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Documentation conventions

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_w0)

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.

Peripheral availability

For peripheral availability and number across all STM32F40x and STM32F41x sales types,
please refer to the STM32F40x and STM32F41x datasheets.
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2.1

Note:

Memory and bus architecture

System architecture

The main system consists of 32-bit multilayer AHB bus matrix that interconnects:
® Height masters:
—  Cortex™-M4F 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
® Seven slaves:
— Internal Flash memory ICode bus
— Internal Flash memory DCode bus
— Main internal SRAM1 (112 KB)
— Auxiliary internal SRAM2 (16 KB)
— AHB1peripherals 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. This
architecture is shown in Figure 1.

The 64-Kbyte CCM (core coupled memory) data RAM is not part of the bus matrix (see
Figure 1: System architecture). It can be accessed only through the CPU.
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Figure 1. System architecture
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211 SO: I-bus

This bus connects the Instruction bus of the Cortex™-M4F 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).

2.1.2 S1: D-bus

This bus connects the databus of the Cortex™-M4F and 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).

213 S2: S-bus

This bus connects the system bus of the Cortex™-M4F core to a BusMatrix. This bus is
used to access data located in a peripheral or in SRAM. Instructions may also be fetch on
this bus (less efficient than ICode). The targets of this bus are the 112 KB and 16 KB
internal SRAMSs, the AHB1 peripherals including the APB peripherals, the AHB2 peripherals
and the external memories through the FSMC.

214 S3, S4: 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 SRAM and external memories through the FSMC.
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2.1.5

2.1.6

2.1.7

2.1.8

2.1.9

Note:

2.2

S5: 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
SRAM and external memories through the FSMC.

S6: 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 SRAM and external memories through the FSMC.

S7: 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 SRAM and external memories through the FSMC.

BusMatrix

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

AHB/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 on page 50 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.
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2.3 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
STM32F40x and STM32F41x devices.
Table 1. STM32F40x and STM32F41x register boundary addresses
Boundary address Peripheral Bus Register map
0xA000 0000 - 0xA000 OFFF | FSMC control register| AHB3 | Section 31.6.9: FSMC register map on page 1276
0x5006 0800 - 0X5006 OBFF RNG Section 20.4.4: RNG register map on page 517
0x5006 0400 - 0X5006 07FF HASH Section 21.4.8: HASH register map on page 535
0x5006 0000 - 0X5006 03FF CRYP AHB2 Section 19.6.11: CRYP register map on page 511
0x5005 0000 - 0X5005 03FF DCMI Section 12.8.12: DCMI register map on page 291
0x5000 0000 - 0X5003 FFFF | USB OTG FS ﬁ;gzofofj 16.6: OTG_FS register map on
0x4004 0000 - 0x4007 FFFF USB OTG HS ,faeggofé? 12.6: OTG_HS register map on
0x4002 9000 - 0x4002 93FF
0x4002 8C00 - 0x4002 8FFF
0x4002 8800 - 0x4002 8BFF | ETHERNET MAC 5:;2";2?8'8'5’ Ethernet register maps on
0x4002 8400 - 0x4002 87FF
0x4002 8000 - 0x4002 83FF
0x4002 6400 - 0x4002 67FF DMA2
OX4002 6000 - Ox4002 B3FF OVIAT Section 8.5.11: DMA register map on page 191
0x4002 4000 - 0x4002 4FFF BKPSRAM
0x4002 3C00 - 0x4002 3FFF Flas;r;;?stfer:ace AHEBT See Flash programming manual
0x4002 3800 - 0x4002 3BFF RCC Section 5.3.24: RCC register map on page 134
0x4002 3000 - 0x4002 33FF CRC Section 3.4.4: CRC register map on page 62
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 6.4.11: GPIO register map on page 153
0X4002 0CO00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 O7FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA
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Table 1.

STM32F40x and STM32F41x register boundary addresses (continued)

Boundary address Peripheral Bus Register map

0x4001 4800 - 0x4001 4BFF TIM11 Section 15.6.12: TIM10/11/13/14 register map on
0x4001 4400 - 0x4001 47FF TIM10 page 455
0x4001 4000 - 0x4001 43FF TIMO9 5590204/74;5.5. 14: TIM9/12 register map on
0x4001 3C00 - 0x4001 3FFF EXTI Section 9.3.7: EXTI register map on page 206
0x4001 3800 - 0x4001 3BFF SYSCFG Section 7.2.8: SYSCFG register maps on page 160
0x4001 3000 - 0x4001 33FF SPI1 APB2 | Section 25.5.10: SPI register map on page 709
0x4001 2C00 - 0x4001 2FFF SDIO Section 26.9.16: SDIO register map on page 764
0x4001 2000 - 0x4001 23FF | ADC1 - ADC2 - ADC3 Section 10.13.18: ADC register map on page 247
0x4001 1400 - 0x4001 17FF USART6

Section 24.6.8: USART register map on page 657
0x4001 1000 - 0x4001 13FF USARTA1
0x4001 0400 - 0x4001 07FF TIM8 Section 13.4.21: TIM1&TIMS8 register map on
0x4001 0000 - 0x4001 03FF TIM1 page 359
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Table 1. STM32F40x and STM32F41x register boundary addresses (continued)

Boundary address Peripheral Bus Register map

0x4000 7400 - 0x4000 77FF DAC Section 11.5.15: DAC register map on page 269
0x4000 7000 - 0x4000 73FF PWR Section 4.4.3: PWR register map on page 81
0x4000 6800 - 0x4000 6BFF CAN2

Section 27.9.5: bxCAN register map on page 807
0x4000 6400 - 0x4000 67FF CAN1
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2 Section 23.6.10: 12C register map on page 605
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4

Section 24.6.8: USART register map on page 657
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF 12S3ext
0x4000 3C00 - 0x4000 3FFF SPI3/12S3

Section 25.5.10: SPI register map on page 709
0x4000 3800 - 0x4000 3BFF SPI2/12S2 APB1
0x4000 3400 - 0x4000 37FF 12S2ext
0x4000 3000 - 0x4000 33FF IWDG Section 17.4.5: IWDG register map on page 471
0x4000 2C00 - 0x4000 2FFF WWDG Section 18.6.4: WWDG register map on page 478
0x4000 2800 - 0x4000 2BFF | RTC & BKP Registers Section 22.6.21: RTC register map on page 573
0x4000 2000 - 0x4000 23FF TIM14 Section 15.6.12: TIM10/11/13/14 register map on
0x4000 1CO00 - 0x4000 1FFF TIM13 page 455
0x4000 1800 - 0x4000 1BFF TIM12 Section 15.5.14: TIM9/12 register map on

page 445
0x4000 1400 - 0x4000 17FF TIM7 Section 16.4.9: TIM6&TIM? register map on
0x4000 1000 - 0x4000 13FF TIM6 page 466
0x4000 0C00 - 0x4000 OFFF TIM5
0x4000 0800 - 0x4000 OBFF TIM4

Section 14.4.21: TIMx register map on page 412
0x4000 0400 - 0x4000 07FF TIM3
0x4000 0000 - 0x4000 03FF TIM2

2.3.1 Embedded SRAM

The STM32F40x and STM32F41x feature 4 Kbytes of backup SRAM (see Section 4.1.2:
Battery backup domain) plus 192 Kbytes of system SRAM.

The system SRAM can be accessed as bytes, half-words (16 bits) or full words (32 bits).
The start address of the SRAM is 0x2000 0000. Read and write operations are performed at
CPU speed with 0 wait state.

The system SRAM is split up into three blocks, of 112 KB, 64 KB, and 16 KB, with a
capability for concurrent access from by the AHB masters (like the Ethernet or the USB OTG

52/1316 Doc ID 018909 Rev 1 [‘II




RMO0090

Memory and bus architecture

2.3.2

HS): for instance, the Ethernet MAC can read/write from/to the 16 KB SRAM while the CPU
is reading/writing from/to the 112 KB SRAM.

The CPU can access the system SRAM 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 7.2.1: 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).

Bit banding

The Cortex™-M4F 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 STM32F40x and STM32F41x 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 are only available for Cortex™-M4F 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_addris 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_offsetis 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™-M4F programming manual
(see Related documents on page 1).
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2.3.3 Embedded Flash memory

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,
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
Table 2. Flash module organization
Block Name Block base addresses Size
Sector 0 0x0800 0000 - 0x0800 3FFF 16 Kbyte
Sector 1 0x0800 4000 - 0x0800 7FFF 16 Kbyte
Sector 2 0x0800 8000 - 0x0800 BFFF 16 Kbyte
Sector 3 0x0800 C000 - 0x0800 FFFF 16 Kbyte
Sector 4 0x0801 0000 - 0x0801 FFFF 64 Kbyte
Main memory Sector 5 0x0802 0000 - 0x0803 FFFF 128 Kbyte
Sector 6 0x0804 0000 - 0x0805 FFFF 128 Kbyte
Sector 11 0x080E 0000 - 0x080F FFFF 128 Kbyte
System memory O0x1FFF 0000 - Ox1FFF 77FF 30 Kbyte
OTP O0x1FFF 7800 - Ox1FFF 7AQ0F 528 bytes
Option bytes 0x1FFF C000 - 0x1FFF COOF 16 bytes
234 Flash memory 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 Cortex™-M4F clock and the supply voltage of the device. Table 3 shows
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the correspondence between wait states and core clock frequency.

Note: When VOS = ‘0’, the maximum value of fycy x = 144 MHz.
Table 3. Number of wait states according to CPU clock (HCLK) frequency
HCLK (MHz)
Wait states (WS)

(LATENCY) Voltage range Voltage range Voltage range Voltage range
2.7V-36V 24V-27V 21V-24V 1.8V-21v(
0 WS (1 CPU cycle) 0 <HCLK< 30 0 <HCLK <24 0<HCLK <18 O0<HCLK<16
1 WS (2 CPU cycles 30 <HCLK < 60 24 < HCLK< 48 18 <HCLK < 36 16 <HCLK < 32
2 WS (3 CPU cycles 60 <HCLK <90 48 < HCLK< 72 36 < HCLK< 54 32 < HCLK< 48
90 <HCLK <120 72 < HCLK< 96 54 <HCLK <72 48 < HCLK< 64

4 WS (5 CPU cycles

120 <HCLK <150

96 < HCLK< 120

72 < HCLK< 90

64 < HCLK< 80

5 WS (6 CPU cycles

150 <HCLK < 168

120 <HCLK < 144

90 < HCLK< 108

80 < HCLK< 96

)
)
3 WS (4 CPU cycles)
)
)
)

6 WS (7 CPU cycles

144 <HCLK < 168

108 < HCLK< 120

96 < HCLK< 112

7 WS (8 CPU cycles)

120 <HCLK <138

112 < HCLK< 128

1. If PDR_ON is set to Vgg, this value can be lowered to 1.7 V when the device operates in the 0 to 70 °C.

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.

Increasing the CPU frequency

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

® Check that the new number of wait states is used to access the Flash memory by
reading the FLASH_ACR register

® Modify the CPU clock source by writing the SW bits in the RCC clock configuration

register (RCC_CFGR)

® If needed, modify the CPU clock prescaler by writing the HPRE bits in RCC_CFGR

® 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
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Decreasing the CPU frequency

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

® 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

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

® Check that the new number of wait states is used to access the Flash memory by
reading the FLASH_ACR register

Note: 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.

The FLASH_ACR register is used to enable/disable the acceleration features and control
the Flash memory access time according to CPU frequency. The tables below provides the
bit map and bit descriptions for this register.
For complete information on Flash memory operations and register configurations, please
refer to the STM32F40x and STM32F41x Flash programming manual (PM0059).
Flash access control register (FLASH_ACR)
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
DCRST | ICRST | DCEN | ICEN |PRFTEN LATENCY
Reserved Reserved
w w w rw rw w | rw | rw
Bits 31:11 Reserved, must be kept cleared.
Bit 12 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.
Bit 11 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.
Bit 10 DCEN: Data cache enable
0: Data cache is disabled
1: Data cache is enabled
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2.3.5

2.4

Bit 9 ICEN: Instruction cache enable

0: Instruction cache is disabled
1: Instruction cache is enabled

Bit 8 PRFTEN: Prefetch enable

0: Prefetch is disabled
1: Prefetch is enabled

Bits 7:3 Reserved, must be kept cleared.

Bits 2:0 LATENCY: 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

Adaptive real-time memory accelerator (ART Accelerator™)

The ART Accelerator™ is a memory accelerator which is optimized for STM32 industry-
standard Cortex™-M4F processors. It balances the inherent performance advantage of the
ARM Cortex™-M4F over Flash memory technologies, which normally requires the
processor to wait for the Flash memory at higher operating frequencies. Thanks to the ART
Accelerator™, the CPU can operate up to 168 MHz frequency without wait states, thereby
increasing the overall system speed and efficiency (see Table 3).

To release the processor 210 DMIPS performance at this frequency, the accelerator
implements an instruction prefetch queue and branch cache, which enables program
execution from Flash memory at up to 168 MHz without wait states.

Boot configuration

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™-M4F 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). STM32F40x and STM32F41x microcontrollers
implement a special mechanism to be able to boot from other memories (like the internal
SRAM).

In the STM32F40x and STM32F41x, three different boot modes can be selected through the
BOOT[1:0] pins as shown in Table 4.
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Table 4. 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

The values on the BOQT 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.

Note: 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.
Physical remap
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 7.2.1:
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)
e FSMC Bank 1 (NOR/PSRAM 1 and 2)
Table 5. Memory mapping vs. Boot mode/physical remap
Boot/Remap in Boot/Remap in Boot/Remap in .
Addresses main Flash memory | embedded SRAM | System memory Remap in FSMC
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)
0x1FFF 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
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Table 5. Memory mapping vs. Boot mode/physical remap (continued)
Boot/Remap in Boot/Remap in Boot/Remap in .
Addresses main Flash memory | embedded SRAM | System memory Remap in FSMC

FSMC Bank1

0x0400 0000 - 0x07FF FFFF | Reserved Reserved Reserved NOR/PSRAM 2
(Aliased)
FSMC Bank1

0x0000 0000 - Ox03FF . SRAM1 (112 KB) | System memory

FFFF(N@ Flash (1 MB) Aliased | jiased (30 KB) Aliased &(ﬁ:é :;RAM !

1. 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.

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

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.
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CRC calculation unit

This section applies to the whole STM32F40x and STM32F41x family, unless otherwise
specified.

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.

CRC main features
® Uses CRC-32 (Ethernet) polynomial: 0x4C11DB7
— X824 X264 X284 x22 1 X164 x12 4 X114 X104 X8 4 X7 4+ X5 + X4 + X2+ X +1
® Single input/output 32-bit data register
® CRC computation done in 4 AHB clock cycles (HCLK)
® General-purpose 8-bit register (can be used for temporary storage)

The block diagram is shown in Figure 2.

Figure 2. CRC calculation unit block diagram

| AHB bus |

A
32-bit (read access)

| Data register (output) |
A

| CRC computation (polynomial: 0x4C11DB7) |
A

32-bit (write access) d

| Data register (input) |

ai14968

CRC functional description

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

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

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

3.4 CRC registers

The CRC calculation unit contains two data registers and a control register.

3.4.1 Data register (CRC_DR)

Address offset: 0x00
Reset value: OxFFFF FFFF

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

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.

3.4.2 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 11 10 9 8 7 6 5 4 3 2 1 0
IDR[7:0]
Reserved
w | w ‘ w ‘ rw ‘ rw ‘ w | w ‘ rw

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.
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343 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 11 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 OxFFFF FFFF.
This bit can only be set, it is automatically cleared by hardware.
344 CRC register map
The following table provides the CRC register map and reset values.
Table 6. CRC calculation unit register map and reset values
Offset | Register | 31-24 | 23-16 | 15-8 7 6 5 4 3 2 0
CRC_DR Data register
0x00 | Reset value OXFFFF FFFF
CRC_IDR Independent data register
0x04 Reset value Reserved 0x00
0x08 CRC_CR Reserved RESET
Reset value 0
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4 Power control (PWR)

4.1 Power supplies

The device requires a 1.8-t0-3.6 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.
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Figure 3. Power supply overview
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1. Vppa and Vgga must be connected to Vpp and Vgg, respectively.
4.1.1 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.

® The ADC voltage supply input is available on a separate Vppa pin.
® Anisolated supply ground connection is provided on pin Vgga.

To ensure a better accuracy of low voltage inputs, the user can connect a separate external
reference voltage ADC input on Vger The voltage on Vggp ranges from 1.8 V to Vppa.
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4.1.2 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, Vgat 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 Vgar
pin powers the following blocks:
® TheRTC
® The LSE oscillator
® The backup SRAM when the low power backup regulator is enabled
e PC13to PC151/0Os, plus PI8 I/O (when available)
The switch to the Vgar 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 Vgt 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 Vgar
through an internal diode connected between Vpp and the
power switch (Vgar)-
If the power supply/battery connected to the Vgt pin cannot
support this current injection, it is strongly recommended to
connect an external low-drop diode between this power
supply and the Vgt pin.
If no external battery is used in the application, it is recommended to connect Vgar
externally to Vpp through a 100 nF external ceramic capacitor.
When the backup domain is supplied by Vpp (analog switch connected to Vpp), the
following functions are available:
® PC14 and PC15 can be used as either GPIO or LSE pins
® PC13can be used as a GPIO or as the RTC_AF1 pin (refer to Table 16: 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

GPIOs PC13 to PC15 are restricted: only one I/O at a time can be used as an output, 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).

When the backup domain is supplied by Vgat (analog switch connected to Vgt because
Vpp is not present), the following functions are available:
® PC14 and PC15 can be used as LSE pins only

® PC13 can be used as the RTC_AF1 pin (refer to Table 16: RTC_AF1 pin) for more
details about this pin configuration)
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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:

® Access to the RTC and RTC backup registers

1. Enable the power interface clock by setting the PWREN bits in the RCC APB1
peripheral clock enable register (RCC_APB1ENR)

2. Setthe DBP bit in the PWR power control register (PWR_CR) to enable access to the
backup domain

3. Select the RTC clock source: see Section 5.2.8: RTC/AWU clock

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

® Access to the backup SRAM

1. Enable the power interface clock by setting the PWREN bits in the RCC APB1
peripheral clock enable register (RCC_APB1ENR)

2. Setthe DBP bit in the PWR power control register (PWR_CR) to enable access to the
backup domain

3. Enable the backup SRAM clock by setting BKPSRAMEN bit in the RCC APB1
peripheral clock enable register (RCC_APB1ENR)

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
wakeup 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 22:
Real-time clock (RTC).

Backup SRAM

The backup domain includes 4 Kbytes of backup SRAM accessible only from the CPU, and
address in 32-bit, 16-bit or 8-bit mode. Its content is retained even in Standby or Vgt mode
when the low power backup regulator is enabled. It can be considered as an internal
EEPROM when Vga7 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 Vgat (analog switch connected to Vgt 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
by a dedicated bit, the BRE control bit of the PWR_CSR register (see Section 4.4.2: PWR
power control/status register (PWR_CSR)).

The backup SRAM is not mass erased by an tamper event. It is read protected to prevent
confidential data, such as cryptographic private key, from being accessed. The backup
SRAM can be erased only through the Flash interface when a protection level change from
level 1 to level 0 is requested. Refer to the description of Read protection (RDP) in the Flash
programming manual.
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Figure 4. Backup domain
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4.1.3 Voltage regulator

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 1and Veoap 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 configured through
the VOS bit of the PWR_CR register). The voltage scaling allows optimizing the power
consumption when the device is clocked below the maximum system frequency (see
Section 4.4.1: PWR power control register (PWR_CR).

® In Stop mode the regulator supplies low power to the 1.2 V domain, preserving the
content of registers and internal SRAM.

e 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: For more details, refer to the voltage regulator section in the STM32F40x and STM32F41x
datasheets.
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Power supply supervisor

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

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

The device remains in Reset mode when Vpp/Vppa is below a specified threshold,
Vpor/pDR, 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 5. Power-on reset/power-down reset waveform

A Voo/Vppa

! 40 mV
, hysteresis

' 1

<« » Temporization
g
. tRsTTEMPO
'

Reset

Brownout reset (BOR)

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

VeoR is configured through device option bytes. By default, BOR is off. 4 programmable
Vgor thresholds can be selected.

® BOR off (VgoRo): reset threshold level for 1.8 to 2.10 V voltage range

® BOR Level 1 (VgoR1): reset threshold level for 2.10 to 2.40 V voltage range

® BOR Level 2 (VgoRo): reset threshold level for 2.40 to 2.70 V voltage range

® BOR Level 3 (VgoRa): reset threshold level for 2.70 to 3.60 V voltage range

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

BOR can be disabled by programming the device option bytes. To disable the BOR function,
Vpp must have been higher than VggRq to start the device option byte programming
sequence. The power down is then monitored by the PDR (see Section 4.2.1: 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).
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4.2.3

Figure 6.

BOR thresholds
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Programmable voltage detector (PVD)

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

The PVD is enabled by setting the PVDE bit.

A PVDO flag is available, in the PWR power control/status register (PWR_CSR), to indicate
if Vpo/Vppa 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 EXT]I registers. The
PVD output interrupt can be generated when Vpp/Vppa drops below the PVD threshold
and/or when Vpp/Vppp 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 7.

PVD thresholds
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4.3 Low-power modes
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
wakeup sources.
The devices feature three low-power modes:
® Sleep mode (Cortex™-M4F core stopped, peripherals kept running)
® Stop mode (all clocks are stopped)
e Standby mode (1.2 V domain powered off)
In addition, the power consumption in Run mode can be reduce by one of the following
means:
® Slowing down the system clocks
® Gating the clocks to the APBx and AHBXx peripherals when they are unused.
Table 7. Low-power mode summary
Effecton
Effecton 1.2V Vpp
Mode name Entry Wakeup domain clocks | domain Voltage regulator
clocks
WFI Any interrupt CPU CLK OFF
Sleep
no effect on other
(Sleep now or lock | None ON
sleep_on_exit) WFE Wakeup event clocks or ana Og
clock sources
ON or in low- power
PDDSbeiitr;d+LPDS Any EXTI line (configured mode (depends on
Stop SLEEPDEEP bit | . in the EXTI reglster_s, PWFfpovn{er control
+ WFI or WFE internal and external lines) register
HSI and (PWR_CR))
WKUP pin rising edge, All 1.2 V domain HSE
RTC alarm (Alarm A or clocks OFF | oscillators
PDDS bit + Alarm B), RTC Wakeup OFF
Standby SLEEPDEERP bit | event, RTC tamper events, OFF
+ WFI or WFE RTC time stamp event,
external reset in NRST
pin, IWDG reset
4.3.1 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 5.3.3: RCC clock configuration register (RCC_CFGR).
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4.3.2

4.3.3

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.

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 RCC APB1 peripheral clock enable
register (RCC_APB1ENR) and RCC APB2 peripheral clock enable register
(RCC_APB2ENR)).

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 by executing the WFI (Wait For Interrupt) or WFE (Wait for
Event) instructions. Two options are available to select the Sleep mode entry mechanism,
depending on the SLEEPONEXIT bit in the Cortex™-M4F System Control register:

® Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon
as WFI or WFE instruction is executed.

® Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as
it exits the lowest priority ISR.

Refer to Table 8 and Table 9 for details on how to enter Sleep mode.

Exiting Sleep mode

If the WFI instruction is used to enter Sleep mode, any peripheral interrupt acknowledged by
the nested vectored interrupt controller (NVIC) can wake up the device from Sleep mode.

If the WFE instruction is used to enter Sleep mode, the MCU exits Sleep mode as soon as
an event occurs. The wakeup event can be generated either by:

® Enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex™-M4F 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.

® 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.

This mode offers the lowest wakeup time as no time is wasted in interrupt entry/exit.

Refer to Table 8 and Table 9 for more details on how to exit Sleep mode.
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Table 8. Sleep-now

Sleep-now mode Description

WEFI (Wait for Interrupt) or WFE (Wait for Event) while:
— SLEEPDEEP =0 and

— SLEEPONEXIT =0

Refer to the Cortex™-M4F System Control register.

Mode entry

If WFI was used for entry:
Interrupt: Refer to Table 30: Vector table
If WFE was used for entry
Wakeup event: Refer to Section 9.2.3: Wakeup event management

Mode exit

Wakeup latency None

Table 9. Sleep-on-exit

Sleep-on-exit Description

WFI (wait for interrupt) while:
— SLEEPDEEP =0 and

Mode entr
4 — SLEEPONEXIT = 1
Refer to the Cortex™-M4F System Control register.
Mode exit Interrupt: refer to Table 30: Vector table.
Wakeup latency None

4.3.4 Stop mode

The Stop mode is based on the Cortex™-M4F 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.

Entering Stop mode

Refer to Table 10 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).

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.
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4.3.5

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 17.3in Section 17: Independent watchdog (IWDG).

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

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

® 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 ENx bit
in the DAC_CR register must both be written to 0.

Exiting Stop mode
Refer to Table 10 for more details on how to exit Stop mode.

When exiting Stop mode by issuing an interrupt or a wakeup 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 10. Stop mode

Stop mode Description

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

— Set SLEEPDEERP bit in Cortex™-M4F System Control register

— Clear PDDS bit in Power Control register (PWR_CR)

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

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

Mode entry

If WFI was used for entry:
All EXTI lines configured in Interrupt mode (the corresponding EXTI
Interrupt vector must be enabled in the NVIC). Refer to Table 30: Vector
Mode exit table on page 195.
If WFE was used for entry:
All EXTI Lines configured in event mode. Refer to Section 9.2.3: Wakeup
event management on page 200

Wakeup latency HSI RC wakeup time + regulator wakeup time from Low-power mode

Standby mode

The Standby mode allows to achieve the lowest power consumption. It is based on the
Cortex™-M4F deepsleep mode, with the voltage regulator disabled. The 1.2 V 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
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(RTC registers, RTC backup register and backup SRAM), and Standby circuitry (see
Figure 3).

Entering Standby mode

Refer to Table 11 for more details on how to enter Standby mode.

In Standby 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 17.3in Section 17: Independent watchdog (IWDG).

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

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

® 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 microcontroller exits Standby mode when an external Reset (NRST pin), an IWDG
Reset, a rising edge on WKUP pin, an RTC alarm, a tamper event, or a time stamp event is
detected. All registers are reset after wakeup from Standby except for PWR power
control/status register (PWR_CSR).

After waking up from Standby mode, program execution restarts in the same way as after a
Reset (boot pins sampling, vector reset is fetched, etc.). The SBF status flag in the PWR
power control/status register (PWR_CSR) indicates that the MCU was in Standby mode.

Refer to Table 11 for more details on how to exit Standby mode.

Table 11. Standby mode

Standby mode Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:
— Set SLEEPDEEP in Cortex™-M4F System Control register
— Set PDDS bit in Power Control register (PWR_CR)

Mode entry o ]
— Clear WUF bit in Power Control/Status register (PWR_CSR)
— Clear the RTC flag corresponding to the chosen wakeup source (RTC
Alarm A, RTC Alarm B, RTC wakeup, Tamper or Timestamp flags)
Mode exit WKUP pin rising edge, RTC alarm (Alarm A and Alarm B), RTC wakeup,
tamper event, time stamp event, external reset in NRST pin, IWDG reset.
Wakeup latency Reset phase.

I/O states in Standby mode

In Standby mode, all I/O pins are high impedance except for:
® Reset pad (still available)

® RTC_AF1 pin (PC13) if configured for tamper, time stamp, RTC Alarm out, or RTC
clock calibration out

® WKUP pin (PAO), if enabled
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4.3.6

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™-M4F 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 32.16.1: Debug support for low-power modes.

Programming the RTC alternate functions to wake up the device from
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 wakeup, 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-wakeup mode), by using the RTC alarm or the RTC wakeup 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 RCC Backup domain control register
(RCC_BDCR):
® 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)

® Low-power internal RC oscillator (LSl 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 wakeup 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 wakeup interrupt in the RTC_CR register
c) Configure the RTC to generate the RTC Wakeup 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 wakeup event, it is
necessary to:

a) Enable the RTC wakeup interrupt in the RTC_CR register
b) Configure the RTC to generate the RTC wakeup event
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Safe RTC alternate function wakeup flag clearing sequence

If the selected RTC alternate function is set before the PWR wakeup flag (WUTF) is cleared,
it will not be 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:
Disable the RTC alarm interrupt (ALRAIE or ALRBIE bits in the RTC_CR register)

a)
b)
c)
d)
e)

Clear the RTC alarm (ALRAF/ALRBF) flag
Clear the PWR Wakeup (WUF) flag
Enable the RTC alarm interrupt

Re-enter the low-power mode

® When using RTC wakeup to wake up the device from the low-power modes:

a)
b)
c)
d)
e)

Disable the RTC Wakeup interrupt (WUTIE bit in the RTC_CR register)
Clear the RTC Wakeup (WUTF) flag

Clear the PWR Wakeup (WUF) flag

Enable the RTC Wakeup interrupt

Re-enter the low power mode

® When using RTC tamper to wake up the device from the low-power modes:

a)
b)
c)
d)
e)

Disable the RTC tamper interrupt (TAMPIE bit in the RTC_TAFCR register)
Clear the Tamper (TAMP1F/TSF) flag

Clear the PWR Wakeup (WUF) flag

Enable the RTC tamper interrupt

Re-enter the low-power mode

® When using RTC time stamp to wake up the device from the low-power modes:

a)
b)
c)
d)
e)

Disable the RTC time stamp interrupt (TSIE bit in RTC_CR)
Clear the RTC time stamp (TSF) flag

Clear the PWR Wakeup (WUF) flag

Enable the RTC TimeStamp interrupt

Re-enter the low-power mode
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4.4 Power control registers

4.4.1 PWR power control register (PWR_CR)

Address offset: 0x00
Reset value: 0x0000 4000 (reset by wakeup 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
Res. VOS Reserved FPDS | DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS | LPDS
w w w rw | rw | rw rw rc_wl | rc_wil rw rw

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 tradeoff
between performance and power consumption when the device does not operate at the
maximum frequency (refer to the datasheets for more details).
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

Bits 7:5 PLS[2:0]: PVD level selection
These bits are written by software to select the voltage threshold detected by the Power
Voltage Detector
000: 2.0V
001: 2.1V
010: 2.3V
011: 25V
100: 2.6V
101: 2.7V
110: 2.8V
111:29V
Note: Refer to the electrical characteristics of the datasheet for more details.
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4.4.2

31

30

Bit 4 PVDE: Power 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 wakeup flag
This bit is always read as 0.

0: No effect
1: Clear the WUF Wakeup 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 deep sleep

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

PWR power control/status register (PWR_CSR)
Address offset: 0x04

Reset value: 0x0000 0000 (not reset by wakeup from Standby mode)

Additional APB cycles are needed to read this register versus a standard APB read.

29 28 27

26

25

24

22

21

19

18

17

16

Reserved

Res.

6 5

Res

VoS
RDY

Reserved

BRE

EWUP

Reserved
Res.

BRR

PVDO

SBF

WUF

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

Bit 14 VOSRDY: Regulator voltage scaling output selection ready bit
0: Not ready

1: Ready
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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 will be 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 will be 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.

Bit 8 EWUP: Enable WKUP pin
This bit is set and cleared by software.
0: WKUP pin is used for general purpose 1/0. An event on the WKUP pin does not wakeup
the device from Standby mode.
1: WKUP pin is used for wakeup 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.

Bit2 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/Vppa is higher than the PVD threshold selected with the PLS[2:0] bits.
1: Vpp/Vppa 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)

0: Device has not been in Standby mode

1: Device has been in Standby mode

Bit 0 WUF: Wakeup flag
This bit is set by hardware and cleared only by a POR/PDR (power-on reset/power-down
reset) or by setting the CWUF bit in the PWR power control register (PWR_CR)
0: No wakeup event occurred
1: A wakeup 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 Wakeup).

Note: An additional wakeup event is detected if the WKUP pin is enabled (by setting the
EWUP bit) when the WKUP pin level is already high.
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4.4.3 PWR register map
The following table summarizes the PWR registers.
Table 12. PWR - register map and reset values
Offtset | Register |53(Q&[N|&[&II|R[A[5[[2[e|r][e|e[z|e[az[2|o[o|~ofw]<|o|n|-|o
PWR_CR 3 8% | pLsi0) (O |@ 5188
0x000 - Reserved = | Reserved | |Q 1z 18 % 21y
Reset value 1] ojojojo|o|o|O0|0|O]O
>
2 w |5 |8 | |w
0x004 PWR_CSR Reserved % Reserved % E Reserved % g (c,n) §
>
Reset value 10| 0|0 0o|o0|0]|O0
Refer to Table 1 on page 50 for the register boundary addresses.
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5.1

5.1.1
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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 except the reset flags in the clock
controller CSR register and the registers in the Backup domain (see Figure 4).

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~

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™-M4F Application Interrupt and Reset Control Register
must be set to force a software reset on the device. Refer to the Cortex™-M4F technical
reference manual for more details.
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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.

For further information on the user option bytes, refer to the STM32F40x and STM32F41x
Flash programming manual available from your ST sales office.

5.1.2 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 4)

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 pys for each reset source
(external or internal reset). In case of an external reset, the reset pulse is generated while
the NRST pin is asserted low.

Figure 8. Simplified diagram of the reset circuit
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reset 4—P| Filter
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WWDG reset
<« Pulset ﬂ IWDG reset
ggnezl'g or I Power reset
(min 20 ps) Software reset
Low-power management reset

ai16095b

» System reset

L

T
1
1
1
]

The Backup domain has two specific resets that affect only the Backup domain (see
Figure 4).
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5.1.3

5.2
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Backup domain reset

The backup domain reset sets all RTC registers and the RCC_BDCR 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.

Clocks

Three different clock sources can be used to drive the system clock (SYSCLK):
® HSI oscillator clock

® HSE oscillator clock

® Main PLL (PLL) clock

The devices have the two following secondary clock sources:

® 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.

® 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 9. 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
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5.2.1
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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, 12S 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
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:

® 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)

® 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 25.4.4:
Clock generator.

® The USB OTG HS (60 MHz) clock which is provided from the external PHY

® 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 28.4.4: MIl/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™-M4F free-running clock. For more details, refer to the Cortex™-M4F
technical reference manual.

HSE clock

The high speed external clock signal (HSE) can be generated from two possible clock
sources:

® HSE external crystal/ceramic resonator
® 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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5.2.2

Figure 10. 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 10.

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 10. 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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5.2.3

5.2.4
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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 Ty= 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 5.2.7: Clock security system (CSS) on page 89.

PLL configuration

The STM32F4xx devices feature two PLLs:

® A main 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).

® A dedicated 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 crystal is a 32.768 kHz low-speed external (LSE) 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 crystal is switched on and off using the LSEON bit in RCC Backup domain control
register (RCC_BDCR).
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5.2.5

5.2.6

5.2.7

Note:

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 10.

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.

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
CS8I), allowing the MCU to perform rescue operations. The CSSl is linked to the Cortex™-
M4F 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).
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Note:

5.2.9
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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 will work 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
conseguence:
® If LSE is selected as the RTC clock:

—  The RTC continues to work even if the Vpp supply is switched off, provided the
Vpgar supply is maintained.

o [f LSlis selected as the Auto-wakeup unit (AWU) clock:

—  The AWU state is not guaranteed if the Vpp supply is powered off. Refer to
Section 5.2.5: LSl clock on page 89 for more details on LSI calibration.

e Ifthe 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 (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.
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5.2.10 Clock-out capability

Two microcontroller clock output (MCO) pins are available:
e MCOf1

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 I/O
speed).

5.2.11 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 channell as shown in Figure 11
and Figure 11.

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.
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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 LSI 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 11. Frequency measurement with TIM5 in Input capture mode
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RTC_OUT

LSE
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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).

Figure 12. Frequency measurement with TIM11 in Input capture mode
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5.3 RCC registers

Refer to Section 1.1: List of abbreviations for registers for a list of abbreviations used in
register descriptions.

5.3.1 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

Reserved

PLLI2S | PLLI2S CSS | HSE | HSE
RDY | oN |PLLRDY|PLLON Reserved ON | BYP | RDY

r rw r w w 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] R HSI RDY| HSION
es.

_‘
=
=

r | r | r | r | r w | w | rw | rw | 'w r w

Bits 31:28
Bit 27

Bit 26

Bit 25

Bit 24

Bits 23:20
Bit 19

Reserved, must be kept at reset value.

PLLI2SRDY: PLLI2S clock ready flag
Set by hardware to indicate that the PLLI2S is locked.

0: PLLI2S unlocked
1: PLLI2S locked

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

PLLRDY: Main PLL (PLL) clock ready flag

Set by hardware to indicate that PLL is locked.
0: PLL unlocked
1: PLL locked

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

Reserved, must be kept at reset value.

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

94/1316

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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5.3.2 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:
o f(VCO clock) = f(PLL clock input) X (PLLN / PLLM)
° f(PLL general clock output) = f(VCO clock) / PLLP
® fusB OTG 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
Resorved PLLQ3 | PLLQ2 | PLLQ1 | PLLQO Rejfrv c Reserved PLLP1 | PLLPO
rw rw w rw rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Resery | PLLN8 | PLLN7 | PLLN6 | PLLN5 | PLLN4 | PLLN3 | PLLN2 | PLLN1 | PLLNO | PLLM5 | PLLM4 | PLLM3 | PLLM2 | PLLM1 | PLLMO
ed w w rw rw rw w rw w rw rw rw rw w w w

Bit 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 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 64 and 432 MHz.
VCO output frequency = VCO input frequency x PLLN with 64 < PLLN < 432
000000000: PLLN = 0, wrong configuration
000000001: PLLN = 1, wrong configuration

000111111: PLLN =63
001000000: PLLN = 64
001000001: PLLN =65

011000000: PLLN =192

110110000: PLLN =432
110110001: PLLN = 433, wrong configuration

111111111: PLLN = 511, wrong configuration

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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5.3.3 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
MCO2 MCO2 PRE[2:0] MCO1 PRE[2:0] '2SRSC MCO1 RTCPRE[4:0]
w ‘ rw ‘ rw ‘ rw w ‘ rw ‘ rw rw rw ‘ w ‘ w ‘ rw ‘ w ‘ w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPRE2[2:0] PPRE1[2:0] HPRE[3:0] SWS1 | SWS0 | SW1 SWo
Reserved
rw ‘ rw ‘ rw rw ‘ rw ‘ rw rw ‘ rw ‘ rw ‘ rw r r rw rw

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.

0xx: 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: I12S 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 12S 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

5.34 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
Reser | RDYC | RDYC | RDYC | RDYC | RDYC | RDYC
Reserved ved
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
RDYIE | RDYIE | RDYIE | RDYIE | RDYIE | RDYIE Reser RDYF | RDYF | RDYF | RDYF | RDYF | RDYF
Reserved
ved
w rw w w w rw r r r r r r r
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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
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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: PLLI2S 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

Bit 9 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 LSI 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 PLLI2SRDYDIE 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

Bit 4 PLLRDYF: Main PLL (PLL) ready interrupt flag
Set by hardware when PLL locks and PLLRDYDIE 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 HSERDYDIE 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

Bit 2 HSIRDYF: HSI ready interrupt flag
Set by hardware when the Internal High Speed clock becomes stable and HSIRDYDIE 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 LSERDYDIE 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
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Bit 0 LSIRDYF: LSI ready interrupt flag
Set by hardware when the internal low speed clock becomes stable and LSIRDYDIE is set.
Cleared by software setting the LSIRDYC bit.
0: No clock ready interrupt caused by the LSI oscillator
1: Clock ready interrupt caused by the LSI oscillator

5.3.5 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
OTGHS ETHMAC DMA2 | DMA1
Reserved RST Reserved RST Reserved RST RST Reserved
w w rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CRCRS GPIOI | GPIOH | GPIOGG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
Reserved T Reserved RST RST RST RST RST RST RST RST RST
w rw w rw w rw w w rw rw

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.

Bit 22 DMA2RST: DMAZ2 reset
Set and cleared by software.
0: does not reset DMA2
1: resets DMA2
Bit21 DMA1RST: DMAZ2 reset
Set and cleared by software.

0: does not reset DMA2
1: resets DMA2

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.

102/1316 Doc ID 018909 Rev 1 KYI




RMO0090

Reset and clock control (RCC)

Bit 8

Bit 7

Bits 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

GPIOIRST: 10 port | reset

Set and cleared by software.

0: does not reset 1O port |
1: resets 1O port |

GPIOHRST: 10 port H reset

Set and cleared by software.

0: does not reset 10 port H
1: resets 10 port H

GPIOGRST: IO port G reset

Set and cleared by software.

0: does not reset IO port G
1: resets 10 port G

GPIOFRST: 10 port F reset

Set and cleared by software.

0: does not reset IO port F
1: resets 10 port F

GPIOERST: 10 port E reset

Set and cleared by software.

0: does not reset 10 port E
1: resets 10 port E

GPIODRST: 10 port D reset

Set and cleared by software.

0: does not reset 10 port D
1: resets 10 port D

GPIOCRST: 10 port C reset

Set and cleared by software.

0: does not reset 10 port C
1: resets 10 port C

GPIOBRST: 10 port B reset

Set and cleared by software.

0: does not reset 10 port B
1:resets 10 port B

GPIOARST: IO port A reset

Set and cleared by software.

0: does not reset 10 port A
1: resets 10 port A
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5.3.6 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 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
OTGFS| RNG | HASH | CRYP DCMI
Reserved RST | RST | RST | RST Reserved RST
rw rw rw rw | | rw

Bits 31:8
Bit 7

Bit 6

Bit 5

Bit 4

Bit 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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5.3.7 RCC AHB3 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
5.3.8 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
oacrsT] PWR CAN2 | CANT I2C3 | I12C2 | I12C1 | UART5 | UART4 | UART3 | UART2
Reserved RST | Reser-| RST | RST |Reser-| RST | RST | RST | RST | RST | RST | RST | Reser-
ved ved ved
rw rw rw rw rw rw rw rw rw rw
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
RST | RST Reserved RST Reserved RST | RST | RST | RST | RST | RST | RST | RST | RST
rw w rw rw rw rw rw rw rw rw rw rw
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: 12C3 reset
Set and cleared by software.

0: does not reset 12C3
1: resets 12C3

Bit22 12C2RST: I12C 2 reset
Set and cleared by software.

0: does not reset 12C2
1: resets 12C 2

Bit21 I12C1RST: I2C 1 reset

Set and cleared by software.
0: does not reset 12C1
1: resets 12C1

Bit 20 UART5RST: USART 5 reset

Set and cleared by software.
0: does not reset UART5
1: resets UART5

Bit 19 UART4RST: USART 4 reset
Set and cleared by software.

0: does not reset UART4
1: resets UART4

Bit 18 USART3RST: USART 3 reset
Set and cleared by software.
0: does not reset USART3
1: resets USART3

Bit 177 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: SPI 3 reset

Set and cleared by software.
0: does not reset SPI3
1: resets SPI3

Bit 14 SPI2RST: SPI 2 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

Bit0

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: TIM5 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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5.3.9 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 rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYSCF SPI1 | SDIO ADC USART6 | USART1 TIM8 | TIM1

Rs:gr- G RST Rs:gr- RST | RST Reserved RST Reserved RST RST Reserved RST | RST
rw w rw rw rw rw rw rw

Bits 31:19 Reserved, must be kept at reset value.

Bit 18

Bit 17

Bit 16

Bit 15
Bit 14

Bit 13
Bit 12

Bit 11

Bits 10:9
Bit 8
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TIM11RST: TIM11 reset
Set and cleared by software.

0: does not reset TIM11
1: resets TIM14

TIM10RST: TIM10 reset

Set and cleared by software.
0: does not reset TIM10
1: resets TIM10

TIMORST: TIMO reset

Set and cleared by software.
0: does not reset TIM9
1: resets TIM9

Reserved, must be kept at reset value.

SYSCFGRST: System configuration controller reset
Set and cleared by software.

0: does not reset the System configuration controller
1: resets the System configuration controller

Reserved, must be kept at reset value.

SPIHRST: SPI 1 reset
Set and cleared by software.
0: does not reset SPI1
1: resets SPI1

SDIORST: SDIO reset

Set and cleared by software.
0: does not reset the SDIO module
1: resets the SDIO module

Reserved, must be kept at reset value.

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
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Bits 7:6 Reserved, must be kept at reset value.

Bit 5 USART6RST: USART®6 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 USARTA1
1: resets USART1

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

Bit 1 TIM8RST: TIM8 reset
Set and cleared by software.
0: does not reset TIM8
1: resets TIM8
Bit 0 TIM1RST: TIM1 reset
Set and cleared by software.

0: does not reset TIM1
1: resets TIM1

IYI Doc ID 018909 Rev 1

109/1316




Reset and clock control (RCC) RM0090

5.3.10 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
otahs|otGHs| STHVA ETHMA | ETHMA | ETHMA DMA2ENIDMA1EN| CCMDATA | o |BKPSR
Reser- |ULPIEN| ~ EN c N |CRXEN|CTXEN| CEN Reserved RAMEN " | AMEN |  Reserved
w w w w rw w rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_— CRCEN i GP’I\IOIE GPEI’\CI)H GPI’\OIGE GPI’EIJFE GPIOEEN GFI;I’\(I)D GFI;I’\(IJC GEI’\(I)B GFI;I’EIJA
w w w rw w w w rw w w

Bits 31 Reserved, must be kept at reset value.

Bit 30 OTGHSULPIEN: USB OTG HSULPI clock enable
Set and cleared by software.

0: USB OTG HS ULPI clock disabled
1: USB OTG HS ULPI clock enabled

Bit29 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 DMAZ2EN: DMA2 clock enable
Set and cleared by software.

0: DMA2 clock disabled
1: DMA2 clock enabled
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Bit 21

Bit 20

Bits 19
Bit 18

Bits 17:13
Bit 12

Bits 11:9
Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

DMA1EN: DMAT1 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: IO port H clock enable
Set and cleared by software.

0: 10 port H clock disabled
1: 10 port H clock enabled

GPIOGEN: 10 port G clock enable
Set and cleared by software.
0: 10 port G clock disabled
1: 10 port G clock enabled

GPIOFEN: 10 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: 10 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: IO port A clock enable
Set and cleared by software.

0: 10 port A clock disabled
1: 10 port A clock enabled

5.3.11 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 16
Reserved
15 14 13 12 11 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
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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

Bit 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

5.3.12 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 11 10 9 8 7 6 5 4 3 2 1 0
FSMCEN
Reserved
w

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

5.3.13 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 |USART3|USART2

Reserved EN EN |Reser-| EN EN |Reser-| EN | EN | EN EN EN EN EN | Reser-

ved ved ved

w rw rw rw rw rw rw rw rw w rw

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

EN EN Reserved EN Reserved EN | EN | EN | EN EN EN EN EN EN

rw w rw rw rw rw rw rw rw w rw w
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Bits 31:30
Bit 29

Bit 28

Bit 27
Bit 26

Bit 25

Bit 24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

114/1316

Reserved, must be kept at reset value.

DACEN: DAC interface clock enable
Set and cleared by software.

0: DAC interface clock disabled
1: DAC interface clock enable

PWREN: Power interface clock enable
Set and cleared by software.

0: Power interface clock disabled
1: Power interface clock enable

Reserved, must be kept at reset value.

CAN2EN: CAN 2 clock enable

Set and cleared by software.
0: CAN 2 clock disabled
1: CAN 2 clock enabled

CAN1EN: CAN 1 clock enable

Set and cleared by software.
0: CAN 1 clock disabled
1: CAN 1 clock enabled

Reserved, must be kept at reset value.

I2C3EN: 12C3 clock enable
Set and cleared by software.

0: 12C3 clock disabled
1: 12C3 clock enabled

I2C2EN: 12C2 clock enable
Set and cleared by software.

0: 12C2 clock disabled
1: 12C2 clock enabled

I2C1EN: 12C1 clock enable
Set and cleared by software.

0: 12C1 clock disabled
1: 12C1 clock enabled

UART5EN: UART5 clock enable

Set and cleared by software.
0: UARTS5 clock disabled
1: UARTS clock enabled

UART4EN: UART4 clock enable

Set and cleared by software.
0: UART4 clock disabled
1: UART4 clock enabled

USART3EN: USART3 clock enable

Set and cleared by software.
0: USARTS3 clock disabled
1: USARTS clock enabled
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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

Bit 3

USART2EN: USART 2 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

TIM6EN: 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

Bit 1 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
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5.3.14 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 | TIM9

Reserved EN EN EN

w rw rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYSCF SPI1 SDIO | ADC3 | ADC2 | ADC1 USART6|USART1 TIM8 | TIM1

Rj:gf' GEN R\e/;gr- EN EN EN EN EN Reserved EN EN Reserved EN EN
w rw rw rw rw rw w w w rw

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: TIMO clock disabled
1: TIM9 clock enabled

Bit 15 Reserved, must be kept at reset value.

Bit 14 SYSCFGEN: System configuration controller clock enable

Set and cleared by software.
0: System configuration controller clock disabled
1: System configuration controller clock enabled

Bit 13 Reserved, must be kept at reset value.

Bit 12 SPI1EN: SPI1 clock enable
Set and cleared by software.

0: SPI1 clock disabled
1: SPI1 clock enabled

Bit 11 SDIOEN: SDIO clock enable
Set and cleared by software.
0: SDIO module clock disabled
1: SDIO module clock enabled
Bit 10 ADC3EN: ADCS3 clock enable
Set and cleared by software.

0: ADCS clock disabled
1: ADC3 clock disabled
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Bit9 ADC2EN: ADC2 clock enable
Set and cleared by software.
0: ADC2 clock disabled
1: ADC2 clock disabled

Bit8 ADC1EN: ADC1 clock enable
Set and cleared by software.
0: ADC1 clock disabled
1: ADC1 clock disabled

Bits 7:6 Reserved, must be kept at reset value.

Bit 5 USART6EN: USART®6 clock enable

Set and cleared by software.
0: USARTBS6 clock disabled
1: USART®6 clock enabled

Bit 4 USART1EN: USART1 clock enable
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 TIM8EN: TIM8 clock enable
Set and cleared by software.

0: TIMS8 clock disabled
1: TIM8 clock enabled

Bit 0 TIM1EN: TIM1 clock enable
Set and cleared by software.

0: TIM1 clock disabled
1: TIM1 clock enabled
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5.3.15 RCC AHB1 peripheral clock enable in low power mode register
(RCC_AHB1LPENR)

Address offset: 0x50
Reset value: 0x7E67 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 |OTGHS|ETHPTP| ETHRX | ETHTX [ETHMAC DMA2 | DMAT BKF,’V?RA SRAM2|SRAMT
Resgf- ULPILPEN| LPEN | LPEN | LPEN | LPEN | LPEN Reserved | LPEN |LPEN| Reserved LpEN | LPEN | LPEN
ve!
rw w w rw w rw rw w w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLITF CRC GPIOI | GPIOH |GPIOGG|GPIOF | GPIOE | GPIOD | GPIOC |GPIOB |GPIOA
LPEN Reserved LPEN Reserved LPEN | LPEN | LPEN |LPEN| LPEN | LPEN | LPEN |LPEN | LPEN
w w w w rw w rw rw w rw w

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.

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.

Bit 22 DMA2LPEN: 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
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Bit21 DMA1LPEN: DMA1 clock enable during Sleep mode
Set and cleared by software.

0: DMAT1 clock disabled during Sleep mode
1: DMA1 clock enabled during Sleep mode

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

Bit 18 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

Bit 177 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

Bit 16 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

Bit 15 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

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

Bit 12 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

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

Bit 8 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

Bit7 GPIOHLPEN: IO 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

Bits 6 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
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
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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: 10 port D clock enable during Sleep mode
Set and cleared by software.
0: 10 port D clock disabled during Sleep mode
1: 10 port D clock enabled during Sleep mode

Bit 2 GPIOCLPEN: IO 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: 10 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

5.3.16 RCC AHB2 peripheral clock enable in low power mode register
(RCC_AHB2LPENR)

Address offset: 0x54
Reset value: 0x0000 O0F1

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
rw rw rw rw rw
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
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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

Bit 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

5.3.17 RCC AHB3 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
w

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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5.3.18 RCC APB1 peripheral clock enable in low power mode register
(RCC_APB1LPENR)
Address offset: 0x60
Reset value: 0x36FE 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 |USART3|USART2
Reserved LPEN | LPEN VED LPEN | LPEN Resgr- LPEN | LPEN | LPEN | LPEN LPEN LPEN LPEN Resgr-
ve ve
w rw rw w rw rw w rw w rw rw
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 rw rw rw rw w rw w 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: I12C3 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

Bit 21 12C1LPEN: I12C1 clock enable during Sleep mode
Set and cleared by software.

0: 12C1 clock disabled during Sleep mode
1: 12C1 clock enabled during Sleep mode
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Bit 20 UARTS5LPEN: UARTS5 clock enable during Sleep mode
Set and cleared by software.

0: UARTS5 clock disabled during Sleep mode
1: UARTS5 clock enabled during Sleep mode

Bit 19 UART4LPEN: 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

Bit 18  USART3LPEN: USART3 clock enable during Sleep mode
Set and cleared by software.
0: USARTS clock disabled during Sleep mode
1: USART3 clock enabled during Sleep mode

Bit 17 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

Bit 16 Reserved, must be kept at reset value.

Bit 15 SPISLPEN: 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

Bit 14 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

Bits 13:12 Reserved, must be kept at reset value.

Bit 11 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
Bits 10:9 Reserved, must be kept at reset value.

Bit 8 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

Bit 7 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

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
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Bit5 TIM7LPEN: TIM7 clock enable during Sleep mode

Set and cleared by software.
0: TIM7 clock disabled during Sleep mode
1: TIM7 clock enabled during Sleep mode

Bit 4 TIMBLPEN: TIM6 clock enable during Sleep mode

Set and cleared by software.
0: TIM6 clock disabled during Sleep mode
1: TIM6 clock enabled during Sleep mode

Bit 3 TIM5SLPEN: TIMS5 clock enable during Sleep mode

Set and cleared by software.
0: TIMS5 clock disabled during Sleep mode
1: TIM5 clock enabled during Sleep mode

Bit 2 TIM4LPEN: TIM4 clock enable during Sleep mode

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

Bit 0

Set and cleared by software.
0: TIM3 clock disabled during Sleep mode
1: TIMS clock enabled during Sleep mode

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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5.3.19 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
rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SZgC SPI1 SDIO | ADC3 | ADC2 | ADC1 USART6 | USART1 TIM8 TIM1
Reser- LPEN Reser- | | PEN | LPEN | LPEN | LPEN | LPEN Reserved LPEN LPEN Reserved LPEN | LPEN
ved ved
w w w rw w w rw w rw rw

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

Bits 13 Reserved, must be kept at reset value.

Bit 12 SPI1LPEN: SPI 1 clock enable during Sleep mode
Set and cleared by software.

0: SPI 1 clock disabled during Sleep mode
1: SPI 1 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

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: ADCH1 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: USARTS clock disabled during Sleep mode
1: USARTS6 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: TIM8 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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5.3.20 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 Power control register (PWR_CR) has to be set
before these can be modified. Refer to Section 4.1.2 on page 51 for further information.
These bits are only reset after a Backup domain Reset (see Section 5.1.3: Backup domain
reset). Any internal or external Reset will not have any effect on these bits.

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

BDRST
Reserved

w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCEN RTCSEL[1:0] LSEBYP|LSERDY| LSEON

Reserved Reserved
w w w rw r w

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

Bit 16 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.

Bit 15 RTCEN: RTC clock enable
Set and cleared by software.

0: RTC clock disabled
1: RTC clock enabled

Bits 14:10 Reserved, must be kept at reset value.

Bits 9:8 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.

Bit 2 LSEBYP: External low-speed oscillator bypass

Set and cleared by software to bypass oscillator in debug mode. This bit can be written only
when the LSE clock is disabled.

0: LSE oscillator not bypassed

1: LSE oscillator bypassed
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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

5.3.21 RCC clock control & status register (RCC_CSR)
Address offset: 0x74

Reset value: 0xOE0O 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 RMVE
RSTF | RSTF | RSTF | RSTF | RSTF | RSTF TF Reserved

w rw w w w w w w

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

LSIRDY | LSION
Reserved
r rw

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

Bit 28 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
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Bit 27

Bit 26

Bit 25

Bit 24

Bits 23:2
Bit 1

Bit 0
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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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5.3.22 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
530G EAD INCSTEP
SEL Reserved
w rw w | rw | w | | w | w | w | rw | rw | w | rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
INCSTEP MODPER
w | w | w w | w | rw | w | w | w | w | w | rw | rw | w | rw | rw

Bits 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

Bit 29:28 Reserved, must be kept at reset value.

Bit 27:13 INCSTEP: Incrementation step

Set and cleared by software. To write before setting CR[24]=PLLON bit.
Configuration input for modulation profile amplitude.

Bit 12:0 MODPER: Modulation period

Set and cleared by software. To write before setting CR[24]=PLLON bit.
Configuration input for modulation profile period.
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5.3.23 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) = fPLLIZS clock input) X (PLLIZSN / PLLM)
®  fipLL 125 clock output) = fvco clock) / PLLI2SR
31 30 29 28 27 26 25 24 23 22 19 18 17 16
PLLI2S | PLLI2S | PLLI2S
Res;rv R2 R1 RO Reserved
e w w rw
15 14 13 12 11 10 9 8 7 6 3 2 1 0
PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN | PLLI2SN
Res;rv 8 7 6 5 4 3 2 1 0 Reserved
e w rw rw rw rw 'w w rw rw

Bit 31 Reserved, must be kept at reset value.

Bits 30:28 PLLI2SR: PLLI2S division factor for I12S 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 12S peripherals, to reach 0.3% error when using standard crystals and 0%
error with audio crystals. For more information about I2S clock frequency and precision,

132/1316

refer to Section 25.4.4: Clock generator in the 12S chapter.

Caution: The 12Ss requires a frequency lower than or equal to 192 MHz to work correctly.

12S clock frequency = VCO frequency / PLLR with2 < PLLR <7

000: PLLR = 0, wrong configuration
001: PLLR = 1, wrong configuration
010: PLLR =2

111: 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

Set and cleared by software to control the multiplication factor of the VCO. These bits can be
written only when the 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 192 and 432 MHz.
VCO output frequency = VCO input frequency x PLLI2SN with 192 < PLLI2SN < 432
000000000: PLLI2SN = 0, wrong configuration
000000001: PLLI2SN = 1, wrong configuration

011000000: PLLI2SN = 192
011000001: PLLI2SN = 193
011000010: PLLI2SN = 194

110110000: PLLI2SN = 432
110110000: PLLI2SN = 433, wrong configuration

111111111: PLLI2SN = 511, wrong configuration

Bits 5:0 Reserved, must be kept at reset value.
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Table 13 gives the register map and reset values.

RCC register map and reset values

RCC register map

Reset and clock control (RCC)

5.3.24
Table 13.
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RCC register map and reset values (continued)

RMO0090
Table 13.
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General-purpose 1/0s (GPIO)

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

® Upto 16 I/Os under control
o Output states: push-pull or open drain + pull-up/down

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

Speed selection for each /O

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

Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)
Bit set and reset register (GPIOx_BSRR) for bitwise write access to GPIOx_ODR
Locking mechanism (GPIOx_LCKR) provided to freeze the I/O configuration

Analog function

Alternate function input/output selection registers (at most 16 AFs per 1/0)

Fast toggle capable of changing every two clock cycles

Highly flexible pin multiplexing allows the use of I/0 pins as GPIOs or as one of several
peripheral functions

GPIO functional description

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

e Input floating

Input pull-up

Input-pull-down

Analog

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

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

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

Each I/O 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.
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Figure 13 shows the basic structure of a 5 V tolerant I/O port bit. Table 18 gives the possible
port bit configurations.

Figure 13. Basic structure of a five-volt tolerant I/O port bit

r— - - — — — — — — — — A
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peripheral D o |
Alternate function input
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1. Vpp_pris a potential specific to five-volt tolerant I/Os and different from Vpp,.

Table 14.  Port bit configuration table(!)

MODER() | orypepq) | OSPEEDR() | PUPDRO) /O 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 14.  Port bit configuration table(!) (continued)
MODER() | orypepq) | OSPEEDR() | PUPDRO) /O 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
X X X 0 1 Input PU

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

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

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

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 JTAG pins are in input pull-up/pull-down after reset:

e PA15:JTDI in pull-up

® PA14: JTCK in pull-down

e PA13: JTMS in pull-up

® PB4: NJTRST in pull-up

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 (GPIOx_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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6.3.2

Note:

I/0 pin multiplexer and mapping

The STM32F40x and STM32F41x 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 /O pin.

Each 1/O 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:

® After reset all I/Os are connected to the system’s alternate function 0 (AFO)
® The peripherals’ alternate functions are mapped from AF1 to AF13
® Cortex™-M4F EVENTOUT is mapped on AF15

This structure is shown in Figure 14 below.

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

To use an I/O in a given configuration, you have to proceed as follows:

e System function: you have to connect the I/0O to AF0 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_50Hz: this pin should be configured in Input floating mode
— MCO1 and MCO2: these pins have to be configured in alternate function mode.

You can disable some or all of the JTAG/SWD pins and so release the associated pins for
GPIO usage.

For more details please refer to Section 5.2.10: Clock-out capability.

Table 15.  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

® GPIO: configure the desired I/O as output or input in the GPIOx_MODER register.
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Peripheral’s 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_OSPEEDER registers, respectively

—  Connect the I/0 to the desired AFx in the GPIOx_AFRL or GPIOx_AFRH register

EVENTOUT: you can configure the 1/0 pin used to output the Cortex™-M4F
EVENTOUT signal by connecting it to AF15

EVENTOUT is not mapped onto the following I/O pins: PC13, PC14, PC15, PHO, PH1 and

Pi8.

Please refer to the “Alternate function mapping” table in the STM32F40x and STM32F41x
datasheets for the detailed mapping of the system and peripherals’ alternate function I/0O
pins.
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Figure 14. Selecting an alternate function

For pins 0 to 7, the GPIOx_AFRL[31:0] register selects the dedicated alternate function

AFO (system) N\
AF1 (TIMITIM2) —— )]
AF2 (TIM3..5) ———————»

(

(

(

AF3 (TIM8.11) —— &
AF4(12C1.3) — ]
AF5 (SPI1/SPI2)—— ]
AF6 (SPI3) » Pin x (x = 0..7)
AF7 (USART1..3) ——— ]
AF8 (USART4..6) —————»]
AF9 (CAN1/CAN2, TIM12..14)—»]
AF10 (OTG_FS, OTG_HS) ——»

1

AF11 (ETH) >
AF12 (FSMC, SDIO, OTG_HS(")—»
AF13 (DCMI) >
AF14 >

AF15 (EVENTOUT) —»/

f

AFRL[31:0]
For pins 8 to 15, the GPIOx_AFRH[31:0] register selects the dedicated alternate function
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1. Configured in FS.

6.3.3 I/O 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 1/0 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/O speed pins are directly connected to the
corresponding GPIOx_OSPEEDR register bits whatever the I/0O direction). The
GPIOx_PUPDR register is used to select the pull-up/pull-down whatever the 1/O direction.

6.3.4 I/O port data registers

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers
(GPIOx_IDR and GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/write
accessible. The data input through the I/O are stored into the input data register
(GPIOx_IDR), a read-only register.
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See Section 6.4.5: GPIO port input data register (GPIOx_IDR) (x = A..l) and Section 6.4.6:
GPIO port output data register (GPIOx_ODR) (x = A..I) for the register descriptions.

I/O 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 1/0Os (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 reset. Each GPIOx_LCKR bit freezes the
corresponding bit in the control registers (GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH).

The LOCK sequence (refer to Section 6.4.8: GPIO port configuration lock register
(GPIOx_LCKR) (x = A..l)) 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 please refer to LCKR register description in Section 6.4.8: GPIO port
configuration lock register (GPIOx_LCKR) (x = A..1).

I/O alternate function input/output

Two registers are provided to select one out of the sixteen alternate function inputs/outputs
available for each 1/0O. With these registers, you can connect an alternate function to some
other pin as required by your application.

This means that a number of possible peripheral functions are multiplexed on each GPIO
using the GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can
thus select any one of the possible functions for each I/O. The AF selection signal being
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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 STM32F40x and
STM32F41x datasheets.

Note: The application is allowed to select one of the possible peripheral functions for each I/0 at a
time.

6.3.8 External interrupt/wakeup lines
All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode, refer to Section 9.2: External interrupt/event controller (EXTI) and
Section 9.2.3: Wakeup event management.

6.3.9 Input configuration

When the 1/O port is programmed as Input:
e the output buffer is disabled
® the Schmitt trigger input is activated

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

® The data present on the I/O pin are sampled into the input data register every AHB1
clock cycle

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

Figure 15 shows the input configuration of the 1/0 port bit.

Figure 15. Input floating/pull up/pull down configurations
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6.3.10

6.3.11

144/1316

Output configuration

When the 1/O port is programmed as output:

The output buffer is enabled:

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

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

The Schmitt trigger input is activated

The 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

A read access to the input data register gets the 1/0 state
A read access to the output data register gets the last written value in Push-pull mode

Figure 16 shows the output configuration of the I/O port bit.

Figure 16. Output configuration
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Alternate function configuration

When the I/O port is programmed as alternate function:

The output buffer is turned on in open-drain or push-pull configuration

The output buffer is driven by the signal coming from the peripheral (alternate function
out)

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 I/O pin are sampled into the input data register every AHB1
clock cycle

A read access to the input data register gets the 1/O state
A read access to the output data register gets the last value written in push-pull mode
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Figure 17 shows the Alternate function configuration of the 1/0 port bit.
Figure 17. Alternate function configuration
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6.3.12 Analog configuration
When the I/O port is programmed as analog configuration:
® The output buffer is disabled
® The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the 1/O pin. The output of the Schmitt trigger is forced to a constant value (0).
® The weak pull-up and pull-down resistors are disabled
® 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 18 shows the high-impedance, analog-input configuration of the I/O port bit.

Figure 18. High impedance-analog configuration
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6.3.13

Note:

6.3.14

6.3.15

146/1316

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 I/Os, respectively, when the LSE oscillator is off. The PC14 and PC15 I/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.

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.

Using the OSC_IN/OSC_OUT pins as GPIO PHO/PH1 port pins

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.

Selection of RTC_AF1 and RTC_AF2 alternate functions

The STM32F40x and STM32F41x feature two GPIO pins RTC_AF1 and RTC_AF2 that can
be used for the detection of a tamper or time stamp event, or AFO_ALARM, or AFO_CALIB
RTC outputs.

The RTC_AF1 (PC13) can be used for the following purposes:

® RTC AFO_ALARM output: this output can be RTC Alarm A, RTC Alarm B or RTC
Wakeup depending on the OSEL[1:0] bits in the RTC_CR register

® RTC AFO_CALIB output: this feature is enabled by setting the COE[23] in the RTC_CR
register

e RTC AFI_TAMPER1: tamper event detection
e RTC AFI_TIMESTAMP: time stamp event detection

The RTC_AF2 (PI8) can be used for the following purposes:

e RTC AFI_TAMPER1: tamper event detection

e RTC AFI_TAMPER2: tamper event detection

e RTC AFI_TIMESTAMP: time stamp event detection

The selection of the corresponding pin is performed through the RTC_TAFCR register as

follows:

® TAMP1INSEL is used to select which pin is used as the AFI_TAMPER1 tamper input

® TSINSEL is used to select which pin is used as the AFI_TIMESTAMP time stamp input

® ALARMOUTTYPE is used to select whether the RTC AFO_ALARM is output in push-
pull or open-drain mode

The output mechanism follows the priority order listed in Table 16 and Table 17.
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Table 16. RTC_AF1 pin (V)
. . TSINSEL
Pin | AFO_ALARM|AFO_CALIB| Tamper | 1M | TAMP1INSEL | py,popp yp| ALARMOUTTYPE
configuration stamp |TAMPER1 pin . AFO_ALARM
. enabled enabled enabled - pin : -
and function enabled | selection - configuration
selection
Alarm out 1 Don’t care |Don’t care Don't Don’t care Don’t care 0
output OD care
Alarm out 1 Don’t care |Don’t care Don't Don’t care Don’t care 1
output PP care
Calibration out 0 1 Don’t care Don't Don’t care Don’t care Don’t care
output PP care
TAM.PER1 nput 0 0 1 0 0 Don’t care Don’t care
floating
TIMESTAMP
and TAMPER1 0 0 1 1 0 0 Don’t care
input floating
TlMESTAMP 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. OD: open drain; PP: push-pull.
Table 17. RTC_AF2 pin
Tamper Time | TAMP1INSEL TI-II\-IISE";%EI\I;IP ALARMOUTTYPE
Pin configuration and function p stamp TAMPER1 . AFO_ALARM
enabled . . pin - .
enabled | pin selection . configuration
selection
TAMPERT input floating 1 0 1 Don't care Don't care
TIMESTAMP and TAMPERT input 1 1 1 1 Don't care
floating
TIMESTAMP input floating 0 1 Don’t care 1 Don’t care
Standard GPIO 0 0 Don’t care Don’t care Don’t care
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6.4 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 18.
6.4.1 GPIO port mode register (GPIOx_MODER) (x = A..l)
Address offset: 0x00
Reset values:
® 0xA800 0000 for port A
® 0x0000 0280 for port B
® 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]
rw | w rw | w rw | rw w | rw rw | rw w | rw rw | w w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODER7[1:0] | MODERS[1:0] | MODERS[1:0] | MODER4[1:0] | MODER3[1:0] | MODER2[1:0] | MODER1[1:0] | MODERO[1:0]
rw | w rw | w rw | rw w | rw rw | rw w | rw rw | w w | w
Bits 2y:2y+1 MODERYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/O direction mode.
00: Input (reset state)
01: General purpose output mode
10: Alternate function mode
11: Analog mode
6.4.2 GPIO port output type register (GPIOx_OTYPER) (x = A..l)
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 | OTe | OT5 | OT4 | OT3 | OT2 | OT1 | OT0
rw rw w rw rw rw rw rw w rw rw rw rw rw w rw

148/1316

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

Bits 15:0 OTy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the output type of the 1/O port.
0: Output push-pull (reset state)
1: Output open-drain
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6.4.3

GPIO port output speed register (GPIOx_OSPEEDR)

(x=A.l)

Address offset: 0x08

Reset values:

® 0x0000 00CO for port B
® 0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEEDR15[1:0]|OSPEEDR14[1:0]| OSPEEDR13[1:0]| OSPEEDR12[1:0] | OSPEEDR11[1:0]| OSPEEDR10[1:0] | OSPEEDR9[1:0]| OSPEEDRS][1:0]
rw | rw w | rw w | w rw | w rw | rw rw | w rw | rw rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OSPEEDR7[1:0] | OSPEEDRS[1:0] | OSPEEDRS5[1:0] | OSPEEDR4[1:0] | OSPEEDR3[1:0] | OSPEEDR2[1:0] |OSPEEDR1[1:0]| OSPEEDRO[1:0]
rw | rw w | rw rw | w rw | w rw | rw rw | rw rw | rw rw | rw
Bits 2y:2y+1 OSPEEDRYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/0 output speed.
00: 2 MHz Low speed
01: 25 MHz Medium speed
10: 50 MHz Fast speed
11: 100 MHz High speed on 30 pF (80 MHz Output max speed on 15 pF)
6.4.4 GPIO port pull-up/pull-down register (GPIOx_PUPDR)
(x=A.l
Address offset: 0x0C
Reset values:
® (0x6400 0000 for port A
® (0x0000 0100 for port B
® 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] | PUPDR9[1:0] | PUPDRS8[1:0]
rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPDR7[1:0] | PUPDR6[1:0] | PUPDR5[1:0] | PUPDR4[1:0] | PUPDR3[1:0] | PUPDR2[1:0] | PUPDRI1[1:0] | PUPDRO[1:0]
rw | rw rw | w rw | rw w | rw rw | rw w | rw rw | w w | w

Bits 2y:2y+1 PUPDRYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/O pull-up or pull-down
00: No pull-up, pull-down
01: Pull-up

10: Pull-down
11: Reserved
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6.4.5 GPIO port input data register (GPIOx_IDR) (x = A..l)
Address offset: 0x10
Reset value: 0x0000 XXXX (where Xmeans undefined)

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

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 r r r

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

Bits 15:0 IDRy[15:0]: 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 I/O port.

6.4.6 GPIO port output data register (GPIOx_ODR) (x = A..l)
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 rw w rw w w w w w rw w

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

Bits 15:0 ODRy[15:0]: 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..1).

6.4.7 GPIO port bit set/reset register (GPIOx_BSRR) (x = A..l)

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

15 14 13 12 11 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

150/1316 Doc ID 018909 Rev 1 K‘YI




RM0090 General-purpose 1/0s (GPIO)

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 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: Sets the corresponding ODRX bit

6.4.8 GPIO port configuration lock register (GPIOx_LCKR)
(X = Al)

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 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 rw rw 'w 'w w w w
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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
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 will
return ‘1’ until the next CPU reset.

Bits 15:0 LCKYy: Port x lock bit y (y= 0..15)

These bits are read/write but can only be written when the LCKK bit is ‘O.
0: Port configuration not locked
1: Port configuration locked

6.4.9 GPIO alternate function low register (GPIOx_AFRL) (x = A..I)
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]
rw | rw | rw | rw rw | w | rw | w rw | w | rw | w w | w | rw | w
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]
rw | rw | rw | rw rw | rw | rw | rw rw | rw | rw | w rw | rw | rw | rw
Bits 31:0 AFRLy: Alternate function selection for port x bity (y = 0..7)
These bits are written by software to configure alternate function I/Os
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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6.4.10 GPIO alternate function high register (GPIOx_AFRH)
(x=A.l)
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]
rw | rw | w | rw w | rw | rw | rw rw | rw | rw | | rw | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFRH11[3:0] AFRH10[3:0] AFRH9[3:0] AFRH8[3:0]
rw | rw | w | rw rw | rw | rw | rw rw | rw | rw | rw w | rw | rw | rw
Bits 31:0 AFRHy: Alternate function selection for port x bit y (y = 8..15)
These bits are written by software to configure alternate function I/Os
AFRHy 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
6.4.11 GPIO register map
Table 18. GPIO register map and reset values
offset| Register | 5|32 & N[ €|Q 32/ ] 2 2|9 2] 2| ] 2 o] 0| ] o] 0] <] ] ] | o
oxgo |GPOAMODER| & @ @ & g |5 |6 | § | | & | & (6 |5 |6 |5 | @
a a a a a a a a a a a a a a a a
[e) o) o) o) [e) [e) o o (@] o ()] ()] o o o (@]
= = s s s = = = = = = = = = = =
Reset value 1|01|o1|o o|o o|o o|0 o|o o|o 0|o o|o o|0 o|o o|o 0|o o|o o|0
el |l |2 |2 |2 |g|lg|lg|lg|g|lg|e|g|a |
0x00 GPIOB_MODER & & & & i & ] ] w ] ] ] ] ] ] ]
o o o o o o a o [a) =) a a [=) [a) =) a
o o o o o o o o o o (@] (@] o o o o
= = = = s = = = = = = = = = = =
Reset value o|o o|o o|o o|o o|o o|o o|o o|o o|o o|o o|o 1|o 1|o o|o o|o o|o
el |l |2 |2 |2 |lg|lg|lg|lg|lg|lg|eg|g|a |
o F o ~ = s ha ha s pud b b ha s bt b
GPlOLMODER | 2 | 2 |\ 2 | 2 |2 |2 |7 |8 |F|F 8 |f |2 |F 5|8
0x00 (where x = C..I) ] m o o ] ] | | | w w w w w i w
o o o o fa) o o [=) a a a a [a) a a a
o o o o o o o o o (@] (@] (@] o o (@] (@]
s s s s s s = = = = = = = = = =
Reset value o|0 o|o 0|o 0|0 o|o o|0 o|o o|o ofo[oJo[ofo[ofof[ofJo[oJo]|o]o|0O]O
GPIOx_OTYPER Qi,@ﬁ:?ggtgﬁﬁggﬁg
0x04 | (wherex=A.l) Reserved S5iblblblblclolololololo|o|o]o|o
Reset value o[1]ofofo[1|ofofo[1]ofo[o[1]0]0O
153/1316

Doc ID 018909 Rev 1




RMO0090

General-purpose 1/0s (GPIO)

GPIO register map and reset values (continued)

Table 18.

0] ol . ol . ol . ol . o lodal|*|odao (e |osg e |oMo1|° | = [°]| T |°
L [0:1loda33dso — [o:1loda3aadso (— [o:tlodadnd — [o:lodadnd — [0:Llodadnd 3 1 é =
e o o ° olgal[*|aoe|sg e |[o1le| & [°| & |©
— — 1 T [_|
(4 ° ° °© ° ©|edal|* |2Hao |@ |gsg @ |eMo1|e | T |° | & |°
e [0:11+t4a33ds0 — [0:111Ha33dso — [o:tlidadnd — [o:Hlkdadnd — [o:tliHadnd S 1% =
° °© °© °© © | edal | | eHao [© | esg |© | eM01|© e e
vl o el . el el © |ydal|x [vHao @ |vsg @ w01 [° | & [°] g [°
G [0:1leda33dsO — [0:Hledaaadso — [o:Hledadnd — [0:tledadnd — [0:Hledadnd & 1 &
° ° ° ° ©|gdal|*|sdao (e |ssga e |sMo1le| = 9] & |©
— — | T |
91 o| - of| o| © |odal[*|oHao |© |9sa |© |Mo1|e | & || E [©
7 | [0:Hexa33dso [ [07Hlewa3adso [ [0t ledadnd 5 [0:Hewadnd (57 [0 Hedddnd < 1% o
° - °© ° © | /4dl > | /HA0 [© | 289 |° [ 01 |° ° °
81 o| of| of| - © |gdal|* |syao e |ssg |e |syo1le | = [°| T |o
6 [0:11¥4a33dsS0 — [0:1lyHa33dso — [o:lvdadnd — [0:ipdadnd — [0:LlvHadnd & =18 1o
e ° ° ° ©|eddl|* |eHao (o |esg e |eMO1|° | & [°]| S |©
g = 2 |
oL o| o| o| o| © |oryal|* |ordaol® joisd|@ joM01le | & o | & |°
I [0:1ls4a33ds0 — [0:1leda3aadso — [o:tlsdadnd — [o:tlsdadnd — [0:1lsHadnd L oL
° °© °© °© © [LiHal[ X [L1Yao|© [Lisd|@ [HIMOT|@ ol < |°
cHl ol ol . ol . ol . © |zidal* |zibaole |zisg|e a0l | & (@] T |°
cL [0:1l9da33ds0 — [0:1loda33dso — [o:tledadnd — [0:ledadnd — [o:1le”adnd & =18 [
° ° ° ° © |erHdl|* |erHao|e |eisd (@ [eMO1C | & [°| T |°
S . 1= |
143 P ol ol ol ol © |piyal* |yiHao|e |pisa|e |piMol|e | & |o | F [©
SL [0:4l2da33dso 1 lo:Hzda3aadso — lo:Hlzdadnd — [o:Hzdadnd — [o:1lzHadnd S M -
° o °© o © |sidall > |s1Hao|e |sisd|e [sio1|e el < |°
9l o o o o o odg |° [wiorle| o o] & |o
[0:1]184a33dSO — [0:+18HA334SO — [0:HI8dadNd — [0:Hl8dadNnd — [0:Hl8dAdNd [ & 18
N—. o o o o o 149 o —= o N o
M — ~ | —
1% ) ) ) ) S zdg [© T |lo| & |o
[o:1l6da33dso — [o:1leda3aadso [ [o:1ledadnd — [o:kledadnd [— [o:tleHadnd [— Y e
6l = = o = = eug |o o| < |o
ON o o o o o vdg |© = o m, o
[0:1lorda3aadsor—ilo:tlorda3adsor—ilo: tlordadnd—ilo: Hlordadnd—lo: Llordadnd— & =18 2]
12 o o o o o syg |o 2 le|® |o
(44 o o o o o oyg |o T |o W o
[0:HLrda3adsor—lo: Ik Haaadsor—lo: ik idadnd—lo: Ll idadnd—o:Hridadnd—| 3 kS L e
€¢ ) ) o ) ) s s L4g |o 3 ol < |o
[0} [} N

e o o o o o 2 2 gyg |o @ = o] g |°
[0:tlerda3adsor—lo:Hierdaaadsor—lo:Herdadndf—jlo:Hlerdadndf—lo:Hlerdadndf—| < o 3 & 18
(14 o o o o o 6Hg |© o 2 le|F |o
9¢ o o - o o otuag|e T |o W o
[0:Herda3aadsor—lo:Heryaaadsof—lo: Herdadnd—lo: Hekdadnd—lo: tlerdadnd— S e
lC o o o o o Liggle o| < |o
8¢ o o o o o ziyg|e s |°e|@ |o
[0:L v rda3adsor—lo: Hyrdaaadsor—lo: Hyrdadnd—lo: Ly rdadnd—jlo: Ly rdadnd— & 18
6¢ = = - = = elug|o S lo|lw |o
0€ S) o - o ) yidg|° T |o T |o
3 [0:1]s1da3adsor—lo: s 1a3adsor—ilo: Lisrdadnd—lo: His tHadnd—lo: LIS rdadnd— Lo
o o o o o SLdg o o <C o

(= [a] o o T = — — — — — —

[T w = = ] o= o= == =
5| wig (3| & gl & 3| & |3 B0 |3|B<|3|8< |3|z<|3|g<|3|E<|BE<|S
- 0 X = ] %) ] ) [ =) ] | ST |g|O0On ISl [S[an Sl |S|< ! |S
21 8ezx 2| om |zl T 2| B || Ex o llszlal Az mlRslElRs Rl lElRz s
| © [0} [} [} m [9] (0] [0} m Q m [} m [0} m_w [0} m_w [} m [}
g 838 (g 8 8 3 8| & |8 S |glze|8|ae |BR:|B|9e 8|5z |80z )8
mm\ o W i g o g o 5% RG/w\R G,W\RG/W\RG/W\RG/W\RG/W\R

L

.w. © © (6] (6] (6] o < © (@] o <

= = < = = = * % * = X X

o o o o o o o o o o o o

Refer to Table 1 on page 50 for the register boundary addresses. The following tables give

the GPIO register map and the reset values.

Doc ID 018909 Rev 1

154/1316




RMO0090

System configuration controller (SYSCFG)

7

7.1

7.2

7.2.1

System configuration controller (SYSCFQG)

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.

I/0 compensation cell

By default the 1/0 compensation cell is not used. However when the 1/O 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 t(0)out)/tr(10)out COMMutation to reduce the I/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 to0 3.6 V.

SYSCFG registers

SYSCFG memory remap register (SYSCFG_MEMRMP)

This register is used for specific configurations on memory remap:

® 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.

® 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 11 10 9 8 7 6 5 4 3 2 1 0
MEM_MODE
Reserved
w | rw
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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 on the memory mapping selected by the BOOT
pins.

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 (112kB) mapped at 0x0000 0000

7.2.2 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 11 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 Why 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.

7.2.3 SYSCFG external interrupt configuration register 1
(SYSCFG_EXTICR1)

Address offset: 0x08
Reset value: 0x0000

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]
rw | rw | w | w w | w | w | w rw | rw | w | w w | w | w | w
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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[C] pin
0110: PG[x] pin
0111: PH[x] pin
1000: PI[x] pin

7.2.4 SYSCFG external interrupt configuration register 2
(SYSCFG_EXTICR2)
Address offset: 0x0C
Reset value: 0x0000
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]
rw | rw | rw | rw rw | rw | rw | rw rw | rw | rw | rw rw | rw | rw | rw

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: PD[x] pin
0100: PE[x] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PH[x] pin
1000: PI[x] pin

7.2.5 SYSCFG external interrupt configuration register 3
(SYSCFG_EXTICR3)
Address offset: 0x10
Reset value: 0x0000
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
EXTI11[3:0] EXTI10[3:0] EXTI9[3:0] EXTI8[3:0]
rw | rw | w | rw w | w | rw | rw rw | rw | rw | w w | w | rw | rw
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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: PCI[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

7.2.6 SYSCFG external interrupt configuration register 4
(SYSCFG_EXTICR4)

Address offset: 0x14
Reset value: 0x0000

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]
rw | rw | w | w w | w | w | w rw | rw | w | w w | w | w | w

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: PB[x] pin
0010: PCI[x] pin
0011: PDI[x] pin
0100: PE[x] pin
0101: PF[x] pin
0110: PG[x] pin
0111: PHI[x] pin
Note: PI[15:12] are not used.

7.2.7 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
Reserved READY Reserved C'\PAS_
r w
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Bits 31:9 Reserved, must be kept at reset value.
Bit 8 READY: Compensation cell ready flag
0: I/0 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/O compensation cell power-down mode
1: 1/0O compensation cell enabled
7.2.8 SYSCFG register maps
The following table gives the SYSCFG register map and the reset values.
Table 19. SYSCFG register map and reset values
Offset| Register |5/3/R[R[N[R[R[X[R|Q[5[8[2|2|x 22228 F[2]o]o|r|o|0|¢|o|a)-|o
a
o)
SYSCFG_MEMRM =
0x00 Reserved s
w
=
Reset value X | X
—
w
ml
SYSCFG_PMC s
0x04 Reserved T Reserved
1
= |
Reset value 0
SYSCFG_EXTICRT EXTI3[3:0] | EXTI2[3:0] | EXTH[3:0] | EXTIO[3:0]
0x08 Reserved
Reset value o|o|o|o o|o|o|o o|o|o|o o|o|o|o
SYSCFG_EXTICR2 EXTI7[3:0] | EXTI6[3:0] | EXTI5[3:0] | EXTI4[3:0]
0x0C Reserved
Reset value o|oJo|o|o|o|o]ojo|o|ofo|o|o|o]O
SYSCFG_EXTICR3 EXTI11[3:0] | EXTI10[3:0] | EXTI9[3:0] | EXTI8[3:0]
0x10 Reserved
Reset value o|o|o|o o|o|o|o o|o|o|o o|o|o|o
SYSCFG_EXTICR4 EXTI15[3:0] | EXTI14[3:0] | EXTI13[3:0] | EXTI12[3:0]
0x14 Reserved
Reset value o|ojo|o|o|o|ofojo|o|ofo|o|o|o]O
[
= o
SYSCFG_CMPCR < ~
0x20 Reserved w Reserved
i =
- O |
Reset value 0 0
Refer to Table 1 on page 50 for the register boundary addresses.
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8.1

160/1316

DMA controller (DMA)

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.
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8.2

DMA main features

Dual AHB master bus architecture, one dedicated to memory accesses and one
dedicated to peripheral accesses

AHB slave programming interface supporting only 32-bit accesses
8 streams for each DMA controller, up to 8 channels (requests) per stream

Four separate 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: where each DMA request immediately initiates a transfer from/to the
memory

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

Each of the 8 streams are connected to dedicated hardware DMA channels (requests)

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.)

Each stream also supports software trigger for memory-to-memory transfers (only

available for the DMA2 controller)

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

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

Incrementing or nonincrementing addressing for source and destination

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
Each stream supports circular buffer management

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
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8.3

8.3.1
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DMA functional description

General description

Figure 19 shows the block diagram of a DMA.

Figure 19. 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:

® peripheral-to-memory

® memory-to-peripheral

® 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).

Figure 20 illustrates the implementation of the system of two DMA controllers.
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Figure 20. System implementation of two DMA controllers
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1. The DMAT1 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.

8.3.2 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:

® A loading from the peripheral data register or a location in memory, addressed through
the DMA_SxPAR or DMA_SxMOAR register

® A storage of the data loaded to the peripheral data register or a location in memory
addressed through the DMA_SxPAR or DMA_SxMOAR register

® A post-decrement of the DMA_SxNDTR register, which contains the number of
transactions that still have to be performed
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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.

8.3.3 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 21. Channel selection
REQ_STRx_CH7
I\
REQ_STRx_CH6
EE——
REQ_STRx_CH5
———»
REQ_STRx CH4 | | REQ_STREAMX
——»
REQ_STRx_CH3
e
REQ_STRx_CH2
REQ_STRx_CH1
.
REQ_STRx_CHO /
—>
31 29 27 0
DMA_SxCR | ICHSEL[Z:O]I |
ai15947
The 8 requests from the peripherals (TIM, ADC, SPI, 12C, etc.) are independently connected
to each channel and their connection depends on the product implementation.
Table 20 and Table 21 give examples of DMA request mappings.
Table 20. DMAT1 request mapping
Peripheral
requests Stream 0 |Stream1 |Stream 2 |Stream 3 |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
12S2_EXT_ 12S2_EXT_ 12S3_EXT_
Channel 2 TIM4_CH1 RX TIM4_CH2 T T TIM4_UP TIM4_CH3
12S3_EXT_ TIM2_UP 12S2_EXT_ TIM2_CH2 TIM2_UP
Channel 3 RX TIM2_CH3 12C3_RX RX 12C3_TX TIM2_CH1 TIM2_CH4 TIM2_CH4
Channel 4 UART5_RX USART3_RX |[UART4_RX |USART3_TX |UART4_TX USART2_RX |USART2_TX |UART5_TX
TIM3_CH4 TIM3_CHA1
Channel 5 TIM3_UP TIM3_TRIG TIM3_CH2 TIM3_CH3
TIM5_CH3 TIM5_CH4 TIM5_CH4
Channel 6 TIM5_UP TIM5_TRIG TIM5_CHA1 TIM5_TRIG TIM5_CH2 TIM5_UP
Channel 7 TIM6_UP 12C2_RX 12C2_RX USART3_TX | DAC1 DAC2 12C2_TX
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Table 21. 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 TIM8_CH2 ADCA1 TIM1_CH2
TIM8_CH3 TIM1_CH3
Channel 1 DCMI ADC2 ADC2 DCMI
Channel 2 ADC3 ADC3 CRYP_OUT CRYP_IN HASH_IN
Channel 3 SPIH_RX SPI1_RX SPH_TX SPI_TX
Channel 4 USART1_RX SDIO USART1_RX SDIO USART1_TX
Channel 5 USART6_RX USART6_RX USART6_TX USART6_TX
TIM1_CH4
Channel 6 TIM1_TRIG TIM1_CHA1 TIM1_CH2 TIM1_CHA1 TIM1_TRIG TIM1_UP TIM1_CH3
TIM1_COM
TIM8_CH4
Channel 7 TIM8_UP TIM8_CH1 TIM8_CH2 | TIM8_CH3 TIM8_TRIG
TIM8_COM
8.34 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:
® Software: each stream priority can be configured in the DMA_SxCR register. There are
four levels:
— Very high priority
—  High priority
—  Medium priority
—  Low priority
® 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.
8.3.5 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:

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
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AHB port. The register that contains the amount of data items to be transferred is
decremented after each transaction.

8.3.6 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 22 describes the corresponding source and destination addresses.

Table 22. Source and destination address

g:\tnsA[_"SF:([é: ]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

11 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 22 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.

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.
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Figure 22. Peripheral-to-memory mode
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1. For double-buffer mode.
Memory-to-peripheral mode

Figure 23 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 has been enabled, only a single data transfer
is initiated from the memory to the FIFO. When the corresponding peripheral transfer is
complete, the FIFO is empty and the stream initiates a new single transfer from the source
to the FIFO.

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.
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Figure 23. Memory-to-peripheral mode
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1. For double-buffer mode.
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 24.

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.

2  Only the DMA2 controller is able to perform memory-to-memory transfers.
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Figure 24. Memory-to-memory mode
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1. For double-buffer mode.

8.3.7 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 will be 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.

The PINC or the MINC bit needs to be set if the burst transaction is requested on the AHB
peripheral port or the AHB memory port, respectively, to satisfy the AMBA protocol (burst is
not allowed in the fixed address mode).
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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 bit in 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 23: 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 (ODMA_SxMOAR or DMA_SxM1AR) when the stream is enabled, by respecting the

following conditions:

® 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.

® 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 23. 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(")
11 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.
8.3.10 Programmable data width, packing/unpacking, endianess

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:

® 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.

® The DMA controller only copes with little-endian addressing for both source and
destination. This is described in Table 24: 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 8.3.11: 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 24. Packing/unpacking & endian behavior (bit PINC = MINC = 1)
Memor Peripheral port address / byte lane
AHB |AHB E;‘C’I';'::" Hy Peripher
memor | peripher |. transfe | Memory port al
ort |al port items to r address / byte lane | transfer
yp : transfer PINCOS = 1 PINCOS =0
width | width numbe number
(NDT) ||
1 0x0 / BO[7:0] 1 0x0 / BO[7:0] 0x0 / BO[7:0]
8 8 4 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/ B1IBO[15:0] 0x0/ B1IBO[15:0]
8 16 2 2 0x1/B1[7:0]
3 0x2 / B2[7:0] 2 0x4 / B3IB2[15:0] 0x2 / B3IB2[15:0]
4 0x3/B3[7:0]
1 0x0/ BO[7:0] 1 0x0 / B3IB2IB1IBO[31:0] | 0x0 / B3IB2IB1IBO[31:0]
8 a2 1 2 0x1/B1[7:0]
3 0x2 / B2[7:0]
4 0x3 / B3[7:0]
1 0x0/ B1IBO[15:0] 1 0x0 / BO[7:0] 0x0 / BO[7:0]
16 8 4 2 0x4 / B1[7:0] 0x1/B1[7:0]
2 0x2 / B3IB2[15:0] 3 0x8 / B2[7:0] 0x2 / B2[7:0]
4 0xC / B3[7:0] 0x3/B3[7:0]
1 0x0/ B1IBO[15:0] 1 0x0 / B1I1BO[15:0] 0x0/ B1IBO[15:0]
16 16 2
2 0x2 / B1IBO[15:0] 2 0x4 / B3IB2[15:0] 0x2 / B3IB2[15:0]
16 3 : 1 0x0 / B1IBO[15:0] 1 0x0 / B3IB2IB1IBO[31:0] | 0x0 / B3IB2IB1IBO[31:0]
2 0x2 / B3IB2[15:0]
1 0x0/B3IB2IB1IBO[31:0] |1 0x0 / BO[7:0] 0x0 / BO[7:0]
- 8 . 2 0x4 / B1[7:0] 0x1/B1[7:0]
3 0x8 / B2[7:0] 0x2 / B2[7:0]
4 0xC / B3[7:0] 0x3 / B3[7:0]
a2 s 0 1 0x0 /B3IB2IB1IBO[31:0] |1 0x0 / B1IBO[15:0] 0x0 / B1IBO[15:0]
2 0x4 / B3IB2[15:0] 0x2 / B3IB2[15:0]
32 32 1 1 0x0 /B3IB2IB1IBO [31:0] |1 0x0 /B3IB2IB1IBO [31:0] | 0x0 / B3IB2IB1IB0[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
will not be 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 25.
Table 25. 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
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8.3.11

Note:

8.3.12

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 MBURST[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:

® 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

® 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.

The Burst mode is allowed only when incremetation is enabled:
— When the PINC bit is at ‘0’, the PBURST bits should also be cleared to ‘00’
— When the MINC bit is at ‘0’, the MBURST bits should also be cleared to ‘00’.

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 25: FIFO structure.
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Figure 25. FIFO structure
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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) will be generated when the stream is enabled, then the stream will be
automatically disabled. The allowed and forbidden configurations are described in the
Table 26: FIFO threshold configurations.

Table 26.  FIFO threshold configurations

MSIZE FIFO level | MBURST = INCR4 MBURST = INCR8 MBURST = INCR16
1/4 1 burst of 4 beats forbidden
1/2 2 bursts of 4 beats 1 burst of 8 beats forbidden

Byte 3/4 3 bursts of 4 beats forbidden
Full 4 bursts of 4 beats 2 bursts of 8 beats 1 burst of 16 beats
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Table 26. FIFO threshold configurations (continued)

MSIZE FIFO level | MBURST = INCR4 MBURST = INCR8 MBURST = INCR16
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:

@ 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 Forthe 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 will be 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
(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 will be free to serve the request from
the peripheral.

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 will be sent with the data width set in
the MSIZE bit in the DMA_SxXCR register. This means that memory will be written with an
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8.3.13

Note:
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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 will be 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.

To avoid saturating the FIFQ, it is recommended to configure the corresponding stream with
a high priority.
This mode is restricted to transfers where:

® 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)

® 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:

e 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-
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).
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8.3.14

Note:

8.3.15

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.

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:

® 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.

® 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 will
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be forced by hardware to OXFFFF as soon as the stream is enabled, to respect the following
schemes:

Note: 1

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

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.

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 will not be 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.
2 The Circular mode is forbidden in the peripheral flow controller mode.

8.3.16 Summary of the possible DMA configurations
Table 27 summarizes the different possible DMA configurations.
Table 27. Possible DMA configurations
DMA transfer S Flow Circular |Transfer |Direct Double
Source Destination
mode controller | mode type mode buffer mode
single possible
DMA possible : possible
Peripheral-to- |AHB AHB burst forbidden
memory peripheral port | memory port single possible
Peripheral |forbidden forbidden
burst forbidden
single possible
DMA possible possible
Memory-to- AHB AHB burst forbidden
peripheral memory port | peripheral port single possible
Peripheral |forbidden forbidden
burst forbidden
-to- AHB AHB single
Memory-to , DMA only |forbidden forbidden | forbidden
memory peripheral port | memory port burst
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8.3.17 Stream configuration procedure

The following sequence should be followed to configure a DMA stream x (where x is the
stream number):

1.

10.

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 will be
moved from/ to this address to/ from the peripheral port after the peripheral event.

Set the memory address in the DMA_SxMAUOR register (and in the DMA_SxMA1R
register in the case of a double buffer mode). The data will be 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, Double
buffer mode and interrupts after half and/or full transfer, and/or errors in the
DMA_SxCR register.

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.
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Error management

The DMA controller can detect the following errors:
® Transfer error: the transfer error interrupt flag (TEIFX) is set when:
— A bus error occurs during a DMA read or a write access

— A write 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 8.3.9:
Double buffer mode)

® FIFO error: the FIFO error interrupt flag (FEIFX) is set if:
— A FIFO underrun condition is detected

— A FIFO 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 26: FIFO threshold configurations)

® 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:

® In the peripheral-to-memory mode, the FIFO can be saturated (overrun) if the memory
bus is not granted for several peripheral requests

® 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).

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.

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.
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8.4 DMA interrupts
For each DMA stream, an interrupt can be produced on the following events:
® Half-transfer reached
® Transfer complete
® Transfer error
@ Fifo error (overrun, underrun or FIFO level error)
® Direct mode error
Separate interrupt enable control bits are available for flexibility as shown in Table 28.
Table 28. 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.
8.5 DMA registers
Note: The DMA registers should always be accessed in word format, otherwise a bus error is
generated.
8.5.1 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 | Regery | FEIF3 | TCIF2 | HTIF2 | TEIF2 | DMEIF2 | Regery | FEIF2
r | r | r | r r r r r ed r r r r r ed r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved TCIF1 | HTIF1 | TEIF1 | DMEIF1 | Rggery | FEIF1 | TCIFO | HTIFO | TEIFO | DMEIFO | gogery | FEIFO
r | r | r | r r r r r ed r r r r r ed r

Bits 31:28, 15:12 Reserved, must be kept at reset value.

Bits 27, 21, 11, 5 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
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Bits 26, 20, 10, 4 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
Bits 25, 19, 9, 3 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
Bits 24, 18, 8, 2 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

Bits 23, 17, 7, 1 Reserved, must be kept at reset value.

Bits 22, 16, 6, 0 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: A FIFO Error event occurred on stream x

8.5.2 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 | Regery | FEIF7 | TCIF6 | HTIF6 | TEIF6 | DMEIF6 | Rogery | 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 | HTIFS | TEIFS | DMEIFS5 | gogery | FEIFS | TCIF4 | HTIF4 | TEIF4 | DMEIF4 | Rogery | FEIF4
Reserved ed ed
r r r r r r r r r r

Bits 31:28, 15:12 Reserved, must be kept at reset value.

Bits 27, 21, 11, 5 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
Bits 26, 20, 10, 4 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
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Bits 25, 19, 9, 3 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
Bits 24, 18, 8, 2 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

Bits 23, 17, 7, 1 Reserved, must be kept at reset value.

Bits 22, 16, 6, 0 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: A FIFO error event occurred on stream x

8.5.3 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
rw rw w w w w w w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CTCIF1 | CHTIF1 | CTEIF1 | CDMEIF1 CFEIF1| CTCIFO | CHTIFO | CTEIFO | CDMEIFO CFEIFO
Reserved Reserved Reserved
rw rw w rw w w w w rw 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 = 3..0)
This bit is set and cleared by software.
0: No effect
1: Clears the corresponding TCIFx flag in the DMA_LISR register

Bits 26, 20, 10, 4 CHTIFx: Stream x clear half transfer interrupt flag (x = 3..0)

This bit is set and cleared by software.
0: No effect
1: Clears the corresponding HTIFx flag in the DMA_LISR register

Bits 25, 19, 9, 3 CTEIFx: Stream x clear transfer error interrupt flag (x = 3..0)

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TEIFx flag in the DMA_LISR register
Bits 24, 18, 8, 2 CDMEIFx: Stream x clear direct mode error interrupt flag (x = 3..0)

This bit is set and cleared by software.
0: No effect
1: Clears the corresponding DMEIFx flag in the DMA_LISR register

Bits 23, 17, 7, 1 Reserved, must be kept at reset value.
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Bits 22, 16, 6, 0 CFEIFx: Stream x clear FIFO error interrupt flag (x = 3..0)
This bit is set and cleared by software.
0: No effect
1: Clears the corresponding CFEIFx flag in the DMA_LISR register

8.5.4 DMA high interrupt flag clear register (DMA_HIFCR)

Address offset: 0x0C
Reset value: 0x0000 0000

31 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
rw rw w w w w w w rw 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
rw rw w rw w w w w rw 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)
This bit is set and cleared by software.
0: No effect
1: 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)
This bit is set and cleared by software.
0: No effect
1: 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)
This bit is set and cleared by software.
0: No effect
1: Clears the corresponding TEIFx flag in the DMA_HISR register

Bits 24, 18, 8, 2 CDMEIFx: Stream x clear direct mode error interrupt flag (x = 7..4)

This bit is set and cleared by software.
0: No effect
1: Clears the corresponding DMEIFXx 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)
This bit is set and cleared by software.
0: No effect
1: Clears the corresponding CFEIFx flag in the DMA_HISR register
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8.5.5

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

DBM or

CHSEL[3:0] reserved

MBURST [1:0] | PBURST[1:0] | gesery| CT PL[1:0]

ed

w | w | w w | w rworr w w

15

14 13

12 11 10 6 5 4 2 1 0

PINCOS

MSIZE[1:0]

PSIZE[1:0] MINC DIR[1:0] PFCTRL| TCIE HTIE TEIE | DMEIE EN

rw

w w

w

w | w w | rw rw

Bits 31:28
Bits 27:25

Bits 24:23

Bits 22:21

Bits 20
Bits 19

Reserved, must be kept at reset value.

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’

MBURST: Memory burst transfer configuration
These bits are set and cleared by software.
00: single transfer
01: INCR4 (incremental burst of 4 beats)
10: INCR8 (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".

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: INCR8 (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.

Reserved, must be kept at reset value.

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.
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Bits 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’.

Bits 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’

Bits 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’.

Bits 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’.
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Bits 8

Bits 7:6

Bits 5

Bits 4

Bits 3

Bits 2

Bits 1

Bits 0

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").

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’.

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.

TCIE: Transfer complete interrupt enable
This bit is set and cleared by software.

0: TC interrupt disabled
1: TC interrupt enabled

HTIE: Half transfer interrupt enable

This bit is set and cleared by software.
0: HT interrupt disabled
1: HT interrupt enabled

TEIE: Transfer error interrupt enable
This bit is set and cleared by software.

0: TE interrupt disabled
1: TE interrupt enabled

DMEIE: Direct mode error interrupt enable

This bit is set and cleared by software.
0: DME interrupt disabled
1: DME interrupt enabled

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.
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8.5.6 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 11 10 9 8 7 6 5 4 3 2 1 0
NDT[15:0]
rw | w | w | w | w | w | w | w | w | w | rw | w | w | 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 or be reloaded
automatically with the previously programmed value if the stream is configured in Circular
mode.

If the value of this register is zero, no transaction can be served even if the stream is
enabled.

8.5.7 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]
rw | rw | w | w | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PAR[15:0]
rw | w | w | w | rw | w | rw | rw | w | w | rw | rw | rw | rw | rw | rw

Bits 31:0 PAR[31:0]: Peripheral address

Base address of the peripheral data register from/to which the data will be read/written.
These bits are write-protected and can be written only when bit EN ='0' in the DMA_SxCR register.

8.5.8 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 20 28 27 26 25 24 23 2 21 20 19 18 17 16
MOA[31:16]
rw | rw | rw | w | rw | rw | rw | rw | rw | rw | w | rw | rw | rw | rw | rw
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MOA[15:0]
rw | rw | rw | w | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw

Bits 31:0 MOA[31:0]: Memory 0 address
Base address of Memory area 0 from/to which the data will be 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).

8.5.9 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]
rw | w | w | w | w | w | rw | rw | w | w | rw | w | rw | rw | rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
M1A[15:0]
rw | rw | rw | w | w | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw

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 will be 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.
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8.5.10 DMA stream x FIFO control register (DMA_SxFCR) (x = 0..7)
Address offset: 0x24 + 0x24 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 1 10 9 8 7 6 5 4 3 2 1 0
FEIE | Reser FS[2:0] DMDIS FTH[1:0]
Reserved
w ved r | r | r w w | rw

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

Bits 7 FEIE: FIFO error interrupt enable
This bit is set and cleared by software.
0: FE interrupt disabled
1: FE interrupt enabled

Bits 6 Reserved, must be kept at reset value.

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).

Bits 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_SxCR 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 ‘1°.
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8.5.11 DMA register map
Table 29 summarizes the DMA registers.
Table 29. DMA register map and reset values
Offset| Register ZI3 QXK QK IRV RIKS2N L2 2N 2o o~ o©w <t oo
[sp] [s\) — o
DMA_LISR CEREBERIEE|EBE LEEEBEIZRIEIS BRI
0x0000 Reserved EEEE%EBEEE%E Reserved 85&%%&85&%%&_
Reset value ofofofolz|[o]ofofofo]x |0 ofofofolz[ofofofofo]x |0
~ [{e} wn <t
DMA_HISR LE | =IBIE|ERE|EBIE rig i i < P i i R -
0x0004 Reservedg'fﬂgﬁgﬂfg'fﬁgﬁgﬂf Reservedg'fﬂgﬁgﬁg'fﬁgigﬁ
Reset value 0lojojo|€[ofoj0[0]O]|E[0] 0lojojo|C[0fojo|0]0]|E |0]
[sp] N ~— o
CEREIBERIEER|SIgE LLE=gEEEICE[]E
DMA_LIFCR OlE|lgls |2 ||W|O|EW|s (2 |w OlE|W s |2 ||W|O|EW|s |2 |w
0x0008 Reserved |~ |T | o |k |F | | o |- Reserved |~ |I | o |k |F | | o [
ololF|IR|alclo|Cc|lo|R |8 |0 olcloRalclo|C|o R (8 |C
O o O lo [ | O |o O |lo |~ |
Reset value olojofo|*|o]ofofo|o0]|x [0 ojlofofo|=|ofofo|o]0]|T [0
~ © [Te) <t
[ N I I T N~ |© [© |© (W © O (1O (O W n |3 (S | [ ~
L Lk |= % |k |kL|Lr|w|= ([T [w L L (L |= 9w |w|w(w|= |8 L
DMA_HIFCR OlE|m|E|S|D|o|E |ul||S|m OlE|m|¥|S|m|O|E |ul|¥ |2 |m
0x000C Reserved = |T | |8 |a | [K [Z [ |§ |a |k | Reserved = 1T [ B o |k K (X (K|S ||k
000080000080 000080000080
Reset value ojlo[ofo|®=[o]ofo|o[o|*|0]| ojlo[ofo|®=[o]ofo]o[0]|T [0}
=) 2 =) = —_
— - —_ %) - 5] [~ -
&, ElE IZ3lllsl @ Bl | =& |leloje| @I |ww |w &
DMA_SOCR = %) w |2 |k -~ |O| W o Zzlzle|l = KI5 |5 W
0x0010 Reserved & o € [so8| T |2| N N SIElc|lE RIERITIH|IZ|H
5 |3 |3 |8 N 8 | °
(&)
= o |
Reset value o|o|o o|o o|o ooo|ooo|o o|ooooo|ooooooo
DMA_SONDTR NDT[15:.]
0x0014 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_SOPAR PA[31:0]
0x0018
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
DMA_SOMOAR MOA[31:0]
0x001C
Reset value o|o|o|o|0|o|0|0|o|o|o|0|o|0|o|o|o|o|o|o|0|o|0|o|o|0|o|0|o|o|o|o
X002 DMA_SOM1AR M1A[31:0]
X
Resetvalue |O0[0[o0fofofofoJoJoJo[o[o[oJo[o[o[o[oJoJo[oJo[o[oJoJoJoJo[Jo]o]o]o
[ofofofofofofofofofofofofofo]ofofofofo]ofofoO] 0] |
[
DMA_SOFCR W8 | Fsi0) o | FTH
0x0024 Reserved o5 = [1:0]
| |»
Reset value o|l€e[1[o]o]o[o[1
- 5 = —
a s - — o] @ (S} 5 | W
o= = = |« s| @ |0 = = Ololo|l © | |ww|w |
DMA_S1CR » @ ) » = - |&| m ooZlzlel = EISIEFMEZ
0x0028 Reserved Ia g g R8T 2| N N EElGlE RQIRIEEIE
G B | 3 e 2|2 |2 8 |x e
= o
Reset value o|o|0 o|o o|o oflo]o o|0 0 0|o 0|0 ofofo o|0 ofofofofofo
DMA_S1NDTR NDT[15:.]
0x002C Reserved
Reset value o|0|o|0|0|o|0|o|o|0|o|o|o|o|o|o
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|o|o|o|o|o|o|o|o|o|o|o
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Table 29. DMA register map and reset values (continued)
Offset| Register |2 QI QIN|Q QI QY& K2/ 2N Qe 22N 5|2 of o~ o] <| |« ~|o
DMA_S1MOAR MOA[31:0]
0x0034
Reset value o|o|o|o|0|o|0|o|o|o|o|0|o|0|o|0|o|o|o|o|0|o|0|o|o|0|o|0|o|o|o|o
DMA_S1M1AR M1A[31:0]
0x0038
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 ofo o|o|o 0 o|o
w3 o |2 | FTH
0x003C DMA_STFCR Reserved t % FS[2:0] % [1:0]
Reset value ol [1]ofJofo[0]1
g2 g | & o
DMA_S2CR 2 |5 |5 kirEIZ Ble |5 lelelgles |Eleleeg
0x0040 B Reserved 8 o &’20852N ﬁg%%ﬁ:EBEEEN
ST 13 |3 " El2 |2 : °
= o
Reset value o|o|o o|o o|o ofofo o|o 0 o|o o|o ofofo o|o ofofofo]o]o
DMA_S2NDTR NDT[15:.]
0x0044 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
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|o|o|o|o|o|o|o|o|o|o|o
DMA_S2MOAR MOA[31:0]
0x004C
Reset value o|o|o|0|0|o|0|o|o|o|o|0|o|0|o|0|o|o|o|o|0|o|0|o|o|0|o|o|o|o|o|o
DMA_S2M1AR M1A[31:0]
0x0050
Reset value o|0|0|0|0|o|0|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o ofo o|0|o 0 o|o
w3 o 12| FTH
0x0054 DMA_S2FCR Reserved T % FS(2:0] % [1:0]
Reset value ol [1]ofJo[o[0]1
E i ? = || @ g S g w
o, = = s e o| = - |00 |0 = W | (=
0x0058 DMA_S3CR Reserved % % it é'c_) 8 = 2 g UNJ g%% o QE £ = g &
T 2 2 oz g o 0 |a o
o = o
Reset value 0|o|0 0|0 o|o ofofo o|0 0 0|o 0|0 ofo]fo o|0 ofofof{ofo]oO
DMA_S3NDTR NDT[15:.]
0x005C Reserved
Reset value o|0|0|0|0|o|0|o|o|o|o|o|o|o|o|o
DMA_S3PAR PA[31:0]
0x0060
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_S3MOAR MOA[31:0]
0x0064
Reset value o|o|o|o|0|o|0|o|o|o|o|0|o|0|o|0|o|o|o|o|0|o|0|o|o|0|o|0|o|o|0|o
DMA_S3M1AR M1A[31:0]
0x0068
Reset value o|0|o|o|0|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o ofo o|0|o 0 0|o
w g o 2| FTH
0x006C DMA_SSFCR Reserved w % FS[2:0] % [1:0]
Reset value 0 | 1|o|o 0 o|1
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Table 29. DMA register map and reset values (continued)
Offset| Register |2 QI QIN|Q QI QY& K2/ 2N Qe 22N 5|2 of o~ o] <| |« ~|o
5} § g ) 1<) _
DMA_S4CR S 15 |5 kEEIEG g |5 [gelRlca Bl Mgl
0x0070 - Reserved 4 < m%ogg“;’u Nsaaﬁiﬁfi'iﬂgm
5 |2 ¢ R i
Reset value o|o|o o|o o|o ofofo o|o 0 o|o o|o ofofo o|o ofofofo]ofo
DMA_S4NDTR NDT[15:.]
0x0074 Reserved
Reset value o|0|o|0|0|o|o|o|o|o|o|o|o|o|o|o
0X0078 DMA_S4PAR PA[31:0]
X Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0X007C DMA_S4MOAR :
X Reset value o|o|o|0|o|o|o|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0X0080 DMA_S4M1AR M1A[31:0]
X Reset value o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|oooo|o|ooo|o
w3 o |2 | FTH
0x0084 DMA_S4FCR Reserved t § FS(2:0] % [1:0]
Reset value o|@[1]ofo]o[0]1
g |2 |¢% vl T | & = | "
8 | E s 2 9l | = lelelol @ | |w|w |w |
0x0088 DMA_SSCR Reserved g (go i é'c_) a ;—l;_ 2 g ﬁ %E% [ E’S £ % i
5 |2 |8 N il
Reset value 0|o|0 o|0 o|o ofofo 0|0 0 0|0 0|0 ofofo 0|0 ofofof{ofo]oO
DMA_S5NDTR NDT[15:]
0x008C Reserved
Reset value o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
DMA_S5PAR PA[31:0]
0x0090
Reset value o|0|o|o|o|o|0|o|o|o|o|0|o|0|0|0|o|o|o|o|o|o|0|o|o|o|o|0|o|o|o|o
DMA_S5MOAR MOA[31:0]
0x0094
Reset value o|0|o|o|o|o|0|o|o|o|o|0|o|0|0|0|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o
DMA_S5M1AR M1A[31:0]
0x0098
Reset value o|0|o|o|0|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o ofo o|0|o 0 0|o
w3 12| FTH
0x009C DMA_SSFCR Reserved T % FS[2:0] % [1:0]
Reset value o|@[1]ofo|o[0]1
g |2 |8 vl @ | & = | ¥
o E|E s 2 0|l | = |elelel @ | |w|w |w |
0x00A0 DMA_SECR Reserved g % g é'c_) 8 ;—l;_ 2 E UNJ é%% 'D_T- E’E 'E L}I—J % %
5 3| a8 a2 |2 o |
Reset value 0|o|0 o|0 o|o ofofo 0|0 0 0|0 0|0 ofo]fo 0|0 ofofof{ofo]oO
DMA_S6NDTR NDT[15:]
0x00A4 Reserved
Reset value o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
DMA_S6PAR PA[31:0]
0x00A8
Reset value o|0|o|o|0|o|0|o|o|o|o|0|o|0|0|0|o|o|o|o|o|o|0|o|o|o|o|0|o|o|o|o
DMA_S6MOAR MOA[31:0]
0X00AC
Reset value o|0|o|o|o|o|0|o|o|o|o|0|o|0|0|0|o|o|o|o|o|o|0|o|o|o|o|o|o|o|o|o
DMA_S6M1AR M1A[31:0]
0x00B0
Reset value o|0|0|0|0|o|0|0|o|o|o|o|o|o|o|o|o|0|0|0|0|o|0|0 ofo o|0|o 0 o|o
w3 o |2 | FTH
0x00B4 DMA_SEFCR Reserved w § FS[2:0] % [1:0]
Reset value o & 1|o|o 0 o|1
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Table 29. DMA register map and reset values (continued)

Offset| Register | o/Q QXN Q& IRV R Q2L LRI 2N |2 o o~ ow < oo~ o
g |22 _lol® | = | .
= = =3 2 0| = - Qlolo| 2 |f|w|w w5

oxooss| CVASTOR | pecerved | % 2 §5§ S SN |8 EEES|E DRE E 4
T 2 2 o T 2 o o |a o
© S | o

Reset value o|o|o o|o o|ooooo|o o|o 0|ooooo|ooooooo
DMA_S7NDTR NDT[15:.]

0x00BC Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_S7PAR PA[31:0]

0x00C0
Reset value o|o|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|o|o|o|o
DMA_S7MOAR :

0x00C4
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
DMA_S7M1AR M1A[31:0]

0x00C8
Reset value o|0|o|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 0 o|o

w3 o |2 | FTH
0x00CC DMA_S¢FCH Reserved t % FS(2:0] % [1:0]
Reset value 0 |& 1|o|o 0 o|1

Refer to Table 1 on page 50 for the register boundary addresses.
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9 Interrupts and events

This Section applies to the whole STM32F40x and STM32F41x family, unless otherwise
specified.

9.1 Nested vectored interrupt controller (NVIC)

9.1.1 NVIC features
The nested vector interrupt controller NVIC includes the following features:
® 87 maskable interrupt channels (not including the 16 interrupt lines of Cortex™-M4F)
® 16 programmable priority levels (4 bits of interrupt priority are used)
® low-latency exception and interrupt handling
® power management control
® 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 see Chapter 5: Exceptions & Chapter 8: Nested
Vectored Interrupt Controller in the ARM Cortex™-M4F Technical Reference Manual.
9.1.2 SysTick calibration value register
The SysTick calibration value is fixed to 15000, which gives a reference time base of 1 ms
with the SysTick clock set to 15 MHz (max HCLK/8).
9.1.3 Interrupt and exception vectors
Table 30 is the vector table for the STM32F40x and STM32F41x devices.

Table 30. Vector table

< >

o | =

= ] TyP e_of Acronym Description Address

8 | .= | priority

a o
- - - Reserved 0x0000_0000
-3 fixed Reset Reset 0x0000_0004

Non maskable interrupt. The RCC
-2 fixed NMI Clock Security System (CSS) is 0x0000_0008
linked 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
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Table 30. Vector table (continued)

-5 ‘E Type of .
-‘§ k) priority Acronym Description Address
o | a

i i i 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 i':] Ye'?rﬂgt"ugh EXTlline detection 0x0000_0044
2 | 9 | settable | TAMP_STAMP Eg‘fget: ?r?: ggf’f;aemp interrupts | 5x0000_0048
3 |10 settable |RTC_WKUP RS Jiakeup interrupt through the | - o,6000_004c
4 | 11 | settable |FLASH Flash global interrupt 0x0000_0050
5 | 12 | settable |RCC RCC global interrupt 0x0000_0054
6 | 13 | settable |EXTIO EXTI LineQ 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_StreamO DMA1 StreamO 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 DMAT1 Stream3 global interrupt 0x0000_0078
15 | 22 | settable |DMA1_Stream4 DMA1 Stream4 global interrupt 0x0000_007C
16 | 23 | settable |DMA1_Stream5 DMA1 Streamb5 global interrupt 0x0000_0080
17 | 24 | settable | DMA1_Stream6 DMA1 Stream6 global interrupt 0x0000_0084
18 | 25 | settable |ADC altaecr;:u’p?sDcz and ADC3 global 0X0000_0088
19 | 26 | settable |CAN1_TX CAN1 TX interrupts 0x0000_008C
20 | 27 | settable | CAN1_RX0 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
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Table 30. Vector table (continued)
g >
=15 Type of Acronym Description Address
8 | £ | priority
o o
24 | 31| settable |TIM1_BRK_TiMg | M1 Break interrupt and TIM9 0x0000_00A0
global interrupt
25 | 32 | settable |TIM1_UP_TiM1o | IMT Update interruptand TIM10 0x0000_00A4
global interrupt
TIM1 Trigger and Commutation
26 | 33 | settable EW;TRG_COM_ interrupts and TIM11 global 0x0000_00A8
interrupt
27 | 34 | settable |TIM1_CC TIM1 Capture Compare interrupt 0x0000_00AC
28 | 35 | settable |TIM2 TIM2 global interrupt 0x0000_00B0O
29 | 36 | settable |TIM3 TIM3 global interrupt 0x0000_00B4
30 | 37 | settable |TIM4 TIM4 global interrupt 0x0000_00B8
31 | 38 | settable |I2C1_EV I°C1 event interrupt 0x0000_00BC
32 | 39 | settable |I12C1_ER 12C1 error interrupt 0x0000_00C0
33 | 40 | settable |I2C2_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_00D0
37 | 44 | settable |USART1 USART1 global interrupt 0x0000_00D4
38 | 45 | settable |USART2 USART2 global interrupt 0x0000_00D8
39 | 46 | settable |USART3 USART3 global interrupt 0x0000_00DC
40 | 47 | settable |EXTI15_10 EXTI Line[15:10] interrupts 0x0000_00EO0
41 | 48 | settable |RTC_Alarm RTC Alarms (A and B) through EXTI | 540 ooE4
line interrupt
42 | 49 | settable |OTG_FS wkup | YSB On-The-Go F'S Wakeup 0x0000_00E8
through EXTI line interrupt
43 | 50 | settable |TIM8_BRK_TiM12 | 1M8 Breakinterrupt and TIM12 0x0000_00EC
global interrupt
44 | 51 | settable |TIM8_UP_TIM13 | M8 Update interrupt and TIM13 0x0000_00F0
global interrupt
TIM8 Trigger and Commutation
45 | 52 | settable EM?ZTRG—COM— interrupts and TIM14 global 0x0000_00F4
interrupt
46 | 53 | settable | TIM8_CC TIM8 Capture Compare interrupt 0x0000_00F8
47 | 54 | settable | DMA1_Stream?7 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
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Table 30. Vector table (continued)
-§ ‘E Type of .
.g S priority Acronym Description Address
o | a
51 | 58 | settable |SPI3 SPI3 global interrupt 0x0000_010C
52 | 59 | settable |UART4 UART4 global interrupt 0x0000_0110
53 | 60 | settable |UART5 UARTS5 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 | DMA2_StreamO DMAZ2 StreamO global interrupt 0x0000_0120
57 | 64 | settable | DMA2_Stream1 DMAZ2 Stream1 global interrupt 0x0000_0124
58 | 65 | settable | DMA2_Stream2 DMAZ2 Stream2 global interrupt 0x0000_0128
59 | 66 | settable | DMA2_Stream3 DMAZ2 Stream3 global interrupt 0x0000_012C
60 | 67 | settable | DMA2_Stream4 DMAZ2 Stream4 global interrupt 0x0000_0130
61 | 68 | settable |ETH Ethernet global interrupt 0x0000_0134
62 | 69 | settable |ETH_WKUP Ett';frrggtt Wakeup through EXTlline | 45540 o138
63 | 70 | settable |CAN2_TX CAN2 TX interrupts 0x0000_013C
64 | 71 | settable | CAN2_RX0 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 Streamb5 global interrupt 0x0000_0150
69 | 76 | settable | DMA2_Stream6 DMAZ2 Stream6 global interrupt 0x0000_0154
70 | 77 | settable | DMA2_Stream7 DMAZ2 Stream?7 global interrupt 0x0000_0158
71 | 78 | settable |USART6 USARTS6 global interrupt 0x0000_015C
72 | 79 | settable |I12C3_EV 1°C3 event interrupt 0x0000_0160
73 | 80 | settable |I2C3_ER 12C3 error interrupt 0x0000_0164
74 | 81| settable _(I?TG_HS_EPLOU ;isa(l)ir:];r:ﬁjgo HS End Point 1 Out 0x0000_0168
75 | 82 | settable |OTG_HS_EP1_IN sl;l‘z’saﬂ’r‘“z‘ri? HS End Point1in | 40000_016C
76 | 83 | settable |OTG_HS_WKUP %?igh” g;%%‘:eﬁ'fjg’tvake“p 0x0000_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
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Table 30. Vector table (continued)

§ | 2

=15 Type of Acronym Description Address

8 | £ | priority

o o

80 | 87 | settable |HASH_RNG Hash and Rng global interrupt 0x0000_0180

81 | 88 | settable |FPU FPU global interrupt 0x0000_0184

9.2 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
(pulse or pending) 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

9.2.1 EXTI main features

The main features of the EXTI controller are the following:

® independent trigger and mask on each interrupt/event line

® dedicated status bit for each interrupt line

® generation of up to 23 software event/interrupt requests

® detection of external signals with a pulse width lower than the APB2 clock period. Refer

to the electrical characteristics section of the STM32F40x and STM32F41x datasheets
for details on this parameter.
9.2.2 EXTI block diagram

Figure 26 shows the block diagram.

Doc ID 018909 Rev 1

199/1316




Interrupts and events RM0090

9.2.3

9.24
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Figure 26. External interrupt/event controller block diagram
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Wakeup event management

The STM32F40x and STM32F41x are able to handle external or internal events in order to
wake up the core (WFE). The wakeup event can be generated either by:

® enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex™-M4F 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.

® orconfiguring 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 wakeup event, refer to Section 9.2.4: Functional description.

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
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

Doc ID 018909 Rev 1 KYI




RMO0090

Interrupts and events

9.2.5

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:
® Configure the mask bits of the 23 interrupt lines (EXTI_IMR)
® 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:
® Configure the mask bits of the 23 event lines (EXTI_EMR)
@ 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.

® Configure the mask bits of the 23 interrupt/event lines (EXTI_IMR, EXTI_EMR)
® Set the required bit in the software interrupt register (EXTI_SWIER)

External interrupt/event line mapping

The 140 GPIOs are connected to the 16 external interrupt/event lines in the following
manner:
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Figure 27. External interrupt/event GPIO mapping

EXTIO0[3:0] bits in the SYSCFG_EXTICR1 register
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EXTIO

EXTI1[3:0] bits in the SYSCFG_EXTICR1 register
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EXTI

EXTI15[3:0] bits in the SYSCFG_EXTICR4 register

¥

PA15 O——>»
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PC15 O——»
PD15 C——»
PE15 C——»
PF15 C——»
PG15 0——
PH15 O———>»

EXTI15
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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 Wakeup event

EXTI line 19 is connected to the Ethernet Wakeup event

EXTI line 20 is connected to the USB OTG HS (configured in FS) Wakeup event
EXTI line 21 is connected to the RTC Tamper and TimeStamp events

EXTI line 22 is connected to the RTC Wakeup event

202/1316 Doc ID 018909 Rev 1 KYI




RMO0090

Interrupts and events

9.3 EXTI registers

Refer to Section 1.1 on page 46 for a list of abbreviations used in register descriptions.

9.3.1 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 rw w w
15 14 13 12 11 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 rw rw rw w w rw rw 1444 rw rw rw 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
9.3.2 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 rw w w
15 14 13 12 11 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 rw w w rw rw w rw rw rw w w
Bits 31:23 Reserved, must be kept at reset value.
Bits 22:0 MRx: 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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9.3.3 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
rw w rw w rw rw w
15 14 13 12 11 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

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 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 wakeup 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.

9.34 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
rw w rw w rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TR15 TR14 TR13 TR12 TR11 TR0 TR9 TR8 TR7 TR6 TR5 TR4 TR3 TR2 TRi TRO
w | rw | w | rw | w | rw | rw | w | w | rw | w | rw | w | rw | rw | w
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 wakeup 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.
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9.3.5 Software interrupt event register (EXTI_SWIER)

Address offset: 0x10
Reset value: 0x0000 0000

31 3 29 28 27 26 25 24 23 2 21 20 19 18 17 16
SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER
Reserved 2 | 21 20 | 19 | 18 17 16
rw w rw rw 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
rw | w | rw | w | rw | w | w | rw | rw | w | rw | w | w | rw | rw | rw

Bits 31:23 Reserved, must be kept at reset value.

Bits 22:0 SWIERXx: Software Interrupt on line x
Writing a 1 to this bit when it is at 0 sets the corresponding pending bit in EXTI_PR. If the
interrupt is enabled on this line on the EXTI_IMR and EXTI_EMR, an interrupt request is
generated.
This bit is cleared by clearing the corresponding bit in EXTI_PR (by writing a 1 to the bit).

9.3.6 Pending register (EXTI_PR)

Address offset: 0x14
Reset value: undefined

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_wi rc_wi rc_wi rc_wi rc_wi rc_wi
15 14 13 12 1 10 9 8 7 6 5

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_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi

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 writing a 1 to the bit or by changing the sensitivity of the edge detector.
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9.3.7 EXTI register map

Table 31 gives the EXTI register map and the reset values.

Table 31.  External interrupt/event controller register map and reset values

e PR EEEEEEEEEEEEEEEEE N P EEEREE
EXTI_IMR MR[22:0]

0x00 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_EMR MR[22:0]

0x04 Reserved
Reset value o|o|0|o|o|o|o|0|o|o|o|o|0|o|o|o|o|0|o|o|o|o|0
EXTI_RTSR TR[22:0]

0x08 Reserved
Reset value o|o|0|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|0
EXTI_FTSR TR[22:0]

0x0C 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_SWIER SWIER[22:0]

0x10 Reserved
Reset value o|o|0|o|o|o|o|0|o|o|o|o|0|o|o|o|o|0|o|o|o|o|0
EXTI_PR PR[22:0]

0x14 Reserved
Reset value o|o|0|o|o|o|o|o|o|o|0|o|0|o|o|o|o|o|o|o|o|o|0

Refer to Table 1 on page 50 for the register boundary addresses.
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10.1

10.2

Note:

10.3

Analog-to-digital converter (ADC)

This section applies to the whole STM32F40x and STM32F41x 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 Vgar 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

12-bit, 10-bit, 8-bit or 6-bit configurable resolution

Interrupt generation at the end of conversion, end of injected conversion, and in case of
analog watchdog or overrun events

Single and continuous conversion modes

Scan mode for automatic conversion of channel 0 to channel ‘n’
Data alignment with in-built data coherency

Channel-wise programmable sampling time

External trigger option with configurable polarity for both regular and injected
conversions

Discontinuous mode

Dual/Triple mode (on devices with 2 ADCs or more)

Configurable DMA data storage in Dual/Triple ADC mode

Configurable delay between conversions in Dual/Triple interleaved mode
ADC conversion type (refer to the datasheets)

ADC supply requirements: 2.4 V to 3.6 V at full speed and down to 1.8 V at slower
speed

e ADC input range: Veer—< VN £ VREF:
® DMA request generation during regular channel conversion

Figure 28 shows the block diagram of the ADC.

Vger-, if available (depending on package), must be tied to Vgga.

ADC functional description
Figure 28 shows a single ADC block diagram and Table 32 gives the ADC pin description.
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Figure 28. Single ADC block diagram
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Table 32. ADC pins
Name Signal type Remarks
Vv Input, analog reference The higher/positive reference voltage for the ADC,
REF+ positive 1.8V < Vgees < Vopa
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 (8.6 V) for reduced speed
Input, analog reference The lower/negative reference voltage for the ADC,
VRer- negative Y =V
REF-= 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
10.3.1 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).
10.3.2 ADC clock
The ADC features two clock schemes:
® 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 ko/2, /4, /6 or /8. Refer to the datasheets for the
maximum value of ADCCLK.
® 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).
10.3.3 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.

® 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_SQRT1 register.

® 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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Note:

10.3.4

10.3.5
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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, Vgernt @and Vgat internal channels

The temperature sensor is connected to channel ADC1_IN16 and the internal reference
voltage VrepinT I8 connected to ADC1_IN17. These two internal channels can be selected
and converted as injected or regular channels.

The Vgt channel is connected to channel ADC1_IN18. It can also be converted as an
injected or regular channel.

The temperature sensor, Vgepnt and 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:

o setting the SWSTART bit in the ADC_CR2 register (for a regular channel only)
® setting the JSWSTART bit (for an injected channel)
® external trigger (for a regular or injected channel)

Once the conversion of the selected channel is complete:
® If a regular 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
® If aninjected 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.

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
SWSTRT bit in the ADC_CR2 register (for regular channels only).
After each conversion:
e If a regular 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
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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).
10.3.6 Timing diagram
As shown in Figure 29, the ADC needs a stabilization time of tgag 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 29. Timing diagram
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10.3.7

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_CRH1 register.

The threshold value is independent of the alignment selected by the ALIGN bit in the
ADC_CR2 register. The analog voltage is compared to the lower and higher thresholds
before alignment.

Table 33 shows how the ADC_CR1 register should be configured to enable the analog
watchdog on one or more channels.

Figure 30. Analog watchdog’s guarded area

Analog voltage

A
Higher threshold HTR
Guarded area
Lower threshold LTR
ai16048
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Table 33. Analog watchdog channel selection

Channels guarded by the analog ADC_CRT1 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 () 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_SQRx 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:

® At the end of each regular group sequence if the EOCS bit is cleared to 0

® 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_JDRx
registers.

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
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10.3.10

interrupted but the regular sequence is executed at the end of the injected sequence.
Figure 31 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 31. Injected conversion latency

ADCCLK

Injection event

— 1

Reset ADC

SOC

1

:

1

: max latency (1)
—h
1

1

1

1

ai16049

1. The maximum latency value can be found in the electrical characteristics of the STM32F40x and
STM32F41x datasheets.

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 DISCNUM][2:0] bits in the ADC_CRH1 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.
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Example:
n = 3, channels to be converted =0, 1,2, 3,6, 7, 9, 10
1st trigger: sequence converted 0, 1, 2
2nd trigger: sequence converted 3, 6, 7
3rd trigger: sequence converted 9, 10 and an EOC event generated
4th trigger: sequence converted 0, 1, 2

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 EOC and JEOC events 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.

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 32 and Figure 33.

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.
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Figure 32. 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 33. 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 34.

Figure 34. 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

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:
Teonv = Sampling time + 12 cycles

Example:
With ADCCLK = 38 MHz and sampling time = 3 cycles:
Teony =3 + 12 = 15 cycles = 0.5 ps with APB2 at 60 MHz
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10.6 Conversion on external trigger and trigger polarity

Conversion can be triggered by an external event (e.g. timer capture, EXTI line). If the
EXTENI1:0] control bits (for a regular conversion) or JEXTEN[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 34 provides the correspondence between the EXTEN[1:0]
and JEXTENT[1:0] values and the trigger polarity.

Table 34. 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
Note: 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 35 gives the possible external trigger for regular conversion.

Table 35. 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 l;':]irrr;al signal from on-chip 0111
TIM3_TRGO event 1000
TIM4_CH4 event 1001
TIM5_CH1 event 1010
TIM5_CH2 event 1011
TIM5_CHS3 event 1100
TIM8_CH1 event 1101
TIM8_TRGO event 1110
EXTI line11 External pin 1111

Table 36 gives the possible external trigger for injected conversion.
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Table 36. 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 :ir:;[](zrrr;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.

10.7 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
® 38bits: 3+ 8 =11 ADCCLK cycles

® 6 bits: 3 + 6 =9 ADCCLK cycles
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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_SxRTR register):

® No new DMA request is issued to the DMA controller if the DDS bit is cleared to 0 in the
ADC_CR2 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.

® Requests can continue to be generated if the DDS bit is set to 1. This allows
configuring the DMA in double-buffer circular mode.

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.

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.
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10.9 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 35).

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.

Note: 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
® Regular simultaneous mode
® |Interleaved mode
® Alternate trigger mode
It is also possible to use the previous modes combined in the following ways:
® Injected simultaneous mode + Regular simultaneous mode
® Regular simultaneous mode + Alternate trigger mode
Note: 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 35. Multi ADC block diagram(")

Regular data register >
—p] (16 bits)
Injected data registers -
] > —p| Regular (4 x 16 bits) —:>
channels
Injected ADC3(2) (Slave)
channels
Regular data register >
—p] (16 bits)
Injected data registers Ll
> o | Regular (4 x 16 bits) _:>
o »| channels
| Injected ADC2 (Slave)
channels
(2]
3
internal triggers o
©
Common regular data register '\§
(32 bits)®) /] §
k]
el
\ <<
| Dual/Triple
mode control Common part
Regular data register >
(16 bits)
Injected data registers n
(4 x 16 bits) —:>_
ADCx_INO — :zlj:
. —>
ADCx_IN1 GPIO
N Ports
: | Regular
channels
ADCx_IN15— [}— A Injected
channels
Temp. sensor —P| A
VREFINT —P|
Vear —P|
L
EXTI_11 [} ] ADC1 (Master)
Start trigger mux 4+~ ——
(regular group)
EXTI_15[
Start trigger mux T |
(injected group) 1
ai16053

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:

a)

DMA mode 1: On each DMA request (one data item is available), a half-word
representing an ADC-converted data item is transferred.

In Dual ADC mode, ADC1 data are transferred on the first request, ADC2 data are
transferred on the second request and so on.

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.
Example:

Regular simultaneous triple mode: 3 consecutive DMA requests are generated
(one for each converted data item)

1st request: ADC_CDRJ[31:0] = ADC1_DR[15:0]
2nd request: ADC_CDR[31:0] = ADC2_DR[15:0]
3rd request: ADC_CDRJ[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
S0 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 (ADCS3 data take the upper half-word and ADC2 data take the lower
half-word) and so on.

DAM 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]
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— 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
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.
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_DR7:0]

2nd request: ADC_CDRJ[15:0] = ADC1_DR[7:0] | ADC3_DR[15:0]

3rd request: ADC_CDR[15:0] = ADC3_DR[7:0] | ADC2_DRJ[7:0]

4th request: ADC_CDRJ[15:0] = ADC2_DRJ7:0] | ADC1_DR7:0]
Overrun detection: If an overrun is detected on one of the concerned ADCs (ADC1 and
ADC2 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.

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.

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 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.

Dual ADC mode

At the end of conversion event on ADC1 or ADC2:
® The converted data are stored into the ADC_JDRXx registers of each ADC interface.

® A JEOC interrupt is generated (if enabled on one of the two ADC interfaces) when the
ADC1/ADC2’s injected channels have all been converted.
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Figure 36. Injected simultaneous mode on 4 channels: dual ADC mode

ADCH1 cHo | JcH1 cHz2 | Ichs | [lcHis]
ADC2 cH15] JcH14] TcH1s] JcHi2] CHO

f

Trigger End of conversion on ADC1 and ADC2

D Sampling
D Conversion 2i16054

Triple ADC mode

At the end of conversion event on ADC1, ADC2 or ADC3:
® The converted data are stored into the ADC_JDRXx registers of each ADC interface.

® A JEOC interruptis generated (if enabled on one of the three ADC interfaces) when the
ADC1/ADC2/ADC3'’s injected channels have all been converted.

Figure 37. Injected simultaneous mode on 4 channels: triple ADC mode

ADC1 CHO CH1 CH2 CH3 | - CH15
aocz [TcHis] Jonia] Jcria] Jore] - [ cHo]
ADC3 cHio| [cHi2] | cHs CH5 | - CH2

f

Trigger End of conversion on ADC1, ADC2 and ADC3

D Sampling
: Conversion ai16055

10.9.2 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 ADCS3.

Note: 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:

® 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_CCR to the SRAM.

® 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 38. Regular simultaneous mode on 16 channels: dual ADC mode

ADCAH 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:

® 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.

® AnEOC 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 39. Regular simultaneous mode on 16 channels: triple ADC mode

ADCH1 CHO CH1 CH2 CH3 | - CH15
ancz [Jcnis] Jona] Jons] Jone] - []cmo]
ADC3 I ICH10| ICH12| ICH8 I ICH5 I I I CH2 I
Trigger End of conversion on ADC1, ADC2 and ADC3
D Sampling
Conversion Ai16055
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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:
® ADCH1 starts immediately
® ADC2 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 will 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.

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 40. Interleaved mode on 1 channel in continuous conversion mode: dual
ADC mode

End of conversion on ADC1 D Sampling

ADC1 l |CHO | CHO DConversion

apczg  [Toro] -~ [Tcro]
' )
1 1
Trigger : ! End of conversion on ADC2
1
S d
8 ADCCLK
cycles ai16056

Triple ADC mode

After an external trigger occurs:

® ADC1 starts immediately and

® ADC2 starts after a delay of several ADC clock cycles

® 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
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 will separate the conversions on ADC1, ADC2 and ADC3).
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If the CONT bit is set on ADC1, ADC2 and ADC3, the selected regular channels of all ADCs
are continuously converted.

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_CDRI[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 41. Interleaved mode on 1 channel in continuous conversion mode: triple

ADC mode
End of conversion on ADC1
DMA request every 2 conversions
ADCH1 CHO
Apc24 [ JcHp [ Jcho | -+ [JcHo |
! — .
ADC3/ ' | | | CHo | | | CHo | |:| Sampling
: E Do \ :Conversion
, AT End of conversion on ADC3
Trigger Loy
1 1
! D! E End of conversion on ADC2
1 ST
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 regular conversion is interrupted when the
ADC has to perform an injected conversion. It is resumed when the injected conversion is
finished.

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

® When the 1st trigger occurs, all injected ADC1 channels in the group are converted
® When the 2nd trigger occurs, all injected ADC2 channels in the group are converted
® andsoon

A JEOC interrupt, if enabled, is generated after all injected ADC1 channels in the group
have been converted.
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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 42. Alternate trigger: injected group of each ADC

" 3rd trigger n)th trigger
Isttrigger  Eoc, JEOC 99" Eoc, JEOC (n)th trigg
\ on ADC1 \ on ADCH
ADC2
EOC, JEOC EOC, JEOC _
on ADC2 on ADC2 _ []  samping
2nd trigger 4th trigger (n+1)th trigger D Conversion
ai16059

If the injected discontinuous mode is enabled for both ADC1 and ADC2:

® When the 1st trigger occurs, the first injected ADC1 channel is converted.
® When the 2nd trigger occurs, the first injected ADC2 channel are converted
® 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.

Figure 43. Alternate trigger: 4 injected channels (each ADC) in discontinuous mode

1st trigger 3rd trigger 5th trigger 7th trigger

.
JEOC on ADCH L] samoing

\II | \I 1] \EI:I \j:f e

ADCH1

ADC2

2nd trigger 4th trigger 6th trigger 8th trigger 2116060

JEOC on ADC2

Triple ADC mode

® When the 1st trigger occurs, all injected ADC1 channels in the group are converted.
® When the 2nd trigger occurs, all injected ADC2 channels in the group are converted.
® When the 3rd trigger occurs, all injected ADC3 channels in the group are converted.
® andsoon
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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 44. Alternate trigger: injected group of each ADC

1st trigger 4th trigger n)th trigger D

EOC, JEOC EOC, JEOC Sampling
on ADC1 on ADC1 D Conversion
ADCH

ADC2
[T 1]

2nd trigger
3rd trigger (n+1)th trigger

5th trigger (n+2)th trigger
EOC, JEOC EOC, JEOC
on ADC2 on ADC3

ai16061

10.9.5 Combined regular/injected simultaneous mode

Note:

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
ADC with the shortest sequence may restart while the ADC with the longest sequence is
completing the previous conversions.

10.9.6 Combined regular simultaneous + alternate trigger mode

Note:

It is possible to interrupt the simultaneous conversion of a regular group to start the
alternate trigger conversion of an injected group. Figure 45 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.
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Figure 45. Alternate + regular simultaneous
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If a trigger occurs during an injected conversion that has interrupted a regular conversion, it
is ignored. Figure 46 shows the behavior in this case (2nd trigger is ignored).

Figure 46. Case of trigger occurring during injected conversion
1st trigger 3rd trigger

Y Y

1 1 ! | 1 1
ADCireg | | cHo | | cHt || cH2 | [ cv2 | Jcuws | []ous | |cHa
ADCT inj ! E . [Lco ] | | » L1 cro |

1 1 1 1 1 1 1 1
Apcareg | | cH3 | JcHs | JcHe | | ]cHe | |cH7 | [ JcH7 | JcHs |
ADC2nj | | o I N I | :

2nd trigger 2nd trigger
ai16063

10.10 Temperature sensor

The temperature sensor can be used to measure the ambient temperature (T,) of the
device.

The temperature sensor is internally connected to the ADC1_IN16 input channel which is
used to convert the sensor’s output voltage to a digital value.

Figure 47 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:
ADC1_IN16 (temperature sensor) and ADC1_IN17 (VgeginT)-

Main features

® Supported temperature range: —40 to 125 °C
® Precision: +1.5°C
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Figure 47. Temperature sensor and VgegginT Cchannel block diagram
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Reading the temperature

To use the sensor:
4. Select the ADC1_IN16 input channel

5. Select a sampling time greater than the minimum sampling time specified in the
datasheet.

6. Setthe TSVREFE bit in the ADC_CCR register to wake up the temperature sensor
from power down mode

7. Start the ADC conversion by setting the SWSTART bit (or by external trigger)
8. Read the resulting Vggnge data in the ADC data register
9. Calculate the temperature using the following formula:
Temperature (in °C) = {(Vgense — Vos) / Avg_Slope} + 25
Where:
— Vo5 =Vgense Value for 25° C
— Avg_Slope = average slope of the temperature vs. Vggngg curve (given in mV/°C
or uv/°C)
Refer to the datasheet’s electrical characteristics section for the actual values of Vo5
and Avg_Slope.

Note: 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.

10.11  Battery charge monitoring

The VBATE bit in the ADC_CCR register is used to switch to the battery voltage. As the
Vgar Voltage could be higher than Vppa, to ensure the correct operation of the ADC, the
Vgat pin is internally connected to a bridge divider by 2. This bridge is automatically enabled
when VBATE is set, to connect Vgar/2 to the ADC1_IN18 input channel. As a consequence,
the converted digital value is half the Vgt voltage. To prevent any unwanted consumption
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on the battery, it is recommended to enable the bridge divider only when needed, for ADC
conversion.

10.12 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:

® JSTRT (Start of conversion for channels of an injected group)

® STRT (Start of conversion for channels of a regular group)

Table 37. 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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10.13 ADC registers

Refer to Section 1.1 on page 46 for a list of abbreviations used in register descriptions.

10.13.1 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 11 10 9 8 7 6 5 4 3 2 1 0

OVR STRT | JSTRT | JEOC EOC AWD
Reserved

rc_w0 | rc_w0 | rc.wO | rc_wO | rc_w0 | rc_w0

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

Bit 5 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

Bit 4 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
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10.13.2 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 16
OVRIE RES AWDEN | JAWDEN
Reserved Reserved
w rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DISCNUM[2:0] "DﬁCE DS\‘C JAUTO AWESG SCAN | JEOCIE | AWDIE | EOCIE AWDCH[4:0]
rw | w | rw rw w rw rw rw rw rw rw rw | rw | rw | rw | rw

Bits 31:27 Reserved, must be kept at reset value.

Bit 26 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.

Bits 25:24 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)

Bit 23 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

Bit 22 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

Bits 21:16 Reserved, must be kept at reset value.

Bits 15:13 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

Bit 12 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

Bit9 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
— At the 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. In
Scan mode if the watchdog thresholds are crossed, scan is aborted only if this bit is enabled.
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.
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Bits 4:0 AWDCH][4:0]: 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

10.13.3 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 .
reserve| ART EXTEN EXTSEL[3:0] reserve | ART JEXTEN JEXTSEL[3:0]
d d
w w w rw | rw | w | rw rw rw w w | w | w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ALIGN | EOCS | DDS DMA CONT | ADON
reserved Reserved
rw rw w rw w w

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
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236/1316

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: Timer 1 CC1 event
0001: Timer 1 CC2 event
0010: Timer 1 CC3 event
0011: Timer 2 CC2 event
0100: Timer 2 CC3 event
0101: Timer 2 CC4 event
0110: Timer 2 TRGO event
0111: Timer 3 CC1 event
1000: Timer 3 TRGO event
1001: Timer 4 CC4 event
1010: Timer 5 CC1 event
1011: Timer 5 CC2 event
1100: Timer 5 CC3 event
1101: Timer 8 CC1 event
1110: Timer 8 TRGO event
1111: EXTl line11

Bit 23 Reserved, must be kept at reset value.

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.
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Bit 11 ALIGN: Data alignment
This bit is set and cleared by software. Refer to Figure 32 and Figure 33.
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

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
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10.13.4 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 | w w | w | rw w | w
15 14 13 12 11 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]
rw rw | rw | rw rw | rw | rw rw | rw | rw rw | w | rw rw | w | rw

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

10.13.5 ADC sample time register 2 (ADC_SMPR2)

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 | rw | rw rw | rw | rw rw | rw | rw rw | rw | rw rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
%MOP SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO[2:0]
rw rw | rw | rw rw | rw | rw rw | w | rw rw | w | rw rw | w | rw
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
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10.13.6 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

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

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.

10.13.7 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
Reserved AT
w | rw | w | rw | rw | rw | w | rw | rw | w | w | 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.

10.13.8 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
w | rw | w | w | rw | rw | w | rw | rw | w | w | w

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.
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10.13.9 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
w | rw | w | w rw | rw | rw | w
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]
rw rw | rw | w | rw | rw rw | rw | | rw rw | rw | rw | rw

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.

Bits 14:10  SQ15[4:0]: 15th conversion in regular sequence

Bits 9:5 SQ14[4:0]: 14th conversion
Bits 4:0 SQ13[4:0]: 13th conversion

10.13.10 ADC regular sequence register 2 (ADC_SQR2)

Address offset: 0x30
Reset value: 0x0000 0000

in regular sequence

in regular sequence

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]
Reserved
w | w | rw | rw | w rw | rw | w | w rw w | w | w | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ10_0 SQ9[4:0] SQ8[4:0] SQ7[4:0]
rw rw | w | w | rw | rw w | rw | rw | w | w rw w | rw | w | rw

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 conve
Bits 24:20 SQ11[4:0]: 11th conversion
Bits 19:15 SQ10[4:0]: 10th conversion
Bits 14:10 SQ9[4:0]: 9th conversion in

rted.
in regular sequence
in regular sequence

regular sequence
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Bits 9:5 SQ8[4:0]: 8th conversion in regular sequence

Bits 4:0 SQ7[4:0]: 7th conversion in regular sequence

10.13.11 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
rw | w | rw | rw | w rw | rw | rw | w | rw rw | w | w | w
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]
rw rw | rw | rw | rw | rw rw | rw | rw | rw | rw rw | rw | rw | rw | rw
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
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

10.13.12 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
rw | w w | rw | w | w
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 w | rw | rw | rw | rw w | w | rw | w | w

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
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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.

10.13.13 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 32 and Figure 33.

10.13.14 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]
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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 32 and Figure 33.

Doc ID 018909 Rev 1 243/1316




Analog-to-digital converter (ADC) RMO0090

10.13.15 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
r [ e e [ [ ]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ovrz | staT2 [ “STRT | JEOC2| EOC2 | AWD2 OVR1 | STRT1 |JSTRT1|JEOC 1| EOC1 | AWD1
Reserved ADC2 Reserved ADCH
r | r | r | r | r | r r | r | r | r | r | r
Bits 31:22 Reserved, must be kept at reset value.
Bit21 OVRS3: Overrun flag of ADC3
This bit is a copy of the OVR bit in the ADC3_SR register.
Bit 20 STRT3: Regular channel Start flag of ADC3
This bit is a copy of the STRT bit in the ADC3_SR register.
Bit 19 JSTRT3: Injected channel Start flag of ADC3
This bit is a copy of the JSTRT bit in the ADC3_SR register.
Bit 18 JEOCS3: Injected channel end of conversion of ADC3
This bit is a copy of the JEOC bit in the ADC3_SR register.
Bit 17 EOC3: End of conversion of ADC3
This bit is a copy of the EOC bit in the ADC3_SR register.
Bit 16 AWD3: Analog watchdog flag of ADC3
This bit is a copy of the AWD bit in the ADC3_SR register.
Bits 15:14 Reserved, must be kept at reset value.
Bit 13 OVR2: Overrun flag of ADC2
This bit is a copy of the OVR bit in the ADC2_SR register.
Bit 12 STRT2: Regular channel Start flag of ADC2
This bit is a copy of the STRT bit in the ADC2_SR register.
Bit 11 JSTRT2: Injected channel Start flag of ADC2
This bit is a copy of the JSTRT bit in the ADC2_SR register.
Bit 10 JEOCZ2: Injected channel end of conversion of ADC2
This bit is a copy of the JEOC bit in the ADC2_SR register.
Bit9 EOC2: End of conversion of ADC2
This bit is a copy of the EOC bit in the ADC2_SR register.
Bit 8 AWD2: Analog watchdog flag of ADC2
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This bit is a copy of the AWD bit in the ADC2_SR register.
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Bits 7:6 Reserved, must be kept at reset value.

Bit 5 OVR1: Overrun flag of ADC1
This bit is a copy of the OVR bit in the ADC1_SR register.

Bit 4 STRT1: Regular channel Start flag of ADC1
This bit is a copy of the STRT bit in the ADC1_SR register.

Bit 3 JSTRT1: Injected channel Start flag of ADC1
This bit is a copy of the JSTRT bit in the ADC1_SR register.

Bit 2 JEOCH1: Injected channel end of conversion of ADC1
This bit is a copy of the JEOC bit in the ADC1_SR register.

Bit 1 EOC1: End of conversion of ADC1
This bit is a copy of the EOC bit in the ADC1_SR register.

Bit 0 AWD1: Analog watchdog flag of ADC1
This bit is a copy of the AWD bit in the ADC1_SR register.

10.13.16 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

w w w | w

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

w rw rw w | w | w | rw rw | 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
VREFINT channel.
0: Temperature sensor and VgegnT Channel disabled
1: Temperature sensor and ViggnT channel enabled

Bit 22 VBATE: Vgt enable
This bit is set and cleared by software to enable/disable the Vgar channel.

0: Vgar channel disabled
1: Vgar channel enabled

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

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
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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.

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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10.13.17 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.

10.13.18 ADC register map

The following table summarizes the ADC registers.

Table 38. ADC global register map

Offset Register
0x000 - 0x04C ADCA1
0x050 - 0xOFC Reserved
0x100 - 0x14C ADC2
0x118 - Ox1FC Reserved
0x200 - 0x24C ADC3
0x250 - 0x2FC Reserved
0x300 - 0x308 Common registers
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Table 39. ADC register map and reset values for each ADC
e R EEEREE R EEEEEEEEEEEEEE RN EE R EE
M EEIRIE
0x00 ADC_SR Reserved 5 ;'E) cz @ 8 <§:
Reset value ofojojo0jo0]|o0
w| 2 |3|E DISC ZZlolo |z |w|w|w
ADC_CR1 | = a2 00|59 |<|Q|8 |0 | AWDCH4:0]
0x04 Reserved |3 @ % % Reserved NUM [2:0] g 05) % % ? @ % 2
Reset value oo|ooo o|o|oooooooooo|o|ooo
rolz| 2 oIz | 2 = ls |z
sel< | = ~lselE | = JEXTSEL 0 |<
0x08 ADC_CR2 v | E EXTSEL [3:011, g = [3:0] Reserved g § 8 g Reserved é g
e x e
dz | X 43 |
Reset value oo|o o|o|o|o oo|o 0|o|o|o ofo 0 ofo
ADC_SMPR1 Sample time bits SMPx_x
0x0C
Reset value o|0|o|o|0|o|0|o|o|o|o|0|o|0|o|o|o|o|o|o|0|o|0|o|o|0|o|0|o|o|o|o
ADC_SMPR2 Sample time bits SMPx_x
0x10
Reset value 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|o
ADC_JOFR1 JOFFSET1[11:0]
0x14 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o
ADC_JOFR2 JOFFSET2[11:0]
0x18 Reserved
Reset value 0|o|0|0|o|0|o|0|0|o|0|o
ADC_JOFR3 JOFFSET3[11:0]
0x1C Reserved
Reset value 0|o|0|o|o|o|o|o|o|o|o|o
ADC_JOFR4 JOFFSET4[11:0]
0x20 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o
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 0|o|0|o|o|o|o|o|o|o|o|o
ADC_SQR1 L[3:0] Regular channel sequence SQx_x bits
0x2C Reserved
Reset value 0|o|o|o 0|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
ADC_SQR2 g Regular channel sequence SQx_x bits
0x30 Reset value 2oo0ooooooooooooooooooooooooooo
o
ADC_SQR3 E Regular channel sequence SQx_x bits
0x34 Reset value goooooooooooooooooooooooooooooo
o
ADC_JSQR JL[1:0] Injected channel sequence JSQx_x bits
0x38 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
ADC_JDR1 JDATA[15:0]
0x3C Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
ADC_JDR2 JDATA[15:0]
0x40 Reserved
Reset value o|o|o|o|0|o|0|o|o|o|o|o|o|o|o|o
ADC_JDR3 JDATA[15:0]
0x44 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
ADC_JDR4 JDATA[15:0]
0x48 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
ADC_DR Regular DATA[15:0]
0x4C Reserved
Reset value o|o|o|o|0|o|0|o|o|o|o|o|o|o|o|o
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Table 40. ADC register map and reset values (common ADC registers)
S e EEEEE R EEEEEEEEEE EEEEEEE N EEEEEE
= = o o = = o N |k |o o
5|5 12 [2 2|2 |reser( |1 [ [2 (3| |reser| |5 [2 3|5 2
0x00 Reserved N ) < Hesder 2155 < es(;er w55 <
Reset value olojo|ojo|o| Y@ |o|o|lo|0o|O|O| Vd [o|O|O|O|O]|O
ADC3 ADC2 ADC1
5
b |y = | g | [Re
ADC_CCR gz T | T |8 [%°| pELAY [3:0] MULTI [4:0]
0x04 Reserved > |0 | Reserved o s |o|Vv Reserved
wn (> (@) a ed
- <
Reset value ofo o|o 0|oo o|0|o|o o|o|o|o|0
0x08 ADC_CDR Regular DATA2[15:0] Regular DATA1[15:0]
X
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o 0|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o

Refer to Table 1 on page 50 for the register boundary addresses.
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11.1

11.2
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Digital-to-analog converter (DAC)

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, Vgeg,. (shared with ADC) is available for better
resolution.

DAC main features

Two DAC converters: one output channel each

Left or right data alignment in 12-bit mode

Synchronized update capability

Noise-wave generation

Triangular-wave generation

Dual DAC channel for independent or simultaneous conversions
DMA capability for each channel

DMA underrun error detection

External triggers for conversion

Input voltage reference, Vgekg,

Figure 48 shows the block diagram of a DAC channel and Table 41 gives the pin description.
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Figure 48. DAC channel block diagram

DAC control register
TSELX2:0] bits T
SWTRIGx —
TIM2_TRGO—[&
TIM4 TRGO—{3 DMAENxX
TIM5_TRGO—{o
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TIM7_TRGO—{&
TIM8 TRGO—]Z,
EXTI_9 [}
A y
DM A reque stx
. F———»
12-bit Control logicx . TENX
.
ML L
. WAVENx[1:0] bits
12-bit
DORx
T 12-bit
N2
Vooa [} -
v Digital-to-analog { Jpac_ouTx
SSA converterx
VREFR:
ai14708b
Table 41. DAC pins
Name Signal type Remarks
v Input, analog reference The higher/positive reference voltage for the DAC,
REF+ positive 1.8V < Veers < Vopa
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 PA5) is

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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11.3

11.3.1

Note:

11.3.2

11.3.3
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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 tyakeup

The ENXx bit enables the analog DAC Channelx macrocell only. The DAC Channelx digital
interface is enabled even if the ENXx 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:

® Single DAC channelx, there are three possibilities:

—  8-bit right alignment: the software has to load data into the DAC_DHR8RXx [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 DHRXx (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.

Figure 49. Data registers in single DAC channel mode

31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

ai14710
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11.3.4

® Dual DAC channels, there are three possibilities:

—  8-bit right alignment: data for DAC channell 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_DHRB8RD [15:8] bits (stored into the DHR2[11:4] bits)

— 12-bit left alignment: data for DAC channell 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 channell 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
DOR2 registers, respectively, either automatically, by software trigger or by an external
event trigger.

Figure 50. Data registers in dual DAC channel mode

31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

ai14709

DAC conversion

The DAC_DORXx cannot be written directly and any data transfer to the DAC channelx must
be performed by loading the DAC_DHRXx 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_DORXx
register after one APB1 clock cycle, if no hardware trigger is selected (TENXx 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.

When DAC_DORXx is loaded with the DAC_DHRXx contents, the analog output voltage
becomes available after a time tggr1 NG that depends on the power supply voltage and the
analog output load.

Figure 51. Timing diagram for conversion with trigger disabled TEN = 0

APB1_CLK||||I|I|||||||_E

DHR XomAc:

X Output voltage
DOR - 0x1AC |__—" available on DAC_OUT pin

le——sETTLING —>

ai14711b
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11.3.6

Note:

11.3.7

254/1316

1

DAC output voltage
Digital inputs are converted to output voltages on a linear conversion between 0 and VRggg,.

The analog output voltages on each DAC channel pin are determined by the following
equation:

_ DOR
DACoutput = VgggXx 2095
DAC trigger selection

If the TENx 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 8 possi-
ble events will trigger conversion as shown in Table 42.

Table 42. 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.

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 ENx bit is set.

When software trigger is selected, the transfer from the DAC_DHRXx register to the
DAC_DORX 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_DHRXx 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, you 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.
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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 channlex, 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.

Figure 52. DAC LFSR register calculation algorithm

ai14713b

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.
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Figure 53. 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 MAMPX[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_DORXx register. The triangle counter is incremented as long as it is less than the
maximum amplitude defined by the MAMPX[3:0] bits. Once the configured amplitude is
reached, the counter is decremented down to 0, then incremented again and so on.

It is possible to reset triangle wave generation by resetting the WAVEX[1:0] bits.

Figure 54. DAC triangle wave generation
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Figure 55. DAC conversion (SW trigger enabled) with triangle wave generation
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Note: 1 The DAC trigger must be enabled for noise generation by setting the TENX bit in the
DAC_CR register.

2 The MAMPXx[3:0] bits must be configured before enabling the DAC, otherwise they cannot
be changed.

114 Dual DAC channel conversion

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.

11.4.1 Independent trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:

® 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

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell trigger arrives, the DHR1 register is transferred into DAC_DOR1
(three APB1 clock cycles later).

When a DAC channel2 trigger arrives, the DHR2 register is transferred into DAC_DOR2
(three APB1 clock cycles later).
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Independent trigger with single LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

® 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

® Configure the two DAC channel WAVEX[1:0] bits as “01” and the same LFSR mask
value in the MAMPX[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DHR12RD, DHR12LD
or DHR8RD)

When a DAC channell 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 channel2 trigger arrives, the LFSR2 counter, with the same mask, 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.

Independent trigger with different LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

® 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

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell 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 channel2 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.

Independent trigger with single triangle generation

To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits

@ Configure the two DAC channel WAVEX[1:0] bits as “1x” and the same maximum
amplitude value in the MAMPX[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell trigger arrives, the DAC channel triangle counter, with the same
triangle amplitude, is added to the DHR1 register and the sum is transferred into
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11.4.5

11.4.6

11.4.7

DAC_DORT1 (three APB1 clock cycles later). The DAC channell 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.

Independent trigger with different triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

® 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

® 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

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

When a DAC channell trigger arrives, the DAC channell triangle counter, with a triangle
amplitude configured by MAMP1[3:0], is added to the DHR1 register and the sum is
transferred into DAC_DORT1 (three APB1 clock cycles later). The DAC channell 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.

Simultaneous software start

To configure the DAC in this conversion mode, the following sequence is required:
® Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

In this configuration, one APB1 clock cycle later, the DHR1 and DHR2 registers are
transferred into DAC_DOR1 and DAC_DORZ2, respectively.

Simultaneous trigger without wave generation

To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

® 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_DOR?2, respectively (after three APB1 clock cycles).
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Simultaneous trigger with single LFSR generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

@ Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “01” and the same LFSR mask
value in the MAMPX[3:0] bits

® 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_DOR2 (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:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

® Configure the two DAC channel WAVEX[1:0] bits as “01” and set different LFSR mask
values using the MAMP1[3:0] and MAMP2[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

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_DOR?1 (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_DOR2 (three APB1 clock cycles
later). The LFSR2 counter is then updated.

Simultaneous trigger with single triangle generation

To configure the DAC in this conversion mode, the following sequence is required:

® Set the two DAC channel trigger enable bits TEN1 and TEN2

® Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits

@ Configure the two DAC channel WAVEX[1:0] bits as “1x” and the same maximum
amplitude value using the MAMPX[3:0] bits

® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)

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 channel2 triangle counter, with the same triangle amplitude, is
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added to the DHR2 register and the sum is transferred into DAC_DOR2 (three APB1 clock
cycles later). The DAC channel2 triangle counter is then updated.

11.4.11 Simultaneous trigger with different triangle generation
To configure the DAC in this conversion mode, the following sequence is required:
® Set the two DAC channel trigger enable bits TEN1 and TEN2
® Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSEL2[2:0] bits
® 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
® Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHR8RD)
When a trigger arrives, the DAC channell triangle counter, with a triangle amplitude
configured by MAMP1[3:0], is added to the DHR1 register and the sum is transferred into
DAC_DORT1 (three APB1 clock cycles later). Then the DAC channell 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.
11.5 DAC registers
Refer to Section 1.1 on page 46 for a list of abbreviations used in register descriptions.
11.5.1 DAC control register (DAC_CR)
Address offset: 0x00
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAU | DMA
Reserved DRIE2 | EN2 MAMP2[3:0] WAVE2[1:0] TSEL2[2:0] TEN2 | BOFF2 | EN2
rw rw rw | w | rw | rw w | rw rw | w | rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved BMI’EL: g'\,\’l'f‘ MAMP1[3:0] WAVE1[1:0] TSEL1[2:0] TEN1 | BOFF1 | EN1
rw w rw | rw | w | rw rw | rw w | rw | rw w w w

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
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Bit 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

Bit 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)

Bits 21:19 TSEL2[2:0]: DAC channel2 trigger selection

Bit 18

Bit 17

Bit 16

Bits 15:14

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 channel?2 trigger disabled and data written into the DAC_DHRX register are
transferred one APB1 clock cycle later to the DAC_DOR?2 register
1: DAC channel2 trigger enabled and data from the DAC_DHRXx register are transferred
three APB1 clock cycles later to the DAC_DOR2 register
Note: When software trigger is selected, the transfer from the DAC_DHRX register to the
DAC_DOR2 register takes only one APB1 clock cycle.

BOFF2: DAC channel2 output buffer disable
This bit is set and cleared by software to enable/disable DAC channel2 output buffer.
0: DAC channel2 output buffer enabled
1: DAC channel2 output buffer disabled

EN2: DAC channel2 enable

This bit is set and cleared by software to enable/disable DAC channel2.
0: DAC channel?2 disabled
1: DAC channel2 enabled

Reserved, must be kept at reset value.
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Bit 13 DMAUDRIE1: DAC channel1i DMA Underrun Interrupt enable
This bit is set and cleared by software.

0: DAC channel1 DMA Underrun Interrupt disabled
1: DAC channell DMA Underrun Interrupt enabled

Bit 12 DMAEN1: DAC channell DMA enable
This bit is set and cleared by software.

0: DAC channel1l DMA mode disabled
1: DAC channell DMA mode enabled

Bits 11:8 MAMP1[3:0]: DAC channel1 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 7:6 WAVE1[1:0]: DAC channel1 noise/triangle wave generation enable
These bits are set and cleared by software.
00: wave generation disabled
01: Noise wave generation enabled
1x: Triangle wave generation enabled
Note: Only used if bit TEN1 = 1 (DAC channell trigger enabled).

Bits 5:3 TSEL1[2:0]: DAC channel1 trigger selection
These bits select the external event used to trigger DAC channeld.
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 TEN1 = 1 (DAC channell trigger enabled).

Bit2 TEN1: DAC channell trigger enable
This bit is set and cleared by software to enable/disable DAC channeli trigger.
0: DAC channel1 trigger disabled and data written into the DAC_DHRX register are
transferred one APB1 clock cycle later to the DAC_DORT register
1: DAC channell trigger enabled and data from the DAC_DHRXx register are transferred
three APB1 clock cycles later to the DAC_DOR?1 register

Note: When software trigger is selected, the transfer from the DAC_DHRXx register to the
DAC_DORT1 register takes only one APB1 clock cycle.
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Bit 1 BOFF1: DAC channel1 output buffer disable
This bit is set and cleared by software to enable/disable DAC channel1 output buffer.

0: DAC channel1 output buffer enabled
1: DAC channell output buffer disabled

Bit 0 EN1: DAC channell enable
This bit is set and cleared by software to enable/disable DAC channeli.

0: DAC channell disabled
1: DAC channell enabled

11.5.2 DAC software trigger register (DAC_SWTRIGR)

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

SWTRIG2 | SWTRIG1

Reserved

w w

Bits 31:2 Reserved, must be kept at reset value.

Bit 1 SWTRIG2: DAC channel2 software trigger
This bit is set and cleared by software to enable/disable the software trigger.
0: Software trigger disabled
1: Software trigger enabled
Note: This bit is cleared by hardware (one APB1 clock cycle later) once the DAC_DHR2
register value has been loaded into the DAC_DOR2 register.

Bit 0 SWTRIG1: DAC channel1 software trigger
This bit is set and cleared by software to enable/disable the software trigger.

0: Software trigger disabled
1: Software trigger enabled

Note: This bit is cleared by hardware (one APB1 clock cycle later) once the DAC_DHR1
register value has been loaded into the DAC_DOR!1 register.

11.5.3 DAC channel1 12-bit right-aligned data holding register
(DAC_DHR12R1)

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
DACC1DHR[11:0]
Reserved
w | w | w | rw | w | rw | rw | w | w | rw | w | rw

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

Bit 11:0 DACC1DHR[11:0]: DAC channell 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel.
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11.54 DAC channell 12-bit left aligned data holding register
(DAC_DHR12L1)

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
DACC1DHR[11:0]
Reserved
rw | w | rw | rw | w | w | rw | rw | w | rw | rw | rw
Bits 31:16 Reserved, must be kept at reset value.
Bit 15:4 DACC1DHR[11:0]: DAC channell 12-bit left-aligned data
These bits are written by software which specifies 12-bit data for DAC channell.
Bits 3:0 Reserved, must be kept at reset value.
11.5.5 DAC channel1 8-bit right aligned data holding register
(DAC_DHR8R1)
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 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[7:0]
Reserved
w | rw | rw | w | rw | rw | rw | rw

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

Bits 7:0 DACC1DHR][7:0]: DAC channel1 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channell.

11.5.6 DAC channel2 12-bit right aligned data holding register
(DAC_DHR12R2)

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
DACC2DHR[11:0]
Reserved
rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw

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

Bits 11:0 DACC2DHR[11:0]: DAC channel2 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel2.
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11.5.7 DAC channel2 12-bit left aligned data holding register
(DAC_DHR12L2)
Address offset: 0x18
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
DACC2DHR[11:0]
w [ w [ w [ w [ w [ w [ w | w [ w ] w ] w ] w Reserved

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

Bits 15:4 DACC2DHR[11:0]: DAC channel2 12-bit left-aligned data
These bits are written by software which specify 12-bit data for DAC channel2.

Bits 3:0 Reserved, must be kept at reset value.

11.5.8 DAC channel2 8-bit right-aligned data holding register
(DAC_DHR8R2)
Address offset: 0x1C
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
DACC2DHR([7:0]
Reserved
w | rw | rw | w | rw | rw | w | rw
Bits 31:8 Reserved, must be kept at reset value.
Bits 7:0 DACC2DHR[7:0]: DAC channel2 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channel2.
11.5.9 Dual DAC 12-bit right-aligned data holding register

31

(DAC_DHR12RD)

Address offset: 0x20

Reset value: 0x0000 0000
30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

DACC2DHR[11:0]
Reserved
w | w | w | rw | w | rw | rw | w | w | rw | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]
Reserved
w [ ow [ ow [ ow [ ow [ w [ w [ ow [ ow [ w [ w [
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Bits 31:28 Reserved, must

be kept at reset value.

Bits 27:16 DACC2DHR[11:0]: DAC channel2 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel2.

Bits 15:12 Reserved, must

be kept at reset value.

Bits 11:0 DACC1DHR[11:0]: DAC channell1 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channeli.

11.5.10 DUAL DAC 12-bit left aligned data holding register
(DAC_DHR12LD)
Address offset: 0x24
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DACC2DHR[11:0]
Reserved
rw | w | rw | w | w | w | w | rw | w | rw | rw | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]
Reserved
rw | rw | rw | rw | w | rw | rw | w | rw | rw | rw | rw
Bits 31:20 DACC2DHR[11:0]: DAC channel2 12-bit left-aligned data
These bits are written by software which specifies 12-bit data for DAC channel2.
Bits 19:16 Reserved, must be kept at reset value.
Bits 15:4 DACC1DHR[11:0]: DAC channel1 12-bit left-aligned data
These bits are written by software which specifies 12-bit data for DAC channell.
Bits 3:0 Reserved, must be kept at reset value.
11.5.11 DUAL DAC 8-bit right aligned data holding register
(DAC_DHRSRD)
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
DACC2DHR[7:0] DACC1DHR[7:0]
rw | w | rw | w | w | w | w | rw w | rw | rw | w | w | rw | w | rw

Bits 31:16 Reserved, must be kept at reset value.
Bits 15:8 DACC2DHR([7:0]: DAC channel2 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channel2.

Bits 7:0 DACC1DHRJ[7:0]: DAC channel1 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channell.
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11.5.12 DAC channel1 data output register (DAC_DOR1)
Address offset: 0x2C
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
DACC1DOR[11:0]
Reserved
r | r | r | r | r | r | r | r | r r | r | r
Bits 31:12 Reserved, must be kept at reset value.
Bit 11:0 DACC1DORJ[11:0]: DAC channel1 data output
These bits are read-only, they contain data output for DAC channell.
11.5.13 DAC channel2 data output register (DAC_DOR2)
Address offset: 0x30
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
DACC2DOR[11:0]
Reserved
r | r | r | r | r | r | r | r | r r | r | r
Bits 31:12 Reserved, must be kept at reset value.
Bit 11:0 DACC2DOR[11:0]: DAC channel2 data output
These bits are read-only, they contain data output for DAC channel?2.
11.5.14 DAC status register (DAC_SR)
Address offset: 0x34
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAUDR2
Reserved Reserved
rc_wi
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMAUDR{
Reserved Reserved
rc_wi
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Bits 31:30 Reserved, must be kept at reset value.
Bit 29 DMAUDR2: DAC channel2 DMA underrun flag
This bit is set by hardware and cleared by software (by writing it to 1).
0: No DMA underrun error condition occurred for DAC channel2
1: DMA underrun error condition occurred for DAC channel2 (the currently selected trigger is
driving DAC channel2 conversion at a frequency higher than the DMA service capability rate)
Bits 28:14 Reserved, must be kept at reset value.
Bit 13 DMAUDR1: DAC channel1 DMA underrun flag
This bit is set by hardware and cleared by software (by writing it to 1).
0: No DMA underrun error condition occurred for DAC channeld
1: DMA underrun error condition occurred for DAC channel1 (the currently selected trigger is
driving DAC channel1 conversion at a frequency higher than the DMA service capability rate)
Bits 12:0 Reserved, must be kept at reset value.
11.5.15 DAC register map
Table 43 summarizes the DAC registers.
Table 43. DAC register map
Address|Register
[aY) —
g |z|2 WAVE oo lo| 8 Tz WAVE z |k
= o |w . o1lZ = o |w . = b
000 | DACCR | § |5 |3 | MAMPASO] |y TSELZROI G |5 |3 | § |5 |2 [MAMPIIS0] [y TSELI2O)G | |2
r |=1|8 @ c [=1|6 @
(=] [a)]
3 |&
0x04 DAF%—GSF:IV T Reserved 'D__: F__:
2|2
«n |
0x08 DACZ—FgHm Reserved DACC1DHR[11:0]
0x0C DACZ*LD1HR1 Reserved DACC1DHR[11:0] Reserved
0x10 DACﬁIi)HRa Reserved DACC1DHR([7:0]
0x14 DAC{FE;HFH Reserved DACC2DHR[11:0]
0x18 DACE&HR1 Reserved DACC2DHR[11:0] Reserved
ox1C DACEZHRS Reserved DACC2DHR[7:0]
0x20 DA(;R%Hm Reserved DACC2DHR[11:0] Reserved DACC1DHR[11:0]
o0x24 DAczl%HR1 DACC2DHR[11:0] Reserved DACC1DHR[11:0] Reserved
0x28 DAcﬁgHRS Reserved DACC2DHR[7:0] DACC1DHR[7:0]
0x2C  |DAC_DOR1 Reserved DACC1DOR[11:0]
0x30 |DAC_DOR2 Reserved DACC2DOR[11:0]
3 |8 x
> =] a
0x34 DAC_SR § <3( Reserved 2 Reserved
e |z =
(=) [=)
Refer to Table 1 on page 50 for the register boundary addresses.
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DCMI introduction

The digital camera is a synchronous parallel interface able to receive a high-speed data flow
from an external 8-, 10-, 12- or 14-bit CMOS camera module. It supports different data
formats: YCbCr4:2:2/RGB565 progressive video and compressed data (JPEG).

This interface is for use with black & white cameras, X24 and X5 cameras, and it is assumed
that all pre-processing like resizing is performed in the camera module.

DCMI main features

8-, 10-, 12- or 14-bit parallel interface

Embedded/external line and frame synchronization

Continuous or snapshot mode

Crop feature

Supports the following data formats:

—  8/10/12/14- bit progressive video: either monochrome or raw bayer
—  YCbCr 4:2:2 progressive video

— RGB 565 progressive video

—  Compressed data: JPEG

DCMI pins
Table 44 shows the DCMI pins.

Table 44. DCMI pins

Name Signal type
D[0:13] Data inputs
HSYNC Horizontal synchronization input
VSYNC Vertical synchronization input
PIXCLX Pixel clock input

DCMI clocks

The digital camera interface uses two clock domains PIXCLK and HCLK. The signals
generated with PIXCLK are sampled on the rising edge of HCLK once they are stable. An
enable signal is generated in the HCLK domain, to indicate that data coming from the
camera are stable and can be sampled. The maximum PIXCLK period must be higher than
2.5 HCLK periods.
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12.5

DCMI functional overview

The digital camera interface is a synchronous parallel interface that can receive high-speed
(up to 54 Mbytes/s) data flows. It consists of up to 14 data lines (D13-D0) and a pixel clock
line (PIXCLK). The pixel clock has a programmable polarity, so that data can be captured on
either the rising or the falling edge of the pixel clock.

The data are packed into a 32-bit data register (DCMI_DR) and then transferred through a
general-purpose DMA channel. The image buffer is managed by the DMA, not by the
camera interface.

The data received from the camera can be organized in lines/frames (raw YUB/RGB/Bayer
modes) or can be a sequence of JPEG images. To enable JPEG image reception, the JPEG
bit (bit 3 of DCMI_CR register) must be set.

The data flow is synchronized either by hardware using the optional HSYNC (horizontal
synchronization) and VSYNC (vertical synchronization) signals or by synchronization codes
embedded in the data flow.

Figure 56 shows the DCMI block diagram.

Figure 56. DCMI block diagram
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Figure 57. Top-level block diagram
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DMA interface

The DMA interface is active when the CAPTURE bit in the DCMI_CR register is set. A DMA
request is generated each time the camera interface receives a complete 32-bit data block
in its register.

DCMI physical interface

The interface is composed of 11/13/15/17 inputs. Only the Slave mode is supported.

The camera interface can capture 8-bit, 10-bit, 12-bit or 14-bit data depending on the
EDMI[1:0] bits in the DCMI_CR register. If less than 14 bits are used, the unused input pins
must be connected to ground.

Table 45. DCMI signals

Signal nhame Signal description
8 bits DI[0..7]
10 bits D[0..9
12 bits D{O..1]1] Data
14 bits D[0..13]
PIXCLK Pixel clock
HSYNC Horizontal synchronization / Data valid
VSYNC Vertical synchronization

The data are synchronous with PIXCLK and change on the rising/falling edge of the pixel
clock depending on the polarity.

The HSYNC signal indicates the start/end of a line.
The VSYNC signal indicates the start/end of a frame

Figure 58. DCMI signal waveforms

DCMI_PIXCLK | | | | ;,l | | |;,| | | |;,| |
// // //.
SNPEES  G /
/7 /7 /7
DCMI_HSYNC | L | | L |
/7 /7
DCMI_VSYNC Vi Vi Vi
/7 /7 /7

ai15606b

1. The capture edge of DCMI_PIXCLK is the falling edge, the active state of DCMI_HSYNC and
DCMI_VSYNC is 1.

1. DCMI_HSYNC and DCMI_VSYNC can change states at the same time.
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8-bit data

When EDM[1:0] in DCMI_CR are programmed to “00” the interface captures 8 LSB’s at its
input (D[0:7]) and stores them as 8-bit data. The D[13:8] inputs are ignored. In this case, to
capture a 32-bit word, the camera interface takes four pixel clock cycles.

The first captured data byte is placed in the LSB position in the 32-bit word and the 4th
captured data byte is placed in the MSB position in the 32-bit word. Table 46 gives an
example of the positioning of captured data bytes in two 32-bit words.

Table 46. Positioning of captured data bytes in 32-bit words (8-bit width)
Byte address 31:24 23:16 15:8 7:0
0 Dn+5[7:0] Dn2[7:0] Dn+1[7:0] Dn[7:0]
4 Dp.7[7:0] Dn+6l7:0] Dn5[7:0] Dn.4l7:0]
10-bit data

When EDM[1:0] in DCMI_CR are programmed to “01”, the camera interface captures 10-bit
data at its input D[0..9] and stores them as the 10 least significant bits of a 16-bit word. The
remaining most significant bits in the DCMI_DR register (bits 11 to 15) are cleared to zero.
So, in this case, a 32-bit data word is made up every two pixel clock cycles.

The first captured data are placed in the LSB position in the 32-bit word and the 2nd
captured data are placed in the MSB position in the 32-bit word as shown in Table 47.

Table 47. Positioning of captured data bytes in 32-bit words (10-bit width)
Byte address 31:26 25:16 15:10 9:0
0 0 Dp1[9:0] 0 D, [9:0]
4 0 Dp,,3[9:0] 0 Dp,2[9:0]
12-bit data

When EDM[1:0] in DCMI_CR are programmed to “10”, the camera interface captures the
12-bit data at its input D[0..11] and stores them as the 12 least significant bits of a 16-bit
word. The remaining most significant bits are cleared to zero. So, in this case a 32-bit data
word is made up every two pixel clock cycles.

The first captured data are placed in the LSB position in the 32-bit word and the 2ond
captured data are placed in the MSB position in the 32-bit word as shown in Table 48.

Table 48. Positioning of captured data bytes in 32-bit words (12-bit width)
Byte address 31:28 27:16 15:12 11:0
0 0 Dp1[11:0] 0 D,[11:0]
4 0 Dnal11:0] 0 Dpyol11:0]
14-bit data

When EDM[1:0] in DCMI_CR are programmed to “11”, the camera interface captures the
14-bit data at its input D[0..13] and stores them as the 14 least significant bits of a 16-bit
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word. The remaining most significant bits are cleared to zero. So, in this case a 32-bit data
word is made up every two pixel clock cycles.

The first captured data are placed in the LSB position in the 32-bit word and the 2ond
captured data are placed in the MSB position in the 32-bit word as shown in Table 49.

Table 49. Positioning of captured data bytes in 32-bit words (14-bit width)
Byte address 31:30 29:16 15:14 13:0
0 0 D,,,4[13:0] 0 D,,[13:0]
4 0 Dp.3[13:0] 0 Dy,,2[13:0]

Synchronization

The digital camera interface supports embedded or hardware (HSYNC & VSYNC)
synchronization. When embedded synchronization is used, it is up to the digital camera
module to make sure that the 0x00 and OxFF values are used ONLY for synchronization (not
in data). Embedded synchronization codes are supported only for the 8-bit parallel data
interface width (that is, in the DCMI_CR register, the EDM[1:0] bits should be cleared to
“00%).

For compressed data, the DCMI supports only the hardware synchronization mode. In this
case, VSYNC is used as a start/end of the image, and HSYNC is used as a Data Valid
signal. Figure 59 shows the corresponding timing diagram.

Figure 59. Timing diagram
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Note:

Hardware synchronization mode

In hardware synchronisation mode, the two synchronization signals (HSYNC/VSYNC) are
used.

Depending on the camera module/mode, data may be transmitted during horizontal/vertical
synchronisation periods. The HSYNC/VSYNC signals act like blanking signals since all the
data received during HSYNC/VSYNC active periods are ignored.

In order to correctly transfer images into the DMA/RAM buffer, data transfer is synchronized
with the VSYNC signal. When the hardware synchronisation mode is selected, and capture
is enabled (CAPTURE bit set in DCMI_CR), data transfer is synchronized with the
deactivation of the VSYNC signal (next start of frame).

Transfer can then be continuous, with successive frames transferred by DMA to successive
buffers or the same/circular buffer. To allow the DMA management of successive frames, a
VSIF (Vertical synchronization interrupt flag) is activated at the end of each frame.

Embedded data synchronization mode

In this synchronisation mode, the data flow is synchronised using 32-bit codes embedded in
the data flow. These codes use the 0x00/0xFF values that are not used in data anymore.
There are 4 types of codes, all with a 0XFFO000XY format. The embedded synchronization
codes are supported only in 8-bit parallel data width capture (in the DCMI_CR register, the
EDM[1:0] bits should be programmed to “00”). For other data widths, this mode generates
unpredictable results and must not be used.

Camera modules can have 8 such codes (in interleaved mode). For this reason, the
interleaved mode is not supported by the camera interface (otherwise, every other half-
frame would be discarded).

® Mode 2
Four embedded codes signal the following events
Frame start (FS)
Frame end (FE)
Line start (LS)
Line end (LE)

The XY values in the 0xFFOO00XY format of the four codes are programmable (see
Section 12.8.7: DCMI embedded synchronization code register (DCMI_ESCR)).

A OxFF value programmed as a “frame end” means that all the unused codes are
interpreted as valid frame end codes.

In this mode, once the camera interface has been enabled, the frame capture starts
after the first occurrence of the frame end (FE) code followed by a frame start (FS)
code.

® Mode 1
An alternative coding is the camera mode 1. This mode is ITU656 compatible.
The codes signal another set of events:
—  SAV (active line) - line start
— EAV (active line) - line end
—  SAV (blanking) - end of line during interframe blanking period
—  EAV (blanking) - end of line during interframe blanking period
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This mode can be supported by programming the following codes:
® FS< OxFF

® FE < OxFF

® LS < SAV (active)

® LE < EAV (active)

An embedded unmask code is also implemented for frame/line start and frame/line end
codes. Using it, it is possible to compare only the selected unmasked bits with the
programmed code. You can therefore select a bit to compare in the embedded code and
detect a frame/line start or frame/line end. This means that there can be different codes for
the frame/line start and frame/line end with the unmasked bit position remaining the same.

Example
FS = 0xA5
Unmask code for FS = 0x10

In this case the frame start code is embedded in the bit 4 of the frame start code.

12.5.4 Capture modes

This interface supports two types of capture: snapshot (single frame) and continuous grab.

Snapshot mode (single frame)

In this mode, a single frame is captured (CM = ‘1’ in the DCMI_CR register). After the
CAPTURE bit is set in DCMI_CR, the interface waits for the detection of a start of frame
before sampling the data. The camera interface is automatically disabled (CAPTURE bit
cleared in DCMI_CR) after receiving the first complete frame. An interrupt is generated
(IT_FRAME) if it is enabled.

In case of an overrun, the frame is lost and the CAPTURE bit is cleared.

Figure 60. Frame capture waveforms in Snapshot mode
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1. Here, the active state of DCMI_HSYNC and DCMI_VSYNC is 1.
2. DCMI_HSYNC and DCMI_VSYNC can change states at the same time.
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Note:

12.5.5

Continuous grab mode

In this mode (CM bit = ‘0’ in DCMI_CR), once the CAPTURE bit has been set in DCMI_CR,
the grabbing process starts on the next VSYNC or embedded frame start depending on the
mode. The process continues until the CAPTURE bit is cleared in DCMI_CR. Once the
CAPTURE bit has been cleared, the grabbing process continues until the end of the current
frame.

Figure 61. Frame capture waveforms in continuous grab mode
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1. Here, the active state of DCMI_HSYNC and DCMI_VSYNC is 1.
2. DCMI_HSYNC and DCMI_VSYNC can change states at the same time.

In continuous grab mode, you can configure the FCRC bits in DCMI_CR to grab all pictures,
every second picture or one out of four pictures to decrease the frame capture rate.

In the hardware synchronization mode (ESS = ‘0’ in DCMI_CR), the IT_VSYNC interrupt is
generated (if enabled) even when CAPTURE = ‘0’ in DCMI_CR so, to reduce the frame
capture rate even further, the IT_VSYNC interrupt can be used to count the number of
frames between 2 captures in conjunction with the Snapshot mode. This is not allowed by
embedded data synchronization mode.

Crop feature

With the crop feature, the camera interface can select a rectangular window from the
received image. The start (upper left corner) coordinates and size (horizontal dimension in
number of pixel clocks and vertical dimension in number of lines) are specified using two 32-
bit registers (DCMI_CWSTRT and DCMI_CWSIZE). The size of the window is specified in
number of pixel clocks (horizontal dimension) and in number of lines (vertical dimension).

Figure 62. Coordinates and size of the window after cropping
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These registers specify the coordinates of the starting point of the capture window as a line
number (in the frame, starting from 0) and a number of pixel clocks (on the line, starting from
0), and the size of the window as a line number and a number of pixel clocks. The CAPCNT
value can only be a multiple of 4 (two least significant bits are forced to 0) to allow the
correct transfer of data through the DMA.

If the VSYNC signal goes active before the number of lines is specified in the
DCMI_CWSIZE register, then the capture stops and an IT_FRAME interrupt is generated
when enabled.

Figure 63. Data capture waveforms

DCMI_HSYNC |_| |_| N | | |
(4~ HOFFCNT

e s

D Data not captured in this phase

Data captured in this phase

DCMI_VSYNC

-

ai15833

1. Here, the active state of DCMI_HSYNC and DCMI_VSYNC is 1.
2. DCMI_HSYNC and DCMI_VSYNC can change states at the same time.

JPEG format

To allow JPEG image reception, it is necessary to set the JPEG bit in the DCMI_CR register.
JPEG images are not stored as lines and frames, so the VSYNC signal is used to start the
capture while HSYNC serves as a data enable signal. The number of bytes in a line may not
be a multiple of 4, you should therefore be careful when handling this case since a DMA
request is generated each time a complete 32-bit word has been constructed from the
captured data. When an end of frame is detected and the 32-bit word to be transferred has
not been completely received, the remaining data are padded with ‘0s’ and a DMA request
is generated.

The crop feature and embedded synchronization codes cannot be used in the JPEG format.

FIFO

A four-word FIFO is implemented to manage data rate transfers on the AHB. The DCMI
features a simple FIFO controller with a read pointer incremented each time the camera
interface reads from the AHB, and a write pointer incremented each time the camera
interface writes to the FIFO. There is no overrun protection to prevent the data from being
overwritten if the AHB interface does not sustain the data transfer rate.

In case of overrun or errors in the synchronization signals, the FIFO is reset and the DCMI
interface waits for a new start of frame.
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12.6.1

12.6.2

12.6.3

Data format description

Data formats

Three types of data are supported:

8-bit progressive video: either monochrome or raw Bayer format
YCbCr 4:2:2 progressive video

RGB565 progressive video. A pixel coded in 16 bits (5 bits for blue, 5 bits for red, 6 bits

for green) takes two clock cycles to be transferred.

Compressed data: JPEG

For B&W, YCbCr or RGB data, the maximum input size is 2048 x 2048 pixels. No limit in
JPEG compressed mode.

For monochrome, RGB & YCbCr, the frame buffer is stored in raster mode. 32-bit words are
used. Only the little endian format is supported.

Figure 64. Pixel raster scan order
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Monochrome format

Characteristics:

Raster format
8 bits per pixel

Table 50 shows how the data are stored.

Table 50. Data storage in monochrome progressive video format

Byte address 31:24 23:16 15:8

7:0

0 n+3 n+2 n+1

4 n+7 n+6 n+5

n+4

RGB format

Characteristics:

Raster format

RGB

Interleaved: one buffer: R, G & B interleaved: BRGBRGBRG, etc.
Optimized for display output
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The RGB planar format is compatible with standard OS frame buffer display formats.

Only 16 BPP (bits per pixel): RGB565 (2 pixels per 32-bit word) is supported.

The 24 BPP (palletized format) and grayscale formats are not supported. Pixels are stored
in a raster scan order, that is from top to bottom for pixel rows, and from left to right within a
pixel row. Pixel components are R (red), G (green) and B (blue). All components have the
same spatial resolution (4:4:4 format). A frame is stored in a single part, with the
components interleaved on a pixel basis.

Table 51 shows how the data are stored.

Table 51. Data storage in RGB progressive video format

Byte address 31:27 26:21 20:16 15:11 10:5 4:0
0 Redn+1 |Greenn+1| Bluen+1 Red n Greenn Blue n
4 Redn+4 |Greenn+3| Bluen+3 Redn+2 |Greenn+2| Bluen+2
YCbCr format
Characteristics:

® Raster format

® YCbCr4:2:2

® Interleaved: one Buffer: Y, Cb & Cr interleaved: CbYCrYCbYCr, etc.

Pixel components are Y (luminance or “luma”), Cb and Cr (chrominance or “chroma” blue

and red). Each component is encoded in 8 bits. Luma and chroma are stored together
(interleaved) as shown in Table 52.

Table 52. Data storage in YCbCr progressive video format

Byte address 31:24 23:16 15:8 7:0
0 Yn+1 Crn Yn Cbn
4 Yn+3 Crn+2 Yn+2 Cbn+2

DCMI interrupts

Five interrupts are generated. All interrupts are maskable by software. The global interrupt
(IT_DCMI) is the OR of all the individual interrupts. Table 53 gives the list of all interrupts.

Table 53. DCMI interrupts

Interrupt name Interrupt event
IT_LINE Indicates the end of line
IT_FRAME Indicates the end of frame capture
IT_OVR indicates the overrun of data reception
IT_VSYNC Indicates the synchronization frame
IT_ERR Indicat.es the detection of an error in the embedded synchronization frame
detection
IT_DCMI Logic OR of the previous interrupts
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12.8 DCMI register description

All DCMI registers have to be accessed as 32-bit words, otherwise a bus error occurs.

12.8.1 DCMI control register 1 (DCMI_CR)

Address offset: 0x00
Reset value: 0x0000 0x0000

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

| Ee] o o | X
2| ¢ |eom|Forc |2 |2(E|B|ET|Q|B(R
Reserved P4 ) LI\ |¥|S|o P

w 0 o
& 8
rw rw | rw | rw | W | IW | IW|[IW|IW]|IW]|[IW]|IW]|TIW
Bit 31:15 Reserved, must be kept at reset value.

Bit 14

Bit 13: 12
11:10

9:8

Bit 7

Bit 6

Bit 5

ENABLE: DCMI enable
0: DCMI disabled
1: DCMI enabled

Note: The DCMI configuration registers should be programmed correctly before
enabling this Bit

Reserved, must be kept at reset value.

EDM[1:0]: Extended data mode
00: Interface captures 8-bit data on every pixel clock
01: Interface captures 10-bit data on every pixel clock
10: Interface captures 12-bit data on every pixel clock
11: Interface captures 14-bit data on every pixel clock

FCRCI[1:0]: Frame capture rate control
These bits define the frequency of frame capture. They are meaningful only in
Continuous grab mode. They are ignored in snapshot mode.
00: All frames are captured
01: Every alternate frame captured (50% bandwidth reduction)
10: One frame in 4 frames captured (75% bandwidth reduction)
11: reserved

VSPOL: Vertical synchronization polarity
This bit indicates the level on the VSYNC pin when the data are not valid on the
parallel interface.
0: VSYNC active low
1: VSYNC active high

HSPOL: Horizontal synchronization polarity
This bit indicates the level on the HSYNC pin when the data are not valid on the
parallel interface.
0: HSYNC active low
1: HSYNC active high

PCKPOL: Pixel clock polarity
This bit configures the capture edge of the pixel clock

0: Falling edge active.
1: Rising edge active.
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Bit 4 ESS: Embedded synchronization select

0: Hardware synchronization data capture (frame/line start/stop) is synchronized
with the HSYNC/VSYNC signals.
1: Embedded synchronization data capture is synchronized with synchronization
codes embedded in the data flow.
Note: Valid only for 8-bit parallel data. HSPOL/VSPOL are ignored when the ESS
bit is set.

This bit is disabled in JPEG mode.

Bit 3 JPEG: JPEG format

0: Uncompressed video format

1: This bit is used for JPEG data transfers. The HSYNC signal is used as data
enable. The crop and embedded synchronization features (ESS bit) cannot be
used in this mode.

Bits 2 CROP: Crop feature
0: The full image is captured. In this case the total number of bytes in an image
frame should be a multiple of 4
1: Only the data inside the window specified by the crop register will be captured.
If the size of the crop window exceeds the picture size, then only the picture size
is captured.

Bit 1 CM: Capture mode
0: Continuous grab mode - The received data are transferred into the destination
memory through the DMA. The buffer location and mode (linear or circular
buffer) is controlled through the system DMA.
1: Snapshot mode (single frame) - Once activated, the interface waits for the
start of frame and then transfers a single frame through the DMA. At the end of
the frame, the CAPTURE bit is automatically reset.

Bit 0 CAPTURE: Capture enable
0: Capture disabled.
1: Capture enabled.
The camera interface waits for the first start of frame, then a DMA request is
generated to transfer the received data into the destination memory.
In snapshot mode, the CAPTURE bit is automatically cleared at the end of the
1st frame received.

In continuous grab mode, if the software clears this bit while a capture is
ongoing, the bit will be effectively cleared after the frame end.

Note: The DMA controller and all DCMI configuration registers should be
programmed correctly before enabling this bit.
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12.8.2

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

DCMI status register (DCMI_SR)

Address offset: 0x04
Reset value: 0x0000 0x0000

Reserved

FNE
~ |VSYNC| =
~ |HSYNC| o

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

Bit 2 FNE: FIFO not empty
This bit gives the status of the FIFO

1: FIFO contains valid data
0: FIFO empty

Bit1 VSYNC

This bit gives the state of the VSYNC pin with the correct programmed polarity.
When embedded synchronization codes are used, the meaning of this bit is the
following:

0: active frame

1: synchronization between frames

In case of embedded synchronization, this bit is meaningful only if the
CAPTURE bit in DCMI_CR is set.

Bit0 HSYNC

This bit gives the state of the HSYNC pin with the correct programmed polarity.
When embedded synchronization codes are used, the meaning of this bit is the
following:

0: active line

1: synchronization between lines

In case of embedded synchronization, this bit is meaningful only if the
CAPTURE bit in DCMI_CR is set.
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12.8.3 DCMI raw interrupt status register (DCMI_RIS)

Address offset: 0x08
Reset value: 0x0000 0x0000

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

DI |2

° o || |

o w

c w Lz> T | S

3 A AHE:

& - > T

r r r r r

DCMI_RIS gives the raw interrupt status and is accessible in read only. When read, this
register returns the status of the corresponding interrupt before masking with the DCMI_IER

register value.

Bit 31:5
Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

284/1316

Reserved, must be kept at reset value.

LINE_RIS: Line raw interrupt status
This bit gets set when the HSYNC signal changes from the inactive state to the
active state. It goes high even if the line is not valid.
In the case of embedded synchronization, this bit is set only if the CAPTURE bit
in DCMI_CR is set.
It is cleared by writing a ‘1’ to the LINE_ISC bit in DCMI_ICR.

VSYNC_RIS: VSYNC raw interrupt status
This bit is set when the VSYNC signal changes from the inactive state to the
active state.
In the case of embedded synchronization, this bit is set only if the CAPTURE bit
is set in DCMI_CR.
It is cleared by writing a ‘1’ to the VSYNC_ISC bit in DCMI_ICR.

ERR_RIS: Synchronization error raw interrupt status
0: No synchronization error detected
1: Embedded synchronization characters are not received in the correct order.
This bit is valid only in the embedded synchronization mode. It is cleared by
writing a ‘1’ to the ERR_ISC bit in DCMI_ICR.

Note: This bit is available only in embedded synchronization mode.

OVR_RIS: Overrun raw interrupt status
0: No data buffer overrun occurred
1: A data buffer overrun occurred and the data FIFO is corrupted.
This bit is cleared by writing a ‘1’ to the OVR_ISC bit in DCMI_ICR.

FRAME_RIS: Capture complete raw interrupt status
0: No new capture
1: A frame has been captured.
This bit is set when a frame or window has been captured.
In case of a cropped window, this bit is set at the end of line of the last line in the
crop. It is set even if the captured frame is empty (e.g. window cropped outside
the frame).
This bit is cleared by writing a ‘1’ to the FRAME_ISC bit in DCMI_ICR.
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12.8.4 DCMI interrupt enable register (DCMI_IER)

Address offset: 0x0C
Reset value: 0x0000 0x0000

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

wi—|w|uw ;I

%I LZ> E| E| C

Reserved I 5 w | O é

> [

rwmw|rw|rmw]|rw

The DCMI_IER register is used to enable interrupts. When one of the DCMI_IER bits is set,
the corresponding interrupt is enabled. This register is accessible in both read and write.

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

Bit 4 LINE_IE: Line interrupt enable

0: No interrupt generation when the line is received
1: An Interrupt is generated when a line has been completely received

Bit 3 VSYNC_IE: VSYNC interrupt enable

0: No interrupt generation
1: An interrupt is generated on each VSYNC transition from the inactive to the

active state
The active state of the VSYNC signal is defined by the VSPOL bit.

Bit 2 ERR_IE: Synchronization error interrupt enable

0: No interrupt generation
1: An interrupt is generated if the embedded synchronization codes are not

received in the correct order.
Note: This bit is available only in embedded synchronization mode.

Bit 1 OVR_IE: Overrun interrupt enable

0: No interrupt generation
1: An interrupt is generated if the DMA was not able to transfer the last data

before new data (32-bit) are received.

Bit 0 FRAME_IE: Capture complete interrupt enable

0: No interrupt generation
1: An interrupt is generated at the end of each received frame/crop window (in

crop mode).
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12.8.5

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5

DCMI masked interrupt status register (DCMI_MIS)

This DCMI_MIS register is a read-only register. When read, it returns the current masked
status value (depending on the value in DCMI_IER) of the corresponding interrupt. A bit in
this register is set if the corresponding enable bit in DCMI_IER is set and the corresponding

bit in DCMI_RIS is set.
Address offset: 0x10
Reset value: 0x0000

N
n
-

LINE_MIS
ERR_MIS
OVR_MIS

Reserved

~ [VSYNC_MIS | »
~ |FRAME_MIS| o

_(
=
=
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Bit 31:5 Reserved, must be kept at reset value.

Bit 4 LINE_MIS: Line masked interrupt status
This bit gives the status of the masked line interrupt

0: No interrupt generation when the line is received
1: An Interrupt is generated when a line has been completely received and the

LINE_IE bit is set in DCMI_IER.

Bit 3 VSYNC_MIS: VSYNC masked interrupt status
This bit gives the status of the masked VSYNC interrupt

0: No interrupt is generated on VSYNC transitions
1: An interrupt is generated on each VSYNC transition from the inactive to the

active state and the VSYNC_IE bit is set in DCMI_IER.
The active state of the VSYNC signal is defined by the VSPOL bit.

Bit 2 ERR_MIS: Synchronization error masked interrupt status
This bit gives the status of the masked synchronization error interrupt

0: No interrupt is generated on a synchronization error
1: An interrupt is generated if the embedded synchronization codes are not
received in the correct order and the ERR_IE bit in DCMI_IER is set.

Note: This bit is available only in embedded synchronization mode.

Bit 1 OVR_MIS: Overrun masked interrupt status
This bit gives the status of the masked overflow interrupt

0: No interrupt is generated on overrun
1: An interrupt is generated if the DMA was not able to transfer the last data
before new data (32-bit) are received and the OVR_IE bit is set in DCMI_IER.

Bit 0 FRAME_MIS: Capture complete masked interrupt status
This bit gives the status of the masked capture complete interrupt

0: No interrupt is generated after a complete capture
1: An interrupt is generated at the end of each received frame/crop window (in

crop mode) and the FRAME_IE bit is set in DCMI_IER.
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12.8.6 DCMI interrupt clear register (DCMI_ICR)

Address offset: 0x14
Reset value: 0x0000 0x0000

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

DI Q@7

o % 'II D:I g

Reserved Z | >|lc|l>|<

J|ow|w|0 |

> [T

W|W|W||W|W

The DCMI_ICR register is write-only. Writing a ‘1’ into a bit of this register clears the
corresponding bit in the DCMI_RIS and DCMI_MIS registers. Writing a ‘0’ has no effect.

Bit 15:5 Reserved, must be kept at reset value.

Bit 4 LINE_ISC: line interrupt status clear
Writing a ‘1’ into this bit clears LINE_RIS in the DCMI_RIS register

Bit 3 VSYNC_ISC: Vertical synch interrupt status clear
Writing a ‘1’ into this bit clears the VSYNC_RIS bit in DCMI_RIS

Bit2 ERR_ISC: Synchronization error interrupt status clear
Writing a ‘1’ into this bit clears the ERR_RIS bit in DCMI_RIS
Note: This bit is available only in embedded synchronization mode.

Bit 1 OVR_ISC: Overrun interrupt status clear
Writing a ‘1 into this bit clears the OVR_RIS bit in DCMI_RIS

Bits 0 FRAME_ISC: Capture complete interrupt status clear
Writing a ‘1’ into this bit clears the FRAME_RIS bit in DCMI_RIS

12.8.7 DCMI embedded synchronization code register (DCMI_ESCR)

Address offset: 0x18
Reset value: 0x0000 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
FEC LEC LSC FSC

I’W|I’W|I’W|I’W|I’W|I’W|I’W|I’W I'W|I'W|I'W|I'W|I'W|I’W|I’W|I’W rw|rw|rw|rw|rw|rw|rw|rw I’W|I‘W|I’W|I’W|I’W|I’W|I’W|I’W
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Bit 31:24 FEC: Frame end delimiter code

This byte specifies the code of the frame end delimiter. The code consists of 4
bytes in the form of OxFF, 0x00, 0x00, FEC.

If FEC is programmed to OxFF, all the unused codes (OxFFO000XY) are
interpreted as frame end delimiters.

Bit 23:16 LEC: Line end delimiter code
This byte specifies the code of the line end delimiter. The code consists of 4
bytes in the form of OxFF, 0x00, 0x00, LEC.

Bit 15:8 LSC: Line start delimiter code
This byte specifies the code of the line start delimiter. The code consists of 4
bytes in the form of OxFF, 0x00, 0x00, LSC.
Bit 7:0 FSC: Frame start delimiter code

This byte specifies the code of the frame start delimiter. The code consists of 4
bytes in the form of OxFF, 0x00, 0x00, FSC.
If FSC is programmed to OxFF, no frame start delimiter is detected. But, the 15t

occurrence of LSC after an FEC code will be interpreted as a start of frame
delimiter.

12.8.8 DCMI embedded synchronization unmask register (DCMI_ESUR)

Address offset: 0x1C
Reset value: 0x0000 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
FEU LEU LSuU FSU

I’W|I’W|I’W|I’W|I‘W|I’W|I’W|I’W I'W|I'W|I'W|I'W|I'W|I’W|I’W|I’W rw|rw|rw|rw|rw|rw|rw|rw I’W|I‘W|I’W|I’W|I’W|I’W|I’W|I’W
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Bit 31:24 FEU: Frame end delimiter unmask
This byte specifies the mask to be applied to the code of the frame end delimiter.
0: The corresponding bit in the FEC byte in DCMI_ESCR is masked while
comparing the frame end delimiter with the received data.
1: The corresponding bit in the FEC byte in DCMI_ESCR is compared while
comparing the frame end delimiter with the received data

Bit 23:16 LEU: Line end delimiter unmask
This byte specifies the mask to be applied to the code of the line end delimiter.
0: The corresponding bit in the LEC byte in DCMI_ESCR is masked while
comparing the line end delimiter with the received data
1: The corresponding bit in the LEC byte in DCMI_ESCR is compared while
comparing the line end delimiter with the received data

Bit 15:8 LSU: Line start delimiter unmask
This byte specifies the mask to be applied to the code of the line start delimiter.
0: The corresponding bit in the LSC byte in DCMI_ESCR is masked while
comparing the line start delimiter with the received data
1: The corresponding bit in the LSC byte in DCMI_ESCR is compared while
comparing the line start delimiter with the received data

Bit 7:0 FSU: Frame start delimiter unmask
This byte specifies the mask to be applied to the code of the frame start
delimiter.
0: The corresponding bit in the FSC byte in DCMI_ESCR is masked while
comparing the frame start delimiter with the received data
1: The corresponding bit in the FSC byte in DCMI_ESCR is compared while
comparing the frame start delimiter with the received data
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12.8.9 DCMI crop window start (DCMI_CWSTRT)
Address offset: 0x20
Reset value: 0x0000 0x0000

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

VST[12:0 Reserv HOFFCNT[13:0]

Reserved d
rw|rw|rw|rw|rw|n~|nN|rw|nN|rw|nN|nN|nN e rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw|rw

Bits 31:29 Reserved, must be kept at reset value.

Bit 28:16 VST[12:0]: Vertical start line count

The image capture starts with this line number. Previous line data are ignored.
0x0000 => line 1
0x0001 => line 2
0x0002 => line 3

Bits 15:14 Reserved, must be kept at reset value.

Bit 13:0 HOFFCNT[13:0]: Horizontal offset count
This value gives the number of pixel clocks to count before starting a capture.

12.8.10 DCMI crop window size (DCMI_CWSIZE)
Address offset: 0x24
Reset value: 0x0000 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VLINE13:0]

CAPCNT[13:0]

Reserved
Reserved

TWIIW [ IW|IW|IW|IW|IW|IW]|IW]|IW]|IW]|IW]|IW]|IW W ITW [ IW | IW]|IW]|IW]|IW]|IW]|IW]|IW]|IW]|IW]|IW]|IW

Bits 31:30 Reserved, must be kept at reset value.

Bit 29:16 VLINE[13:0]: Vertical line count
This value gives the number of lines to be captured from the starting point.
0x0000 => 1 line
0x0001 => 2 lines
0x0002 => 3 lines

Bits 15:14 Reserved, must be kept at reset value.

Bit 13:0 CAPCNT[13:0]: Capture count

This value gives the number of pixel clocks to be captured from the starting
point on the same line. It value should corresponds to word-aligned data for
different widths of parallel interfaces.

0x0000 => 1 pixel
0x0001 => 2 pixels
0x0002 => 3 pixels
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12.8.11 DCMI data register (DCMI_DR)

Address offset: 0x28
Reset value: 0x0000 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14

12

11

Byte3 Byte2

Byte1

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

Bits 31:24 Data byte 3
Bit 23:16 Data byte 2
Bits 15:8 Data byte 1

Bit 7.0 Data byte 0

The digital camera Interface packages all the received data in 32-bit format before
requesting a DMA transfer. A 4-word deep FIFO is available to leave enough time for DMA

transfers and avoid DMA overrun conditions.

12.8.12 DCMI register map

Table 54 summarizes the DCMI registers.

Table 54. DCMI register map and reset values

e BB EEEEEERREEEEEEEEEEEEEEREEEEREE
W
w S P [ie
| (@] o
DCMI_CR B¢ oSRIEIgIZc|=z R
0x00 Reserved S5 OB S WISI|5[C e
w 8 > |T g (<_()
Reset value 0| T 0olojojojofo]o]o
w22
DCMI_SR
0x04 - Reserved g 5 5
S|
Reset value 0|00
%) %)
D xr 2|2 |x
o |
DCMI_RIS o %‘ i 5 w
0x08 Reserved zIElc|S |2
J|» (W |O |
> L
Reset value o|jofjofo0]|O
w w
W= W w ;\
DCMI_IER w (S | |
0x0C Reserved z E % E <§,:
J|» (w|O |
> L
Reset value o|jofjo0f0]|O
0|2 0| |2
Lis|2|2|=
DCMI_MIS EI o il i g‘
0x10 Reserved z E EIg2
I o (W |O |
> L
Reset value 0o|jo0fjo0f0]0
[S)
321232
(2 B (I [ 1
DCMI_ICR 11O [T | |w
~ W
0x14 Reserved z g £ig <§(
J|» (W |O |
> w
Reset value o|jofjof0]|o0
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Table 54. DCMI register map and reset values (continued)
Offset| Register |09 QXK Q& IRV T KL NLL X2 YT 2 o o~ o< oo~ ©
DCMI_ESCR FEC LEC LsC FSC
0x18
Reset value o|o|o|o|0|o|0|o o|o|o|0|o|o|o|o 0|0|o|0|o|0|o|o o|o|0|o|o|o|o|o
DCMI_ESUR FEU LEU LSU FSU
0x1C
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|0|o|o|o|o|o
DCMI_CWSTRT VST[12:0 § HOFFCNT[13:0]
0x20 Reserved g)-,
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
DCMI_CWSIZE § VLINE13:0] § CAPCNT[13:0]
0x24 & g
Reset value & o|o|0|o|0|o o|o|o|0|o|o|o|o & o|o|o|0|o|o o|o|0|o|o|o|o|0
0x28 DCMI_DR Byte3 Byte2 Byte1 ByteO
Reset value o|0|o|o|o|o|o|o o|o|o|o|o|o|o|o 0|o|o|o|o|0|o|o o|o|0|o|o|o|o|0
Refer to Table 1 on page 50 for the register boundary addresses.
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13

13.1

13.2

Advanced-control timers (TIM1&TIM8)

TIM1&TIMS8 introduction

The advanced-control timers (TIM1&TIM8) consist of a 16-bit auto-reload counter driven by
a programmable prescaler.

It may be used for a variety of purposes, including measuring the pulse lengths of input
signals (input capture) or generating output waveforms (output compare, PWM,
complementary PWM with dead-time insertion).

Pulse lengths and waveform periods can be modulated from a few microseconds to several
milliseconds using the timer prescaler and the RCC clock controller prescalers.

The advanced-control (TIM1&TIM8) and general-purpose (TIMx) timers are completely
independent, and do not share any resources. They can be synchronized together as
described in Section 13.3.20.

TIM1&TIM8 main features

TIM1&TIM8 timer features include:
® 16-bit up, down, up/down auto-reload counter.

® 16-bit programmable prescaler allowing dividing (also “on the fly”) the counter clock
frequency either by any factor between 1 and 65535.

® Up to 4 independent channels for:

Input Capture

Output Compare

PWM generation (Edge and Center-aligned Mode)
—  One-pulse mode output

® Complementary outputs with programmable dead-time

® Synchronization circuit to control the timer with external signals and to interconnect
several timers together.

® Repetition counter to update the timer registers only after a given number of cycles of
the counter.

® Break input to put the timer’s output signals in reset state or in a known state.
e Interrupt/DMA generation on the following events:

—  Update: counter overflow/underflow, counter initialization (by software or
internal/external trigger)

—  Trigger event (counter start, stop, initialization or count by internal/external trigger)
— Input capture

—  Output compare

—  Breakinput

® Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning
purposes

e Trigger input for external clock or cycle-by-cycle current management
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Figure 65. Advanced-control timer block diagram
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13.3

13.3.1

TIM1&TIM8 functional description

Time-base unit

The main block of the programmable advanced-control timer is a 16-bit counter with its
related auto-reload register. The counter can count up, down or both up and down. The
counter clock can be divided by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by
software. This is true even when the counter is running.

The time-base unit includes:

® Counter register (TIMx_CNT)

® Prescaler register (TIMx_PSC)

® Auto-reload register (TIMx_ARR)

® Repetition counter register (TIMx_RCR)

The auto-reload register is preloaded. Writing to or reading from the auto-reload register
accesses the preload register. The content of the preload register are transferred into the
shadow register permanently or at each update event (UEV), depending on the auto-reload
preload enable bit (ARPE) in TIMx_CR1 register. The update event is sent when the counter
reaches the overflow (or underflow when downcounting) and if the UDIS bit equals 0 in the
TIMx_CR1 register. It can also be generated by software. The generation of the update
event is described in detailed for each configuration.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the
counter enable bit (CEN) in TIMx_CR1 register is set (refer also to the slave mode controller
description to get more details on counter enabling).

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIMx_CR1
register.

Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It
is based on a 16-bit counter controlled through a 16-bit register (in the TIMx_PSC register).
It can be changed on the fly as this control register is buffered. The new prescaler ratio is
taken into account at the next update event.

Figure 67 and Figure 68 give some examples of the counter behavior when the prescaler
ratio is changed on the fly:
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Figure 66. Counter timing diagram with prescaler division change from 1 to 2

orse JUUUTUUTUUTUUTUL
ceN |

Timer clock = CK_CNT
Counter register 00 Y o1 Y o2 Y o3

Update event (UEV) |_|

Prescaler control register 0 ‘X 1

Write a new value in TIMx_PSC

Prescaler buffer 0 X 1

Prescaler counter 0 n 0 0 n 0

Figure 67. Counter timing diagram with prescaler division change from 1 to 4

orse [UUUUUTUUUUUUUUL

cen |
Timer clock = CK_CNT —|_|_|_|_|_|_|_|_|_|_|_| |_| |_|

Counter register F7 F8}F9}FALFBLFC 00 X 01 X:

Update event (UEV) |_|

Prescaler control register 0 ‘X 3

Write a new value in TIMx_PSC

Prescaler buffer 0 X 3

Prescaler counter 0 0 2 0 n 2

Counter modes

Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value (content of the
TIMx_ARR register), then restarts from 0 and generates a counter overflow event.

If the repetition counter is used, the update event (UEV) is generated after upcounting is
repeated for the number of times programmed in the repetition counter register
(TIMx_RCR). Else the update event is generated at each counter overflow.

Setting the UG bit in the TIMx_EGR register (by software or by using the slave mode
controller) also generates an update event.

The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1
register. This is to avoid updating the shadow registers while writing new values in the
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preload registers. Then no update event occurs until the UDIS bit has been written to 0.
However, the counter restarts from 0, as well as the counter of the prescaler (but the
prescale rate does not change). In addition, if the URS bit (update request selection) in
TIMx_CR1 register is set, setting the UG bit generates an update event UEV but without
setting the UIF flag (thus no interrupt or DMA request is sent). This is to avoid generating
both update and capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in
TIMx_SR register) is set (depending on the URS bit):

® The repetition counter is reloaded with the content of TIMx_RCR register,
® The auto-reload shadow register is updated with the preload value (TIMx_ARR),

® The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register).

The following figures show some examples of the counter behavior for different clock
frequencies when TIMx_ARR=0x36.

Figure 68. Counter timing diagram, internal clock divided by 1
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Figure 69. Counter timing diagram, internal clock divided by 2
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Figure 70. Counter timing diagram, internal clock divided by 4
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Figure 71.

Counter timing diagram, internal clock divided by N
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Figure 72. Counter timing diagram, update event when ARPE=0 (TIMx_ARR not

preloaded)

ocrse JUUTUTUUTUUUTUUUL

cen |

Timer clock = CK_CNT

Counter register 31

Counter overflow

32}33)34Y35) 36} 00) 01}02) 0304 Y05 Y06 07}

[

Update event (UEV)

[

Update interrupt flag (UIF)

B

Auto-reload register FF

36

Write a new value in TIMx_ARR

Doc ID 018909 Rev 1




RMO0090

Advanced-control timers (TIM1&TIM8)

Figure 73. Counter timing diagram, update event when ARPE=1
(TIMx_ARR preloaded)
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Downcounting mode

In downcounting mode, the counter counts from the auto-reload value (content of the
TIMx_ARR register) down to 0, then restarts from the auto-reload value and generates a
counter underflow event.

If the repetition counter is used, the update event (UEV) is generated after downcounting is
repeated for the number of times programmed in the repetition counter register
(TIMx_RCR). Else the update event is generated at each counter underflow.

Setting the UG bit in the TIMx_EGR register (by software or by using the slave mode
controller) also generates an update event.

The UEV update event can be disabled by software by setting the UDIS bit in TIMx_CR1
register. This is to avoid updating the shadow registers while writing new values in the
preload registers. Then no update event occurs until UDIS bit has been written to 0.
However, the counter restarts from the current auto-reload value, whereas the counter of the
prescaler restarts from 0 (but the prescale rate doesn’t change).

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the
UG bit generates an update event UEV but without setting the UIF flag (thus no interrupt or
DMA request is sent). This is to avoid generating both update and capture interrupts when
clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in

TIMx_SR register) is set (depending on the URS bit):

® The repetition counter is reloaded with the content of TIMx_RCR register

® The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register)

® The auto-reload active register is updated with the preload value (content of the

TIMx_ARR register). Note that the auto-reload is updated before the counter is
reloaded, so that the next period is the expected one
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The following figures show some examples of the counter behavior for different clock
frequencies when TIMx_ARR=0x36.

Figure 74. Counter timing diagram, internal clock divided by 1
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Figure 75. Counter timing diagram, internal clock divided by 2
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Figure 76. Counter timing diagram, internal clock divided by 4
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Figure 77. Counter timing diagram, internal clock divided by N
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Figure 78. Counter timing diagram, update event when repetition counter
is not used
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Center-aligned mode (up/down counting)

In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the
TIMx_ARR register) — 1, generates a counter overflow event, then counts from the auto-
reload value down to 1 and generates a counter underflow event. Then it restarts counting
from 0.

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are not equal to
'00". The Output compare interrupt flag of channels configured in output is set when: the
counter counts down (Center aligned mode 1, CMS = "01"), the counter counts up (Center
aligned mode 2, CMS = "10") the counter counts up and down (Center aligned mode 3,
CMS = "11").

In this mode, the DIR direction bit in the TIMx_CR1 register cannot be written. It is updated
by hardware and gives the current direction of the counter.

The update event can be generated at each counter overflow and at each counter underflow
or by setting the UG bit in the TIMx_EGR register (by software or by using the slave mode
controller) also generates an update event. In this case, the counter restarts counting from
0, as well as the counter of the prescaler.
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The UEV update event can be disabled by software by setting the UDIS bit in the TIMx_CR1
register. This is to avoid updating the shadow registers while writing new values in the
preload registers. Then no update event occurs until UDIS bit has been written to 0.
However, the counter continues counting up and down, based on the current auto-reload
value.

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the
UG bit generates an UEV update event but without setting the UIF flag (thus no interrupt or
DMA request is sent). This is to avoid generating both update and capture interrupts when
clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in
TIMx_SR register) is set (depending on the URS bit):
® The repetition counter is reloaded with the content of TIMx_RCR register

® The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register)

® The auto-reload active register is updated with the preload value (content of the
TIMx_ARR register). Note that if the update source is a counter overflow, the auto-
reload is updated before the counter is reloaded, so that the next period is the expected
one (the counter is loaded with the new value).

The following figures show some examples of the counter behavior for different clock
frequencies.

Figure 79. Counter timing diagram, internal clock divided by 1, TIMx_ARR = 0x6
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1. Here, center-aligned mode 1 is used (for more details refer to Section 13.4: TIM1&TIM8 registers on page 333).
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Figure 80. Counter timing diagram, internal clock divided by 2
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Figure 81.

Counter timing diagram, internal clock divided by 4, TIMx_ARR=0x36
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1. Center-aligned mode 2 or 3 is used with an UIF on overflow.

Figure 82. Counter timing diagram, internal clock divided by N
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Figure 83. Counter timing diagram, update event with ARPE=1 (counter underflow)
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Figure 84. Counter timing diagram, Update event with ARPE=1 (counter overflow)
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Repetition counter

Section 13.3.1: Time-base unit describes how the update event (UEV) is generated with
respect to the counter overflows/underflows. It is actually generated only when the repetition
counter has reached zero. This can be useful when generating PWM signals.

This means that data are transferred from the preload registers to the shadow registers
(TIMx_ARR auto-reload register, TIMx_PSC prescaler register, but also TIMx_CCRx
capture/compare registers in compare mode) every N counter overflows or underflows,
where N is the value in the TIMx_RCR repetition counter register.
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The repetition counter is decremented:
® At each counter overflow in upcounting mode,
® At each counter underflow in downcounting mode,

® At each counter overflow and at each counter underflow in center-aligned mode.
Although this limits the maximum number of repetition to 128 PWM cycles, it makes it
possible to update the duty cycle twice per PWM period. When refreshing compare
registers only once per PWM period in center-aligned mode, maximum resolution is
2XT, due to the symmetry of the pattern.

The repetition counter is an auto-reload type; the repetition rate is maintained as defined by
the TIMx_RCR register value (refer to Figure 85). When the update event is generated by
software (by setting the UG bit in TIMx_EGR register) or by hardware through the slave
mode controller, it occurs immediately whatever the value of the repetition counter is and the
repetition counter is reloaded with the content of the TIMx_RCR register.

In center-aligned mode, for odd values of RCR, the update event occurs either on the
overflow or on the underflow depending on when the RCR register was written and when the
counter was started. If the RCR was written before starting the counter, the UEV occurs on
the overflow. If the RCR was written after starting the counter, the UEV occurs on the
underflow. For example for RCR = 3, the UEV is generated on each 4th overflow or
underflow event depending on when RCR was written.

Figure 85. Update rate examples depending on mode and TIMx_RCR register
settings
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Clock selection

The counter clock can be provided by the following clock sources:

® Internal clock (CK_INT)

® External clock mode1: external input pin

® External clock mode2: external trigger input ETR

® Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for
example, you can configure Timer 1 to act as a prescaler for Timer 2. Refer to Using
one timer as prescaler for another for more details.

Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS=000), then the CEN, DIR (in the TIMx_CR1
register) and UG bits (in the TIMx_EGR register) are actual control bits and can be changed
only by software (except UG which remains cleared automatically). As soon as the CEN bit
is written to 1, the prescaler is clocked by the internal clock CK_INT.

Figure 86 shows the behavior of the control circuit and the upcounter in normal mode,
without prescaler.

Figure 86. Control circuit in normal mode, internal clock divided by 1
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External clock source mode 1

This mode is selected when SMS=111 in the TIMx_SMCR register. The counter can count
at each rising or falling edge on a selected input.

Figure 87. TI2 external clock connection example
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Note:

For example, to configure the upcounter to count in response to a rising edge on the TI2
input, use the following procedure:

1.

5.
6.

Configure channel 2 to detect rising edges on the TI2 input by writing CC2S = ‘01’ in
the TIMx_CCMR1 register.

Configure the input filter duration by writing the IC2F[3:0] bits in the TIMx_CCMR1
register (if no filter is needed, keep IC2F=0000).

Select rising edge polarity by writing CC2P=0 and CC2NP=0 in the TIMx_CCER
register.

Configure the timer in external clock mode 1 by writing SMS=111 in the TIMx_SMCR
register.

Select TI2 as the trigger input source by writing TS=110 in the TIMx_SMCR register.
Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The capture prescaler is not used for triggering, so you don’t need to configure it.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge on TI2 and the actual clock of the counter is due to the
resynchronization circuit on TI2 input.

Figure 88. Control circuit in external clock mode 1
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External clock source mode 2
This mode is selected by writing ECE=1 in the TIMx_SMCR register.
The counter can count at each rising or falling edge on the external trigger input ETR.

Figure 89 gives an overview of the external trigger input block.

Figure 89. External trigger input block
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For example, to configure the upcounter to count each 2 rising edges on ETR, use the
following procedure:

1. As nofilter is needed in this example, write ETF[3:0]=0000 in the TIMx_SMCR register.
2. Set the prescaler by writing ETPS[1:0]=01 in the TIMx_SMCR register

3. Select rising edge detection on the ETR pin by writing ETP=0 in the TIMx_SMCR
register

4. Enable external clock mode 2 by writing ECE=1 in the TIMx_SMCR register.
5. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The counter counts once each 2 ETR rising edges.

The delay between the rising edge on ETR and the actual clock of the counter is due to the
resynchronization circuit on the ETRP signal.

Figure 90. Control circuit in external clock mode 2
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13.3.5 Capture/compare channels

Each Capture/Compare channel is built around a capture/compare register (including a
shadow register), a input stage for capture (with digital filter, multiplexing and prescaler) and
an output stage (with comparator and output control).

Figure 91 to Figure 94 give an overview of one Capture/Compare channel.

The input stage samples the corresponding TIx input to generate a filtered signal TIxF.
Then, an edge detector with polarity selection generates a signal (TIXFPx) which can be
used as trigger input by the slave mode controller or as the capture command. It is
prescaled before the capture register (ICxPS).

Figure 91. Capture/compare channel (example: channel 1 input stage)
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The output stage generates an intermediate waveform which is then used for reference:
OCxRef (active high). The polarity acts at the end of the chain.

Figure 92. Capture/compare channel 1 main circuit
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Figure 93. Output stage of capture/compare channel (channel 1 to 3)
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Figure 94. Output stage of capture/compare channel (channel 4)
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The capture/compare block is made of one preload register and one shadow register. Write
and read always access the preload register.

In capture mode, captures are actually done in the shadow register, which is copied into the

preload regi

ster.

In compare mode, the content of the preload register is copied into the shadow register
which is compared to the counter.

Input capture mode

In Input capture mode, the Capture/Compare Registers (TIMx_CCRXx) are used to latch the
value of the counter after a transition detected by the corresponding ICx signal. When a
capture occurs, the corresponding CCXIF flag (TIMx_SR register) is set and an interrupt or
a DMA request can be sent if they are enabled. If a capture occurs while the CCxIF flag was
already high, then the over-capture flag CCxOF (TIMx_SR register) is set. CCxIF can be
cleared by software by writing it to ‘O’ or by reading the captured data stored in the
TIMx_CCRXx register. CCxOF is cleared when you write it to ‘0’.
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The following example shows how to capture the counter value in TIMx_CCR1 when Ti1
input rises. To do this, use the following procedure:
® Select the active input: TIMx_CCR1 must be linked to the TI1 input, so write the CC1S
bits to 01 in the TIMx_CCMR1 register. As soon as CC1S becomes different from 00,
the channel is configured in input and the TIMx_CCR1 register becomes read-only.

® Program the input filter duration you need with respect to the signal you connect to the
timer (when the input is one of the TIx (ICxF bits in the TIMx_CCMRXx register). Let’s
imagine that, when toggling, the input signal is not stable during at must 5 internal clock
cycles. We must program a filter duration longer than these 5 clock cycles. We can
validate a transition on TI1 when 8 consecutive samples with the new level have been
detected (sampled at fptg frequency). Then write IC1F bits to 0011 in the
TIMx_CCMR1 register.

® Select the edge of the active transition on the TI1 channel by writing CC1P and CC1NP
bits to 0 in the TIMx_CCER register (rising edge in this case).

® Program the input prescaler. In our example, we wish the capture to be performed at
each valid transition, so the prescaler is disabled (write IC1PS bits to ‘00’ in the
TIMx_CCMR1 register).

® Enable capture from the counter into the capture register by setting the CC1E bit in the
TIMx_CCER register.

® If needed, enable the related interrupt request by setting the CC1IE bit in the
TIMx_DIER register, and/or the DMA request by setting the CC1DE bit in the
TIMx_DIER register.

When an input capture occurs:

® The TIMx_CCRT1 register gets the value of the counter on the active transition.

® CCI1IF flag is set (interrupt flag). CC10F is also set if at least two consecutive captures
occurred whereas the flag was not cleared.

® Aninterrupt is generated depending on the CC1IE bit.

® A DMA request is generated depending on the CC1DE bit.

In order to handle the overcapture, it is recommended to read the data before the

overcapture flag. This is to avoid missing an overcapture which could happen after reading

the flag and before reading the data.

Note: IC interrupt and/or DMA requests can be generated by software by setting the

corresponding CCxG bit in the TIMx_EGR register.

13.3.7 PWM input mode

This mode is a particular case of input capture mode. The procedure is the same except:

Two ICx signals are mapped on the same TIx input.
These 2 ICx signals are active on edges with opposite polarity.

One of the two TIXFP signals is selected as trigger input and the slave mode controller
is configured in reset mode.
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For example, you can measure the period (in TIMx_CCR1 register) and the duty cycle (in
TIMx_CCR2 register) of the PWM applied on TI1 using the following procedure (depending
on CK_INT frequency and prescaler value):

® Select the active input for TIMx_CCR1: write the CC1S bits to 01 in the TIMx_CCMR1
register (TI1 selected).

® Select the active polarity for TI1FP1 (used both for capture in TIMx_CCR1 and counter
clear): write the CC1P and CC1NP bits to ‘0’ (active on rising edge).

® Select the active input for TIMx_CCR2: write the CC2S bits to 10 in the TIMx_CCMR1
register (TI1 selected).

® Select the active polarity for TI1FP2 (used for capture in TIMx_CCR2): write the CC2P
and CC2NP bits to ‘1’ (active on falling edge).

® Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register
(THFP1 selected).

® Configure the slave mode controller in reset mode: write the SMS bits to 100 in the
TIMx_SMCR register.

® Enable the captures: write the CC1E and CC2E bits to ‘1’ in the TIMx_CCER register.
Figure 95. PWM input mode timing
T | h |

TIMx_CNT 0004 § 0000 X ooo1 X ooo2 A\ 0003 X o0oo4 X 0000 '@

\

TIMx_CCRf \ 0004 \ \
TIMx_CCR2 \ 0002 \ \
IC1 capture IC2 capture IC1 capture
IC2 capture pulse width period
measurement measurement

reset counter

ai15413

Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRXx register), each output compare signal
(OCxREF and then OCx/OCxN) can be forced to active or inactive level directly by software,
independently of any comparison between the output compare register and the counter.

To force an output compare signal (OCXREF/OCx) to its active level, you just need to write
101 in the OCxM bits in the corresponding TIMx_CCMRXx register. Thus OCXREF is forced
high (OCxREF is always active high) and OCx get opposite value to CCxP polarity bit.

For example: CCxP=0 (OCx active high) => OCx is forced to high level.

The OCxREF signal can be forced low by writing the OCxM bits to 100 in the TIMx_CCMRXx
register.
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Anyway, the comparison between the TIMx_CCRx shadow register and the counter is still
performed and allows the flag to be set. Interrupt and DMA requests can be sent
accordingly. This is described in the output compare mode section below.

Output compare mode

This function is used to control an output waveform or indicating when a period of time has
elapsed.

When a match is found between the capture/compare register and the counter, the output
compare function:

® Assigns the corresponding output pin to a programmable value defined by the output
compare mode (OCxM bits in the TIMx_CCMRX register) and the output polarity (CCxP
bit in the TIMx_CCER register). The output pin can keep its level (OCXM=000), be set
active (OCxM=001), be set inactive (OCxM=010) or can toggle (OCxM=011) on match.

® Sets a flag in the interrupt status register (CCxIF bit in the TIMx_SR register).

® Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the
TIMx_DIER register).

® Sends a DMA request if the corresponding enable bit is set (CCxDE bit in the
TIMx_DIER register, CCDS bit in the TIMx_CR2 register for the DMA request
selection).

The TIMx_CCRx registers can be programmed with or without preload registers using the
OCXxPE bit in the TIMx_CCMRXx register.

In output compare mode, the update event UEV has no effect on OCxREF and OCx output.
The timing resolution is one count of the counter. Output compare mode can also be used to
output a single pulse (in One Pulse mode).
Procedure:
1. Select the counter clock (internal, external, prescaler).
2.  Write the desired data in the TIMx_ARR and TIMx_CCRx registers.
3. Set the CCxIE bit if an interrupt request is to be generated.
4. Select the output mode. For example:
—  Write OCxM = 011 to toggle OCx output pin when CNT matches CCRx
—  Write OCxPE = 0 to disable preload register
—  Write CCxP = 0 to select active high polarity
—  Write CCxE = 1 to enable the output
5. Enable the counter by setting the CEN bit in the TIMx_CR1 register.
The TIMx_CCRXx register can be updated at any time by software to control the output
waveform, provided that the preload register is not enabled (OCXPE="0’, else TIMx_CCRXx

shadow register is updated only at the next update event UEV). An example is given in
Figure 96.
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Figure 96. Output compare mode, toggle on OC1.
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Interrupt generated if enabled

PWM mode

Pulse Width Modulation mode allows you to generate a signal with a frequency determined
by the value of the TIMx_ARR register and a duty cycle determined by the value of the
TIMx_CCRXx register.

The PWM mode can be selected independently on each channel (one PWM per OCx
output) by writing ‘110’ (PWM mode 1) or ‘111’ (PWM mode 2) in the OCxM bits in the
TIMx_CCMRXx register. You must enable the corresponding preload register by setting the
OCXxPE bit in the TIMx_CCMRXx register, and eventually the auto-reload preload register (in
upcounting or center-aligned modes) by setting the ARPE bit in the TIMx_CR1 register.

As the preload registers are transferred to the shadow registers only when an update event
occurs, before starting the counter, you have to initialize all the registers by setting the UG
bit in the TIMx_EGR register.

OCx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It
can be programmed as active high or active low. OCx output is enabled by a combination of
the CCxE, CCxNE, MOE, OSSI and OSSR bits (TIMx_CCER and TIMx_BDTR registers).
Refer to the TIMx_CCER register description for more details.

In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRx are always compared to determine
whether TIMx_CCRx < TIMx_CNT or TIMx_CNT < TIMx_CCRXx (depending on the direction
of the counter).

The timer is able to generate PWM in edge-aligned mode or center-aligned mode
depending on the CMS bits in the TIMx_CR1 register.
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PWM edge-aligned mode

® Upcounting configuration

Upcounting is active when the DIR bit in the TIMx_CR1 register is low. Refer to
Section : Upcounting mode on page 296.

In the following example, we consider PWM mode 1. The reference PWM signal
OCXxREF is high as long as TIMx_CNT < TIMx_CCRXx else it becomes low. If the
compare value in TIMx_CCRXx is greater than the auto-reload value (in TIMx_ARR)
then OCxREF is held at ‘1’. If the compare value is 0 then OCxRef is held at ‘0.
Figure 97 shows some edge-aligned PWM waveforms in an example where
TIMx_ARR=8.

Figure 97. Edge-aligned PWM waveforms (ARR=8)
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® Downcounting configuration
Downcounting is active when DIR bit in TIMx_CR1 register is high. Refer to Section :
Downcounting mode on page 299

In PWM mode 1, the reference signal OCxRef is low as long as

TIMx_CNT > TIMx_CCRXx else it becomes high. If the compare value in TIMx_CCRXx is
greater than the auto-reload value in TIMx_ARR, then OCxREF is held at ‘1. 0% PWM
is not possible in this mode.

PWM center-aligned mode

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are different from
‘00’ (all the remaining configurations having the same effect on the OCxRef/OCx signals).
The compare flag is set when the counter counts up, when it counts down or both when it
counts up and down depending on the CMS bits configuration. The direction bit (DIR) in the
TIMx_CR1 register is updated by hardware and must not be changed by software. Refer to
Section : Center-aligned mode (up/down counting) on page 301.

Figure 98 shows some center-aligned PWM waveforms in an example where:
e TIMx_ARR=8,
e PWM mode is the PWM mode 1,

® The flag is set when the counter counts down corresponding to the center-aligned
mode 1 selected for CMS=01 in TIMx_CR1 register.
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Figure 98. Center-aligned PWM waveforms (ARR=8)
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Hints on using center-aligned mode:

When starting in center-aligned mode, the current up-down configuration is used. It

means that the counter counts up or down depending on the value written in the DIR bit
in the TIMx_CR1 register. Moreover, the DIR and CMS bits must not be changed at the
same time by the software.

Writing to the counter while running in center-aligned mode is not recommended as it
can lead to unexpected results. In particular:

—  The direction is not updated if you write a value in the counter that is greater than
the auto-reload value (TIMx_CNT>TIMx_ARR). For example, if the counter was

counting up, it continues to count up.

— The direction is updated if you write O or write the TIMx_ARR value in the counter
but no Update Event UEV is generated.

The safest way to use center-aligned mode is to generate an update by software
(setting the UG bit in the TIMx_EGR register) just before starting the counter and not to

write the counter while it is running.
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Complementary outputs and dead-time insertion

The advanced-control timers (TIM1&TIM8) can output two complementary signals and
manage the switching-off and the switching-on instants of the outputs.

This time is generally known as dead-time and you have to adjust it depending on the
devices you have connected to the outputs and their characteristics (intrinsic delays of level-
shifters, delays due to power switches...)

You can select the polarity of the outputs (main output OCx or complementary OCxN)
independently for each output. This is done by writing to the CCxP and CCxNP bits in the
TIMx_CCER register.

The complementary signals OCx and OCxN are activated by a combination of several
control bits: the CCxE and CCxNE bits in the TIMx_CCER register and the MOE, OISx,
OISxN, OSSI and OSSR bits in the TIMx_BDTR and TIMx_CR2 registers. Refer to Table 57:
Output control bits for complementary OCx and OCxN channels with break feature on
page 351 for more details. In particular, the dead-time is activated when switching to the
IDLE state (MOE falling down to 0).

Dead-time insertion is enabled by setting both CCxE and CCxNE bits, and the MOE bit if the
break circuit is present. There is one 10-bit dead-time generator for each channel. From a
reference waveform OCXREF, it generates 2 outputs OCx and OCxN. If OCx and OCxN are
active high:

® The OCx output signal is the same as the reference signal except for the rising edge,
which is delayed relative to the reference rising edge.

® The OCxN output signal is the opposite of the reference signal except for the rising
edge, which is delayed relative to the reference falling edge.

If the delay is greater than the width of the active output (OCx or OCxN) then the
corresponding pulse is not generated.

The following figures show the relationships between the output signals of the dead-time
generator and the reference signal OCxREF. (we suppose CCxP=0, CCxNP=0, MOE=1,
CCxE=1 and CCxNE=1 in these examples)

Figure 99. Complementary output with dead-time insertion.
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Figure 100. Dead-time waveforms with delay greater than the negative pulse.
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Figure 101. Dead-time waveforms with delay greater than the positive pulse.
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The dead-time delay is the same for each of the channels and is programmable with the
DTG bits in the TIMx_BDTR register. Refer to Section 13.4.18: TIM1&TIM8 break and dead-
time register (TIMx_BDTR) on page 355 for delay calculation.

Re-directing OCXREF to OCx or OCxN

In output mode (forced, output compare or PWM), OCxREF can be re-directed to the OCx
output or to OCxN output by configuring the CCxE and CCxNE bits in the TIMx_CCER
register.

This allows you to send a specific waveform (such as PWM or static active level) on one
output while the complementary remains at its inactive level. Other alternative possibilities
are to have both outputs at inactive level or both outputs active and complementary with
dead-time.

When only OCxN is enabled (CCxE=0, CCxNE=1), it is not complemented and becomes
active as soon as OCxREF is high. For example, if CCxNP=0 then OCxN=0OCxRef. On the
other hand, when both OCx and OCxN are enabled (CCxE=CCxNE=1) OCx becomes
active when OCxREF is high whereas OCxN is complemented and becomes active when
OCXREF is low.

Using the break function

When using the break function, the output enable signals and inactive levels are modified
according to additional control bits (MOE, OSSI and OSSR bits in the TIMx_BDTR register,
OISx and OISxN bits in the TIMx_CR2 register). In any case, the OCx and OCxN outputs
cannot be set both to active level at a given time. Refer to Table 57: Output control bits for
complementary OCx and OCxN channels with break feature on page 351 for more details.

The break source can be either the break input pin or a clock failure event, generated by the
Clock Security System (CSS), from the Reset Clock Controller. For further information on
the Clock Security System, refer to Section 5.2.7: Clock security system (CSS).

When exiting from reset, the break circuit is disabled and the MOE bit is low. You can enable
the break function by setting the BKE bit in the TIMx_BDTR register. The break input
polarity can be selected by configuring the BKP bit in the same register. BKE and BKP can
be modified at the same time. When the BKE and BKP bits are written, a delay of 1 APB
clock cycle is applied before the writing is effective. Consequently, it is necessary to wait 1
APB clock period to correctly read back the bit after the write operation.

Because MOE falling edge can be asynchronous, a resynchronization circuit has been
inserted between the actual signal (acting on the outputs) and the synchronous control bit
(accessed in the TIMx_BDTR register). It results in some delays between the asynchronous
and the synchronous signals. In particular, if you write MOE to 1 whereas it was low, you
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must insert a delay (dummy instruction) before reading it correctly. This is because you write
the asynchronous signal and read the synchronous signal.

When a break occurs (selected level on the break input):

® The MOE bit is cleared asynchronously, putting the outputs in inactive state, idle state
or in reset state (selected by the OSSI bit). This feature functions even if the MCU
oscillator is off.

® Each output channel is driven with the level programmed in the OISx bit in the
TIMx_CR2 register as soon as MOE=0. If OSSI=0 then the timer releases the enable
output else the enable output remains high.

® When complementary outputs are used:

— The outputs are first put in reset state inactive state (depending on the polarity).
This is done asynchronously so that it works even if no clock is provided to the
timer.

— If the timer clock is still present, then the dead-time generator is reactivated in
order to drive the outputs with the level programmed in the OISx and OISxN bits
after a dead-time. Even in this case, OCx and OCxN cannot be driven to their
active level together. Note that because of the resynchronization on MOE, the
dead-time duration is a bit longer than usual (around 2 ck_tim clock cycles).

— If OSSI=0 then the timer releases the enable outputs else the enable outputs
remain or become high as soon as one of the CCxE or CCxNE bits is high.

® The break status flag (BIF bit in the TIMx_SR register) is set. An interrupt can be
generated if the BIE bit in the TIMx_DIER register is set. A DMA request can be sent if
the BDE bit in the TIMx_DIER register is set.

o If the AOE bit in the TIMx_BDTR register is set, the MOE bit is automatically set again
at the next update event UEV. This can be used to perform a regulation, for instance.
Else, MOE remains low until you write it to ‘1’ again. In this case, it can be used for
security and you can connect the break input to an alarm from power drivers, thermal
Sensors or any security components.

The break inputs is acting on level. Thus, the MOE cannot be set while the break input is
active (neither automatically nor by software). In the meantime, the status flag BIF cannot be
cleared.

The break can be generated by the BRK input which has a programmable polarity and an
enable bit BKE in the TIMx_BDTR Register.

In addition to the break input and the output management, a write protection has been
implemented inside the break circuit to safeguard the application. It allows you to freeze the
configuration of several parameters (dead-time duration, OCx/OCxN polarities and state
when disabled, OCxM configurations, break enable and polarity). You can choose from 3
levels of protection selected by the LOCK bits in the TIMx_BDTR register. Refer to

Section 13.4.18: TIM1&TIM8 break and dead-time register (TIMx_BDTR) on page 355. The
LOCK bits can be written only once after an MCU reset.

Figure 102 shows an example of behavior of the outputs in response to a break.
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Figure 102. Output behavior in response to a break.
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Clearing the OCxREF signal on an external event

The OCxREF signal for a given channel can be driven Low by applying a High level to the
ETRF input (OCxCE enable bit of the corresponding TIMx_CCMRXx register set to ‘1°). The
OCXxREF signal remains Low until the next update event, UEV, occurs.

This function can only be used in output compare and PWM modes, and does not work in
forced mode.

For example, the OCxREF signal) can be connected to the output of a comparator to be
used for current handling. In this case, the ETR must be configured as follow:

1. The External Trigger Prescaler should be kept off: bits ETPS[1:0] of the TIMx_SMCR
register set to ‘00’.

2. The external clock mode 2 must be disabled: bit ECE of the TIMx_SMCR register set to
‘0.

3. The External Trigger Polarity (ETP) and the External Trigger Filter (ETF) can be
configured according to the user needs.

Figure 103 shows the behavior of the OCxREF signal when the ETRF Input becomes High,
for both values of the enable bit OCxCE. In this example, the timer TIMx is programmed in
PWM mode.

Figure 103. Clearing TIMx OCxREF

(CCRx)
counter (CNT)
ETRF
OCxREF
(OCxCE="0")
OCxREF
(OCxCE="1’) . — /l /
OCREF_CLR OCREF_CLR
becomes high still high

In case of a PWM with a 100% duty cycle (if CCRx>ARR), then OCxREF is enabled again at
the next counter overflow.
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6-step PWM generation

When complementary outputs are used on a channel, preload bits are available on the
OCxM, CCxE and CCxNE bits. The preload bits are transferred to the shadow bits at the
COM commutation event. Thus you can program in advance the configuration for the next
step and change the configuration of all the channels at the same time. COM can be
generated by software by setting the COM bit in the TIMx_EGR register or by hardware (on
TRGI rising edge).

A flag is set when the COM event occurs (COMIF bit in the TIMx_SR register), which can
generate an interrupt (if the COMIE bit is set in the TIMx_DIER register) or a DMA request
(if the COMDE bit is set in the TIMx_DIER register).

Figure 104 describes the behavior of the OCx and OCxN outputs when a COM event
occurs, in 3 different examples of programmed configurations.

Figure 104. 6-step generation, COM example (OSSR=1)
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One-pulse mode

One-pulse mode (OPM) is a particular case of the previous modes. It allows the counter to
be started in response to a stimulus and to generate a pulse with a programmable length
after a programmable delay.

Starting the counter can be controlled through the slave mode controller. Generating the
waveform can be done in output compare mode or PWM mode. You select One-pulse mode
by setting the OPM bit in the TIMx_CR1 register. This makes the counter stop automatically
at the next update event UEV.

A pulse can be correctly generated only if the compare value is different from the counter
initial value. Before starting (when the timer is waiting for the trigger), the configuration must
be:

® Inupcounting: CNT < CCRx £ ARR (in particular, 0 < CCRXx)
® In downcounting: CNT > CCRx

Figure 105. Example of one pulse mode.
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For example you may want to generate a positive pulse on OC1 with a length of tp; gg and
after a delay of tpg| ay @s soon as a positive edge is detected on the TI2 input pin.

Let’s use TI2FP2 as trigger 1:

® Map TI2FP2 to TI2 by writing CC2S="01" in the TIMx_CCMR1 register.

® TI2FP2 must detect a rising edge, write CC2P="0" and CC2NP="0’ in the TIMx_CCER
register.

® Configure TI2FP2 as trigger for the slave mode controller (TRGI) by writing TS="110’ in
the TIMx_SMCR register.

® TI2FP2 is used to start the counter by writing SMS to ‘110’ in the TIMx_SMCR register
(trigger mode).
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The OPM waveform is defined by writing the compare registers (taking into account the
clock frequency and the counter prescaler).

® The tpg Ay is defined by the value written in the TIMx_CCR1 register.

® The tpy sg is defined by the difference between the auto-reload value and the compare
value (TIMx_ARR - TIMx_CCR1).

® Let’s say you want to build a waveform with a transition from ‘0’ to ‘1’ when a compare
match occurs and a transition from ‘1’ to ‘0’ when the counter reaches the auto-reload
value. To do this you enable PWM mode 2 by writing OC1M=111 in the TIMx_CCMR1
register. You can optionally enable the preload registers by writing OC1PE="1" in the
TIMx_CCMRH1 register and ARPE in the TIMx_CR1 register. In this case you have to
write the compare value in the TIMx_CCR1 register, the auto-reload value in the
TIMx_ARR register, generate an update by setting the UG bit and wait for external
trigger event on TI2. CC1P is written to ‘0’ in this example.

In our example, the DIR and CMS bits in the TIMx_CR1 register should be low.

You only want 1 pulse (Single mode), so you write '1 in the OPM bit in the TIMx_CR1
register to stop the counter at the next update event (when the counter rolls over from the
auto-reload value back to 0). When OPM bit in the TIMx_CR1 register is set to '0', so the
Repetitive Mode is selected.

Particular case: OCx fast enable:

In One-pulse mode, the edge detection on TIx input set the CEN bit which enables the
counter. Then the comparison between the counter and the compare value makes the
output toggle. But several clock cycles are needed for these operations and it limits the
minimum delay tpg oy min we can get.

If you want to output a waveform with the minimum delay, you can set the OCxFE bit in the
TIMx_CCMRXx register. Then OCxRef (and OCx) are forced in response to the stimulus,
without taking in account the comparison. Its new level is the same as if a compare match
had occurred. OCxFE acts only if the channel is configured in PWM1 or PWM2 mode.

Encoder interface mode

To select Encoder Interface mode write SMS=‘001" in the TIMx_SMCR register if the
counter is counting on TI2 edges only, SMS="010’ if it is counting on TI1 edges only and
SMS="011’ if it is counting on both TI1 and TI2 edges.

Select the TI1 and TI2 polarity by programming the CC1P and CC2P bits in the TIMx_CCER
register. When needed, you can program the input filter as well. CC1NP and CC2NP must
be kept low.

The two inputs TI1 and TI2 are used to interface to an incremental encoder. Refer to

Table 55. The counter is clocked by each valid transition on TI1FP1 or TI2FP2 (TI1 and TI2
after input filter and polarity selection, TI1TFP1=TI1 if not filtered and not inverted,
TI2FP2=TI2 if not filtered and not inverted) assuming that it is enabled (CEN bit in
TIMx_CR1 register written to ‘1’). The sequence of transitions of the two inputs is evaluated
and generates count pulses as well as the direction signal. Depending on the sequence the
counter counts up or down, the DIR bit in the TIMx_CR1 register is modified by hardware
accordingly. The DIR bit is calculated at each transition on any input (TI1 or TI2), whatever
the counter is counting on TI1 only, TI2 only or both TI1 and TI2.

Encoder interface mode acts simply as an external clock with direction selection. This
means that the counter just counts continuously between 0 and the auto-reload value in the
TIMx_ARR register (0 to ARR or ARR down to 0 depending on the direction). So you must
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configure TIMx_ARR before starting. in the same way, the capture, compare, prescaler,
repetition counter, trigger output features continue to work as normal. Encoder mode and
External clock mode 2 are not compatible and must not be selected together.

In this mode, the counter is modified automatically following the speed and the direction of
the incremental encoder and its content, therefore, always represents the encoder’s
position. The count direction correspond to the rotation direction of the connected sensor.
The table summarizes the possible combinations, assuming TI1 and TI2 don’t switch at the
same time.

Table 55. Counting direction versus encoder signals

Level on TIHFP1 signal TI2FP2 signal
opposite
Active edge |signal (TI1FP1
for TI2, TI2FP2 Rising Falling Rising Falling
for TI1)
Counting on High Down Up No Count No Count
TI1 only Low Up Down No Count No Count
Counting on High No Count No Count Up Down
TI2 only Low No Count No Count Down Up
Counting on High Down Up Up Down
Ti1 and TI2 Low Up Down Down Up

An external incremental encoder can be connected directly to the MCU without external
interface logic. However, comparators are normally be used to convert the encoder’s
differential outputs to digital signals. This greatly increases noise immunity. The third
encoder output which indicate the mechanical zero position, may be connected to an
external interrupt input and trigger a counter reset.

Figure 106 gives an example of counter operation, showing count signal generation and
direction control. It also shows how input jitter is compensated where both edges are
selected. This might occur if the sensor is positioned near to one of the switching points. For
this example we assume that the configuration is the following:

e CC1S='01’ (TIMx_CCMR1 register, TIHFP1 mapped on TI1).
CC2S="01" (TIMx_CCMR2 register, TI1TFP2 mapped on TI2).
CC1P="0’ and CC1NP="0’ (TIMx_CCER register, TI1FP1 non-inverted, TIH1FP1=TI1).
CC2P="0’ and CC2NP="0’ (TIMx_CCER register, TI1FP2 non-inverted, TI1FP2= TI2).

SMS="011’ (TIMx_SMCR register, both inputs are active on both rising and falling
edges).
® CEN="1’ (TIMx_CR1 register, Counter enabled).
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Figure 106. Example of counter operation in encoder interface mode.
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Figure 107 gives an example of counter behavior when TI1FP1 polarity is inverted (same
configuration as above except CC1P="1").

Figure 107. Example of encoder interface mode with TI1FP1 polarity inverted.
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The timer, when configured in Encoder Interface mode provides information on the sensor’s
current position. You can obtain dynamic information (speed, acceleration, deceleration) by
measuring the period between two encoder events using a second timer configured in
capture mode. The output of the encoder which indicates the mechanical zero can be used
for this purpose. Depending on the time between two events, the counter can also be read
at regular times. You can do this by latching the counter value into a third input capture
register if available (then the capture signal must be periodic and can be generated by
another timer). when available, it is also possible to read its value through a DMA request
generated by a real-time clock.
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13.3.17

13.3.18

Timer input XOR function

The TI1S bit in the TIMx_CR2 register, allows the input filter of channel 1 to be connected to
the output of a XOR gate, combining the three input pins TIMx_CH1, TIMx_CH2 and
TIMx_CH3.

The XOR output can be used with all the timer input functions such as trigger or input
capture. An example of this feature used to interface Hall sensors is given in Section 13.3.18
below.

Interfacing with Hall sensors

This is done using the advanced-control timers (TIM1 or TIM8) to generate PWM signals to
drive the motor and another timer TIMx (TIM2, TIM3, TIM4 or TIM5) referred to as
“interfacing timer” in Figure 108. The “interfacing timer” captures the 3 timer input pins (CC1,
CC2, CC3) connected through a XOR to the TI1 input channel (selected by setting the TI1S
bit in the TIMx_CR2 register).

The slave mode controller is configured in reset mode; the slave input is TI1F_ED. Thus,
each time one of the 3 inputs toggles, the counter restarts counting from 0. This creates a
time base triggered by any change on the Hall inputs.

On the “interfacing timer”, capture/compare channel 1 is configured in capture mode,
capture signal is TRC (see Figure 91: Capture/compare channel (example: channel 1 input
stage) on page 309). The captured value, which corresponds to the time elapsed between 2
changes on the inputs, gives information about motor speed.

The “interfacing timer” can be used in output mode to generate a pulse which changes the
configuration of the channels of the advanced-control timer (TIM1 or TIM8) (by triggering a
COM event). The TIM1 timer is used to generate PWM signals to drive the motor. To do this,
the interfacing timer channel must be programmed so that a positive pulse is generated after
a programmed delay (in output compare or PWM mode). This pulse is sent to the advanced-
control timer (TIM1 or TIM8) through the TRGO output.

Example: you want to change the PWM configuration of your advanced-control timer TIM1
after a programmed delay each time a change occurs on the Hall inputs connected to one of
the TIMx timers.

® Configure 3 timer inputs ORed to the TI1 input channel by writing the TI1S bit in the
TIMx_CR2 register to ‘1,

® Program the time base: write the TIMx_ARR to the max value (the counter must be
cleared by the TI1 change. Set the prescaler to get a maximum counter period longer
than the time between 2 changes on the sensors,

® Program the channel 1 in capture mode (TRC selected): write the CC1S bits in the
TIMx_CCMR1 register to ‘01’. You can also program the digital filter if needed,

® Program the channel 2 in PWM 2 mode with the desired delay: write the OC2M bits to
‘111’ and the CC2S bits to ‘00’ in the TIMx_CCMR1 register,

® Select OC2REF as trigger output on TRGO: write the MMS bits in the TIMx_CR2
register to ‘101’,

In the advanced-control timer TIM1, the right ITR input must be selected as trigger input, the
timer is programmed to generate PWM signals, the capture/compare control signals are
preloaded (CCPC=1 in the TIMx_CR2 register) and the COM event is controlled by the
trigger input (CCUS=1 in the TIMx_CR2 register). The PWM control bits (CCxE, OCxM) are
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written after a COM event for the next step (this can be done in an interrupt subroutine
generated by the rising edge of OC2REF).

Figure 108 describes this example.

Figure 108. Example of hall sensor interface
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13.3.19

TIMx and external trigger synchronization

The TIMx timer can be synchronized with an external trigger in several modes: Reset mode,
Gated mode and Trigger mode.

Slave mode: Reset mode

The counter and its prescaler can be reinitialized in response to an event on a trigger input.
Moreover, if the URS bit from the TIMx_CR1 register is low, an update event UEV is
generated. Then all the preloaded registers (TIMx_ARR, TIMx_CCRXx) are updated.

In the following example, the upcounter is cleared in response to a rising edge on TI1 input:

® Configure the channel 1 to detect rising edges on TI1. Configure the input filter duration
(in this example, we don’t need any filter, so we keep IC1F=0000). The capture
prescaler is not used for triggering, so you don’t need to configure it. The CC18S bits
select the input capture source only, CC1S = 01 in the TIMx_CCMR1 register. Write
CC1P=0 and CC1NP="0’ in TIMx_CCER register to validate the polarity (and detect
rising edges only).

@ Configure the timer in reset mode by writing SMS=100 in TIMx_SMCR register. Select
TI1 as the input source by writing TS=101 in TIMx_SMCR register.

® Start the counter by writing CEN=1 in the TIMx_CR1 register.

The counter starts counting on the internal clock, then behaves normally until TI1 rising
edge. When TI1 rises, the counter is cleared and restarts from 0. In the meantime, the
trigger flag is set (TIF bit in the TIMx_SR register) and an interrupt request, or a DMA
request can be sent if enabled (depending on the TIE and TDE bits in TIMx_DIER register).

The following figure shows this behavior when the auto-reload register TIMx_ARR=0x36.
The delay between the rising edge on TI1 and the actual reset of the counter is due to the
resynchronization circuit on TI1 input.

Figure 109. Control circuit in reset mode
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Slave mode: Gated mode
The counter can be enabled depending on the level of a selected input.

In the following example, the upcounter counts only when TI1 input is low:

® Configure the channel 1 to detect low levels on TI1. Configure the input filter duration
(in this example, we don’t need any filter, so we keep IC1F=0000). The capture
prescaler is not used for triggering, so you don’t need to configure it. The CC1S bits
select the input capture source only, CC1S=01 in TIMx_CCMR1 register. Write
CC1P=1and CC1NP="0’ in TIMx_CCER register to validate the polarity (and detect low
level only).

® Configure the timer in gated mode by writing SMS=101 in TIMx_SMCR register. Select
T as the input source by writing TS=101 in TIMx_SMCR register.

® Enable the counter by writing CEN=1 in the TIMx_CR1 register (in gated mode, the
counter doesn’t start if CEN=0, whatever is the trigger input level).

The counter starts counting on the internal clock as long as TI1 is low and stops as soon as
TI1 becomes high. The TIF flag in the TIMx_SR register is set both when the counter starts
or stops.

The delay between the rising edge on TI1 and the actual stop of the counter is due to the
resynchronization circuit on TI1 input.

Figure 110. Control circuit in gated mode
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Slave mode: Trigger mode
The counter can start in response to an event on a selected input.

In the following example, the upcounter starts in response to a rising edge on TI2 input:

® Configure the channel 2 to detect rising edges on TI2. Configure the input filter duration
(in this example, we don’t need any filter, so we keep IC2F=0000). The capture
prescaler is not used for triggering, so you don’t need to configure it. The CC28S bits are
configured to select the input capture source only, CC2S=01 in TIMx_CCMR1 register.
Write CC2P=1 and CC2NP=0 in TIMx_CCER register to validate the polarity (and
detect low level only).

® Configure the timer in trigger mode by writing SMS=110 in TIMx_SMCR register. Select
TI2 as the input source by writing TS=110 in TIMx_SMCR register.

When a rising edge occurs on TI2, the counter starts counting on the internal clock and the
TIF flag is set.

The delay between the rising edge on TI2 and the actual start of the counter is due to the
resynchronization circuit on TI2 input.

Figure 111. Control circuit in trigger mode
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Slave mode: external clock mode 2 + trigger mode

The external clock mode 2 can be used in addition to another slave mode (except external
clock mode 1 and encoder mode). In this case, the ETR signal is used as external clock
input, and another input can be selected as trigger input (in reset mode, gated mode or
trigger mode). It is recommended not to select ETR as TRGI through the TS bits of
TIMx_SMCR register.

In the following example, the upcounter is incremented at each rising edge of the ETR signal
as soon as a rising edge of TI1 occurs:

1. Configure the external trigger input circuit by programming the TIMx_SMCR register as
follows:

— ETF =0000: no filter
—  ETPS=00: prescaler disabled

—  ETP=0: detection of rising edges on ETR and ECE=1 to enable the external clock
mode 2.
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2. Configure the channel 1 as follows, to detect rising edges on TI:
— IC1F=0000: no filter.

—  The capture prescaler is not used for triggering and does not need to be
configured.

— CC1S=01in TIMx_CCMR1 register to select only the input capture source

— CC1P=0 and CC1NP="0" in TIMx_CCER register to validate the polarity (and
detect rising edge only).

3. Configure the timer in trigger mode by writing SMS=110 in TIMx_SMCR register. Select
TI1 as the input source by writing TS=101 in TIMx_SMCR register.

A rising edge on TI1 enables the counter and sets the TIF flag. The counter then counts on
ETR rising edges.

The delay between the rising edge of the ETR signal and the actual reset of the counter is
due to the resynchronization circuit on ETRP input.

Figure 112. Control circuit in external clock mode 2 + trigger mode
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13.3.20 Timer synchronization

The TIM timers are linked together internally for timer synchronization or chaining. Refer to
Section 14.3.15: Timer synchronization on page 391 for details.

13.3.21 Debug mode

When the microcontroller enters debug mode (Cortex™-M4F core halted), the TIMx counter
either continues to work normally or stops, depending on DBG_TIMx_STOP configuration
bit in DBG module. For more details, refer to Section 32.16.2: Debug support for timers,
watchdog, bxCAN and FC.
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13.4 TIM1&TIMS8 registers

Refer to Section 1.1 on page 46 for a list of abbreviations used in register descriptions.

13.4.1 TIM1&TIM8 control register 1 (TIMx_CR1)

Address offset: 0x00
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKD[1:0] ARPE CMS[1:0] DIR OPM URS UDIS | CEN
Reserved
w w rw rw rw rw rw rw rw w

Bits 15:10 Reserved, must be kept at reset value.
Bits 9:8 CKD[1:0]: Clock division
This bit-field indicates the division ratio between the timer clock (CK_INT) frequency and the

dead-time and sampling clock (tpts)used by the dead-time generators and the digital filters
(ETR, TIx),

00: tprs=tck_NT

01: tors=2"tck_INT

10: tprs=4"tck_INT

11: Reserved, do not program this value

Bit 7 ARPE: Auto-reload preload enable

0: TIMx_ARR register is not buffered
1: TIMx_ARR register is buffered

Bits 6:5 CMSI[1:0]: Center-aligned mode selection

00: Edge-aligned mode. The counter counts up or down depending on the direction bit

(DIR).

01: Center-aligned mode 1. The counter counts up and down alternatively. Output compare

interrupt flags of channels configured in output (CCxS=00 in TIMx_CCMRX register) are set

only when the counter is counting down.

10: Center-aligned mode 2. The counter counts up and down alternatively. Output compare

interrupt flags of channels configured in output (CCxS=00 in TIMx_CCMRXx register) are set

only when the counter is counting up.

11: Center-aligned mode 3. The counter counts up and down alternatively. Output compare

interrupt flags of channels configured in output (CCxS=00 in TIMx_CCMRX register) are set

both when the counter is counting up or down.

Note: It is not allowed to switch from edge-aligned mode to center-aligned mode as long as

the counter is enabled (CEN=1)

Bit 4 DIR: Direction

0: Counter used as upcounter
1: Counter used as downcounter

Note: This bit is read only when the timer is configured in Center-aligned mode or Encoder
mode.

Bit 3 OPM: One pulse mode

0: Counter is not stopped at update event
1: Counter stops counting at the next update event (clearing the bit CEN)
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Bit 2 URS: Update request source
This bit is set and cleared by software to select the UEV event sources.

0: Any of the following events generate an update interrupt or DMA request if enabled.
These events can be:

—  Counter overflow/underflow
—  Setting the UG bit
—  Update generation through the slave mode controller
1: Only counter overflow/underflow generates an update interrupt or DMA request if
enabled.
Bit 1 UDIS: Update disable
This bit is set and cleared by software to enable/disable UEV event generation.
0: UEV enabled. The Update (UEV) event is generated by one of the following events:
—  Counter overflow/underflow
—  Setting the UG bit
—  Update generation through the slave mode controller
Buffered registers are then loaded with their preload values.

1: UEV disabled. The Update event is not generated, shadow registers keep their value
(ARR, PSC, CCRx). However the counter and the prescaler are reinitialized if the UG bit is
set or if a hardware reset is received from the slave mode controller.

Bit 0 CEN: Counter enable

0: Counter disabled
1: Counter enabled

Note: External clock, gated mode and encoder mode can work only if the CEN bit has been
previously set by software. However trigger mode can set the CEN bit automatically by
hardware.

13.4.2 TIM1&TIM8 control register 2 (TIMx_CR2)
Address offset: 0x04
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R OIS4 | OIS3N | OIS3 | OIS2N | OIS2 | OISIN | OISt THS MMSJ[2:0] CCDS | CCUs R CCPC
es. es.
w w w w w w w rw rw | rw | w rw rw w

Bit 15 Reserved, must be kept at reset value.

Bit 14 OIS4: Output Idle state 4 (OC4 output)
refer to OIS1 bit

Bit 13 OIS3N: Output Idle state 3 (OC3N output)
refer to OIS1N bit

Bit 12 OIS3: Output Idle state 3 (OC3 output)
refer to OIS1 bit

Bit 11 OIS2N: Output Idle state 2 (OC2N output)
refer to OIS1N bit
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Bit 10

Bit 9

Bit 8

Bit 7

Bits 6:4

0OIS2: Output Idle state 2 (OC2 output)
refer to OIS1 bit

OIS1N: Output Idle state 1 (OC1N output)

0: OC1N=0 after a dead-time when MOE=0
1: OC1N=1 after a dead-time when MOE=0

Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed
(LOCK bits in TIMx_BDTR register).

OIS1: Output Idle state 1 (OC1 output)

0: OC1=0 (after a dead-time if OC1N is implemented) when MOE=0
1: OC1=1 (after a dead-time if OC1N is implemented) when MOE=0

Note: This bit can not be modified as long as LOCK level 1, 2 or 3 has been programmed
(LOCK bits in TIMx_BDTR register).

TIS: TI1 selection

0: The TIMx_CH1 pin is connected to TI1 input
1: The TIMx_CH1, CH2 and CH3 pins are connected to the TI1 input (XOR combination)

MMS[1:0]: Master mode selection

These bits allow to select the information to be sent in master mode to slave timers for
synchronization (TRGO). The combination is as follows:

000: Reset - the UG bit from the TIMx_EGR register is used as trigger output (TRGO). If the
reset is generated by the trigger input (slave mode controller configured in reset mode) then
the signal on TRGO is delayed compared to the actual reset.

001: Enable - the Counter Enable signal CNT_EN is used as trigger output (TRGO). It is
useful to start several timers at the same time or to control a window in which a slave timer is
enable. The Counter Enable signal is generated by a logic OR between CEN control bit and
the trigger input when configured in gated mode. When the Counter Enable signal is
controlled by the trigger input, there is a delay on TRGO, except if the master/slave mode is
selected (see the MSM bit description in TIMx_SMCR register).

010: Update - The update event is selected as trigger output (TRGO). For instance a master
timer can then be used as a prescaler for a slave timer.

011: Compare Pulse - The trigger output send a positive pulse when the CC1IF flag is to be
set (even if it was already high), as soon as a capture or a compare match occurred.
(TRGO).

100: Compare - OC1REF signal is used as trigger output (TRGO)

101: Compare - OC2REF signal is used as trigger output (TRGO)

110: Compare - OC3REF signal is used as trigger output (TRGO)

111: Compare - OC4REF signal is used as trigger output (TRGO)

Bit 3 CCDS: Capture/compare DMA selection

0: CCx DMA request sent when CCx event occurs
1: CCx DMA requests sent when update event occurs
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Bit 2 CCUS: Capture/compare control update selection

0: When capture/compare control bits are preloaded (CCPC=1), they are updated by setting
the COMG bit only

1: When capture/compare control bits are preloaded (CCPC=1), they are updated by setting
the COMG bit or when an rising edge occurs on TRGI

Note: This bit acts only on channels that have a complementary output.
Bit 1 Reserved, must be kept at reset value.

Bit 0 CCPC: Capture/compare preloaded control

0: CCxE, CCxNE and OCxM bits are not preloaded

1: CCxE, CCxNE and OCxM bits are preloaded, after having been written, they are updated
only when a commutation event (COM) occurs (COMG bit set or rising edge detected on
TRGI, depending on the CCUS bit).

Note: This bit acts only on channels that have a complementary output.
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13.4.3 TIM1&TIM8 slave mode control register (TIMx_SMCR)
Address offset: 0x08
Reset value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
ETP | ECE ETPS[1:0] ETF[3:0] MSM TS[2:0] Res. SMS[2:0]
w w rw rw rw | rw | rw | rw rw rw | rw | rw Res. rw | rw | w

Bit 15 ETP: External trigger polarity
This bit selects whether ETR or ETR is used for trigger operations

0: ETR is non-inverted, active at high level or rising edge.

1: ETR is inverted, active at low level or falling edge.

Bit 14 ECE: External clock enable

This bit enables External clock mode 2.
0: External clock mode 2 disabled
1: External clock mode 2 enabled. The counter is clocked by any active edge on the ETRF

signal.
Note: 1: Setting the ECE bit has the same effect as selecting external clock mode 1 with

TRGI connected to ETRF (SMS=111 and TS=111).

2: It is possible to simultaneously use external clock mode 2 with the following slave
modes: reset mode, gated mode and trigger mode. Nevertheless, TRGI must not be

connected to ETRF in this case (TS bits must not be 111).

3: If external clock mode 1 and external clock mode 2 are enabled at the same time,
the external clock input is ETRF.

Bits 13:12 ETPS[1:0]: External trigger prescaler

External trigger signal ETRP frequency must be at most 1/4 of TIMxCLK frequency. A
prescaler can be enabled to reduce ETRP frequency. It is useful when inputting fast external
clocks.

00: Prescaler OFF
01: ETRP frequency divided by 2
10: ETRP frequency divided by 4
11: ETRP frequency divided by 8
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Bits 11:8 ETF[3:0]: External trigger filter

This bit-field then defines the frequency used to sample ETRP signal and the length of the
digital filter applied to ETRP. The digital filter is made of an event counter in which N events

are needed to validate a transition on the output:

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

No filter, sampling is done at fp1g

fsampLing=fck_nT N=2
fsampLing=fck_NT: N=4
fsampLing=fck_INT N=8
fsampLinG=fDTS/2, N=6
fsampLINg=TDTS/2, N=8
fsampLinG=fDTS/4, N=6
fsampLing=fDTS/4, N=8
fsampLinG=fDTS/8, N=6
fsampLING=fDTS/8, N=8
fsampLing=fDTS/16, N=5
fsampLing=fDTS/16, N=6
fsampLING=TDTS/16, N=8
fsampLInG=fDTS/32, N=5
fsampLiNnG=fDTS/32, N=6
fsampLinG=fDTS/32, N=8

Bit 7 MSM: Master/slave mode
0: No action

1: The effect of an event on the trigger input (TRGI) is delayed to allow a perfect

synchronization between the current timer and its slaves (through TRGO). It is useful if we

want to synchronize several timers on a single external event.
Bits 6:4 TS[2:0]:
This bit-field selects the trigger input to be used to synchronize the counter.

Trigger selection

000: Internal Trigger 0 (ITRO)
001: Internal Trigger 1 (ITR1)
010: Internal Trigger 2 (ITR2)
011: Internal Trigger 3 (ITR3)

100: TI1 Edge Detector (TI1F_ED)
101: Filtered Timer Input 1 (TI1FP1)
110: Filtered Timer Input 2 (TI2FP2)
111: External Trigger input (ETRF)

See Table 56: TIMx Internal trigger connection on page 339 for more details on ITRx meaning
for each Timer.

Note: These bits must be changed only when they are not used (e.g. when SMS=000) to

avoid wrong edge detections at the transition.

Bit 3 Reserved, must be kept at reset value.
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Bits 2:0 SMS: Slave mode selection

When external signals are selected the active edge of the trigger signal (TRGI) is linked to

the polarity selected on the external input (see Input Control register and Control Register

description.

000: Slave mode disabled - if CEN = ‘1’ then the prescaler is clocked directly by the internal

clock.

001: Encoder mode 1 - Counter counts up/down on TI2FP2 edge depending on TI1FP1

level.

010: Encoder mode 2 - Counter counts up/down on TI1FP1 edge depending on TI2FP2

level.

011: Encoder mode 3 - Counter counts up/down on both TI1FP1 and TI2FP2 edges

depending on the level of the other input.

100: Reset Mode - Rising edge of the selected trigger input (TRGI) reinitializes the counter

and generates an update of the registers.

101: Gated Mode - The counter clock is enabled when the trigger input (TRGI) is high. The

counter stops (but is not reset) as soon as the trigger becomes low. Both start and stop of

the counter are controlled.

110: Trigger Mode - The counter starts at a rising edge of the trigger TRGI (but it is not

reset). Only the start of the counter is controlled.

111: External Clock Mode 1 - Rising edges of the selected trigger (TRGI) clock the counter.

Note: The gated mode must not be used if TI1F_ED is selected as the trigger input

(TS="100’). Indeed, TI1F_ED outputs 1 pulse for each transition on TI1F, whereas the
gated mode checks the level of the trigger signal.

Table 56. TIMx Internal trigger connection
Slave TIM ITRO (TS = 000) ITR1 (TS = 001) ITR2 (TS = 010) ITR3 (TS =011)
TIMA TIM5 TIM2 TIM3 TIM4
TIM8 TIMA TIM2 TIM4 TIM5
13.4.4 TIM1&TIM8 DMA/interrupt enable register (TIMx_DIER)
Address offset: 0x0C
Reset value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R TDE |COMDE |CC4DE |CC3DE |CC2DE |CC1DE| UDE BIE TIE | COMIE | CCA4IE | CC3IE | CC2IE | CC1IE UIE
es- rw rw w w w w w rw rw w 14} w w w w

Bit 15 Reserved, must be kept at reset value.

Bit 14 TDE: Trigger DMA request enable
0: Trigger DMA request disabled
1: Trigger DMA request enabled
Bit 13 COMDE: COM DMA request enable
0: COM DMA request disabled
1: COM DMA request enabled
Bit 12 CCA4DE: Capture/Compare 4 DMA request enable

0: CC4 DMA request disabled
1: CC4 DMA request enabled
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Bit 11 CC3DE: Capture/Compare 3 DMA request enable
0: CC3 DMA request disabled
1: CC3 DMA request enabled
Bit 10 CC2DE: Capture/Compare 2 DMA request enable

0: CC2 DMA request disabled
1: CC2 DMA request enabled

Bit 9 CC1DE: Capture/Compare 1 DMA request enable
0: CC1 DMA request disabled
1: CC1 DMA request enabled

Bit 8 UDE: Update DMA request enable
0: Update DMA request disabled
1: Update DMA request enabled

Bit 7 BIE: Break interrupt enable
0: Break interrupt disabled
1: Break interrupt enabled

Bit 6 TIE: Trigger interrupt enable
0: Trigger interrupt disabled
1: Trigger interrupt enabled

Bit 5 COMIE: COM interrupt enable
0: COM interrupt disabled
1: COM interrupt enabled

Bit 4 CCA4IE: Capture/Compare 4 interrupt enable
0: CC4 interrupt disabled
1: CC4 interrupt enabled

Bit 3 CC3IE: Capture/Compare 3 interrupt enable
0: CC3 interrupt disabled
1: CC3 interrupt enabled

Bit 2 CC2IE: Capture/Compare 2 interrupt enable
0: CC2 interrupt disabled
1: CC2 interrupt enabled

Bit 1 CC1IE: Capture/Compare 1 interrupt enable
0: CC1 interrupt disabled
1: CC1 interrupt enabled

Bit 0 UIE: Update interrupt enable

0: Update interrupt disabled
1: Update interrupt enabled
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13.4.5 TIM1&TIMS8 status register (TIMx_SR)

Address offset: 0x10
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R ’ CC40F | CC30F | CC20F [CC10F | Res. BIF TIF | COMIF | CC4IF | CC3IF | CC2IF | CC1IF UIF
eserve
rc_w0 | rc_w0 | rc_wO | rc_wO0 Res. rc w0 | rcwO | rc_wO | rcwO | rc.wO | rc_wO | rc_wO | rc_wO0
Bits 15:13 Reserved, must be kept at reset value.

Bit 12

Bit 11

Bit 10

Bit 9

Bit 8
Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

CCA4OF: Capture/Compare 4 overcapture flag
refer to CC10F description

CC3O0F: Capture/Compare 3 overcapture flag
refer to CC10F description

CC20F: Capture/Compare 2 overcapture flag
refer to CC10F description

CC10F: Capture/Compare 1 overcapture flag

This flag is set by hardware only when the corresponding channel is configured in input
capture mode. It is cleared by software by writing it to ‘0’.

0: No overcapture has been detected.

1: The counter value has been captured in TIMx_CCR1 register while CC1IF flag was
already set

Reserved, must be kept at reset value.

BIF: Break interrupt flag

This flag is set by hardware as soon as the break input goes active. It can be cleared by
software if the break input is not active.

0: No break event occurred.

1: An active level has been detected on the break input.

TIF: Trigger interrupt flag

This flag is set by hardware on trigger event (active edge detected on TRGI input when the
slave mode controller is enabled in all modes but gated mode. It is set when the counter
starts or stops when gated mode is selected. It is cleared by software.
0: No trigger event occurred.
1: Trigger interrupt pending.

COMIF: COM interrupt flag

This flag is set by hardware on COM event (when Capture/compare Control bits - CCxE,
CCxNE, OCxM - have been updated). It is cleared by software.
0: No COM event occurred.
1: COM interrupt pending.
CCAIF: Capture/Compare 4 interrupt flag
refer to CC1IF description

CC3IF: Capture/Compare 3 interrupt flag
refer to CC1IF description
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Bit2 CC2IF: Capture/Compare 2 interrupt flag
refer to CC1IF description

Bit 1 CC1IF: Capture/Compare 1 interrupt flag

If channel CC1 is configured as output:

This flag is set by hardware when the counter matches the compare value, with some
exception in center-aligned mode (refer to the CMS bits in the TIMx_CR1 register
description). It is cleared by software.

0: No match.

1: The content of the counter TIMx_CNT matches the content of the TIMx_CCR1 register.
When the contents of TIMx_CCR1 are greater than the contents of TIMx_ARR, the CC1IF
bit goes high on the counter overflow (in upcounting and up/down-counting modes) or
underflow (in downcounting mode)

If channel CC1 is configured as input:

This bit is set by hardware on a capture. It is cleared by software or by reading the
TIMx_CCR1 register.

0: No input capture occurred

1: The counter value has been captured in TIMx_CCR1 register (An edge has been
detected on IC1 which matches the selected polarity)

Bit 0 UIF: Update interrupt flag

This bit is set by hardware on an update event. It is cleared by software.
0: No update occurred.
1: Update interrupt pending. This bit is set by hardware when the registers are updated:

—At overflow or underflow regarding the repetition counter value (update if repetition
counter = 0) and if the UDIS=0 in the TIMx_CR1 register.

—When CNT is reinitialized by software using the UG bit in TIMx_EGR register, if URS=0
and UDIS=0 in the TIMx_CR1 register.

—When CNT is reinitialized by a trigger event (refer to Section 13.4.3: TIM1&TIM8 slave
mode control register (TIMx_SMCR)), if URS=0 and UDIS=0 in the TIMx_CR1 register.

13.4.6 TIM1&TIM8 event generation register (TIMx_EGR)

Address offset: 0x14

Reset value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BG TG |COMG | CC4aG | CC3G | cc2G | cc1G | UG

Reserved

Bits 15:8 Reserved, must be kept at reset value.

Bit 7 BG: Break generation

This bit is set by software in order to generate an event, it is automatically cleared by
hardware.

0: No action

1: A break event is generated. MOE bit is cleared and BIF flag is set. Related interrupt or
DMA transfer can occur if enabled.
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Bit 6 TG: Trigger generation

This bit is set by software in order to generate an event, it is automatically cleared by
hardware.

0: No action

1: The TIF flag is set in TIMx_SR register. Related interrupt or DMA transfer can occur if
enabled.

Bit 5 COMG: Capture/Compare control update generation

This bit can be set by software, it is automatically cleared by hardware
0: No action
1: When CCPC bit is set, it allows to update CCxE, CCxNE and OCxM bits

Note: This bit acts only on channels having a complementary output.

Bit 4 CCA4G: Capture/Compare 4 generation
refer to CC1G description

Bit 3 CC3G: Capture/Compare 3 generation
refer to CC1G description

Bit 2 CC2G: Capture/Compare 2 generation
refer to CC1G description

Bit 1 CC1G: Capture/Compare 1 generation

This bit is set by software in order to generate an event, it is automatically cleared by
hardware.

0: No action

1: A capture/compare event is generated on channel 1:

If channel CC1 is configured as output:

CCA1IF flag is set, Corresponding interrupt or DMA request is sent if enabled.

If channel CC1 is configured as input:

The current value of the counter is captured in TIMx_CCR1 register. The CC1IF flag is set,
the corresponding interrupt or DMA request is sent if enabled. The CC10F flag is set if the
CCA1IF flag was already high.

Bit 0 UG: Update generation

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

0: No action

1: Reinitialize the counter and generates an update of the registers. Note that the prescaler
counter is cleared too (anyway the prescaler ratio is not affected). The counter is cleared if
the center-aligned mode is selected or if DIR=0 (upcounting), else it takes the auto-reload
value (TIMx_ARR) if DIR=1 (downcounting).
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13.4.7 TIM1&TIM8 capture/compare mode register 1 (TIMx_CCMR1)
Address offset: 0x18
Reset value: 0x0000

The channels can be used in input (capture mode) or in output (compare mode). The
direction of a channel is defined by configuring the corresponding CCxS bits. All the other
bits of this register have a different function in input and in output mode. For a given bit,
OCxx describes its function when the channel is configured in output, ICxx describes its
function when the channel is configured in input. So you must take care that the same bit
can have a different meaning for the input stage and for the output stage.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oc2 oc2 | oc2 oct oct | oct
0C2M[2:0] OC1M[2:0]
CE PE | FE cc2s[1:0] CE PE | FE CC1S[1:0]
IC2F(3:0] IC2PSC[1:0] IC1F[3:0] IC1PSC[1:0]
w | w | w | w w | w w | w rw | rw | rw | w rw rw rw w

Output compare mode:

Bit 15 OC2CE: Output Compare 2 clear enable
Bits 14:12 OC2M[2:0]: Output Compare 2 mode

Bit 11 OC2PE: Output Compare 2 preload enable

Bit 10 OC2FE: Output Compare 2 fast enable

Bits 9:8 CC2S[1:0]: Capture/Compare 2 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC2 channel is configured as output
01: CC2 channel is configured as input, IC2 is mapped on TI2
10: CC2 channel is configured as input, IC2 is mapped on TI1
11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is working only if
an internal trigger input is selected through the TS bit (TIMx_SMCR register)

Note: CC2S bits are writable only when the channel is OFF (CC2E = ‘0’ in TIMx_CCER).

Bit 7 OC1CE: Output Compare 1 clear enable
OC1CE: Output Compare 1 Clear Enable
0: OC1Ref is not affected by the ETRF Input
1: OC1Ref is cleared as soon as a High level is detected on ETRF input
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Bits 6:4 OC1M: Output Compare 1 mode

These bits define the behavior of the output reference signal OC1REF from which OC1 and
OC1N are derived. OC1REF is active high whereas OC1 and OC1N active level depends on
CC1P and CC1NP bits.

000: Frozen - The comparison between the output compare register TIMx_CCR1 and the
counter TIMx_CNT has no effect on the outputs.(this mode is used to generate a timing
base).

001: Set channel 1 to active level on match. OC1REF signal is forced high when the counter
TIMx_CNT matches the capture/compare register 1 (TIMx_CCR1).

010: Set channel 1 to inactive level on match. OC1REF signal is forced low when the
counter TIMx_CNT matches the capture/compare register 1 (TIMx_CCR?1).

011: Toggle - OC1REF toggles when TIMx_CNT=TIMx_CCR1.

100: Force inactive level - OC1REF is forced low.

101: Force active level - OC1REF is forced high.

110: PWM mode 1 - In upcounting, channel 1 is active as long as TIMx_CNT<TIMx_CCR1
else inactive. In downcounting, channel 1 is inactive (OC1REF=0’) as long as
TIMx_CNT>TIMx_CCR1 else active (OC1REF="1").

111: PWM mode 2 - In upcounting, channel 1 is inactive as long as TIMx_CNT<TIMx_CCR1
else active. In downcounting, channel 1 is active as long as TIMx_CNT>TIMx_CCR1 else
inactive.

Note: 1: These bits can not be modified as long as LOCK level 3 has been programmed
(LOCK bits in TIMx_BDTR register) and CC1S="00’ (the channel is configured in
output).

2: In PWM mode 1 or 2, the OCREF level changes only when the result of the
comparison changes or when the output compare mode switches from “frozen” mode
to “PWM” mode.

3: On channels having a complementary output, this bit field is preloaded. If
the CCPC bit is set in the TIMx_CR2 register then the OC1M active bits take
the new value from the preloaded bits only when a COM event is generated.

Bit 3 OC1PE: Output Compare 1 preload enable

0: Preload register on TIMx_CCR1 disabled. TIMx_CCR1 can be written at anytime, the
new value is taken in account immediately.

1: Preload register on TIMx_CCR1 enabled. Read/Write operations access the preload
register. TIMx_CCR1 preload value is loaded in the active register at each update event.

Note: 1: These bits can not be modified as long as LOCK level 3 has been programmed
(LOCK bits in TIMx_BDTR register) and CC1S="00’ (the channel is configured in
output).

2: The PWM mode can be used without validating the preload register only in one
pulse mode (OPM bit set in TIMx_CR1 register). Else the behavior is not guaranteed.

Bit 2 OC1FE: Output Compare 1 fast enable

This bit is used to accelerate the effect of an event on the trigger in input on the CC output.
0: CC1 behaves normally depending on counter and CCR1 values even when the trigger is
ON. The minimum delay to activate CC1 output when an edge occurs on the trigger input is
5 clock cycles.

1: An active edge on the trigger input acts like a compare match on CC1 output. Then, OC is
set to the compare level independently from the result of the comparison. Delay to sample

the trigger input and to activate CC1 output is reduced to 3 clock cycles. OCFE acts only if
the channel is configured in PWM1 or PWM2 mode.
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Bits 1:0

CC1S: Capture/Compare 1 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC1 channel is configured as output

01: CC1 channel is configured as input, IC1 is mapped on TI1

10: CC1 channel is configured as input, IC1 is mapped on TI2

11: CC1 channel is configured as input, IC1 is mapped on TRC. This mode is working only if
an internal trigger input is selected through TS bit (TIMx_SMCR register)

Note: CC18S bits are writable only when the channel is OFF (CC1E = ‘0’ in TIMx_CCER,).

Input capture mode

Bits 15:12 IC2F: Input capture 2 filter

Bits 11:10 IC2PSC[1:0]: Input capture 2 prescaler

Bits 9:8 CC2S: Capture/Compare 2 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.

00: CC2 channel is configured as output

01: CC2 channel is configured as input, IC2 is mapped on TI2

10: CC2 channel is configured as input, IC2 is mapped on TI1

11: CC2 channel is configured as input, IC2 is mapped on TRC. This mode is working only if an
internal trigger input is selected through TS bit (TIMx_SMCR register)

Note: CC2S bits are writable only when the channel is OFF (CC2E = ‘0’ in TIMx_CCER).

Bits 7:4 IC1F[3:0]: Input capture 1 filter
This bit-field defines the frequency used to sample TI1 input and the length of the digital filter applied

to T

. The digital filter is made of an event counter in which N events are needed to validate a

transition on the output:

0000:

0001
0010:
0011:
0100:
0101:
0110:
0111:
1000
1001:
1010:
1011:
1100:
1101:
1110:
1111:

No filter, sampling is done at fp7g

t fsampuing=fek_inT N=2

fsampLing=fck_inT N=4
fsampLing=fck_InT N=8
fsampLIng=fDTS/2, N=6
fsampLing=fDTS/2, N=8
fsampLINnG=TDTS/4, N=6
fsampLIng=fDTS/4, N=8

: fsampLinGg=TDTS/8, N=6

fsampLINGg=TDTS/8, N=8

fsampLINnG=fDTS/16, N=5
fsampLing=fDTS/16, N=6
fsampLing=fDTS/16, N=8
fsampLING=fDTS/32, N=5
fsampLINnG=fDTS/32, N=6
fsampLing=fDTS/32, N=8

Bits 3:2 IC1PSC: Input capture 1 prescaler

This bit-field defines the ratio of the prescaler acting on CC1 input (IC1).

The prescaler is reset as soon as CC1E="0’ (TIMx_CCER register).

00: no prescaler, capture is done each time an edge is detected on the capture input
01: capture is done once every 2 events

10: capture is done once every 4 events

11: capture is done once every 8 events
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Bits 1:0 CC1S: Capture/Compare 1 Selection

This bit-field defines the direction of the channel (input/output) as well as the used input.

00: CC1 channel is configured as output

01: CC1 channel is configured as input, IC1 is mapped on TI1

10: CC1 channel is configured as input, IC1 is mapped on TI2

11: CC1 channel is configured as input, IC1 is mapped on TRC. This mode is working only if an
internal trigger input is selected through TS bit (TIMx_SMCR register)

Note: CC18S bits are writable only when the channel is OFF (CC1E = ‘0’ in TIMx_CCER,).

13.4.8 TIM1&TIM8 capture/compare mode register 2 (TIMx_CCMR2)
Address offset: 0x1C
Reset value: 0x0000
Refer to the above CCMR1 register description.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oc4 oc4 | oc4 oc3 oc3 | oc3
0C4M[2:0] OC3M[2:0]
CE PE | FE CC4S[1:0] CE. PE | FE CC3S[1:0]
IC4F[3:0] IC4PSC[1:0] IC3F(3:0] IC3PSC[1:0]
w | w | w | w w | w w | w rw | rw | rw | w rw rw rw w

Output compare mode

Bit 15 OC4CE: Output compare 4 clear enable
Bits 14:12 OC4M: Output compare 4 mode

Bit 11 OC4PE: Output compare 4 preload enable

Bit 10 OCA4FE: Output compare 4 fast enable

Bits 9:8 CCA48S: Capture/Compare 4 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC4 channel is configured as output

01: CC4 channel is configured as input, IC4 is mapped on Tl4

10: CC4 channel is configured as input, IC4 is mapped on TI3

11: CC4 channel is configured as input, IC4 is mapped on TRC. This mode is working only if
an internal trigger input is selected through TS bit (TIMx_SMCR register)

Note: CC4S bits are writable only when the channel is OFF (CC4E = ‘0’ in TIMx_CCER).
Bit 7 OC3CE: Output compare 3 clear enable
Bits 6:4 OC3M: Output compare 3 mode
Bit 3 OC3PE: Output compare 3 preload enable
Bit 2 OC3FE: Output compare 3 fast enable

Bits 1:0 CC3S: Capture/Compare 3 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped on TI3

10: CC3 channel is configured as input, IC3 is mapped on Tl4

11: CC3 channel is configured as input, IC3 is mapped on TRC. This mode is working only if
an internal trigger input is selected through TS bit (TIMx_SMCR register)

Note: CCS3S bits are writable only when the channel is OFF (CC3E = ‘0’ in TIMx_CCER).
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Input capture mode

Bits 15:12 ICA4F: Input capture 4 filter
Bits 11:10 IC4PSC: Input capture 4 prescaler

Bits 9:8 CC4S: Capture/Compare 4 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC4 channel is configured as output

01: CC4 channel is configured as input, IC4 is mapped on Tl4

10: CC4 channel is configured as input, IC4 is mapped on TI3

11: CC4 channel is configured as input, IC4 is mapped on TRC. This mode is working only
if an internal trigger input is selected through TS bit (TIMx_SMCR register)

Note: CC4S bits are writable only when the channel is OFF (CC4E = ‘0’ in TIMx_CCER,).
Bits 7:4 IC3F: Input capture 3 filter
Bits 3:2 IC3PSC: Input capture 3 prescaler

Bits 1:0 CC3S: Capture/compare 3 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC3 channel is configured as output

01: CC3 channel is configured as input, IC3 is mapped on TI3

10: CC3 channel is configured as input, IC3 is mapped on Tl4

11: CC3 channel is configured as input, IC3 is mapped on TRC. This mode is working only
if an internal trigger input is selected through TS bit (TIMx_SMCR register)

Note: CCS3S bits are writable only when the channel is OFF (CC3E = ‘0’ in TIMx_CCER,).

13.4.9 TIM1&TIM8 capture/compare enable register (TIMx_CCER)
Address offset: 0x20

Reset value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CC4P | CC4E |CC3NP |[CC3NE| CC3P | CC3E [CC2NP|CC2NE| CC2P | CC2E |CCINP|CCINE| CC1P | CC1E

Reserved

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

Bits 15:14 Reserved, must be kept at reset value.

Bit 13 CCA4P: Capture/Compare 4 output polarity
refer to CC1P description

Bit 12 CCA4E: Capture/Compare 4 output enable
refer to CC1E description

Bit 11 CC3NP: Capture/Compare 3 complementary output polarity
refer to CC1NP description

Bit 10 CC3NE: Capture/Compare 3 complementary output enable
refer to CC1NE description

Bit 9 CC3P: Capture/Compare 3 output polarity
refer to CC1P description

Bit 8 CC3E: Capture/Compare 3 output enable
refer to CC1E description
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Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

CC2NP: Capture/Compare 2 complementary output polarity
refer to CC1NP description

CC2NE: Capture/Compare 2 complementary output enable
refer to CC1NE description

CC2P: Capture/Compare 2 output polarity
refer to CC1P description

CC2E: Capture/Compare 2 output enable
refer to CC1E description

CC1NP: Capture/Compare 1 complementary output polarity
CC1 channel configured as output:
0: OC1N active high.
1: OC1N active low.
CC1 channel configured as input:
This bit is used in conjunction with CC1P to define the polarity of TI1FP1 and TI2FP1. Refer
to CC1P description.

Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is
set in the TIMx_CR2 register then the CC1NP active bit takes the new value from the
preloaded bit only when a Commutation event is generated.

Note: This bit is not writable as soon as LOCK level 2 or 3 has been programmed (LOCK bits
in TIMx_BDTR register) and CC1S="00" (the channel is configured in output).

CC1NE: Capture/Compare 1 complementary output enable

0: Off - OC1N is not active. OC1N level is then function of MOE, OSSI, OSSR, OIS1, OIS1N
and CC1E bits.
1: On - OC1N signal is output on the corresponding output pin depending on MOE, OSSI,
OSSR, 0IS1, OIS1N and CC1E bits.
Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is
set in the TIMx_CR2 register then the CC1NE active bit takes the new value from the
preloaded bit only when a Commutation event is generated.
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Bit 1 CC1P: Capture/Compare 1 output polarity

CC1 channel configured as output:

0: OC1 active high

1: OC1 active low

CC1 channel configured as input:

CC1NP/CC1P bits select the active polarity of TI1FP1 and TI2FP1 for trigger or capture
operations.

00: non-inverted/rising edge

The circuit is sensitive to TIXFP1 rising edge (capture or trigger operations in reset, external
clock or trigger mode), TIxFP1 is not inverted (trigger operation in gated mode or encoder
mode).

01: inverted/falling edge

The circuit is sensitive to TIXFP1 falling edge (capture or trigger operations in reset, external
clock or trigger mode), TIXFP1 is inverted (trigger operation in gated mode or encoder
mode).

10: reserved, do not use this configuration.

11: non-inverted/both edges

The circuit is sensitive to both TIXFP1 rising and falling edges (capture or trigger operations
in reset, external clock or trigger mode), TIXFP1 is not inverted (trigger operation in gated
mode). This configuration must not be used in encoder mode.

Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is
set in the TIMx_CR2 register then the CC1P active bit takes the new value from the
preloaded bit only when a Commutation event is generated.

Note: This bit is not writable as soon as LOCK level 2 or 3 has been programmed (LOCK bits
in TIMx_BDTR register).

Bit 0 CC1E: Capture/Compare 1 output enable

CC1 channel configured as output:

0: Off - OC1 is not active. OC1 level is then function of MOE, OSSI, OSSR, OIS1, OIS1N
and CC1NE bits.

1: On - OC1 signal is output on the corresponding output pin depending on MOE, OSSI,
OSSR, 0IS1, OIS1N and CC1NE bits.

CC1 channel configured as input:

This bit determines if a capture of the counter value can actually be done into the input
capture/compare register 1 (TIMx_CCR1) or not.

0: Capture disabled.

1: Capture enabled.

Note: On channels having a complementary output, this bit is preloaded. If the CCPC bit is
set in the TIMx_CR2 register then the CC1E active bit takes the new value from the
preloaded bit only when a Commutation event is generated.
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Table 57.

break feature

Output control bits for complementary OCx and OCxN channels with

Control bits

Output states(!

MOE
bit

ossl
bit

OSSR
bit

CCxE
bit

CCxNE
bit

OCx output state

OCXxN output state

Output Disabled (not driven by
the timer)
OCx=0, OCx_EN=0

Output Disabled (not driven by the
timer)
OCxN=0, OCxN_EN=0

Output Disabled (not driven by
the timer)
OCx=0, OCx_EN=0

OCXREF + Polarity OCxN=OCxREF
xor CCxNP, OCxN_EN=1

OCXxREF + Polarity
OCx=0CxREF xor CCxP,
OCx_EN=1

Output Disabled (not driven by the
timer)
OCxN=0, OCxN_EN=0

OCREF + Polarity + dead-time
OCx_EN=1

Complementary to OCREF (not
OCREF) + Polarity + dead-time
OCxN_EN=1

Output Disabled (not driven by
the timer)
OCx=CCxP, OCx_EN=0

Output Disabled (not driven by the
timer)
OCxN=CCxNP, OCxN_EN=0

Off-State (output enabled with
inactive state)
OCx=CCxP, OCx_EN=1

OCXxREF + Polarity
OCxN=0OCxREF xor CCxNP,
OCxN_EN=1

OCXREF + Polarity
OCx=0CxREF xor CCxP,
OCx_EN=1

Off-State (output enabled with
inactive state)
OCxN=CCxNP, OCxN_EN=1

OCREF + Polarity + dead-time
OCx_EN=1

Complementary to OCREF (not
OCREF) + Polarity + dead-time
OCxN_EN=1

Output Disabled (not driven by
the timer)

OCx=CCxP, OCx_EN=0

Output Disabled (not driven by the
timer)
OCxN=CCxNP, OCxN_EN=0

Output Disabled (not driven by the timer)
Asynchronously: OCx=CCxP, OCx_EN=0, OCxN=CCxNP,

OCxN_EN=0

Then if the clock is present: OCx=01Sx and OCxN=OISxN after a
dead-time, assuming that OISx and OISxN do not correspond to OCX

and OCxN both in active state.

Output Disabled (not driven by
the timer)

OCx=CCxP, OCx_EN=0

Output Disabled (not driven by the
timer)
OCxN=CCxNP, OCxN_EN=0

Off-State (output enabled with inactive state)
Asynchronously: OCx=CCxP, OCx_EN=1, OCxN=CCxNP,

OCxN_EN=1

Then if the clock is present: OCx=01Sx and OCxN=OISxN after a
dead-time, assuming that OISx and OISxN do not correspond to OCX

and OCxN both in active state
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1. When both outputs of a channel are not used (CCxE = CCxNE = 0), the OISx, OISxN, CCxP and CCxNP bits must be kept
cleared.

Note: The state of the external I/O pins connected to the complementary OCx and OCxN
channels depends on the OCx and OCxN channel state and the GPIO registers.

13.4.10 TIM1&TIM8 counter (TIMx_CNT)

Address offset: 0x24
Reset value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
rw | rw | rw | rw | w | w | rw | rw | rw | rw | rw | w | rw | rw | rw | rw
Bits 15:0 CNT[15:0]: Counter value

13.4.11 TIM1&TIM8 prescaler (TIMx_PSC)

Address offset: 0x28
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
w | w | w | w | w | w | w | rw | rw | rw | rw | rw | rw | rw | rw | w

Bits 15:0 PSC[15:0]: Prescaler value
The counter clock frequency (CK_CNT) is equal to fok_psc / (PSC[15:0] + 1).
PSC contains the value to be loaded in the active prescaler register at each update event
(including when the counter is cleared through UG bit of TIMx_EGR register or through
trigger controller when configured in “reset mode”).

13.4.12 TIM1&TIM8 auto-reload register (TIMx_ARR)

Address offset: 0x2C
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARR[15:0]
w | w | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | w

Bits 15:0 ARR[15:0]: Prescaler value
ARR is the value to be loaded in the actual auto-reload register.
Refer to Section 13.3.1: Time-base unit on page 295 for more details about ARR update
and behavior.
The counter is blocked while the auto-reload value is null.
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13.4.13 TIM1&TIMS8 repetition counter register (TIMx_RCR)

Address offset: 0x30
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved REPL7.0]
rw | rw | rw | rw | rw | rw | rw | w

Bits 15:8 Reserved, must be kept at reset value.

Bits 7:0 REP[7:0]: Repetition counter value

These bits allow the user to set-up the update rate of the compare registers (i.e. periodic
transfers from preload to active registers) when preload registers are enable, as well as the
update interrupt generation rate, if this interrupt is enable.
Each time the REP_CNT related downcounter reaches zero, an update event is generated
and it restarts counting from REP value. As REP_CNT is reloaded with REP value only at
the repetition update event U_RC, any write to the TIMx_RCR register is not taken in
account until the next repetition update event.
It means in PWM mode (REP+1) corresponds to:

—  the number of PWM periods in edge-aligned mode

—  the number of half PWM period in center-aligned mode.

13.4.14 TIM1&TIM8 capture/compare register 1 (TIMx_CCR1)

Address offset: 0x34
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR1[15:0]
rw | w | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw

Bits 15:0 CCR1[15:0]: Capture/Compare 1 value
If channel CC1 is configured as output:
CCRt1 is the value to be loaded in the actual capture/compare 1 register (preload value).
It is loaded permanently if the preload feature is not selected in the TIMx_CCMR1 register
(bit OC1PE). Else the preload value is copied in the active capture/compare 1 register when
an update event occurs.
The active capture/compare register contains the value to be compared to the counter
TIMx_CNT and signaled on OC1 output.

If channel CC1 is configured as input:
CCRU1 is the counter value transferred by the last input capture 1 event (IC1).
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13.4.15 TIM1&TIM8 capture/compare register 2 (TIMx_CCR2)

Address offset: 0x38
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR2[15:0]
w | w | w | w | w | w | rw | rw | rw | rw | rw | rw | rw | rw | w | w

Bits 15:0 CCR2[15:0]: Capture/Compare 2 value
If channel CC2 is configured as output:
CCR2 is the value to be loaded in the actual capture/compare 2 register (preload value).
It is loaded permanently if the preload feature is not selected in the TIMx_CCMR2 register
(bit OC2PE). Else the preload value is copied in the active capture/compare 2 register when
an update event occurs.
The active capture/compare register contains the value to be compared to the counter
TIMx_CNT and signalled on OC2 output.
If channel CC2 is configured as input:
CCR2 is the counter value transferred by the last input capture 2 event (IC2).

13.4.16 TIM1&TIM8 capture/compare register 3 (TIMx_CCR3)

Address offset: 0x3C
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR3[15:0]
w | w | w | w | w | w | w | w | rw | rw | rw | w | rw | rw | w | w

Bits 15:0 CCR3[15:0]: Capture/Compare value
If channel CC3 is configured as output:
CCR8 is the value to be loaded in the actual capture/compare 3 register (preload value).
It is loaded permanently if the preload feature is not selected in the TIMx_CCMRS register
(bit OC3PE). Else the preload value is copied in the active capture/compare 3 register when
an update event occurs.
The active capture/compare register contains the value to be compared to the counter
TIMx_CNT and signalled on OC3 output.

If channel CC3 is configured as input:
CCR8 is the counter value transferred by the last input capture 3 event (IC3).
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13.4.17 TIM1&TIM8 capture/compare register 4 (TIMx_CCR4)
Address offset: 0x40
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCR4[15:0]
w | w | w | w | w | w | rw | rw | rw | rw | rw | rw | rw | rw | w | w

Bits 15:0 CCR4[15:0]: Capture/Compare value

If channel CC4 is configured as output:

CCR4 is the value to be loaded in the actual capture/compare 4 register (preload value).

It is loaded permanently if the preload feature is not selected in the TIMx_CCMR4 register
(bit OC4PE). Else the preload value is copied in the active capture/compare 4 register when
an update event occurs.

The active capture/compare register contains the value to be compared to the counter
TIMx_CNT and signalled on OC4 output.

If channel CC4 is configured as input:

CCR4 is the counter value transferred by the last input capture 4 event (IC4).

13.4.18 TIM1&TIM8 break and dead-time register (TIMx_BDTR)
Address offset: 0x44
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MOE ACE BKP BKE | OSSR | OSSI LOCK(1:0] DTG[7:0]
rw rw rw w w w w | rw w | w | w | w | w | w | rw | rw
Note: As the bits AOE, BKRP, BKE, OSSI, OSSR and DTG[7:0] can be write-locked depending on

the LOCK configuration, it can be necessary to configure all of them during the first write
access to the TIMx_BDTR register.

Bit 15

MOE: Main output enable

This bit is cleared asynchronously by hardware as soon as the break input is active. It is set
by software or automatically depending on the AOE bit. It is acting only on the channels
which are configured in output.

0: OC and OCN outputs are disabled or forced to idle state.

1: OC and OCN outputs are enabled if their respective enable bits are set (CCxE, CCxNE in
TIMx_CCER register).

See OC/OCN enable description for more details (Section 13.4.9: TIM1&TIM8
capture/compare enable register (TIMx_CCER) on page 348).

Bit 14 AOE: Automatic output enable

0: MOE can be set only by software
1: MOE can be set by software or automatically at the next update event (if the break input is
not be active)

Note: This bit can not be modified as long as LOCK level 1 has been programmed (LOCK bits
in TIMx_BDTR register).
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Bit 13 BKP: Break polarity

0: Break input BRK is active low
1: Break input BRK is active high

Note: This bit can not be modified as long as LOCK level 1 has been programmed (LOCK bits
in TIMx_BDTR register).

Note: Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.

Bit 172 BKE: Break enable

0: Break inputs (BRK and CCS clock failure event) disabled
1; Break inputs (BRK and CCS clock failure event) enabled

Note: This bit cannot be modified when LOCK level 1 has been programmed (LOCK bits in
TIMx_BDTR register).

Note: Any write operation to this bit takes a delay of 1 APB clock cycle to become effective.

Bit 11 OSSR: Off-state selection for Run mode

This bit is used when MOE=1 on channels having a complementary output which are
configured as outputs. OSSR is not implemented if no complementary output is implemented
in the timer.
See OC/OCN enable description for more details (Section 13.4.9: TIM1&TIM8
capture/compare enable register (TIMx_CCER) on page 348).
0: When inactive, OC/OCN outputs are disabled (OC/OCN enable output signal=0).
1: When inactive, OC/OCN outputs are enabled with their inactive level as soon as CCxE=1
or CCxNE=1. Then, OC/OCN enable output signal=1

Note: This bit can not be modified as soon as the LOCK level 2 has been programmed (LOCK

bits in TIMx_BDTR register).

Bit 10 OSSI: Off-state selection for Idle mode

This bit is used when MOE=0 on channels configured as outputs.
See OC/OCN enable description for more details (Section 13.4.9: TIM1&TIM8
capture/compare enable register (TIMx_CCER) on page 348).
0: When inactive, OC/OCN outputs are disabled (OC/OCN enable output signal=0).
1: When inactive, OC/OCN outputs are forced first with their idle level as soon as CCxE=1 or
CCxNE=1. OC/OCN enable output signal=1)

Note: This bit can not be modified as soon as the LOCK level 2 has been programmed (LOCK

bits in TIMx_BDTR register).

Bits 9:8 LOCK([1:0]: Lock configuration

These bits offer a write protection against software errors.
00: LOCK OFF - No bit is write protected.
01: LOCK Level 1 = DTG bits in TIMx_BDTR register, OISx and OISxN bits in TIMx_CR2
register and BKE/BKP/AOE bits in TIMx_BDTR register can no longer be written.
10: LOCK Level 2 = LOCK Level 1 + CC Polarity bits (CCxP/CCxNP bits in TIMx_CCER
register, as long as the related channel is configured in output through the CCxS bits) as well
as OSSR and OSSI bits can no longer be written.
11: LOCK Level 3 = LOCK Level 2 + CC Control bits (OCxM and OCxPE bits in
TIMx_CCMRXx registers, as long as the related channel is configured in output through the
CCxS bits) can no longer be written.

Note: The LOCK bits can be written only once after the reset. Once the TIMx_BDTR register

has been written, their content is frozen until the next reset.

356/1316 Doc ID 018909 Rev 1 KYI




RM0090 Advanced-control timers (TIM1&TIM8)

Bits 7:0 DTG[7:0]: Dead-time generator setup

This bit-field defines the duration of the dead-time inserted between the complementary
outputs. DT correspond to this duration.

DTG[7:5]=0xx => DT=DTG[7:0]x tyg With tgg=tps.
DTG[7:5]=10x => DT=(64+DTG[5:0])xtgg with Tq1q=2xtprs.
DTG[7:5]=110 => DT=(32+DTG[4:0])xtgtg With Tyg=8xtprs.
DTG[7:5]=111 => DT=(32+DTG[4:0])xtytg With Ty5=16XtpTs.
Example if Tpyg=125ns (8MHz), dead-time possible values are:
0 to 15875 ns by 125 ns steps,

16 us to 31750 ns by 250 ns steps,

32 us to 63us by 1 us steps,

64 us to 126 us by 2 us steps

Note: This bit-field can not be modified as long as LOCK level 1, 2 or 3 has been programmed
(LOCK bits in TIMx_BDTR register).

13.4.19 TIM1&TIM8 DMA control register (TIMx_DCR)

Address offset: 0x48
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DBL[4:0] DBA[4:0]
Reserved Reserved
w | w | w | w | w rw | rw | rw | rw | w

Bits 15:13 Reserved, must be kept at reset value.

Bits 12:8 DBL[4:0]: DMA burst length

This 5-bit vector defines the number of DMA transfers (the timer recognizes a burst transfer
when a read or a write access is done t

the TIMx_DMAR address)

00000: 1 transfer

00001: 2 transfers

00010: 3 transfers

10001: 18 transfers
Bits 7:5 Reserved, must be kept at reset value.

Bits 4:0 DBA[4:0]: DMA base address

This 5-bits vector defines the base-address for DMA transfers (when read/write access are
done through the TIMx_DMAR address). DBA is defined as an offset starting from the
address of the TIMx_CR1 register.

Example:

00000: TIMx_CR1,

00001: TIMx_CR2,

00010: TIMx_SMCR,

Example: Let us consider the following transfer: DBL = 7 transfers and DBA = TIMx_CR1. In
this case the transfer is done to/from 7 registers starting from the TIMx_CR1 address.
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13.4.20 TIM1&TIM8 DMA address for full transfer (TIMx_DMAR)

Address offset: 0x4C
Reset value: 0x0000

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

Bits 15:0 DMAB[15:0]: DMA register for burst accesses
A read or write operation to the DMAR register accesses the register located at the address
(TIMx_CR1 address) + (DBA + DMA index) x 4

where TIMx_CR1 address is the address of the control register 1, DBA is the DMA base
address configured in TIMx_DCR register, DMA index is automatically controlled by the
DMA transfer, and ranges from 0 to DBL (DBL configured in TIMx_DCR).

Example of how to use the DMA burst feature

In this example the timer DMA burst feature is used to update the contents of the CCRx
registers (x = 2, 3, 4) with the DMA transferring half words into the CCRXx registers.
This is done in the following steps:
1. Configure the corresponding DMA channel as follows:

—  DMA channel peripheral address is the DMAR register address

—  DMA channel memory address is the address of the buffer in the RAM containing
the data to be transferred by DMA into CCRx registers.

—  Number of data to transfer = 3 (See note below).
—  Circular mode disabled.

2. Configure the DCR register by configuring the DBA and DBL bit fields as follows:
DBL = 3 transfers, DBA = OxE.

3. Enable the TIMx update DMA request (set the UDE bit in the DIER register).
4. Enable TIMx
5. Enable the DMA channel

Note: This example is for the case where every CCRXx register to be updated once. If every CCRx
register is to be updated twice for example, the number of data to transfer should be 6. Let's
take the example of a buffer in the RAM containing data1, data2, data3, data4, data5 and
data6. The data is transferred to the CCRXx registers as follows: on the first update DMA
request, datal is transferred to CCR2, dataZ2 is transferred to CCR3, data3 is transferred to
CCR4 and on the second update DMA request, data4 is transferred to CCR2, data5 is
transferred to CCR3 and dataé is transferred to CCRA4.
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13.4.21 TIM1&TIMS8 register map
TIM1&TIM8 registers are mapped as 16-bit addressable registers as described in the table
below:
Table 58. TIM1&TIM8 register map and reset values
Offset| Register 5|g\g|g°,\g,\gm\g|g\g\g\g\gm\:\e\g\:m\g\;\e m|co ~ o\m S IEE
CKD | |CMS | |= |2 |2 |z
0x00 TIMx_CR1 Reserved [1:0] | | [1:0] |© 551218
Reset value 0o[o0[0 0|0 o[foJofofoO
z z Z |~ 00|20
oxoa | TIMxCR2 A g 3121813125 2|2 [mvsz0|] (3|2 |5
X eserve 0606060'_ OO%&
Reset value 0[0[0[0[0[0[0[0[0[0[0[0][0]|c [0
a |w [ETPS ) s 18 ]
ox08 | TMx_SMCR EN ES oy | ETFISO) 2 TS[2:0] % SMS[2:0]
Reset value OOOOOOOOOOOOEOOO
Wow |w (W |w W |w |w (w |w
wQaloloo|W|wlwl=|=lgls = (w
TIMx_DIER alslslelalsa|E|HIZIX|N (N (= (2
0x0C Reserved o|F |0 |9 |00 |D
FI3I8IB8 8182 3lololo o
Reset value 0O(0O|[0[0[0|0O|0O[O]O|O|O[O[O[O]O
[THRN [T [THR T ) (TR IO YO PP PP
0x10 TIMx_SR Reserved 9 8 8 9 g % Lr:L % 3 8 8 ) %
31818138 dlo|ojo|o
Reset value 0l0|0[0|x|[0]0O[O[OJO[O[O]O
s |6|6|o |6
TIMx_EGR Co|I5 X RN 5|0
— O |10 |0 |0
0x14 Reserved oEIe3I13138131°
Reset value oj{ojo]o]Jo|oOfOfO
O-Eml)jt_gc?:plze & ocam (& |l |ccas|E | oo (& | |ce1s
Reserved 2:0] |O (O | [1:0] [O 2:0] |G [0 | [1:0
mode 8[100[]8[100[]
ox18 Reset value 0[0JO0JO0|0[0][0[0|0[0JOJO0[0[0|0]O
TIMx_CCMR1 1C2 | ~opg ICT [ocqs
Input Capture T IC2F[3:0] PSC [1:0] IC1F[3:0] PSC [1:0]
mode oy | - oy | M
Reset value 00|0|0000|000|0|0000|0
Reserved 2:0 oo | [1:0 2:0 OO | [1:0
mode 8[100[]8[100[]
0x1C Reset value 0[0JO0JO0|0[0[0[0[0[0JOJO0[0[0][0]O0
TIVMix_CCMR2 1G4 1ccas 193 |ceas
Input Capture IC4F([3:0] PSC 3 IC3F[3:0] PSC 8
modo Reserved [1:0] [1:0] [1:0] [1:0]
Reset value O|000000000000000
AP A A A A
0x20 TIMx_CCER R d SRR IR G100 |N (N[O O [= =100
X BRI ool I8IcI0I8I18I01018|8 |0 |0
Reset value Of0[0|0|0|0|O[O|O|O[O[O[O]O
ox24 TIMx_CNT EN CNT[15:0]
Reset value 0J0]0[0]0]0O]0JOJOJOJOJO]O]O]O]O
[0]O0[O0[OJOJOJO[O0[JOJOJO[O[O]O]
ox28 TIMx_PSC EN PSC[15:0]
Reset value O[0JOJOJOJO][0O[0O[0]JOJOJOJ0[0[0]O
0x2C TIMx_ARR SR ARR[15:0]
Reset value 0[0JOJOJOJO][0O[0[0]JOJOJOJ0[0[0]O
0x30 TIMx_RCR S REP[7:0]
Reset value O|0|0|0|0|0|0|0

Doc ID 018909 Rev 1

359/1316




Advanced-control timers (TIM1&TIM8)

RMO0090

Table 58. TIM1&TIM8 register map and reset values (continued)
Offset| Register |5|3/Q[&[k|&[R[X|[8[5[R[2[2[~|e|e[z[e|¢[c[2]o ][~ 0|w]+[o|a|-[o
oxaa | TIMx_CCR1 PN CCR1[15:0]
Reset value 0[0J0[0[0J0O[0JOJ0[0]O0J0[0]0]O]0
0x38 TIMx_CCR2 Reserved CCR2[15:0]
Reset value O[0JOJOJOoJOJoJOJOJOJOJOJOJOJOJO
oxac | TMx_CCR3 Reserved CCR3[15:0]
Reset value 0][0J0[0[0JO[0JO0JO0[0JO0J0[0]0JO0]0O
0x40 TIMx_CCR4 Reserved CCRA4[15:0]
Reset value OOOOOOO|0 O|0|O|0|0|0|0|O
W w o |w |5 | |LOCK .
Ox44 TIMx_BDTR Reserved g QIE IS @ 8| 11:0] DT[7:0]
Reset value 0[0|0[0[0|0|0[0|0[0[0J0[0]0]O0]0
0x48 TIMx_DCR Reserved DBL[4:0] Reserved DBA[4:0]
Reset value 0JoJoJoJoO OJoJoJoJoO
0x4C TIMx_DMAR Reserved DMABJ15:0]
Reset value O[O0JOJOJOJOJOoJOJOJOJOJOJOJOJOJO

Refer to Table 1 on page 50 for the register boundary addresses.
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14.1

14.2

General-purpose timers (TIM2 to TIM5)

TIM2 to TIM5 introduction

The general-purpose timers consist of a 16-bit or 32-bit auto-reload counter driven by a
programmable prescaler.

They may be used for a variety of purposes, including measuring the pulse lengths of input
signals (input capture) or generating output waveforms (output compare and PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several
milliseconds using the timer prescaler and the RCC clock controller prescalers.

The timers are completely independent, and do not share any resources. They can be
synchronized together as described in Section 14.3.15.

TIM2 to TIM5 main features

General-purpose TIMx timer features include:

® 16-bit (TIM3 and TIM4) or 32-bit (TIM2 and TIM5) up, down, up/down auto-reload
counter.

® 16-bit programmable prescaler used to divide (also “on the fly”) the counter clock
frequency by any factor between 1 and 65535.

® Up to 4 independent channels for:

Input capture

Output compare

PWM generation (Edge- and Center-aligned modes)
—  One-pulse mode output

® Synchronization circuit to control the timer with external signals and to interconnect
several timers.

o Interrupt/DMA generation on the following events:

— Update: counter overflow/underflow, counter initialization (by software or
internal/external trigger)

—  Trigger event (counter start, stop, initialization or count by internal/external trigger)
—  Input capture
—  Output compare

® Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning
purposes

@ Trigger input for external clock or cycle-by-cycle current management
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14.3

14.3.1
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TIM2 to TIM5 functional description

Time-base unit

The main block of the programmable timer is a 16-bit/32-bit counter with its related auto-
reload register. The counter can count up. The counter clock can be divided by a prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by
software. This is true even when the counter is running.

The time-base unit includes:

® Counter Register (TIMx_CNT)

® Prescaler Register (TIMx_PSC):

® Auto-Reload Register (TIMx_ARR)

The auto-reload register is preloaded. Writing to or reading from the auto-reload register
accesses the preload register. The content of the preload register are transferred into the
shadow register permanently or at each update event (UEV), depending on the auto-reload
preload enable bit (ARPE) in TIMx_CR1 register. The update event is sent when the counter
reaches the overflow (or underflow when downcounting) and if the UDIS bit equals 0 in the
TIMx_CR1 register. It can also be generated by software. The generation of the update
event is described in detail for each configuration.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the
counter enable bit (CEN) in TIMx_CR1 register is set (refer also to the slave mode controller
description to get more details on counter enabling).

Note that the actual counter enable signal CNT_EN is set 1 clock cycle after CEN.

Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It
is based on a 16-bit counter controlled through a 16-bit/32-bit register (in the TIMx_PSC
register). It can be changed on the fly as this control register is buffered. The new prescaler
ratio is taken into account at the next update event.

Figure 113 and Figure 114 give some examples of the counter behavior when the prescaler
ratio is changed on the fly:
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Figure 113. Counter timing diagram with prescaler division change from 1 to 2

orse JUUUUUUTUTUUUUUUT

CNT_EN
Timer clock = CK_CNT

Counter register __ F7_ JFa)FoFAFE[FS{ 0o | o1 | 02 | o3 |

Update event (UEV) |_|

Prescaler control register 0 ‘X 1

Write a new value in TIMx_PSC

Prescaler buffer 0 X 1

Prescaler counter 0 0 n 0 0 n 0 n

Figure 114. Counter timing diagram with prescaler division change from 1 to 4

ocrse JUUUTUUTUUUUUUUUL

CNTEN |
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Counter register o Y o |

Update event (UEV) [

Prescaler control register 0 ‘X 3

Write a new value in TIMx_PSC

Prescaler buffer 0 X 3

Prescaler counter 0 n 2 nn 2

14.3.2 Counter modes

Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value (content of the
TIMx_ARR register), then restarts from 0 and generates a counter overflow event.

An Update event can be generated at each counter overflow or by setting the UG bit in the
TIMx_EGR register (by software or by using the slave mode controller).

The UEV event can be disabled by software by setting the UDIS bit in TIMx_CR1 register.
This is to avoid updating the shadow registers while writing new values in the preload
registers. Then no update event occurs until the UDIS bit has been written to 0. However,
the counter restarts from 0, as well as the counter of the prescaler (but the prescale rate
does not change). In addition, if the URS bit (update request selection) in TIMx_CR1
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register is set, setting the UG bit generates an update event UEV but without setting the UIF
flag (thus no interrupt or DMA request is sent). This is to avoid generating both update and
capture interrupts when clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in
TIMx_SR register) is set (depending on the URS bit):

® The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register)
® The auto-reload shadow register is updated with the preload value (TIMx_ARR)

The following figures show some examples of the counter behavior for different clock
frequencies when TIMx_ARR=0x36.

Figure 115. Counter timing diagram, internal clock divided by 1

cont JUUTTUTUUUTUUUTUTLI
ONT_EN |
Timer clock = CK_CNT
Counter register 31 {32)(33)34)(35)36) 0001)02)03)o4 o5 os}o7|

Counter overflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Figure 116. Counter timing diagram, internal clock divided by 2
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Figure 117. Counter timing diagram, internal clock divided by 4
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Figure 118. Counter timing diagram, internal clock divided by N
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Figure 119. Counter timing diagram, Update event when ARPE=0 (TIMx_ARR not

preloaded)
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Figure 120. Counter timing diagram, Update event when ARPE=1 (TIMx_ARR
preloaded)

CK_PSC |_| |_| I_I I_I |_|

CNT_EN J
Timer clock = CK_CNT
Counter register FO F1}F2 00 03 m 05 @

Counter overflow |_|

Update event (UEV) |—|

Update interrupt flag (UIF) |

Auto-reload preload register F5 ‘X 36

/

Auto-reload shadow register F5 X 36

Write a new value in TIMx_ARR

Downcounting mode

In downcounting mode, the counter counts from the auto-reload value (content of the
TIMx_ARR register) down to 0, then restarts from the auto-reload value and generates a
counter underflow event.

An Update event can be generate at each counter underflow or by setting the UG bit in the
TIMx_EGR register (by software or by using the slave mode controller)

The UEV update event can be disabled by software by setting the UDIS bit in TIMx_CR1
register. This is to avoid updating the shadow registers while writing new values in the
preload registers. Then no update event occurs until UDIS bit has been written to 0.
However, the counter restarts from the current auto-reload value, whereas the counter of the
prescaler restarts from 0 (but the prescale rate doesn’t change).

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the
UG bit generates an update event UEV but without setting the UIF flag (thus no interrupt or
DMA request is sent). This is to avoid generating both update and capture interrupts when
clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in

TIMx_SR register) is set (depending on the URS bit):

® The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register).

® The auto-reload active register is updated with the preload value (content of the

TIMx_ARR register). Note that the auto-reload is updated before the counter is
reloaded, so that the next period is the expected one.

The following figures show some examples of the counter behavior for different clock
frequencies when TIMx_ARR=0x36.
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Figure 121. Counter timing diagram, internal clock divided by 1
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Figure 122. Counter timing diagram, internal clock divided by 2
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Figure 123. Counter timing diagram, internal clock divided by 4
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Figure 124. Counter timing diagram, internal clock divided by N
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Figure 125. Counter timing diagram, Update event when repetition counter
is not used
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Update event (UEV) |_|

Update interrupt flag (UIF) |

Auto-reload register FF ‘X 36

Write a new value in TIMx_ARR

Center-aligned mode (up/down counting)

In center-aligned mode, the counter counts from 0 to the auto-reload value (content of the
TIMx_ARR register) — 1, generates a counter overflow event, then counts from the auto-
reload value down to 1 and generates a counter underflow event. Then it restarts counting
from 0.

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are not equal to
'00". The Output compare interrupt flag of channels configured in output is set when: the
counter counts down (Center aligned mode 1, CMS = "01"), the counter counts up (Center
aligned mode 2, CMS = "10") the counter counts up and down (Center aligned mode 3,
CMS ="11").

In this mode, the direction bit (DIR from TIMx_CR1 register) cannot be written. It is updated
by hardware and gives the current direction of the counter.

The update event can be generated at each counter overflow and at each counter underflow
or by setting the UG bit in the TIMx_EGR register (by software or by using the slave mode
controller) also generates an update event. In this case, the counter restarts counting from
0, as well as the counter of the prescaler.
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The UEV update event can be disabled by software by setting the UDIS bit in TIMx_CR1
register. This is to avoid updating the shadow registers while writing new values in the
preload registers. Then no update event occurs until the UDIS bit has been written to 0.
However, the counter continues counting up and down, based on the current auto-reload
value.

In addition, if the URS bit (update request selection) in TIMx_CR1 register is set, setting the
UG bit generates an update event UEV but without setting the UIF flag (thus no interrupt or
DMA request is sent). This is to avoid generating both update and capture interrupt when
clearing the counter on the capture event.

When an update event occurs, all the registers are updated and the update flag (UIF bit in

TIMx_SR register) is set (depending on the URS bit):

® The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register).

® The auto-reload active register is updated with the preload value (content of the
TIMx_ARR register). Note that if the update source is a counter overflow, the auto-
reload is updated before the counter is reloaded, so that the next period is the expected
one (the counter is loaded with the new value).

The following figures show some examples of the counter behavior for different clock
frequencies.

Figure 126. Counter timing diagram, internal clock divided by 1, TIMx_ARR=0x6

cont JUUUUUTUUUUUUUUL
CNTEN |
mmercock=ck_ont [ U U U U UUU UYL

Counter underflow |_|
Counter overflow |_|
Update event (UEV) |_| |_|

Update interrupt flag (UIF) é

1. Here, center-aligned mode 1 is used (for more details refer to Section 14.4.1: TIMx control register 1 (TIMx_CR1) on
page 392).
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Figure 127. Counter timing diagram, internal clock divided by 2
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Figure 128. Counter timing diagram, internal clock divided by 4, TIMx_ARR=0x36
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1. Center-aligned mode 2 or 3 is used with an UIF on overflow.

Figure 129. Counter timing diagram, internal clock divided by N
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Figure 130. Counter timing diagram, Update event with ARPE=1 (counter underflow)
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Figure 131. Counter timing diagram, Update event with ARPE=1 (counter overflow)
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14.3.3 Clock selection

The counter clock can be provided by the following clock sources:
® Internal clock (CK_INT)

® External clock mode1: external input pin (TIx)

® External clock mode2: external trigger input (ETR)
°

Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for
example, you can configure Timer to act as a prescaler for Timer 2. Refer to : Using
one timer as prescaler for another on page 391 for more details.

Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS=000 in the TIMx_SMCR register), then the
CEN, DIR (in the TIMx_CR1 register) and UG bits (in the TIMx_EGR register) are actual
control bits and can be changed only by software (except UG which remains cleared
automatically). As soon as the CEN bit is written to 1, the prescaler is clocked by the internal
clock CK_INT.

Figure 132 shows the behavior of the control circuit and the upcounter in normal mode,
without prescaler.

Figure 132. Control circuit in normal mode, internal clock divided by 1

cont JTUTUTUTUTUUUUUUL

CEN=CNT_EN _|
UG [ ]
CNT_INIT [ ]
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External clock source mode 1

This mode is selected when SMS=111 in the TIMx_SMCR register. The counter can count
at each rising or falling edge on a selected input.
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Figure 133. TI2 external clock connection example
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For example, to configure the upcounter to count in response to a rising edge on the TI2
input, use the following procedure:

For example, to configure the upcounter to count in response to a rising edge on the TI2

input, use the following procedure:

1. Configure channel 2 to detect rising edges on the TI2 input by writing CC2S= ‘01 in the
TIMx_CCMR1 register.

2. Configure the input filter duration by writing the IC2F[3:0] bits in the TIMx_CCMR1
register (if no filter is needed, keep IC2F=0000).

Note: The capture prescaler is not used for triggering, so you don’t need to configure it.
3. Select rising edge polarity by writing CC2P=0 and CC2NP=0 in the TIMx_CCER
register.
4. Configure the timer in external clock mode 1 by writing SMS=111 in the TIMx_SMCR
register.

5. Select TI2 as the input source by writing TS=110 in the TIMx_SMCR register.

6. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge on TI2 and the actual clock of the counter is due to the
resynchronization circuit on TI2 input.

Figure 134. Control circuit in external clock mode 1
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External clock source mode 2
This mode is selected by writing ECE=1 in the TIMx_SMCR register.
The counter can count at each rising or falling edge on the external trigger input ETR.

Figure 135 gives an overview of the external trigger input block.

Figure 135. External trigger input block
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TIMx_SMCR TIMx_SMCR TIMx_SMCR ECE| [SMS[2:0]
TIMx_SMCR

For example, to configure the upcounter to count each 2 rising edges on ETR, use the
following procedure:

1. As nofilter is needed in this example, write ETF[3:0]=0000 in the TIMx_SMCR register.
2. Set the prescaler by writing ETPS[1:0]=01 in the TIMx_SMCR register

3. Select rising edge detection on the ETR pin by writing ETP=0 in the TIMx_SMCR
register

4. Enable external clock mode 2 by writing ECE=1 in the TIMx_SMCR register.

5. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

The counter counts once each 2 ETR rising edges.

The delay between the rising edge on ETR and the actual clock of the counter is due to the
resynchronization circuit on the ETRP signal.

Figure 136. Control circuit in external clock mode 2
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14.3.4 Capture/compare channels

Each Capture/Compare channel is built around a capture/compare register (including a

shadow register), a input stage for capture (with digital filter, multiplexing and prescaler) and
an output stage (with comparator and output control).

The following figure gives an overview of one Capture/Compare channel.

The input stage samples the corresponding TIx input to generate a filtered signal TIxF.
Then, an edge detector with polarity selection generates a signal (TIXFPx) which can be
used as trigger input by the slave mode controller or as the capture command. It is
prescaled before the capture register (ICxPS).

Figure 137. Capture/compare channel (example: channel 1 input stage)
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— o controller)
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(from channel 2) | i | ] | | |
TI2F_falling CC1SJ[1:0]| ICPS[1:0] CC1E
(from channel 2) L — TIMXx_CCMR1 TIMx_CCER

The output stage generates an intermediate waveform which is then used for reference:
OCxRef (active high). The polarity acts at the end of the chain.

Figure 138. Capture/compare channel 1 main circuit
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Figure 139. Output stage of capture/compare channel (channel 1)
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The capture/compare block is made of one preload register and one shadow register. Write
and read always access the preload register.

In capture mode, captures are actually done in the shadow register, which is copied into the
preload register.

In compare mode, the content of the preload register is copied into the shadow register
which is compared to the counter.

Input capture mode

In Input capture mode, the Capture/Compare Registers (TIMx_CCRXx) are used to latch the
value of the counter after a transition detected by the corresponding ICx signal. When a
capture occurs, the corresponding CCXIF flag (TIMx_SR register) is set and an interrupt or
a DMA request can be sent if they are enabled. If a capture occurs while the CCxIF flag was
already high, then the over-capture flag CCxOF (TIMx_SR register) is set. CCxIF can be
cleared by software by writing it to 0 or by reading the captured data stored in the
TIMx_CCRXx register. CCxOF is cleared when you write it to 0.

The following example shows how to capture the counter value in TIMx_CCR1 when TI1

input rises. To do this, use the following procedure:

® Select the active input: TIMx_CCR1 must be linked to the TI1 input, so write the CC1S
bits to 01 in the TIMx_CCMR1 register. As soon as CC1S becomes different from 00,
the channel is configured in input and the TIMx_CCR1 register becomes read-only.

® Program the input filter duration you need with respect to the signal you connect to the
timer (when the input is one of the TIx (ICxF bits in the TIMx_CCMRXx register). Let’'s
imagine that, when toggling, the input signal is not stable during at must 5 internal clock
cycles. We must program a filter duration longer than these 5 clock cycles. We can
validate a transition on TI1 when 8 consecutive samples with the new level have been
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detected (sampled at fpg frequency). Then write IC1F bits to 0011 in the
TIMx_CCMR1 register.
® Select the edge of the active transition on the TI1 channel by writing the CC1P and
CC1NP bits to 00 in the TIMx_CCER register (rising edge in this case).
® Program the input prescaler. In our example, we wish the capture to be performed at
each valid transition, so the prescaler is disabled (write IC1PS bits to 00 in the
TIMx_CCMR1 register).
® Enable capture from the counter into the capture register by setting the CC1E bit in the
TIMx_CCER register.
® If needed, enable the related interrupt request by setting the CC1IE bit in the
TIMx_DIER register, and/or the DMA request by setting the CC1DE bit in the
TIMx_DIER register.
When an input capture occurs:
® The TIMx_CCRT1 register gets the value of the counter on the active transition.
® CCI1IF flag is set (interrupt flag). CC10F is also set if at least two consecutive captures
occurred whereas the flag was not cleared.
® Aninterrupt is generated depending on the CC1IE bit.
® A DMA request is generated depending on the CC1DE bit.
In order to handle the overcapture, it is recommended to read the data before the
overcapture flag. This is to avoid missing an overcapture which could happen after reading
the flag and before reading the data.
Note: IC interrupt and/or DMA requests can be generated by software by setting the
corresponding CCxG bit in the TIMx_EGR register.
14.3.6 PWM input mode

This mode is a particular case of input capture mode. The procedure is the same except:

Two ICx signals are mapped on the same TIx input.
These 2 ICx signals are active on edges with opposite polarity.

One of the two TIXFP signals is selected as trigger input and the slave mode controller
is configured in reset mode.
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For example, you can measure the period (in TIMx_CCR1 register) and the duty cycle (in
TIMx_CCR2 register) of the PWM applied on TI1 using the following procedure (depending
on CK_INT frequency and prescaler value):

® Select the active input for TIMx_CCR1: write the CC1S bits to 01 in the TIMx_CCMR1
register (TI1 selected).

® Select the active polarity for TI1FP1 (used both for capture in TIMx_CCR1 and counter
clear): write the CC1P to ‘0’ and the CC1NP bit to ‘0’ (active on rising edge).

® Select the active input for TIMx_CCR2: write the CC2S bits to 10 in the TIMx_CCMR1
register (TI1 selected).

® Select the active polarity for TI1FP2 (used for capture in TIMx_CCR2): write the CC2P
bit to ‘1’ and the CC2NP bit to '0’(active on falling edge).

® Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register
(THFP1 selected).

® Configure the slave mode controller in reset mode: write the SMS bits to 100 in the
TIMx_SMCR register.

® Enable the captures: write the CC1E and CC2E bits to ‘1 in the TIMx_CCER register.
Figure 140. PWM input mode timing
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\
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pulse width period
IC2 capture
measurement measurement

reset counter
ai15413

Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRXx register), each output compare signal
(OCxREF and then OCx) can be forced to active or inactive level directly by software,
independently of any comparison between the output compare register and the counter.

To force an output compare signal (ocxref/OCx) to its active level, you just need to write 101
in the OCxM bits in the corresponding TIMx_CCMRXx register. Thus ocxref is forced high
(OCxREF is always active high) and OCx get opposite value to CCxP polarity bit.

e.g.: CCxP=0 (OCx active high) => OCx is forced to high level.

ocxref signal can be forced low by writing the OCxM bits to 100 in the TIMx_CCMRx
register.
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Anyway, the comparison between the TIMx_CCRx shadow register and the counter is still
performed and allows the flag to be set. Interrupt and DMA requests can be sent
accordingly. This is described in the Output Compare Mode section.

Output compare mode

This function is used to control an output waveform or indicating when a period of time has
elapsed.

When a match is found between the capture/compare register and the counter, the output

compare function:

® Assigns the corresponding output pin to a programmable value defined by the output
compare mode (OCxM bits in the TIMx_CCMRX register) and the output polarity (CCxP
bit in the TIMx_CCER register). The output pin can keep its level (OCXM=000), be set
active (OCxM=001), be set inactive (OCxM=010) or can toggle (OCxM=011) on match.

® Sets a flag in the interrupt status register (CCxIF bit in the TIMx_SR register).

® Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the
TIMx_DIER register).
® Sends a DMA request if the corresponding enable bit is set (CCxDE bit in the

TIMx_DIER register, CCDS bit in the TIMx_CR2 register for the DMA request
selection).

The TIMx_CCRx registers can be programmed with or without preload registers using the
OCXxPE bit in the TIMx_CCMRXx register.

In output compare mode, the update event UEV has no effect on ocxref and OCx output.
The timing resolution is one count of the counter. Output compare mode can also be used to
output a single pulse (in One-pulse mode).

Procedure:
1. Select the counter clock (internal, external, prescaler).
2.  Write the desired data in the TIMx_ARR and TIMx_CCRx registers.

3. Set the CCxIE and/or CCxDE bits if an interrupt and/or a DMA request is to be
generated.

4. Select the output mode. For example, you must write OCxM=011, OCxPE=0, CCxP=0
and CCxE=1 to toggle OCx output pin when CNT matches CCRx, CCRx preload is not
used, OCx is enabled and active high.

5. Enable the counter by setting the CEN bit in the TIMx_CR1 register.
The TIMx_CCRXx register can be updated at any time by software to control the output
waveform, provided that the preload register is not enabled (OCxPE=0, else TIMx_CCRx

shadow register is updated only at the next update event UEV). An example is given in
Figure 141.
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Figure 141. Output compare mode, toggle on OC1.

Write B201h in the CC1R register

TIMx_CNT 0039 X\ 003A X 0038  \ _ _ _  B200 X B201 )

TIMx_CCR1 003A /‘X B201

OC1REF=0C1

Y

Match detected on CCR1
Interrupt generated if enabled

PWM mode

Pulse width modulation mode allows you to generate a signal with a frequency determined
by the value of the TIMx_ARR register and a duty cycle determined by the value of the
TIMx_CCRXx register.

The PWM mode can be selected independently on each channel (one PWM per OCx
output) by writing 110 (PWM mode 1) or ‘111 (PWM mode 2) in the OCxM bits in the
TIMx_CCMRXx register. You must enable the corresponding preload register by setting the
OCXxPE bit in the TIMx_CCMRXx register, and eventually the auto-reload preload register (in
upcounting or center-aligned modes) by setting the ARPE bit in the TIMx_CR1 register.

As the preload registers are transferred to the shadow registers only when an update event
occurs, before starting the counter, you have to initialize all the registers by setting the UG
bit in the TIMx_EGR register.

OCx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It
can be programmed as active high or active low. OCx output is enabled by the CCxE bit in
the TIMx_CCER register. Refer to the TIMx_CCERX register description for more details.

In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRx are always compared to determine

whether TIMx_CCRx< TIMx_CNT or TIMx_CNT< TIMx_CCRXx (depending on the direction

of the counter). However, to comply with the OCREF_CLR functionality (OCREF can be

cleared by an external event through the ETR signal until the next PWM period), the OCREF

signal is asserted only:

® When the result of the comparison changes, or

® When the output compare mode (OCxM bits in TIMx_CCMRXx register) switches from
the “frozen” configuration (no comparison, OCxM="000) to one of the PWM modes
(OCxM="110 or “111).

This forces the PWM by software while the timer is running.

The timer is able to generate PWM in edge-aligned mode or center-aligned mode
depending on the CMS bits in the TIMx_CR1 register.
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PWM edge-aligned mode
Upcounting configuration

Upcounting is active when the DIR bit in the TIMx_CR1 register is low. Refer to Section :
Upcounting mode on page 363.

In the following example, we consider PWM mode 1. The reference PWM signal OCxREF is
high as long as TIMx_CNT <TIMx_CCRXx else it becomes low. If the compare value in
TIMx_CCRXx is greater than the auto-reload value (in TIMx_ARR) then OCxREF is held at ‘1.
If the compare value is 0 then OCXREF is held at ‘0. Figure 142 shows some edge-aligned
PWM waveforms in an example where TIMx_ARR=8.

Figure 142. Edge-aligned PWM waveforms (ARR=8)

Counterregisterx0x1x2l 4*5*6*7*8*0'
OCXREF |

CCxIF |

CCRx=4

OCxREF
CCRx=8 I_I
CCxIF

OCXREF
coxF _|

CCRx>8

OCxREF ‘0
CCxIF J

CCRx=0

Downcounting configuration

Downcounting is active when DIR bit in TIMx_CR1 register is high. Refer to Section :
Downcounting mode on page 366.

In PWM mode 1, the reference signal ocxref is low as long as TIMx_CNT>TIMx_CCRXx else
it becomes high. If the compare value in TIMx_CCRXx is greater than the auto-reload value in
TIMx_ARR, then ocxref is held at ‘1. 0% PWM is not possible in this mode.

PWM center-aligned mode

Center-aligned mode is active when the CMS bits in TIMx_CR1 register are different from
‘00 (all the remaining configurations having the same effect on the ocxref/OCx signals). The
compare flag is set when the counter counts up, when it counts down or both when it counts
up and down depending on the CMS bits configuration. The direction bit (DIR) in the
TIMx_CR1 register is updated by hardware and must not be changed by software. Refer to
Section : Center-aligned mode (up/down counting) on page 368.

Figure 143 shows some center-aligned PWM waveforms in an example where:
e TIMx_ARR=8,
® PWM mode is the PWM mode 1,

® The flag is set when the counter counts down corresponding to the center-aligned
mode 1 selected for CMS=01 in TIMx_CR1 register.
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Figure 143. Center-aligned PWM waveforms (ARR=8)
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Hints on using center-aligned mode:

When starting in center-aligned mode, the current up-down configuration is used. It

means that the counter counts up or down depending on the value written in the DIR bit
in the TIMx_CR1 register. Moreover, the DIR and CMS bits must not be changed at the
same time by the software.

Writing to the counter while running in center-aligned mode is not recommended as it
can lead to unexpected results. In particular:

—  The direction is not updated if you write a value in the counter that is greater than
the auto-reload value (TIMx_CNT>TIMx_ARR). For example, if the counter was

counting up, it continues to count up.

— The direction is updated if you write O or write the TIMx_ARR value in the counter

but no Update Event UEV is generated.

The safest way to use center-aligned mode is to generate an update by software
(setting the UG bit in the TIMx_EGR register) just before starting the counter and not to

write the counter while it is running.
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One-pulse mode

One-pulse mode (OPM) is a particular case of the previous modes. It allows the counter to
be started in response to a stimulus and to generate a pulse with a programmable length
after a programmable delay.

Starting the counter can be controlled through the slave mode controller. Generating the
waveform can be done in output compare mode or PWM mode. You select One-pulse mode
by setting the OPM bit in the TIMx_CR1 register. This makes the counter stop