
1: 10 port D clock enabled during Sleep mode

Bit 2 GPIOCLPEN: 10 port C clock enable during Sleep mode
Set and cleared by software.
0: 10 port C clock disabled during Sleep mode
1: 10 port C clock enabled during Sleep mode

Bit 1 GPIOBLPEN: IO port B clock enable during Sleep mode
Set and cleared by software.
0: 10 port B clock disabled during Sleep mode
1: 10 port B clock enabled during Sleep mode

Bit 0 GPIOALPEN: IO port A clock enable during sleep mode
Set and cleared by software.

0: 10 port A clock disabled during Sleep mode
1: 10 port A clock enabled during Sleep mode

7.3.16 RCC AHB2 peripheral clock enable in low power mode register
(RCC_AHB2LPENR)

Address offset: 0x54
Reset value: 0x0000 00F1

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OTGFS| RNG | HASH | CRYP DCMI
Reserved LPEN | LPEN | LPEN | LPEN Reserved LPEN
w w w w w

3
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Bits 31:8 Reserved, must be kept at reset value.
Bit 7 OTGFSLPEN: USB OTG FS clock enable during Sleep mode
Set and cleared by software.
0: USB OTG FS clock disabled during Sleep mode
1: USB OTG FS clock enabled during Sleep mode
Bit 6 RNGLPEN: Random number generator clock enable during Sleep mode
Set and cleared by software.
0: Random number generator clock disabled during Sleep mode
1: Random number generator clock enabled during Sleep mode
Bit 5 HASHLPEN: Hash modules clock enable during Sleep mode
Set and cleared by software.
0: Hash modules clock disabled during Sleep mode
1: Hash modules clock enabled during Sleep mode
Bit 4 CRYPLPEN: Cryptography modules clock enable during Sleep mode
Set and cleared by software.
0: cryptography modules clock disabled during Sleep mode
1: cryptography modules clock enabled during Sleep mode
Bits 3:1 Reserved, must be kept at reset value.
Bit 0 DCMILPEN: Camera interface enable during Sleep mode
Set and cleared by software.
0: Camera interface clock disabled during Sleep mode
1: Camera interface clock enabled during Sleep mode
7.3.17 RCC AHBS3 peripheral clock enable in low power mode register
(RCC_AHB3LPENR)
Address offset: 0x58
Reset value: 0x0000 0001
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FSMC
Reserved LPEN
rw

3

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

FSMCLPEN: Flexible static memory controller module clock enable during Sleep mode

Set and cleared by software.
0: FSMC module clock disabled during Sleep mode
1: FSMC module clock enabled during Sleep mode

Bit 0
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7.3.18 RCC APB1 peripheral clock enable in low power mode register
(RCC_APB1LPENR)

Address offset: 0x60
Reset value: Ox36FE C9FF

Access: no wait state, word, half-word and byte access.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DAC | PWR |RESER| CAN2 | CAN1 12C3 | 12C2 | 12C1 | UART5 | UART4 USQRT US;\RT
Reser- Reser-
Reserved LPEN | LPEN | VED | LPEN | LPEN ved LPEN | LPEN | LPEN | LPEN | LPEN | |\ oen | LPEN ved
w rw w w w rw w rw rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWDG TIM14 | TIM13 | TIM12 | TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
LPEN | LPEN Reserved LPEN Reserved LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN
rw rw w w rw w w rw rw rw w w

Bits 31:30 Reserved, must be kept at reset value.

Bit 29 DACLPEN: DAC interface clock enable during Sleep mode
Set and cleared by software.

0: DAC interface clock disabled during Sleep mode
1: DAC interface clock enabled during Sleep mode

Bit 28 PWRLPEN: Power interface clock enable during Sleep mode
Set and cleared by software.

0: Power interface clock disabled during Sleep mode
1: Power interface clock enabled during Sleep mode

Bit 27 Reserved, must be kept at reset value.

Bit 26  CAN2LPEN: CAN 2 clock enable during Sleep mode
Set and cleared by software.

0: CAN 2 clock disabled during sleep mode
1: CAN 2 clock enabled during sleep mode

Bit 25 CAN1LPEN: CAN 1 clock enable during Sleep mode
Set and cleared by software.

0: CAN 1 clock disabled during Sleep mode
1: CAN 1 clock enabled during Sleep mode

Bit 24 Reserved, must be kept at reset value.

Bit 23 12C3LPEN: 12C3 clock enable during Sleep mode
Set and cleared by software.

0: 12C3 clock disabled during Sleep mode
1: 12C3 clock enabled during Sleep mode

Bit 22 12C2LPEN: 12C2 clock enable during Sleep mode
Set and cleared by software.

0: 12C2 clock disabled during Sleep mode
1: 12C2 clock enabled during Sleep mode

3
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Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16
Bit 15

Bit 14

Bits 13:12
Bit 11

Bits 10:9
Bit 8

Bit 7

3

I2C1LPEN: 12C1 clock enable during Sleep mode
Set and cleared by software.

0: 12C1 clock disabled during Sleep mode
1: 12C1 clock enabled during Sleep mode

UARTSLPEN: UARTS clock enable during Sleep mode
Set and cleared by software.

0: UARTS5 clock disabled during Sleep mode
1: UARTS5 clock enabled during Sleep mode

UARTA4LPEN: UART4 clock enable during Sleep mode
Set and cleared by software.

0: UART4 clock disabled during Sleep mode
1: UART4 clock enabled during Sleep mode

USART3LPEN: USART3 clock enable during Sleep mode
Set and cleared by software.

0: USARTS3 clock disabled during Sleep mode

1: USART3 clock enabled during Sleep mode

USART2LPEN: USART2 clock enable during Sleep mode
Set and cleared by software.

0: USART2 clock disabled during Sleep mode
1: USART2 clock enabled during Sleep mode

Reserved, must be kept at reset value.

SPI3LPEN: SPI3 clock enable during Sleep mode
Set and cleared by software.

0: SPI3 clock disabled during Sleep mode
1: SPI3 clock enabled during Sleep mode

SPI2LPEN: SPI2 clock enable during Sleep mode
Set and cleared by software.

0: SPI2 clock disabled during Sleep mode
1: SPI2 clock enabled during Sleep mode

Reserved, must be kept at reset value.

WWDGLPEN: Window watchdog clock enable during Sleep mode

Set and cleared by software.
0: Window watchdog clock disabled during sleep mode
1: Window watchdog clock enabled during sleep mode

Reserved, must be kept at reset value.

TIM14LPEN: TIM14 clock enable during Sleep mode
Set and cleared by software.

0: TIM14 clock disabled during Sleep mode
1: TIM14 clock enabled during Sleep mode

TIM13LPEN: TIM13 clock enable during Sleep mode
Set and cleared by software.

0: TIM13 clock disabled during Sleep mode
1: TIM13 clock enabled during Sleep mode

RMO0090 Rev 21

257/1757




Reset and clock control for STM32F405xx/07xx and STM32F415xx/17xx(RCC)

RM0090

258/1757

Bit 6 TIM12LPEN: TIM12 clock enable during Sleep mode

Set and cleared by software.

0: TIM12 clock disabled during Sleep mode
1: TIM12 clock enabled during Sleep mode

Bit 5 TIM7LPEN: TIM7 clock enable during Sleep
Set and cleared by software.

0: TIM7 clock disabled during Sleep mode
1: TIM7 clock enabled during Sleep mode

Bit 4 TIM6LPEN: TIM6 clock enable during Sleep
Set and cleared by software.

0: TIM6 clock disabled during Sleep mode
1: TIM6 clock enabled during Sleep mode

Bit 3 TIM5LPEN: TIM5 clock enable during Sleep
Set and cleared by software.

0: TIM5 clock disabled during Sleep mode
1: TIM5 clock enabled during Sleep mode

Bit 2 TIM4LPEN: TIM4 clock enable during Sleep
Set and cleared by software.
0: TIM4 clock disabled during Sleep mode
1: TIM4 clock enabled during Sleep mode
Bit 1 TIM3LPEN: TIM3 clock enable during Sleep
Set and cleared by software.

0: TIM3 clock disabled during Sleep mode
1: TIM3 clock enabled during Sleep mode

Bit0  TIM2LPEN: TIM2 clock enable during Sleep mode

Set and cleared by software.
0: TIM2 clock disabled during Sleep mode
1: TIM2 clock enabled during Sleep mode
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7.3.19 RCC APB2 peripheral clock enabled in low power mode
register (RCC_APB2LPENR)
Address offset: 0x64
Reset value: 0x0007 5F33
Access: no wait state, word, half-word and byte access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM11 | TIM10 | TIM9
Reserved LPEN | LPEN | LPEN
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
S\F(gc SPI1 | SDIO | ADC3 | ADC2 | ADCH1 USQRT US';\RT TIM8 | TIM1
Rj:gr- LPEN Rs:gf- LPEN | LPEN | LPEN | LPEN | LPEN Reserved LreN | LPEN Reserved LPEN | LPEN
w w w w w w w w w w
Bits 31:19 Reserved, must be kept at reset value.
Bit 18 TIM11LPEN: TIM11 clock enable during Sleep mode
Set and cleared by software.
0: TIM11 clock disabled during Sleep mode
1: TIM11 clock enabled during Sleep mode
Bit 17 TIM10LPEN: TIM10 clock enable during Sleep mode
Set and cleared by software.
0: TIM10 clock disabled during Sleep mode
1: TIM10 clock enabled during Sleep mode
Bit 16 TIMOLPEN: TIM9 clock enable during sleep mode
Set and cleared by software.
0: TIM9 clock disabled during Sleep mode
1: TIM9 clock enabled during Sleep mode
Bit 15 Reserved, must be kept at reset value.
Bit 14 SYSCFGLPEN: System configuration controller clock enable during Sleep mode
Set and cleared by software.
0: System configuration controller clock disabled during Sleep mode
1: System configuration controller clock enabled during Sleep mode
Bit 13 Reserved, must be kept at reset value.
Bit 12 SPIMLPEN: SPI1 clock enable during Sleep mode
Set and cleared by software.
0: SPI1 clock disabled during Sleep mode
1: SPI1 clock enabled during Sleep mode
Bit 11 SDIOLPEN: SDIO clock enable during Sleep mode
Set and cleared by software.
0: SDIO module clock disabled during Sleep mode
1: SDIO module clock enabled during Sleep mode
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Bit 10

Bit 9

Bit 8

Bits 7:6
Bit 5

Bit 4

Bits 3:2
Bit 1

Bit 0
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ADC3LPEN: ADC 3 clock enable during Sleep mode
Set and cleared by software.

0: ADC 3 clock disabled during Sleep mode
1: ADC 3 clock disabled during Sleep mode

ADC2LPEN: ADC2 clock enable during Sleep mode
Set and cleared by software.
0: ADC2 clock disabled during Sleep mode
1: ADC2 clock disabled during Sleep mode
ADC1LPEN: ADC1 clock enable during Sleep mode
Set and cleared by software.

0: ADC1 clock disabled during Sleep mode
1: ADC1 clock disabled during Sleep mode

Reserved, must be kept at reset value.

USART6LPEN: USART®6 clock enable during Sleep mode
Set and cleared by software.

0: USARTS6 clock disabled during Sleep mode
1: USART®6 clock enabled during Sleep mode

USART1LPEN: USART1 clock enable during Sleep mode
Set and cleared by software.

0: USART1 clock disabled during Sleep mode
1: USART1 clock enabled during Sleep mode

Reserved, must be kept at reset value.

TIM8BLPEN: TIMS8 clock enable during Sleep mode
Set and cleared by software.

0: TIM8 clock disabled during Sleep mode
1: TIM8 clock enabled during Sleep mode

TIM1LPEN: TIM1 clock enable during Sleep mode
Set and cleared by software.

0: TIM1 clock disabled during Sleep mode
1: TIM1 clock enabled during Sleep mode
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7.3.20

31

30

RCC Backup domain control register (RCC_BDCR)
Address offset: 0x70

Reset value: 0x0000 0000, reset by Backup domain reset.
Access: 0 <wait state <3, word, half-word and byte access
Wait states are inserted in case of successive accesses to this register.

The LSEON, LSEBYP, RTCSEL and RTCEN bits in the RCC Backup domain control
register (RCC_BDCR) are in the Backup domain. As a result, after Reset, these bits are
write-protected and the DBP bit in the PWR power control register (PWR_CR) for
STM32F405xx/07xx and STM32F415xx/17xx has to be set before these can be modified.
Refer to Section 7.1.1: System reset on page 215 for further information. These bits are only
reset after a Backup domain Reset (see Section 7.1.3: Backup domain reset). Any internal
or external Reset has no effect on these bits.

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

BDRST
Reserved

14

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

RTCEN

RTCSEL[1:0]

Reserved

w

w

Reserved

LSEBY

LSERD

LSEON

Bits 31:17
Bit 16

Reserved, must be kept at reset value.

BDRST: Backup domain software reset

Set and cleared by software.

0: Reset not activated

1: Resets the entire Backup domain

Note: The BKPSRAM is not affected by this reset, the only way of resetting the BKPSRAM is

through the Flash interface when a protection level change from level 1 to level 0 is
requested.
The backup domain software reset does not take effect until the DBP bit of the
PWR_CR register is set.

RTCEN: RTC clock enable
Set and cleared by software.

0: RTC clock disabled
1: RTC clock enabled

Bit 15

Bits 14:10
Bits 9:8

Reserved, must be kept at reset value.

RTCSEL[1:0]: RTC clock source selection

Set by software to select the clock source for the RTC. Once the RTC clock source has been
selected, it cannot be changed anymore unless the Backup domain is reset. The BDRST bit
can be used to reset them.

00: No clock

01: LSE oscillator clock used as the RTC clock

10: LSI oscillator clock used as the RTC clock

11: HSE oscillator clock divided by a programmable prescaler (selection through the
RTCPRE[4:0] bits in the RCC clock configuration register (RCC_CFGR)) used as the RTC
clock

Bits 7:3 Reserved, must be kept at reset value.

3
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Bit 2 LSEBYP: External low-speed oscillator bypass

Set and cleared by software to bypass the oscillator. This bit can be written only when the
LSE clock is disabled.

0: LSE oscillator not bypassed
1: LSE oscillator bypassed
Bit 1 LSERDY: External low-speed oscillator ready

Set and cleared by hardware to indicate when the external 32 kHz oscillator is stable. After
the LSEON bit is cleared, LSERDY goes low after 6 external low-speed oscillator clock
cycles.

0: LSE clock not ready
1: LSE clock ready

Bit 0 LSEON: External low-speed oscillator enable

Set and cleared by software.
0: LSE clock OFF
1: LSE clock ON

7.3.21 RCC clock control & status register (RCC_CSR)
Address offset: 0x74
Reset value: 0xOE00 0000, reset by system reset, except reset flags by power reset only.
Access: 0 <wait state <3, word, half-word and byte access

Wait states are inserted in case of successive accesses to this register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPWR [WWDG | IWDG SFT POR PIN |BORRS RMVF
RSTF | RSTF | RSTF | RSTF | RSTF | RSTF TF Reserved

r r r r r r r rt_w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSIRDY | LSION
Reserved
r w

Bit 31 LPWRRSTF: Low-power reset flag
Set by hardware when a Low-power management reset occurs.
Cleared by writing to the RMVF bit.
0: No Low-power management reset occurred
1: Low-power management reset occurred
For further information on Low-power management reset, refer to Low-power management
reset.

Bit 30 WWDGRSTF: Window watchdog reset flag

Set by hardware when a window watchdog reset occurs.
Cleared by writing to the RMVF bit.

0: No window watchdog reset occurred

1: Window watchdog reset occurred

Bit 29 IWDGRSTF: Independent watchdog reset flag

Set by hardware when an independent watchdog reset from Vpp domain occurs.
Cleared by writing to the RMVF bit.

0: No watchdog reset occurred

1: Watchdog reset occurred

3
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Bit 28

Bit 27

Bit 26

Bit 25

Bit 24

Bits 23:2
Bit 1

Bit 0

SFTRSTF: Software reset flag
Set by hardware when a software reset occurs.
Cleared by writing to the RMVF bit.
0: No software reset occurred
1: Software reset occurred

PORRSTF: POR/PDR reset flag
Set by hardware when a POR/PDR reset occurs.
Cleared by writing to the RMVF bit.
0: No POR/PDR reset occurred
1: POR/PDR reset occurred

PINRSTF: PIN reset flag

Set by hardware when a reset from the NRST pin occurs.

Cleared by writing to the RMVF bit.
0: No reset from NRST pin occurred
1: Reset from NRST pin occurred

BORRSTF: BOR reset flag
Cleared by software by writing the RMVF bit.

Set by hardware when a POR/PDR or BOR reset occurs.

0: No POR/PDR or BOR reset occurred
1: POR/PDR or BOR reset occurred

RMVF: Remove reset flag
Set by software to clear the reset flags.
0: No effect
1: Clear the reset flags

Reserved, must be kept at reset value.

LSIRDY: Internal low-speed oscillator ready

Set and cleared by hardware to indicate when the internal RC 40 kHz oscillator is stable.

After the LSION bit is cleared, LSIRDY goes low after 3 LSI clock cycles.

0: LSI RC oscillator not ready
1: LSI RC oscillator ready

LSION: Internal low-speed oscillator enable

Set and cleared by software.
0: LSI RC oscillator OFF
1: LSI RC oscillator ON
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7.3.22 RCC spread spectrum clock generation register (RCC_SSCGR)
Address offset: 0x80
Reset value: 0x0000 0000
Access: no wait state, word, half-word and byte access.
The spread spectrum clock generation is available only for the main PLL.

The RCC_SSCGR register must be written either before the main PLL is enabled or after
the main PLL disabled.

Note: For full details about PLL spread spectrum clock generation (SSCG) characteristics, refer to
the “Electrical characteristics” section in your device datasheet.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
3t Eig INCSTEP
SEL Reserved
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
INCSTEP MODPER
w | w | w w | w | w | w | w | w | w | w | w | w | w | w | w

Bit 31 SSCGEN: Spread spectrum modulation enable
Set and cleared by software.
0: Spread spectrum modulation DISABLE. (To write after clearing CR[24]=PLLON bit)
1: Spread spectrum modulation ENABLE. (To write before setting CR[24]=PLLON bit)
Bit 30 SPREADSEL.: Spread Select
Set and cleared by software.
To write before to set CR[24]=PLLON bit.

0: Center spread
1: Down spread

Bits 29:28 Reserved, must be kept at reset value.

Bits 27:13 INCSTEP: Incrementation step
Set and cleared by software. To write before setting CR[24]=PLLON bit.
Configuration input for modulation profile amplitude.

Bits 12:0 MODPER: Modulation period

Set and cleared by software. To write before setting CR[24]=PLLON bit.
Configuration input for modulation profile period.

3
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7.3.23 RCC PLLI2S configuration register (RCC_PLLI2SCFGR)
Address offset: 0x84
Reset value: 0x2000 3000
Access: no wait state, word, half-word and byte access.
This register is used to configure the PLLI2S clock outputs according to the formulas:
*  fvco clock) = f(pLLIZS clock inputy X (PLLIZSN / PLLM)
*  fpLL 125 clock output) = fvco clock) / PLLI2ZSR
31 30 29 28 27 26 25 24 23 22 19 18 17 16
PLLI2S | PLLI2S | PLLI2S
Res(;erv R2 R1 RO Reserved
¢ w w rw
15 14 13 12 1 10 9 8 7 6 3 2 1 0
PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN
Res(;arv 8 7 6 5 4 3 2 1 0 Reserved
© w w w w rw rw w w w

3

Bit 31 Reserved, must be kept at reset value.

Bits 30:28 PLLI2SR: PLLI2S division factor for 12S clocks
Set and cleared by software to control the 12S clock frequency. These bits should be written
only if the PLLI2S is disabled. The factor must be chosen in accordance with the prescaler
values inside the I2S peripherals, to reach 0.3% error when using standard crystals and 0%
error with audio crystals. For more information about 12S clock frequency and precision,

refer to Section 28.4.4: Clock generator in the 12S chapter.

Caution: The I2Ss requires a frequency lower than or equal to 192 MHz to work correcitly.

12S clock frequency = VCO frequency / PLLR with 2 <PLLR <7

000: PLLR = 0, wrong configuration
001: PLLR = 1, wrong configuration
010: PLLR =2

1M1: PLLR =7
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Bits 27:15 Reserved, must be kept at reset value.

Bits 14:6 PLLI2SN: PLLI2S multiplication factor for VCO

These bits are set and cleared by software to control the multiplication factor of the VCO.
These bits can be written only when PLLI2S is disabled. Only half-word and word accesses
are allowed to write these bits.

Caution: The software has to set these bits correctly to ensure that the VCO output
frequency is between 100 and 432 MHz.
VCO output frequency = VCO input frequency x PLLI2SN with 50 <PLLI2SN <432
000000000: PLLI2SN = 0, wrong configuration
000000001: PLLI2SN = 1, wrong configuration

000110010: PLLI2SN = 50

001100011: PLLI2SN = 99

001100100: PLLI2SN =100
001100101: PLLI2SN =101
001100110: PLLI2SN = 102

110110000: PLLI2SN =432
110110001: PLLI2SN = 433, wrong configuration

111111111: PLLI2SN = 511, wrong configuration

Note: Muiltiplication factors ranging from 50 and 99 are possible for VCO input frequency
higher than 1 MHz. However care must be taken that the minimum VCO output
frequency respects the value specified above.

Bits 5:0 Reserved, must be kept at reset value.

3

266/1757 RMO0090 Rev 21




Reset and clock control for STM32F405xx/07xx and STM32F415xx/17xx(RCC)

RM0090

RCC register map

7.3.24

Table 35 gives the register map and reset values.

Table 35. RCC register map and reset values

0 NOISH [F[OWTIdP| O0MS P| JAQdIST P| LSHvOIdD P|LsHInNoa meo_\,_mm_o LSHZNIL P| 1S¥IWIL P Navoldo P
l AQHISH F[LWTIP| I MS  P| d4AQ¥3ST P| L1s¥g0ido P LSHENIL P| 1S¥swWIL P N3g0oIdD P
[4 panesey P|ZNTIdP| 0SMS P| dJAQHISH P| LS¥00IdD P| Penesey LSHpiNIL P poniosey NIoOIdD P
€ OWIHLISHP|E WTIdP| L SMS  P| JAQH3SH P| 1S¥goldo P LSHSNIL P NIgoldD P
4 L WIHLISH P|¥ WT1d | 03¥dH P| 4AQ¥11d P| 1S¥30IdD P | LSHdAYO LSHINIL P |LSYlLdYSnP N3FoldD P
S ZWHLISHP|SWTIdP| | 3¥dH P|4AQHSZITIdP | LSH40IdD P|LSYHVSH LSHNIL P [1S¥91dYSNP N3J0oldD P
9 EWIHLISH P|ONTIdP| Z23ddH P| panesay | 1SHO0IdD P| LSHONY LSHZINILP poniosey NIOOIdD P
L PWRHLISH | LNTIdP| €38dH P| 4SSO P| LS¥HOIdO Playngaa1o LSHELNILP NIHOIID P
8 0VOISH K|ZN11dP poniosay | HATHIST P| 1s¥Ioldo P LSHYLWILP| 1sy¥oav _u N3loldD P
6 L IVOISH K|eNTIdP JIAQH3ST P
paniasay panlasay
0l ZIVOISH K| ¥ NTIdP| g 1gsgq P| JIAGHISH P| peniesay paniesay
45 €VOISH K[SNTIdP| | 1ayggq P| FIAQY3SH P Pwmoo>>>>_0 Lls¥olas P
(4} ¥ IVOISH K|9NTId[| 2 13ddd P| JIAQYT1d P| LS¥0d0 _U ponsosey | LSHHdS P N3IOH0 _u
€l SIVOISH K|ZNT1d[~| 023¥dd P [FIAQYSZITIdP pantesay
141 9VOISH KX|8N1IdP| | 23ddd P S 5| Lsyzids UmeoLo@rw_u:a
Sl LIVOISH [<|paniesay | z z3ddd P - 3 e| Lsyelds P| Pponesey [ paniesay
@
9l NO3ISH P|0d11d P|03ddoIdP| OACQHIST P m o m panesay | 1SMBWIL P %m
(0]
Ll AQY3ISH P|1d11d P|} 34dOLd P| 0AQY3ST P m 2 LSHZLYVNP | LSHOLNIL P
8l dAg3sH P| Z3dOLd P| OAQHISH P - LSHELYVNP | 1SYHLLWIL P NIWVHSdME _u
6l NOSSO P| 2  |e3udoLydP| DAQH3SH P 2 LsurLavne paniesey
Q Q
02 - m pasgn s Pl oAQdTd P m LSHSINVNP NIWVEYLYAWOO
X4 m 0 LOOW P |0AQYSZITIdP| 1SHIVING P 1sylozl P NERT S
[44 m omw._._n__o | LOOW P| Ppemesey | 1SMzvNG P Ls¥zozl P NIzvwa P
€c paniesay | O¥SSzI P| 0SSO _u 1s¥eozl P
5 0 5 paAlasay - panlasay
ve NO T1d 0071d P lg3yd1091 poAlasay g
T4 AQY1d P|1 O11d P|13ddL00nWP meo<_>__._5_o LSHINVO P ] NIOVWHIT P
[0}
92 NOSZI 11d P |2 OT1d [~ [¢3dd L OONP - LSHZNVO P x NIXLOVAHLI P
Yk AQ¥SZI T1dP | € DT1d P [031dz00WP m paniesay panesay NIXYOVWHLT P
8¢ - o [13¥dzoone m LS¥Md P NIdLdOVINHLT P
62 m m Z238dz00NP Pmmmzwho_o Ls¥ova p NISHOLO P
0€ 3 3 02Z00WN P NIIdTNSHO10 P
x 14 paniasay paniasay
1€ L ZOOW P paAIasay
] e B B & B x E} B E B E BB E B E BRE x 5
- QO &) © 10 |© e © o © 1%) © 1%) © 1% (2 1% © %) T[22 1Z ©
w e C_ > mﬂ > C_ > | > mR > mR > mR Vm mR > mR me mE >
rof - I ® - P 5
g e s B=3F & B ¢ P =2 B =% B =2 B¢ =& [ =2 @gEE <=2
(4 vl o K ¥ 4 @ 4 < K =3 4 < e < < e < 4
I
m [ o < © (&) o < © &) o < to 1O [=]
(2] =] (=] (=] o - - - = N N NN ®
g £ E = = < X 3 3 X 3 3 S B 3
A o o -} =)

267/1757

RMO0090 Rev 21




RM0090

Table 35. RCC register map and reset values (continued)

Reset and clock control for STM32F405xx/07xx and STM32F415xx/17xx(RCC)
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Table 35. RCC register map and reset values (continued)
Addr. | Register bl L= = AN A A A R N = R A R e A A e R N A =R R P ~ o< |m o= |lo
offset name [0 [N [N |ON [N [N [N [N [N [N [N | | = e = | | | [ e
w |
el o el [T [ O TR [T
o |25 [E |5 B |w > |=
x| 9 9o 0% o5
ox7a | RCCCSR |21 |02 |22 |2 |2 Reserved x5
slzlelx(o|s|o|® g
5 = 2 |0 |ad | @
Resetvalue (O[O [0 [0 [ T[T [T[1 010
Ox78 Reserved Reserved
Ox7C Reserved Reserved
I
z21%| o
(] o
oxg0 |RCC_SSCGR|Q |2 | & INCSTEP MODPER
Ll [0}
0N 7]
Resetvalue |0 [ 0 UJUJO0JO0J0J0OJOJOUJOJO0JO0J0[0[0OJU[O0OJ0OJ0J0[0OJ0OJOJOJO0JO0J0[0]0
RCC 9
— | @ |PLLI2SRx PLLI2SNx
oxg4 |PLLI2SCFGR| & Reserved Reserved
Resetvalue§0‘1‘0 0‘1‘1‘0‘0‘0‘0‘0‘0
Refer to Section 2.3: Memory map for the register boundary addresses.
Kys RMO0090 Rev 21 269/1757




General-purpose 1/0s (GPIO) RMO0090

8

8.1

8.2

8.3

270/1757

General-purpose 1/0s (GPIO)

This section applies to the whole STM32F4xx family, unless otherwise specified.

GPIO introduction

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

GPIO main features

e Upto 16 I/Os under control
e  Output states: push-pull or open drain + pull-up/down

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

e  Speed selection for each I/O

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

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

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

e Analog function

e Alternate function input/output selection registers (at most 16 AFs per 1/0O)

e Fast toggle capable of changing every two clock cycles

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

GPIO functional description

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

e Input floating

e Input pull-up

e Input-pull-down

e Analog

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

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

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

3
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Each 1/0O port bit is freely programmable, however the I/O port registers have to be
accessed as 32-bit words, half-words or bytes. The purpose of the GPIOx_BSRR register is
to allow atomic read/modify accesses to any of the GPIO registers. In this way, there is no
risk of an IRQ occurring between the read and the modify access.

Figure 25 shows the basic structure of a 5 V tolerant I/O port bit. Table 40 gives the possible
port bit configurations.

Figure 25. Basic structure of a five-volt tolerant I/O port bit

r—— - - - - — — — — — -
To on-chip Analog | |
peripheral - | |
Alternate function input
‘  ——
. I on/off |
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SR % l )'KX_/I l )
) — e I 7 Voo Voo Fr
©
o T | TTL Schmitt | ,
2 g trigger on/off P(;%:Znon
(2 —
g -3 I, |
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e |- _ _ _ _ _ _ o _ i
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& I | Protection
@ 8 diode
@ S [ P-mos | v
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3 control
Read/write 8 N-MOS |A
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1. Vpp_pris a potential specific to five-volt tolerant I/Os and different from Vpp.

Table 36. Port bit configuration table(!)

MO[1DS;2(i) OTYPER(i) OSI:ESA[;R(i) PU[?S)?“) 1/0 configuration

0 0 0 GP output PP
0 0 1 GP output PP+ PU
0 1 0 GP output PP + PD
0 SPEED 1 1 Reserved

o 1 [B:A] 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)
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Table 36. Port bit configuration table(!) (continued)

M()[?:%?(i) OTYPER(i) OSTESA[;R“) PU[?S)T“) I/0 configuration

0 0 0 AF PP
0 0 1 AF PP + PU
0 1 0 AF PP + PD
0 SPEED 1 1 Reserved

10 1 [B:A] 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

00 X X X 0 1 Input PU
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

i X X X 1 0 Reserved
X X X 1 1

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

function.

General-purpose 1/0 (GPIO)

During and just after reset, the alternate functions are not active and the 1/O ports are
configured in input floating mode.

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

e PA15: JTDI in pull-up

e PA14: JTCK/SWCLK in pull-down
e  PA13: JTMS/SWDAT in pull-up

e PB4:NJTRST in pull-up

e PB3: JTDO in floating state

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 N-MOS is activated when 0 is output).

The input data register (GP1Ox_IDR) captures the data present on the 1/O pin at every AHB1

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.
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Note:

3

1/0 pin multiplexer and mapping

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

Each 1/0O pin has a multiplexer with sixteen alternate function inputs (AF0 to AF15) that can
be configured through the GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15)
registers:

e Afterreset all I/Os are connected to the system’s alternate function 0 (AFO0)
e  The peripherals’ alternate functions are mapped from AF1 to AF13
e  Cortex®-M4 with FPU EVENTOUT is mapped on AF15

This structure is shown in Figure 26 below.

In addition to this flexible 1/0O multiplexing architecture, each peripheral has alternate
functions mapped onto different I/O pins to optimize the number of peripherals available in
smaller packages.
To use an I/O in a given configuration, proceed as follows:
e  System function

Connect the I/O to AFO and configure it depending on the function used:

— JTAG/SWD, after each device reset these pins are assigned as dedicated pins
immediately usable by the debugger host (not controlled by the GPIO controller)

— RTC_REFIN: this pin should be configured in Input floating mode
— MCO1 and MCO2: these pins have to be configured in alternate function mode.

The user can disable some or all of the JTAG/SWD pins and so release the associated pins
for GPIO usage (released pins highlighted in gray in the table).

For more details refer to Section 7.2.10: Clock-out capability and Section 6.2.10: Clock-out
capability.
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Table 37. Flexible SWJ-DP pin assignment

SWJ I/O pin assigned
Available debug ports PA13/ | PA14/ PA15/ | PB3/ PB4/

JTMS/ | JTCK/ JTDI JTDO | NJTRST
SWDIO | SWCLK

Full SWJ (JTAG-DP + SW-DP) - Reset state X X X X X

Full SWJ (JTAG-DP + SW-DP) but without

NJTRST X X X X

JTAG-DP Disabled and SW-DP Enabled X X

JTAG-DP Disabled and SW-DP Disabled Released

e GPIO

Configure the desired 1/O as output or input in the GPIOx_MODER register.

e  Peripheral alternate function

For the ADC and DAC, configure the desired I/O as analog in the GPIOx_MODER

register.
For other peripherals:

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

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

—  Connect the I/O to the desired AFx in the GPIOx_AFRL or GPIOx_AFRH register

e EVENTOUT

Configure the 1/O pin used to output the Cortex®-M4 with FPU EVENTOUT signal by

connecting it to AF15

EVENTOUT is not mapped onto the following I/O pins: PC13, PC14, PC15, PHO, PH1 and

PI8.

Refer to the “Alternate function mapping” table in the datasheets for the detailed mapping of

the system and peripherals’ alternate function I/O pins.
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Figure 26. Selecting an alternate function on STM32F405xx/07xx and
STM32F415xx/17xx

For pins 0 to 7, the GPIOx_AFRL[31:0] register selects the dedicated alternate function
AFO (system) \
AF1 (TIM1/TIM2)
AF2 (TIM3..5)
AF3 (TIM8..11)
AF4 (12C1..3)
AF5 (SPI1/SPI2)
AF6 (SPI3)
AF7 (USART1..3)
AF8 (USART4..6)
AF9 (CAN1/CAN2, TIM12..14)
AF10 (OTG_FS, OTG_HS)
AF11 (ETH)
AF12 (FSMC, SDIO, 0TG_Hs( 1)
AF13 (DCMI)
AF14
AF15 (EVENTOUT)

Pinx (x=0..7)

T

vvvlvllvvvvvvvvv

4

AFRL[31:0]

For pins 8 to 15, the GPIOx_AFRH[31:0] register selects the dedicated alternate function

AFO0 (system) - \
AF1 (TIM1/TIM2) >
AF2 (TIM3..5) >
AF3 (TIM8..11) >
AF4 (12C1..3) >
AF5 (SPI1/SPI2) >
AF6 (SPI3) > Pin x (x = 8..15)
AF7 (USART1..3) »
AF8 (USARTA4..6) > 1
AF9 (CAN1/CAN2, TIM12..14) — >
AF10 (OTG_FS, OTG_HS) —>
AF11 (ETH) >
AF12 (FSMC, SDI0, 0TG_Hs( 1) —>
AF13 (DCMI) >
AF14 >
AF15 (EVENTOUT) > /
AFRH[31:0] ai17538
1. Configured in FS.
1S77 RMO0090 Rev 21 275/1757




General-purpose 1/0s (GPIO) RMO0090

Figure 27. Selecting an alternate function on STM32F42xxx and STM32F43xxx

For pins 0 to 7, the GPIOx_AFRL[31:0] register selects the dedicated alternate function

N

AFO (system)
AF1 (TIM1/TIM2)
AF2 (TIM3..5)
AF3 (TIM8..11)
AF4 (12C1..3)
AF5 (SPI11/2/3/4/5/6)
AF6 (SPI2/3/SAl1)
AF7 (USART1..3)
AF8 (USART4..8)
AF9 (CAN1/CAN2, LTDC, TIM12..14)
AF10 (OTG_FS, OTG_HS)
AF11 (ETH)
AF12 (FMC, SDIO, OTG_HS™)
AF13 (DCMI)
AF14 (LTDC)
AF15 (EVENTOUT)

Pin x (x =0..7)

1

VVV{V"l"""""""""

7

AFRL[31:0]

For pins 8 to 15, the GPIOx_AFRH[31:0] register selects the dedicated alternate function

AFO (system)
AF1 (TIM1/TIM2)
AF2 (TIM3..5)
AF3 (TIM8..11)
AF4 (12C1..3)
AF5 (SPI11/2/4/5/6)
AF6 (SPI2/3/SAl1)
AF7 (USART1..3)
AF8 (USART4..8)
AF9 (CAN1/CAN2, TIM12..14)
AF10 (OTG_FS, OTG_HS)
AF11 (ETH)
AF12 (FMC, SDIO, OTG_HS™)
AF13 (DCMI)
AF14 (LTDC)
AF15 (EVENTOUT)

N

Pin x (x = 8..15)

1

VVV{V"{V"V"V"V"V

AFRH[31:0]

MS60208V1

1. Configured in FS.
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8.3.3

8.34

8.3.5

8.3.6

3

1/0 port control registers

Each of the GPIOs has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 I/Os.

The GPIOx_MODER register is used to select the I/O direction (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 1/0O speed pins are directly connected to the
corresponding GPIOx_OSPEEDR register bits whatever the 1/0 direction). The
GPIOx_PUPDR register is used to select the pull-up/pull-down whatever the I/O direction.

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 1/O are stored into the input data register
(GPIOx_IDR), a read-only register.

See Section 8.4.5: GPIO port input data register (GPIOx_IDR) (x = A..I/J/K) and
Section 8.4.6: GPIO port output data register (GPIOx_ODR) (x = A..lI/J/K) for the register
descriptions.

I/0 data bitwise handling

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

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

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

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

There is no need for the software to disable interrupts when programming the GPIOx_ODR
at bit level: it is possible to modify one or more bits in a single atomic AHB1 write access.

GPIO locking mechanism

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

To write the GPIOx_LCKR register, a specific write / read sequence has to be applied. When
the right LOCK sequence is applied to bit 16 in this register, the value of LCKR[15:0] is used
to lock the configuration of the I/Os (during the write sequence the LCKR[15:0] value must

be the same). When the LOCK sequence has been applied to a port bit, the value of the port
bit can no longer be modified until the next MCU or peripheral reset. Each GPIOx_LCKR bit
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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 8.4.8: GPIO port configuration lock register
(GPIOx_LCKR) (x = A..lI/J/K)) 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 8.4.8: GPIO port configuration
lock register (GPIOx_LCKR) (x = A..I/J/K).

8.3.7 1/0 alternate function input/output

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

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

To know which functions are multiplexed on each GPIO pin, refer to the datasheets.

Note: The application is allowed to select one of the possible peripheral functions for each I/O at a
time.
8.3.8 External interrupt/wake-up lines

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode, refer to Section 12.2: External interrupt/event controller (EXTI)
and Section 12.2.3: Wake-up event management.

8.3.9 Input configuration

When the 1/O port is programmed as Input:
e the output buffer is disabled
e the Schmitt trigger input is activated

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

e The data present on the I/O pin are sampled into the input data register every AHB1
clock cycle

e Aread access to the input data register provides the I/O State

Figure 28 shows the input configuration of the I/O port bit.

3
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Figure 28. Input floating/pull up/pull down configurations
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Read/write o | - |
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8.3.10 Output configuration

3

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 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/O pin are sampled into the input data register every AHB1
clock cycle

Aread access to the input data register gets the 1/O state
A read access to the output data register gets the last written value

Figure 29 shows the output configuration of the I/O port bit.
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Figure 29. Output configuration
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Alternate function configuration

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

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

e  The Schmitt trigger input is activated

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

e The data present on the I/O pin are sampled into the input data register every AHB1
clock cycle

e Aread access to the input data register gets the I/O state

Figure 30 shows the Alternate function configuration of the I/O port bit.

Figure 30. Alternate function configuration
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8.3.12 Analog configuration
When the I/O port is programmed as analog configuration:

e  The output buffer is disabled

e  The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt trigger is forced to a constant value (0).

e  The weak pull-up and pull-down resistors are disabled

e Read access to the input data register gets the value “0”

Note: In the analog configuration, the I/O pins cannot be 5 Volt tolerant.

Figure 31 shows the high-impedance, analog-input configuration of the 1/0 port bit.
Figure 31. High impedance-analog configuration
r—— - - - - - — — — A
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< e | |
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Write % g nputdiver | diode
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2 o r— - - — — — — — — — — — hl
@ ;(S | | protection
— 2 | - | diode
Read/write 3 | v | Vss
o | |
From on-chip Analog L_ - - — — — - = — -
peripheral 2115943

8.3.13 Using the OSC32_IN/OSC32_OUT pins as GPIO PC14/PC15
port pins
The LSE oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose
PC14 and PC15 1I/Os, respectively, when the LSE oscillator is off. The PC14 and PC15 1/Os
are only configured as LSE oscillator pins OSC32_IN and OSC32_OUT when the LSE
oscillator is ON. This is done by setting the LSEON bit in the RCC_BDCR register. The LSE
has priority over the GPIO function.

Note: The PC14/PC15 GPIO functionality is lost when the 1.2 V domain is powered off (by the
device entering the standby mode) or when the backup domain is supplied by Vgar (Vpp no
more supplied). In this case the I/Os are set in analog input mode.

8.3.14 Using the OSC_IN/OSC_OUT pins as GPIO PHO/PH1 port pins

3

The HSE oscillator pins OSC_IN/OSC_OUT can be used as general-purpose PHO/PH1
I/Os, respectively, when the HSE oscillator is OFF. (after reset, the HSE oscillator is off). The
PHO/PH1 1/Os are only configured as OSC_IN/OSC_OUT HSE oscillator pins when the
HSE oscillator is ON. This is done by setting the HSEON bit in the RCC_CR register. The
HSE has priority over the GPIO function.
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8.3.15 Selection of RTC_AF1 and RTC_AF2 alternate functions

The STM32F4xx feature two GPIO pins RTC_AF1 and RTC_AF2 that can be used for the

detection of a tamper or time stamp event, or RTC_ALARM, or RTC_CALIB RTC outputs.

e The RTC_AF1 (PC13) can be used for the following purposes:

RTC_ALARM output: this output can be RTC Alarm A, RTC Alarm B or RTC Wake-up

depending on the OSEL[1:0] bits in the RTC_CR register

e RTC_CALIB output: this feature is enabled by setting the COE[23] in the RTC_CR

register

e RTC_TAMP1: tamper event detection

e RTC_TS: time stamp event detection

The RTC_AF2 (PI8) can be used for the following purposes:

e RTC_TAMP1: tamper event detection

e RTC_TAMP2: tamper event detection

e RTC_TS: time stamp event detection

The selection of the corresponding pin is performed through the RTC_TAFCR register as

follows:

e TAMP1INSEL is used to select which pin is used as the RTC_TAMP1 tamper input

e TSINSEL is used to select which pin is used as the RTC_TS time stamp input

e ALARMOUTTYPE is used to select whether the RTC_ALARM is output in push-pull or

open-drain mode
The output mechanism follows the priority order listed in Table 38 and Table 39.
Table 38. RTC_AF1 pin("
TSINSEL
Pin Time | TAMP1INSEL ALARMOUTTYPE
configuration | R C-ALARM | RTC_CALIB | Tamper | . | “rappery | IMESTAMP |- o ALARM
. enabled enabled |enabled . . pin - .
and function enabled | pin selection . configuration
selection

Alarm out 1 Don’t care Don't Don't Don’t care Don’t care 0
output OD care care
Alarm out 1 Don’t care Don't Don't Don'’t care Don’t care 1
output PP care care
Calibration 0 1 Don't Don't Don'’t care Don’t care Don’t care
out output PP care care
TAMPERT 0 0 1 0 0 Don’t care Don’t care
input floating
TIMESTAMP
and ,
TAMPER1 0 0 1 1 0 0 Don’t care
input floating
TIMESTAMP 0 0 0 1 Don’t care 0 Don’t care
input floating
Standard , ; :
GPIO 0 0 0 0 Don’t care Don’t care Don’t care

1.
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OD: open drain; PP: push-pull.
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Table 39. RTC_AF2 pin

Tamper Time | TAMP1INSEL Tl1h-IISIEI§$EnI;IP ALARMOUTTYPE
Pin configuration and function p stamp TAMPER1 i RTC_ALARM
enabled . . pin - .
enabled | pin selection . configuration
selection
TAMPER1 input floating 0 1 Don’t care Don’t care
TIMESTAMP and TAMPER1 input 1 1 1 Don't care
floating
TIMESTAMP input floating 1 Don’t care 1 Don’t care
Standard GPIO 0 Don’t care Don't care Don't care

3
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8.4 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 40.
The GPIO registers can be accessed by byte (8 bits), half-words (16 bits) or words (32 bits).
8.4.1 GPIO port mode register (GPIOx_MODER) (x = A..I/J/K)
Address offset: 0x00
Reset values:
e  0xA800 0000 for port A
e  0x0000 0280 for port B
e  0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODER15[1:0] | MODER14[1:0] | MODER13[1:0] | MODER12[1:0] | MODER11[1:0] | MODER10[1:0] | MODER9[1:0] | MODERS[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODER7[1:0] | MODERS[1:0] | MODERS5[1:0] | MODER4[1:0] | MODERS3[1:0] | MODER2[1:0] | MODER1[1:0] | MODERO[1:0]
Bits 2y:2y+1 MODERYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the I/O direction mode.
00: Input (reset state)
01: General purpose output mode
10: Alternate function mode
11: Analog mode
8.4.2 GPIO port output type register (GPIOx_OTYPER)
(x = A..IJIK)
Address offset: 0x04
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 11 10 9 8 7 6 5 4 3 2 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 | OT9 | OT8 | OT7 | OT6 | OT5 | OT4 | OT3 | OT2 | OT1 | OTO
w w rw w w w w w w w w w w w w w
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 OTy: Port x configuration bits (y = 0..15)
These bits are written by software to configure the output type of the 1/0O port.
0: Output push-pull (reset state)
1: Output open-drain
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8.4.3 GPIO port output speed register (GPIOx_OSPEEDR)
(x = A..IIK)
Address offset: 0x08
Reset values:
e  0x0CO0O0 0000 for port A
e  0x0000 00CO for port B
e  0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEEDR15 | OSPEEDR14 | OSPEEDR13 | OSPEEDR12 | OSPEEDR11 OSPEEDR10 | OSPEEDR9 | OSPEEDRS
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEEDR7[1:0] | OSPEEDR6[1:0] | OSPEEDRS5[1:0] | OSPEEDR4{1:0] | OSPEEDR3[1:0] | OSPEEDR2[1:0] OSF['EE]DM OSPEE]DRO
Bits 2y:2y+1 OSPEEDRYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the I/O output speed.
00: Low speed
01: Medium speed
10: High speed
11: Very high speed
Note: Refer to the product datasheets for the values of OSPEEDRY bits versus Vpp
range and external load.
8.44 GPIO port pull-up/pull-down register (GPIOx_PUPDR)

(x = A..IIK)
Address offset: 0x0C

Reset values:

e 0x6400 0000 for port A
e  0x0000 0100 for port B
e  0x0000 0000 for other ports

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPDR15[1:0] | PUPDR14[1:0] | PUPDR13[1:0] | PUPDR12[1:0] | PUPDR11[1:0] | PUPDR10[1:0] | PUPDRO[1:0] | PUPDRS[1:0]

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PUPDR7[1:0] | PUPDR6[1:0] | PUPDRS5[1:0] | PUPDRA4[1:0] PUPDR3[1:0] | PUPDR2[1:0] | PUPDR1[1:0] PUPDRO[1:0]
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Bits 2y:2y+1 PUPDRYy[1:0]: Port x configuration bits (y = 0..15)

These bits are written by software to configure the 1/0 pull-up or pull-down
00: No pull-up, pull-down

01: Pull-up

10: Pull-down

11: Reserved

8.45 GPIO port input data register (GPIOx_IDR) (x = A..IIJ/K)
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
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

IDR15 | IDR14 | IDR13

IDR12 | IDR11 | IDR10 | IDR9 IDR8 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO

r r r r r r r r r r r r r

8.4.6

Bits 31:16
Bits 15:0

Reserved, must be kept at reset value.

IDRy: Port input data (y = 0..15)
These bits are read-only and can be accessed in word mode only. They contain the input
value of the corresponding 1/O port.

GPIO port output data register (GPIOx_ODR) (x = A..I/J/K)

Address offset: 0x14
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 11 10 9 8 7 6 5 4 3 2 1 0

ODR15 | ODR14 | ODR13

ODR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5 | ODR4 | ODR3 | ODR2 | ODR1 | ODRO

w w w w w w w w w w w w w

286/1757

Bits 31:16
Bits 15:0

Reserved, must be kept at reset value.

ODRYy: Port output data (y = 0..15)
These bits can be read and written by software.

Note: For atomic bit set/reset, the ODR bits can be individually set and reset by writing to the
GPIOx_BSRR register (x = A..lI/J/K).

3
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8.4.7 GPIO port bit set/reset register (GPIOx_BSRR) (x = A..IIJ/K)

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

Bits 31:16 BRYy: Port x reset bity (y = 0..15)
These bits are write-only and can be accessed in word, half-word or byte mode. A read to
these bits returns the value 0x0000.
0: No action on the corresponding ODRXx bit
1: Resets the corresponding ODRXx bit

Note: If both BSx and BRx are set, BSx has priority.

Bits 15:0 BSy: Port x set bit y (y=0..15)
These bits are write-only and can be accessed in word, half-word or byte mode. A read to
these bits returns the value 0x0000.
0: No action on the corresponding ODRX bit
1: Sets the corresponding ODRX bit

8.4.8 GPIO port configuration lock register (GPIOx_LCKR)
(x = A..IIJIK)
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 or peripheral reset.

Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access
(32-bit long) is allowed during this write sequence.

Each lock bit freezes a specific configuration register (control and alternate function
registers).

Address offset: 0x1C
Reset value: 0x0000 0000

Access: 32-bit word only, read/write register

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

LCK15 | LCK14 | LCK13 | LCK12 | LCK11 [ LCK10 | LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 | LCKO

w w w w w w w w w w w w w w w w

3
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Bits 31:17 Reserved, must be kept at reset value.

Bit 16 LCKK[16]: 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 an MCU reset

or a peripheral reset occurs.

LOCK key write sequence:

WR LCKR[16] = ‘1" + LCKR[15:0]
WR LCKR[16] = ‘0’ + LCKR[15:0]
WR LCKR[16] = ‘1" + LCKR[15:0]
RD LCKR

RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)
Note: During the LOCK key write sequence, the value of LCK[15:0] must not change.

Any error in the lock sequence aborts the lock.

After the first lock sequence on any bit of the port, any read access on the LCKK bit

returns ‘1’ until the next CPU reset.

Bits 15:0 LCKy: Port x lock bity (y= 0..15)

These bits are read/write but can only be written when the LCKK bit is ‘0.
0: Port configuration not locked
1: Port configuration locked

8.4.9 GPIO alternate function low register (GPIOx_AFRL) (x = A..I/J/K)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFRL7[3:0] AFRL6[3:0] AFRL5[3:0] AFRL4[3:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFRL3[3:0] AFRL2[3:0] AFRL1[3:0] AFRLO[3:0]
Bits 31:0 AFRLy: Alternate function selection for port x bity (y = 0..7)
These bits are written by software to configure alternate function 1/0s
AFRLy selection:
0000: AFO 1000: AF8
0001: AF1 1001: AF9
0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
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8.4.10 GPIO alternate function high register (GPIOx_AFRH)
(x =A..IN)

Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFRH15[3:0] AFRH14[3:0] AFRH13[3:0] AFRH12[3:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFRH11[3:0] AFRH10[3:0] AFRHO[3:0] AFRHB8[3:0]

Bits 31:0 AFRHy: Alternate function selection for port x bity (y = 8..15)
These bits are written by software to configure alternate function 1/0s

AFRHYy selection:

0000: AFO 1000: AF8
0001: AF1 1001: AF9
0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15

3
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General-purpose 1/0s (GPIO)

GPIO register map

8.4.11

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

Table 40. GPIO register map and reset values
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RMO0090 General-purpose 1/0s (GPIO)
Table 40. GPIO register map and reset values (continued)
Offset| Register |53 % K & 2 IIQINS Q22N 2L 22N 2o/~ o v+ oalvo
GPIXPUPDR | & |\ 5 | 5 |5 |S (S |5 |5 (5|8 |2 5|5 |5 |28
(where x = x x ¥ ¥ X ¥ 4 4 04 4 04 o4 o © x 4
0x0C | a a a a a a [a) a a a [a) a a a a a
C..IIK) g g T T T T o o o o o o o o o o
5 5 5 5 S 5 > > > > > > > > > >
T T T T e T o o o o o [ o o o o
Reset value 0|o o|o 0|0 0|0 0|0 0|0 0|0 0|00000000000000000
i cEEEEE Rkl Rl R
where X =
0x10 A 19IK) Reserved 55558 |15clelelelalalelele]e
Reset value X[ X[ X[ X[X|[X[X]|X|X|X[X|[x]|XxX]|xXx]|Xx]|X
e EEEEERERIEER IR IR R R
(where x = rixxxxxSS|golalolalclola
0x14 AIIK) Reserved 515815151818 |cjclojo|ololo|e|o|o
Reset value ojo|ofo[0]of0]|0[0]|0[0|O[0]O[O(0O
Cnrexe ERI2EELRIRIERIeERIRREREEEEE BRI B 8
0x18 ALIIIK) e e e N 5 6 (o o (o (oo (6o o 3R (R(2(R(4 |0 |0 |0|d|o|0|o|d|a |
Resetvalue |0|0|0|0|0|0|0|0|0|0O|O0O|0[0|0|0|O0O|O[0O|O0O|0[0O|O[0O]|O0O[0O|O0O|O|O[O[O[O]O
nerexs SEEEREIEIZRIRIEIRIRIZRIEI
where X = ¥ X X (X |X X
0x1C ALINIK) Reserved AR R A R R R R R =
Reset value olojof[o[o|o|o]|o]o[0]0[0[0[O[0]O][0O
GPIOX_AFRL
0620 (where x = AFRL7[3:0] | AFRL6[3:0] | AFRL5[3:0] | AFRL4[3:0] | AFRL3[3:0] | AFRL2[3:0] | AFRL1[3:0] | AFRLO[3:0]
X ALIIIK)
Reset value 0|o|o|o o|o|o|o 0|o|0|0 o|0|0|0 0|o|0|0 0|0|o|0 0|o|0|o 0|0|o|0
GPIOX_AFRH
oxoa (where x= | AFRH15[3:0] | AFRH14[3:0] | AFRH13[3:0] | AFRH12[3:0] | AFRH11[3:0] | AFRH10[3:0] | AFRH9[3:0] | AFRH8[3:0]
X A1)
Resetvalue [0]0JoJo[oJofofo[oJoJoJo[oJoJoJo[oJoJoJo[oJoJoJo[oJofoJofoJoJo]o
Refer to Section 2.3: Memory map for the register boundary addresses.
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9

9.1

9.2

9.2.1

System configuration controller (SYSCFG)

The system configuration controller is mainly used to remap the memory accessible in the
code area, select the Ethernet PHY interface and manage the external interrupt line
connection to the GPIOs.

This section applies to the whole STM32F4xx family, unless otherwise specified.

/0 compensation cell

By default the 1/0O compensation cell is not used. However when the 1/0 output buffer speed
is configured in 50 MHz or 100 MHz mode, it is recommended to use the compensation cell
for slew rate control on 1/O tg0)0ut)/tr(10)out COMMutation to reduce the 1/O noise on power

supply.
When the compensation cell is enabled, a READY flag is set to indicate that the

compensation cell is ready and can be used. The I/O compensation cell can be used only
when the supply voltage ranges from 2.4 to 3.6 V.

SYSCFG registers for STM32F405xx/07xx and
STM32F415xx/17xx

SYSCFG memory remap register (SYSCFG_MEMRMP)

This register is used for specific configurations on memory remap:

e  Two bits are used to configure the type of memory accessible at address 0x0000 0000.
These bits are used to select the physical remap by software and so, bypass the BOOT
pins.

o  After reset these bits take the value selected by the BOOT pins. When booting from
main Flash memory with BOOT pins set to 10 [(BOOT1,BOOTO0) = (1,0)] this register
takes the value 0x00.

When the FSMC is remapped at address 0x0000 0000, only the first two regions of Bank 1
memory controller (Bank1 NOR/PSRAM 1 and NOR/PSRAM 2) can be remapped. In remap
mode, the CPU can access the external memory via ICode bus instead of System bus
which boosts up the performance.

Address offset: 0x00
Reset value: 0x0000 000X (X is the memory mode selected by the BOOT pins)

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

31 30
Reserved |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MEM_MODE
Reserved
w | rw

292/1757
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Bits 31:2 Reserved, must be kept at reset value.

Bits 1:0 MEM_MODE: Memory mapping selection

Set and cleared by software. This bit controls the memory internal mapping at
address 0x0000 0000. After reset these bits take the value selected by the Boot
pins (except for FSMC).
00: Main Flash memory mapped at 0x0000 0000
01: System Flash memory mapped at 0x0000 0000
10: FSMC Bank1 (NOR/PSRAM 1 and 2) mapped at 0x0000 0000
11: Embedded SRAM (SRAM1) mapped at 0x0000 0000

Note: Referto Section 2.3: Memory map for details about the memory mapping at

address 0x0000 0000.

9.2.2 SYSCFG peripheral mode configuration register (SYSCFG_PMC)

Address offset: 0x04
Reset value: 0x0000 0000

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

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

Bit 23 MII_RMII_SEL: Ethernet PHY interface selection
Set and Cleared by software.These bits control the PHY interface for the
Ethernet MAC.
0: Mll interface is selected
1: RMIl PHY interface is selected
Note: This configuration must be done while the MAC is under reset and before
enabling the MAC clocks.

Bits 22:0 Reserved, must be kept at reset value.

3
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9.2.3 SYSCFG external interrupt configuration register 1
(SYSCFG_EXTICR1)
Address offset: 0x08
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
EXTI3[3:0] EXTI2[3:0] EXTI1[3:0] EXTIO[3:0]
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 0 to 3)
These bits are written by software to select the source input for the EXTIx
external interrupt.
0000: PA[X] pin
0001: PB[x] pin
0010: PC[x] pin
0011: PD[x] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PHI[x] pin
1000: PI[x] pin
9.24 SYSCFG external interrupt configuration register 2
(SYSCFG_EXTICR2)
Address offset: 0x0C
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
EXTI7[3:0] EXTIB[3:0] EXTI5[3:0] EXTI4[3:0]
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Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 EXTIx[3:0]: EXTI x configuration (x =4 to 7)
These bits are written by software to select the source input for the EXTIx
external interrupt.
0000: PA[X] pin
0001: PBI[x] pin
0010: PC[x] pin
0011: PDIX] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PHI[x] pin
1000: PI[x] pin
9.25 SYSCFG external interrupt configuration register 3
(SYSCFG_EXTICR3)
Address offset: 0x10
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
EXTI11[3:0] EXTI10[3:0] EXTIQ[3:0] EXTI8[3:0]

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

Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 8 to 11)
These bits are written by software to select the source input for the EXTIx external

3

interrupt.

0000: PA[X] pin
0001: PBJ[x] pin
0010: PC[x] pin
0011: PDI[x] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PH[x] pin
1000: PI[x] pin

RMO0090 Rev 21
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9.2.6 SYSCFG external interrupt configuration register 4
(SYSCFG_EXTICR4)
Address offset: 0x14
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 11 10 9 8 7 6 5 4 3 2 1 0
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 12 to 15)
These bits are written by software to select the source input for the EXTIx external
interrupt.
0000: PA[X] pin
0001: PBIx] pin
0010: PC[x] pin
0011: PD[x] pin
0100: PE[x] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PH[x] pin
Note: PI[15:12] are not used.
9.2.7 Compensation cell control register (SYSCFG_CMPCR)
Address offset: 0x20
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 11 10 9 8 7 6 5 4 3 2 1 0
READY CMP_PD
Reserved Reserved
r rw

296/1757

Bits 31:9 Reserved, must be kept at reset value.

Bit 8 READY: Compensation cell ready flag
0: I/0O compensation cell not ready

1: O compensation cell ready

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

Bit 0 CMP_PD: Compensation cell power-down
0: I/0O compensation cell power-down mode
1: 1/0 compensation cell enabled
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9.2.8 SYSCFG register maps for
STM32F405xx/07xx and STM32F415xx/17xx
The following table gives the SYSCFG register map and the reset values.
Table 41. SYSCFG register map and reset values
(STM32F405xx/07xx and STM32F415xx/17xx)
Offset| Register |5/3/Q|R(N[Q/Q|3|Q(Q(RR2/2| |2|2(2|2||c(2|0| |~ 0| v|+|o|~|«|o
w
o
SYSCFG_ 2
0x00 MEMRMP Reserved s'
s
Reset value XX
-
L
c,)I
SYSCFG_PMC s
0x04 Reserved ¥ Reserved Reserved
_l
= |
Reset value 0
SYSCFG_EXTICR1 EXTI3[3:0] | EXTI2[3:0] | EXTI[3:0] | EXTIO[3:0]
0x08 Reserved
Reset value 0|o|0|0 o|0|o|0 o|o|0|o 0|o|0|0
SYSCFG_EXTICR2 EXTI7[3:0] | EXTI6[3:0] | EXTI53:0] | EXTI4[3:0]
0x0C Reserved
Reset value 0|o|0|0 0|0|0|0 0|0|0|0 0|0|0|0
SYSCFG_EXTICR3 EXTI11[3:0] | EXTI10[3:0] | EXTI9[3:0] | EXTI8[3:0]
0x10 Reserved
Reset value 0|o|0|0 o|0|o|0 o|o|0|o 0|o|0|0
SYSCFG_EXTICR4 EXTI15[3:0] | EXTI14[3:0] | EXTI13[3:0] | EXTI12[3:0]
0x14 Reserved
Reset value 0|o|0|0 0|0|0|000|0|0 0|0|00
> g
SYSCFG_CMPCR = o
0x20 Reserved w Reserved s
e o
Reset value 0 0

9.3

9.3.1

Refer to Section 2.3: Memory map for the register boundary addresses.

SYSCFG registers for STM32F42xxx and STM32F43xxx

SYSCFG memory remap register (SYSCFG_MEMRMP)

This register is used for specific configurations on memory remap:
e Three bits are used to configure the type of memory accessible at address
0x0000 0000. These bits are used to select the physical remap by software and so,
bypass the BOOT pins.
e Atfter reset these bits take the value selected by the BOOT pins. When booting from
main Flash memory with BOOT pins set to 10 [[BOOT1,BOOTO0) = (1,0)] this register
takes the value 0x00.
e  Other bits are used to swap FMC SDRAM Bank 1/2 with FMC Bank 3/4 and configure
the Flash Bank 1/2 mapping

3
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There are two possible FMC remap at address 0x0000 0000:
¢ FMC Bank 1 (NOR/PSRAM 1 and 2) remap:

Only the first two regions of Bank 1 memory controller (Bank1 NOR/PSRAM 1 and
NOR/PSRAM 2) can be remapped.

e FMC SDRAM Bank 1 remap.

In remap mode at address 0x0000 0000, the CPU can access the external memory via
ICode bus instead of System bus which boosts up the performance.

Address offset: 0x00

Reset value: 0x0000 000X (X is the memory mode selected by the BOOT pins)
Note: Booting from NOR Flash memory or SDRAM is not allowed. The regions can only be

mapped at 0x0000 0000 through software remap.

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FB :
SWP_FMC MODE MEM_MODE][2:0]
Reserved Res. Reserved
w w rw w | w | rw

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

Bits 11:10 SWP_FMC: FMC memory mapping swap
Set and cleared by software. These bits are used to swap the FMC SDRAM
Bank 1/2 and FMC Bank 3/4 (SDRAM Bank 1/2 and NAND Bank 2/PCCARD
Bank) in order to enable the code execution from SDRAM Banks without a
physical remapping at 0x0000 0000 address.
00: No FMC memory mapping swap
01: SDRAM banks and NAND Bank 2/PCCARD mapping are swapped. SDRAM
Bank 1 and 2 are mapped at NAND Bank 2 (0x8000 0000) and PCCARD Bank
(0x9000 0000) address, respectively. NAND Bank 2 and PCCARD Bank are
mapped at 0xC000 0000 and 0xD0O0O 0000, respectively.
10: Reserved
11: Reserved

Bit 9 Reserved, must be kept at reset value.

3
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Bit 8 FB_MODE: Flash Bank mode selection
Set and cleared by software. This bit controls the Flash Bank 1/2 mapping.
0: Flash Bank 1 is mapped at 0x0800 0000 (and aliased at 0x0000 0000) and
Flash Bank 2 is mapped at 0x0810 0000 (and aliased at 0x0010 0000)
1: Flash Bank 2 is mapped at 0x0800 0000 (and aliased at 0x0000 0000) and
Flash Bank 1 is mapped at 0x0810 0000 (and aliased at 0x0010 0000)

Bits 7:3 Reserved, must be kept at reset value.

Bits 2:0 MEM_MODE: Memory mapping selection

Set and cleared by software. This bit controls the memory internal mapping at
address 0x0000 0000. After reset these bits take the value selected by the Boot
pins (except for FMC).
000: Main Flash memory mapped at 0x0000 0000
001: System Flash memory mapped at 0x0000 0000
010: FMC Bank1 (NOR/PSRAM 1 and 2) mapped at 0x0000 0000
011: Embedded SRAM (SRAM1) mapped at 0x0000 0000
100: FMC/SDRAM Bank 1 mapped at 0x0000 0000
Other configurations are reserved

Note: Refer to Section 2.3: Memory map for details about the memory mapping at

address 0x0000 0000.

9.3.2 SYSCFG peripheral mode configuration register (SYSCFG_PMC)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved Mﬂgg:\_’“l Reserved ADGxDC2
w w ‘ w | w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved |

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

Bit 23 MII_RMII_SEL: Ethernet PHY interface selection

Set and Cleared by software.These bits control the PHY interface for the
Ethernet MAC.
0: Ml interface is selected
1: RMII PHY interface is selected
Note: This configuration must be done while the MAC is under reset and before
enabling the MAC clocks.

3
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Bits 22:19 Reserved, must be kept at reset value.

Bits 18:16 ADCxDC2:
0: No effect.
1: Refer to AN4073 on how to use this bit.

Note:

These bits can be set only if the following conditions are met:
- ADC clock higher or equal to 30 MHz.

- Only one ADCxDC?2 bit must be selected if ADC conversions do not start
at the same time and the sampling times differ.

- These bits must not be set when the ADCDC1 bit is setin PWR_CR

register.

Bits 15:0 Reserved, must be kept at reset value.

9.3.3 SYSCFG external interrupt configuration register 1
(SYSCFG_EXTICR1)
Address offset: 0x08
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 11 10 9 8 7 6 5 4 3 2 1 0
EXTI3[3:0] EXTI2[3:0] EXTI1[3:0] EXTIO[3:0]
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 0 to 3)
These bits are written by software to select the source input for the EXTIx
external interrupt.
0000: PA[X] pin
0001: PBI[x] pin
0010: PC[x] pin
0011: PDI[X] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PH[x] pin
1000: PI[x] pin
1001: PJ[X] pin
1010: PK[x] pin
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9.34 SYSCFG external interrupt configuration register 2
(SYSCFG_EXTICR2)
Address offset: 0x0C
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 11 10 9 8 7 6 5 4 3 2 1 0
EXTI7[3:0] EXTI6[3:0] EXTI5[3:0] EXTI4[3:0]
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 4 to 7)
These bits are written by software to select the source input for the EXTIx
external interrupt.
0000: PA[X] pin
0001: PBJ[x] pin
0010: PC[x] pin
0011: PDIx] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PHI[x] pin
1000: PI[x] pin
1001: PJ[x] pin
1010: PK[x] pin
9.3.5 SYSCFG external interrupt configuration register 3
(SYSCFG_EXTICR3)
Address offset: 0x10
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
EXTI11[3:0] EXTI10[3:0] EXTIQ[3:0] EXTI8[3:0]
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Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 8 to 11)
These bits are written by software to select the source input for the EXTIx
external interrupt.

0000: PA[X] pin
0001: PB[x] pin
0010: PC[x] pin
0011: PDI[x] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PH[x] pin
1000: PI[x] pin
1001: PJ[x] pin
Note: PK[11:8] are not used.

9.3.6 SYSCFG external interrupt configuration register 4
(SYSCFG_EXTICR4)
Address offset: 0x14
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
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]

302/1757

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

Bits 15:0 EXTIx[3:0]: EXTI x configuration (x = 12 to 15)
These bits are written by software to select the source input for the EXTIx external
interrupt.

0000: PA[X] pin
0001: PBIx] pin
0010: PC[x] pin
0011: PD[x] pin
0100: PE[x] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PH[x] pin
1000: PI[x] pin

1001: PJ[x] pin

Note: PK[15:12] are not used.

3
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9.3.7 Compensation cell control register (SYSCFG_CMPCR)
Address offset: 0x20
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 11 10 9 8 7 6 5 4 3 2 1 0
READY CMP_PD
Reserved Reserved
r w
Bits 31:9 Reserved, must be kept at reset value.
Bit 8 READY: Compensation cell ready flag
0: /0 compensation cell not ready
1: O compensation cell ready
Bits 7:2 Reserved, must be kept at reset value.
Bit0 CMP_PD: Compensation cell power-down
0: I/O compensation cell power-down mode
1: /0O compensation cell enabled
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9.3.8 SYSCFG register maps for STM32F42xxx and STM32F43xxx

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

Table 42. SYSCFG register map and reset values (STM32F42xxx and STM32F43xxx)

Offset| Register [5/3(2|RIN|Q/4IX2|][5|8|2(2 /5|22 g||o|o|~|o|w|+|o|~|-|o
[8] w
K=}
SYSCFG_ EI 2 8 MEM_
0x00 MEMRMP Reserved o 513 Reserved MODE
S | |m
»n o[t |
Reset value 0|Om 0 x|x|x
o
2 SIB18
SYSCFG_PMC = @ | [F
0x04 Reserved & | Reserved |O O (O Reserved
| alala
= << |<
1= |
Reset value 0 0(0]|0
SYSCFG_EXTICR1 EXTI3[3:0] | EXTI2[3:0] | EXTI[3:0] | EXTIO[3:0]
0x08 Reserved
Reset value 0|o|0|0 0|0|0|0 0|0|0|0 0|0|0|0
SYSCFG_EXTICR2 EXTI7[3:0] | EXTI6[3:0] | EXTI5[3:0] | EXTI4[3:0]
0x0C Reserved
Reset value 0|o|0|0 o|0|o|0 o|o|0|o 0|0|0|0
SYSCFG_EXTICR3 EXTI11[3:0] | EXTIM0[3:0] | EXTI9[3:0] | EXTI8[3:0]
0x10 Reserved
Reset value 0|o|0|0 0|0|0|0 0|0|0|0 0|0|0|0
SYSCFG_EXTICR4 EXTI15[3:0] | EXTI14[3:0] | EXTI13[3:0] | EXTI12[3:0]
0x14 Reserved
Reset value 0|o|0|0 o|0|o|ooo|0|o 0|0|00
> g
SYSCFG_CMPCR < Q!
0x20 Reserved w Reserved s
x o
Reset value 0 0

Refer to Section 2.3: Memory map for the register boundary addresses.
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10.1

10.2

3

DMA controller (DMA)

This section applies to the whole STM32F4xx family, unless otherwise specified.

DMA introduction

Direct memory access (DMA) is used in order to provide high-speed data transfer between
peripherals and memory and between memory and memory. Data can be quickly moved by
DMA without any CPU action. This keeps CPU resources free for other operations.

The DMA controller combines a powerful dual AHB master bus architecture with
independent FIFO to optimize the bandwidth of the system, based on a complex bus matrix
architecture.

The two DMA controllers have 16 streams in total (8 for each controller), each dedicated to
managing memory access requests from one or more peripherals. Each stream can have
up to 8 channels (requests) in total. And each has an arbiter for handling the priority
between DMA requests.

DMA main features

The main DMA features are:

e Dual AHB master bus architecture, one dedicated to memory accesses and one
dedicated to peripheral accesses

e  AHB slave programming interface supporting only 32-bit accesses
e 8 streams for each DMA controller, up to 8 channels (requests) per stream

e  Four-word depth 32 first-in, first-out memory buffers (FIFOs) per stream, that can be
used in FIFO mode or direct mode:

—  FIFO mode: with threshold level software selectable between 1/4, 1/2 or 3/4 of the
FIFO size

—  Direct mode

Each DMA request immediately initiates a transfer from/to the memory. When it is
configured in direct mode (FIFO disabled), to transfer data in memory-to-
peripheral mode, the DMA preloads only one data from the memory to the internal
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FIFO to ensure an immediate data transfer as soon as a DMA request is triggered
by a peripheral.

e Each stream can be configured by hardware to be:

— aregular channel that supports peripheral-to-memory, memory-to-peripheral and
memory-to-memory transfers
— adouble buffer channel that also supports double buffering on the memory side

e Each of the 8 streams are connected to dedicated hardware DMA channels (requests)

e  Priorities between DMA stream requests are software-programmable (4 levels
consisting of very high, high, medium, low) or hardware in case of equality (request 0
has priority over request 1, etc.)

e Each stream also supports software trigger for memory-to-memory transfers (only
available for the DMA2 controller)

e Each stream request can be selected among up to 8 possible channel requests. This
selection is software-configurable and allows several peripherals to initiate DMA
requests

e  The number of data items to be transferred can be managed either by the DMA
controller or by the peripheral:

—  DMA flow controller: the number of data items to be transferred is software-
programmable from 1 to 65535

—  Peripheral flow controller: the number of data items to be transferred is unknown
and controlled by the source or the destination peripheral that signals the end of
the transfer by hardware

¢ Independent source and destination transfer width (byte, half-word, word): when the
data widths of the source and destination are not equal, the DMA automatically

packs/unpacks the necessary transfers to optimize the bandwidth. This feature is only
available in FIFO mode

e Incrementing or non-incrementing addressing for source and destination

e  Supports incremental burst transfers of 4, 8 or 16 beats. The size of the burst is
software-configurable, usually equal to half the FIFO size of the peripheral

e Each stream supports circular buffer management
e 5 event flags (DMA Half Transfer, DMA Transfer complete, DMA Transfer Error, DMA

FIFO Error, Direct Mode Error) logically ORed together in a single interrupt request for
each stream

3
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10.3 DMA functional description

10.3.1 General description

Figure 32 shows the block diagram of a DMA.

Figure 32. DMA block diagram
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The DMA controller performs direct memory transfer: as an AHB master, it can take the
control of the AHB bus matrix to initiate AHB transactions.

It can carry out the following transactions:

e  peripheral-to-memory

e  memory-to-peripheral

e  memory-to-memory

The DMA controller provides two AHB master ports: the AHB memory port, intended to be
connected to memories and the AHB peripheral port, intended to be connected to

peripherals. However, to allow memory-to-memory transfers, the AHB peripheral port must
also have access to the memories.

The AHB slave port is used to program the DMA controller (it supports only 32-bit
accesses).

3
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See Figure 33 and Figure 34 for the implementation of the system of two DMA controllers.

Figure 33. System implementation of the two DMA controllers
(STM32F405xx/07xx and STM32F415xx/17xx)
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1. The DMA1 controller AHB peripheral port is not connected to the bus matrix like DMA2 controller. As a result, only DMA2
streams are able to perform memory-to-memory transfers.
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Figure 34. System implementation of the two DMA controllers
(STM32F42xxx and STM32F43xxx)
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1. The DMA1 controller AHB peripheral port is not connected to the bus matrix like in the case of the DMA2
controller, thus only DMA2 streams are able to perform memory-to-memory transfers.

10.3.2 DMA transactions

A DMA transaction consists of a sequence of a given number of data transfers. The number
of data items to be transferred and their width (8-bit, 16-bit or 32-bit) are software-
programmable.

Each DMA transfer consists of three operations:

e Aloading from the peripheral data register or a location in memory, addressed through
the DMA_SxPAR or DMA_SxMOAR register

e Astorage of the data loaded to the peripheral data register or a location in memory
addressed through the DMA_SxPAR or DMA_SxMOAR register

e  Apost-decrement of the DMA_SxNDTR register, which contains the number of
transactions that still have to be performed

3
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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 signal is sent to the peripheral by the
DMA controller. The peripheral releases its request as soon as it gets the Acknowledge
signal from the DMA controller. Once the request has been deasserted by the peripheral,
the DMA controller releases the Acknowledge signal. If there are more requests, the
peripheral can initiate the next transaction.

10.3.3 Channel selection
Each stream is associated with a DMA request that can be selected out of 8 possible
channel requests. The selection is controlled by the CHSEL[2:0] bits in the DMA_SxCR
register.
Figure 35. Channel selection
REQ_STRx_CH7 )
REQ_STRx_CH6
EEE—
REQ_STRx_CH5 >
REQ STRx CH4 | REQ_STREAMx
REQ_STRx_CH3
REQ_STRx_CH2
REQ_STRx_CH1 >
REQ_STRx_CHO
—
31 27 25 0
DMA_SxCR | |CHSEL[2:O] | |
ai15947b
The 8 requests from the peripherals (TIM, ADC, SPI, I12C, etc.) are independently connected
to each channel and their connection depends on the product implementation.
See the following table(s) for examples of DMA request mappings.
Table 43. DMA1 request mapping
Peripheral
reun:ests Stream 0 |Stream1 |Stream2 |Stream3 |Stream4 |Stream5 |Stream6 |Stream?7
Channel 0 SPI3_RX - SPI3_RX SPI2_RX SPI2_TX SPI3_TX - SPI3_TX
Channel 1 12C1_RX - TIM7_UP - TIM7_UP 12C1_RX 12C1_TX 12C1_TX
12S3_EXT 12S2_EXT 12S3_EXT
Channel 2 TIM4_CH1 - — "= | TIM4_CH2 - - TIM4_UP | TIM4_CH3
RX T >
12S3_EXT TIM2_UP 1252 _EXT TIM2_CH2 | TIM2_UP
Channel 3 — - 12C3_RX —7' = | 12c3_TX TIM2_CH1
RX TIM2_CH3 - RX - - TIM2_CH4 | TIM2_CH4
Channel 4 UART5_RX | USART3_RX | UART4_RX | USART3_TX | UART4_TX | USART2_RX | USART2_TX | UART5_TX
1) 4 | TIM3_CH4 | TIM3_CH1 .
Channel 5 UART8_TX UART7_TX(M UART7_RX(™M TIM3_CH2 | UART8_ RX(M | TIM3_CH3
TIM3_UP TIM3_TRIG
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Table 43. DMA1 request mapping (continued)
Peripheral
requests Stream 0 | Stream 1 Stream 2 [Stream 3 |Stream4 |Stream 5 |Stream 6 |Stream?7
TIM5_CH3 TIM5_CH4 TIM5_CH4
Channel 6 TIM5_CH1 TIM5_CH2 - TIM5_UP -
TIM5_UP TIM5_TRIG TIM5_TRIG
Channel 7 - TIM6_UP 12C2_RX [2C2_RX | USART3_TX DAC1 DAC2 [2C2_TX
1. These requests are available on STM32F42xxx and STM32F43xxx only.
Table 44. DMA2 request mapping
Peripheral Stream 0 Stream 1 Stream 2 Stream 3 Stream 4 Stream 5 Stream 6 Stream 7
requests
TIM8_CH1 TIM1_CH1
Channel 0 ADC1 -sAI1_AM TIM8_CH2 -SAI1_A ADCH1 SAI1_B(M- TIM1_CH2 -
TIM8_CH3 TIM1_CH3
Channel 1 - DCMI ADC2 ADC2 SAl1_B(- -spl6_TX™M | spie_Rx("- DCMI
Channel 2 ADC3 ADC3 - spI5_Rx("M- | -sp15_Tx") | CRYP_OUT CRYP_IN HASH_IN
Channel 3 SPI1_RX - SPI1_RX SPI1_TX - SPI1_TX - -
Channel 4 SPI4_ RXM- | -spi4_Tx™" USART1_RX SDIO - USART1_RX SDIO USART1_TX
Channel 5 - USART6_RX | USART6_RX | SPI4_Rx"- | -spi4_Tx(" - USART6_TX | USART6_TX
TIM1_CH4
Channel 6 TIM1_TRIG TIM1_CH1 TIM1_CH2 TIM1_CH1 | TIM1_TRIG TIM1_UP TIM1_CH3 -
TIM1_COM
TIM8_CH4
Channel 7 - TIM8_UP TIM8_CH1 TIM8_CH2 | TIM8_CH3 spI5_ RX(M- | spi5_TX("- | TIM8_TRIG
TIM8_COM

1. These requests are available on STM32F42xxx and STM32F43xxx.

10.3.4

3

Arbiter

An arbiter manages the 8 DMA stream requests based on their priority for each of the two
AHB master ports (memory and peripheral ports) and launches the peripheral/memory
access sequences.

Priorities are managed in two stages:
e  Software: each stream priority can be configured in the DMA_SxCR register. There are

four |

evels:

High priority
Medium prio
Low priority

Very high priority

rity

e Hardware: If two requests have the same software priority level, the stream with the
lower number takes priority over the stream with the higher number. For example,
Stream 2 takes priority over Stream 4.
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10.3.5

10.3.6

312/1757

DMA streams

Each of the 8 DMA controller streams provides a unidirectional transfer link between a
source and a destination.

Each stream can be configured to perform:

e Regular type transactions: memory-to-peripherals, peripherals-to-memory or memory-
to-memory transfers

¢ Double-buffer type transactions: double buffer transfers using two memory pointers for
the memory (while the DMA is reading/writing from/to a buffer, the application can
write/read to/from the other buffer).

The amount of data to be transferred (up to 65535) is programmable and related to the
source width of the peripheral that requests the DMA transfer connected to the peripheral
AHB port. The register that contains the amount of data items to be transferred is
decremented after each transaction.

Source, destination and transfer modes

Both source and destination transfers can address peripherals and memories in the entire
4 GB area, at addresses comprised between 0x0000 0000 and OxFFFF FFFF.

The direction is configured using the DIR[1:0] bits in the DMA_SxCR register and offers
three possibilities: memory-to-peripheral, peripheral-to-memory or memory-to-memory
transfers. Table 45 describes the corresponding source and destination addresses.

Table 45. Source and destination address

g:&i?lsi[::: ]r:;itsht:r Direction Source address Destination address
00 Peripheral-to-memory DMA_SxPAR DMA_SxMOAR

01 Memory-to-peripheral DMA_SxMOAR DMA_SxPAR

10 Memory-to-memory DMA_SxPAR DMA_SxMOAR

1 reserved - -

When the data width (programmed in the PSIZE or MSIZE bits in the DMA_SxCR register)
is a half-word or a word, respectively, the peripheral or memory address written into the
DMA_SxPAR or DMA_SxMOAR/M1AR registers has to be aligned on a word or half-word
address boundary, respectively.

Peripheral-to-memory mode

Figure 36 describes this mode.

When this mode is enabled (by setting the bit EN in the DMA_SxCR register), each time a
peripheral request occurs, the stream initiates a transfer from the source to fill the FIFO.

When the threshold level of the FIFO is reached, the contents of the FIFO are drained and
stored into the destination.

The transfer stops once the DMA_SxNDTR register reaches zero, when the peripheral
requests the end of transfers (in case of a peripheral flow controller) or when the EN bit in
the DMA_SxCR register is cleared by software.
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In direct mode (when the DMDIS value in the DMA_SxFCR register is ‘0’), the threshold
level of the FIFO is not used: after each single data transfer from the peripheral to the FIFO,
the corresponding data are immediately drained and stored into the destination.

The stream has access to the AHB source or destination port only if the arbitration of the

corresponding stream is won. This arbitration is performed using the priority defined for

each stream using the PL[1:0] bits in the DMA_SxCR register.

Figure 36. Peripheral-to-memory mode
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’—1/ port
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_ . | FIFO
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L AHB peripheral
port | |
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[ DMA _sxPAR source

Peripheral DMA request
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1.

3

For double-buffer mode.

Memory-to-peripheral mode

Figure 37 describes this mode.

When this mode is enabled (by setting the EN bit in the DMA_SxCR register), the stream
immediately initiates transfers from the source to entirely fill the FIFO.

Each time a peripheral request occurs, the contents of the FIFO are drained and stored into
the destination. When the level of the FIFO is lower than or equal to the predefined
threshold level, the FIFO is fully reloaded with data from the memory.

The transfer stops once the DMA_SxNDTR register reaches zero, when the peripheral
requests the end of transfers (in case of a peripheral flow controller) or when the EN bit in
the DMA_SxCR register is cleared by software.

In direct mode (when the DMDIS value in the DMA_SxFCR register is '0'), the threshold
level of the FIFO is not used. Once the stream is enabled, the DMA preloads the first data to
transfer into an internal FIFO. As soon as the peripheral requests a data transfer, the DMA
transfers the preloaded value into the configured destination. It then reloads again the

RMO0090 Rev 21 313/1757




DMA controller (DMA) RMO0090

empty internal FIFO with the next data to be transfer. The preloaded data size corresponds
to the value of the PSIZE bitfield in the DMA_SxCR register.

The stream has access to the AHB source or destination port only if the arbitration of the
corresponding stream is won. This arbitration is performed using the priority defined for
each stream using the PL[1:0] bits in the DMA_SxCR register.

Figure 37. Memory-to-peripheral mode
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1. For double-buffer mode.

Note:
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Memory-to-memory mode

The DMA channels can also work without being triggered by a request from a peripheral.
This is the memory-to-memory mode, described in Figure 38.

When the stream is enabled by setting the Enable bit (EN) in the DMA_SxCR register, the
stream immediately starts to fill the FIFO up to the threshold level. When the threshold level
is reached, the FIFO contents are drained and stored into the destination.

The transfer stops once the DMA_SxNDTR register reaches zero or when the EN bit in the
DMA_SxCR register is cleared by software.

The stream has access to the AHB source or destination port only if the arbitration of the
corresponding stream is won. This arbitration is performed using the priority defined for
each stream using the PL[1:0] bits in the DMA_SxCR register.

When memory-to-memory mode is used, the Circular and direct modes are not allowed.
Only the DMAZ2 controller is able to perform memory-to-memory transfers.

3
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Figure 38. Memory-to-memory mode
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1. For double-buffer mode.

10.3.7 Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented or kept
constant after each transfer depending on the PINC and MINC bits in the DMA_SxCR
register.

Disabling the Increment mode is useful when the peripheral source or destination data are
accessed through a single register.

If the Increment mode is enabled, the address of the next transfer is the address of the
previous one incremented by 1 (for bytes), 2 (for half-words) or 4 (for words) depending on
the data width programmed in the PSIZE or MSIZE bits in the DMA_SxCR register.

In order to optimize the packing operation, it is possible to fix the increment offset size for
the peripheral address whatever the size of the data transferred on the AHB peripheral port.
The PINCOS bit in the DMA_SxCR register is used to align the increment offset size with
the data size on the peripheral AHB port, or on a 32-bit address (the address is then
incremented by 4). The PINCOS bit has an impact on the AHB peripheral port only.

If PINCOS bit is set, the address of the next transfer is the address of the previous one
incremented by 4 (automatically aligned on a 32-bit address) whatever the PSIZE value.
The AHB memory port, however, is not impacted by this operation.

3

RMO0090 Rev 21 315/1757




DMA controller (DMA) RMO0090

10.3.8

Note:

10.3.9

Note:

316/1757

Circular mode

The 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_SxCR
register.

When the circular mode is activated, the number of data items to be transferred is
automatically reloaded with the initial value programmed during the stream configuration
phase, and the DMA requests continue to be served.

In the circular mode, it is mandatory to respect the following rule in case of a burst mode
configured for memory:
DMA_SxNDTR = Multiple of ((Mburst beat) x (Msize)/(Psize)), where:
—  (Mburst beat) = 4, 8 or 16 (depending on the MBURST bits in the DMA_SxCR
register)
—  ((Msize)/(Psize)) = 1, 2, 4, 1/2 or 1/4 (Msize and Psize represent the MSIZE and
PSIZE bits in the DMA_SxCR register. They are byte dependent)
—  DMA_SxNDTR = Number of data items to transfer on the AHB peripheral port

For example: Mburst beat = 8 (INCR8), MSIZE = ‘00’ (byte) and PSIZE = ‘01’ (half-word), in
this case: DMA_SxNDTR must be a multiple of (8 x 1/2 = 4).

If this formula is not respected, the DMA behavior and data integrity are not guaranteed.

NDTR must also be a multiple of the Peripheral burst size multiplied by the peripheral data
size, otherwise this could result in a bad DMA behavior.

Double buffer mode

This mode is available for all the DMA1 and DMA2 streams.
The Double buffer mode is enabled by setting the DBM bit in the DMA_SxCR register.

A double-buffer stream works as a regular (single buffer) stream with the difference that it
has two memory pointers. When the Double buffer mode is enabled, the Circular mode is
automatically enabled (CIRC bitin DMA_SxCR is don’t care) and at each end of transaction,
the memory pointers are swapped.

In this mode, the DMA controller swaps from one memory target to another at each end of
transaction. This allows the software to process one memory area while the second memory
area is being filled/used by the DMA transfer. The double-buffer stream can work in both
directions (the memory can be either the source or the destination) as described in

Table 46: Source and destination address registers in Double buffer mode (DBM=1).

In Double buffer mode, it is possible to update the base address for the AHB memory port
on-the-fly (DMA_SxMOAR or DMA_SxM1AR) when the stream is enabled, by respecting the
following conditions:

e  When the CT bit is ‘0’in the DMA_SxCR register, the DMA_SxM1AR register can be
written. Attempting to write to this register while CT = '1' sets an error flag (TEIF) and
the stream is automatically disabled.

e  When the CT bit is ‘1’ in the DMA_SxCR register, the DMA_SxMOAR register can be
written. Attempting to write to this register while CT = '0', sets an error flag (TEIF) and
the stream is automatically disabled.

To avoid any error condition, it is advised to change the base address as soon as the TCIF

flag is asserted because, at this point, the targeted memory must have changed from
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memory 0 to 1 (or from 1 to 0) depending on the value of CT in the DMA_SxCR register in
accordance with one of the two above conditions.

For all the other modes (except the Double buffer mode), the memory address registers are
write-protected as soon as the stream is enabled.
Table 46. Source and destination address registers in Double buffer mode (DBM=1)
Bits DIR[1:0] of the . . .
DMA_SxCR register Direction Source address Destination address
. DMA_SxMOAR /
00 Peripheral-to-memory | DMA_SxPAR DMA_SxM1AR
. DMA_SxMOAR /
01 Memory-to-peripheral DMA_SxM1AR DMA_SxPAR
10 Not allowed(")
1 Reserved - -
1. When the Double buffer mode is enabled, the Circular mode is automatically enabled. Since the memory-
to-memory mode is not compatible with the Circular mode, when the Double buffer mode is enabled, it is
not allowed to configure the memory-to-memory mode.
10.3.10 Programmable data width, packing/unpacking, endianess

3

The number of data items to be transferred has to be programmed into DMA_SxNDTR
(number of data items to transfer bit, NDT) before enabling the stream (except when the
flow controller is the peripheral, PFCTRL bit in DMA_SxCR is set).

When using the internal FIFO, the data widths of the source and destination data are
programmable through the PSIZE and MSIZE bits in the DMA_SxCR register (can be 8-,
16- or 32-bit).

When PSIZE and MSIZE are not equal:

e  The data width of the number of data items to transfer, configured in the DMA_SxNDTR
register is equal to the width of the peripheral bus (configured by the PSIZE bits in the
DMA_SxCR register). For instance, in case of peripheral-to-memory, memory-to-
peripheral or memory-to-memory transfers and if the PSIZE[1:0] bits are configured for
half-word, the number of bytes to be transferred is equal to 2 x NDT.

e  The DMA controller only copes with little-endian addressing for both source and
destination. This is described in Table 47: Packing/unpacking & endian behavior (bit
PINC = MINC = 1).

This packing/unpacking procedure may present a risk of data corruption when the operation
is interrupted before the data are completely packed/unpacked. So, to ensure data
coherence, the stream may be configured to generate burst transfers: in this case, each
group of transfers belonging to a burst are indivisible (refer to Section 10.3.11: Single and
burst transfers).

In direct mode (DMDIS = 0 in the DMA_SxFCR register), the packing/unpacking of data is

not possible. In this case, it is not allowed to have different source and destination transfer

data widths: both are equal and defined by the PSIZE bits in the DMA_SxCR MSIZE bits are
don’t care).
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Table 47. Packing/unpacking & endian behavior (bit PINC = MINC = 1)

AHB Number Peripher Peripheral port address / byte lane
AHB of data [ Memory | Memory port
memory . . al
ort peripheral | items to | transfer | address / byte transfer
p_ port width | transfer f number |lane PINCOS =1 PINCOS =0
width number
(NDT)
1 0x0 / BO[7:0] 1 0x0 / BO[7:0] 0x0 / BO[7:0]
o 8 . 2 0x1/ B1[7:0] 2 0x4 / B1[7:0] 0x1/B1[7:0]
3 0x2 / B2[7:0] 3 0x8 / B2[7:0] 0x2 / B2[7:0]
4 0x3 / B3[7:0] 4 0xC / B3[7:0] 0x3 / B3[7:0]
1 0x0 / BO[7:0] 1 0x0 / B1|BO[15:0] 0x0 / B1|BO[15:0]
o 16 ) 2 0x1/ B1[7:0]
3 0x2 / B2[7:0] 2 0x4 / B3|B2[15:0] 0x2 / B3|B2[15:0]
4 0x3 / B3[7:0]
1 0x0 / BO[7:0] 1 0x0 / B3|B2|B1|BO[31:0] | 0x0 / B3|B2|B1|BO[31:0]
2 0x1/ B1[7:0]
8 32 1
3 0x2 / B2[7:0]
4 0x3 / B3[7:0]
1 0x0/B1|B0[15:0] 1 0x0 / BO[7:0] 0x0 / BO[7:0]
6 8 . 2 0x4 / B1[7:0] 0x1/B1[7:0]
2 0x2 / B3|B2[15:0] 3 0x8 / B2[7:0] 0x2 / B2[7:0]
4 0xC / B3[7:0] 0x3 / B3[7:0]
1 0x0/ B1|BO[15:0] 1 0x0/ B1|BO[15:0] 0x0 / B1|BO[15:0]
16 16 2
2 0x2 / B1|BO[15:0] 2 0x4 / B3|B2[15:0] 0x2 / B3|B2[15:0]
6 - . 1 0x0 / B1|BO[15:0] 1 0x0 / B3|B2|B1|BO[31:0] | 0x0 / B3|B2|B1|BO[31:0]
2 0x2 / B3|B2[15:0]
1 0x0 / B3|B2|B1|B0[31:0] | ! 0x0 / BO[7:0] 0x0 / BO[7:0]
2 0x4 / B1[7:0] 0x1/B1[7:0]
32 8 4
3 0x8 / B2[7:0] 0x2 / B2[7:0]
4 0xC / B3[7:0] 0x3 / B3[7:0]
- " ) 1 0x0 /B3|B2|B1|BO[31:0] |1 0x0 / B1|BO[15:0] 0x0 / B1|BO[15:0]
2 0x4 / B3|B2[15:0] 0x2 / B3|B2[15:0]
32 32 1 1 0x0 /B3|B2|B1|BO [31:0] | 1 0x0 /B3|B2|B1|BO [31:0] | 0x0 / B3|B2|B1|BO[31:0]
Note: Peripheral port may be the source or the destination (it could also be the memory source in
the case of memory-to-memory transfer).
PSIZE, MSIZE and NDT[15:0] have to be configured so as to ensure that the last transfer is
not incomplete. This can occur when the data width of the peripheral port (PSIZE bits) is
lower than the data width of the memory port (MSIZE bits). This constraint is summarized in
Table 48.
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Table 48. Restriction on NDT versus PSIZE and MSIZE
PSIZE[1:0] of DMA_SXCR | MSIZE[1:0] of DMA_SxCR |NDT[15:0] of DMA_SxNDTR

00 (8-bit) 01 (16-bit) must be a multiple of 2
00 (8-bit) 10 (32-bit) must be a multiple of 4
01 (16-bit) 10 (32-bit) must be a multiple of 2

Single and burst transfers

The DMA controller can generate single transfers or incremental burst transfers of 4, 8 or 16
beats.

The size of the burst is configured by software independently for the two AHB ports by using
the MBURSTI[1:0] and PBURST[1:0] bits in the DMA_SxCR register.

The burst size indicates the number of beats in the burst, not the number of bytes
transferred.

To ensure data coherence, each group of transfers that form a burst are indivisible: AHB
transfers are locked and the arbiter of the AHB bus matrix does not degrant the DMA master
during the sequence of the burst transfer.

Depending on the single or burst configuration, each DMA request initiates a different
number of transfers on the AHB peripheral port:

e  When the AHB peripheral port is configured for single transfers, each DMA request
generates a data transfer of a byte, half-word or word depending on the PSIZE[1:0] bits
in the DMA_SxCR register

e  When the AHB peripheral port is configured for burst transfers, each DMA request
generates 4,8 or 16 beats of byte, half word or word transfers depending on the
PBURST[1:0] and PSIZE[1:0] bits in the DMA_SxCR register.

The same as above has to be considered for the AHB memory port considering the
MBURST and MSIZE bits.

In direct mode, the stream can only generate single transfers and the MBURST[1:0] and
PBURST[1:0] bits are forced by hardware.

The address pointers (DMA_SxPAR or DMA_SxMOAR registers) must be chosen so as to
ensure that all transfers within a burst block are aligned on the address boundary equal to
the size of the transfer.

The burst configuration has to be selected in order to respect the AHB protocol, where
bursts must not cross the 1 KB address boundary because the minimum address space that
can be allocated to a single slave is 1 KB. This means that the 1 KB address boundary
should not be crossed by a burst block transfer, otherwise an AHB error would be
generated, that is not reported by the DMA registers.
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10.3.12 FIFO

FIFO structure

The FIFO is used to temporarily store data coming from the source before transmitting them
to the destination.

Each stream has an independent 4-word FIFO and the threshold level is software-
configurable between 1/4, 1/2, 3/4 or full.

To enable the use of the FIFO threshold level, the direct mode must be disabled by setting
the DMDIS bit in the DMA_SxFCR register.

The structure of the FIFO differs depending on the source and destination data widths, and
is described in Figure 39: FIFO structure.

Figure 39. FIFO structure

4 words
Empty 1/4 12 3/4 Full
Source: byte byte lane 3 B15 B 11 B7 B3
urce: by Destination:
estination: word
byte lane 2 B14 B10 B6 B2
B15B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
jbyte lane 1 B13 B9 B5 B1 W3, w2, Wi, Wo
byte lane 0 w3 B12 w2 B8 W1 B4 wo BO
4 words
Empty 1/4 12 3/4 Full
byte I 3 . .
Source: byte Vielane B1S B B7 B3 Destination: half-word
bytelane 2} 17 B14 |5 B10 |3 B6 H1 B2
B15B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO H7, H6, H5, H4, H3, H2, H1, HO
byte lane 1 B13 B9 B5 B1
byte lane 0} 5 B12 H4 B8 Ho B4 Ho BO
4 words
Empty 1/4 112 3/4 Full
byte lane 3 . .
Source: half-word H7 H5 H3 H1 Destination: word
byte lane 2
H7 H6 H5 H4 H3 H2 H1 HO > W3, W2, W1, Wo
byte lane 1 ! ! ’
H6 H4 H2 HO
byte lane Of \y/3 w2 W1 )
4-words
Empty 1/4 112 3/4 Full
byte lane 3 B15 B 11 B7 B3 X X
Source: half-word Destination: byte
byte lane 2] 7 B14 H5 B10 H3 B6 H1 B2
H7 H6 H5 H4 H3 H2 H1 HO B15B14 B13 B12 B11 B10 B9 B8
jbyte lane 1 B13 B9 B5 B1 j B7 B6 B5 B4 B3 B2 B1 BO
byte lane 0f 145 B12 He B8 Ho B4 Ho BO

ai15951
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FIFO threshold and burst configuration
Caution is required when choosing the FIFO threshold (bits FTH[1:0] of the DMA_SxFCR
register) and the size of the memory burst (MBURST[1:0] of the DMA_SxCR register): The
content pointed by the FIFO threshold must exactly match to an integer number of memory
burst transfers. If this is not in the case, a FIFO error (flag FEIFx of the DMA_HISR or
DMA_LISR register) is generated when the stream is enabled, then the stream is
automatically disabled. The allowed and forbidden configurations are described in the
Table 49: FIFO threshold configurations.
Table 49. FIFO threshold configurations
MSIZE FIFO level | MBURST = INCR4 MBURST = INCR8 MBURST = INCR16
1/4 1 burst of 4 beats forbidden
Byt 1/2 2 bursts of 4 beats 1 burst of 8 beats forbidden
e
y 3/4 3 bursts of 4 beats forbidden
Full 4 bursts of 4 beats 2 bursts of 8 beats 1 burst of 16 beats
1/4 forbidden
1/2 1 burst of 4 beats forbidden
Half-word
3/4 forbidden
Full 2 bursts of 4 beats 1 burst of 8 beats
forbidden
1/4
1/2 forbidden
Word forbidden
3/4
Full 1 burst of 4 beats
In all cases, the burst size multiplied by the data size must not exceed the FIFO size (data
size can be: 1 (byte), 2 (half-word) or 4 (word)).
Incomplete Burst transfer at the end of a DMA transfer may happen if one of the following
conditions occurs:
e  For the AHB peripheral port configuration: the total number of data items (set in the
DMA_SxNDTR register) is not a multiple of the burst size multiplied by the data size
e  For the AHB memory port configuration: the number of remaining data items in the
FIFO to be transferred to the memory is not a multiple of the burst size multiplied by the
data size
In such cases, the remaining data to be transferred is managed in single mode by the DMA,
even if a burst transaction was requested during the DMA stream configuration.
Note: When burst transfers are requested on the peripheral AHB port and the FIFO is used

3

(DMDIS = 1 in the DMA_SxCR register), it is mandatory to respect the following rule to
avoid permanent underrun or overrun conditions, depending on the DMA stream direction:

If (PBURST x PSIZE) = FIFO_SIZE (4 words), FIFO_Threshold = 3/4 is forbidden with
PSIZE = 1, 2 or 4 and PBURST = 4, 8 or 16.

This rule ensures that enough FIFO space at a time is free to serve the request from the
peripheral.
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FIFO flush

The FIFO can be flushed when the stream is disabled by resetting the EN bit in the
DMA_SxCR register and when the stream is configured to manage peripheral-to-memory or
memory-to-memory transfers: If some data are still present in the FIFO when the stream is
disabled, the DMA controller continues transferring the remaining data to the destination
(even though stream is effectively disabled). When this flush is completed, the transfer
complete status bit (TCIFx) in the DMA_LISR or DMA_HISR register is set.

The remaining data counter DMA_SxNDTR keeps the value in this case to indicate how
many data items are currently available in the destination memory.

Note that during the FIFO flush operation, if the number of remaining data items in the FIFO
to be transferred to memory (in bytes) is less than the memory data width (for example 2
bytes in FIFO while MSIZE is configured to word), data is sent with the data width set in the
MSIZE bit in the DMA_SxCR register. This means that memory is written with an undesired
value. The software may read the DMA_SxNDTR register to determine the memory area
that contains the good data (start address and last address).

If the number of remaining data items in the FIFO is lower than a burst size (if the MBURST
bits in DMA_SxCR register are set to configure the stream to manage burst on the AHB
memory port), single transactions are generated to complete the FIFO flush.

Direct mode

By default, the FIFO operates in direct mode (DMDIS bit in the DMA_SxFCR is reset) and
the FIFO threshold level is not used. This mode is useful when the system requires an
immediate and single transfer to or from the memory after each DMA request.

When the DMA is configured in direct mode (FIFO disabled), to transfer data in memory-to-
peripheral mode, the DMA preloads one data from the memory to the internal FIFO to
ensure an immediate data transfer as soon as a DMA request is triggered by a peripheral.

To avoid saturating the FIFO, it is recommended to configure the corresponding stream with
a high priority.
This mode is restricted to transfers where:

e The source and destination transfer widths are equal and both defined by the
PSIZE[1:0] bits in DMA_SxCR (MSIZE[1:0] bits are don’t care)

e  Burst transfers are not possible (PBURST[1:0] and MBURST(1:0] bits in DMA_SxCR
are don't care)

Direct mode must not be used when implementing memory-to-memory transfers.

DMA transfer completion
Different events can generate an end of transfer by setting the TCIFx bit in the DMA_LISR
or DMA_HISR status register:
. In DMA flow controller mode:
— The DMA_SxNDTR counter has reached zero in the memory-to-peripheral mode

—  The stream is disabled before the end of transfer (by clearing the EN bit in the
DMA_SxCR register) and (when transfers are peripheral-to-memory or memory-

3
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to-memory) all the remaining data have been flushed from the FIFO into the
memory

In Peripheral flow controller mode:
—  The last external burst or single request has been generated from the peripheral

and (when the DMA is operating in peripheral-to-memory mode) the remaining
data have been transferred from the FIFO into the memory

—  The stream is disabled by software, and (when the DMA is operating in peripheral-
to-memory mode) the remaining data have been transferred from the FIFO into
the memory

The transfer completion is dependent on the remaining data in FIFO to be transferred into
memory only in the case of peripheral-to-memory mode. This condition is not applicable in
memory-to-peripheral mode.

If the stream is configured in noncircular mode, after the end of the transfer (that is when the
number of data to be transferred reaches zero), the DMA is stopped (EN bit in DMA_SxCR
register is cleared by Hardware) and no DMA request is served unless the software

reprograms the stream and re-enables it (by setting the EN bit in the DMA_SxCR register).

DMA transfer suspension

At any time, a DMA transfer can be suspended to be restarted later on or to be definitively
disabled before the end of the DMA transfer.

There are two cases:

The stream disables the transfer with no later-on restart from the point where it was
stopped. There is no particular action to do, except to clear the EN bit in the
DMA_SxCR register to disable the stream. The stream may take time to be disabled
(ongoing transfer is completed first). The transfer complete interrupt flag (TCIF in the
DMA_LISR or DMA_HISR register) is set in order to indicate the end of transfer. The
value of the EN bit in DMA_SxCR is now ‘0’ to confirm the stream interruption. The
DMA_SxNDTR register contains the number of remaining data items at the moment
when the stream was stopped so that the software can determine how many data items
have been transferred before the stream was interrupted.

The stream suspends the transfer before the number of remaining data items to be
transferred in the DMA_SxNDTR register reaches 0. The aim is to restart the transfer
later by re-enabling the stream. In order to restart from the point where the transfer was
stopped, the software has to read the DMA_SxNDTR register after disabling the stream
by writing the EN bit in DMA_SxCR register (and then checking that it is at ‘0’) to know
the number of data items already collected. Then:

—  The peripheral and/or memory addresses have to be updated in order to adjust
the address pointers

— The SxNDTR register has to be updated with the remaining number of data items
to be transferred (the value read when the stream was disabled)

—  The stream may then be re-enabled to restart the transfer from the point it was
stopped

Note that a Transfer complete interrupt flag (TCIF in DMA_LISR or DMA_HISR) is set to
indicate the end of transfer due to the stream interruption.
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Flow controller

The entity that controls the number of data to be transferred is known as the flow controller.
This flow controller is configured independently for each stream using the PFCTRL bit in the
DMA_SxCR register.

The flow controller can be:

e  The DMA controller: in this case, the number of data items to be transferred is
programmed by software into the DMA_SxNDTR register before the DMA stream is
enabled.

e The peripheral source or destination: this is the case when the number of data items to
be transferred is unknown. The peripheral indicates by hardware to the DMA controller
when the last data are being transferred. This feature is only supported for peripherals
which are able to signal the end of the transfer, that is:

- SDIO

When the peripheral flow controller is used for a given stream, the value written into the
DMA_SxNDTR has no effect on the DMA transfer. Actually, whatever the value written, it is
forced by hardware to OxFFFF as soon as the stream is enabled, to respect the following
schemes:

e Anticipated stream interruption: EN bit in DMA_SxCR register is reset to 0 by the
software to stop the stream before the last data hardware signal (single or burst) is sent
by the peripheral. In such a case, the stream is switched off and the FIFO flush is
triggered in the case of a peripheral-to-memory DMA transfer. The TCIFx flag of the
corresponding stream is set in the status register to indicate the DMA completion. To
know the number of data items transferred during the DMA transfer, read the
DMA_SxNDTR register and apply the following formula:

— Number_of data_transferred = OxFFFF — DMA_SxNDTR

e Normal stream interruption due to the reception of a last data hardware signal: the
stream is automatically interrupted when the peripheral requests the last transfer
(single or burst) and when this transfer is complete. the TCIFx flag of the corresponding
stream is set in the status register to indicate the DMA transfer completion. To know the
number of data items transferred, read the DMA_SxNDTR register and apply the same
formula as above.

e The DMA_SxNDTR register reaches 0: the TCIFx flag of the corresponding stream is
set in the status register to indicate the forced DMA transfer completion. The stream is
automatically switched off even though the last data hardware signal (single or burst)
has not been yet asserted. The already transferred data are not lost. This means that a
maximum of 65535 data items can be managed by the DMA in a single transaction,
even in peripheral flow control mode.

When configured in memory-to-memory mode, the DMA is always the flow controller and
the PFCTRL bit is forced to 0 by hardware.

The Circular mode is forbidden in the peripheral flow controller mode.

3
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10.3.16 Summary of the possible DMA configurations

Table 50 summarizes the different possible DMA configurations.

Table 50. Possible DMA configurations

DMA transfer Source Destination Flow Circular |Transfer |Direct Double
mode controller | mode type mode buffer mode
single possible
DMA possible possible
Peripheral-to- |AHB AHB
memory peripheral port | memory port possible
Peripheral P
possible
DMA possible possible
Memory-to- AHB AHB
peripheral memory port | peripheral port possible
Peripheral g-
burst
Memory-to- AHB AHB m
memory peripheral port | memory port DMA only
urst
10.3.17 Stream configuration procedure

The following sequence should be followed to configure a DMA stream x (where x is the
stream number):

1.

3

If the stream is enabled, disable it by resetting the EN bit in the DMA_SxCR register,
then read this bit in order to confirm that there is no ongoing stream operation. Writing
this bit to 0 is not immediately effective since it is actually written to 0 once all the
current transfers have finished. When the EN bit is read as 0, this means that the
stream is ready to be configured. It is therefore necessary to wait for the EN bit to be
cleared before starting any stream configuration. All the stream dedicated bits set in the
status register (DMA_LISR and DMA_HISR) from the previous data block DMA
transfer should be cleared before the stream can be re-enabled.

Set the peripheral port register address in the DMA_SxPAR register. The data are
moved from/ to this address to/ from the peripheral port after the peripheral event.

Set the memory address in the DMA_SxMAGOR register (and in the DMA_SxMA1R
register in the case of a double buffer mode). The data are written to or read from this
memory after the peripheral event.

Configure the total number of data items to be transferred in the DMA_SxNDTR
register. After each peripheral event or each beat of the burst, this value is
decremented.

Select the DMA channel (request) using CHSEL[2:0] in the DMA_SxCR register.

If the peripheral is intended to be the flow controller and if it supports this feature, set
the PFCTRL bit in the DMA_SxCR register.

Configure the stream priority using the PL[1:0] bits in the DMA_SxCR register.
Configure the FIFO usage (enable or disable, threshold in transmission and reception)

Configure the data transfer direction, peripheral and memory incremented/fixed mode,
single or burst transactions, peripheral and memory data widths, Circular mode,
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Double buffer mode and interrupts after half and/or full transfer, and/or errors in the
DMA_SxCR register.

10. Activate the stream by setting the EN bit in the DMA_SxCR register.

As soon as the stream is enabled, it can serve any DMA request from the peripheral
connected to the stream.

Once half the data have been transferred on the AHB destination port, 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.

Warning: To switch off a peripheral connected to a DMA stream
request, it is mandatory to, first, switch off the DMA stream to
which the peripheral is connected, then to wait for EN bit = 0.
Only then can the peripheral be safely disabled.

Error management

The DMA controller can detect the following errors:
e Transfer error: the transfer error interrupt flag (TEIFx) is set when:
—  Abus error occurs during a DMA read or a write access

— Awrite access is requested by software on a memory address register in Double
buffer mode whereas the stream is enabled and the current target memory is the
one impacted by the write into the memory address register (refer to
Section 10.3.9: Double buffer mode)

e  FIFO error: the FIFO error interrupt flag (FEIFx) is set if:
—  AFIFO underrun condition is detected

—  AFIFO overrun condition is detected (no detection in memory-to-memory mode
because requests and transfers are internally managed by the DMA)

—  The stream is enabled while the FIFO threshold level is not compatible with the
size of the memory burst (refer to Table 49: FIFO threshold configurations)

e Direct mode error: the direct mode error interrupt flag (DMEIFx) can only be set in the
peripheral-to-memory mode while operating in direct mode and when the MINC bit in
the DMA_SxCR register is cleared. This flag is set when a DMA request occurs while
the previous data have not yet been fully transferred into the memory (because the
memory bus was not granted). In this case, the flag indicates that 2 data items were be
transferred successively to the same destination address, which could be an issue if
the destination is not able to manage this situation

In direct mode, the FIFO error flag can also be set under the following conditions:

e In the peripheral-to-memory mode, the FIFO can be saturated (overrun) if the memory
bus is not granted for several peripheral requests

e Inthe memory-to-peripheral mode, an underrun condition may occur if the memory bus
has not been granted before a peripheral request occurs

If the TEIFx or the FEIFx flag is set due to incompatibility between burst size and FIFO
threshold level, the faulty stream is automatically disabled through a hardware clear of its
EN bit in the corresponding stream configuration register (DMA_SxCR).
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If the DMEIFx or the FEIFx flag is set due to an overrun or underrun condition, the faulty
stream is not automatically disabled and it is up to the software to disable or not the stream
by resetting the EN bit in the DMA_SxCR register. This is because there is no data loss
when this kind of errors occur.

When the stream's error interrupt flag (TEIF, FEIF, DMEIF) in the DMA_LISR or DMA_HISR
register is set, an interrupt is generated if the corresponding interrupt enable bit (TEIE,
FEIE, DMIE) in the DMA_SxCR or DMA_SxFCR register is set.

Note: When a FIFO overrun or underrun condition occurs, the data are not lost because the
peripheral request is not acknowledged by the stream until the overrun or underrun
condition is cleared. If this acknowledge takes too much time, the peripheral itself may
detect an overrun or underrun condition of its internal buffer and data might be lost.

10.4 DMA interrupts

For each DMA stream, an interrupt can be produced on the following events:

. Half-transfer reached

e  Transfer complete
e  Transfer error

e  Fifo error (overrun, underrun or FIFO level error)

. Direct mode error

Separate interrupt enable control bits are available for flexibility as shown in Table 517.

Table 51. DMA interrupt requests

Interrupt event Event flag Enable control bit
Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE
FIFO overrun/underrun FEIF FEIE
Direct mode error DMEIF DMEIE
Note: Before setting an Enable control bit to ‘1’, the corresponding event flag should be cleared,

otherwise an interrupt is immediately generated.

3
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10.5 DMA registers
The DMA registers have to be accessed by words (32 bits).
10.5.1 DMA low interrupt status register (DMA_LISR)
Address offset: 0x00
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved TCIF3 | HTIF3 | TEIF3 | DMEIF3 | Rgsery | FEIF3 | TCIF2 | HTIF2 | TEIF2 | DMEIF2 | Resery | FEIF2
r | r | r | r r r r r ed r r r r r ed r
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved TCIF1 | HTIF1 | TEIF1 | DMEIF1 | Regery | FEIF1 | TCIFO | HTIFO | TEIFO | DMEIFO | Regery | FEIFO
r | r | r | r r r r r ed r r r r r ed r

Bits 31:28, 15:12
Bits 27,21, 11,5

Bits 26, 20, 10, 4

Bits 25, 19,9, 3

Bits 24, 18, 8, 2

Bits 23, 17,7, 1
Bits 22, 16, 6, 0

328/1757

Reserved, must be kept at reset value.

TCIFx: Stream x transfer complete interrupt flag (x = 3..0)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_LIFCR register.

0: No transfer complete event on stream x
1: A transfer complete event occurred on stream x

HTIFx: Stream x half transfer interrupt flag (x=3..0)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_LIFCR register.

0: No half transfer event on stream x
1: A half transfer event occurred on stream x

TEIFx: Stream x transfer error interrupt flag (x=3..0)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_LIFCR register.

0: No transfer error on stream x
1: A transfer error occurred on stream x

DMEIFx: Stream x direct mode error interrupt flag (x=3..0)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_LIFCR register.

0: No Direct Mode Error on stream x
1: A Direct Mode Error occurred on stream x
Reserved, must be kept at reset value.

FEIFx: Stream x FIFO error interrupt flag (x=3..0)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_LIFCR register.

0: No FIFO Error event on stream x

1: AFIFO Error event occurred on stream x

3
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10.5.2 DMA high interrupt status register (DMA_HISR)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29

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

TCIF7 | HTIF7 | TEIF7 | DMEIF7 | Resery | FEIF7 | TCIF6 | HTIF6 | TEIF6 | DMEIF6 | Rggery | FEIF6

Reserved ed ed
r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TCIF5 | HTIF5 | TEIF5 | DMEIF5 | Rogery | FEIFS | TCIF4 | HTIF4 | TEIF4 | DMEIF4 | Rocery | FEIF4
Reserved
ed ed
r r r r r r r r r r

Bits 31:28, 15:12
Bits 27, 21, 11,5

Bits 26, 20, 10, 4

Bits 25,19, 9, 3

Bits 24, 18, 8, 2

Bits 23, 17,7, 1
Bits 22, 16, 6, 0

3

Reserved, must be kept at reset value.

TCIFx: Stream x transfer complete interrupt flag (x=7..4)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_HIFCR register.

0: No transfer complete event on stream x
1: A transfer complete event occurred on stream x

HTIFx: Stream x half transfer interrupt flag (x=7..4)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_HIFCR register.

0: No half transfer event on stream x
1: A half transfer event occurred on stream x

TEIFx: Stream x transfer error interrupt flag (x=7..4)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_HIFCR register.

0: No transfer error on stream x
1: A transfer error occurred on stream x
DMEIFx: Stream x direct mode error interrupt flag (x=7..4)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_HIFCR register.

0: No Direct mode error on stream x
1: A Direct mode error occurred on stream x

Reserved, must be kept at reset value.

FEIFx: Stream x FIFO error interrupt flag (x=7..4)

This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_HIFCR register.

0: No FIFO error event on stream x
1: AFIFO error event occurred on stream x
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10.5.3 DMA low interrupt flag clear register (DMA_LIFCR)
Address offset: 0x08
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTCIF3| CHTIF3 | CTEIF3 | CDMEIF3 CFEIF3| CTCIF2 | CHTIF2 | CTEIF2 |CDMEIF2 CFEIF2
Reserved Reserved Reserved
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
CTCIF1| CHTIF1 | CTEIF1 | CDMEIF1 CFEIF1| CTCIFO | CHTIFO | CTEIFO | CDMEIFO CFEIFO
Reserved Reserved Reserved
w w w w w w w w w w

Bits 31:28, 15:12
Bits 27,21, 11,5

Bits 26, 20, 10, 4

Bits 25,19, 9, 3

Bits 24, 18, 8, 2

Bits 23,17, 7,1
Bits 22, 16, 6, 0

10.5.4

31

Reserved, must be kept at reset value.

CTCIFx: Stream x clear transfer complete interrupt flag (x = 3..0)

Writing 1 to this bit clears the corresponding TCIFx flag in the DMA_LISR register

CHTIFx: Stream x clear half transfer interrupt flag (x = 3..0)

Writing 1 to this bit clears the corresponding HTIFx flag in the DMA_LISR register

CTEIFx: Stream x clear transfer error interrupt flag (x = 3..0)

Writing 1 to this bit clears the corresponding TEIFx flag in the DMA_LISR register

CDMEIFx: Stream x clear direct mode error interrupt flag (x = 3..0)

Writing 1 to this bit clears the corresponding DMEIFx flag in the DMA_LISR register

Reserved, must be kept at reset value.

CFEIFx: Stream x clear FIFO error interrupt flag (x = 3..0)

Writing 1 to this bit clears the corresponding CFEIFx flag in the DMA_LISR register

DMA high interrupt flag clear register (DMA_HIFCR)

Address offset: 0x0C

Reset value: 0x0000 0000

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTCIF7 | CHTIF7 | CTEIF7 | CDMEIF7 CFEIF7| CTCIF6 | CHTIF6 | CTEIF6 | CDMEIF6 CFEIF6
Reserved Reserved Reserved
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
CTCIF5 | CHTIF5 | CTEIF5 | CDMEIF5 CFEIF5| CTCIF4 | CHTIF4 | CTEIF4 | CDMEIF4 CFEIF4
Reserved Reserved Reserved
w w w w w w w w w w

Bits 31:28, 15:12 Reserved, must be kept at reset value.

Bits 27, 21, 11, 5 CTCIFx: Stream x clear transfer complete interrupt flag (x = 7..4)
Writing 1 to this bit clears the corresponding TCIFx flag in the DMA_HISR register

Bits 26, 20, 10, 4 CHTIFx: Stream x clear half transfer interrupt flag (x = 7..4)
Writing 1 to this bit clears the corresponding HTIFx flag in the DMA_HISR register

Bits 25, 19, 9, 3 CTEIFx: Stream x clear transfer error interrupt flag (x = 7..4)
Writing 1 to this bit clears the corresponding TEIFx flag in the DMA_HISR register
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Bits 24, 18, 8, 2 CDMEIFx: Stream x clear direct mode error interrupt flag (x = 7..4)
Writing 1 to this bit clears the corresponding DMEIFx flag in the DMA_HISR register

Bits 23, 17, 7, 1 Reserved, must be kept at reset value.

Bits 22, 16, 6, 0 CFEIFx: Stream x clear FIFO error interrupt flag (x = 7..4)
Writing 1 to this bit clears the corresponding CFEIFx flag in the DMA_HISR register

10.5.5

31

DMA stream x configuration register (DMA_SxCR) (x = 0..7)

This register is used to configure the concerned stream.

Address offset: 0x10 + 0x18 x stream number

Reset value: 0x0000 0000

30 29

28 27 26 25 24 23 22 21 20 19 18

17 16

Reserved

CHSEL[2:0] MBURST [1:0] | PBURST[1:0] | Reser- | CT

PL[1:0]

rw|nN|nN rw|rw rw|rw ved rw w

'w w

15

14 13

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

1 0

PINCOS

MSIZE[1:0]

PSIZE[1:0] MINC | PINC | CIRC DIR[1:0] PFCTRL| TCIE HTIE

DMEIE EN

w

w w

w w

3

Bits 31:28 Reserved, must be kept at reset value.

Bits 27:25 CHSEL[2:0]: Channel selection

These bits are set and cleared by software.

000: channel 0 selected

001: channel 1 selected

010: channel 2 selected

011: channel 3 selected

100: channel 4 selected

101: channel 5 selected

110: channel 6 selected

111: channel 7 selected

These bits are protected and can be written only if EN is ‘0’

Bits 24:23 MBURST: Memory burst transfer configuration

These bits are set and cleared by software.

00: single transfer

01: INCR4 (incremental burst of 4 beats)

10: INCRS (incremental burst of 8 beats)

11: INCR16 (incremental burst of 16 beats)

These bits are protected and can be written only if EN is ‘0’

In direct mode, these bits are forced to 0x0 by hardware as soon as bit EN="1".

Bits 22:21 PBURST[1:0]: Peripheral burst transfer configuration

These bits are set and cleared by software.

00: single transfer

01: INCR4 (incremental burst of 4 beats)

10: INCRS (incremental burst of 8 beats)

11: INCR16 (incremental burst of 16 beats)

These bits are protected and can be written only if EN is ‘0’
In direct mode, these bits are forced to 0x0 by hardware.

Bit 20 Reserved, must be kept at reset value.
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Bit 19 CT: Current target (only in double buffer mode)
This bits is set and cleared by hardware. It can also be written by software.
0: The current target memory is Memory 0 (addressed by the DMA_SxMOAR pointer)
1: The current target memory is Memory 1 (addressed by the DMA_SxM1AR pointer)
This bit can be written only if EN is ‘0’ to indicate the target memory area of the first transfer.

Once the stream is enabled, this bit operates as a status flag indicating which memory area
is the current target.

Bit 18 DBM: Double buffer mode
This bits is set and cleared by software.
0: No buffer switching at the end of transfer
1: Memory target switched at the end of the DMA transfer
This bit is protected and can be written only if EN is ‘0’.

Bits 17:16 PL[1:0]: Priority level
These bits are set and cleared by software.
00: Low
01: Medium
10: High
11: Very high
These bits are protected and can be written only if EN is ‘0’.

Bit 15 PINCOS: Peripheral increment offset size
This bit is set and cleared by software
0: The offset size for the peripheral address calculation is linked to the PSIZE
1: The offset size for the peripheral address calculation is fixed to 4 (32-bit alignment).
This bit has no meaning if bit PINC ='0".
This bit is protected and can be written only if EN ="'0".

This bit is forced low by hardware when the stream is enabled (bit EN = '1") if the direct
mode is selected or if PBURST are different from “00”.

Bits 14:13 MSIZE[1:0]: Memory data size
These bits are set and cleared by software.
00: byte (8-bit)
01: half-word (16-bit)
10: word (32-bit)
11: reserved
These bits are protected and can be written only if EN is ‘0’.
In direct mode, MSIZE is forced by hardware to the same value as PSIZE as soon as bit EN
="1"
Bits 12:11 PSIZE[1:0]: Peripheral data size
These bits are set and cleared by software.
00: Byte (8-bit)
01: Half-word (16-bit)
10: Word (32-bit)
11: reserved
These bits are protected and can be written only if EN is ‘0’

Bit 10 MINC: Memory increment mode
This bit is set and cleared by software.
0: Memory address pointer is fixed

1: Memory address pointer is incremented after each data transfer (increment is done
according to MSIZE)

This bit is protected and can be written only if EN is ‘0’.

3
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Bit 9 PINC: Peripheral increment mode
This bit is set and cleared by software.
0: Peripheral address pointer is fixed
1: Peripheral address pointer is incremented after each data transfer (increment is done
according to PSIZE)

This bit is protected and can be written only if EN is ‘0’.

Bit 8 CIRC: Circular mode
This bit is set and cleared by software and can be cleared by hardware.
0: Circular mode disabled
1: Circular mode enabled
When the peripheral is the flow controller (bit PFCTRL=1) and the stream is enabled (bit
EN=1), then this bit is automatically forced by hardware to 0.
It is automatically forced by hardware to 1 if the DBM bit is set, as soon as the stream is
enabled (bit EN ='1").

Bits 7:6 DIR[1:0]: Data transfer direction
These bits are set and cleared by software.
00: Peripheral-to-memory
01: Memory-to-peripheral
10: Memory-to-memory
11: reserved
These bits are protected and can be written only if EN is ‘0’.

Bit 5 PFCTRL: Peripheral flow controller
This bit is set and cleared by software.
0: The DMA is the flow controller
1: The peripheral is the flow controller
This bit is protected and can be written only if EN is ‘0’.
When the memory-to-memory mode is selected (bits DIR[1:0]=10), then this bit is
automatically forced to 0 by hardware.

Bit 4 TCIE: Transfer complete interrupt enable
This bit is set and cleared by software.

0: TC interrupt disabled
1: TC interrupt enabled

Bit 3 HTIE: Half transfer interrupt enable
This bit is set and cleared by software.

0: HT interrupt disabled
1: HT interrupt enabled

Bit 2 TEIE: Transfer error interrupt enable
This bit is set and cleared by software.

0: TE interrupt disabled
1: TE interrupt enabled

Bit 1 DMEIE: Direct mode error interrupt enable
This bit is set and cleared by software.

0: DME interrupt disabled
1: DME interrupt enabled

3
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Bit 0 EN: Stream enable / flag stream ready when read low
This bit is set and cleared by software.
0: Stream disabled
1: Stream enabled
This bit may be cleared by hardware:
— on a DMA end of transfer (stream ready to be configured)
- if a transfer error occurs on the AHB master buses

—  when the FIFO threshold on memory AHB port is not compatible with the size of the
burst

When this bit is read as 0, the software is allowed to program the Configuration and FIFO
bits registers. It is forbidden to write these registers when the EN bit is read as 1.

Note: Before setting EN bit to '1' to start a new transfer, the event flags corresponding to the
stream in DMA_LISR or DMA_HISR register must be cleared.

10.5.6 DMA stream x number of data register (DMA_SxNDTR) (x = 0..7)

Address offset: 0x14 + 0x18 x stream number

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
NDT[15:0]
rw | w | w | w | w | w | w | rw | w | w | rw | w | rw | rw | rw | w

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

Bits 15:0 NDT[15:0]: Number of data items to transfer

Number of data items to be transferred (0 up to 65535). This register can be written only
when the stream is disabled. When the stream is enabled, this register is read-only,
indicating the remaining data items to be transmitted. This register decrements after each
DMA transfer.
Once the transfer has completed, this register can either stay at zero (when the stream is in
normal mode) or be reloaded automatically with the previously programmed value in the
following cases:

—  when the stream is configured in Circular mode.

—  when the stream is enabled again by setting EN bit to '1'

If the value of this register is zero, no transaction can be served even if the stream is
enabled.

3
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10.5.7 DMA stream x peripheral address register (DMA_SxPAR) (x = 0..7)

Address offset: 0x18 + 0x18 x stream number
Reset value: 0x0000 0000

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

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

Bits 31:0 PAR[31:0]: Peripheral address

Base address of the peripheral data register from/to which the data are read/written.
These bits are write-protected and can be written only when bit EN ='0' in the DMA_SxCR register.

10.5.8 DMA stream x memory 0 address register (DMA_SxMOAR) (x = 0..7)
Address offset: 0x1C + 0x18 x stream number
Reset value: 0x0000 0000

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

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

Bits 31:0 MOA[31:0]: Memory O address

Base address of Memory area 0 from/to which the data are read/written.
These bits are write-protected. They can be written only if:

—  the stream is disabled (bit EN="0"in the DMA_SXCR register) or

—  the stream is enabled (EN="1"in DMA_SXCR register) and bit CT ='1"in the
DMA_SxCR register (in Double buffer mode).

10.5.9 DMA stream x memory 1 address register (DMA_SxM1AR) (x = 0..7)
Address offset: 0x20 + 0x18 x stream number
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
M1A[31:16]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
M1A[15:0]
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Bits 31:0 M1A[31:0]: Memory 1 address (used in case of Double buffer mode)
Base address of Memory area 1 from/to which the data are read/written.
This register is used only for the Double buffer mode.
These bits are write-protected. They can be written only if:
—  the stream is disabled (bit EN='0" in the DMA_SxCR register) or

—  the stream is enabled (EN="1" in DMA_SXCR register) and bit CT ='0" in the
DMA_SxCR register.

10.5.10 DMA stream x FIFO control register (DMA_SxFCR) (x = 0..7)

Address offset: 0x24 + 0x18 x stream number
Reset value: 0x0000 0021

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FEIE | Reser FS[2:0] DMDIS FTH[1:0]
Reserved d
w ve r | r | r w rw | w

Bits 31:8 Reserved, must be kept at reset value.

Bit 7 FEIE: FIFO error interrupt enable
This bit is set and cleared by software.

0: FE interrupt disabled
1: FE interrupt enabled

Bit 6 Reserved, must be kept at reset value.
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Bits 5:3 FS[2:0]: FIFO status
These bits are read-only.
000: 0 < fifo_level < 1/4
001: 1/4 <fifo_level < 1/2
010: 1/2 <fifo_level < 3/4
011: 3/4 <fifo_level < full
100: FIFO is empty
101: FIFO is full
others: no meaning
These bits are not relevant in the direct mode (DMDIS bit is zero).

Bit 2 DMDIS: Direct mode disable
This bit is set and cleared by software. It can be set by hardware.
0: Direct mode enabled
1: Direct mode disabled
This bit is protected and can be written only if EN is ‘0’.
This bit is set by hardware if the memory-to-memory mode is selected (DIR bit in
DMA_SxCR are “10”) and the EN bit in the DMA_SxXCR register is ‘1’ because the direct
mode is not allowed in the memory-to-memory configuration.

Bits 1:0 FTH[1:0]: FIFO threshold selection
These bits are set and cleared by software.
00: 1/4 full FIFO
01: 1/2 full FIFO
10: 3/4 full FIFO
11: full FIFO
These bits are not used in the direct mode when the DMIS value is zero.
These bits are protected and can be written only if EN is ‘0’.
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10.5.11

DMA register map

Table 52 summarizes the DMA registers.

Table 52. DMA register map and reset values

Offset Register =2 QINQRIIT NI 2|25 g2|F|2|¥ F|8|o|ow|~o|w|s|o|n|-|o
[s2] N -~ o
DMA_LISR EEEL—']?EEEEL—'}?E EEEEEEE@EE?E
0x0000 ResewedSEE§§EEEE§§E Resewedg';:'-,'jg%ﬂfg;ﬂg%w
Reset value ofoflofo|®[o]ofo|o]o|®|0]| ofoflofo|®[o]ofo]ofo0]|% [0}
N~ © o) <
DMA_HISR EEEL—'}?EE@@L—'}?@ EEEL—'}?EEEEE?E
0x0004 ResewedQEE§§EEEE§§E ReservedBEE§§E85E§§E
Reset value ojoflofo|®[o|o|o|o[o|x|0| ojof[ofo|®X[o|ofo]ofo]|x [0}
[s2] N ~ o
™ |M L ™ N [N [N o ~ [~ |~ |w — [© |© |© | o
W (W [ |= W | | |= Lo Lo (= L (L (| |= -
DMA_LIFCR S eI Sk a2 181 S|z & 2 |81
oo"gwoooog o o o038 Slolo|o|8 8}
0x0008 Reserved 5 Reserved
17}
& B B ®
Reset value olojo]o olojo|o|o|5 |0 olo|o|o|S|olo|lo]|o|o|5 |0
3 3 3
o o (14
I\I\I\L'\L I\QD&OLO$ © LOLDI.DLUZ mvvvﬁ <
[TOgR [ U il = [ | iy i o i TR T i g [Ty [V i o e
0x000C DMA_HIFCR R s PEEZEIEEREEIRZ|IE| & d RIZEEITEREREEE] &
X eserve a1% 3 eserve a 3
0000800000 (@] OOOO (_)(_)O(_)o (@]
Reset value oooomooooor 0000.00000.3
— g | = - | =
S = 2 5 5
— — —_ %) = = I~ -
N, = = |o [S) = - @ |z w
DMA_SOCR 0 b |2 BEE| S Blo |o EEE|l S FEEMEz
0x0010 Reserved % i ¢ [5°98|F |z2| N N SIZlclx RRIZEEM
5 2 |3 |8 N o I 8 | e
© = o |
Reset value 0|0|0 o|0 0|0 000|000|0 0|00000|0000000
00014 DMA_SONDTR R g NDT[15:]
X eserve
Reset value o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
DMA_SOPAR PA[31:0]
0x0018
eset value
R I o[ofoJoJoJo[o[o[ofoJoJoJoJo[oJo[o[o[oJo[oJoJo[oJo[o[o[o[o]o[o]oO
DMA_SOMOAR MOA[31:0]
0x001C
Reset value o|0|o|0|0|o|0|0|o|0|o|0|o|0|o|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|o|0
DMA_SOM1AR M1A[31:0]
0x0020
Reset value o|o|o|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0 ofo 0|0|0 0 o|o
o 2}
DMA_SOFCR 22| Fso 2| FH
0x0024 Reserved el g [1:0]
[
— ©
Reset value o |1({0(0|0f0]1
— g S 5 @ g g > n—:l w
— o o = = > =
DMA_S1CR 6o 7 5$5§g8m m%%&_:’:nagﬁﬁmz
0x0028 Reserved IS, 3 Z |5 ol (2| N N SIZElolx [RIFIZ|IFIEM™
[ B |2 |2 e |2 |2 8 |x e
= o |x
Reset value o|o|o o|0 0|0 000|000|0 0|00000|0000000
0X002C DMA_SINDTR R g NDT[15:]
X eserve
Reset value o|o|0|0|o|o|o|o|0|o|o|o|o|o|o|o
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Table 52. DMA register map and reset values (continued)
Offset Register S8 QINLRINQN I g|Ie=|g2|T|2|¥[E|8|o|o|~|o|v|<t|o| a0
DMA_S1PAR PA[31:0]
0x0030
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o
DMA_S1MOAR MOA[31:0]
0x0034
Reset value o|0|o|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
DMA_S1M1AR M1A[31:0]
0x0038
Reset value o|0|o|o|o|o|o|o|o|o|o|0|o|0|o|o|0|0|o|o|o|0|o|0 ofo 0|0|0 0 o|0
w 12| FTH
oxo03c | DMA-SIFCR Reserved i FS{2:0] % [1:0]
Reset value 0 1710{0|0]0|1
218 vl @ | & S
DMA_S2CR s |5 |5 BEIZ BlE |5 ClelRles BlekulE|s
0x0040 - Reseved | 28 |2 |2 [gl08] 5 B] N ﬁg%%E:EBEEEN
o =) S |8 o |F| @ D o =
2 g ¢ = | ¢
Reset value 0|o|0 o|0 olo ooolooo|o 0|00000|0000000
DMA_S2NDTR NDT[15:.]
0x0044 Reserved
Reset value o|0|0|0|0|o|0|o|0|o|0|0|0|0|o|0
DMA_S2PAR PA[31:0]
0x0048
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o
DMA_S2MOAR MOA[31:0]
0x004C
Reset value o|0|o|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0
DMA_S2M1AR M1A[31:0]
0x0050
Reset value o|0|o|o|0|o|o|o|0|o|0|0|0|0|o|o|0|0|o|0|o|0|0|0 ofo 0|0|0 0 olo
w o 12 FTH
0x0054 DMA_S2FCR Reserved & FS(2:0l % [1:0]
Reset value 0 110{0|0]0|1
S = = |3 s| 2 [0 = = Qlolo| Z Wl |w =
oxooss | DMASSCR | peserved | B g 2 1253 > 2 N |8 ZEE| 2 OCIcfE|E % &
5 o 2 |8 a2 @ o |a
> o 14
Reset value 0|o|0 o|0 olo ooolooo|o 0|00000|0000000
DMA_S3NDTR NDT[15:.]
0x005C Reserved
Reset value o|0|0|0|0|o|0|o|0|o|0|0|0|0|o|0
DMA_S3PAR PA[31:0]
0x0060
Reset value o|0|o|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
DMA_S3MOAR MOA[31:0]
0x0064
Reset value o|0|0|0|o|0|0|0|o|o|o|0|0|0|o|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|0|0
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Table 52. DMA register map and reset values (continued)

Offset Register S8 QINLRINQN I g|Ie=|g2|T|2|¥[E|8|o|o|~|o|v|<t|o| a0
DMA_S3M1AR M1A[31:0]
0x0068
Reset value o|o|o|o|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o ofo 0|0|0 0 o|o
w o |2 | FTH
0x006C DMA_S3FCR Reserved & FS{2:0] % [1:0]
Reset value 0 1710(0(0]|0|1
5 |2 |¢8 w2 | & gy
DMA_S4CR ) B 58'-258% S QR les |ElY|ewiE|-
0x0070 - Reserved & x %%OEE;N NEEGEEEEEEEN
5 o) o |8 a2 P o
= Q|
Reset value 0|0|0 o|0 0|0 000|000|0 0|00000|0000000
DMA_S4NDTR NDT[15:.]
0x0074 Reserved
Reset value o|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0
DMA_S4PAR PA[31:0]
0x0078
Reset value o|0|o|0|0|o|0|o|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
DMA_S4MOAR MOA[31:0]
0x007C
Reset value 0|0|o|0|0|o|0|0|0|o|0|0|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0
DMA_S4M1AR M1A[31:0]
0x0080
Reset value o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|0 ofo 0|0|0 0 0|0
w o |2 | FTH
ox00a | DMA-SAFCR Reserved & FSi2:0l % [1:0]
Reset value 0 110{0|0]0|1
s |2 ]¢8 oz | & = |s .
N, = = o s| @ [0 = = lololo] @ F|lu |y |w ¥
ooss | AR | Resened | B | & % s S BN |8 EEE| T RICE[REE
SRERER: NERE il
Reset value 0|0|0 o|0 0|0 000|000|0 0|00000|0000000
DMA_S5NDTR NDT[15:.]
0x008C Reserved
Reset value o|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0
DMA_S5PAR PA[31:0]
0x0090
Reset value o|0|o|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
DMA_S5MOAR MOA[31:0]
0x0094
Reset value 0|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
DMA_S5M1AR M1A[31:0]
0x0098
Reset value o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|0 ofo 0|0|0 0 0|0
w o |2 | FTH
oxoooc | DMA-SSFCR Reserved & FSi2:0] % [1:0]
Reset value 0 110{0|0])0|1
g i § = |8 =) ) g g w
2 = =g s| 2 [0 = = Qlolo| = w|w |w |=
ooono | AR pesened | 3 (2 |2 EOB|IT 2| (K EEB|E PRERER
ERER Rk "
Reset value o|o|0 o|o o|o 000|000|o o|00000|0000000
DMA_S6NDTR NDT[15:.]
0x00A4 Reserved
Reset value 0 0|o|o|o|0|0|0|0|o|0|0|0|0|o|0
DMA_S6PAR PA[31:0]
0x00A8
Reset value o|0|0|0|o|0|0|0|o|o|o|0|0|0|o|o|0|o|o|o|o|0|0|0|0|o|0|0|0|0|0|0
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Table 52. DMA register map and reset values (continued)

Offset Register S8 QINLRINQN I g|Ie=|g2|T|2|¥[E|8|o|o|~|o|v|<t|o| a0
DMA_S6MOAR MOA[31:0]
0x00AC
Reset value o|0|o|0|0|o|0|o|0|o|0|0|0|0|o|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|o|0
DMA_S6M1AR M1A[31:0]
0x00B0
Reset value o|0|o|0|0|o|o|o|0|o|0|0|0|0|o|o|0|0|o|0|o|0|0|0 ofo 0|0|0 0 o|0
w 12| FTH
0x00B4 DMA_S6FCR Reserved i FS{2:0] % [1:0]
Reset value 0 110{0|0])0|1
S g g s |8 2|2 ololo| & |2 o
N = |o s| @ = = < W e
oxoops | D ASTOR | peserved o % % %5 8| 3 2 § N EE5| 2 §f3 £ %J &
5 @ | @ |8 alg |2 e |e
© = o |
Reset value o‘o‘o o‘o o‘o ooo‘o-o|o o‘ooooo|ooooooo
DMA_S7NDTR NDT[15:.]
0x00BC Reserved
Reset value o|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0
DMA_S7PAR PA[31:0]
0x00C0
Reset value o|0|o|0|0|o|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0|0
DMA_S7MOAR MOA[31:0]
0x00C4
Reset value o|0|o|0|0|o|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0|0|o|0
DMA_S7M1AR M1A[31:0]
0x00C8
Reset value o|0|o|0|0|0|0|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0|0|0 ofo 0|o|0 0 o|0
w3 o |2 | FTH
oxoocc | DMA-STRCR Reserved N % Felz0l % [1:0]
(7]
Reset value 0| IBEERE
Refer to Section 2.3: Memory map for the register boundary addresses.
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Chrom-Art Accelerator™ controller (DMA2D)

DMA2D introduction

The Chrom-Art Accelerator™ (DMA2D) is a specialized DMA dedicated to image
manipulation. It can perform the following operations:

Filling a part or the whole of a destination image with a specific color

Copying a part or the whole of a source image into a part or the whole of a destination
image

Copying a part or the whole of a source image into a part or the whole of a destination
image with a pixel format conversion

Blending a part and/or two complete source images with different pixel format and copy
the result into a part or the whole of a destination image with a different color format.

All the classical color coding schemes are supported from 4-bit up to 32-bit per pixel with
indexed or direct color mode. The DMA2D has its own dedicated memories for CLUTs (color
look-up tables).

3
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11.2 DMA2D main features
The main DMA2D features are:
e Single AHB master bus architecture.
e  AHB slave programming interface supporting 8/16/32-bit accesses (except for CLUT
accesses which are 32-bit).
e  User programmable working area size
e  User programmable offset for sources and destination areas
e User programmable sources and destination addresses on the whole memory space
e Up to 2 sources with blending operation
e Alpha value can be modified (source value, fixed value or modulated value)
e  User programmable source and destination color format
e Upto 11 color formats supported from 4-bit up to 32-bit per pixel with indirect or direct
color coding
e 2 internal memories for CLUT storage in indirect color mode
e  Automatic CLUT loading or CLUT programming via the CPU
e  User programmable CLUT size
e Internal timer to control AHB bandwidth
e 4 operating modes: register-to-memory, memory-to-memory, memory-to-memory with
pixel format conversion, and memory-to-memory with pixel format conversion and
blending
e Area filling with a fixed color
e  Copy from an area to another
e  Copy with pixel format conversion between source and destination images
e  Copy from two sources with independent color format and blending
e  Abort and suspend of DMA2D operations
e  Watermark interrupt on a user programmable destination line
e Interrupt generation on bus error or access conflict
e Interrupt generation on process completion
11.3 DMAZ2D functional description
11.3.1 General description

3

The DMA2D controller performs direct memory transfer. As an AHB master, it can take the
control of the AHB bus matrix to initiate AHB transactions.

The DMA2D can operate in the following modes:

Register-to-memory

Memory-to-memory

Memory-to-memory with Pixel Format Conversion
Memory-to-memory with Pixel Format Conversion and Blending

The AHB slave port is used to program the DMA2D controller.
The block diagram of the DMA2D is shown in Figure 40: DMA2D block diagram.
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Figure 40. DMA2D block diagram

AHB MASTER
| Color mode || 8-bit o
FG 2, g
FIFO Expander
32| JrGB BLENDER OUT PFC
¥ cLuTitr | oo h \|
P 32
t ' _ #_Converter [+ (|3|L|i-(r)
25g:a-blt 32 [ Green H J 32124116
T Bue |-
BG PFC
|  Colormode || 8-bita 32
BG i o 8 T
2 FIFo J |
RGB
_;‘| CLUT itf |
¥
256x32-bit
RAM AHB SLAVE
- MS30439V1
11.3.2 DMA2D control
The DMAZ2D controller is configured through the DMA2D Control Register (DMA2D_CR)
which allows selecting:
The user application can perform the following operations:
e  Select the operating mode
e Enable/disable the DMA2D interrupt
e  Start/suspend/abort ongoing data transfers
11.3.3 DMAZ2D foreground and background FIFOs

344/1757

The DMA2D foreground (FG) FG FIFO and background (BG) FIFO fetch the input data to
be copied and/or processed.

The FIFOs fetch the pixels according to the color format defined in their respective pixel
format converter (PFC).

3

RMO0090 Rev 21




RM0090

Chrom-Art Accelerator™ controller (DMA2D)

11.3.4

3

They are programmed through a set of control registers:

e DMAZ2D foreground memory address register (DMA2D_FGMAR)

e DMAZ2D foreground offset register (DMA2D_FGOR)

e  DMAZ2D background memory address register (DMA2D_BGMAR)

e DMAZ2D background offset register (DMA2D_BGBOR)

e  DMA2D number of lines register (number of lines and pixel per lines) (DMA2D_NLR)

When the DMA2D operates in register-to-memory mode, none of the FIFOs is activated.

When the DMA2D operates in memory-to-memory mode (no pixel format conversion nor
blending operation), only the FG FIFO is activated and acts as a buffer.

When the DMA2D operates in memory-to-memory operation with pixel format conversion
(no blending operation), the BG FIFO is not activated.

DMAZ2D foreground and background pixel format converter (PFC)

DMAZ2D foreground pixel format converter (PFC) and background pixel format converter
perform the pixel format conversion to generate a 32-bit per pixel value. The PFC can also
modify the alpha channel.

The first stage of the converter converts the color format. The original color format of the
foreground pixel and background pixels are configured through the CM[3:0] bits of the
DMA2D_FGPFCCR and DMA2D_BGPFCCR, respectively.

The supported input formats are given in Table 53: Supported color mode in input.

Table 53. Supported color mode in input

CM[3:0] Color mode
0000 ARGB8888
0001 RGB888
0010 RGB565
0011 ARGB1555
0100 ARGB4444
0101 L8
0110 AL44
0111 AL88
1000 L4
1001 A8
1010 A4
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The color format are coded as follows:
e Alpha value field: transparency
OxFF value corresponds to an opaque pixel and 0x00 to a transparent one.
e Rfield for Red
e G field for Green
e B field for Blue
e L field: luminance
This field is the index to a CLUT to retrieve the three/four RGB/ARGB components.
If the original format was direct color mode, then the extension to 8-bit per channel is

performed by copying the MSBs into the LSBs. This ensures a perfect linearity of the
conversion.

If the original format does not include an alpha channel, the alpha value is automatically set
to OxFF (opaque).

If the original format is indirect color mode, a CLUT is required and each pixel format
converter is associated with a 256 entry 32-bit CLUT.

For the specific alpha mode A4 and A8, no color information is stored nor indexed. The color
to be used for the image generation is fixed and is defined in the DMA2D_FGCOLR for
foreground pixels and in the DMA2D_BGCOLR register for background pixels.

The order of the fields in the system memory is defined in Table 54: Data order in memory.

Table 54. Data order in memory

Color Mode @+3 @+2 @+1 @+0
ARGB8888 Ag[7:0] Ro[7:0] Go[7:0] Bo[7:0]
B4[7:0] Ro[7:0] Go[7:0] Bo[7:0]
RGB888 G,[7:0] B,[7:0] R4[7:0] G4[7:0]
R3[7:0] G3[7:0] B3[7:0] Ro[7:0]
RGB565 R1[4:0]G4[5:3] G4[2:0]B4[4:0] Ro[4:0]Gg[5:3] Gp[2:0]Bg[4:0]
ARGB1555 A4[0]R4[4:0]G4[4:3] G4[2:0]B4[4:0] Ag[0]R([4:0]Gg[4:3] Gp[2:0]Bg[4:0]
ARGB4444 A4[3:0]R4[3:0] G4[3:0]1B4[3:0] Ag[3:0]R([3:0] G[3:0]B([3:0]
L8 L3[7:0] L,[7:0] L4[7:0] Lo[7:0]
AL44 A3[3:0]L3[3:0] A,[3:0]L,[3:0] A4[3:0]L4[3:0] Ag[3:0]L[3:0]
AL88 A4[7:0] L4[7:0] Ag[7:0] Lol7:0]
L4 L,[3:0]Lg[3:0] L5[3:0]L4[3:0] L5[3:0]L,[3:0] L4[3:0]Lg[3:0]
A8 Ag[7:0] A,[7:0] A4[7:0] Ag[7:0]
A4 A7[3:0]Ag[3:0] Ag[3:0]A4[3:0] A3[3:0]A,[3:0] A4[3:0]Aq[3:0]

The 24-bit RGB888 aligned on 32-bit is supported through the ARGB8888 mode.

Once the 32-bit value is generated, the alpha channel can be modified according to the
AM[1:0] field of the DMA2D_FGPFCCR/DMA2D_BGPFCCR registers as shown in

Table 55: Alpha mode configuration.
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RMO0090 Rev 21

Lys




RM0090

Chrom-Art Accelerator™ controller (DMA2D)

11.3.5

3

The alpha channel can be:

kept as it is (no modification),
replaced by the ALPHA[7:0] value of DMA2D_FGPFCCR/DMA2D_BGPFCCR,

or replaced by the original alpha value multiplied by the ALPHA[7:0] value of
DMA2D_FGPFCCR/DMA2D_BGPFCCR divided by 255.

Table 55. Alpha mode configuration

AMI[1:0] Alpha mode

00

No modification

01

Replaced by value in DMA2D_xxPFCCR

10

Replaced by original value multiplied by the value in DMA2D_xxPFCCR / 255

11

Reserved

DMAZ2D foreground and background CLUT interface

The CLUT interface manages the CLUT memory access and the automatic loading of the
CLUT.

Three kinds of accesses are possible:

CLUT read by the PFC during pixel format conversion operation

CLUT accessed through the AHB slave port when the CPU is reading or writing data
into the CLUT

CLUT written through the AHB master port when an automatic loading of the CLUT is
performed

The CLUT memory loading can be done in two different ways:

Automatic loading
The following sequence should be followed to load the CLUT:

a) Program the CLUT address into the DMA2D_FGCMAR register (foreground
CLUT) or DMA2D_BGCMAR register (background CLUT)

b) Program the CLUT size in the CS[7:0] field of the DMA2D_FGPFCCR register
(foreground CLUT) or DMA2D_BGPFCCR register (background CLUT).

c) Setthe START bit of the DMA2D_FGPFCCR register (foreground CLUT) or
DMA2D_BGPFCCR register (background CLUT) to start the transfer. During this
automatic loading process, the CLUT is not accessible by the CPU. If a conflict
occurs, a CLUT access error interrupt is raised assuming CAEIE is set to ‘1" in
DMA2D_CR.

Manual loading

The application has to program the CLUT manually through the DMA2D AHB slave
port to which the local CLUT memory is mapped.The foreground CLUT is located at
address offset 0x0400 and the background CLUT at address offset 0x0800.

The CLUT format can be 24 or 32 bits. It is configured through the CCM bit of the
DMA2D_FGPFCCR register (foreground CLUT) or DMA2D_BGPFCCR register
(background CLUT) as shown in Table 56: Supported CLUT color mode.
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Table 56. Supported CLUT color mode

CCM CLUT color mode
0 32-bit ARGB8888
1 24-bit RGB888

The way the CLUT data are organized in the system memory is specified in Table 57: CLUT
data order in memory.

Table 57. CLUT data order in memory

CLUT Color Mode @+3 @+2 @ +1 @+0
ARGB8888 Aol7:0] Ro[7:0] Gol7:0] Bol7:0]
B4[7:0] Ro[7:0] Gol7:0] Bo[7:0]
RGB888 G,[7:0] B,[7:0] R4[7:0] G4[7:0]

R[7:0] G4[7:0] B,[7:0] R,[7:0]

DMA2D blender

The DMA2D blender blends the source pixels by pair to compute the resulting pixel.

The blending is performed according to the following equation:

. OFG - 0BG
with oy =———
255

OoUT = OFG * 0BG - OMult

Crge-9FG * Cpg-08G - CrG-OMult
Cout

withC=RorGorB

Cout =

Division is rounded to the nearest lower integer

No configuration register is required by the blender. The blender usage depends on the
DMAZ2D operating mode defined in MODE[1:0] field of the DMA2D_CR register.

DMA2D output PFC

The output PFC performs the pixel format conversion from 32 bits to the output format
defined in the CM[2:0] field of the DMA2D output pixel format converter configuration
register (DMA2D_OPFCCR).

The supported output formats are given in Table 58: Supported color mode in output

3
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Table 58. Supported color mode in output

CM[2:0] Color mode
000 ARGB8888
001 RGB888
010 RGB565
011 ARGB1555
100 ARGB4444

11.3.8 DMAZ2D output FIFO

The output FIFO programs the pixels according to the color format defined in the output
PFC.

The destination area is defined through a set of control registers:

e  DMAZ2D output memory address register (DMA2D_OMAR)

e  DMAZ2D output offset register (DMA2D_OOR)

e  DMA2D number of lines register (number of lines and pixel per lines) (DMA2D_NLR)
If the DMA2D operates in register-to-memory mode, the configured output rectangle is filled
by the color specified in the DMA2D output color register (DMA2D_OCOLR) which contains

a fixed 32-bit, 24-bit or 16-bit value. The format is selected by the CM[2:0] field of the
DMA2D_OPFCCR register.

The data are stored into the memory in the order defined in Table 59: Data order in memory

Table 59. Data order in memory

Color Mode @+3 @+2 @+1 @+0
ARGB8888 Ag[7:0] Ro[7:0] Go[7:0] Bo[7:0]
B4[7:0] Ro[7:0] Go[7:0] Bo[7:0]
RGB888 G,[7:0] B,[7:0] R4[7:0] G4[7:0]
R3[7:0] G3[7:0] B[7:0] Ro[7:0]
RGB565 R4[4:0]G4[5:3] G4[2:0]B4[4:0] Ro[4:0]Gg[5:3] Gp[2:0]Bg[4:0]
ARGB1555 A4[0]R4[4:0]G4[4:3] G4[2:0]B4[4:0] Ag[0]R[4:0]Gg[4:3] Gg[2:0]Bg[4:0]
ARGB4444 A4[3:0]R4[3:0] G4[3:0]B4[3:0] Ag[3:0]R[3:0] Gg[3:0]B([3:0]

The RGB888 aligned on 32-bit is supported through the ARGB8888 mode.

11.3.9 DMA2D AHB master port timer

An 8-bit timer is embedded into the AHB master port to provide an optional limitation of the
bandwidth on the crossbar.

This timer is clocked by the AHB clock and counts a dead time between two consecutive
accesses. This limits the bandwidth usage.
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The timer enabling and the dead time value are configured through the AHB master port
timer configuration register (DMA2D_AMPTCR).

DMAZ2D transactions

DMAZ2D transactions consist of a sequence of a given number of data transfers. The
number of data and the width can be programmed by software.
Each DMA2D data transfer is composed of up to 4 steps:

1. Data loading from the memory location pointed by the DMA2D_FGMAR register and
pixel format conversion as defined in DMA2D_FGCR.

2. Data loading from a memory location pointed by the DMA2D_BGMAR register and
pixel format conversion as defined in DMA2D_BGCR.

3. Blending of all retrieved pixels according to the alpha channels resulting of the PFC
operation on alpha values.

4. Pixel format conversion of the resulting pixels according to the DMA2D_OCR register
and programming of the data to the memory location addressed through the
DMA2D_OMAR register.

DMAZ2D configuration

Both source and destination data transfers can target peripherals and memories in the
whole 4 Gbyte memory area, at addresses ranging between 0x0000 0000 and
OxFFFF FFFF.

The DMA2D can operate in any of the four following modes selected through MODE[1:0]
bits of the DMA2D_CR register:

e  Register-to-memory

e  Memory-to-memory

e  Memory-to-memory with PFC

e  Memory-to-memory with PFC and blending

Register-to-memory
The register-to-memory mode is used to fill a user defined area with a predefined color.
The color format is set in the DMA2D_OPFCCR.

The DMA2D does not perform any data fetching from any source. It just writes the color
defined in the DMA2D_OCOLR register to the area located at the address pointed by the
DMA2D_OMAR and defined in the DMA2D_NLR and DMA2D_OOR.

Memory-to-memory

In memory-to-memory mode, the DMA2D does not perform any graphical data
transformation. The foreground input FIFO acts as a buffer and the data are transferred
from the source memory location defined in DMA2D_FGMAR to the destination memory
location pointed by DMA2D_OMAR.

The color mode programmed in the CM[3:0] bits of the DMA2D_FGPFCCR register defines
the number of bits per pixel for both input and output.
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The size of the area to be transferred is defined by the DMA2D_NLR and DMA2D_FGOR
registers for the source, and by DMA2D_NLR and DMA2D_OOR registers for the
destination.

Memory-to-memory with PFC

In this mode, the DMA2D performs a pixel format conversion of the source data and stores
them in the destination memory location.

The size of the areas to be transferred are defined by the DMA2D_NLR and DMA2D_FGOR
registers for the source, and by DMA2D_NLR and DMA2D_OOR registers for the
destination.

Data are fetched from the location defined in the DMA2D_FGMAR register and processed
by the foreground PFC. The original pixel format is configured through the
DMA2D_FGPFCCR register.

If the original pixel format is direct color mode, then the color channels are all expanded to 8
bits.

If the pixel format is indirect color mode, the associated CLUT has to be loaded into the
CLUT memory.

The CLUT loading can be done automatically by following the sequence below:

1. Setthe CLUT address into the DMA2D FGCMAR.

2. Setthe CLUT size in the CS[7:0] bits of the DMA2D_FGPFCCR register.

3. Set the CLUT format (24 or 32 bits) in the CCM bit of the DMA2D_FGPFCCR register.
4. Start the CLUT loading by setting the START bit of the DMA2D_FGPFCCR register.
Once the CLUT loading is complete, the CTCIF flag of the DMA2D_IFR register is raised,

and an interrupt is generated if the CTCIE bit is set in DMA2D_CR. The automatic CLUT
loading process can not work in parallel with classical DMA2D transfers.

The CLUT can also be filled by the CPU or by any other master through the APB port. The
access to the CLUT is not possible when a DMA2D transfer is ongoing and uses the CLUT
(indirect color format).

In parallel to the color conversion process, the alpha value can be added or changed
depending on the value programmed in the DMA2D_FGPFCCR register. If the original
image does not have an alpha channel, a default alpha value of OxFF is automatically added
to obtain a fully opaque pixel. The alpha value can be modified according to the AM[1:0] bits
of the DMA2D_FGPFCCR register:

e |t can be unchanged.

e It can be replaced by the value defined in the ALPHA[7:0] value of the
DMA2D_FGPFCCR register.

e It can be replaced by the original value multiplied by the ALPHA[7:0] value of the
DMA2D_FGPFCCR register divided by 255.

The resulting 32-bit data are encoded by the OUT PFC into the format specified by the
CM[2:0] field of the DMA2D_OPFCCR register. The output pixel format cannot be the
indirect mode since no CLUT generation process is supported.

The processed data are written into the destination memory location pointed by
DMA2D_OMAR.
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Memory-to-memory with PFC and blending

In this mode, 2 sources are fetched in the foreground FIFO and background FIFO from the
memory locations defined by DMA2D_FGMAR and DMA2D_BGMAR.

The two pixel format converters have to be configured as described in the memory-to-
memory mode. Their configurations can be different as each pixel format converter are
independent and have their own CLUT memory.

Once each pixel has been converted into 32 bits by their respective PFCs, they are blended
according to the equation below:

OFG - 0BG
255

with ot =

OouT = OFG + 0BG - OMult

Cra-0FG * Cpg-08G - Caa-OMult
OouT

withC=RorGorB

Cout =

Division are rounded to the nearest lower integer

The resulting 32-bit pixel value is encoded by the output PFC according to the specified
output format, and the data are written into the destination memory location pointed by
DMA2D_OMAR.

Configuration error detection

The DMA2D checks that the configuration is correct before any transfer. The configuration
error interrupt flag is set by hardware when a wrong configuration is detected when a new
transfer/automatic loading starts. An interrupt is then generated if the CEIE bit of the
DMA2D_CR is set.
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The wrong configurations that can be detected are listed below:

e  Foreground CLUT automatic loading: MA bits of DMA2D_FGCMAR not aligned with
CCM of DMA2D_FGPFCCR.

e  Background CLUT automatic loading: MA of DMA2D_BGCMAR not aligned with CCM
of DMA2D_BGPFCCR

e  Memory transfer (except in register-to-memory mode): MA of DMA2D_FGMAR not
aligned with CM of DMA2D_FGPFCCR

e  Memory transfer (except in register-to-memory mode): CM in DMA2D_FGPFCCR are
invalid

e  Memory transfer (except in register-to-memory mode): PL bits of DMA2D_NLR odd
while CM of DMA2D_FGPFCCR is A4 or L4

e  Memory transfer (except in register-to-memory mode): LO bits in DMA2D_FGOR odd
while CM of DMA2D_FGPFCCR is A4 or L4

e  Memory transfer (only in blending mode): MA bits in DMA2D_BGMAR are not aligned
with the CM of DMA2D_BGPFCCR

e  Memory transfer: CM of DMA2D_BGPFCCR invalid (only in blending mode)

e  Memory transfer (only in blending mode): PL bits of DMA2D_NLR odd while CM of
DMA2D_BGPFCCR is A4 or L4

e  Memory transfer (only in blending mode): LO bits of DMA2D_BGOR odd while CM of
DMA2D_BGPFCCR is A4 or L4

e  Memory transfer (except in memory to memory mode): MA bits in DMA2D_OMAR are
not aligned with CM bits in DMA2D_OPFCCR.

e  Memory transfer (except in memory to memory mode): CM bits in DMA2D_OPFCCR
invalid

e  Memory transfer: NL bits in DMA2D NLR =0

e  Memory transfer: PL bits in DMA2D_NLR =0

11.3.12 DMAZ2D transfer control (start, suspend, abort and completion)

3

Once the DMA2D is configured, the transfer can be launched by setting the START bit of the
DMA2D_CR register. Once the transfer is completed, the START bit is automatically reset
and the TCIF flag of the DMA2D_ISR register is raised. An interrupt can be generated if the
TCIE bit of the DMA2D_CR is set.

The user application can suspend the DMA2D at any time by setting the SUSP bit of the
DMA2D_CR register. The transaction can then be aborted by setting the ABORT bit of the
DMA2D_CR register or can be restarted by resetting the SUSP bit of the DMA2D_CR
register.

The user application can abort at any time an ongoing transaction by setting the ABORT bit
of the DMA2D_CR register. In this case, the TCIF flag is not raised.

Automatic CLUT transfers can also be aborted or suspended by using the ABORT or the
SUSP bit of the DMA2D_CR register.
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Watermark

A watermark can be programmed to generate an interrupt when the last pixel of a given line
has been written to the destination memory area.

The line number is defined in the LW[15:0] field of the DMA2D_LWR register.

When the last pixel of this line has been transferred, the TWIF flag of the DMA2D_ISR
register is raised and an interrupt is generated if the TWIE bit of the DMA2D_CR is set.

Error management

Two kind of errors can be triggered:
e  AHB master port errors signalled by the TEIF flag of the DMA2D_ISR register.

e Conflicts caused by CLUT access (CPU trying to access the CLUT while a CLUT
loading or a DMA2D transfer is ongoing) signalled by the CAEIF flag of the
DMA2D_ISR register.

Both flags are associated to their own interrupt enable flag in the DMA2D_CR register to
generate an interrupt if need be (TEIE and CAEIE).

AHB dead time

To limit the AHB bandwidth usage, a dead time between two consecutive AHB accesses
can be programmed.

This feature can be enabled by setting the EN bit in the DMA2D_AMTCR register.

The dead time value is stored in the DT[7:0] field of the DMA2D_AMTCR register. This
value represents the guaranteed minimum number of cycles between two consecutive
transactions on the AHB bus.

The update of the dead time value while the DMA2D is running is taken into account for the
next AHB transfer.

DMAZ2D interrupts

An interrupt can be generated on the following events:
e Configuration error

e  CLUT transfer complete

e  CLUT access error

e  Transfer watermark reached

e  Transfer complete

e  Transfer error

Separate interrupt enable bits are available for flexibility.

Table 60. DMA2D interrupt requests

Interrupt event Event flag Enable control bit
Configuration error CEIF CEIE
CLUT transfer complete CTCIF CTCIE
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Table 60. DMA2D interrupt requests (continued)
Interrupt event Event flag Enable control bit
CLUT access error CAEIF CAEIE
Transfer watermark TWF TWIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE
11.5 DMAZ2D registers
11.5.1 DMAZ2D control register (DMA2D_CR)
Address offset: 0x0000
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CEIE |CTCIE|CAEIE | TWIE | TCIE | TEIE ABORT | SUSP | START
Reserved Reserved
w rw rw rw rw w rs rw rs
Bits 31:18 Reserved, must be kept at reset value
Bits 17:16 MODE: DMA2D mode
This bit is set and cleared by software. It cannot be modified while a transfer is ongoing.
00: Memory-to-memory (FG fetch only)
01: Memory-to-memory with PFC (FG fetch only with FG PFC active)
10: Memory-to-memory with blending (FG and BG fetch with PFC and blending)
11: Register-to-memory (no FG nor BG, only output stage active)
Bits 15:14 Reserved, must be kept at reset value
Bit 13 CEIE: Configuration Error Interrupt Enable
This bit is set and cleared by software.
0: CE interrupt disable
1: CE interrupt enable
Bit 12 CTCIE: CLUT transfer complete interrupt enable
This bit is set and cleared by software.
0: CTC interrupt disable
1: CTC interrupt enable
Bit 11 CAEIE: CLUT access error interrupt enable

3

This bit is set and cleared by software.
0: CAE interrupt disable
1: CAE interrupt enable
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Bit 10 TWIE: Transfer watermark interrupt enable
This bit is set and cleared by software.
0: TW interrupt disable
1: TW interrupt enable

Bit 9 TCIE: Transfer complete interrupt enable
This bit is set and cleared by software.
0: TC interrupt disable
1: TC interrupt enable

Bit 8 TEIE: Transfer error interrupt enable
This bit is set and cleared by software.
0: TE interrupt disable
1: TE interrupt enable

Bits 7:3 Reserved, must be kept at reset value

Bit2 ABORT: Abort

This bit can be used to abort the current transfer. This bit is set by software and is
automatically reset by hardware when the START bit is reset.

0: No transfer abort requested

1: Transfer abort requested

Bit 1 SUSP: Suspend

This bit can be used to suspend the current transfer. This bit is set and reset by
software. It is automatically reset by hardware when the START bit is reset.

0: Transfer not suspended

1: Transfer suspended

Bit0 START: Start

This bit can be used to launch the DMA2D according to the parameters loaded in the
various configuration registers. This bit is automatically reset by the following events:

- At the end of the transfer

—  When the data transfer is aborted by the user application by setting the ABORT
bit in DMA2D_CR

- When a data transfer error occurs

—  When the data transfer has not started due to a configuration error or another
transfer operation already ongoing (automatic CLUT loading).
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11.5.2 DMAZ2D Interrupt Status Register (DMA2D_ISR)

Address offset: 0x0004
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 11 10 9 8 7 6 5 4 3 2 1 0

CEIF | CTCIF | CAEIF | TWIF TCIF
Reserved

TEIF

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

Bit 5 CEIF: Configuration error interrupt flag

This bit is set when the START bit of DMA2D_CR, DMA2DFGPFCCR or
DMA2D_BGPFCCR is set and a wrong configuration has been programmed.

Bit4 CTCIF: CLUT transfer complete interrupt flag

This bit is set when the CLUT copy from a system memory area to the internal DMA2D

memory is complete.

Bit 3 CAEIF: CLUT access error interrupt flag

This bit is set when the CPU accesses the CLUT while the CLUT is being automatically

copied from a system memory to the internal DMA2D.

Bit 2 TWIF: Transfer watermark interrupt flag
This bit is set when the last pixel of the watermarked line has been transferred.

Bit 1 TCIF: Transfer complete interrupt flag
This bit is set when a DMA2D transfer operation is complete (data transfer only).

Bit 0 TEIF: Transfer error interrupt flag

This bit is set when an error occurs during a DMA transfer (data transfer or automatic

CLUT loading).
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11.5.3 DMAZ2D interrupt flag clear register (DMA2D_IFCR)

Address offset: 0x0008
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 11 10 9 8 7 6 5 4 3 2 1 0

CCEIF |CCTCIF | CAECIF | CTWIF | CTCIF | CTEIF
Reserved

rc_w1 rc_wi rc_w1 rc_w1 rc_wl | rc_wi

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

Bit 5 CCEIF: Clear configuration error interrupt flag
Programming this bit to 1 clears the CEIF flag in the DMA2D_ISR register

Bit4 CCTCIF: Clear CLUT transfer complete interrupt flag
Programming this bit to 1 clears the CTCIF flag in the DMA2D_ISR register

Bit 3 CAECIF: Clear CLUT access error interrupt flag
Programming this bit to 1 clears the CAEIF flag in the DMA2D_ISR register

Bit 2 CTWIF: Clear transfer watermark interrupt flag
Programming this bit to 1 clears the TWIF flag in the DMA2D _ISR register

Bit 1 CTCIF: Clear transfer complete interrupt flag
Programming this bit to 1 clears the TCIF flag in the DMA2D _ISR register

Bit 0 CTEIF: Clear Transfer error interrupt flag
Programming this bit to 1 clears the TEIF flag in the DMA2D _ISR register
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1.5.4 DMAZ2D foreground memory address register (DMA2D_FGMAR)
Address offset: 0x000C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MA[31:16]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]
Bits 31:0 MA[31: 0]: Memory address
Address of the data used for the foreground image. This register can only be written
when data transfers are disabled. Once the data transfer has started, this register is
read-only.
The address alignment must match the image format selected e.g. a 32-bit per pixel
format must be 32-bit aligned, a 16-bit per pixel format must be 16-bit aligned and a 4-
bit per pixel format must be 8-bit aligned.
11.5.5 DMAZ2D foreground offset register (DMA2D_FGOR)
Address offset: 0x0010
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 11 10 9 8 7 6 5 4 3 2 1 0
LO[13:0]
Reserved

Bits 31:14 Reserved, must be kept at reset value

Bits 13:0 LO[13: 0]: Line offset

Line offset used for the foreground expressed in pixel. This value is used to generate
the address. It is added at the end of each line to determine the starting address of the

next line.

These bits can only be written when data transfers are disabled. Once a data transfer
has started, they become read-only.

If the image format is 4-bit per pixel, the line offset must be even.
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11.5.6 DMA2D background memory address register (DMA2D_BGMAR)
Address offset: 0x0014
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MA[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]
Bits 31: 0 MA[31: 0]: Memory address
Address of the data used for the background image. This register can only be written
when data transfers are disabled. Once a data transfer has started, this register is read-
only.
The address alignment must match the image format selected e.g. a 32-bit per pixel
format must be 32-bit aligned, a 16-bit per pixel format must be 16-bit aligned and a 4-
bit per pixel format must be 8-bit aligned.
11.5.7 DMAZ2D background offset register (DMA2D_BGOR)
Address offset: 0x0018
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 11 10 9 8 7 6 5 4 3 2 1 0
LO[13:0]
Reserved
Bits 31:14 Reserved, must be kept at reset value
Bits 13:0 LO[13: 0]: Line offset
Line offset used for the background image (expressed in pixel). This value is used for
the address generation. It is added at the end of each line to determine the starting
address of the next line.
These bits can only be written when data transfers are disabled. Once data transfer has
started, they become read-only.
If the image format is 4-bit per pixel, the line offset must be even.
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11.5.8 DMAZ2D foreground PFC control register (DMA2D_FGPFCCR)

Address offset: 0x001C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ALPHA[7:0] Reserved AM[1:0]
rw | w | w | w | w | w | w | w w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CS[7:0] START | CCM CM[3:0]
Reserved
rw | w | w | w | w | w | w | w rs w w | w | w | rw

Bits 31:24 ALPHA[7: 0]: Alpha value

These bits define a fixed alpha channel value which can replace the original alpha value
or be multiplied by the original alpha value according to the alpha mode selected
through the AM[1:0] bits.

These bits can only be written when data transfers are disabled. Once a transfer has
started, they become read-only.

Bits 23:18 Reserved, must be kept at reset value

Bits 17:16 AM[1: 0]: Alpha mode

These bits select the alpha channel value to be used for the foreground image. They
can only be written data the transfer are disabled. Once the transfer has started, they
become read-only.

00: No modification of the foreground image alpha channel value

01: Replace original foreground image alpha channel value by ALPHA[7: 0]

10: Replace original foreground image alpha channel value by ALPHA[7:0] multiplied
with original alpha channel value

other configurations are meaningless

Bits 15:8 CS[7: 0]: CLUT size

These bits define the size of the CLUT used for the foreground image. Once the CLUT
transfer has started, this field is read-only.
The number of CLUT entries is equal to CS[7:0] + 1.

Bits 7:6 Reserved, must be kept at reset value
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Bit 5 START: Start
This bit can be set to start the automatic loading of the CLUT. It is automatically reset:
— atthe end of the transfer
—  when the transfer is aborted by the user application by setting the ABORT bit in
DMA2D_CR
—  when a transfer error occurs
—  when the transfer has not started due to a configuration error or another

transfer operation already ongoing (data transfer or automatic background
CLUT transfer).

Bit4 CCM: CLUT color mode
This bit defines the color format of the CLUT. It can only be written when the transfer is
disabled. Once the CLUT transfer has started, this bit is read-only.
0: ARGB8888
1: RGB888
others: meaningless

Bits 3:0 CMI[3: 0]: Color mode
These bits defines the color format of the foreground image. They can only be written
when data transfers are disabled. Once the transfer has started, they are read-only.
0000: ARGB8888
0001: RGB888
0010: RGB565
0011: ARGB1555
0100: ARGB4444
0101: L8
0110: AL44
0111: AL88
1000: L4
1001: A8
1010: A4
others: meaningless
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11.5.9 DMAZ2D foreground color register (DMA2D_FGCOLR)

Address offset: 0x0020
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RED[7:0]
Reserved
w | w | w | w | w | w | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
GREEN[7:0] BLUE[7:0]
rw | w | w | w | w | w | w | w w | w | w | w | w | w | w | rw

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

Bits 23:16 RED[7: 0]: Red Value

These bits defines the red value for the A4 or A8 mode of the foreground image. They
can only be written when data transfers are disabled. Once the transfer has started,
they are read-only.

Bits 15:8 GREEN([7: 0]: Green Value

These bits defines the green value for the A4 or A8 mode of the foreground image. They
can only be written when data transfers are disabled. Once the transfer has started,
They are read-only.

Bits 7:0 BLUE[7: 0]: Blue Value

These bits defines the blue value for the A4 or A8 mode of the foreground image. They
can only be written when data transfers are disabled. Once the transfer has started,
They are read-only.
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11.5.10 DMAZ2D background PFC control register (DMA2D_BGPFCCR)

Address offset: 0x0024
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ALPHA[7:0] Reserved AM[1:0]
rw | w | w | w | w | w | w | w w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CS[7:0] START | CCM CM[3:0]
Reserved
rw | w | w | w | w | w | w | w rs w w | w | w | rw

Bits 31:24 ALPHA[7: 0]: Alpha value
These bits define a fixed alpha channel value which can replace the original alpha value
or be multiplied with the original alpha value according to the alpha mode selected with
bits AM[1: 0]. These bits can only be written when data transfers are disabled. Once the
transfer has started, they are read-only.

Bits 23:18 Reserved, must be kept at reset value

Bits 17:16 AM][1: 0]: Alpha mode

These bits define which alpha channel value to be used for the background image.
These bits can only be written when data transfers are disabled. Once the transfer has
started, they are read-only.

00: No modification of the foreground image alpha channel value

01: Replace original background image alpha channel value by ALPHA[7: 0]

10: Replace original background image alpha channel value by ALPHA[7:0] multiplied
with original alpha channel value

others: meaningless

Bits 15:8 CS[7: 0]: CLUT size

These bits define the size of the CLUT used for the BG. Once the CLUT transfer has
started, this field is read-only.
The number of CLUT entries is equal to CS[7:0] + 1.

Bits 7:6 Reserved, must be kept at reset value
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Bit 5 START: Start
This bit is set to start the automatic loading of the CLUT. This bit is automatically reset:
— atthe end of the transfer
—  when the transfer is aborted by the user application by setting the ABORT bit in
the DMA2D_CR
—  when a transfer error occurs
—  when the transfer has not started due to a configuration error or another

transfer operation already on going (data transfer or automatic foreground
CLUT transfer).

Bit4 CCM: CLUT Color mode
These bits define the color format of the CLUT. This register can only be written when
the transfer is disabled. Once the CLUT transfer has started, this bit is read-only.
0: ARGB8888
1: RGB888
others: meaningless

Bits 3:0 CMI[3: 0]: Color mode
These bits define the color format of the foreground image. These bits can only be
written when data transfers are disabled. Once the transfer has started, they are read-
only.
0000: ARGB8888
0001: RGB888
0010: RGB565
0011: ARGB1555
0100: ARGB4444
0101: L8
0110: AL44
0111: AL88
1000: L4
1001: A8
1010: A4
others: meaningless
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11.5.11  DMAZ2D background color register (DMA2D_BGCOLR)
Address offset: 0x0028
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RED[7:0]
Reserved
w | w | w | w | w | w | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
GREEN[7:0] BLUE[7:0]
rw | w | w | w | w | w | w | w w | w | w | w | w | w | w | rw

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

Bits 23:16 REDI[7: 0]: Red Value
These bits define the red value for the A4 or A8 mode of the background. These bits
can only be written when data transfers are disabled. Once the transfer has started,
they are read-only.
Bits 15:8 GREEN([7: 0]: Green Value
These bits define the green value for the A4 or A8 mode of the background. These bits
can only be written when data transfers are disabled. Once the transfer has started,
they are read-only.
Bits 7:0 BLUE[7: 0]: Blue Value

These bits define the blue value for the A4 or A8 mode of the background. These bits
can only be written when data transfers are disabled. Once the transfer has started,
they are read-only.

11.5.12 DMAZ2D foreground CLUT memory address register
(DMA2D_FGCMAR)

Address offset: 0x002C
Reset value: 0x0000 0000

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

I T N I N O N N T N I B R I
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]

O T R O O O N N O N I B R I

Bits 31: 0 MA[31: 0]: Memory Address
Address of the data used for the CLUT address dedicated to the foreground image. This
register can only be written when no transfer is ongoing. Once the CLUT transfer has
started, this register is read-only.
If the foreground CLUT format is 32-bit, the address must be 32-bit aligned.

3
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11.5.13 DMAZ2D background CLUT memory address register
(DMA2D_BGCMAR)

Address offset: 0x0030
Reset value: 0x0000 0000

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

I I N 0 N A N N B
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MA[15:0]

v o [w o [w w [ w [ w [w [w[w [w]w][w][w]|w

Bits 31: 0 MA[31: 0]: Memory address

Address of the data used for the CLUT address dedicated to the background image.
This register can only be written when no transfer is on going. Once the CLUT transfer
has started, this register is read-only.

If the background CLUT format is 32-bit, the address must be 32-bit aligned.

11.5.14 DMAZ2D output PFC control register (DMA2D_OPFCCR)

Address offset: 0x0034
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
CM[2:0]
Reserved
w | w | rw

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

Bits 2: 0 CM[2: 0]: Color mode
These bits define the color format of the output image. These bits can only be written
when data transfers are disabled. Once the transfer has started, they are read-only.
000: ARGB8888
001: RGB888
010: RGB565
011: ARGB1555
100: ARGB4444
others: meaningless

3
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11.5.15 DMAZ2D output color register (DMA2D_OCOLR)
Address offset: 0x0038
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ALPHA[7:0] RED[7:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GREEN([7:0] BLUE[7:0]
RED[4:0] GREEN([5:0] BLUE[4:0]
A RED[4:0] GREEN[4:0] BLUE[4:0]
ALPHA[3:0] RED[3:0] GREEN[3:0] BLUE[3:0]

Bits 31:24 ALPHA[7: 0]: Alpha Channel Value

These bits define the alpha channel of the output color. These bits can only be written
when data transfers are disabled. Once the transfer has started, they are read-only.

Bits 23:16 RED[7: 0]: Red Value

These bits define the red value of the output image. These bits can only be written when
data transfers are disabled. Once the transfer has started, they are read-only.

Bits 15:8 GREEN([7: 0]: Green Value
These bits define the green value of the output image. These bits can only be written
when data transfers are disabled. Once the transfer has started, they are read-only.
Bits 7:0 BLUEJ[7: 0]: Blue Value

These bits define the blue value of the output image. These bits can only be written
when data transfers are disabled. Once the transfer has started, they are read-only.

3
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11.5.16 DMAZ2D output memory address register (DMA2D_OMAR)

Address offset: 0x003C
Reset value: 0x0000 0000

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

v [ [w o [w v [ 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
MA[15:0]

v o [w o [wlw [ w[w [w [w[w [w]o][w][w]|w

Bits 31: 0 MA[31: 0]: Memory Address
Address of the data used for the output FIFO. These bits can only be written when data
transfers are disabled. Once the transfer has started, they are read-only.

The address alignment must match the image format selected e.g. a 32-bit per pixel
format must be 32-bit aligned and a 16-bit per pixel format must be 16-bit aligned.

3
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11.5.17 DMAZ2D output offset register (DMA2D_OOR)

Address offset: 0x0040
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 11 10 9 8 7 6 5 4 3 2 1 0
LO[13:0]
Reserved
w ‘ w ‘ w ‘ w | w ‘ w ‘ w | w | rw ‘ w | w | w I w | rw

Bits 31:14 Reserved, must be kept at reset value

Bits 13:0 LO[13: 0]: Line Offset

Line offset used for the output (expressed in pixels). This value is used for the address
generation. It is added at the end of each line to determine the starting address of the
next line. These bits can only be written when data transfers are disabled. Once the
transfer has started, they are read-only.

11.5.18 DMAZ2D number of line register (DMA2D_NLR)

Address offset: 0x0044
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PL[13:0]
Reserved
w I w | w | w | w | w I w I w I rw | w I w I w I w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
NL[15:0]
rw I w I w I w | w | w | w | w I w I w I w | w I w I w I w | w

Bits 31:30 Reserved, must be kept at reset value

Bits 29:16 PL[13: 0]: Pixel per lines
Number of pixels per lines of the area to be transferred. These bits can only be written
when data transfers are disabled. Once the transfer has started, they are read-only.
If any of the input image format is 4-bit per pixel, pixel per lines must be even.

Bits 15:0 NL[15: 0]: Number of lines

Number of lines of the area to be transferred. These bits can only be written when data
transfers are disabled. Once the transfer has started, they are read-only.

3
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11.5.19 DMAZ2D line watermark register (DMA2D_LWR)
Address offset: 0x0048
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
LW[15:0]

v T [w [ w [w [w [ w [ w [w [w]w [w][w]w[w][w

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

Bits 15:0 LW[15:0]: Line watermark
These bits allow to configure the line watermark for interrupt generation.

An interrupt is raised when the last pixel of the watermarked line has been transferred.
These bits can only be written when data transfers are disabled. Once the transfer has
started, they are read-only.

11.5.20 DMAZ2D AHB master timer configuration register (DMA2D_AMTCR)

Address offset: 0x004C
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 11 10 9 8 7 6 5 4 3 2 1 0
DT[7:0] EN
Reserved
rw ‘ w ‘ w ‘ w ‘ w ‘ w | w ‘ w rw

Bits 31:16 Reserved

Bits 15:8 DTI[7: 0]: Dead Time

Dead time value in the AHB clock cycle inserted between two consecutive accesses on
the AHB master port. These bits represent the minimum guaranteed number of cycles
between two consecutive AHB accesses.

Bits 7:1 Reserved

Bit 0 EN: Enable
Enables the dead time functionality.
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11.5.21 DMAZ2D register map
The following table summarizes the DMA2D registers. Refer to Section 2.3: Memory map
for the DMAZ2D register base address.
Table 61. DMA2D register map and reset values
Offset| Register |59 Q ®KIQQ I QNS L N LY I 2N TS o w0 w] <o ol /o
g wo WY | (W g |a F
0x0000 DMAZD_CR Reserved § Reserved 5 E % E 9 E Reserved g % E
Reset value 02 0 o|jo(ojo|0|o0 0|0|0
b e u
oxo004 | DMAZDISR Reserved 4 g % EeE
Reset value 0(o0of0|0|0]O
DMA2D_IFCR m Lé § LEL LC'S ]
0x0008 Reserved 8 8 5 5 5 5
Reset value ojofojoj|ofo0
DMA2D_FGMAR MA[31:0]
0x000C
Reset value o‘o|o|o’o|o|o’o‘o|o’o‘o|o|o|o’o‘o|o o’o|o|o’o‘o|o’o‘o|o|o’o|o|o
00010 DMA2D_FGOR Resorved LO[13:0]
Reset value o’o|o|o’o‘o|o’o‘o|o|o’o|o|o
00014 DMA2D_BGMAR MA[31:0]
Reset value o‘o|o|o’o|o|o’o‘o|o’o‘o|o|o|o’o‘o|o o’o|o|o’o‘o|o’o‘o|o|o’o|o|o
00018 DMA2D_BGOR Resorved LO[13:0]
Reset value o’o|o|o’o‘o o’oooo’o|o|o
XO01C DMA2D_FGPFCCR ALPHA[7:0] Reserved ; CS[7:0] Res :EE § CM[3:0]
Reset value o‘o|o|o’0|o|o’o o<’o o|o|o’o|o|o’o‘o Ug)oo’o|o|o
DMA2D_FGCOLR APLHA[7:0] RED[7:0] GREEN([7:0] BLUE[7:0]
0x0020
Reset value o‘o|o|o’0|o|o’o o|o’o‘o|o|o o’o o|o|o’o|o|o’o‘o o’o ofo o’o|o|o
00024 DMA2D_BGPFCCR ALPHA[7:0] Reserved ; CS[7:0] Res :EE § CM[3:0]
Reset value 0‘0|0|o‘0|0|0‘0 0<‘0 0|0|0‘0|0|0‘0‘0 U(’)oo‘o|o|0
DMA2D_BGCOLR APLHA[7:0] RED[7:0] GREEN([7:0] BLUE[7:0]
0x0028
Reset value 0‘0|0|o‘0|0|0‘0 0|0‘0‘0|0|0|0‘0 0|0|0‘0|o|0‘0‘0 0‘0‘0|0|0‘0|o|0
0X002C DMA2D_FGCMAR MA[31:0]
X Reset value 0‘0|0|o‘0|0|0‘0‘0|0‘0‘0|0|0|0‘0‘0|0|0‘0|o|0‘0‘0|0‘0‘0|0|0‘0|o|0
0X0030 DMA2D_BGCMAR MA[31:0]
X Reset value 0‘0|0|0‘0|0|0‘0‘0|0‘0‘0|0|0|0‘0‘0|0|0‘0|o|0‘0‘0|0‘0‘0|0|0 0|o|0
00034 DMA2D_OPFCCR Reserved CM[2:0]
Reset value 0 | 0 | 0
APLHA[7:0] ‘ RED[7:0] GREEN([7:0] | BLUE[7:0]
DMA2D OCOLR Reserved RED[4:0] GREEN[6:0] BLUE[4:0]
0x0038 - Reserved A | RED[4:0] ’ GREEN[4:0] BLUE[4:0]
Reserved ALPHA[3:0] [ RED[3:0] | GREEN[3:0] | BLUE[3:0]
Reset value 0‘0|0|0’0|0|0’0‘0|0’0‘0|0|0|0’0 0|0|0’0 o|0’0‘0 o’o‘o|o 0’0|o|0
0X003C DMA2D_OMAR MA[31:0]
Reset value 0‘0|0|o‘0|0|0‘0‘0|0‘0‘0|0|0|0‘0‘0|0|0‘0|o|0‘0‘0|0‘0‘0|0|0‘0|o|0
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Table 61. DMA2D register map and reset values (continued)

Offset| Register |5/21Q® K| & & IQYN (] 22 N L2 2 Y F| S oo~ o v <o a0
DMA2D_OOR LO[13:0]
0x0040 Reserved
Reset value o‘0|0|o‘0‘0|0‘0‘0|0|o‘0|0|o
00044 DMA2D_NLR N PL[13:0] NL[15:0]
X Reset value s 0|o‘0|o|o‘0‘0|o‘0‘0|0|0|0‘0 0|o|0‘0|o|0‘0‘0|o‘0‘0|o|0‘0|0|0
00048 DMA2D_LWR Reserved LW[15:0]
Reset value 0|0|o‘0|0|o‘0‘0 o‘o‘o|o|o‘o|oo
0x004C DMAZD_AMTCR Reserved DTI7:0] Reserved E
Reset value 0|0|o‘0|0|o‘0‘0 0
%);(%%SFOF' Reserved
0x0400- | DMA2D_FGCLUT APLHA[7:0][255:0] RED[7:0][255:0] GREEN([7:0][255:0] BLUE[7:0][255:0]
0x07FF Reset value x‘x|x|x‘x|x|x‘x x|x‘x‘x|x|x|x‘x x|x|x‘x|x|x‘x‘x x‘x‘x|x|x‘x|x|x
0x0800- | DMA2D_BGCLUT APLHA[7:0][255:0] RED[7:0][255:0] GREEN([7:0][255:0] BLUE[7:0][255:0]
Ox0BFF Reset value x‘x|x|x‘x|x|x‘x x|x‘x‘x|x|x|x‘x x|x|x‘x|x|x‘x‘x x‘x‘x|x|x‘x|x|x
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12 Interrupts and events

This Section applies to the whole STM32F4xx family, unless otherwise specified.

12.1 Nested vectored interrupt controller (NVIC)

1211 NVIC features

The nested vector interrupt controller NVIC includes the following features:

e 82 maskable interrupt channels for STM32F405xx/07xx and STM32F415xx/17xx, and
up to 91 maskable interrupt channels for STM32F42xxx and STM32F43xxx (not
including the 16 interrupt lines of Cortex®-M4 with FPU)

e 16 programmable priority levels (4 bits of interrupt priority are used)
e low-latency exception and interrupt handling

e  power management control

e implementation of system control registers

The NVIC and the processor core interface are closely coupled, which enables low latency
interrupt processing and efficient processing of late arriving interrupts.

All interrupts including the core exceptions are managed by the NVIC. For more information
on exceptions and NVIC programming, refer to programming manual PM0214.

12.1.2 SysTick calibration value register

The SysTick calibration value is fixed to 18750, which gives a reference time base of 1 ms
with the SysTick clock set to 18.75 MHz (HCLK/8, with HCLK set to 150 MHz).

121.3 Interrupt and exception vectors

See Table 62 and Table 63, for the vector table for the STM32F405xx/07xx and
STM32F415xx/17xx and STM32F42xxx and STM32F43xxx devices.

12.2 External interrupt/event controller (EXTI)

The external interrupt/event controller consists of up to 23 edge detectors for generating
event/interrupt requests. Each input line can be independently configured to select the type
(interrupt or event) and the corresponding trigger event (rising or falling or both). Each line
can also masked independently. A pending register maintains the status line of the interrupt
requests.

The grey rows in the following tables describe the vectors without specific position.

3
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Table 62. Vector table for STM32F405xx/07xx and STM32F415xx/17xx

s >
5‘% E TyP e.of Acronym Description Address
2 = priority
- - - - Reserved 0x0000 0000
- -3 fixed Reset Reset 0x0000 0004
Non maskable interrupt. The RCC
- -2 fixed NMI Clock Security System (CSS) is linked 0x0000 0008
to the NMI vector.
- -1 fixed HardFault All class of fault 0x0000 000C
- 0 settable | MemManage Memory management 0x0000 0010
- 1 settable | BusFault Pre-fetch fault, memory access fault 0x0000 0014
- 2 settable | UsageFault Undefined instruction or illegal state 0x0000 0018
) ) ) ) Reserved 0x0000 001C - 0x0000
002B
- | 3| settable |SvCall System service call via SWI 0x0000 002C
instruction
- 4 settable | Debug Monitor Debug Monitor 0x0000 0030
- - - - Reserved 0x0000 0034
- 5 settable | PendSV Pendable request for system service 0x0000 0038
- 6 settable | SysTick System tick timer 0x0000 003C
0 7 settable |WWDG Window Watchdog interrupt 0x0000 0040
1 | 8| settable |PVD mgrltjh;f”gh EXTlline detection 0x0000 0044
2 | 9| settable |TAMP_STAMP tT:rrgS;r: fh“: g(r‘%fﬁ;aemp interrupts 0x0000 0048
3 | 10| settable |RTC_WKUP E)T(% \I’i\:]aeke'“p interrupt through the 0x0000 004C
4 11 settable | FLASH Flash global interrupt 0x0000 0050
5 12 settable |RCC RCC global interrupt 0x0000 0054
6 13 settable |EXTIO EXTI Line0 interrupt 0x0000 0058
7 14 settable |EXTI1 EXTI Line1 interrupt 0x0000 005C
8 | 15| settable |EXTI2 EXTI Line2 interrupt 0x0000 0060
9 16 settable |EXTI3 EXTI Line3 interrupt 0x0000 0064
10 | 17 settable |EXTI4 EXTI Line4 interrupt 0x0000 0068
1 | 18 settable | DMA1_StreamO DMA1 Stream0 global interrupt 0x0000 006C
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Table 62. Vector table for STM32F405xx/07xx and STM32F415xx/17xx (continued)

s >
:% % Ty_p e_of Acronym Description Address
£ E priority
12 | 19 settable |DMA1_Stream1 DMA1 Stream1 global interrupt 0x0000 0070
13 | 20 settable | DMA1_Stream2 DMA1 Stream2 global interrupt 0x0000 0074
14 | 21 settable | DMA1_Stream3 DMA1 Stream3 global interrupt 0x0000 0078
15 | 22 settable |DMA1_Stream4 DMA1 Stream4 global interrupt 0x0000 007C
16 | 23 settable |DMA1_Stream5 DMA1 Stream5 global interrupt 0x0000 0080
17 | 24 settable | DMA1_Stream6 DMA1 Stream6 global interrupt 0x0000 0084
18 | 25| settable |ADC ﬁ?e?rl’pﬁfm and ADCS3 global 0x0000 0088
19 | 26 settable | CAN1_TX CAN1 TX interrupts 0x0000 008C
20 | 27 settable | CAN1_RXO0 CAN1 RXO interrupts 0x0000 0090
21 | 28 | settable |CAN1_RX1 CAN1 RX1 interrupt 0x0000 0094
22 | 29 settable | CAN1_SCE CAN1 SCE interrupt 0x0000 0098
23 | 30 settable |EXTI9_5 EXTI Line[9:5] interrupts 0x0000 009C
24 | 31| settable |TIM1_BRK_TIM9 ;'t“é':ruirteak interrupt and TIMS global 0x0000 00AQ
25 | 32 | settable |TIM1_UP_TIM10 ;'(';’!;ﬁgif:ﬁ;?te”“pt and TIM10 0x0000 00A4
26 | 33 | settable |[TIM1_TRG_COM_TIM11 ;':Z':ﬂj;ig%ir da;‘ldM??rggt‘;:tii:tgrrupt 0x0000 00A8
27 | 34 settable | TIM1_CC TIM1 Capture Compare interrupt 0x0000 00AC
28 | 35 settable | TIM2 TIM2 global interrupt 0x0000 00BO
29 | 36 settable | TIM3 TIM3 global interrupt 0x0000 00B4
30 | 37 settable | TIM4 TIM4 global interrupt 0x0000 00B8
31 | 38 settable [12C1_EV 12C1 event interrupt 0x0000 00BC
32 | 39 settable [I12C1_ER 12C1 error interrupt 0x0000 00CO
33 | 40 settable |12C2_EV 12C2 event interrupt 0x0000 00C4
34 | M settable |12C2_ER 12C2 error interrupt 0x0000 00C8
35 | 42 settable | SPI1 SPI1 global interrupt 0x0000 00CC
36 | 43 | settable |SPI2 SPI2 global interrupt 0x0000 00DO
37 | 44 settable | USART1 USART1 global interrupt 0x0000 00D4
38 | 45 settable | USART2 USART2 global interrupt 0x0000 00D8
39 | 46 | settable |USART3 USARTS global interrupt 0x0000 00DC
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Table 62. Vector table for STM32F405xx/07xx and STM32F415xx/17xx (continued)

s >

] =

= o Ty_p e_of Acronym Description Address

3 = priority

o o

40 | 47 settable |EXTI15_10 EXTI Line[15:10] interrupts 0x0000 00EO

41 | 48 | settable |RTC_Alarm RTC Alarms (A and B) through EXTI 0x0000 00E4

- line interrupt

42 | 49 | settable |OTG_FS_WKUP USB On-The-Go FS Wake-up through 0x0000 O0E8
EXTI line interrupt

43 | 50 | settable |TIM8 BRK_TIM12 TIM8 Break interrupt and TIM12 0x0000 00EC
global interrupt

44 | 51| settable |TIM8_UP_TIM13 TIM8 Update interrupt and TIM13 0x0000 00FO
global interrupt

45 | 52 | settable |TIM8_TRG_COM_TiM14 | M8 Trigger and Commutation 0x0000 00F4
interrupts and TIM14 global interrupt

46 | 53 settable | TIM8 _CC TIM8 Capture Compare interrupt 0x0000 O0F8

47 | 54 settable | DMA1_Stream7 DMA1 Stream?7 global interrupt 0x0000 00FC

48 | 55 settable |FSMC FSMC global interrupt 0x0000 0100

49 | 56 settable |SDIO SDIO global interrupt 0x0000 0104

50 | 57 settable | TIM5 TIM5 global interrupt 0x0000 0108

51 | 58 | settable |SPI3 SPI3 global interrupt 0x0000 010C

52 | 59 settable |UART4 UART4 global interrupt 0x0000 0110

53 | 60 settable |UARTS UARTS global interrupt 0x0000 0114
TIM6 global interrupt,

54 | 61 settable | TIM6_DAC DAC1 and DAC2 underrun error 0x0000 0118
interrupts

55 | 62 settable | TIM7 TIM7 global interrupt 0x0000 011C

56 | 63 settable | DMAZ2_Stream0 DMA2 Stream0O global interrupt 0x0000 0120

57 | 64 settable |DMAZ2_Stream1 DMA2 Stream1 global interrupt 0x0000 0124

58 | 65 | settable |DMAZ2_Stream2 DMA2 Stream2 global interrupt 0x0000 0128

59 | 66 settable | DMA2_Stream3 DMA2 Stream3 global interrupt 0x0000 012C

60 | 67 settable | DMA2_Stream4 DMA2 Stream4 global interrupt 0x0000 0130

61 | 68 settable |ETH Ethernet global interrupt 0x0000 0134

62 | 69 | settable |ETH WKUP Ethemet Wake-up through EXTl line 0x0000 0138
interrupt

63 | 70 | settable |CAN2_TX CAN2 TX interrupts 0x0000 013C

64 | 71 settable | CAN2_RXO0 CAN2 RXO interrupts 0x0000 0140
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Table 62. Vector table for STM32F405xx/07xx and STM32F415xx/17xx (continued)

s >
] =
= o Ty_p e_of Acronym Description Address
3 = priority
o o
65 | 72 | settable |CAN2_RX1 CAN2 RX1 interrupt 0x0000 0144
66 | 73 | settable |CAN2_SCE CAN2 SCE interrupt 0x0000 0148
67 | 74 settable |OTG_FS USB On The Go FS global interrupt 0x0000 014C
68 | 75 settable |DMA2_Stream5 DMAZ2 Stream5 global interrupt 0x0000 0150
69 | 76 settable | DMA2_Stream6 DMAZ2 Stream6 global interrupt 0x0000 0154
70 | 77 settable | DMA2_Stream7 DMA2 Stream? global interrupt 0x0000 0158
71 | 78 settable | USART6 USART®6 global interrupt 0x0000 015C
72 | 79 | settable |I2C3_EV 1°C3 event interrupt 0x0000 0160
73 | 80 settable |12C3_ER 12C3 error interrupt 0x0000 0164
74 | 81| settable |OTG_HS_EP1_OUT USB On The Go HS End Point 1 Out 0x0000 0168
global interrupt
75 | 82 | settable |OTG_HS_EP1_IN USB On The Go HS End Point 1 In 0x0000 016C
global interrupt
76 | 83 | settable |OTG_HS WKUP USB On The Go HS Wake-up through 0x0000 0170
EXTI interrupt
77 | 84 settable |OTG_HS USB On The Go HS global interrupt 0x0000 0174
78 | 85 | settable |DCMI DCMI global interrupt 0x0000 0178
79 | 86 settable |CRYP CRYP crypto global interrupt 0x0000 017C
80 | 87 settable |HASH_RNG Hash and Rng global interrupt 0x0000 0180
81 | 88 settable |FPU FPU global interrupt 0x0000 0184
Table 63. Vector table for STM32F42xxx and STM32F43xxx
§ | 2| Tyoeof
% 5 y_p e_o Acronym Description Address
4 = priority
o o
- - - - Reserved 0x0000 0000
- -3 fixed Reset Reset 0x0000 0004
) 2 fixed NMI Non maskable interrupt, Clock Security 0x0000 0008
System
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Table 63. Vector table for STM32F42xxx and STM32F43xxx (continued)
:é % Type of Acronym Description Address
§ E priority
- -1 fixed HardFault Al class of fault 0x0000 000C
- 0 settable MemManage Memory management 0x0000 0010
- 1 settable BusFault Pre-fetch fault, memory access fault 0x0000 0014
- 2 settable UsageFault Undefined instruction or illegal state 0x0000 0018
) ) ) i Reserved 0x0000 001C -
0x0000 002B
- settable SVCall System Service call via SWI instruction 0x0000 002C
- 4 settable Debug Monitor Debug Monitor 0x0000 0030
- - - Reserved 0x0000 0034
- 5 settable PendSV Pendable request for system service 0x0000 0038
- 6 settable Systick System tick timer 0x0000 003C
0 7 settable WWDG Window Watchdog interrupt 0x0000 0040
1 8 settable PVD PVD through EXTI line detection interrupt 0x0000 0044
2 | 9 | settable TAMP_STAMP Tamper and TimeStamp interrupts through | 1,4 0048
the EXTl line
3 | 10 | settable RTC_WKUP RTC Wake-up i”tejirr‘:gt through the EXTI 14 4000 004C
4 11 settable FLASH Flash global interrupt 0x0000 0050
5 12 settable RCC RCC global interrupt 0x0000 0054
6 13 settable EXTIO EXTI Line0 interrupt 0x0000 0058
7 14 settable EXTH EXTI Line1 interrupt 0x0000 005C
8 15 settable EXTI2 EXTI Line2 interrupt 0x0000 0060
9 16 settable EXTI3 EXTI Line3 interrupt 0x0000 0064
10 17 settable EXTI4 EXTI Line4 interrupt 0x0000 0068
11 18 settable DMA1_Stream0 DMA1 Stream0 global interrupt 0x0000 006C
12 19 settable DMA1_Stream1 DMA1 Stream1 global interrupt 0x0000 0070
13 20 settable DMA1_Stream2 DMA1 Stream2 global interrupt 0x0000 0074
14 21 settable DMA1_Stream3 DMA1 Stream3 global interrupt 0x0000 0078
15 22 settable DMA1_Stream4 DMA1 Stream4 global interrupt 0x0000 007C
16 23 settable DMA1_Stream5 DMA1 Stream5 global interrupt 0x0000 0080
17 24 settable DMA1_Stream6 DMA1 Stream6 global interrupt 0x0000 0084
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Table 63. Vector table for STM32F42xxx and STM32F43xxx (continued)

s >
:% g Ty_p e_of Acronym Description Address
3 n:_ priority
18 25 settable ADC ADC1, ADC2 and ADC3 global interrupts 0x0000 0088
19 26 | settable |CAN1_TX CAN1 TX interrupts 0x0000 008C
20 27 settable | CAN1_RXO CAN1 RXO interrupts 0x0000 0090
21 28 | settable |CAN1_RX1 CAN1 RX1 interrupt 0x0000 0094
22 29 settable | CAN1_SCE CAN1 SCE interrupt 0x0000 0098
23 30 settable EXTI9 5 EXTI Line[9:5] interrupts 0x0000 009C
24 | 31 | settable TIMA_BRK_TIM9 TIM1 Break i”t;rtg‘r‘;; st”d TIM9 global - 6000 00A0
25 | 32 | settable TIM1_UP_TIM10 TIM1 Update i”tiirtzjrf;st”d TIM10 global 1. 0000 00A4
26 | 33 | settable |TIM1_TRG_COM Tim11| "M Tr;gn%e;m?&ﬁ’;“;“iﬁiffu:;tte"upts 0x0000 00A8
27 34 settable TIM1_CC TIM1 Capture Compare interrupt 0x0000 00AC
28 35 settable TIM2 TIM2 global interrupt 0x0000 00BO
29 36 settable TIM3 TIM3 global interrupt 0x0000 00B4
30 37 settable TIM4 TIM4 global interrupt 0x0000 00B8
31 38 settable 12C1_EV 12C1 event interrupt 0x0000 00BC
32 39 settable 12C1_ER 12C1 error interrupt 0x0000 00CO
33 40 settable 12C2_EV 12C2 event interrupt 0x0000 00C4
34 41 settable 12C2_ER 12C2 error interrupt 0x0000 00C8
35 42 settable SPI1 SPI1 global interrupt 0x0000 00CC
36 43 settable SPI2 SPI2 global interrupt 0x0000 00DO
37 44 settable USART1 USART1 global interrupt 0x0000 00D4
38 45 settable USART2 USART2 global interrupt 0x0000 00D8
39 46 settable | USART3 USARTS3 global interrupt 0x0000 00DC
40 47 | settable EXTI15_10 EXTI Line[15:10] interrupts 0x0000 00EO
41 | 48 | settable RTC_Alarm RTC Alarms (A ?:ti S&;‘rough EXTHine 16,0000 00E4
42 | 49 | settable OTG_Fs wkup | YSB O”'The'Gcl;:eSiXY:r'?‘j;:p through EXTH | - 0000 00ES
43 | 50 | settable |TIM8_BRK_TIM12 ;'t'\e"guirteak interrupt and TIM12 global 0x0000 00EC
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Table 63. Vector table for STM32F42xxx and STM32F43xxx (continued)

s >

:% % Ty_p e_of Acronym Description Address
8 E priority

44 | 51 | settable |TIM8_UP_TIM13 ;'t'\e"gu%fdate interrupt and TIM13 global |- 4, 5500 goFo
45 52 settable 1’IM8_TRG_COM_TIM1 ;’Lhél?l_rhsliggzrlsgsl ﬁlct);\:m;:ation interrupts 0x0000 0OF4
46 53 settable |TIM8 CC TIM8 Capture Compare interrupt 0x0000 00F8
47 54 settable DMA1_Stream7 DMA1 Stream7 global interrupt 0x0000 00FC
48 55 settable |FSMC FSMC global interrupt 0x0000 0100
49 56 settable SDIO SDIO global interrupt 0x0000 0104
50 57 settable TIMS TIM5 global interrupt 0x0000 0108
51 58 settable SPI3 SPI3 global interrupt 0x0000 010C
52 59 settable | UART4 UART4 global interrupt 0x0000 0110
53 60 settable |UART5S UARTS global interrupt 0x0000 0114
54 61 seftable | TIM6_DAC B[kﬂg1gzla?1téialli)?tggtﬁgerrun error interrupts 0x0000 0118
55 62 settable | TIM7 TIM7 global interrupt 0x0000 011C
56 63 settable DMA2_StreamO DMA2 StreamO global interrupt 0x0000 0120
57 64 settable DMA2_Stream1 DMAZ2 Stream1 global interrupt 0x0000 0124
58 65 settable DMA2_Stream?2 DMA2 Stream2 global interrupt 0x0000 0128
59 66 settable DMA2_Stream3 DMA2 Stream3 global interrupt 0x0000 012C
60 67 settable DMA2_Stream4 DMA2 Stream4 global interrupt 0x0000 0130
61 68 settable |ETH Ethernet global interrupt 0x0000 0134
62 | 69 | settable |ETH WKUP Ettr;frrgstt Wake-up through EXTl line 0x0000 0138
63 70 settable | CAN2_TX CAN2 TX interrupts 0x0000 013C
64 71 settable | CAN2_RXO0 CAN2 RX0 interrupts 0x0000 0140
65 72 | settable |CAN2_RX1 CAN2 RX1 interrupt 0x0000 0144
66 73 | settable |CAN2_SCE CAN2 SCE interrupt 0x0000 0148
67 74 settable OTG_FS USB On The Go FS global interrupt 0x0000 014C
68 75 settable DMA2_Stream5 DMAZ2 Stream5 global interrupt 0x0000 0150
69 76 settable DMA2_Stream6 DMA2 Stream6 global interrupt 0x0000 0154
70 77 settable DMA2_Stream7 DMA2 Stream7 global interrupt 0x0000 0158
71 78 settable USART6 USART®6 global interrupt 0x0000 015C
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Table 63. Vector table for STM32F42xxx and STM32F43xxx (continued)

s >
:% % Ty_p e_of Acronym Description Address
8 E priority
72 79 settable 12C3_EV 12C3 event interrupt 0x0000 0160
73 80 settable 12C3_ER 12C3 error interrupt 0x0000 0164
74 | 81 | settable |OTG_HS_EP1_OUT hitse?ﬂ?pr} The Go HS End Point 1 Outglobal | 5, 5404 168
75 | 82 | settable |OTG HS EP1_IN ﬂtse?n?p’l The Go HS End Point 1 Inglobal |4 5441 g16c
76 | 83 | settable |OTG_HS WKUP il}Jw?e?ruO;t The Go HS Wake-up through EXTI | 1544 0170
77 84 settable |OTG_HS USB On The Go HS global interrupt 0x0000 0174
78 85 settable | DCMI DCMI global interrupt 0x0000 0178
79 86 settable |CRYP CRYP crypto global interrupt 0x0000 017C
80 87 settable |HASH_RNG Hash and Rng global interrupt 0x0000 0180
81 88 Settable FPU FPU global interrupt 0x0000 0184
82 89 settable | UART7 UART 7 global interrupt 0x0000 0188
83 90 settable |UARTS8 UART 8 global interrupt 0x0000 018C
84 91 settable SPl4 SPI 4 global interrupt 0x0000 0190
85 92 settable | SPI5 SPI 5 global interrupt 0x0000 0194
86 93 settable | SPI6 SPI 6 global interrupt 0x0000 0198
87 94 settable | SAI1 SAI1 global interrupt 0x0000 019C
88 95 settable |LCD-TFT LTDC global interrupt 0x0000 01A0
89 96 settable |LCD-TFT LTDC global Error interrupt 0x0000 01A4
90 97 settable |DMA2D DMA2D global interrupt 0x0000 01A8
12.2.1 EXTI main features
The main features of the EXTI controller are the following:
e independent trigger and mask on each interrupt/event line
e dedicated status bit for each interrupt line
e generation of up to 23 software event/interrupt requests
e detection of external signals with a pulse width lower than the APB2 clock period. Refer
to the electrical characteristics section of the STM32F4xx datasheets for details on this
parameter.
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12.2.2 EXTI block diagram

Figure 41 shows the block diagram.

Figure 41. External interrupt/event controller block diagram
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12.2.3 Wake-up event management

The STM32F4xx are able to handle external or internal events in order to wake up the core
(WFE). The wake-up event can be generated either by:

e enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex®-M4 with FPU System Control register. When the
MCU resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC
IRQ channel pending bit (in the NVIC interrupt clear pending register) have to be
cleared.

e or configuring an external or internal EXTI line in event mode. When the CPU resumes
from WFE, it is not necessary to clear the peripheral interrupt pending bit or the NVIC
IRQ channel pending bit as the pending bit corresponding to the event line is not set.

To use an external line as a wake-up event, refer to Section 12.2.4: Functional description.

12.2.4 Functional description

To generate the interrupt, the interrupt line should be configured and enabled. This is done
by programming the two trigger registers with the desired edge detection and by enabling
the interrupt request by writing a ‘1’ to the corresponding bit in the interrupt mask register.
When the selected edge occurs on the external interrupt line, an interrupt request is
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generated. The pending bit corresponding to the interrupt line is also set. This request is
reset by writing a ‘1’ in the pending register.

To generate the event, the event line should be configured and enabled. This is done by
programming the two trigger registers with the desired edge detection and by enabling the
event request by writing a ‘1’ to the corresponding bit in the event mask register. When the
selected edge occurs on the event line, an event pulse is generated. The pending bit
corresponding to the event line is not set.

An interrupt/event request can also be generated by software by writing a ‘1’ in the software
interrupt/event register.

Hardware interrupt selection

To configure the 23 lines as interrupt sources, use the following procedure:
e  Configure the mask bits of the 23 interrupt lines (EXTI_IMR)
e  Configure the Trigger selection bits of the interrupt lines (EXTI_RTSR and EXTI_FTSR)

e Configure the enable and mask bits that control the NVIC IRQ channel mapped to the
external interrupt controller (EXTI) so that an interrupt coming from one of the 23 lines
can be correctly acknowledged.

Hardware event selection

To configure the 23 lines as event sources, use the following procedure:
e  Configure the mask bits of the 23 event lines (EXTI_EMR)
e Configure the Trigger selection bits of the event lines (EXTI_RTSR and EXTI_FTSR)

Software interrupt/event selection

The 23 lines can be configured as software interrupt/event lines. The following is the
procedure to generate a software interrupt.

e  Configure the mask bits of the 23 interrupt/event lines (EXTI_IMR, EXTI_EMR)
e Set the required bit in the software interrupt register (EXTI_SWIER)
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12.2.5 External interrupt/event line mapping

Up to 140 GPIOs (STM32F405xx/07xx and STM32F415xx/17xx), 168 GPIOs
(STM32F42xxx and STM32F43xxx) are connected to the 16 external interrupt/event lines in
the following manner:

Figure 42. External interrupt/event GPIO mapping
(STM32F405xx/07xx and STM32F415xx/17xx)

EXTIO[3:0] bits in the SYSCFG_EXTICR1 register

PA0 O——»
PBO O——»
PCO L——¥ EXTIO
PD0 O——»

PE0 C——»
PFO O———»f
PGO C——»
PHO O——»
PI0 C—»

EXTI1[3:0] bits in the SYSCFG_EXTICR1 register

PA1 O—»
PB1 O—»
PC1 O——»
PD1 O——»
PE1 O——»
PF1 O——»
PG1 O——»
PH1 O—»
PI1 O——»

EXTH

EXTI15[3:0] bits in the SYSCFG_EXTICR4 register

¥

PA15 O——»
PB15 O
PC15 O——»
PD15 O——»
PE15 O——
PF15 O——
PG15 O—
PH15 O——

EXTI15

ai15897
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Figure 43. External interrupt/event GPIO mapping (STM32F42xxx and STM32F43xxx)
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MS30440V1

The seven other EXTI lines are connected as follows:

EXTI line 16 is connected to the PVD output

EXTI line 17 is connected to the RTC Alarm event

EXTI line 18 is connected to the USB OTG FS Wake-up event

EXTI line 19 is connected to the Ethernet Wake-up event

EXTlI line 20 is connected to the USB OTG HS (configured in FS) Wake-up event
EXTI line 21 is connected to the RTC Tamper and TimeStamp events

EXTI line 22 is connected to the RTC Wake-up event
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12.3 EXTI registers

Refer to Section 1.1: List of abbreviations for registers for a list of abbreviations used in

register descriptions.

12.3.1 Interrupt mask register (EXTI_IMR)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16
Reserved
rw w rw rw w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 | MR8 | MR7 | MR6 | MR5 | MR4 | MR3 | MR2 | MR1 MRO
rw rw w rw rw w rw rw rw rw w rw rw w w w
Bits 31:23 Reserved, must be kept at reset value.
Bits 22:0 MRXx: Interrupt mask on line x
0: Interrupt request from line x is masked
1: Interrupt request from line x is not masked
12.3.2 Event mask register (EXTI_EMR)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16
Reserved
rw w rw rw w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 | MR8 | MR7 | MR6 | MR5 | MR4 | MR3 | MR2 | MR1 MRO
rw w w w w w w w rw rw rw w w w rw w
Bits 31:23 Reserved, must be kept at reset value.
Bits 22:0 MRXx: Event mask on line x
0: Event request from line x is masked
1: Event request from line x is not masked
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12.3.3 Rising trigger selection register (EXTI_RTSR)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TR22 | TR21 | TR20 | TR19 | TR18 | TR17 TR16
Reserved
w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TR15 TR14 TR13 TR12 TR11 TR10 TR9 TR8 TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO

Bits 31:23 Reserved, must be kept at reset value.

Bits 22:0 TRx: Rising trigger event configuration bit of line x

0: Rising trigger disabled (for Event and Interrupt) for input line
1: Rising trigger enabled (for Event and Interrupt) for input line

Note: The external wake-up lines are edge triggered, no glitch must be generated on these lines.
If a rising edge occurs on the external interrupt line while writing to the EXTI_RTSR register,

the pending bit is be set.
Rising and falling edge triggers can be set for the same interrupt line. In this configuration,
both generate a trigger condition.

12.3.4 Falling trigger selection register (EXTI_FTSR)

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TR22 | TR21 | TR20 | TR19 | TR18 | TR17 | TR16
Reserved
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TR15 TR14 TR13 TR12 TR11 TR0 TR TR8 TR7 TR6 TR5 TR4 TR3 TR2  TRI TRO
Bits 31:23 Reserved, must be kept at reset value.
Bits 22:0 TRx: Falling trigger event configuration bit of line x
0: Falling trigger disabled (for Event and Interrupt) for input line
1: Falling trigger enabled (for Event and Interrupt) for input line.
Note: The external wake-up lines are edge triggered, no glitch must be generated on these lines.

If a falling edge occurs on the external interrupt line while writing to the EXTI_FTSR register,
the pending bit is not set.

Rising and falling edge triggers can be set for the same interrupt line. In this configuration,
both generate a trigger condition.

Lys
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12.3.5 Software interrupt event register (EXTI_SWIER)

Address offset: 0x10
Reset value: 0x0000 0000

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

Bits 31:23 Reserved, must be kept at reset value.

Bits 22:0 SWIERXx: Software Interrupt on line x
If interrupt are enabled on line x in the EXTI_IMR register, writing '1' to SWIERX bit when it is
set at '0' sets the corresponding pending bit in the EXTI_PR register, thus resulting in an
interrupt request generation.
This bit is cleared by clearing the corresponding bit in EXTI_PR (by writing a 1 to the bit).

12.3.6 Pending register (EXTI_PR)
Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PR22 | PR21 | PR20 | PR19 | PR18 | PR17 | PR16

Reserved
rc wl [ rc_wl | rcwl | rc_wl | rcwl | rc_wl | rc_w1

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

PR15 PR14 PR13 PR12 PR11 PR10 PR9 PR8 PR7 PR6 PR5 PR4 PR3 PR2 PR1 PRO

rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_w1 | rc_wi | rc_w1 | rc_wi | rc_w1 | rc_w1 | rc_w1

Bits 31:23 Reserved, must be kept at reset value.

Bits 22:0 PRx: Pending bit

0: No trigger request occurred
1: selected trigger request occurred
This bit is set when the selected edge event arrives on the external interrupt line.

This bit is cleared by programming it to “1°.
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12.3.7 EXTI register map

Table 65 gives the EXTI register map and the reset values.

Table 64. External interrupt/event controller register map and reset values

Offset| Register |5/2|2|3(N|Q|%(3|2I¥|c[g|2(2/x|e|o||2|vc|2|o|0|~ 0| 0|<|n|a|-|o
EXTL_IMR MR[22:0]

0x00 Reserved
Reset value o|0|0|0|0|o|0|o|0|0|0|0|o|0|o|0|0|o|0|0|0|0|0
EXTI_EMR MR[22:0]

0x04 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
EXTI_RTSR TR[22:0]

0x08 Reserved
Reset value 0|0|0|0|0|0|0|o|o|0|0|0|o|o|o|0|o|o|o|o|0|o|o
EXTI_FTSR TR[22:0]

0x0C Reserved
Reset value o|0|0|0|0|o|0|o|0|0|o|0|o|0|o|0|0|o|0|0|0|0|0
EXTI_SWIER SWIER[22:0]

0x10 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
EXTI_PR PR[22:0]

0x14 Reserved
Reset value o|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0

Refer to Section 2.3: Memory map for the register boundary addresses.
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13.1

13.2

Note:

3

Analog-to-digital converter (ADC)

This section applies to the whole STM32F4xx family, unless otherwise specified.

ADC introduction

The 12-bit ADC is a successive approximation analog-to-digital converter. It has up to 19
multiplexed channels allowing it to measure signals from 16 external sources, two internal
sources, and the Vgat channel. The A/D conversion of the channels can be performed in
single, continuous, scan or discontinuous mode. The result of the ADC is stored into a left-
or right-aligned 16-bit data register.

The analog watchdog feature allows the application to detect if the input voltage goes
beyond the user-defined, higher or lower thresholds.

ADC main features

e 12-bit, 10-bit, 8-bit or 6-bit configurable resolution

e Interrupt generation at the end of conversion, end of injected conversion, and in case of
analog watchdog or overrun events

e Single and continuous conversion modes

e  Scan mode for automatic conversion of channel 0 to channel ‘n’
e Data alignment with in-built data coherency

e  Channel-wise programmable sampling time

e External trigger option with configurable polarity for both regular and injected
conversions

e Discontinuous mode

e  Dual/Triple mode (on devices with 2 ADCs or more)

e  Configurable DMA data storage in Dual/Triple ADC mode

e Configurable delay between conversions in Dual/Triple interleaved mode
e ADC conversion type (refer to the datasheets)

e ADC supply requirements: 2.4 V to 3.6 V at full speed and down to 1.8 V at slower
speed

e ADC inputrange: VRer_ VN VREF+
e DMA request generation during regular channel conversion

Figure 44 shows the block diagram of the ADC.

Vrer_, if available (depending on package), must be tied to Vggp.
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13.3

ADC functional description

Figure 44 shows a single ADC block diagram and Table 66 gives the ADC pin description.

Figure 44. Single ADC block diagram
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Table 66. ADC pins

Name Signal type Remarks

Input, analog reference The higher/positive reference voltage for the ADC,

VREF+ pOSitiVG 1.8V SVREF+ $VDDA

Analog power supply equal to Vpp and
Vbpa Input, analog supply 2.4V Vppa<Vpp (3.6 V) for full speed
1.8 V <Vppa <Vpp (3.6 V) for reduced speed

Input, analog reference The lower/negative reference voltage for the ADC,
VREF- : -
negative VRer-=Vssa
Vssa Input, analog supply Ground for analog power supply equal to Vgg
ground
ADCx_IN[15:0] |[Analog input signals 16 analog input channels

13.3.1 ADC on-off control

The ADC is powered on by setting the ADON bit in the ADC_CR2 register. When the ADON
bit is set for the first time, it wakes up the ADC from the Power-down mode.

Conversion starts when either the SWSTART or the JSWSTART bit is set.

You can stop conversion and put the ADC in power down mode by clearing the ADON bit. In
this mode the ADC consumes almost no power (only a few pA).

13.3.2 ADC clock

The ADC features two clock schemes:
e  Clock for the analog circuitry: ADCCLK, common to all ADCs

This clock is generated from the APB2 clock divided by a programmable prescaler that
allows the ADC to work at fpc| k2/2, /4, /6 or /8. Refer to the datasheets for the
maximum value of ADCCLK.

e Clock for the digital interface (used for registers read/write access)

This clock is equal to the APB2 clock. The digital interface clock can be
enabled/disabled individually for each ADC through the RCC APB2 peripheral clock
enable register (RCC_APB2ENR).

13.3.3 Channel selection

There are 16 multiplexed channels. It is possible to organize the conversions in two groups:
regular and injected. A group consists of a sequence of conversions that can be done on
any channel and in any order. For instance, it is possible to implement the conversion
sequence in the following order: ADC_IN3, ADC _IN8, ADC_IN2, ADC_IN2, ADC_INO,
ADC_IN2, ADC_IN2, ADC_IN15.

e Aregular group is composed of up to 16 conversions. The regular channels and their
order in the conversion sequence must be selected in the ADC_SQRXx registers. The
total number of conversions in the regular group must be written in the L[3:0] bits in the
ADC_SQR1 register.

e Aninjected group is composed of up to 4 conversions. The injected channels and
their order in the conversion sequence must be selected in the ADC_JSQR register.
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The total number of conversions in the injected group must be written in the L[1:0] bits
in the ADC_JSQR register.

If the ADC_SQRx or ADC_JSQR registers are modified during a conversion, the current

conversion is reset and a new start pulse is sent to the ADC to convert the newly chosen

group.

Temperature sensor, VgerinT @and Vgar internal channels

e Forthe STM32F40x and STM32F41x devices, the temperature sensor is internally
connected to channel ADC1_IN16.

The internal reference voltage VREFINT is connected to ADC1_IN17.

e Forthe STM32F42x and STM32F43x devices, the temperature sensor is internally
connected to ADC1_IN18 channel which is shared with VBAT. Only one conversion,
temperature sensor or VBAT, must be selected at a time. When the temperature sensor
and VBAT conversion are set simultaneously, only the VBAT conversion is performed.

The internal reference voltage VREFINT is connected to ADC1_IN17.

The Vgt channel (connected to channel ADC1_IN18) can also be converted as an injected
or regular channel.

The temperature sensor, Vgernt @nd the Vgar channel are available only on the master
ADC1 peripheral.

Single conversion mode

In Single conversion mode the ADC does one conversion. This mode is started with the
CONT bit at 0 by either:

e  setting the SWSTART bit in the ADC_CR2 register (for a regular channel only)

e  setting the JSSWSTART bit (for an injected channel)

e external trigger (for a regular or injected channel)

Once the conversion of the selected channel is complete:
e Ifaregular channel was converted:
—  The converted data are stored into the 16-bit ADC_DR register
— The EOC (end of conversion) flag is set
— Aninterrupt is generated if the EOCIE bit is set
e If an injected channel was converted:
—  The converted data are stored into the 16-bit ADC_JDR1 register
— The JEOC (end of conversion injected) flag is set
— Aninterrupt is generated if the JEOCIE bit is set

Then the ADC stops.

3
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13.3.5 Continuous conversion mode
In continuous conversion mode, the ADC starts a new conversion as soon as it finishes one.
This mode is started with the CONT bit at 1 either by external trigger or by setting the
SWSTART bit in the ADC_CR2 register (for regular channels only).
After each conversion:
e Ifaregular group of channels was converted:
— The last converted data are stored into the 16-bit ADC_DR register
— The EOC (end of conversion) flag is set
— Aninterrupt is generated if the EOCIE bit is set
Note: Injected channels cannot be converted continuously. The only exception is when an injected
channel is configured to be converted automatically after reqular channels in continuous
mode (using JAUTO bit), refer to Auto-injection section).
13.3.6 Timing diagram

As shown in Figure 45, the ADC needs a stabilization time of tgtag before it starts
converting accurately. After the start of the ADC conversion and after 15 clock cycles, the
EOC flag is set and the 16-bit ADC data register contains the result of the conversion.

Figure 45. Timing diagram
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13.3.7
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Analog watchdog

The AWD analog watchdog status bit is set if the analog voltage converted by the ADC is
below a lower threshold or above a higher threshold. These thresholds are programmed in
the 12 least significant bits of the ADC_HTR and ADC_LTR 16-bit registers. An interrupt can
be enabled by using the AWDIE bit in the ADC_CR1 register.

The threshold value is independent of the alignment selected by the ALIGN bit in the
ADC_CR?2 register. The analog voltage is compared to the lower and higher thresholds
before alignment.

Table 67 shows how the ADC_CR1 register should be configured to enable the analog
watchdog on one or more channels.
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Figure 46. Analog watchdog’s guarded area

Analog voltage A

Higher threshold HTR
Guarded area
Lower threshold LTR

ai16048

Table 67. Analog watchdog channel selection

Channels guarded by the analog ADC_CR1 register control bits (x = don’t care)
watchdog AWDSGL bit AWDEN bit JAWDEN bit
None X 0 0
All injected channels 0 0 1
All regular channels 0 1 0
All regular and injected channels 0 1 1
Single(") injected channel 1 0 1
Single(” regular channel 1 1 0
Single M regular or injected channel 1 1 1

1. Selected by the AWDCH][4:0] bits

Scan mode

This mode is used to scan a group of analog channels.

The Scan mode is selected by setting the SCAN bit in the ADC_CR1 register. Once this bit
has been set, the ADC scans all the channels selected in the ADC_SQRXx registers (for
regular channels) or in the ADC_JSQR register (for injected channels). A single conversion
is performed for each channel of the group. After each end of conversion, the next channel
in the group is converted automatically. If the CONT bit is set, regular channel conversion
does not stop at the last selected channel in the group but continues again from the first
selected channel.

If the DMA bit is set, the direct memory access (DMA) controller is used to transfer the data
converted from the regular group of channels (stored in the ADC_DR register) to SRAM
after each regular channel conversion.

The EOC bit is set in the ADC_SR register:

e At the end of each regular group sequence if the EOCS bit is cleared to 0

e At the end of each regular channel conversion if the EOCS bit is set to 1

The data converted from an injected channel are always stored into the ADC_JDRXx
registers.
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Injected channel management

Triggered injection

To use triggered injection, the JAUTO bit must be cleared in the ADC_CR1 register.

1.  Start the conversion of a group of regular channels either by external trigger or by
setting the SWSTART bit in the ADC_CR2 register.

2. If an external injected trigger occurs or if the JSWSTART bit is set during the
conversion of a regular group of channels, the current conversion is reset and the
injected channel sequence switches to Scan-once mode.

3. Then, the regular conversion of the regular group of channels is resumed from the last
interrupted regular conversion.
If a regular event occurs during an injected conversion, the injected conversion is not
interrupted but the regular sequence is executed at the end of the injected sequence.
Figure 47 shows the corresponding timing diagram.

When using triggered injection, one must ensure that the interval between trigger events is
longer than the injection sequence. For instance, if the sequence length is 30 ADC clock
cycles (that is two conversions with a sampling time of 3 clock periods), the minimum
interval between triggers must be 31 ADC clock cycles.

Auto-injection

If the JAUTO bit is set, then the channels in the injected group are automatically converted
after the regular group of channels. This can be used to convert a sequence of up to 20
conversions programmed in the ADC_SQRx and ADC_JSQR registers.

In this mode, external trigger on injected channels must be disabled.

If the CONT bit is also set in addition to the JAUTO bit, regular channels followed by injected
channels are continuously converted.

It is not possible to use both the auto-injected and discontinuous modes simultaneously.

Figure 47. Injected conversion latency

ADCCLK

Injection event

Reset ADC

max latency M

SOC ——

ai16049

1. The maximum latency value can be found in the electrical characteristics of the STM32F40x and
STM32F41x datasheets.
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Discontinuous mode

Regular group

This mode is enabled by setting the DISCEN bit in the ADC_CR1 register. It can be used to
convert a short sequence of n conversions (n <8) that is part of the sequence of conversions
selected in the ADC_SQRXx registers. The value of n is specified by writing to the
DISCNUMI[2:0] bits in the ADC_CR1 register.

When an external trigger occurs, it starts the next n conversions selected in the ADC_SQRXx
registers until all the conversions in the sequence are done. The total sequence length is
defined by the L[3:0] bits in the ADC_SQR1 register.

Example:

e n =3, channels to be converted =0, 1, 2, 3,6, 7,9, 10

e 1sttrigger: sequence converted 0, 1, 2. An EOC event is generated at each
conversion.

e  2nd trigger: sequence converted 3, 6, 7. An EOC event is generated at each
conversion

e 3rd trigger: sequence converted 9, 10.An EOC event is generated at each conversion
e  4th trigger: sequence converted 0, 1, 2. An EOC event is generated at each conversion

When a regular group is converted in discontinuous mode, no rollover occurs.

When all subgroups are converted, the next trigger starts the conversion of the first
subgroup. In the example above, the 4th trigger reconverts the channels 0, 1 and 2 in the
1st subgroup.

Injected group

This mode is enabled by setting the JDISCEN bit in the ADC_CR1 register. It can be used to
convert the sequence selected in the ADC_JSQR register, channel by channel, after an
external trigger event.

When an external trigger occurs, it starts the next channel conversions selected in the
ADC_JSQR registers until all the conversions in the sequence are done. The total sequence
length is defined by the JL[1:0] bits in the ADC_JSQR register.

Example:

n = 1, channels to be converted = 1, 2, 3

1st trigger: channel 1 converted

2nd trigger: channel 2 converted

3rd trigger: channel 3 converted and JEOC event generated
4th trigger: channel 1

When all injected channels are converted, the next trigger starts the conversion of the first
injected channel. In the example above, the 4th trigger reconverts the 1st injected channel
1.

It is not possible to use both the auto-injected and discontinuous modes simultaneously.

Discontinuous mode must not be set for reqular and injected groups at the same time.
Discontinuous mode must be enabled only for the conversion of one group.
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13.4 Data alignment

The ALIGN bit in the ADC_CR2 register selects the alignment of the data stored after
conversion. Data can be right- or left-aligned as shown in Figure 48 and Figure 49.

The converted data value from the injected group of channels is decreased by the user-
defined offset written in the ADC_JOFRXx registers so the result can be a negative value.
The SEXT bit represents the extended sign value.

For channels in a regular group, no offset is subtracted so only twelve bits are significant.

Figure 48. Right alignment of 12-bit data

Injected group

SEXT) SEXT| SEXT | SEXT | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Regular group

0 0 0 0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

ai16050

Figure 49. Left alignment of 12-bit data

Injected group

SEXT| D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0

Regular group

D11] D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0 0

ai16051

Special case: when left-aligned, the data are aligned on a half-word basis except when the
resolution is set to 6-bit. in that case, the data are aligned on a byte basis as shown in
Figure 50.

Figure 50. Left alignment of 6-bit data

Injected group

SEXT|SEXT | SEXT | SEXT | SEXT|SEXT | SEXT | SEXT | SEXT | D5 D4 D3 D2 D1 DO 0

Regular group

0 0 0 0 0 0 0 0 D5 D4 D3 D2 D1 DO 0 0

ai16052

3

RMO0090 Rev 21 399/1757




Analog-to-digital converter (ADC) RMO0090

13.5

13.6

Note:

400/1757

Channel-wise programmable sampling time

The ADC samples the input voltage for a number of ADCCLK cycles that can be modified
using the SMP[2:0] bits in the ADC_SMPR1 and ADC_SMPR2 registers. Each channel can
be sampled with a different sampling time.
The total conversion time is calculated as follows:

Teony = Sampling time + 12 cycles

Example:
With ADCCLK = 30 MHz and sampling time = 3 cycles:
Teonvy =3 + 12 = 15 cycles = 0.5 ps with APB2 at 60 MHz

Conversion on external trigger and trigger polarity

Conversion can be triggered by an external event (e.g. timer capture, EXTI line). If the
EXTENT[1:0] control bits (for a regular conversion) or JEXTENT[1:0] bits (for an injected
conversion) are different from “0b00”, then external events are able to trigger a conversion
with the selected polarity. Table 68 provides the correspondence between the EXTEN[1:0]
and JEXTEN[1:0] values and the trigger polarity.

Table 68. Configuring the trigger polarity

Source EXTEN[1:0] / JEXTENI[1:0]
Trigger detection disabled 00
Detection on the rising edge 01
Detection on the falling edge 10
Detection on both the rising and falling edges 11

The polarity of the external trigger can be changed on the fly.

The EXTSEL[3:0] and JEXTSEL[3:0] control bits are used to select which out of 16 possible
events can trigger conversion for the regular and injected groups.

Table 69 gives the possible external trigger for regular conversion.
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Table 69. External trigger for regular channels

Source Type EXTSEL[3:0]
TIM1_CH1 event 0000
TIM1_CH2 event 0001
TIM1_CH3 event 0010
TIM2_CH2 event 0011
TIM2_CH3 event 0100
TIM2_CH4 event 0101
TIM2_TRGO event 0110
TIM3_CH1 event Jl[inr;eerrnsal signal from on-chip 0111
TIM3_TRGO event 1000
TIM4_CH4 event 1001
TIM5_CH1 event 1010
TIM5_CH2 event 1011
TIM5_CH3 event 1100
TIM8_CH1 event 1101
TIM8_TRGO event 1110
EXTI line11 External pin 1111

Table 70 gives the possible external trigger for injected conversion.
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Table 70. External trigger for injected channels

Source Connection type JEXTSEL[3:0]

TIM1_CH4 event 0000
TIM1_TRGO event 0001
TIM2_CH1 event 0010
TIM2_TRGO event 0011
TIM3_CH2 event 0100
TIM3_CH4 event 0101
TIM4_CH1 event 0110
TIM4_CH2 event Lr;e(;rrr;al signal from on-chip 0111

TIM4_CH3 event 1000
TIM4_TRGO event 1001
TIM5_CH4 event 1010
TIM5_TRGO event 1011
TIM8 CH2 event 1100
TIM8_CH3 event 1101
TIM8_CH4 event 1110
EXTI line15 External pin 1111

Software source trigger events can be generated by setting SWSTART (for regular
conversion) or JSWSTART (for injected conversion) in ADC_CR2.

A regular group conversion can be interrupted by an injected trigger.

Note: The trigger selection can be changed on the fly. However, when the selection changes,
there is a time frame of 1 APB clock cycle during which the trigger detection is disabled.
This is to avoid spurious detection during transitions.

13.7 Fast conversion mode

It is possible to perform faster conversion by reducing the ADC resolution. The RES bits are
used to select the number of bits available in the data register. The minimum conversion
time for each resolution is then as follows:

12 bits: 3 + 12 = 15 ADCCLK cycles
10 bits: 3 + 10 = 13 ADCCLK cycles
8 bits: 3 + 8 = 11 ADCCLK cycles

6 bits: 3 + 6 = 9 ADCCLK cycles
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13.8.2

3

Data management

Using the DMA

Since converted regular channel values are stored into a unique data register, it is useful to
use DMA for conversion of more than one regular channel. This avoids the loss of the data
already stored in the ADC_DR register.

When the DMA mode is enabled (DMA bit set to 1 in the ADC_CR2 register), after each
conversion of a regular channel, a DMA request is generated. This allows the transfer of the
converted data from the ADC_DR register to the destination location selected by the
software.

Despite this, if data are lost (overrun), the OVR bit in the ADC_SR register is set and an
interrupt is generated (if the OVRIE enable bit is set). DMA transfers are then disabled and
DMA requests are no longer accepted. In this case, if a DMA request is made, the regular
conversion in progress is aborted and further regular triggers are ignored. It is then
necessary to clear the OVR flag and the DMAEN bit in the used DMA stream, and to re-
initialize both the DMA and the ADC to have the wanted converted channel data transferred
to the right memory location. Only then can the conversion be resumed and the data
transfer, enabled again. Injected channel conversions are not impacted by overrun errors.

When OVR = 1 in DMA mode, the DMA requests are blocked after the last valid data have
been transferred, which means that all the data transferred to the RAM can be considered
as valid.

At the end of the last DMA transfer (number of transfers configured in the DMA controller’s
DMA_SxNDTR register):

e Nonew DMA request is issued to the DMA controller if the DDS bit is cleared to 0 in the
ADC_CR?2 register (this avoids generating an overrun error). However the DMA bit is
not cleared by hardware. It must be written to 0, then to 1 to start a new transfer.

e Requests can continue to be generated if the DDS bit is set to 1. This allows
configuring the DMA in double-buffer circular mode.

To recover the ADC from OVR state when the DMA is used, follow the steps below:

1. Reinitialize the DMA (adjust destination address and NDTR counter)

2. Clear the ADC OVR bitin ADC_SR register

3. Trigger the ADC to start the conversion.

Managing a sequence of conversions without using the DMA

If the conversions are slow enough, the conversion sequence can be handled by the
software. In this case the EOCS bit must be set in the ADC_CR2 register for the EOC status
bit to be set at the end of each conversion, and not only at the end of the sequence. When
EOCS = 1, overrun detection is automatically enabled. Thus, each time a conversion is
complete, EOC is set and the ADC_DR register can be read. The overrun management is
the same as when the DMA is used.

To recover the ADC from OVR state when the EOCS is set, follow the steps below:
1. Clear the ADC OVR bit in ADC_SR register
2. Trigger the ADC to start the conversion.
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Conversions without DMA and without overrun detection

It may be useful to let the ADC convert one or more channels without reading the data each
time (if there is an analog watchdog for instance). For that, the DMA must be disabled
(DMA = 0) and the EOC bit must be set at the end of a sequence only (EOCS = 0). In this
configuration, overrun detection is disabled.

Multi ADC mode

In devices with two ADCs or more, the Dual (with two ADCs) and Triple (with three ADCs)
ADC modes can be used (see Figure 51).

In multi ADC mode, the start of conversion is triggered alternately or simultaneously by the
ADC1 master to the ADC2 and ADC3 slaves, depending on the mode selected by the
MULTI[4:0] bits in the ADC_CCR register.

In multi ADC mode, when configuring conversion trigger by an external event, the
application must set trigger by the master only and disable trigger by slaves to prevent
spurious triggers that would start unwanted slave conversions.

The four possible modes below are implemented:

¢ Injected simultaneous mode

e  Regular simultaneous mode

e Interleaved mode

e Alternate trigger mode

It is also possible to use the previous modes combined in the following ways:

e Injected simultaneous mode + Regular simultaneous mode

e Regular simultaneous mode + Alternate trigger mode

In multi ADC mode, the converted data can be read on the multi-mode data register
(ADC_CDR). The status bits can be read in the multi-mode status register (ADC_CSR).
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Figure 51. Multi ADC block diagram(?)
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Although external triggers are present on ADC2 and ADC3 they are not shown in this diagram.
In the Dual ADC mode, the ADC3 slave part is not present.

In Triple ADC mode, the ADC common data register (ADC_CDR) contains the ADC1, ADC2 and ADC3’s
regular converted data. All 32 register bits are used according to a selected storage order.

In Dual ADC mode, the ADC common data register (ADC_CDR) contains both the ADC1 and ADC2’s
regular converted data. All 32 register bits are used.
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DMA requests in Multi ADC mode:

In Multi ADC mode the DMA may be configured to transfer converted data in three
different modes. In all cases, the DMA streams to use are those connected to the ADC:

b)

DMA mode 1: On each DMA request (one data item is available), a half-word
representing an ADC-converted data item is transferred.

In Triple ADC mode, ADC1 data are transferred on the first request, ADC2 data
are transferred on the second request and ADC3 data are transferred on the third
request; the sequence is repeated. So the DMA first transfers ADC1 data followed
by ADC2 data followed by ADC3 data and so on.

DMA mode 1 is used in regular simultaneous triple mode only.
Example:

Regular simultaneous triple mode: 3 consecutive DMA requests are generated
(one for each converted data item)

1st request: ADC_CDR[31:0] = ADC1_DR[15:0]
2nd request: ADC_CDR[31:0] = ADC2_DRJ[15:0]
3rd request: ADC_CDR[31:0] = ADC3_DR][15:0]
4th request: ADC_CDR[31:0] = ADC1_DRJ[15:0]

DMA mode 2: On each DMA request (two data items are available) two half-
words representing two ADC-converted data items are transferred as a word.

In Dual ADC mode, both ADC2 and ADC1 data are transferred on the first request
(ADC2 data take the upper half-word and ADC1 data take the lower half-word) and
so on.

In Triple ADC mode, three DMA requests are generated. On the first request, both
ADC2 and ADC1 data are transferred (ADC2 data take the upper half-word and
ADC1 data take the lower half-word). On the second request, both ADC1 and
ADC3 data are transferred (ADC1 data take the upper half-word and ADC3 data
take the lower half-word).On the third request, both ADC3 and ADC2 data are
transferred (ADC3 data take the upper half-word and ADC2 data take the lower
half-word) and so on.

DMA mode 2 is used in interleaved mode and in regular simultaneous mode (for
Dual ADC mode only).

Example:

Interleaved dual mode: a DMA request is generated each time 2 data items are
available:

1st request: ADC_CDR[31:0] = ADC2_DR[15:0] | ADC1_DR[15:0]
2nd request: ADC_CDR[31:0] = ADC2_DR[15:0] | ADC1_DR[15:0]

Interleaved triple mode: a DMA request is generated each time 2 data items are
available

1st request: ADC_CDR[31:0] = ADC2_DR[15:0] | ADC1_DR[15:0]
2nd request: ADC_CDR[31:0] = ADC1_DR[15:0] | ADC3_DR[15:0]
3rd request: ADC_CDR[31:0] = ADC3_DR[15:0] | ADC2_DR[15:0]
4th request: ADC_CDR[31:0] = ADC2_DR[15:0] | ADC1_DR[15:0]

DMA mode 3: This mode is similar to the DMA mode 2. The only differences are
that the on each DMA request (two data items are available) two bytes
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representing two ADC converted data items are transferred as a half-word. The
data transfer order is similar to that of the DMA mode 2.
DMA mode 3 is used in interleaved mode in 6-bit and 8-bit resolutions (dual and
triple mode).
Example:
a) Interleaved dual mode: a DMA request is generated each time 2 data items are
available
1st request: ADC_CDR[15:0] = ADC2_DR[7:0] | ADC1_DR][7:0]
2nd request: ADC_CDR[15:0] = ADC2_DR[7:0] | ADC1_DR[7:0]
b) Interleaved triple mode: a DMA request is generated each time 2 data items are
available
1st request: ADC_CDR[15:0] = ADC2_DR[7:0] | ADC1_DRJ[7:0]
2nd request: ADC_CDR[15:0] = ADC1_DR[7:0] | ADC3_DR][7:0]
3rd request: ADC_CDR[15:0] = ADC3_DRJ[7:0] | ADC2_DR[7:0]
4th request: ADC_CDRJ[15:0] = ADC2_DR[7:0] | ADC1_DR[7:0]
Overrun detection: If an overrun is detected on one of the concerned ADCs (ADC1 and
ADC?2 in dual and triple modes, ADC3 in triple mode only), the DMA requests are no longer
issued to ensure that all the data transferred to the RAM are valid. It may happen that the
EOC bit corresponding to one ADC remains set because the data register of this ADC
contains valid data.
13.9.1 Injected simultaneous mode
This mode converts an injected group of channels. The external trigger source comes from
the injected group multiplexer of ADC1 (selected by the JEXTSEL[3:0] bits in the ADC1_CR2
register). A simultaneous trigger is provided to ADC2 and ADC3.
Note: Do not convert the same channel on the two/three ADCs (no overlapping sampling times for

3

the two/three ADCs when converting the same channel).

In simultaneous mode, one must convert sequences with the same length or ensure that the
interval between triggers is longer than the longer of the 2 sequences (Dual ADC mode) /3
sequences (Triple ADC mode). Otherwise, the ADC with the shortest sequence may restart
while the ADC with the longest sequence is completing the previous conversions.

Regular conversions can be performed on one or all ADCs. In that case, they are
independent of each other and are interrupted when an injected event occurs. They are
resumed at the end of the injected conversion group.
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Dual ADC mode

At the end of conversion event on ADC1 or ADC2:
e  The converted data are stored into the ADC_JDRXx registers of each ADC interface.

e A JEOC interrupt is generated (if enabled on one of the two ADC interfaces) when the
ADC1/ADCZ2’s injected channels have all been converted.

Figure 52. Injected simultaneous mode on 4 channels: dual ADC mode

ADC1 CHO CH1 CH2 CH3 | -~ I I CH15|
ADC2 CH15 CH14 CH13 CH12| - CHO
Trigger End of conversion on ADC1 and ADC2
D Sampling
Conversion 16054

Triple ADC mode

At the end of conversion event on ADC1, ADC2 or ADC3:
e The converted data are stored into the ADC_JDRX registers of each ADC interface.

e AJEOC interrupt is generated (if enabled on one of the three ADC interfaces) when the
ADC1/ADC2/ADC3’s injected channels have all been converted.

Figure 53. Injected simultaneous mode on 4 channels: triple ADC mode

ADC1 CHO CH1 CH2 CH3 | - CH15
aoca [Tchs] Joma] Jcnms] Jong] -+ [Jcno]
ADC3 I ICH10| ICH12| ICH8 I ICH5 I I I CH2 I
Trigger End of conversion on ADC1, ADC2 and ADC3

D Sampling
D Conversion

ai16055

Regular simultaneous mode

This mode is performed on a regular group of channels. The external trigger source comes
from the regular group multiplexer of ADC1 (selected by the EXTSEL[3:0] bits in the
ADC1_CR2 register). A simultaneous trigger is provided to ADC2 and ADC3.

Do not convert the same channel on the two/three ADCs (no overlapping sampling times for
the two/three ADCs when converting the same channel).

In regular simultaneous mode, one must convert sequences with the same length or ensure
that the interval between triggers is longer than the long conversion time of the 2 sequences
(Dual ADC mode) /3 sequences (Triple ADC mode). Otherwise, the ADC with the shortest
sequence may restart while the ADC with the longest sequence is completing the previous
conversions.

Injected conversions must be disabled.
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Dual ADC mode

At the end of conversion event on ADC1 or ADC2:

e A 32-bit DMA transfer request is generated (if DMA[1:0] bits in the ADC_CCR register
are equal to 0b10). This request transfers the ADC2 converted data stored in the upper
half-word of the ADC_CDR 32-bit register to the SRAM and then the ADC1 converted
data stored in the lower half-word of ADC_CDR to the SRAM.

e An EOC interrupt is generated (if enabled on one of the two ADC interfaces) when the
ADC1/ADC2’s regular channels have all been converted.

Figure 54. Regular simultaneous mode on 16 channels: dual ADC mode

ADC1 CHO CH1 CH2 CH3 | - I I CH15|
ADC2 CH15 CH14 CH13 CH12] -~ CHO
Trigger End of conversion on ADC1 and ADC2
D Sampling
Conversion ai16054

Triple ADC mode

At the end of conversion event on ADC1, ADC2 or ADC3:

e  Three 32-bit DMA transfer requests are generated (if DMA[1:0] bits in the ADC_CCR
register are equal to 0b01). Three transfers then take place from the ADC_CDR 32-bit
register to SRAM: first the ADC1 converted data, then the ADC2 converted data and
finally the ADC3 converted data. The process is repeated for each new three
conversions.

e An EOC interrupt is generated (if enabled on one of the three ADC interfaces) when the
ADC1/ADC2/ADC3'’s regular channels are have all been converted.

Figure 55. Regular simultaneous mode on 16 channels: triple ADC mode

ADCH1 CHO CH1 CH2 CH3 | - CH15

anc2 [Tors] Joma] Jonia] Jonte] - [Lom]
ADC3 I ICH10| ICH12| ICH8 I ICH5 I I ICH2|

f

Trigger End of conversion on ADC1, ADC2 and ADC3

D Sampling
: Conversion

ai16055
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Note:
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Interleaved mode

This mode can be started only on a regular group (usually one channel). The external
trigger source comes from the regular channel multiplexer of ADC1.

Dual ADC mode

After an external trigger occurs:
e ADC1 starts immediately
e ADC?2 starts after a delay of several-ADC clock cycles

The minimum delay which separates 2 conversions in interleaved mode is configured in the
DELAY bits in the ADC_CCR register. However, an ADC cannot start a conversion if the
complementary ADC is still sampling its input (only one ADC can sample the input signal at
a given time). In this case, the delay becomes the sampling time + 2 ADC clock cycles. For
instance, if DELAY = 5 clock cycles and the sampling takes 15 clock cycles on both ADCs,
then 17 clock cycles separate conversions on ADC1 and ADC2).

If the CONT bit is set on both ADC1 and ADC2, the selected regular channels of both ADCs
are continuously converted.

If the conversion sequence is interrupted (for instance when DMA end of transfer occurs),
the multi-ADC sequencer must be reset by configuring it in independent mode first (bits
DUAL[4:0] = 00000) before reprogramming the interleaved mode.

After an EOC interrupt is generated by ADC2 (if enabled through the EOCIE bit) a 32-bit
DMA transfer request is generated (if the DMA[1:0] bits in ADC_CCR are equal to 0b10).
This request first transfers the ADC2 converted data stored in the upper half-word of the
ADC_CDR 32-bit register into SRAM, then the ADC1 converted data stored in the register’s
lower half-word into SRAM.

Figure 56. Interleaved mode on 1 channel in continuous conversion mode: dual ADC
mode

End of conversion on ADC1 D Sampling

N

ADC1 l |CHO | CHO DConversion

avczy  [Temo] -~ o]

' |
1 1

Trigger : : End of conversion on ADC2
1
S d
8 ADCCLK
cycles ai16056

Triple ADC mode

After an external trigger occurs:

e ADC1 starts immediately and

e ADC?2 starts after a delay of several ADC clock cycles

e ADCS3 starts after a delay of several ADC clock cycles referred to the ADC2 conversion
The minimum delay which separates 2 conversions in interleaved mode is configured in the

DELAY bits in the ADC_CCR register. However, an ADC cannot start a conversion if the
complementary ADC is still sampling its input (only one ADC can sample the input signal at
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Note:
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a given time). In this case, the delay becomes the sampling time + 2 ADC clock cycles. For
instance, if DELAY = 5 clock cycles and the sampling takes 15 clock cycles on the three
ADCs, then 17 clock cycles separate the conversions on ADC1, ADC2 and ADC3).

If the CONT bit is set on ADC1, ADC2 and ADC3, the selected regular channels of all ADCs
are continuously converted.

If the conversion sequence is interrupted (for instance when DMA end of transfer occurs),
the multi-ADC sequencer must be reset by configuring it in independent mode first (bits
DUAL[4:0] = 00000) before reprogramming the interleaved mode.

In this mode a DMA request is generated each time 2 data items are available, (if the
DMA[1:0] bits in the ADC_CCR register are equal to 0b10). The request first transfers the
first converted data stored in the lower half-word of the ADC_CDR 32-bit register to SRAM,
then it transfers the second converted data stored in ADC_CDR’s upper half-word to SRAM.
The sequence is the following:

e 1strequest: ADC_CDR[31:0] = ADC2_DR[15:0] | ADC1_DR[15:0]

e 2nd request: ADC_CDR[31:0] = ADC1_DR[15:0] | ADC3_DR[15:0]

e  3rd request: ADC_CDR[31:0] = ADC3_DR[15:0] | ADC2_DR[15:0]

e  4th request: ADC_CDR[31:0] = ADC2_DR[15:0] | ADC1_DR[15:0], ...

Figure 57. Interleaved mode on 1 channel in continuous conversion mode: triple ADC
mode

End of conversion on ADC1

DMA request every 2 conversions

S

CHO

[T crb J[Tcro] -+ [JcHo ]
[Tcro ] - [Jcro | [0 sampiing

\ [ conversion

End of conversion on ADC3

ADCA1
ADC2
ADC3

Trigger

End of conversion on ADC2
L1
6 ADCCLK
cycles ai16058

Alternate trigger mode

This mode can be started only on an injected group. The source of external trigger comes
from the injected group multiplexer of ADC1.

Regular conversions can be enabled on one or all ADCs. In this case the regular
conversions are independent of each other. A reqular conversion is interrupted when the
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ADC has to perform an injected conversion. It is resumed when the injected conversion is
finished.

If the conversion sequence is interrupted (for instance when DMA end of transfer occurs),
the multi-ADC sequencer must be reset by configuring it in independent mode first (bits
DUAL[4:0] = 00000) before reprogramming the interleaved mode.

The time interval between 2 trigger events must be greater than or equal to 1 ADC clock
period. The minimum time interval between 2 trigger events that start conversions on the
same ADC is the same as in the single ADC mode.

Dual ADC mode

e  When the 1st trigger occurs, all injected ADC1 channels in the group are converted
e  When the 2nd trigger occurs, all injected ADC2 channels in the group are converted
e andsoon

A JEOC interrupt, if enabled, is generated after all injected ADC1 channels in the group
have been converted.

A JEOC interrupt, if enabled, is generated after all injected ADC2 channels in the group
have been converted.

If another external trigger occurs after all injected channels in the group have been
converted then the alternate trigger process restarts by converting the injected ADC1
channels in the group.

Figure 58. Alternate trigger: injected group of each ADC

. 3rd trigger n)th trigger
Isttrigger  goc, JEOC 99 £oc. JEOC (n)th trigg
on ADC1 \ on ADC1

ADC2
EOC, JEOC EOC, JEOC .
on ADC2 on ADC2 _ []  sampliing
2nd trigger 4th trigger (n+1)th trigger D Conversion
416059

If the injected discontinuous mode is enabled for both ADC1 and ADC2:

e  When the 1st trigger occurs, the first injected ADC1 channel is converted.

e  When the 2nd trigger occurs, the first injected ADC2 channel are converted
e andsoon

A JEOC interrupt, if enabled, is generated after all injected ADC1 channels in the group
have been converted.

A JEOC interrupt, if enabled, is generated after all injected ADC2 channels in the group
have been converted.

If another external trigger occurs after all injected channels in the group have been
converted then the alternate trigger process restarts.

3
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Figure 59. Alternate trigger: 4 injected channels (each ADC) in discontinuous mode

1st trigger 3rd trigger 5th trigger 7th trigger
D Sampling
JEOC on ADCA1
D Conversion
Apct ] | Ll | D:(‘
ADC2
JEOC on ADC2
2nd trigger 4th trigger 6th trigger 8th trigger 2116060

Triple ADC mode

e  When the 1st trigger occurs, all injected ADC1 channels in the group are converted.
e  When the 2nd trigger occurs, all injected ADC2 channels in the group are converted.
e  When the 3rd trigger occurs, all injected ADC3 channels in the group are converted.
e andsoon

A JEOC interrupt, if enabled, is generated after all injected ADC1 channels in the group
have been converted.

A JEOC interrupt, if enabled, is generated after all injected ADC2 channels in the group
have been converted.

A JEOC interrupt, if enabled, is generated after all injected ADC3 channels in the group
have been converted.

If another external trigger occurs after all injected channels in the group have been
converted then the alternate trigger process restarts by converting the injected ADC1
channels in the group.

Figure 60. Alternate trigger: injected group of each ADC

1st trigger 4th trigger n)th trigger .
99T Eoc, JEOC 99" Eoc, seOC 99 [0 sampiing
on ADC1 on ADC1 : Conversion
ADC1
ADC2
2nd trigger
3rd trigger (n+1)th trigger
5th trigger (n+2)th trigger
EOC, JEOC EOC, JEOC
on ADC2 on ADC3
ai16061
13.9.5 Combined regular/injected simultaneous mode

Note:

3

It is possible to interrupt the simultaneous conversion of a regular group to start the
simultaneous conversion of an injected group.

In combined regular/injected simultaneous mode, one must convert sequences with the
same length or ensure that the interval between triggers is longer than the long conversion
time of the 2 sequences (Dual ADC mode) /3 sequences (Triple ADC mode). Otherwise, the
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13.9.6

Note:

ADC with the shortest sequence may restart while the ADC with the longest sequence is
completing the previous conversions.

Combined regular simultaneous + alternate trigger mode

It is possible to interrupt the simultaneous conversion of a regular group to start the alternate
trigger conversion of an injected group. Figure 61 shows the behavior of an alternate trigger
interrupting a simultaneous regular conversion.

The injected alternate conversion is immediately started after the injected event. If regular
conversion is already running, in order to ensure synchronization after the injected
conversion, the regular conversion of all (master/slave) ADCs is stopped and resumed
synchronously at the end of the injected conversion.

In combined regular simultaneous + alternate trigger mode, one must convert sequences
with the same length or ensure that the interval between triggers is longer than the long
conversion time of the 2 sequences (Dual ADC mode) /3 sequences (Triple ADC mode).
Otherwise, the ADC with the shortest sequence may restart while the ADC with the longest
sequence is completing the previous conversions.

If the conversion sequence is interrupted (for instance when DMA end of transfer occurs),
the multi-ADC sequencer must be reset by configuring it in independent mode first (bits
DUAL[4:0] = 00000) before reprogramming the interleaved mode.

Figure 61. Alternate + regular simultaneous

ADC1reg | | cHo

ADC1 inj

ADC2reg | | CH3

ADC?2 inj

1st trigger

| cHi | cHs | cHa ]

| cH2 | | ch2

| cHs | cH7 | chs |

1 1

1 1
fcie | || cHe

1 1

1 1

* synchro not lost

2nd trigger ai16062

414/1757

If a trigger occurs during an injected conversion that has interrupted a regular conversion, it
is ignored. Figure 62 shows the behavior in this case (2nd trigger is ignored).

3
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Figure 62. Case of trigger occurring during injected conversion
1st trigger 3rd trigger

Y Y

1 1 ! 1 1 1
ADCireg | | cHo | | cHt ] cH2 | fcha | Jcuws | | JcHs | ] cHa
ADC inj | | . [Lch § ; | e ]

1 1 1 1 1 1 1 1
apc2reg | J cH3 | JcHs | cwe | [ ]cHe | Jcwr | []cHr | |cHs |
ADC2in] ! | | o I I | |

2nd trigger 2nd trigger
ai16063

13.10 Temperature sensor

The temperature sensor can be used to measure the junction temperature (T ) of the
device.

e On STM32F40x and STM32F41x devices, the temperature sensor is internally
connected to ADC1_IN16 channel which is used to convert the sensor output voltage
to a digital value.

e On STM32F42x and STM32F43x devices, the temperature sensor is internally
connected to the same input channel, ADC1_IN18, as VBAT: ADC1_IN18 is used to
convert the sensor output voltage or VBAT into a digital value. Only one conversion,
temperature sensor or VBAT, must be selected at a time. When the temperature sensor
and the VBAT conversion are set simultaneously, only the VBAT conversion is
performed.

Figure 63 shows the block diagram of the temperature sensor.
When not in use, the sensor can be put in power down mode.

Note: The TSVREFE bit must be set to enable the conversion of both internal channels: the
ADC1_IN16 or ADC1_IN18 (temperature sensor) and the ADC1_IN17 (VREFINT).

Main features

e  Supported temperature range: —40 to 125 °C
e  Precision: £1.5°C

3
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Figure 63. Temperature sensor and VgggnT channel block diagram
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1.

ense is input to ADC1_IN16 for the STM23F40x and STM32F41x devices and to ADC1_IN18 for the

Vs _|
STM32F42x and STM32F43x devices.

Reading the temperature

To use the sensor:

3.
4.

Select ADC1_IN16 or ADC1_IN18 input channel.

Select a sampling time greater than the minimum sampling time specified in the
datasheet.

Set the TSVREFE bit in the ADC_CCR register to wake up the temperature sensor
from power down mode

Start the ADC conversion by setting the SWSTART bit (or by external trigger)
Read the resulting Vggnsg data in the ADC data register
Calculate the temperature using the following formula:
Temperature (in °C) = {(Vgense — V25) / Avg_Slope} + 25
Where:
—  Vy5=Vgensg Value for 25° C
— Avg_Slope = average slope of the temperature vs. Vgensg curve (given in mV/°C
or uv/°C)
Refer to the datasheet’s electrical characteristics section for the actual values of Vg
and Avg_Slope.

The sensor has a startup time after waking from power down mode before it can output
Vsense at the correct level. The ADC also has a startup time after power-on, so to minimize
the delay, the ADON and TSVREFE bits should be set at the same time.

The temperature sensor output voltage changes linearly with temperature. The offset of this
linear function depends on each chip due to process variation (up to 45 °C from one chip to
another).

3
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13.12
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The internal temperature sensor is more suited for applications that detect temperature
variations instead of absolute temperatures. If accurate temperature reading is required, an
external temperature sensor should be used.

Battery charge monitoring

The VBATE bit in the ADC_CCR register is used to switch to the battery voltage. As the
VgaT Voltage could be higher than Vppp, to ensure the correct operation of the ADC, the
VgaT Pin is internally connected to a bridge divider.

When the VBATE is set, the bridge is automatically enabled to connect:

e VBAT/2 to the ADC1_IN18 input channel, on STM32F40xx and STM32F41xx devices
e VBAT/4 to the ADC1_IN18 input channel, on STM32F42xx and STM32F43xx devices
On STM32F42xx and STM32F43xx devices, VBAT and temperature sensor are connected
fo the same ADC internal channel (ADC1_IN18). Only one conversion, either temperature

sensor or VBAT, must be selected at a time. When both conversion are enabled
simultaneously, only the VBAT conversion is performed.

ADC interrupts

An interrupt can be produced on the end of conversion for regular and injected groups,
when the analog watchdog status bit is set and when the overrun status bit is set. Separate
interrupt enable bits are available for flexibility.

Two other flags are present in the ADC_SR register, but there is no interrupt associated with
them:

e JSTRT (Start of conversion for channels of an injected group)
e  STRT (Start of conversion for channels of a regular group)

Table 71. ADC interrupts

Interrupt event Event flag Enable control bit
End of conversion of a regular group EOC EOCIE
End of conversion of an injected group JEOC JEOCIE
Analog watchdog status bit is set AWD AWDIE
Overrun OVR OVRIE
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13.13 ADC registers

Refer to Section 1.1: List of abbreviations for registers for registers for a list of abbreviations
used in register descriptions.

The peripheral registers must be written at word level (32 bits). Read accesses can be done
by bytes (8 bits), half-words (16 bits) or words (32 bits).

13.13.1  ADC status register (ADC_SR)

Address offset: 0x00
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
OVR | STRT | JSTRT | JEOC | EOC AWD
Reserved

rc wO | rc w0 | rc wO | rc wO [ rc.wO | rc_wO

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

Bit5 OVR: Overrun
This bit is set by hardware when data are lost (either in single mode or in dual/triple mode). It
is cleared by software. Overrun detection is enabled only when DMA = 1 or EOCS = 1.
0: No overrun occurred
1: Overrun has occurred

Bit4 STRT: Regular channel start flag
This bit is set by hardware when regular channel conversion starts. It is cleared by software.

0: No regular channel conversion started
1: Regular channel conversion has started

Bit 3 JSTRT: Injected channel start flag
This bit is set by hardware when injected group conversion starts. It is cleared by software.

0: No injected group conversion started
1: Injected group conversion has started

Bit 2 JEOC: Injected channel end of conversion
This bit is set by hardware at the end of the conversion of all injected channels in the group.
It is cleared by software.
0: Conversion is not complete
1: Conversion complete

Bit 1 EOC: Regular channel end of conversion
This bit is set by hardware at the end of the conversion of a regular group of channels. It is
cleared by software or by reading the ADC_DR register.
0: Conversion not complete (EOCS=0), or sequence of conversions not complete (EOCS=1)
1: Conversion complete (EOCS=0), or sequence of conversions complete (EOCS=1)

Bit 0 AWD: Analog watchdog flag

This bit is set by hardware when the converted voltage crosses the values programmed in
the ADC_LTR and ADC_HTR registers. It is cleared by software.

0: No analog watchdog event occurred

1: Analog watchdog event occurred

3
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13.13.2 ADC

control register 1 (ADC_CR1)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29

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

Reserved

OVRIE RES AWDEN | JAWDEN
Reserved

'w w w 'w 'w

15 14 13

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

DISCNUM[2:0]

JDISCE| DISC AWDSG

N EN SCAN | JEOCIE | AWDIE | EOCIE AWDCHI4:0]

|

Bits 31:27
Bit 26

Bits 25:24

Bit 23

Bit 22

Bits 21:16
Bits 15:13

Bit 12

3

Reserved, must be kept at reset value.

OVRIE: Overrun interrupt enable
This bit is set and cleared by software to enable/disable the Overrun interrupt.

0: Overrun interrupt disabled
1: Overrun interrupt enabled. An interrupt is generated when the OVR bit is set.

RES[1:0]: Resolution
These bits are written by software to select the resolution of the conversion.
00: 12-bit (15 ADCCLK cycles)
01: 10-bit (13 ADCCLK cycles)
10: 8-bit (11 ADCCLK cycles)
11: 6-bit (9 ADCCLK cycles)

AWDEN: Analog watchdog enable on regular channels
This bit is set and cleared by software.
0: Analog watchdog disabled on regular channels
1: Analog watchdog enabled on regular channels
JAWDEN: Analog watchdog enable on injected channels
This bit is set and cleared by software.

0: Analog watchdog disabled on injected channels
1: Analog watchdog enabled on injected channels

Reserved, must be kept at reset value.

DISCNUM][2:0]: Discontinuous mode channel count

These bits are written by software to define the number of regular channels to be converted

in discontinuous mode, after receiving an external trigger.
000: 1 channel

001: 2 channels

111: 8 channels

JDISCEN: Discontinuous mode on injected channels

This bit is set and cleared by software to enable/disable discontinuous mode on the injected

channels of a group.
0: Discontinuous mode on injected channels disabled
1: Discontinuous mode on injected channels enabled
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Bit 11 DISCEN: Discontinuous mode on regular channels

This bit is set and cleared by software to enable/disable Discontinuous mode on regular
channels.

0: Discontinuous mode on regular channels disabled
1: Discontinuous mode on regular channels enabled

Bit 10 JAUTO: Automatic injected group conversion
This bit is set and cleared by software to enable/disable automatic injected group conversion
after regular group conversion.
0: Automatic injected group conversion disabled
1: Automatic injected group conversion enabled

Bit 9 AWDSGL: Enable the watchdog on a single channel in scan mode
This bit is set and cleared by software to enable/disable the analog watchdog on the channel
identified by the AWDCH][4:0] bits.
0: Analog watchdog enabled on all channels
1: Analog watchdog enabled on a single channel

Bit 8 SCAN: Scan mode
This bit is set and cleared by software to enable/disable the Scan mode. In Scan mode, the
inputs selected through the ADC_SQRx or ADC_JSQRXx registers are converted.
0: Scan mode disabled
1: Scan mode enabled
Note: An EOC interrupt is generated if the EOCIE bit is set:
—  Atthe end of each regular group sequence if the EOCS bit is cleared to 0
—  Atthe end of each regular channel conversion if the EOCS bit is set to 1

Note: A JEOC interrupt is generated only on the end of conversion of the last channel if the
JEOCIE bit is set.

Bit 7 JEOCIE: Interrupt enable for injected channels
This bit is set and cleared by software to enable/disable the end of conversion interrupt for
injected channels.
0: JEOC interrupt disabled
1: JEOC interrupt enabled. An interrupt is generated when the JEOC bit is set.

Bit 6 AWDIE: Analog watchdog interrupt enable

This bit is set and cleared by software to enable/disable the analog watchdog interrupt.
0: Analog watchdog interrupt disabled
1: Analog watchdog interrupt enabled

Bit 5 EOCIE: Interrupt enable for EOC

This bit is set and cleared by software to enable/disable the end of conversion interrupt.
0: EOC interrupt disabled
1: EOC interrupt enabled. An interrupt is generated when the EOC bit is set.

Bits 4:0 AWDCH]J4:0]: Analog watchdog channel select bits

These bits are set and cleared by software. They select the input channel to be guarded by
the analog watchdog.
Note: 00000: ADC analog input ChannelO
00001: ADC analog input Channel1

01111: ADC analog input Channel15
10000: ADC analog input Channel16
10001: ADC analog input Channel17
10010: ADC analog input Channel18
Other values reserved

3
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13.13.3 ADC control register 2 (ADC_CR2)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SWST JSWST
EXTEN EXTSEL[3:0] JEXTEN JEXTSEL[3:0]
reserved | ART reserved | ART
w rw w w | w | w | rw w w w w | rw | rw | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ALIGN | EOCS | DDS DMA CONT | ADON

reserved Reserved

w w w rw rw rw

3

Bit 31 Reserved, must be kept at reset value.

Bit 30 SWSTART: Start conversion of regular channels

This bit is set by software to start conversion and cleared by hardware as soon as the
conversion starts.

0: Reset state

1: Starts conversion of regular channels

Note: This bit can be set only when ADON = 1 otherwise no conversion is launched.

Bits 29:28 EXTEN: External trigger enable for regular channels

These bits are set and cleared by software to select the external trigger polarity and enable
the trigger of a regular group.

00: Trigger detection disabled

01: Trigger detection on the rising edge

10: Trigger detection on the falling edge

11: Trigger detection on both the rising and falling edges

Bits 27:24 EXTSEL[3:0]: External event select for regular group
These bits select the external event used to trigger the start of conversion of a regular group:

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:

1111:

Timer 1 CC1 event
Timer 1 CC2 event
Timer 1 CC3 event
Timer 2 CC2 event
Timer 2 CC3 event
Timer 2 CC4 event
Timer 2 TRGO event
Timer 3 CC1 event
Timer 3 TRGO event
Timer 4 CC4 event
Timer 5 CC1 event
Timer 5 CC2 event
Timer 5 CC3 event
Timer 8 CC1 event
Timer 8 TRGO event
EXTI line11

Bit 23 Reserved, must be kept at reset value.
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Bit 22 JSWSTART: Start conversion of injected channels

This bit is set by software and cleared by hardware as soon as the conversion starts.
0: Reset state
1: Starts conversion of injected channels

Note: This bit can be set only when ADON = 1 otherwise no conversion is launched.

Bits 21:20 JEXTEN: External trigger enable for injected channels

These bits are set and cleared by software to select the external trigger polarity and enable
the trigger of an injected group.

00: Trigger detection disabled

01: Trigger detection on the rising edge

10: Trigger detection on the falling edge

11: Trigger detection on both the rising and falling edges

Bits 19:16 JEXTSEL[3:0]: External event select for injected group

These bits select the external event used to trigger the start of conversion of an injected
group.

0000: Timer 1 CC4 event
0001: Timer 1 TRGO event
0010: Timer 2 CC1 event
0011: Timer 2 TRGO event
0100: Timer 3 CC2 event
0101: Timer 3 CC4 event
0110: Timer 4 CC1 event
0111: Timer 4 CC2 event
1000: Timer 4 CC3 event
1001: Timer 4 TRGO event
1010: Timer 5 CC4 event
1011: Timer 5 TRGO event
1100: Timer 8 CC2 event
1101: Timer 8 CC3 event
1110: Timer 8 CC4 event
1111: EXTI line15

Bits 15:12 Reserved, must be kept at reset value.

Bit 11 ALIGN: Data alignment
This bit is set and cleared by software. Refer to Figure 48 and Figure 49.

0: Right alignment
1: Left alignment

Bit 10 EOCS: End of conversion selection
This bit is set and cleared by software.

0: The EOC bit is set at the end of each sequence of regular conversions. Overrun detection
is enabled only if DMA=1.
1: The EOC bit is set at the end of each regular conversion. Overrun detection is enabled.

Bit9 DDS: DMA disable selection (for single ADC mode)
This bit is set and cleared by software.

0: No new DMA request is issued after the last transfer (as configured in the DMA controller)
1: DMA requests are issued as long as data are converted and DMA=1

Bit 8 DMA: Direct memory access mode (for single ADC mode)

This bit is set and cleared by software. Refer to the DMA controller chapter for more details.
0: DMA mode disabled
1: DMA mode enabled
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Bits 7:2 Reserved, must be kept at reset value.
Bit 1 CONT: Continuous conversion

This bit is set and cleared by software. If it is set, conversion takes place continuously until it
is cleared.

0: Single conversion mode
1: Continuous conversion mode

Bit 0 ADON: A/D Converter ON / OFF
This bit is set and cleared by software.

Note: 0: Disable ADC conversion and go to power down mode
1: Enable ADC

13.13.4 ADC sample time register 1 (ADC_SMPR1)
Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP18[2:0] SMP17[2:0] SMP16[2:0] SMP15[2:1]
Reserved
w | rw | rw w | w | rw w | rw | rw w | w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SMP15_0 SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]
w w | w | w w | w | rw rw | w | w w | w | rw rw | w | w

Bits 31: 27 Reserved, must be kept at reset value.

Bits 26:0 SMPx[2:0]: Channel x sampling time selection

These bits are written by software to select the sampling time individually for each channel.
During sampling cycles, the channel selection bits must remain unchanged.
Note: 000: 3 cycles
001: 15 cycles
010: 28 cycles
011: 56 cycles
100: 84 cycles
101: 112 cycles
110: 144 cycles
111: 480 cycles

13.13.5 ADC sample time register 2 (ADC_SMPRZ2)
Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
Reserved
rw | w | rw w | w | rw w | rw | w w | rw | w rw | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP . . . . .
50 SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO0[2:0]
w | rw | w rw | w | w rw | w | rw w | w | rw rw | rw | w
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Bits 31:30 Reserved, must be kept at reset value.

Bits 29:0 SMPx[2:0]: Channel x sampling time selection

These bits are written by software to select the sampling time individually for each channel.
During sample cycles, the channel selection bits must remain unchanged.

Note: 000: 3 cycles
001: 15 cycles
010: 28 cycles
011: 56 cycles
100: 84 cycles
101: 112 cycles
110: 144 cycles
111: 480 cycles

13.13.6 ADC injected channel data offset register x (ADC_JOFRXx) (x=1..4)

Address offset: 0x14-0x20
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 11 10 9 8 7 6 5 4 3 2 1 0

JOFFSETx[11:0]

Reserved

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

Bits 11:0 JOFFSETx[11:0]: Data offset for injected channel x

These bits are written by software to define the offset to be subtracted from the raw
converted data when converting injected channels. The conversion result can be read from
in the ADC_JDRXx registers.

13.13.7 ADC watchdog higher threshold register (ADC_HTR)

Address offset: 0x24
Reset value: 0x0000 OFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HT[11:0]
Reserved
rw | w | w | rw | w | rw | w | w | rw | rw | rw | w

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

Bits 11:0 HT[11:0]: Analog watchdog higher threshold
These bits are written by software to define the higher threshold for the analog watchdog.
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Note: The software can write to these registers when an ADC conversion is ongoing. The
programmed value is effective when the next conversion is complete. Writing to this register
is performed with a write delay that can create uncertainty on the effective time at which the
new value is programmed.

13.13.8 ADC watchdog lower threshold register (ADC_LTR)

Address offset: 0x28
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 11 10 9 8 7 6 5 4 3 2 1 0
LT[11:0]
Reserved
Bits 31:12 Reserved, must be kept at reset value.
Bits 11:0 LT[11:0]: Analog watchdog lower threshold
These bits are written by software to define the lower threshold for the analog watchdog.
Note: The software can write to these registers when an ADC conversion is ongoing. The
programmed value is effective when the next conversion is complete. Writing to this register
is performed with a write delay that can create uncertainty on the effective time at which the
new value is programmed.
13.13.9 ADC regular sequence register 1 (ADC_SQR1)
Address offset: 0x2C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[3:0] SQ16[4:1]
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ16_0 SQ15[4:0] SQ14[4:0] SQ13[4:0]

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

Bits 23:20 L[3:0]: Regular channel sequence length

These bits are written by software to define the total number of conversions in the regular
channel conversion sequence.

0000: 1 conversion
0001: 2 conversions

1111: 16 conversions

Bits 19:15 SQ16[4:0]: 16th conversion in regular sequence

These bits are written by software with the channel number (0..18) assigned as the 16th in
the conversion sequence.

3

RMO0090 Rev 21 425/1757




Analog-to-digital converter (ADC) RMO0090
Bits 14:10 SQ15[4:0]: 15th conversion in regular sequence
Bits 9:5 SQ14[4:0]: 14th conversion in regular sequence
Bits 4:0 SQ13[4:0]: 13th conversion in regular sequence
13.13.10 ADC regular sequence register 2 (ADC_SQR?2)
Address offset: 0x30
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
® § SQ12[4:0] SQ11[4:0] SQ10[4:1]
eserve rw | rw | w | w rw w | w | w | w w w | rw | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SQ10_0 SQ9[4:0] SQ8[4:0] SQ7[4:0]
Bits 31:30 Reserved, must be kept at reset value.
Bits 29:26 SQ12[4:0]: 12th conversion in regular sequence
These bits are written by software with the channel number (0..18) assigned as the 12th in
the sequence to be converted.
Bits 24:20 SQ11[4:0]: 11th conversion in regular sequence
Bits 19:15 SQ10[4:0]: 10th conversion in regular sequence
Bits 14:10 SQ9[4:0]: 9th conversion in regular sequence
Bits 9:5 SQ8[4:0]: 8th conversion in regular sequence
Bits 4:0 SQ7[4:0]: 7th conversion in regular sequence
13.13.11 ADC regular sequence register 3 (ADC_SQR3)
Address offset: 0x34
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ6[4:0] SQ5[4:0] SQ4[4:1]
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SQ4_0 SQ3[4:0] SQ2[4:0] SQ1[4:0]

Bits 31:30 Reserved, must be kept at reset value.

Bits 29:25 SQ6[4:0]: 6th conversion in regular sequence

These bits are written by software with the channel number (0..18) assigned as the 6th in the
sequence to be converted.

Bits 24:20 SQ5[4:0]: 5th conversion in regular sequence
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Bits 19:15 SQ4[4:0]: 4th conversion in regular sequence
Bits 14:10 SQ3[4:0]: 3rd conversion in regular sequence
Bits 9:5 SQ2[4:0]: 2nd conversion in regular sequence

Bits 4:0 SQ1[4:0]: 1st conversion in regular sequence

13.13.12 ADC injected sequence register (ADC_JSQR)
Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
JL[1:0] JSQ4[4:1]
Reserved
w | w w | rw | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
JSQ4[0] JSQ3[4:0] JSQ2[4:0] JSQ1[4:0]
w w | w | w | w | w rw | w | rw | w | w w | w | rw | rw | rw

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

Bits 21:20 JL[1:0]: Injected sequence length

These bits are written by software to define the total number of conversions in the injected
channel conversion sequence.

00: 1 conversion

01: 2 conversions

10: 3 conversions

11: 4 conversions

Bits 19:15 JSQ4[4:0]: 4th conversion in injected sequence (when JL[1:0]=3, see note below)

These bits are written by software with the channel number (0..18) assigned as the 4th in the
sequence to be converted.

Bits 14:10 JSQ3[4:0]: 3rd conversion in injected sequence (when JL[1:0]=3, see note below)
Bits 9:5 JSQ2[4:0]: 2nd conversion in injected sequence (when JL[1:0]=3, see note below)

Bits 4:0 JSQ1[4:0]: 1st conversion in injected sequence (when JL[1:0]=3, see note below)

Note: When JL[1:0]=3 (4 injected conversions in the sequencer), the ADC converts the channels
in the following order: JSQ1[4:0], JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0].

When JL=2 (3 injected conversions in the sequencer), the ADC converts the channels in the
following order: JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0].

When JL=1 (2 injected conversions in the sequencer), the ADC converts the channels in
starting from JSQ3[4:0], and then JSQ4[4.0].

When JL=0 (1 injected conversion in the sequencer), the ADC converts only JSQ4[4:0]
channel.
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13.13.13 ADC injected data register x (ADC_JDRXx) (x= 1..4)

Address offset: 0x3C - 0x48
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 11 10 9 8 7 6 5 4 3 2 1 0
JDATA[15:0]

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

Bits 15:0 JDATA[15:0]: Injected data

These bits are read-only. They contain the conversion result from injected channel x. The
data are left -or right-aligned as shown in Figure 48 and Figure 49.

13.13.14 ADC regular data register (ADC_DR)
Address offset: 0x4C
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 11 10 9 8 7 6 5 4 3 2 1 0
DATA[15:0]

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

Bits 15:0 DATA[15:0]: Regular data

These bits are read-only. They contain the conversion result from the regular
channels. The data are left- or right-aligned as shown in Figure 48 and
Figure 49.
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13.13.15 ADC Common status register (ADC_CSR)

Address offset: 0x00 (this offset address is relative to ADC1 base address + 0x300)
Reset value: 0x0000 0000

This register provides an image of the status bits of the different ADCs. Nevertheless it is
read-only and does not allow to clear the different status bits. Instead each status bit must
be cleared by writing it to 0 in the corresponding ADC_SR register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OVR3 | STRT3 |JSTRT3|JEOC 3| EOC3 | AWD3

Reserved

ADC3

15 14 13 12 1" 10 9 8 6 5 4 3 2 1 0
OVR2 |STRT2 JSERT JEOC2| EOC2 | AWD2 OVR1 | STRT1 |JSTRT1|JEOC 1| EOC1 | AWD1
Reserved ADC2 Reserved ADC1
r | r | r | r | r r r r r | r r r
Bits 31:22 Reserved, must be kept at reset value.

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16

Bits 15:14
Bit 13

Bit 12

Bit 11

Bit 10

Bit 9

Bit 8

3

OVRa3: Overrun flag of ADC3
This bit is a copy of the OVR bit in the ADC3_SR register.

STRT3: Regular channel Start flag of ADC3
This bit is a copy of the STRT bit in the ADC3_SR register.

JSTRT3: Injected channel Start flag of ADC3
This bit is a copy of the JSTRT bit in the ADC3_SR register.

JEOC3: Injected channel end of conversion of ADC3
This bit is a copy of the JEOC bit in the ADC3_SR register.

EOC3: End of conversion of ADC3
This bit is a copy of the EOC bit in the ADC3_SR register.

AWD3: Analog watchdog flag of ADC3
This bit is a copy of the AWD bit in the ADC3_SR register.

Reserved, must be kept at reset value.

OVR2: Overrun flag of ADC2
This bit is a copy of the OVR bit in the ADC2_SR register.

STRT2: Regular channel Start flag of ADC2
This bit is a copy of the STRT bit in the ADC2_SR register.

JSTRT2: Injected channel Start flag of ADC2
This bit is a copy of the JSTRT bit in the ADC2_SR register.

JEOC2: Injected channel end of conversion of ADC2
This bit is a copy of the JEOC bit in the ADC2_SR register.

EOC2: End of conversion of ADC2
This bit is a copy of the EOC bit in the ADC2_SR register.

AWD2: Analog watchdog flag of ADC2
This bit is a copy of the AWD bit in the ADC2_SR register.
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Bits 7:6
Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Reserved, must be kept at reset value.

OVR1: Overrun flag of ADC1
This bit is a copy of the OVR bit in the ADC1_SR register.

STRT1: Regular channel Start flag of ADC1
This bit is a copy of the STRT bit in the ADC1_SR register.

JSTRT1: Injected channel Start flag of ADCA1
This bit is a copy of the JSTRT bit in the ADC1_SR register.

JEOCH1: Injected channel end of conversion of ADC1
This bit is a copy of the JEOC bit in the ADC1_SR register.

EOC1: End of conversion of ADC1
This bit is a copy of the EOC bit in the ADC1_SR register.

AWD1: Analog watchdog flag of ADC1
This bit is a copy of the AWD bit in the ADC1_SR register.

13.13.16 ADC common control register (ADC_CCR)

Address offset: 0x04 (this offset address is relative to ADC1 base address + 0x300)
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TSVREFE | VBATE ADCPRE
Reserved Reserved

rw rw w | rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMA[1:0] DDS DELAY[3:0] MULTI[4:0]
Res. Reserved

rw w w w | w | w | rw w | w | w | w | rw

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

Bit 23 TSVREFE: Temperature sensor and VgggnT €nable
This bit is set and cleared by software to enable/disable the temperature sensor and the
VREFlNT channel.
0: Temperature sensor and VrggnT Channel disabled
1: Temperature sensor and VrggnT channel enabled

Note: On STM32F42x and STM32F43x devices, VBATE must be disabled when TSVREFE is
set. If both bits are set, only the VBAT conversion is performed.

Bit 22 VBATE: Vgt enable
This bit is set and cleared by software to enable/disable the Vga channel.

0: Vgar channel disabled
1: Vgar channel enabled

Bits 21:18 Reserved, must be kept at reset value.
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Bits 17:16 ADCPRE: ADC prescaler
Set and cleared by software to select the frequency of the clock to the ADC. The clock is
common for all the ADCs.
Note: 00: PCLK2 divided by 2
01: PCLK2 divided by 4
10: PCLK2 divided by 6
11: PCLK2 divided by 8

Bits 15:14 DMA: Direct memory access mode for multi ADC mode
This bit-field is set and cleared by software. Refer to the DMA controller section for more
details.
00: DMA mode disabled
01: DMA mode 1 enabled (2 / 3 half-words one by one - 1 then 2 then 3)
10: DMA mode 2 enabled (2 / 3 half-words by pairs - 2&1 then 1&3 then 3&2)
11: DMA mode 3 enabled (2 / 3 bytes by pairs - 2&1 then 1&3 then 3&2)

Bit 13 DDS: DMA disable selection (for multi-ADC mode)

This bit is set and cleared by software.

0: No new DMA request is issued after the last transfer (as configured in the DMA
controller). DMA bits are not cleared by hardware, however they must have been cleared
and set to the wanted mode by software before new DMA requests can be generated.

1: DMA requests are issued as long as data are converted and DMA = 01, 10 or 11.

Bit 12 Reserved, must be kept at reset value.
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Bit 11:8 DELAY: Delay between 2 sampling phases
Set and cleared by software. These bits are used in dual or triple interleaved modes.
0000: 5 * TADCCLK
0001:6 * TADCCLK
0010: 7 * TADCCLK

1111: 20 * TADCCLK
Bits 7:5 Reserved, must be kept at reset value.

Bits 4:0 MULTI[4:0]: Multi ADC mode selection
These bits are written by software to select the operating mode.

— All the ADCs independent:
00000: Independent mode
— 00001 to 01001: Dual mode, ADC1 and ADC2 working together, ADC3 is independent
00001: Combined regular simultaneous + injected simultaneous mode
00010: Combined regular simultaneous + alternate trigger mode
00011: Reserved
00101: Injected simultaneous mode only
00110: Regular simultaneous mode only
00111: interleaved mode only
01001: Alternate trigger mode only
— 10001 to 11001: Triple mode: ADC1, 2 and 3 working together
10001: Combined regular simultaneous + injected simultaneous mode
10010: Combined regular simultaneous + alternate trigger mode
10011: Reserved
10101: Injected simultaneous mode only
10110: Regular simultaneous mode only
10111: interleaved mode only
11001: Alternate trigger mode only
All other combinations are reserved and must not be programmed
Note: In multi mode, a change of channel configuration generates an abort that can cause a
loss of synchronization. It is recommended to disable the multi ADC mode before any
configuration change.
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13.13.17 ADC common regular data register for dual and triple modes
(ADC_CDR)

Address offset: 0x08 (this offset address is relative to ADC1 base address + 0x300)
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DATA2[15:0]

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA1[15:0]

Bits 31:16 DATAZ2[15:0]: 2nd data item of a pair of regular conversions
— In dual mode, these bits contain the regular data of ADC2. Refer to Dual ADC mode.
— In triple mode, these bits contain alternatively the regular data of ADC2, ADC1 and ADC3.
Refer to Triple ADC mode.
Bits 15:0 DATA1[15:0]: 1st data item of a pair of regular conversions
— In dual mode, these bits contain the regular data of ADC1. Refer to Dual ADC mode

— In triple mode, these bits contain alternatively the regular data of ADC1, ADC3 and ADC2.
Refer to Triple ADC mode.

13.13.18 ADC register map

The following table summarizes the ADC registers.

Table 72. ADC global register map

Offset Register
0x000 - 0x04C ADCA1
0x050 - OxOFC Reserved
0x100 - 0x14C ADC2
0x118 - OX1FC Reserved
0x200 - 0x24C ADC3
0x250 - 0x2FC Reserved
0x300 - 0x308 Common registers
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Table 73. ADC register map and reset values for each ADC

Offset| Register |53 Q%N QR IR QT KLY 2N 2L 32 N |2 oo~ o < o«
ADC_SR g | ARIRIE
0x00 - Reserved o |5 5 u 2 <§z
Reset value o(o(o0j0|O0]|O
ADC_CR1 | = |olg A0 512 (<|Q|e|o| AwDCH4:0]
0x04 Reserved 8 @ <§( % Reserved NUM [2:0] % g 2, % 8 @ <§( 8
Reset value oo|ooo o|o|oooooooooo|o|ooo
Reéz_: 2 Reg g JEXTSEL Z194 < £1g
se = ~1|S€ Z (%]
0x08 ADCCRZ I [ @ EXTSEL (301 & e [3:0] Reserved 3o 83 Reserved g8
ed|= ed| | % < | © <
Tl | Q|4
Reset value oo|o o|o|o|o oo|o o|o|o|o ofo 0 ofo
ADC_SMPR1 Sample time bits SMPx_x
0x0C
Reset value o|0|0|0|o|0|0|0|o|o|o|0|o|0|o|o|0|0|o|o|o|0|0|0|0|o|0|0|0|0|o|0
ADC_SMPR2 Sample time bits SMPx_x
0x10
Reset value o|0|o|0|0|o|0|o|0|0|0|0|0|0|0|0|0|0|0|0 0|0|0|0|0|0|0|o|0|0|0|0
ADC_JOFR1 JOFFSET1[11:0]
0x14 Reserved
Reset value 0|0|0|0|0|0|0|0|0|0|0|0
ADC_JOFR2 JOFFSET2[11:0]
0x18 Reserved
Reset value o|o|0|o|0|o|o|0|o|o|o|o
ADC_JOFR3 JOFFSET3[11:0]
0x1C Reserved
Reset value o|o|0|o|0|0|0|0|0|0|0|0
ADC_JOFR4 JOFFSET4[11:0]
0x20 Reserved
Reset value 0|0|0|0|0|0|0|0|0|0|0|0
ADC_HTR HT[11:0]
0x24 Reserved
Reset value 1|1|1|1|1|1|1|1|1|1|1|1
ADC_LTR LT[11:0]
0x28 Reserved
Reset value o|o|0|o|0|0|0|0|0|0|0|0
ADC_SQR1 L[3:0] Regular channel sequence SQx_x bits
0x2C Reserved
Reset value 0|o|0|0 0|0|0|0|o|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0
ADC_SQR2 B Regular channel sequence SQx_x bits
I
0x30 Reset value %oooooooooooooo0000000000000000
(14
ADC_SQR3 ? Regular channel sequence SQx_x bits
0x34 Reset value §oooooooooooooo0000000000000000
(14
ADC_JSQR JL[1:0] Injected channel sequence JSQx_x bits
0x38 Reserved
Reset value 0|0 0|0|0|0 o|0|0|0|0|0|0|0|0|o|0|0|0|0|0|0
ADC_JDR1 JDATA[15:0]
0x3C Reserved
Reset value o|o|o|0|o|o|0|o|0|0|o|0|0|0|0|0
ADC_JDR2 JDATA[15:0]
0x40 Reserved
Reset value o|0|o|0|o|0|0|0|o|o|0|0|0|0|o|0
ADC_JDR3 JDATA[15:0]
0x44 Reserved
Reset value o|0|0|0|0|o|0|0|0|0|0|0|0|0|0|0
ADC_JDR4 JDATA[15:0]
0x48 Reserved
Reset value o|o|o|0|o|o|0|o|0|0|o|0|0|0|0|0
ADC_DR Regular DATA[15:0]
0x4C Reserved
Reset value o|0|0|0|0|o|0|o|0|o|o|0|o|0|o|o
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Table 74. ADC register map and reset values (common ADC registers)
Offset| Register |5|3(R &K QIR I QISR 22 =2 ¥ 2|2 o o~ ofw] « o o
EE O Elz oo |a Elk Qoo
slaa(3|82) B BB R E| B [5)5E 88 2
0x00 Reserved @155 < E Rl e B < % el o B <
Reset value ofofofofofo]| ¢ [oflo]ofo|ofo| g [ofofo]ofo0]O
ADC3 = ADC2 = ADCH
S
E = g 2 n |3
ADC_CCR ¢ 4 Z |a|$ | DELAY [3:0] MULTI [4:0]
0x04 Reserved > |0 Reserved o s 0O|o Reserved
" |> (@) a »
= a Q
< o
Reset value ofo o|0 0|00 0|0|0|o 0|0|0|0|0
0x08 ADC_CDR Regular DATA2[15:0] Regular DATA1[15:0]
X
Reset value 0|0|0|0|o|0|o|0|0|o|0|o|0|0|0|0 o|0|0|0|0|o|0|o|0|0|o|0|o|0|0|o

Refer to Section 2.3: Memory map for the register boundary addresses.
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Digital-to-analog converter (DAC)

This section applies to the whole STM32F4xx family, unless otherwise specified.

DAC introduction

The DAC module is a 12-bit, voltage output digital-to-analog converter. The DAC can be
configured in 8- or 12-bit mode and may be used in conjunction with the DMA controller. In
12-bit mode, the data could be left- or right-aligned. The DAC has two output channels, each
with its own converter. In dual DAC channel mode, conversions could be done
independently or simultaneously when both channels are grouped together for synchronous
update operations. An input reference pin, Vreg+ (shared with ADC) is available for better
resolution.

DAC main features

e  Two DAC converters: one output channel each

e Left or right data alignment in 12-bit mode

e  Synchronized update capability

e Noise-wave generation

e  Triangular-wave generation

e  Dual DAC channel for independent or simultaneous conversions
e  DMA capability for each channel

e  DMA underrun error detection

e  External triggers for conversion

e Input voltage reference, Vggr+

Figure 64 shows the block diagram of a DAC channel and Table 75 gives the pin
description.
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Figure 64. DAC channel block diagram
DAC control register
TSELX[2:0] bits T
SWTRIGX —
TIM2 TRGO—Z
TIM4 TRGO—5 DMAENx
TIM5_TRGO—{2
TIM6_TRGO—{®
TIM7_TRGO — %
TIM8 TRGO—{=
EXTI_9 [} =
A y
DM A requestx
X EEEEE—
12bit Control logicx . TENx
|
» WAVENx[1:0] bits
12-bit
DORXx
T 12-bit
NZ
Vooa [} r
V. Digital-to-analog |_:| DAC_OUTx
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Table 75. DAC pins
Name Signal type Remarks
v Input, analog reference The higher/positive reference voltage for the DAC,
REF+ positive 1.8V <Vrer+ <Vppa
Vbpa Input, analog supply Analog power supply
Vssa Input, analog supply ground | Ground for analog power supply
DAC_OUTx |Analog output signal DAC channelx analog output
Note: Once the DAC channelx is enabled, the corresponding GPIO pin (PA4 or PAS5) is
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automatically connected to the analog converter output (DAC_OUTX). In order to avoid
parasitic consumption, the PA4 or PA5 pin should first be configured to analog (AIN).
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14.3.2

14.3.3
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DAC functional description

DAC channel enable

Each DAC channel can be powered on by setting its corresponding ENx bit in the DAC_CR
register. The DAC channel is then enabled after a startup time tyaxeup-

The ENx bit enables the analog DAC Channelx macrocell only. The DAC Channelx digital
interface is enabled even if the ENx bit is reset.

DAC output buffer enable

The DAC integrates two output buffers that can be used to reduce the output impedance,
and to drive external loads directly without having to add an external operational amplifier.
Each DAC channel output buffer can be enabled and disabled using the corresponding
BOFFx bit in the DAC_CR register.

DAC data format

Depending on the selected configuration mode, the data have to be written into the specified
register as described below:

e Single DAC channelx, there are three possibilities:

—  8-bit right alignment: the software has to load data into the DAC_DHR8Rx [7:0]
bits (stored into the DHRx[11:4] bits)

—  12-bit left alignment: the software has to load data into the DAC_DHR12Lx [15:4]
bits (stored into the DHRx[11:0] bits)

— 12-bit right alignment: the software has to load data into the DAC_DHR12Rx [11:0]
bits (stored into the DHRx[11:0] bits)

Depending on the loaded DAC_DHRYyyyx register, the data written by the user is shifted and
stored into the corresponding DHRx (data holding registerx, which are internal non-memory-
mapped registers). The DHRXx register is then loaded into the DORX register either
automatically, by software trigger or by an external event trigger.

3
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Figure 65. Data registers in single DAC channel mode
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e Dual DAC channels, there are three possibilities:

—  8-bit right alignment: data for DAC channel1 to be loaded into the DAC_DHR8RD
[7:0] bits (stored into the DHR1[11:4] bits) and data for DAC channel2 to be loaded
into the DAC_DHRS8RD [15:8] bits (stored into the DHR2[11:4] bits)

—  12-bit left alignment: data for DAC channel1 to be loaded into the DAC_DHR12LD
[15:4] bits (stored into the DHR1[11:0] bits) and data for DAC channel2 to be
loaded into the DAC_DHR12LD [31:20] bits (stored into the DHR2[11:0] bits)

— 12-bit right alignment: data for DAC channel1 to be loaded into the
DAC_DHR12RD [11:0] bits (stored into the DHR1[11:0] bits) and data for DAC
channel2 to be loaded into the DAC_DHR12LD [27:16] bits (stored into the
DHR2[11:0] bits)

Depending on the loaded DAC_DHRYyyyD register, the data written by the user is shifted
and stored into DHR1 and DHR2 (data holding registers, which are internal non-memory-
mapped registers). The DHR1 and DHR2 registers are then loaded into the DOR1 and
DORZ2 registers, respectively, either automatically, by software trigger or by an external
event trigger.

Figure 66. Data registers in dual DAC channel mode
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14.34 DAC conversion

The DAC_DORXx cannot be written directly and any data transfer to the DAC channelx must
be performed by loading the DAC_DHRX register (write to DAC_DHR8Rx, DAC_DHR12Lx,
DAC_DHR12Rx, DAC_DHR8RD, DAC_DHR12LD or DAC_DHR12LD).

Data stored in the DAC_DHRX register are automatically transferred to the DAC_DORX
register after one APB1 clock cycle, if no hardware trigger is selected (TENx bit in DAC_CR
register is reset). However, when a hardware trigger is selected (TENx bit in DAC_CR
register is set) and a trigger occurs, the transfer is performed three APB1 clock cycles later.

3
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14.3.6
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When DAC_DORKXx is loaded with the DAC_DHRXx contents, the analog output voltage
becomes available after a time tgg17 NG that depends on the power supply voltage and the
analog output load.

Figure 67. Timing diagram for conversion with trigger disabled TEN = 0
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DAC output voltage

Digital inputs are converted to output voltages on a linear conversion between 0 and Vrggs.

The analog output voltages on each DAC channel pin are determined by the following
equation:

_ DOR
DACoutput = Vggg X 2096

DAC trigger selection

If the TENXx control bit is set, conversion can then be triggered by an external event (timer
counter, external interrupt line). The TSELx[2:0] control bits determine which out of eight
possible events trigger conversion as shown in Table 76.

Table 76. External triggers

Source Type TSEL[2:0]
Timer 6 TRGO event 000
Timer 8 TRGO event 001
Timer 7 TRGO event Internal signal from on-chip 010
Timer 5 TRGO event timers 011
Timer 2 TRGO event 100
Timer 4 TRGO event 101
EXTI line9 External pin 110
SWTRIG Software control bit 111

Each time a DAC interface detects a rising edge on the selected timer TRGO output, or on
the selected external interrupt line 9, the last data stored into the DAC_DHRX register are
transferred into the DAC_DORX register. The DAC_DORX register is updated three APB1
cycles after the trigger occurs.

3
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Note:

14.3.7

14.3.8
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If the software trigger is selected, the conversion starts once the SWTRIG bit is set.
SWTRIG is reset by hardware once the DAC_DORX register has been loaded with the
DAC_DHRXx register contents.

TSELx[2:0] bit cannot be changed when the ENXx bit is set.

When software trigger is selected, the transfer from the DAC_DHRX register to the
DAC_DORXx register takes only one APB1 clock cycle.

DMA request

Each DAC channel has a DMA capability. Two DMA channels are used to service DAC
channel DMA requests.

A DAC DMA request is generated when an external trigger (but not a software trigger)
occurs while the DMAENX bit is set. The value of the DAC_DHRX register is then transferred
into the DAC_DORX register.

In dual mode, if both DMAENX bits are set, two DMA requests are generated. If only one
DMA request is needed, the user should set only the corresponding DMAENX bit. In this
way, the application can manage both DAC channels in dual mode by using one DMA
request and a unique DMA channel.

DMA underrun

The DAC DMA request is not queued so that if a second external trigger arrives before the
acknowledgement for the first external trigger is received (first request), then no new
request is issued and the DMA channelx underrun flag DMAUDRX in the DAC_SR register
is set, reporting the error condition. DMA data transfers are then disabled and no further
DMA request is treated. The DAC channelx continues to convert old data.

The software should clear the DMAUDRX flag by writing “1”, clear the DMAEN bit of the
used DMA stream and re-initialize both DMA and DAC channelx to restart the transfer
correctly. The software should modify the DAC trigger conversion frequency or lighten the
DMA workload to avoid a new DMA underrun. Finally, the DAC conversion could be
resumed by enabling both DMA data transfer and conversion trigger.

For each DAC channelx, an interrupt is also generated if its corresponding DMAUDRIEX bit
in the DAC_CR register is enabled.

Noise generation

In order to generate a variable-amplitude pseudonoise, an LFSR (linear feedback shift
register) is available. DAC noise generation is selected by setting WAVEXx[1:0] to “01”. The
preloaded value in LFSR is OxAAA. This register is updated three APB1 clock cycles after
each trigger event, following a specific calculation algorithm.
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Figure 68. DAC LFSR register calculation algorithm
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The LFSR value, that may be masked partially or totally by means of the MAMPXx[3:0] bits in
the DAC_CR register, is added up to the DAC_DHRXx contents without overflow and this
value is then stored into the DAC_DORX register.

If LFSR is 0x0000, a ‘1 is injected into it (antilock-up mechanism).
It is possible to reset LFSR wave generation by resetting the WAVEX[1:0] bits.

Figure 69. DAC conversion (SW trigger enabled) with LFSR wave generation
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The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC _CR register.

Triangle-wave generation

It is possible to add a small-amplitude triangular waveform on a DC or slowly varying signal.
DAC triangle-wave generation is selected by setting WAVEX[1:0] to “10”. The amplitude is
configured through the MAMPXx[3:0] bits in the DAC_CR register. An internal triangle counter
is incremented three APB1 clock cycles after each trigger event. The value of this counter is
then added to the DAC_DHRXx register without overflow and the sum is stored into the
DAC_DORKX register. The triangle counter is incremented as long as it is less than the
maximum amplitude defined by the MAMPXx[3:0] bits. Once the configured amplitude is
reached, the counter is decremented down to 0, then incremented again and so on.
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It is possible to reset triangle wave generation by resetting the WAVEX[1:0] bits.
Figure 70. DAC triangle wave generation
MAMPX[3:0] max amplitude
+ DAC_DHRXx base value
DAC_DHRXx base value
0 >
ai14715c
Figure 71. DAC conversion (SW trigger enabled) with triangle wave generation
APB1_CLK||||||||||I|||||||||||I|||||||||||||||
DHR X 0x00 | L
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SWTRIG | | | |
ai14714b
Note: The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC_CR register.
The MAMPx[3:0] bits must be configured before enabling the DAC, otherwise they cannot
be changed.
14.4 Dual DAC channel conversion

3

To efficiently use the bus bandwidth in applications that require the two DAC channels at the
same time, three dual registers are implemented: DHR8RD, DHR12RD and DHR12LD. A
unique register access is then required to drive both DAC channels at the same time.

Eleven possible conversion modes are possible using the two DAC channels and these dual
registers. All the conversion modes can nevertheless be obtained using separate DHRx
registers if needed.

All modes are described in the paragraphs below.
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Independent trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRB8RD)

When a DAC channel1 trigger arrives, the DHR1 register is transferred into DAC_DOR1
(three APB1 clock cycles later).

When a DAC channel?2 trigger arrives, the DHR2 register is transferred into DAC_DOR?2
(three APB1 clock cycles later).

Independent trigger with single LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

e  Configure the two DAC channel WAVEXx[1:0] bits as “01” and the same LFSR mask
value in the MAMPXx[3:0] bits

e Load the dual DAC channel data into the desired DHR register (DHR12RD, DHR12LD
or DHR8RD)

When a DAC channel1 trigger arrives, the LFSR1 counter, with the same mask, is added to
the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles
later). Then the LFSR1 counter is updated.

When a DAC channel?2 trigger arrives, the LFSR2 counter, with the same mask, is added to
the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1 clock cycles
later). Then the LFSR2 counter is updated.

Independent trigger with different LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

e  Configure the two DAC channel WAVEX[1:0] bits as “01” and set different LFSR masks
values in the MAMP1[3:0] and MAMP2[3:0] bits

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a DAC channel1 trigger arrives, the LFSR1 counter, with the mask configured by
MAMP1[3:0], is added to the DHR1 register and the sum is transferred into DAC_DOR1
(three APB1 clock cycles later). Then the LFSR1 counter is updated.

When a DAC channel?2 trigger arrives, the LFSR2 counter, with the mask configured by
MAMP2[3:0], is added to the DHR2 register and the sum is transferred into DAC_DOR2
(three APB1 clock cycles later). Then the LFSR2 counter is updated.
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14.4.4 Independent trigger with single triangle generation
To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2
e  Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits
e  Configure the two DAC channel WAVEXx[1:0] bits as “1x” and the same maximum
amplitude value in the MAMPX[3:0] bits
e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)
When a DAC channel1 trigger arrives, the DAC channel triangle counter, with the same
triangle amplitude, is added to the DHR1 register and the sum is transferred into
DAC_DOR1 (three APB1 clock cycles later). The DAC channel1 triangle counter is then
updated.
When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with the same
triangle amplitude, is added to the DHR2 register and the sum is transferred into
DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle counter is then
updated.
14.4.5 Independent trigger with different triangle generation
To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2
e Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits
e  Configure the two DAC channel WAVEX[1:0] bits as “1x” and set different maximum
amplitude values in the MAMP1[3:0] and MAMP2[3:0] bits
e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRB8RD)
When a DAC channel1 trigger arrives, the DAC channel1 triangle counter, with a triangle
amplitude configured by MAMP1[3:0], is added to the DHR1 register and the sum is
transferred into DAC_DOR1 (three APB1 clock cycles later). The DAC channel1 triangle
counter is then updated.
When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with a triangle
amplitude configured by MAMP2[3:0], is added to the DHR2 register and the sum is
transferred into DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle
counter is then updated.
14.4.6 Simultaneous software start

3

To configure the DAC in this conversion mode, the following sequence is required:

e Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

In this configuration, one APB1 clock cycle later, the DHR1 and DHR2 registers are
transferred into DAC_DOR1 and DAC_DORZ2, respectively.
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Simultaneous trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

e Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a trigger arrives, the DHR1 and DHR2 registers are transferred into DAC_DOR1 and
DAC_DOR2, respectively (after three APB1 clock cycles).

Simultaneous trigger with single LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

e  Configure the two DAC channel WAVEXx[1:0] bits as “01” and the same LFSR mask
value in the MAMPXx[3:0] bits

e Load the dual DAC channel data to the desired DHR register (DHR12RD, DHR12LD or
DHR8RD)

When a trigger arrives, the LFSR1 counter, with the same mask, is added to the DHR1
register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles later). The
LFSR1 counter is then updated. At the same time, the LFSR2 counter, with the same mask,
is added to the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1
clock cycles later). The LFSR2 counter is then updated.

Simultaneous trigger with different LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

e  Configure the two DAC channel WAVEXx[1:0] bits as “01” and set different LFSR mask
values using the MAMP1[3:0] and MAMP2[3:0] bits

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a trigger arrives, the LFSR1 counter, with the mask configured by MAMP1[3:0], is
added to the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock
cycles later). The LFSR1 counter is then updated.

At the same time, the LFSR2 counter, with the mask configured by MAMP2[3:0], is added to
the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1 clock cycles
later). The LFSR2 counter is then updated.
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Simultaneous trigger with single triangle generation

To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

e  Configure the two DAC channel WAVEXx[1:0] bits as “1x” and the same maximum
amplitude value using the MAMPXx[3:0] bits

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRB8RD)

When a trigger arrives, the DAC channel1 triangle counter, with the same triangle
amplitude, is added to the DHR1 register and the sum is transferred into DAC_DOR1 (three
APB1 clock cycles later). The DAC channel1 triangle counter is then updated.

At the same time, the DAC channel?2 triangle counter, with the same triangle amplitude, is
added to the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1 clock
cycles later). The DAC channel2 triangle counter is then updated.

Simultaneous trigger with different triangle generation

To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2

e  Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSELZ2[2:0] bits

e  Configure the two DAC channel WAVEX[1:0] bits as “1x” and set different maximum
amplitude values in the MAMP1[3:0] and MAMP2[3:0] bits

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a trigger arrives, the DAC channel1 triangle counter, with a triangle amplitude
configured by MAMP1[3:0], is added to the DHR1 register and the sum is transferred into
DAC_DORH1 (three APB1 clock cycles later). Then the DAC channel1 triangle counter is
updated.

At the same time, the DAC channel2 triangle counter, with a triangle amplitude configured
by MAMP2[3:0], is added to the DHR2 register and the sum is transferred into DAC_DOR2
(three APB1 clock cycles later). Then the DAC channel2 triangle counter is updated.
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14.5 DAC registers

Refer to Section 1.1: List of abbreviations for registers for registers for a list of abbreviations
used in register descriptions.

The peripheral registers have to be accessed by words (32 bits).

14.5.1 DAC control register (DAC_CR)

Address offset: 0x00
Reset value: 0x0000 0000

31 3 20 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAU | DMA _ , .
Resorveq | DRIEZ | EN2 MAMP2(3:0] WAVE2[1:0] TSEL2[2:0] TEN2 | BOFF2 | EN2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMAU | DMA
MAMP1[3:0] WAVE1[1:0] TSEL1[2:0] TEN1 | BOFF1| EN1
Reserved | DRIET | EN1

Bits 31:30 Reserved, must be kept at reset value.

Bits 29 DMAUDRIE2: DAC channel2 DMA underrun interrupt enable
This bit is set and cleared by software.
0: DAC channel2 DMA underrun interrupt disabled
1: DAC channel2 DMA underrun interrupt enabled

Bit 28 DMAEN2: DAC channel2 DMA enable
This bit is set and cleared by software.
0: DAC channel2 DMA mode disabled
1: DAC channel2 DMA mode enabled

Bits 27:24 MAMP2[3:0]: DAC channel2 mask/amplitude selector
These bits are written by software to select mask in wave generation mode or amplitude in
triangle generation mode.
0000: Unmask bit0 of LFSR/ triangle amplitude equal to 1
0001: Unmask bits[1:0] of LFSR/ triangle amplitude equal to 3
0010: Unmask bits[2:0] of LFSR/ triangle amplitude equal to 7
0011: Unmask bits[3:0] of LFSR/ triangle amplitude equal to 15
0100: Unmask bits[4:0] of LFSR/ triangle amplitude equal to 31
0101: Unmask bits[5:0] of LFSR/ triangle amplitude equal to 63
0110: Unmask bits[6:0] of LFSR/ triangle amplitude equal to 127
0111: Unmask bits[7:0] of LFSR/ triangle amplitude equal to 255
1000: Unmask bits[8:0] of LFSR/ triangle amplitude equal to 511
1001: Unmask bits[9:0] of LFSR/ triangle amplitude equal to 1023
1010: Unmask bits[10:0] of LFSR/ triangle amplitude equal to 2047
>1011: Unmask bits[11:0] of LFSR/ triangle amplitude equal to 4095

Bits 23:22 WAVEZ2[1:0]: DAC channel2 noise/triangle wave generation enable
These bits are set/reset by software.
00: wave generation disabled
01: Noise wave generation enabled
1x: Triangle wave generation enabled
Note: Only used if bit TEN2 = 1 (DAC channel2 trigger enabled)

3
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Bits 21:19

Bit 18

Bit 17

Bit 16

Bits 15:14
Bit 13

Bit 12
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TSEL2[2:0]: DAC channel?2 trigger selection
These bits select the external event used to trigger DAC channel2
000: Timer 6 TRGO event
001: Timer 8 TRGO event
010: Timer 7 TRGO event
011: Timer 5 TRGO event
100: Timer 2 TRGO event
101: Timer 4 TRGO event
110: External line9
111: Software trigger
Note: Only used if bit TEN2 = 1 (DAC channel2 trigger enabled).

TEN2: DAC channel2 trigger enable
This bit is set and cleared by software to enable/disable DAC channel2 trigger
0: DAC