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Documentation conventions

List of abbreviations for registers

The following abbreviations are used in register descriptions:

read/write (rw) Software can read and write to these bits.

read-only (r) Software can only read these bits.
write-only (w) Software can only write to this bit. Reading the bit returns the reset
value.

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

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

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

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

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

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

Reserved (Res.) Reserved bit, must be kept at reset value.

Glossary

e Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

e Medium-density value line devices are STM32F100xx microcontrollers where the
flash memory density ranges between 64 and 128 Kbytes.

¢ High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

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

Peripheral availability

For the availability and number of peripherals across sales types, refer to the STM32F 100xx
datasheets.

3
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1.4 General information
The STM32F100xx MCUs are based on an Arm® Cortex® core.
Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or
elsewhere.
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Memory and bus architecture

System architecture

In low-and medium-density value line devices, the main system consists of:
e  Three masters:
- Cortex®-M3 core DCode bus (D-bus) and System bus (S-bus)
—  GP-DMAT1 (general-purpose DMA)
e Three slaves:
— Internal SRAM
— Internal flash memory
— AHB to APB bridges (AHB to APBx), which connect all the APB peripherals

These are interconnected using a multilayer AHB bus architecture as shown in Figure 1.

Figure 1. Low and medium density value line system architecture
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In high-density value line devices, the main system consists of:
e  Four masters:
- Cortex®-M3 core DCode bus (D-bus) and System bus (S-bus)
— GP-DMA1 & 2 (general-purpose DMA)

e Four slaves:

Internal SRAM
Internal flash memory
FSMC

AHB to APB bridges (AHB to APBXx), which connect all the APB peripherals

These are interconnected using a multilayer AHB bus architecture as shown in Figure 2.

Figure 2. High density value line system architecture

< ICode
DCode
Cortex-M3 <:>
System
DMA1 DMA

Bus matrix

FLASH
> (Flash

inferface)

<> Flash

Bridge 2

memory

Bridge 1

Reset & clock
control (RCC)

DMA Request

DMA2

ﬂAPBZ

{}APB’I

ADC1
USART1
SPI1
TIM1
TIM17
TIM16
TIM15

GPIO

DAC2
DAC1
12C2
12C1
UARTS
UART4
USART3
USART2

SPI2
SPI3
TIM7
TIM6
TIM5
TIM4
TIM3
TIM2

CEC

TIM14
TIM13
TIM12

<—
=
<

DMA request

ai18301

ICode bus

This bus connects the instruction bus of the Cortex®-M3 core to the flash memory
instruction interface. Instruction fetches are performed on this bus.

DCode bus

This bus connects the DCode bus (literal load and debug access) of the Cortex®-M3 core to
the flash memory data interface.
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System bus

This bus connects the system bus of the Cortex®-M3 core (peripherals bus) to a bus matrix
which manages the arbitration between the core and the DMA.

DMA bus

This bus connects the AHB master interface of the DMA to the bus matrix which manages
the access of CPU DCode and DMA to the SRAM, flash memory and peripherals.

Bus matrix

The bus matrix manages the access arbitration between the core system bus and the DMA
master bus. The arbitration uses a round robin algorithm. In low and medium-density value
line devices the bus matrix is composed of three masters (CPU DCode, System bus, DMA1
bus) and three slaves (FLITF, SRAM and AHB to APB bridges).

In high-density value line devices the bus matrix is composed of four masters (CPU DCode,
System bus, DMA1 bus and DMA2 bus) and four slaves (FLITF, SRAM, FSMC and AHB to
APB bridges).

AHB peripherals are connected to the system bus through the bus matrix to allow DMA
access.

AHB/APB bridges (APB)

The two AHB/APB bridges provide full synchronous connections between the AHB and the
two APB buses. APB buses operate at full speed (up to 24 MHz).

Refer to Table 2 for the address mapping of the peripherals connected to each bridge.

After each device reset, all peripheral clocks are disabled (except for the SRAM and FLITF).
Before using a peripheral its clock in the RCC_AHBENR, RCC_APB2ENR or
RCC_APB1ENR register must be enabled.

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

Memory organization

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 most
significant.

For the detailed mapping of peripheral registers, refer to the related sections.
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 corresponding product
datasheet.

3
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2.3 Memory map

See the datasheet corresponding to the used device for a comprehensive diagram of the
memory map. Table 1 and Table 2 give the boundary addresses of the peripherals available
in all STM32F 100xx devices.

Table 1. Low and medium-density device register boundary addresses

Boundary address Peripheral Bus Register map
0x4002 3000 - 0x4002 33FF CRC Section 3.4.4 on page 49
0x4002 2400 - 0x4002 2FFF | Reserved -
0x4002 2000 - 0x4002 23FF Flash memory interface -
0x4002 1400 - 0x4002 1FFF | Reserved AHB -
0x4002 1000 - 0x4002 13FF Reset and clock control RCC Section 6.3.12 on page 101
0x4002 0400 - 0x4002 OFFF | Reserved -
0x4002 0000 - 0x4002 03FF DMA1 Section 9.4.7 on page 159
0x4001 4CO00 - 0x4001 FFFF | Reserved -
0x4001 4800 - 0x4001 4BFF TIM17 timer Section 15.6.16 on page 454
0x4001 4400 - 0x4001 47FF TIM16 timer Section 15.6.16 on page 454
0x4001 4000 - 0x4001 43FF TIM15 timer Section 15.5.18 on page 434
0x4001 3C00 - 0x4001 3FFF | Reserved -
0x4001 3800 - 0x4001 3BFF  |USART1 Section 23.6.8 on page 646
0x4001 3400 - 0x4001 37FF Reserved -
0x4001 3000 - 0x4001 33FF SPI1 Section 21.4.8 on page 565
0x4001 2C00 - 0x4001 2FFF | TIM1 timer Section 12.4.21 on page 282
0x4001 2800 - 0x4001 2BFF | Reserved APB2 -
0x4001 2400 - 0x4001 27FF ADC1 Section 10.11.15 on page 188
0x4001 1C00 - 0x4001 23FF | Reserved -
0x4001 1800 - 0x4001 1BFF GPIO Port E Section 7.5 on page 130
0x4001 1400 - 0x4001 17FF GPIO Port D Section 7.5 on page 130
0x4001 1000 - 0x4001 13FF GPIO Port C Section 7.5 on page 130
0x4001 0COO0 - 0x4001 OFFF | GPIO Port B Section 7.5 on page 130
0x4001 0800 - 0x4001 OBFF GPIO Port A Section 7.5 on page 130
0x4001 0400 - 0x4001 O7FF EXTI Section 8.3.7 on page 143
0x4001 0000 - 0x4001 O3FF AFIO Section 7.5 on page 130
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Table 1. Low and medium-density device register boundary addresses (continued)

0x4000 3000 - 0x4000 33FF

Independent watchdog (IWDG)

0x4000 2CO00 - 0x4000 2FFF

Window watchdog (WWDG)

0x4000 2800 - 0x4000 2BFF

RTC

0x4000 1800 - 0x4000 27FF Reserved

0x4000 1400 - 0x4000 17FF | TIM7 timer
0x4000 1000 - 0x4000 13FF | TIMG6 timer
0x4000 0COO - 0x4000 OFFF | Reserved

0x4000 0800 - 0x4000 OBFF | TIM4 timer
0x4000 0400 - 0x4000 O7FF | TIMS3 timer
0x4000 0000 - 0x4000 O3FF | TIM2 timer

Boundary address Peripheral Bus Register map
0x4000 7C00 - 0x4000 FFFF | Reserved -
0x4000 7800 - 0x4000 7BFF  |CEC Section 24.9.8 on page 668
0x4000 7400 - 0x4000 77FF DAC Section 11.5.15 on page 210
0x4000 7000 - 0x4000 73FF Power control PWR Section 4.4.3 on page 63
0x4000 6C00 - 0x4000 6FFF | Backup registers (BKP) Section 5.4.5 on page 69
0x4000 5C00 - 0x4000 6BFF | Reserved -
0x4000 5800 - 0x4000 5BFF | 12C2 Section 22.6.10 on page 598
0x4000 5400 - 0x4000 57FF 12C1 Section 22.6.10 on page 598
0x4000 4CO00 - 0x4000 53FF | Reserved -
0x4000 4800 - 0x4000 4BFF |USART3 Section 23.6.8 on page 646
0x4000 4400 - 0x4000 47FF USART2 Section 23.6.8 on page 646
0x4000 3CO00 - 0x4000 3FFF | Reserved -
0x4000 3800 - 0x4000 3BFF SPI2 APBI Section 21.4.8 on page 565
0x4000 3400 - 0x4000 37FF Reserved -

Section 18.4.5 on page 486

Section 19.6.4 on page 493

Section 17.4.7 on page 480

Section 16.4.9 on page 468

Section 16.4.9 on page 468

Section 13.4.19 on page 340

Section 13.4.19 on page 340

Section 13.4.19 on page 340

Table 2. High-density device register boundary addresses

Boundary address Peripheral Bus Register map
0x4002 3000 - 0x4002 33FF CRC Section 3.4.4 on page 49
0x4002 2400 - 0x4002 2FFF | Reserved -
0x4002 2000 - 0x4002 23FF Flash memory interface -
0x4002 1400 - 0x4002 1FFF | Reserved -
0x4002 1000 - 0x4002 13FF Reset and clock control RCC AHB Section 6.3.12 on page 101
0x4002 0800 - 0x4002 OFFF | Reserved -
0x4002 0400 - 0x4002 O7FF DMA2 Section 9.4.7 on page 159
0x4002 0000 - 0x4002 03FF DMA1 Section 9.4.7 on page 159

38/709
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Table 2. High-density device register boundary addresses (continued)

Boundary address Peripheral Bus Register map
0x4001 4C00 - 0x4001 FFFF | Reserved -
0x4001 4800 - 0x4001 4BFF | TIM17 timer Section 15.6.16 on page 454
0x4001 4400 - 0x4001 47FF TIM16 timer Section 15.6.16 on page 454
0x4001 4000 - 0x4001 43FF TIM15 timer Section 15.5.18 on page 434
0x4001 3CO00 - 0x4001 3FFF | Reserved -
0x4001 3800 - 0x4001 3BFF USART1 Section 23.6.8 on page 646
0x4001 3400 - 0x4001 37FF Reserved -
0x4001 3000 - 0x4001 33FF SPI1 Section 21.4.8 on page 565
0x4001 2C00 - 0x4001 2FFF | TIM1 timer Section 12.4.21 on page 282
0x4001 2800 - 0x4001 2BFF | Reserved -
0x4001 2400 - 0x4001 27FF | ADCH1 APB2 Section 10.11.15 on page 188
0x4001 2000 - 0x4001 23FF GPIO Port G Section 7.5 on page 130
0x4001 1C00 - 0x4001 1FFF | GPIO Port F Section 7.5 on page 130
0x4001 1800 - 0x4001 1BFF GPIO Port E Section 7.5 on page 130
0x4001 1400 - 0x4001 17FF GPIO Port D Section 7.5 on page 130
0x4001 1000 - 0x4001 13FF GPIO Port C Section 7.5 on page 130
0x4001 0CO00 - 0x4001 OFFF | GPIO Port B Section 7.5 on page 130
0x4001 0800 - 0x4001 OBFF GPIO Port A Section 7.5 on page 130
0x4001 0400 - 0x4001 O7FF EXTI Section 8.3.7 on page 143
0x4001 0000 - 0x4001 O3FF | AFIO Section 7.5 on page 130
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Table 2. High-density device register boundary addresses (continued)

0x4000 3000 - 0x4000 33FF

Independent watchdog (IWDG)

0x4000 2C00 - 0x4000 2FFF

Window watchdog (WWDG)

0x4000 2800 - 0x4000 2BFF

RTC

0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIM14 timer
0x4000 1C00 - 0x4000 1FFF | TIM13 timer
0x4000 1800 - 0x4000 1BFF | TIM12 timer
0x4000 1400 - 0x4000 17FF TIM7 timer
0x4000 1000 - 0x4000 13FF TIMG6 timer
0x4000 0C00 - 0x4000 OFFF | TIMS5 timer
0x4000 0800 - 0x4000 OBFF | TIM4 timer
0x4000 0400 - 0x4000 O7FF TIMS3 timer
0x4000 0000 - 0x4000 03FF TIM2 timer

Boundary address Peripheral Bus Register map
0x4000 7C00 - 0x4000 FFFF | Reserved -
0x4000 7800 - 0x4000 7BFF  |CEC Section 24.9.8 on page 668
0x4000 7400 - 0x4000 77FF DAC Section 11.5.15 on page 210
0x4000 7000 - 0x4000 73FF Power control PWR Section 4.4.3 on page 63
0x4000 6C00 - 0x4000 6FFF | Backup registers (BKP) Section 5.4.5 on page 69
0x4000 5C00 - 0x4000 6BFF | Reserved -
0x4000 5800 - 0x4000 5BFF | 12C2 Section 22.6.10 on page 598
0x4000 5400 - 0x4000 57FF 12C1 Section 22.6.10 on page 598
0x4000 5000 - 0x4000 53FF UART5 Section 23.6.8 on page 646
0x4000 4CO00 - 0x4000 4FFF |UART4 Section 23.6.8 on page 646
0x4000 4800 - 0x4000 4BFF |USART3 Section 23.6.8 on page 646
0x4000 4400 - 0x4000 47FF USART2 Section 23.6.8 on page 646
0x4000 4000 - 0x4000 43FF Reserved -
0x4000 3C00 - 0x4000 3FFF | SPI3 Section 21.4.8 on page 565
0x4000 3800 - 0x4000 3BFF | SPI2 APB1 | Section 21.4.8 on page 565
0x4000 3400 - 0x4000 37FF Reserved -

Section 18.4.5 on page 486

Section 18.4.5 on page 486

Section 17.4.7 on page 480

Section 14.5.11 on page 387

Section 14.5.11 on page 387

Section 14.4.14 on page 377

Section 16.4.9 on page 468

Section 16.4.9 on page 468

Section 13.4.19 on page 340

Section 13.4.19 on page 340

Section 13.4.19 on page 340

Section 13.4.19 on page 340

2.3.1

Embedded SRAM
The STM32F100xx features up to 32 Kbytes of static SRAM. It can be accessed as bytes,

half-words (16 bits) or full words (32 bits). The SRAM start address is 0x2000 0000.
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Bit banding

The Cortex®-M3 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 STM32F 100xx, both peripheral registers and SRAM are mapped in a bit-band region.
This allows single bit-band write and read operations to be performed.

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

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

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

bit_band_base is the starting address of the alias region
byte offset is the number of the byte in the bit-band region that contains the targeted
bit
bit_number is the bit position (0-7) of the targeted bit
Example:
The following example shows how to map bit 2 of the byte located at SRAM address
0x2000 0300 in the alias region:
0x2200 6008 = 0x2200 0000 + (0x300*32) + (2*4).

Writing to address 0x2200 6008 has the same effect as a read-modify-write operation on bit
2 of the byte at SRAM address 0x2000 0300.

Reading address 0x2200 6008 returns the value (0x01 or 0x00) of bit 2 of the byte at SRAM
address 0x2000 0300 (0x01: bit set; 0x00: bit cleared).

For more information on bit-banding, refer to the Cortex®-M3 Technical Reference Manual.

Embedded flash memory

The high-performance flash memory module has the following key features:
e  Density of up to 512 Kbytes

e  Memory organization: the flash memory is organized as a main block and an
information block:

—  Main memory block of size:

up to 8 Kbit x 32 bits divided into 32 pages of 1 Kbyte each for low-density value
line devices (see Table 3)

up to 32 Kbit x 32 bits divided into 128 pages of 1 Kbyte each for medium-density
value line devices (see Table 4)

up to 128 Kbit x 32 bits divided into 256 pages of 2 Kbyte each for high-density
value line devices (see Table 5)

— Information block of size:
516 x 32 bits for low, medium and high-density value line devices (see Table 3,
Table 4 and Table 5)
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The flash memory interface (FLASH) features:
Read interface (32-

Option byte loader

bit)

Flash Program/Erase operation
Read/write protection

Table 3. Flash module organization (low-density value line devices)

Block Name Base addresses Size (bytes)

Page 0 0x0800 0000 - 0x0800 03FF | 1 Kbyte

Page 1 0x0800 0400 - 0x0800 07FF | 1 Kbyte

Page 2 0x0800 0800 - 0x0800 OBFF | 1 Kbyte

Page 3 0x0800 0COO - 0x0800 OFFF | 1 Kbyte

Main memory Page 4 0x0800 1000 - 0x0800 13FF | 1 Kbyte

Page 31 0x0800 7C00 - 0x0800 8000 | 1 Kbyte

Information block System memory Ox1FFF FO0O - Ox1FFF F7FF 2 Kbytes
Option Bytes 0x1FFF F800 - 0x1FFF F80F 16
FLASH_ACR 0x4002 2000 - 0x4002 2003 4
FLASH_KEYR 0x4002 2004 - 0x4002 2007 4
FLASH_OPTKEYR 0x4002 2008 - 0x4002 200B 4
Flash memory FLASH_SR 0x4002 200C - 0x4002 200F 4
interface FLASH_CR 0x4002 2010 - 0x4002 2013 4
registers FLASH_AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH_OBR 0x4002 201C - 0x4002 201F 4
FLASH_WRPR 0x4002 2020 - 0x4002 2023 4
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Table 4. Flash module organization (medium-density value line devices)

Block Name Base addresses Size (bytes)
Page 0 0x0800 0000 - 0x0800 03FF | 1 Kbyte
Page 1 0x0800 0400 - 0x0800 07FF | 1 Kbyte
Page 2 0x0800 0800 - 0x0800 OBFF | 1 Kbyte
Page 3 0x0800 0CO0 - 0x0800 OFFF | 1 Kbyte
Main memory Page 4 0x0800 1000 - 0x0800 13FF | 1 Kbyte
Page 127 0x0801 FCOO - 0x0801 FFFF | 1 Kbyte
I System memory 0x1FFF F0O00 - Ox1FFF F7FF | 2 Kbytes
Option Bytes 0x1FFF F800 - 0x1FFF F80F 16
FLASH_ACR 0x4002 2000 - 0x4002 2003 4
FLASH_KEYR 0x4002 2004 - 0x4002 2007 4
FLASH_OPTKEYR 0x4002 2008 - 0x4002 2008 4
Flash memory FLASH_SR 0x4002 200C - 0x4002 200F 4
interface FLASH_CR 0x4002 2010 - 0x4002 2013 4
registers FLASH_AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH_OBR 0x4002 201C - 0x4002 201F 4
FLASH_WRPR 0x4002 2020 - 0x4002 2023 4

Table 5. Flash module organization (high-density value line devices)

Block Name Base addresses Size (bytes)

Page 0 0x0800 0000 - 0x0800 07FF 2 Kbytes

Page 1 0x0800 0800 - 0x0800 OFFF 2 Kbytes

Page 2 0x0800 1000 - 0x0800 17FF 2 Kbytes

Main memory Page 3 0x0800 1800 - 0x0800 1FFF 2 Kbytes
Page 255 0x0807 F800 - 0x0807 FFFF 2 Kbytes

Information block System memory Ox1FFF FOO0O - Ox1FFF F7FF 2 Kbytes

Option Bytes 0x1FFF F800 - Ox1FFF F80F 16
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Table 5. Flash module organization (high-density value line devices) (continued)

Block Name Base addresses Size (bytes)
FLASH_ACR 0x4002 2000 - 0x4002 2003 4
FLASH_KEYR 0x4002 2004 - 0x4002 2007 4
FLASH_OPTKEYR 0x4002 2008 - 0x4002 200B 4
Flash memory FLASH_SR 0x4002 200C - 0x4002 200F 4
interface FLASH_CR 0x4002 2010 - 0x4002 2013 4
registers FLASH_AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH_OBR 0x4002 201C - 0x4002 201F 4
FLASH_WRPR 0x4002 2020 - 0x4002 2023 4

For further information on the flash memory interface registers, refer to PM0063.

Reading flash memory

Flash memory accesses are performed through the AHB bus. Accesses are either
instruction fetches over the ICode bus, or data accesses (e.g. literal pool) over the D-code
bus. Since these two buses have the same flash memory as target, the interface gives
priority to D-code bus accesses over |-code bus, instruction fetch accesses.

Read accesses can be performed without any wait state and with the following configuration
options:
e  Half cycle: for power optimization

Half cycle configuration is not available in combination with a prescaler on the AHB. The
system clock (SYSCLK) should be equal to the HCLK clock. This feature can therefore be
used only with a low-frequency clock of 8 MHz or less. It can be generated from the HSI or
the HSE but not from the PLL.

Using DMA: DMA accesses flash memory on the DCode bus and has priority over ICode
instructions. The DMA provides one free cycle after each transfer. Some instructions can be
performed together with DMA transfer.

Programming and erasing flash memory

The flash memory can be programmed 16 bits (half words) at a time. For write and erase
operations on the flash memory (write/erase), the internal RC oscillator (HSI) must be ON.

The flash memory erase operation can be performed at page level or on the whole area
(mass erase). Mass erase does not affect the information blocks.

To ensure that there is no overprogramming, the flash programming and erase controller
blocks are clocked by a fixed clock.

The end of write operation (programming or erasing) can trigger an interrupt. This interrupt
can be used to exit the WFI mode, only if the FLASH clock is enabled. Otherwise, the
interrupt is served only after exiting WFI.

The FLASH_ACR register is used to enable/disable flash memory half-cycle access. The
tables below provide the bit map and bit descriptions for this register.
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For complete information on flash memory operations and register configurations, refer to
PMO00063).

Flash access control register (FLASH_ACR)

Address offset: 0x00
Reset value: 0x0000 0000

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

Bits 31:4  Reserved, must be kept cleared.

Bit 3 HLFCYA: Flash half cycle access enable

0: Half cycle is disabled
1: Half cycle is enabled

Bits 2.0  Reserved, must be kept cleared.

24 Boot configuration

In the STM32F100xx, three different boot modes can be selected through the BOOT[1:0]
pins as shown in Table 6.

Table 6. 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 BOOT pins are latched on the 4th rising edge of SYSCLK after a reset. It
is up to the application to set the BOOT1 and BOOTO pins after reset to select the required
boot mode.

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

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-M3 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). STM32F100xx microcontrollers implement a special
mechanism to be able to boot also from SRAM and not only from main flash memory and
System memory.

3
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Depending on the boot mode selected, the main flash memory, system memory or SRAM is
accessible as follows:

e  Boot from main flash memory: the main flash memory is aliased in the boot memory
space (0x0000 0000), but still accessible from its original memory space (0x800 0000).
In other words, the flash memory contents can be accessed starting from address
0x0000 0000 or 0x800 0000.

e  Boot from system memory: the system memory is aliased in the boot memory space
(0x0000 0000), but still accessible from its original memory space (0x1FFF F000).

e  Boot from the embedded SRAM: SRAM is accessible only at address 0x2000 0000.

When booting from SRAM, in the application initialization code, the vector table in SRAM
must be relocated using the NVIC exception table and offset register.

Embedded boot loader

The embedded boot loader is used to reprogram the flash memory using the USART1 serial
interface. This program is located in the system memory and is programmed by ST during
production. For further details refer to AN2606.
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CRC calculation unit

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

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
e Uses CRC-32 polynomial: 0x4C11DB7
X32 + X26 4 X23 4 X22 4 X16 4 X12 4 X1 + X10 4X8 + X7 + X5 + X% + X2+ X + 1
e Single input/output 32-bit data register
e  CRC computation done in 4 AHB clock cycles (HCLK)
e  General-purpose 8-bit register (can be used for temporary storage)

The block diagram is shown in Figure 3.

Figure 3. CRC calculation unit block diagram

AHB bus
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Data register (output)

A

CRC computation (polynomial: 0x4C11DB7)
4

32-bit (write access)

Data register (input)
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3.3

3.4

3.4.1

CRC functional description

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

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

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

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

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

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

CRC registers

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

Data register (CRC_DR)
Address offset: 0x00
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DR [31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DR [15:0]
Bits 31:0 Data register bits
Used as an input register when writing new data into the CRC calculator.
Holds the previous CRC calculation result when it is read.
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 1 10 9 8 7 6 5 4 3 2 1 0
IDR[7:0]
Reserved
48/709 RM0041 Rev 6 ‘Yl
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Bits 31:8 Reserved, must be kept at reset value.
Bits 7:0 General-purpose 8-bit data register bits
Can be used as a temporary storage location for one byte.
This register is not affected by CRC resets generated by the RESET bit in the CRC_CR
register.
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 OxXFFFF 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 7. CRC calculation unit register map and reset values
Offset | Register | 31-24 | 23-16 | 15-8 7 6 5 4 3 2 1 0
CRC_DR Data register
0x00
Reset OxFFFF FFFF
value
CRC_IDR Independent data register
0x04 Reserved
Reset 0x00
value
CRC_CR RESET
0x08 Reset Reserved
value 0
49/709
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Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

Power supplies

The device requires a 2.0 to 3.6 V operating voltage supply (Vpp). An embedded regulator
is used to supply the internal 1.8 V digital power.

The real-time clock (RTC) and backup registers can be powered from the Vgt voltage
when the main Vpp supply is powered off.

Figure 4. Power supply overview

Vppa domain

(Vssa) VRer- | A/D converter

(from 2.4 V up to Vppa) Ve D/A converter
Temp. sensor
(Vpp) Vopa SEEet block
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RCC BDCR register
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1. Vppa and Vgga must be connected to Vpp and Vgg, respectively.
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Independent A/D and D/A converter supply and reference voltage

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

e The ADC and DAC voltage supply input is available on a separate Vppa pin.

e Anisolated supply ground connection is provided on pin Vgga.

When available (according to package), Vrgr. must be tied to Vgga.

On 100-pin packages

To ensure a better accuracy on low-voltage inputs and outputs, the user can connect a
separate external reference voltage on Vrer+. Vrep+ is the highest voltage, represented by
the full scale value, for an analog input (ADC) or output (DAC) signal. The voltage on Vrgg+
can range from 2.4 V to Vppa.

On 64-pin packages and packages with less pins

The Vrer+ and Vgeg. pins are not available, they are internally connected to the ADC
voltage supply (Vppa) and ground (Vgga)-

Battery backup domain

To retain the content of the Backup registers and supply the RTC function when Vpp is
turned off, Vgat pin can be connected to an optional standby voltage supplied by a battery
or by another source.

The Vgar pin powers the RTC unit, the LSE oscillator and the PC13 to PC15 IOs, allowing
the RTC to operate even when the main digital supply (Vpp) is turned off. The switch to the
Vgt supply is controlled by the Power Down Reset embedded in the Reset block.

Warning: During tgstrempo (temporization at Vpp startup) or after a PDR
is detected, the power switch between Vgat and Vpp remains
connected to VgaT.

During the startup phase, if Vpp is established in less than
tRSTTEMPO (Refer to the datasheet for the value of tRSTTEMPO)
and Vpp > Vgat * 0.6 V, a current may be injected into Vgat
through an internal diode connected between Vpp and the
power switch (Vgar).

If the power supply/battery connected to the Vgar pin cannot
support this current injection, it is strongly recommended to
connect an external low-drop diode between this power
supply and the Vgat pin.

If no external battery is used in the application, it is recommended to connect Vgat
externally to Vpp with a 100 nF external ceramic decoupling capacitor (for more details refer
to AN2586).
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When the backup domain is supplied by Vpp (analog switch connected to Vpp), the
following functions are available:

e PC14 and PC15 can be used as either GPIO or LSE pins
e PC13 can be used as GPIO, TAMPER pin, RTC Calibration Clock, RTC Alarm or
second output (refer to Section 5: Backup registers (BKP))

Because the switch only sinks a limited amount of current (3 mA), the use of GPIOs PC13 to
PC15 in output mode is restricted: the speed has to be limited to 2 MHz with a maximum
load of 30 pF and these I0s must not be used as a current source (e.g. to drive a LED).

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

e PC13 can be used as TAMPER pin, RTC Alarm or Second output (refer to
Section 5.4.2: RTC clock calibration register (BKP_RTCCR)).

Voltage regulator

The voltage regulator is always enabled after Reset. It works in three different modes
depending on the application modes.

e In Run mode, the regulator supplies full power to the 1.8 V domain (core, memories
and digital peripherals).

e In Stop mode the regulator supplies low-power to the 1.8 V domain, preserving
contents of registers and SRAM

¢ In Standby mode, the regulator is powered off. The contents of the registers and SRAM
are lost except for the Standby circuitry and the Backup Domain.

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/down to 2 V.

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

VDD/VDDA
A
VPOR/PDR
risingedge |~~~ T CTTTTTTTTTTT
40 mv
VPOR/PDR hysteresis PDR
falling edge D A aTTToTTTTTTTmTTmTt N\
1 1
1 1
| :
¢ ': Temporization !
i tRSTTEMPO
Reset
MS30431V2

4.2.2 Programmable voltage detector (PVD)

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

The PVD is enabled by setting the PVDE bit.

A PVDO flag is available, in the Power control/status register (PWR_CSR), to indicate if
Vpp/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 EXTI registers. The
PVD output interrupt can be generated when Vpp/Vppa drops below the PVD threshold
and/or when Vpp/Vppa rises above the PVD threshold depending on EXTI line16
rising/falling edge configuration. As an example the service routine could perform
emergency shutdown tasks.
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Figure 6. 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 Reset. 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 STM32F100xx devices feature three low-power modes:

e Sleep mode (CPU clock off, all peripherals including Cortex®-M3 core peripherals like
NVIC, SysTick, are kept running)

e  Stop mode (all clocks are stopped)

e Standby mode (1.8V domain powered-off)

In addition, the power consumption in Run mode can be reduced by one of the following
means:

e  Slowing down the system clocks

e  Gating the clocks to the APB and AHB peripherals when they are unused.

Table 8. Low-power mode summary

Effect on 1.8V | Effect on Vpp
Mode name Entry Wakeup domain clocks | domain clocks Voltage regulator
WFI Any interrupt CPU clock OFF
Sleep
no effect on other
(Sleep now or lock | None ON
Sleep-on -exit) | WFE Wakeup event | ClOCKS or analog
clock sources
ON orin
PDDS and LPDS | Any EXTl line low-power mode
Stop bits + SLEEPDEEP | (configured in the (depends on Power
bit + WFl or WFE | EXTI registers) control register
All 1.8V domain |HSIand HSE | (PWR_CR))
WKUP pin rising | clocks OFF oscillators OFF
PDDS bit + edge, RTC alarm,
Standby SLEEPDEEP bit + |external reset in OFF
WEFI or WFE NRST pin,
IWDG reset
431 Slowing down system clocks

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

For more details refer to Section 7.3.2: Clock configuration register (RCC_CFGR).
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56/709

Peripheral clock gating

In Run mode, the HCLK and PCLKX 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 , APB1 peripheral clock enable register
(RCC_APB1ENR) and APB2 peripheral clock enable register RCC_APB2ENR).

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®-M3 System Control register:

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

e  Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as
it exits the lowest priority ISR.
In the Sleep mode, all I/O pins keep the same state as in the Run mode.

Refer to Table 9 and Table 10 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:

e enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex®-M3 System Control register. When the MCU
resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC IRQ
channel pending bit (in the NVIC interrupt clear pending register) have to be cleared.

e 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.

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

Refer to Table 9 and Table 10 for more details on how to exit Sleep mode.
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Table 9. Sleep-now

Sleep-now mode Description
WFI (Wait for Interrupt) or WFE (Wait for Event) while:
Mode entr — SLEEPDEEP =0 and
Y — SLEEPONEXIT =0
Refer to the Cortex®-M3 System Control register.
If WFI was used for entry:
. Interrupt: Refer to Table 50: Vector table for STM32F100xx devices
Mode exit
If WFE was used for entry
Wakeup event: Refer to Section 8.2.3: Wakeup event management
Wakeup latency None
Table 10. Sleep-on-exit
Sleep-on-exit Description
WEFI (wait for interrupt) while:
Mode ent — SLEEPDEEP =0 and
i — SLEEPONEXIT = 1
Refer to the Cortex®-M3 System Control register.
Mode exit Interrupt: refer to Table 50: Vector table for STM32F 100xx devices.
Wakeup latency None

4.3.4 Stop mode

The Stop mode is based on the Cortex®-M3 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 1.8 V domain are stopped, the PLL, the HSI and the HSE RC
oscillators are disabled. SRAM and register contents are preserved.

In the Stop mode, all I/O pins keep the same state as in the Run mode.

Entering Stop mode

Refer to Table 11 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 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.

3

RMO0041 Rev 6 57/709




Power control (PWR) RMO0041

Note:

58/709

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 18.3: IWDG functional description.

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

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

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

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

If the application needs to disable the external clock before entering Stop mode, the HSEON
bit must first be disabled and the system clock switched to HSI. Otherwise, if the HSEON bit
remains enabled and the external clock (external oscillator) is removed when entering Stop
mode, the clock security system (CSS) feature must be enabled to detect any external
oscillator failure and avoid a malfunction behavior when entering stop mode.

Exiting Stop mode
Refer to Table 11 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 11. Stop mode

Stop mode Description

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

— Set SLEEPDEEP bit in Cortex®-M3 System Control register

— Clear PDDS bit in Power Control register (PWR_CR)

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

Note: To enter Stop mode, all EXTI Line pending bits (in Pending register
(EXTI_PR)), all peripheral interrupt pending bits, and RTC Alarm flag must
be reset. Otherwise, the Stop mode entry procedure is ignored and
program execution continues.

If WFI was used for entry:
Any EXTI Line configured in Interrupt mode (the corresponding EXTI
Interrupt vector must be enabled in the NVIC). Refer to Table 50: Vector
Mode exit table for STM32F100xx devices.
If WFE was used for entry:
Any EXTI Line configured in event mode. Refer to Section 8.2.3: Wakeup
event management

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

The Standby mode allows to achieve the lowest power consumption. It is based on the
Cortex®-M3 deepsleep mode, with the voltage regulator disabled. The 1.8 V domain is
consequently powered off. The PLL, the HSI oscillator and the HSE oscillator are also
switched off. SRAM and register contents are lost except for registers in the Backup domain
and Standby circuitry (see Figure 4).

Entering Standby mode

Refer to Table 12 for more details on how to enter Standby mode.

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

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

hardware option. Once started it cannot be stopped except by a reset. See
Section 18.3: IWDG functional description.

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

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

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

Exiting Standby mode

The microcontroller exits the Standby mode when an external reset (NRST pin), an IWDG
reset, a rising edge on the WKUP pin or the rising edge of an RTC alarm occurs (see
Figure 196: RTC simplified block diagram). All registers are reset after wakeup from
Standby except for 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 Power
control/status register (PWR_CSR) indicates that the MCU was in Standby mode.

Refer to Table 12 for more details on how to exit Standby mode.

Table 12. Standby mode
Standby mode Description

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

— Set SLEEPDEEP in Cortex®-M3 System Control register
Mode entry — Set PDDS bit in Power Control register (PWR_CR)

— Clear WUF bit in Power Control/Status register (PWR_CSR)
— No interrupt (for WFI) or event (for WFI) is pending

WKUP pin rising edge, RTC alarm event’s rising edge, external Reset in

Mode exit NRST pin, IWDG Reset.

Wakeup latency Reset phase

RMO0041 Rev 6 59/709




Power control (PWR)

RM0041

I/0 states in Standby mode

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

e TAMPER pin if configured for tamper or calibration out
e  WKUP pin, if enabled

Debug mode

By default, the debug connection is lost if the application puts the MCU in Stop or Standby
mode while the debug features are used. This is due to the fact that the Cortex®-M3 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 25.15.1: Debug support for low-power modes.

4.3.6 Auto-wakeup (AWU) from low-power mode
The RTC can be used to wakeup the MCU from low-power mode without depending on an
external interrupt (Auto-wakeup mode). The RTC provides a programmable time base for
waking up from Stop or Standby mode at regular intervals. For this purpose, two of the three
alternative RTC clock sources can be selected by programming the RTCSEL][1:0] bits in the
Backup domain control register (RCC_BDCR):
e Low-power 32.768 kHz external crystal oscillator (LSE OSC).
This clock source provides a precise time base with very low-power consumption (less
than 1uA added consumption in typical conditions)
e  Low-power internal RC Oscillator (LSI RC)
This clock source has the advantage of saving the cost of the 32.768 kHz crystal. This
internal RC Oscillator is designed to add minimum power consumption.
To wakeup from Stop mode with an RTC alarm event, it is necessary to:
e Configure the EXTI Line 17 to be sensitive to rising edge
e  Configure the RTC to generate the RTC alarm
To wakeup from Standby mode, there is no need to configure the EXTI Line 17.
4.4 Power control registers
The peripheral registers can be accessed by half-words (16-bit) or words (32-bit).
4.4.1 Power control register (PWR_CR)
Address offset: 0x00
Reset value: 0x0000 0000 (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
DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS | LPDS
Reserved
rw w | w | w w rc_wl | rc_wi w

60/709
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Bits 31:9
Bit 8

Bits 7:5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Reserved, must be kept at reset value..

DBP: Disable backup domain write protection.
In reset state, the RTC and backup registers are protected against parasitic write access.
This bit must be set to enable write access to these registers.
0: Access to RTC and Backup registers disabled
1: Access to RTC and Backup registers enabled

Note: If the HSE divided by 128 is used as the RTC clock, this bit must remain set to 1.

PLS[2:0]: PVD level selection.
These bits are written by software to select the voltage threshold detected by the
programmable voltage detector
000: 2.2V
001: 2.3V
010: 2.4V
011: 2.5V
100: 2.6V
101: 2.7V
110: 2.8V
111: 2.9V
Note: Refer to the electrical characteristics of the datasheet for more details.

PVDE: programmable voltage detector enable.
This bit is set and cleared by software.

0: PVD disabled

1: PVD enabled

CSBEF: Clear standby flag.
This bit is always read as 0.

0: No effect
1: Clear the SBF Standby Flag (write).

CWAUF: Clear wakeup flag.
This bit is always read as 0.

0: No effect
1: Clear the WUF Wakeup Flag after 2 System clock cycles. (write)

PDDS: Power down deepsleep.

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

LPDS: Low-power deepsleep.
This bit is set and cleared by software. It works together with the PDDS bit.

0: Voltage regulator on during Stop mode
1: Voltage regulator in low-power mode during Stop mode
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4.4.2 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.

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
EWUP PVDO | SBF WUF
Reserved Reserved
rw r r r

Bits 31:9 Reserved, must be kept at reset value.

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 7:3 Reserved, must be kept at reset value.

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 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 by hardware, by a system reset or by setting the
CWUF bit in the 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
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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443 PWR register map

The following table summarizes the PWR registers.

Table 13. PWR register map and reset values

Offset | Register Si3RRNICRRRRRREZEEERZ2NTI20m~ 00 |0/ o
PLS WL & ©0®m
PWR_CR o NMPRA
0x000 - Reserved D | 200 BWEBDR
npPPoOprH
Reset value 0 U|0|0 OJ0[0(0(0
n ®) N
PWR_CSR = alls
0x004 _CS Reserved = Reserved > %g
[ n
Reset value 0] 0070

Refer to Table 1 on page 37 and Table 2 on page 38 for the register boundary addresses.
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5.2

64/709

Backup registers (BKP)

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

BKP introduction

The backup registers are ten 16-bit registers in low and medium density devices, 42
registers in high-density devices for storing 20 or 84 bytes of user application data.

They are implemented in the backup domain that remains powered on by Vgar when the
Vpp power is switched off. They are not reset when the device wakes up from Standby
mode or by a system reset or power reset.

In addition, the BKP control registers are used to manage the Tamper detection feature and
RTC calibration.

After reset, access to the Backup registers and RTC is disabled and the Backup domain
(BKP) is protected against possible parasitic write access. To enable access to the Backup
registers and the RTC, proceed as follows:

e enable the power and backup interface clocks by setting the PWREN and BKPEN bits
in the RCC_APB1ENR register

e set the DBP bit in the Power control register (PWR_CR) to enable access to the
Backup registers and RTC.

BKP main features

e  20-byte data registers (in low and medium-density devices) or 40-byte data registers (in
high-density devices)

e  Status/control register for managing tamper detection with interrupt capability
e Calibration register for storing the RTC calibration value

e  Possibility to output the RTC Calibration Clock, RTC Alarm pulse or Second pulse on
TAMPER pin PC13 (when this pin is not used for tamper detection)

3
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5.3

5.3.1

Note:

5.3.2

3

BKP functional description

Tamper detection

The TAMPER pin generates a Tamper detection event when the pin changes from 0 to 1 or
from 1 to 0 depending on the TPAL bit in the Backup control register (BKP_CR). A tamper
detection event resets all data backup registers.

However to avoid losing Tamper events, the signal used for edge detection is logically
ANDed with the Tamper enable in order to detect a Tamper event in case it occurs before
the TAMPER pin is enabled.

e  When TPAL=0: If the TAMPER pin is already high before it is enabled (by setting TPE
bit), an extra Tamper event is detected as soon as the TAMPER pin is enabled (while
there was no rising edge on the TAMPER pin after TPE was set)

e  When TPAL=1: If the TAMPER pin is already low before it is enabled (by setting the
TPE bit), an extra Tamper event is detected as soon as the TAMPER pin is enabled
(while there was no falling edge on the TAMPER pin after TPE was set)

By setting the TPIE bit in the BKP_CSR register, an interrupt is generated when a Tamper
detection event occurs.

After a Tamper event has been detected and cleared, the TAMPER pin should be disabled
and then re-enabled with TPE before writing to the backup data registers (BKP_DRXx) again.
This prevents software from writing to the backup data registers (BKP_DRXx), while the
TAMPER pin value still indicates a Tamper detection. This is equivalent to a level detection
on the TAMPER pin.

Tamper detection is still active when Vpp power is switched off. To avoid unwanted resetting
of the data backup registers, the TAMPER pin should be externally tied to the correct level.

RTC calibration

For measurement purposes, the RTC clock with a frequency divided by 64 can be output on
the TAMPER pin. This is enabled by setting the CCO bit in the RTC clock calibration register
(BKP_RTCCR).

The clock can be slowed down by up to 121 ppm by configuring CAL[6:0] bits.

For more details about RTC calibration and how to use it to improve timekeeping accuracy,
refer to AN2604 "STM32F101xx and STM32F103xx RTC calibration”.
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54 BKP registers

Refer to Section 1.1 on page 32 for a list of abbreviations used in register descriptions.

The peripheral registers can be accessed by half-words (16-bit) or words (32-bit).

5.4.1 Backup data register x (BKP_DRXx) (x =1 ..20)

Address offset: 0x04 to 0x28, 0x40 to 0x64

Reset value: 0x0000 0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
D[15:0]

Bits 15:0 D[15:0] Backup data
These bits can be written with user data.

Note: The BKP_DRXx registers are not reset by a System reset or Power reset or when the
device wakes up from Standby mode. They are reset by a Backup Domain reset or by a
TAMPER pin event (if the TAMPER pin function is activated).

5.4.2 RTC clock calibration register (BKP_RTCCR)

Address offset: 0x2C
Reset value: 0x0000 0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ASOS | ASOE | CCO CAL[6:0]
Reserved
w w rw w | rw | w | rw | rw | w | rw

Bits 15:10 Reserved, must be kept at reset value.

Bit 9 ASOS: Alarm or second output selection
When the ASOE bit is set, the ASOS bit can be used to select whether the signal output on
the TAMPER pin is the RTC Second pulse signal or the Alarm pulse signal:
0: RTC Alarm pulse output selected
1: RTC Second pulse output selected
Note: This bit is reset only by a Backup domain reset.

3
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Bit 8 ASOE: Alarm or second output enable

Setting this bit outputs either the RTC Alarm pulse signal or the Second pulse signal on the
TAMPER pin depending on the ASOS bit.

The output pulse duration is one RTC clock period. The TAMPER pin must not be enabled
while the ASOE bit is set.

Note: This bit is reset only by a Backup domain reset.

Bit 7 CCO: Calibration clock output
0: No effect

1: Setting this bit outputs the RTC clock with a frequency divided by 64 on the TAMPER pin.
The TAMPER pin must not be enabled while the CCO bit is set in order to avoid unwanted
Tamper detection.

Note: This bit is reset when the Vpp supply is powered off.

Bit 6:0 CAL[6:0]: Calibration value

This value indicates the number of clock pulses that will be ignored every 2420 clock pulses.
This allows the calibration of the RTC, slowing down the clock by steps of 1000000/2/20
PPM.

The clock of the RTC can be slowed down from 0 to 121PPM.

5.4.3 Backup control register (BKP_CR)

Address offset: 0x30
Reset value: 0x0000 0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TPAL TPE
Reserved
w rw

Bits 15:2 Reserved, must be kept at reset value.

Bit 1 TPAL: TAMPER pin active level

0: A high level on the TAMPER pin resets all data backup registers (if TPE bit is set).
1: Allow level on the TAMPER pin resets all data backup registers (if TPE bit is set).

Bit 0 TPE: TAMPER pin enable

0: The TAMPER pin is free for general purpose 1/O
1: Tamper alternate 1/O function is activated.

Note: Setting the TPAL and TPE bits at the same time is always safe, however resetting both at
the same time can generate a spurious Tamper event. For this reason it is recommended to
change the TPAL bit only when the TPE bit is reset.

54.4 Backup control/status register (BKP_CSR)

Address offset: 0x34
Reset value: 0x0000 0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TIF TEF TPIE CTI CTE
Reserved Reserved
r r w w w

3
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Bits 15:10
Bit 9

Bit 8

Bits 7:3
Bit 2

Bit 1

Bit0

68/709

Reserved, must be kept at reset value.

TIF: Tamper interrupt flag

This bit is set by hardware when a Tamper event is detected and the TPIE bit is set. It is
cleared by writing 1 to the CTI bit (also clears the interrupt). It is also cleared if the TPIE bit is
reset.

0: No Tamper interrupt

1: A Tamper interrupt occurred

Note: This bit is reset only by a system reset and wakeup from Standby mode.

TEF: Tamper event flag
This bit is set by hardware when a Tamper event is detected. It is cleared by writing 1 to the
CTE bit.
0: No Tamper event
1: A Tamper event occurred

Note: A Tamper event resets all the BKP_DRXx registers. They are held in reset as long as the
TEF bit is set. If a write to the BKP_DRXx registers is performed while this bit is set, the
value will not be stored.

Reserved, must be kept at reset value.

TPIE: TAMPER pin interrupt enable
0: Tamper interrupt disabled
1: Tamper interrupt enabled (the TPE bit must also be set in the BKP_CR register
Note: A Tamper interrupt does not wake up the core from low-power modes.
This bit is reset only by a system reset and wakeup from Standby mode.

CTI: Clear tamper interrupt
This bit is write only, and is always read as O.
0: No effect
1: Clear the Tamper interrupt and the TIF Tamper interrupt flag.

CTE: Clear tamper event
This bit is write only, and is always read as O.
0: No effect
1: Reset the TEF Tamper event flag (and the Tamper detector)

3
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5.4.5 BKP register map

BKP registers are mapped as 16-bit addressable registers as described in the table below:

Table 14. BKP register map and reset values

Offset | Register 7i2 /28 NIQIQR|RNNR2[2E[elezRdzilo/~lon/v|nn|-|o
0x00 Reserved
0x04 BKP_DR1 Reserved D[15:0]

Reset value O|U|0|O|U|U|U|O|0|U|U|U|0|0|O|U
0x08 BKP_DR2 Reserved D[15:0]

Reset value O|U|0|O|U|U|U|O|0|U|U|U|0|0|O|U
0x0C BKP_DR3 Reserved D[15:0]

Reset value O|U|0|O|U|U|U|O|0|U|U|U|0|0|O|U
0x10 BKP_DR4 Reserved D[15:0]

Reset value O|U|0|O|U|U|U|O|0|U|U|U|0|0|O|U
0x14 BKP_DR5 Reserved D[15:0]

Reset value O|U|0|O|U|U|U|O|0|U|U|U|0|0|O|U
0x18 BKP_DR6 Reserved D[15:0]

Reset value 0|O|U|U|U|U|O|U|U|U|U|U|U|U|U|U
0x1C BKP_DR7 Reserved D[15:0]

Reset value 0|O|U|U|U|U|O|U|U|U|U|U|U|U|U|U
0x20 BKP_DR8 Reserved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
0x24 BKP_DR9 Reserved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
0x28 BKP_DR10 Reserved D[15:0]

Reset value U|U|U|U|U|UUUUU|U|U|U|U|U|U

0 WS )

0x2C BKP_RTCCR Reserved g § 8 CAL[6:0]

Reset value UUUU|U|U|U|OOU

-}

0x30 BKP_CR Reserved é E

Resetvalue 00

=

0x34 BKP_CSR Reserved LlL—_ L"',_Ij Reserved E 6 g

Resetvalue 00 O[0[0
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Table 14. BKP register map and reset values (continued)

Offset| Register |©i0I2 R RIQRIRNISRERECRIRNER@|(ei~lew/t|m|n|-lo
Oxslo Reserved
oxao | BKPDRI1 . D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
oxas | BRPDRI2 . D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
g | BXPDRI3 _— D{15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
oxac | BKPDR14 ~esemved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
oxso | BKP_DRIS . D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
oxsa | BKP_DRIS Reserved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
s | BXPDRI7 Reserved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
oxsc | BKPDR18 Reserved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
oo | BKP_DRIS Reserved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
oxes | BKPDR20 Reserved D[15:0]

Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U

Refer to Table 1 on page 37 and Table 2 on page 38 for the register boundary addresses.
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6.1

6.1.1

3

Reset and clock control (RCC)

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to all STM32F100xx devices, unless otherwise specified.

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)

2. Window watchdog end of count condition (WWDG reset)

3. Independent watchdog end of count condition (IWDG reset)

4. Asoftware reset (SW reset) (see Software reset)

5. Low-power management reset (see Low-power management reset)

The reset source can be identified by checking the reset flags in the Control/Status register,
RCC_CSR (see Section 6.3.10: Control/status register (RCC_CSR)).

Software reset

The SYSRESETREQ bit in Cortex®-M3 Application Interrupt and Reset Control Register
must be set to force a software reset on the device. Refer to the Cortex®-M3 technical
reference manual for more details.

Low-power management reset

There are two ways to generate a low-power management reset:
1. Reset generated when entering Standby mode:

This type of reset is enabled by resetting nRST_STDBY bit in User Option Bytes. In this
case, whenever a Standby mode entry sequence is successfully executed, the device
is reset instead of entering Standby mode.

2. Reset when entering Stop mode:

This type of reset is enabled by resetting NRST_STOP bit in User Option Bytes. In this
case, whenever a Stop mode entry sequence is successfully executed, the device is
reset instead of entering Stop mode.

For further information on the User Option Bytes, refer to PM0063.
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6.1.2

6.1.3

6.2
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Power reset

A power reset is generated when one of the following events occurs:
1. Power-on/power-down reset (POR/PDR reset)
2. When exiting 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. For more
details, refer to Table 51: External interrupt/event controller register map and reset values
on page 143.

The system reset signal provided to the device is output on the NRST pin. The pulse
generator guarantees a minimum reset pulse duration of 20 ps for each internal reset
source. In case of an external reset, the reset pulse is generated while the NRST pin is
asserted low.

Figure 7. Simplified diagram of the reset circuit

Voo/Voba

External | ) .
reset ¢ '[ Filter » System reset

NRST
——— WWDG reset
Pulse ﬂ IWDG reset
|<_ generator Power reset
(min 20 ps) Software reset
Low-power management reset

ai16095¢

L

Backup domain reset

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

A backup domain reset is generated when one of the following events occurs:

1. Software reset, triggered by setting the BDRST bit in the 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):
e  HSI oscillator clock

e  HSE oscillator clock

e  PLL clock

3
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The devices have the following two secondary clock sources:

e 40 kHz low speed internal RC (LS| RC) which drives the independent watchdog and
optionally the RTC used for Auto-wakeup from Stop/Standby mode.

e 32.768 kHz low speed external crystal (LSE crystal) which optionally drives the real-
time clock (RTCCLK)

Each clock source can be switched on or off independently when it is not used, to optimize

power consumption.

Figure 8. STM32F100xx clock tree (low and medium-density devices)

FLITFCLK
to Flgsh programming interface

HCLK
24 MHz max to AHB bus, core,
Clock —| memory and DMA
to Cortex System timer
PLLSRC PLLMUL » FCLK Cortex
. =] free running clock
oy X16 AHB APB1 24 MHz max PCLK1
X2, X3, x4 PLLCLK Prescaler[+] Prescaler o APBT
PLL n,2.512| | |1,2 4,816 _ Seripherals
HSE Peripheral Clock perip!
Enable
TIM2,3,4,6,7
If (APB1 prescaler =1) x1 to TIM2,3,4.6 and 7
else x2 TIMxCLK
Peripheral Clock
Enable
PREDIV P APBZI 24 MHz max PCLK2
0sC_ouT niis... P peripherals to APB2
— 4-24 MHz |4+—.../15/16 M Peripheral Clock
HSE OSC Enable
OSC_IN[_H ST to TIM1, TIM15,
imers
+-|If (APB2 prescaler =1) x1 TIM16 and TIM17
else x2 TIMxCLK
Peripheral Clock
1128 ADC Enable
0SC32_IN to RTC L to ADCH
LSE OSC LSE i Prescaler | A5CEIK 12 MHz max
32.768 kHz RTCCLK /2,4,6,8
0SC32_0uT
RTCSEL[1:0]
LSIRC LsI to independent watchdog (IWDGJ
40 kHz IWDGCLK
Main PLLCLK Legend:
clock out put HSE = High-speed external clock signal
MCco HSI HSI = High-speed internal clock signal
HSE LSI = Low-speed internal clock signal
SYSCLK LSE = Low-speed external clock signal
MCO ai17311
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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Figure 9. STM32F100xx clock tree (high-density devices)
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Several prescalers allow the configuration of the AHB frequency, the high speed APB
(APB2) and the low speed APB (APB1) domains. The maximum frequency of the AHB,
APB1 and APB2 domains is 24 MHz.

The RCC feeds the Cortex System Timer (SysTick) external clock 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. ADC1 is clocked by the
clock of the High Speed domain (APB2) divided by 2, 4, 6 or 8.

The flash memory programming interface clock (FLITFCLK) is always the HSI clock.

The timer clock frequencies are automatically fixed 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®-M3 free running clock. For more details refer to the Arm Cortex®-M3
Technical Reference

RMO0041 Rev 6 ‘Yl




RMO0041 Reset and clock control (RCC)
Manual.http://infocenter.arm.com/help/topic/com.arm.doc.ddi0337e/DDI0337E_cortex_m3 rip1
_trm.pdf

6.2.1 HSE clock

3

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

e  HSE external crystal/ceramic resonator
e  HSE user external clock
The resonator and the load capacitors have to be placed as close as possible to the

oscillator pins in order to minimize output distortion and startup stabilization time. The
loading capacitance values must be adjusted according to the selected oscillator.

Figure 10. HSE/ LSE clock sources

Clock source Hardware configuration

OSC_ouT
External clock D D
T (HiZ)
External
source

OSC_IN 0SC_OUT

]
) T
Bmen il iznemn

Ciq Cro
7777 Load Yoz 4

capacitors

Crystal/Ceramic
resonators

External source (HSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to
24 MHz. This mode is selected by setting the HSEBYP and HSEON bits in the 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.
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6.2.2

6.2.3

Note:

76/709

External crystal/ceramic resonator (HSE crystal)

The 4 to 24 MHz external oscillator 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 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 Clock interrupt register
(RCC_CIR).

The HSE Crystal can be switched on and off using the HSEON bit in the Clock control
register (RCC_CR).

HSI clock

The HSI clock signal is generated from an internal 8 MHz RC Oscillator and can be used
directly as a system clock or divided by 2 to be used as PLL input.

The HSI RC oscillator has the advantage of providing a clock source at low cost (no external
components). It also has a faster startup time than the HSE crystal oscillator however, even
with calibration the frequency is less accurate than an external crystal oscillator or ceramic
resonator.

Calibration

RC oscillator frequencies can vary from one chip to another due to manufacturing process
variations, this is why each device is factory calibrated by ST for 1% accuracy at Ty=25°C.

After reset, the factory calibration value is loaded in the HSICAL[7:0] bits in the Clock control
register (RCC_CR).

If the application is subject to voltage or temperature variations this may affect the RC
oscillator speed. The HSI frequency can be trimmed in the application using the
HSITRIM[4:0] bits in the Clock control register (RCC_CR).

The HSIRDY flag in the 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 Clock control register
(RCC_CR).

The HSI signal can also be used as a backup source (Auxiliary clock) if the HSE crystal
oscillator fails. Refer to Section 6.2.7: Clock security system (CSS) on page 78.

PLL

The internal PLL can be used to multiply the HSI RC output or HSE oscillator divided by
1..16 output clock frequency. Refer to Figure 8 and Clock control register (RCC_CR).

The PLL configuration (selection of HSI oscillator divided by 2 or HSE oscillator for PLL
input clock, and multiplication factor) must be done before enabling the PLL. Once the PLL
enabled, these parameters cannot be changed.

The PLL output frequency must be in the range of 16-24 MHz.

3
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6.2.4

6.2.5

Note:

3

An interrupt can be generated when the PLL is ready if enabled in the Clock interrupt
register (RCC_CIR).

LSE clock

The LSE crystal is a 32.768 kHz Low Speed External crystal or ceramic resonator. It has the
advantage providing a low-power but highly accurate clock source to the real-time clock
peripheral (RTC) for clock/calendar or other timing functions.

The LSE crystal is switched on and off using the LSEON bit in Backup domain control
register (RCC_BDCR).

The LSERDY flag in the 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 Clock interrupt
register (RCC_CIR).

External source (LSE bypass)

In this mode, an external clock source must be provided. It must have a frequency of
32.768 kHz. This mode is selected by setting the LSEBYP and LSEON bits in the 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 40 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 Control/status register
(RCC_CSR).

The LSIRDY flag in the 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 Clock interrupt register
(RCC_CIR).

LSI calibration

LSI calibration is only available on high-density value line devices.

The frequency dispersion of the Low Speed Internal RC (LSI) oscillator can be calibrated to

have accurate RTC time base and/or IWDG timeout (when LSl is used as clock source for
these peripherals) with an acceptable accuracy.

This calibration is performed by measuring the LSI clock frequency with respect to TIM5
input clock (TIM5CLK). According to this measurement done at the precision of the HSE
oscillator, the software can adjust the programmable 20-bit prescaler of the RTC to get an
accurate time base or can compute accurate IWDG timeout.

Use the following procedure to calibrate the LSI:
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6.2.6

6.2.7

Note:

6.2.8

78/709

Enable TIM5 timer and configure channel4 in input capture mode

2. Setthe TIM5CH4_IREMAP bit in the AFIO_MAPR register to connect the LSI clock
internally to TIM5 channel4 input capture for calibration purposes.

3. Measure the frequency of LSI clock using the TIM5 Capture/compare 4 event or
interrupt.

4. Use the measured LSI frequency to update the 20-bit prescaler of the RTC depending
on the desired time base and/or to compute the IWDG timeout.

System clock (SYSCLK) selection

After a system reset, the HSI oscillator is selected as system clock. When a clock source is
used directly or through the PLL as 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 which is not yet ready is
selected, the switch will occur when the clock source will be ready. Status bits in the Clock
control register (RCC_CR) indicate which clock(s) is (are) ready and which clock is currently
used as system clock.

Clock security system (CSS)

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, the HSE oscillator is automatically disabled, a clock
failure event is sent to the break input of the advanced-control timers (TIM1) and an
interrupt is generated to inform the software about the failure (Clock Security System
Interrupt CSSI), allowing the MCU to perform rescue operations. The CSSl is linked to the
Cortex®-M3 NMI (Non-Maskable Interrupt) exception vector.

Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMl is
automatically generated. The NMI will be executed indefinitely unless the CSS interrupt
pending bit is cleared. As a consequence, in the NMI ISR user must clear the CSS interrupt
by setting the CSSC bit in the Clock interrupt register (RCC_CIR).

If the HSE oscillator is used directly or indirectly as the system clock (indirectly means: it is
used as PLL input clock, and the PLL clock is used as system clock), a detected failure
causes a switch of the system clock to the HSI oscillator and the disabling of the HSE
oscillator. If the HSE clock (divided or not) is the clock entry of the PLL used as system clock
when the failure occurs, the PLL is disabled too.

RTC clock

The RTCCLK clock source can be either the HSE/128, LSE or LSI clocks. This is selected
by programming the RTCSEL[1:0] bits in the Backup domain control register (RCC_BDCR).
This selection cannot be modified without resetting the Backup domain.

3

RMO0041 Rev 6




RM0041

Reset and clock control (RCC)

6.2.9

6.2.10

3

The LSE clock is in the Backup domain, whereas the HSE and LSI clocks are not.
Consequently:

. If LSE is selected as RTC clock:

—  The RTC continues to work even if the Vpp supply is switched off, provided the
Vgat supply is maintained.
e IfLSlis selected as Auto-Wakeup unit (AWU) clock:
— The AWU state is not guaranteed if the Vpp supply is powered off. Refer to
Section 6.2.5: LS/ clock on page 77 for more details on LSI calibration.
e Ifthe HSE clock divided by 128 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 1.8 V domain).

—  The DPB bit (Disable backup domain write protection) in the Power controller
register must be set to 1 (refer to Section 4.4.1: Power control register
(PWR_CR)).

When the RTC clock is LSE, the RTC remains clocked and functional under system reset.

Watchdog clock

If the Independent watchdog (IWDG) is started by either hardware option or software
access, the LS| oscillator is forced ON and cannot be disabled. After the LSI oscillator
temporization, the clock is provided to the IWDG.

Clock-out capability

The microcontroller clock output (MCQO) capability allows the clock to be output onto the
external MCO pin. The configuration registers of the corresponding GPIO port must be
programmed in alternate function mode. One of 4 clock signals can be selected as the MCO
clock.

e SYSCLK
e HSI
. HSE

e PLL clock divided by 2

The selection is controlled by the MCO[2:0] bits of the Clock configuration register
(RCC_CFGR).
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6.3 RCC registers
Refer to Section 1.1 on page 32 for a list of abbreviations used in register descriptions.
6.3.1 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
PLL CSS | HSE | HSE | HSE
PLLON
Reserved RDY Reserved ON BYP RDY ON
r w rw w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. ) HSI
HSICAL[7:0] HSITRIM[4:0] res. | RDY HSION
r | r | r | r | r | r | r | r w | w | w | w | rw r w
Bits 31:26  Reserved, always read as 0.
Bit 25 PLLRDY: PLL clock ready flag
Set by hardware to indicate that the PLL is locked.
0: PLL unlocked
1: PLL locked
Bit 24 PLLON: PLL enable
Set and cleared by software to enable PLL.
Cleared by hardware when entering Stop or Standby mode. This bit can not be reset if the
PLL clock is used as system clock or is selected to become the system clock.
0: PLL OFF
1: PLL ON
Bits 23:20  Reserved, always read as 0.
Bit 19 CSSON: Clock security system enable
Set and cleared by software to enable the clock security system. When CSSON is set, the
clock detector is enabled by hardware when the HSE oscillator is ready, and disabled by
hardware if an HSE clock failure is detected.
0: Clock detector OFF
1: Clock detector ON (Clock detector ON if the HSE oscillator is ready , OFF if not).
Bit 18 HSEBYP: External high-speed 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 set, 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 oscillator bypassed with external clock
Bit 17 HSERDY: External high-speed clock ready flag
Set by hardware to indicate that the HSE oscillator is stable. This bit needs 6 cycles of the
HSE oscillator clock to go to zero after HSEON is reset.
0: HSE oscillator not ready
1: HSE oscillator ready
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Bit 16 HSEON: External high-speed clock enable
Set and cleared by software.
Cleared by hardware to stop the HSE oscillator when entering in Stop or Standby mode. This
bit cannot be reset if the HSE oscillator is used directly or indirectly as the system clock.
0: HSE oscillator OFF
1: HSE oscillator ON

Bits 15:8 HSICAL[7:0]: Internal high-speed clock calibration
These bits are initialized automatically at startup.

Bits 7:3 HSITRIM[4:0]: Internal high-speed clock trimming
These bits provide an additional user-programmable trimming value that is added to the
HSICAL[7:0] bits. It can be programmed to adjust to variations in voltage and temperature
that influence the frequency of the internal HSI RC.
The default value is 16, which, when added to the HSICAL value, should trim the HSI to 8
MHz + 1%. The trimming step (Fysitrim) is @around 40 kHz between two consecutive HSICAL
steps.

Bit2 Reserved, always read as 0.

Bit 1 HSIRDY: Internal high-speed clock ready flag
Set by hardware to indicate that internal 8 MHz RC oscillator is stable. After the HSION bit is
cleared, HSIRDY goes low after 6 internal 8 MHz RC oscillator clock cycles.
0: internal 8 MHz RC oscillator not ready
1: internal 8 MHz RC oscillator ready

Bit 0 HSION: Internal high-speed clock enable
Set and cleared by software.
Set by hardware to force the internal 8 MHz RC oscillator ON when leaving Stop or Standby
mode or in case of failure of the HSE oscillator used directly or indirectly as system clock.
This bit cannot be reset if the internal 8 MHz RC is used directly or indirectly as system clock
or is selected to become the system clock.
0: internal 8 MHz RC oscillator OFF
1: internal 8 MHz RC oscillator ON

3
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6.3.2 Clock configuration register (RCC_CFGR)
Address offset: 0x04
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 clock source switch.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
) ) PLL PLL
Resorved MCO[2:0] Resorved PLLMUL([3:0] xTPre | sre
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC PRE[1:0] PPRE2[2:0] PPRE1[2:0] HPRE[3:0] SWS[1:0] SW[1:0]

Bits 31:27

Bits 26:24 MCO: Microcontroller clock output

Bits 23:22
Bits 21:18 PLLMUL: PLL multiplication factor

82/709

Reserved, always read as 0.

Set and cleared by software.
Oxx: No clock

100: System clock (SYSCLK) selected

101: HSI clock selected
110: HSE clock selected

111: PLL clock divided by 2 selected

Note: This clock output may have some truncated cycles at startup or during MCO clock

source switching.

Reserved.

These bits are written by software to define the PLL multiplication factor. These bits can be

written only when PLL is disabled.

Caution: The PLL output frequency must be in the 16-24 MHz range.

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PLL input clock x 2
PLL input clock x 3
PLL input clock x 4
PLL input clock x 5
PLL input clock x 6
PLL input clock x 7
PLL input clock x 8

0111: PLL input clock x 9

1000:
1001:
1010:
1011:
1100:
1101:
1110:

PLL input clock x 10
PLL input clock x 11
PLL input clock x 12
PLL input clock x 13
PLL input clock x 14
PLL input clock x 15
PLL input clock x 16

1111: PLL input clock x 16
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Bit 17 PLLXTPRE: LSB of division factor PREDIV1
Set and cleared by software to select the least significant bit of the PREDIV1 division factor.
It is the same bit as bit 0 in the RCC_CFGR2 register, so modifying bit 0 in the
RCC_CFGR2 register changes this bit accordingly.
If bits[3:1] in the RCC_CFGR2 register are not set, the PLLXTPRE bit controls if PREDIV1
divides its input clock by 2 (PLLXTPRE=1) or not (PLLXTPRE=0).
This bit can be written only when the PLL is disabled.

Bit 16 PLLSRC: PLL entry clock source
Set and cleared by software to select PLL clock source. This bit can be written only when
PLL is disabled.
0: HSI oscillator clock / 2 selected as PLL input clock
1: Clock from PREDIV1 selected as the PLL input clock

Bits 15:14 ADCPRE: ADC prescaler
Set and cleared by software to select the frequency of the clock to ADC1.
00: PLCK2 divided by 2
01: PLCK2 divided by 4
10: PLCK?2 divided by 6
11: PLCK2 divided by 8

Bits 13:11 PPRE2: APB high-speed prescaler (APB2)
Set and cleared by software to control the division factor of the APB high-speed clock
(PCLK2).
0Oxx: HCLK not divided
100: HCLK divided by 2
101: HCLK divided by 4
110: HCLK divided by 8
111: HCLK divided by 16

Bits 10:8 PPRE1: APB low-speed prescaler (APB1)
Set and cleared by software to control the division factor of the APB low-speed clock
(PCLK1).
Warning: the software has to set correctly these bits to not exceed 36 MHz on this domain.
0Oxx: HCLK not divided
100: HCLK divided by 2
101: HCLK divided by 4
110: HCLK divided by 8
111: HCLK divided by 16

Bits 7:4 HPRE: AHB prescaler
Set and cleared by software to control the division factor of the AHB clock.
Oxxx: SYSCLK not divided
1000: SYSCLK divided by 2
1001: SYSCLK divided by 4
1010: SYSCLK divided by 8
1011: SYSCLK divided by 16
1100: SYSCLK divided by 64
1101: SYSCLK divided by 128
1110: SYSCLK divided by 256
1111: SYSCLK divided by 512

3
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Bits 3:2 SWS: System clock switch status
Set and cleared by hardware to indicate which clock source is used as system clock.
00: HSI oscillator used as system clock
01: HSE oscillator used as system clock
10: PLL used as system clock
11: not applicable

Bits 1:0 SW: System clock switch
Set and cleared by software to select SYSCLK source.
Set by hardware to force HSI selection when leaving Stop and Standby mode or in case of
failure of the HSE oscillator used directly or indirectly as system clock (if the Clock Security
System is enabled).
00: HSI selected as system clock
01: HSE selected as system clock
10: PLL selected as system clock
11: not allowed

6.3.3 Clock interrupt register (RCC_CIR)
Address offset: 0x08
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 PLL HSE HSI LSE LSl
Reserved Reserved RDYC | RDYC | RDYC | RDYC | RDYC
w w w w w w
15 14 13 12 1" 10 9 8 6 5 4 3 2 1 0
PLL HSE HSI LSE LSI CSSF PLL HSE HSI LSE LSI
Reserved RDYIE | RDYIE | RDYIE | RDYIE | RDYIE Reserved RDYF | RDYF | RDYF | RDYF | RDYF
w rw rw w w r r r r r r
Bits 31:24  Reserved, always read as 0.

Bit 23 CSSC: Clock security system interrupt clear
This bit is set by software to clear the CSSF flag.
0: No effect
1: Clear CSSF flag

Bits 22:21

Bit 20 PLLRDYC: PLL ready interrupt clear
This bit is set by software to clear the PLLRDYF flag.
0: No effect
1: PLLRDYF cleared

Bit 19 HSERDYC: HSE ready interrupt clear
This bit is set by software to clear the HSERDYF flag.
0: No effect
1: HSERDYF cleared

Reserved, always read as 0.

3
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Bit 18

Bit 17

Bit 16

Bits 15:13
Bit 12

Bit 11

Bit 10

Bit 9

Bit 8

Bit 7

Bits 6:5

3

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, always read as 0.

PLLRDYIE: 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

HSIRDYIE: HSI ready interrupt enable
Set and cleared by software to enable/disable interrupt caused by the internal 8 MHz RC
oscillator stabilization.
0: HSI ready interrupt disabled
1: HSI ready interrupt enabled

LSERDYIE: LSE ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by the external 32 kHz
oscillator stabilization.

0: LSE ready interrupt disabled

1: LSE ready interrupt enabled

LSIRDYIE: LSI ready interrupt enable

Set and cleared by software to enable/disable interrupt caused by internal RC 40 kHz
oscillator stabilization.

0: LSI ready interrupt disabled
1: LSI ready interrupt enabled

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

Reserved, always read as 0.
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Bit4 PLLRDYF: PLL ready interrupt flag
Set by hardware when the 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

Bit3 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 internal 8 MHz RC oscillator
1: Clock ready interrupt caused by the internal 8 MHz RC 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 external 32 kHz oscillator
1: Clock ready interrupt caused by the external 32 kHz oscillator

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 internal RC 40 kHz oscillator
1: Clock ready interrupt caused by the internal RC 40 kHz oscillator

6.3.4 APB2 peripheral reset register (RCC_APB2RSTR)
Address offset: 0x0C
Reset value: 0x00000 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
TIM17 | TIM16 | TIM15
Reserved RST RST RST
w rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
USART1 SPI1 TIM1 ADCA1 IOPG IOPF | IOPE | IOPD | IOPC | IOPB | IOPA R AFIO
Res. | RST | Res. | RST | RST | Res. | RST | RST | RST | RST | RST | RST | RST | RST e | RsT
w w w w rw w w w w w w Res. w
Bits 31:19  Reserved, always read as 0.
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Bit 18

Bit 17

Bit 16

Bit 15
Bit 14

Bit 13
Bit 12

Bit 11

Bit 10
Bit 9

Bit 8

Bit 7

Bit 6

3

TIM17RST: TIM17 reset

Set and cleared by software.
0: No effect
1: Reset TIM17

TIM16RST: TIM16 reset

Set and cleared by software.
0: No effect
1: Resets TIM16

TIM15RST: TIM15 reset
Set and cleared by software.

0: No effect
1: Resets TIM15

Reserved.

USART1RST: USART1 reset
Set and cleared by software.
0: No effect
1: Reset USART1

Reserved.

SPI1RST: SPI 1 reset
Set and cleared by software.
0: No effect
1: Reset SPI 1

TIMIRST: TIM1 timer reset
Set and cleared by software.
0: No effect
1: Reset TIM1 timer

Reserved.

ADC1RST: ADC 1 interface reset

Set and cleared by software.
0: No effect
1: Reset ADC 1 interface

IOPGRST: 10 port G reset

Set and cleared by software.
0: No effect
1: Reset IO port G

IOPFRST: IO port F reset

Set and cleared by software.
0: No effect
1: Reset I/O port F

IOPERST: 10 port E reset

Set and cleared by software.
0: No effect
1: Reset IO port E
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Bit 5 IOPDRST: 10 port D reset
Set and cleared by software.
0: No effect
1: Reset I/O port D
Bit 4 IOPCRST: 10 port C reset
Set and cleared by software.
0: No effect
1: Reset I/O port C
Bit 3 IOPBRST: 10 port B reset
Set and cleared by software.
0: No effect
1: Reset I/O port B
Bit 2 IOPARST: I/O port A reset
Set and cleared by software.
0: No effect
1: Reset I/O port A
Bit1  Reserved, always read as 0.
Bit 0 AFIORST: Alternate function 1/O reset
Set and cleared by software.
0: No effect
1: Reset Alternate Function
6.3.5 APB1 peripheral reset register (RCC_APB1RSTR)
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
CECR| DAC | PWR | BKP [2C2 | 12C1 | UART5 | UART4 | USART3 | USART2
Res. | ST | RST | RST | RST Reserved RST | RST | RST RST RST RST | Res.
w rw w w w w rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWDG TIM14 | TIM13 | TIM12 | TIM7 | TIM6 TIM5 TIM4 TIM3 | TIM2
RST | RST Reserved RST Reserved RST | RST | RST | RST | RST RST RST RST | RST
w w w w rw w w rw w rw rw rw
Bit 31 Reserved, always read as 0.
Bit 30 CECRST: CEC reset
Set and cleared by software.
0: No effect
1: Reset CEC
Bit 29 DACRST: DAC interface reset
Set and cleared by software.
0: No effect
1: Reset DAC interface
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Bit 28

Bit 27

Bits 26:23
Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16
Bit 15

Bit 14

Bits 13:12

3

PWRRST: Power interface reset
Set and cleared by software.

0: No effect
1: Reset power interface

BKPRST: Backup interface reset
Set and cleared by software.

0: No effect
1: Reset backup interface

Reserved, always read as 0.

I2C2RST: 12C 2 reset

Set and cleared by software.
0: No effect
1: Reset 12C 2

I2C1RST: 12C 1 reset

Set and cleared by software.
0: No effect
1: Reset 12C 1

UARTS5RST: UART 5 reset

Set and cleared by software.
0: No effect
1: Reset UART §

UART4RST: UART 4 reset

Set and cleared by software.
0: No effect
1: Reset UART 4

USART3RST: USART 3 reset

Set and cleared by software.
0: No effect
1: Reset USART 3

USART2RST: USART 2 reset

Set and cleared by software.
0: No effect
1: Reset USART 2

Reserved, always read as 0.

SPI3RST: SPI 3 reset
Set and cleared by software.
0: No effect
1: Reset SPI 3

SPI2RST: SPI 2 reset

Set and cleared by software.
0: No effect
1: Reset SPI 2

Reserved, always read as 0.
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Bit 11 WWDGRST: Window watchdog reset
Set and cleared by software.
0: No effect
1: Reset window watchdog

Bits 10:9  Reserved, always read as 0.

Bit 8 TIM14RST: Timer 14 reset
Set and cleared by software.
0: No effect
1: Reset timer 14

Bit 7 TIM13RST: Timer 13 reset
Set and cleared by software.
0: No effect
1: Reset timer 13

Bit 6 TIM12RST: Timer 12 reset
Set and cleared by software.
0: No effect
1: Reset timer 12

Bit 5 TIM7RST: Timer 7 reset
Set and cleared by software.
0: No effect
1: Reset timer 7

Bit4 TIM6RST: Timer 6 reset
Set and cleared by software.
0: No effect
1: Reset timer 6

Bit 3 TIM5RST: Timer 5 reset
Set and cleared by software.
0: No effect
1: Reset timer 5
Bit 2 TIM4RST: Timer 4 reset
Set and cleared by software.
0: No effect
1: Reset timer 4
Bit 1 TIM3RST: Timer 3 reset
Set and cleared by software.
0: No effect
1: Reset timer 3
Bit 0 TIM2RST: Timer 2 reset
Set and cleared by software.

0: No effect
1: Reset timer 2

6.3.6 AHB peripheral clock enable register (RCC_AHBENR)

Address offset: 0x14
Reset value: 0x0000 0014

3
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Access: no wait state, word, half-word and byte access
Note: When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0x0.
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
FSMC CRCE FLITF SRAM | DMA2 | DMA1
Reserved EN Res. N Res. EN Res. EN EN EN
w w rw w rw w
Bits 31:9  Reserved, always read as 0.

Bit 8

Bit 7
Bit 6

Bit 5
Bit 4

Bit 3
Bit 2

Bit 1

Bit 0

3

FSMCEN: FSMC clock enable
Set and cleared by software.
0: FSMC clock disabled
1: FSMC clock enabled

Reserved, always read as 0.

CRCEN: CRC clock enable
Set and cleared by software.
0: CRC clock disabled
1: CRC clock enabled

Reserved, always read as 0.
FLITFEN: FLITF clock enable

Set and cleared by software to disable/enable FLITF clock during sleep mode.

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

Reserved, always read as 0.

SRAMEN: SRAM interface clock enable

Set and cleared by software to disable/enable SRAM interface clock during Sleep mode.
0: SRAM interface clock disabled during Sleep mode.
1: SRAM interface clock enabled during Sleep mode

DMA2EN: DMAZ2 clock enable
Set and cleared by software.
0: DMA2 clock disabled
1: DMAZ2 clock enabled

DMA1EN: DMA1 clock enable
Set and cleared by software.
0: DMA1 clock disabled
1: DMA1 clock enabled
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6.3.7 APB2 peripheral clock enable register (RCC_APB2ENR)
Address: 0x18
Reset value: 0x0000 0000
Access: word, half-word and byte access

No wait states, except if the access occurs while an access to a peripheral in the APB2
domain is on going. In this case, wait states are inserted until the access to APB2 peripheral
is finished.

Note: When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0x0.

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

TIM17 | TIM16 | TIM15

Reserved EN EN EN

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

USAR SPI1 TIM1 ADC1 IOPG | IOPF | IOPE | IOPD | IOPC | IOPB | IOPA AFIO

Res. T1EN Res. EN EN Res. EN EN EN EN EN EN EN EN Res. EN

Bits 31:19  Reserved, always read as 0.

Bit 18 TIM17EN: TIM17 Timer clock enable
Set and cleared by software.

0: TIM17 timer clock disabled
1: TIM17 timer clock enabled

Bit 17 TIM16EN: TIM16 timer clock enable
Set and cleared by software.

0: TIM16 timer clock disabled
1: TIM16 timer clock enabled

Bit 16 TIM15EN: TIM15 timer clock enable
Set and cleared by software.

0: TIM15 timer clock disabled
1: TIM15 timer clock enabled

Bit 15 Reserved.

Bit 14 USART1EN: USART1 clock enable
Set and cleared by software.
0: USART1 clock disabled
1: USART1 clock enabled

Bit 13  Reserved.

Bit 12 SPIMEN: SPI 1 clock enable
Set and cleared by software.
0: SPI 1 clock disabled
1: SPI 1 clock enabled

3
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Bit 11

Bit 10
Bit 9

Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1
Bit O

3

TIM1EN: TIM1 Timer clock enable
Set and cleared by software.
0: TIM1 timer clock disabled
1: TIM1 timer clock enabled

Reserved.

ADC1EN: ADC 1 interface clock enable
Set and cleared by software.
0: ADC 1 interface disabled
1: ADC 1 interface clock enabled

IOPGEN: 1/O port G clock enable
Set and cleared by software.
0: I/0 port G clock disabled
1: 1/O port G clock enabled

IOPFEN: 1/O port F clock enable
Set and cleared by software.
0: I/O port F clock disabled
1: 1/O port F clock enabled

IOPEEN: 1/O port E clock enable
Set and cleared by software.
0: I/O port E clock disabled
1: 1/O port E clock enabled

IOPDEN: 1/O port D clock enable
Set and cleared by software.
0: I/O port D clock disabled
1: 1/O port D clock enabled

IOPCEN: I/O port C clock enable
Set and cleared by software.
0: I/O port C clock disabled
1:1/O port C clock enabled

IOPBEN: 1/O port B clock enable
Set and cleared by software.
0: I/O port B clock disabled
1:1/O port B clock enabled

IOPAEN: I/O port A clock enable
Set and cleared by software.

0: I/O port A clock disabled
1:1/0O port A clock enabled

Reserved, always read as 0.

AFIOEN: Alternate function I/O clock enable
Set and cleared by software.
0: Alternate Function I/O clock disabled
1:Alternate Function 1/O clock enabled
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6.3.8

Note:

31

APB1 peripheral clock enable register (RCC_APB1ENR)
Address: 0x1C

Reset value: 0x0000 0000

Access: word, half-word and byte access

No wait state, except if the access occurs while an access to a peripheral on APB1 domain
is on going. In this case, wait states are inserted until this access to APB1 peripheral is
finished.

When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0x0.

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

Res.

DAC | PWR | BKP 12C2 | 12C1 | UARTSE | UART4E | USART | USART

EN EN EN Reserved EN EN N N 3EN 2EN

w rw w w w w w w w Res.

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

WWD TIM14 | TIM13 | TIM12 | TIM7 TIM6 TIM5 TIM4 TIM3 TIM2

GEN

Reserved Reserved

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

94/709

Bits 31:29  Reserved, always read as 0.

Bit 30 CECEN: CEC clock enable
Set and cleared by software.

0: CEC clock disabled
1: CEC clock enabled

Bit 29 DACEN: DAC interface clock enable
Set and cleared by software.
0: DAC interface clock disabled
1: DAC interface clock enable

Bit 28 PWREN: Power interface clock enable
Set and cleared by software.
0: Power interface clock disabled
1: Power interface clock enable

Bit 27 BKPEN: Backup interface clock enable
Set and cleared by software.
0: Backup interface clock disabled
1: Backup interface clock enabled

Bits 26:23  Reserved, always read as 0.

Bit 22 12C2EN: 12C 2 clock enable
Set and cleared by software.
0: 12C 2 clock disabled
1:12C 2 clock enabled

3
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Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bits 16
Bit 15

Bit 14

Bits 13:12
Bit 11

Bits 10:9
Bit 8

Bit 7

3

12C1EN: 12C 1 clock enable
Set and cleared by software.
0: 12C 1 clock disabled
1:12C 1 clock enabled

UARTS5EN: UART 5 clock enable
Set and cleared by software.
0: UART 5 clock disabled
1: UART 5 clock enabled

UART4EN: UART 4 clock enable
Set and cleared by software.
0: UART 4 clock disabled
1: UART 4 clock enabled

USART3EN: USART 3 clock enable
Set and cleared by software.
0: USART 3 clock disabled
1: USART 3 clock enabled

USART2EN: USART 2 clock enable

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

Reserved, always read as 0.

SPI3EN: SPI 3 clock enable
Set and cleared by software.
0: SPI 3 clock disabled
1: SPI 3 clock enabled

SPI2EN: SPI 2 clock enable
Set and cleared by software.

0: SPI 2 clock disabled
1: SPI 2 clock enabled

Reserved, always read as 0.

WWDGEN: Window watchdog clock enable
Set and cleared by software.
0: Window watchdog clock disabled
1: Window watchdog clock enabled

Reserved, always read as 0.

TIM14EN: Timer 14 clock enable

Set and cleared by software.
0: Timer 14 clock disabled
1: Timer 14 clock enabled

TIM13EN: Timer 13 clock enable

Set and cleared by software.
0: Timer 13 clock disabled
1: Timer 13 clock enabled
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Bit 6 TIM12EN: Timer 12 clock enable

Set and cleared by software.
0: Timer 12 clock disabled
1: Timer 12 clock enabled

Bit 5 TIM7EN: Timer 7clock enable
Set and cleared by software.
0: Timer 7 clock disabled
1: Timer 7 clock enabled

Bit4 TIM6EN: Timer 6 clock enable
Set and cleared by software.
0: Timer 6 clock disabled
1: Timer 6 clock enabled

Bit 3 TIM5EN: Timer 5 clock enable
Set and cleared by software.
0: Timer 5 clock disabled
1: Timer 5 clock enabled

Bit 2 TIM4EN: Timer 4 clock enable
Set and cleared by software.
0: Timer 4 clock disabled
1: Timer 4 clock enabled

Bit 1 TIM3EN: Timer 3 clock enable
Set and cleared by software.
0: Timer 3 clock disabled
1: Timer 3 clock enabled

Bit 0 TIM2EN: Timer 2 clock enable
Set and cleared by software.

0: Timer 2 clock disabled
1: Timer 2 clock enabled
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6.3.9 Backup domain control register (RCC_BDCR)
Address offset: 0x20
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.

Note: LSEON, LSEBYP, RTCSEL and RTCEN bits of the 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 5: Backup registers (BKP) for further information.
These bits are only reset after a Backup domain Reset (see Section 6.1.3: Backup domain
reset). Any internal or external Reset 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 1" 10 9 8 7 6 5 4 3 2 1 0
RTC LSE LSE
RTCSEL[1:0 LSEON
EN Reserved ol Reserved BYP RDY
rw w w w r rw

3

Bits 31:17  Reserved, always read as 0.

Bit 16 BDRST: Backup domain software reset
Set and cleared by software.
0: Reset not activated
1: Resets the entire Backup domain

Bit 15 RTCEN: RTC clock enable

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

Bits 14:10  Reserved, always read as 0.

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 RTC clock

10: LS| oscillator clock used as RTC clock

11: HSE oscillator clock divided by 128 used as RTC clock

Bits 7:3  Reserved, always read as 0.

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 external 32 kHz oscillator is disabled.

0: LSE oscillator not bypassed

1: LSE oscillator bypassed

RMO0041 Rev 6 97/709




Reset and clock control (RCC) RMO0041

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: External 32 kHz oscillator not ready
1: External 32 kHz oscillator ready

Bit 0 LSEON: External low-speed oscillator enable

Set and cleared by software.
0: External 32 kHz oscillator OFF
1: External 32 kHz oscillator ON

6.3.10 Control/status register (RCC_CSR)
Address: 0x24
Reset value: 0x0C00 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 RMVE
RSTF | RSTF | RSTF | RSTF | RSTF | RSTF | Res. Reserved
w w w w rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSl
LSION
Reserved RDY
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
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Bit 28

Bit 27

Bit 26

Bit 25
Bit 24

Bits 23:2
Bit 1

Bit 0

SFTRSTF: Software reset flag
Set by hardware when a software reset occurs.
Cleared by writing to the RMVF bit.
0: No software reset occurred
1: Software reset occurred

PORRSTF: POR/PDR reset flag
Set by hardware when a POR/PDR reset occurs.
Cleared by writing to the RMVF bit.

0: No POR/PDR reset occurred
1: POR/PDR reset occurred

PINRSTF: PIN reset flag

Set by hardware when a reset from the NRST pin occurs.

Cleared by writing to the RMVF bit.
0: No reset from NRST pin occurred
1: Reset from NRST pin occurred

Reserved, always read as 0.

RMVF: Remove reset flag
Set by software to clear the reset flags.
0: No effect
1: Clear the reset flags

Reserved, always read as 0.

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 internal RC 40 kHz oscillator clock

cycles.
0: Internal RC 40 kHz oscillator not ready
1: Internal RC 40 kHz oscillator ready

LSION: Internal low-speed oscillator enable

Set and cleared by software.
0: Internal RC 40 kHz oscillator OFF
1: Internal RC 40 kHz oscillator ON
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Clock configuration register2 (RCC_CFGR2)
Address offset: 0x2C
Access: no wait state, word, half-word and byte access

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
PREDIV1[3:0]
Reserved
w | w | w | rw
Bits 31:4  Reserved.

100/709

Bits 3:0 PREDIV1[3:0]: PREDIV1 division factor
Set and cleared by software to select the PREDIV1 division factor. These bits can be written
only when the PLL is disabled.
Note: Bit 0 is the same as bit 17 in the RCC_CFGR register, so modifying bit 17 in the
RCC_CFGR register changes bit 0 accordingly.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

PREDIV1 input clock not divided
PREDIV1 input clock divided by 2
PREDIV1 input clock divided by 3
PREDIV1 input clock divided by 4
PREDIV1 input clock divided by 5
PREDIV1 input clock divided by 6
PREDIV1 input clock divided by 7
PREDIV1 input clock divided by 8
PREDIV1 input clock divided by 9
PREDIV1 input clock divided by 10
PREDIV1 input clock divided by 11
PREDIV1 input clock divided by 12
PREDIV1 input clock divided by 13
PREDIV1 input clock divided by 14
PREDIV1 input clock divided by 15
PREDIV1 input clock divided by 16
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RCC register map

6.3.12

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

Table 15. RCC register map and reset values
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Refer to Table 1 on page 37 and Table 2 on page 38 for the register boundary addresses.
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General-purpose and alternate-function I/Os
(GPIOs and AFIOs)

Low-density value line devices are STM32F 100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

GPIO functional description

Each of the general-purpose 1/O ports has two 32-bit configuration registers (GPIOx_CRL,
GPIOx_CRH), two 32-bit data registers (GPIOx_IDR, GPIOx_ODR), a 32-bit set/reset
register (GPIOx_BSRR), a 16-bit reset register (GPIOx_BRR) and a 32-bit locking register
(GPIOx_LCKR).

Subject to the specific hardware characteristics of each I/O port listed in the datasheet, each
port bit of the General Purpose 10 (GPIO) Ports, can be individually configured by software
in several modes:

e Input floating

e Input pull-up

e  Input-pull-down

e Analog

e  Output open-drain

e  Output push-pull

e Alternate function push-pull

e Alternate function open-drain

Each 1/O port bit is freely programmable, however the 1/O port registers have to be
accessed as 32-bit words (half-word or byte accesses are not allowed). The purpose of the
GPIOx_BSRR and GPIOx_BRR registers is to allow atomic read/modify accesses to any of

the GPIO registers. This way, there is no risk that an IRQ occurs between the read and the
modify access.

Figure 11 shows the basic structure of an I/O Port bit.

3
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Figure 11. Basic structure of a standard 1/0O port bit
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o | | |
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5 — | £
[}
Write = 5 Input driver Vss 1/0 pin
—> 3 2| L L =
= @ I—Ou’[pu’[ driver V/SS —l )
& © | | Protection
= ? P-MOS diode
= | Output | Vss
g | control |
Read/write | N-MOS |
L Vss
A Push-pull
From on-chip :
peripheral Alternate Function Output !_ | gips%?)-lg:jam or J|
ai14781
Figure 12. Basic structure of a 5-Volt tolerant 1/O port bit
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1. Vpp fr is a potential specific to 5-Volt tolerant I/Os, and different from Vpp.
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Table 16. Port bit configuration table

Configuration mode CNF1 | CNFO | MODE1 | MODEO PX(.)DR
register

General purpose Push-pull 0 0 01 Oort
output Open-drain 1 10 Oor1
Alternate Function 1 0 7'11bl 7 Don't care
output Open-drain 1 see fable Don’t care

Analog 0 0 Don'’t care

Input floating 1 Don'’t care
Input 00

Input pull-down 0

1 0
Input pull-up 1
Table 17. Output MODE bits
MODE[1:0] Meaning

00 Reserved

01 Maximum output speed 10 MHz

10 Maximum output speed 2 MHz

11 Maximum output speed 50 MHz

General-purpose 1/O (GPIO)

During and just after reset, the alternate functions are not active and the 1/O ports are
configured in Input Floating mode (CNFx[1:0]=01b, MODEXx[1:0]=00b).

The JTAG pins are in input PU/PD after reset:

PA15: JTDI in PU

PA14: JTCK in PD
PA13: JTMS in PU
PB4: NJTRST in PU

When 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 outputting 0).

The Input Data register (GP1Ox_IDR) captures the data present on the I/O pin at every

APB2 clock cycle.

All GPIO pins have an internal weak pull-up and weak pull-down that can be activated or not

when configured as input.

Atomic bit set or reset

There is no need for the software to disable interrupts when programming the GPIOx_ODR
at bit level: it is possible to modify only one or several bits in a single atomic APB2 write
access. This is achieved by programming to ‘1’ the Bit Set/Reset register (GPIOx_BSRR, or
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7.1.6

3

for reset only GPIOx_BRR) to select the bits to modify. The unselected bits will not be
modified.

External interrupt/wakeup lines

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode. For more information on external interrupts, refer to Section 8.2:
External interrupt/event controller (EXTI) and Section 8.2.3: Wakeup event management.

Alternate functions (AF)

It is necessary to program the Port Bit Configuration register before using a default alternate
function.

e  For alternate function inputs, the port must be configured in Input mode (floating, pull-
up or pull-down) and the input pin must be driven externally.

It is also possible to emulate the AFI input pin by software by programming the GPIO
controller. In this case, the port should be configured in Alternate Function Output mode.
And obviously, the corresponding port should not be driven externally as it will be driven by
the software using the GPIO controller.

e  For alternate function outputs, the port must be configured in Alternate Function Output
mode (Push-Pull or Open-Drain).

e  For bidirectional Alternate Functions, the port bit must be configured in Alternate
Function Output mode (Push-Pull or Open-Drain). In this case the input driver is
configured in input floating mode

If a port bit is configured as Alternate Function Output, this disconnects the output register
and connects the pin to the output signal of an on-chip peripheral.

If software configures a GPIO pin as Alternate Function Output, but peripheral is not
activated, its output is not specified.

Software remapping of I/O alternate functions

To optimize the number of peripheral 1/O functions for different device packages, it is
possible to remap some alternate functions to some other pins. This is achieved by
software, by programming the corresponding registers (refer to AFIO registers. In that case,
the alternate functions are no longer mapped to their original assignations.

GPIO locking mechanism

The locking mechanism allows the 10 configuration to be frozen. When the LOCK sequence
has been applied on a port bit, it is no longer possible to modify the value of the port bit until
the next reset.
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Input configuration

When the 1/O Port is programmed as Input:

The Output Buffer is disabled
The Schmitt Trigger Input is activated

The weak pull-up and pull-down resistors are activated or not depending on input
configuration (pull-up, pull-down or floating):

The data present on the I/O pin is sampled into the Input Data register every APB2
clock cycle

Aread access to the Input Data register obtains the 1/0 State.

Figure 13 shows the Input Configuration of the I/O Port bit.

Figure 13. Input floating/pull up/pull down configurations
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1.

Vpp_Fr is @ potential specific to 5-Volt tolerant I/Os, and different from Vpp.

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 while 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 while 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 disabled.

The data present on the I/O pin is sampled into the Input Data register every APB2
clock cycle

A read access to the Input Data register gets the I/O state in open drain mode
A read access to the Output Data register gets the last written value in Push-Pull mode

Figure 14 shows the Output configuration of the I/O Port bit.
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Figure 14. Output configuration
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1. Vpp_pr is a potential specific to 5-Volt tolerant I/Os, and different from Vpp,.

71.9 Alternate function configuration

When the I/O Port is programmed as Alternate Function:
e  The Output Buffer is turned on in Open Drain or Push-Pull configuration

e  The Output Buffer is driven by the signal coming from the peripheral (alternate function
out)

e  The Schmitt Trigger Input is activated
e  The weak pull-up and pull-down resistors are disabled.

e  The data present on the I/O pin is sampled into the Input Data register every APB2
clock cycle

e Aread access to the Input Data register gets the I/O state in open drain mode
e Aread access to the Output Data register gets the last written value in Push-Pull mode

Figure 15 shows the Alternate Function Configuration of the 1/0 Port bit. Also, refer to
Section 7.4: AFIO registers for further information.

A set of Alternate Function 1/O registers allows the user to remap some alternate functions
to different pins. Refer to Section 7.3: Alternate function I/O and debug configuration (AFIO).
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Figure 15. Alternate function configuration
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1. Vpp_fr is a potential specific to 5-Volt tolerant I/Os, and different from Vpp.

7.1.10

Analog configuration

When the 1/0 Port is programmed as Analog configuration:
The Output Buffer is disabled.

The Schmitt Trigger Input is de-activated providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt Trigger is forced to a constant value (0).

The weak pull-up and pull-down resistors are disabled.
Read access to the Input Data register gets the value “0”.

Figure 16 shows the high impedance-analog configuration of the I/O Port bit.
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Figure 16. High impedance-analog configuration
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71.11 GPIO configurations for device peripherals
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Table 18 to Table 27 give the GPIO configurations of the device peripherals.

Table 18. Advanced timer TIM1

TIM1 pinout Configuration GPIO configuration
Input capture channel x Input floating
TIM1_CHx
Output compare channel x Alternate function push-pull
TIM1_CHxN Complementary output channel x | Alternate function push-pull
TIM1_BKIN Break input Input floating
TIM1_ETR External trigger timer input Input floating

Table 19. General-purpose timers TIM2/3/4/5

TIM2/3/4/5 pinout

Configuration

GPIO configuration

Input capture channel x

Input floating

TIM2/3/4/5_CHx

Output compare channel x

Alternate function push-pull

TIM2/3/4/5_ETR

External trigger timer input

Input floating

Table 20. General-purpose timers TIM15/16/17

TIM15/16/17 pinout

Configuration

GPIO configuration

TIM15/16/17_CHx

Input capture channel x

Input floating

Output compare channel x

Alternate function push-pull

TIM15/16/17_CHxN

Complementary output channel x

Alternate function push-pull

RMO0041 Rev 6
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Table 20. General-purpose timers TIM15/16/17

TIM15/16/17 pinout

Configuration

GPIO configuration

TIM15/16/17_BKIN

Break input

Input floating

TIM15/16/17_ETR

External trigger timer input

Input floating

Table 21. General-purpose timers TIM12/13/14

TIM12/13/14 pinout

Configuration

GPIO configuration

TIM12/13/14_CHx

Input capture channel x

Input floating

Output compare channel x

Alternate function push-pull

Table 22. USARTs

USART pinout

Configuration

GPIO configuration

USARTx_TX("

Full duplex

Alternate function push-pull

Half duplex synchronous mode

Alternate function push-pull

Full duplex Input floating / Input pull-up
USARTx_RX

Half duplex synchronous mode Not used. Can be used as a general 10
USARTx_CK Synchronous mode Alternate function push-pull
USARTx_RTS Hardware flow control Alternate function push-pull
USARTx_CTS Hardware flow control Input floating/ Input pull-up

1. The USART_TX pin can also be configured as alternate function open drain.

Table 23. SPI
SPI pinout Configuration GPIO configuration
Master Alternate function push-pull
SPIx_SCK
Slave Input floating

Full duplex / master

Alternate function push-pull

Full duplex / slave

Input floating / Input pull-up

SPIx_MOSI
Simplex bidirectional data wire / master | Alternate function push-pull
Simplex bidirectional data wire/ slave Not used. Can be used as a GPIO
Full duplex / master Input floating / Input pull-up
Full duplex / slave (point to point) Alternate function push-pull
Full duplex / slave (multi-slave) Alternate function open drain
SPIx_MISO |Simplex bidirectional data wire / master | Not used. Can be used as a GPIO

Simplex bidirectional data wire/ slave
(point to point)

Alternate function push-pull

Simplex bidirectional data wire/ slave
(multi-slave)

Alternate function open drain

RMO0041 Rev 6
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Table 23. SPI (continued)

SPI pinout Configuration GPIO configuration
Hardware master /slave Input floating/ Input pull-up / Input pull-down
SPIx_NSS |Hardware master/ NSS output enabled | Alternate function push-pull
Software Not used. Can be used as a GPIO
Table 24. CEC
CEC pinout Configuration GPIO configuration
CEC CEC line Alternate function open drain
Table 25. 12C
12C pinout Configuration GPIO configuration
12Cx_SCL 12C clock Alternate function open drain
12Cx_SDA I12C Data 1/0O Alternate function open drain

The GPIO configuration of the ADC inputs should be analog.

Figure 17. ADC / DAC
ADC/DAC pin GPIO configuration

ADC/DAC Analog

Table 26. FSMC

FSMC pinout GPIO configuration
Egmg:g[ﬁgg]] Alternate function push-pull
FSMC_CK Alternate function push-pull
Egmg:m\?vi Alternate function push-pull
FSMC_NE[4:1] Alternate function push-pull
FSMC_NWAIT Input floating/ Input pull-up
EgmgszL[tO] Alternate function push-pull

3

RMO0041 Rev 6 111/709




General-purpose and alternate-function 1/Os (GPIOs and AFIOs)

RM0041

112/709

Table 27. Other I0s

Pins

Alternate function

GPIO configuration

TAMPER-RTC pin

RTC output

Tamper event input

Forced by hardware when configuring the

BKP_CR and BKP_RTCCR registers

MCO

Clock output

Alternate function push-pull

EXTI input lines

External input interrupts

Input floating / input pull-up / input pull-down

RMO0041 Rev 6

3




RM0041

General-purpose and alternate-function I/Os (GPIOs and AFIOs)

7.2 GPIO registers
Refer to Section 1.1 on page 32 for a list of abbreviations used in register descriptions.
The peripheral registers have to be accessed by words (32-bit).
7.21 Port configuration register low (GPIOx_CRL) (x=A..G)
Address offset: 0x00
Reset value: 0x4444 4444
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNF7[1:0] MODET7[1:0] CNF6[1:0] MODES[1:0] CNF5[1:0] MODES[1:0] CNF4[1:0] MODE4[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF3[1:0] MODES3[1:0] CNF2[1:0] MODEZ2[1:0] CNF1[1:0] MODE1[1:0] CNFO[1:0] MODEOQ[1:0]

Bits 31:30, 27:26, CNFy[1:0]: Port x configuration bits (y=0 .. 7)

23:22, 19:18, 15:14,

11:10, 7:6, 3:2

These bits are written by software to configure the corresponding I/0 port.
Refer to Table 16: Port bit configuration table.
In input mode (MODE[1:0]=00):

00: Analog mode

01: Floating input (reset state)

10: Input with pull-up / pull-down

11: Reserved

In output mode (MODE[1:0] > 00):

00: General purpose output push-pull

01: General purpose output Open-drain

10: Alternate function output Push-pull

11: Alternate function output Open-drain

Bits 29:28, 25:24, MODEYy[1:0]: Port x mode bits (y=0 .. 7)
21:20, 17:16, 13:12,

9:8,5:4,1:0

3

These bits are written by software to configure the corresponding I/O port.
Refer to Table 16: Port bit configuration table.

00: Input mode (reset state)

01: Output mode, max speed 10 MHz.

10: Output mode, max speed 2 MHz.

11: Output mode, max speed 50 MHz.
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7.2.2 Port configuration register high (GPIOx_CRH) (x=A..G)
Address offset: 0x04
Reset value: 0x4444 4444
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNF15[1:0] MODE15[1:0] | CNF14[1:0] MODE14[1:0] CNF13[1:0] MODE13[1:0] CNF12[1:0] MODE12[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF11[1:0] MODE11[1:0] CNF10[1:0] MODE10[1:0] CNF9[1:0] MODE9[1:0] CNF8[1:0] MODES[1:0]
Bits 31:30, 27:26, CNFy[1:0]: Port x configuration bits (y=8 .. 15)
23:22,19:18,15:14,  These bits are written by software to configure the corresponding 1/O port.
11:10,7:6,3:2  Refer to Table 16: Port bit configuration table.
In input mode (MODE[1:0]=00):
00: Analog mode
01: Floating input (reset state)
10: Input with pull-up / pull-down
11: Reserved
In output mode (MODE[1:0] > 00):
00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain
Bits 29:28, 25:24, MODEy[1:0]: Port x mode bits (y= 8 .. 15)
21:20,17:16,13:12,  These bits are written by software to configure the corresponding I/0 port.
9:8,5:4, 1.0 Refer to Table 16: Port bit configuration table.
00: Input mode (reset state)
01: Output mode, max speed 10 MHz.
10: Output mode, max speed 2 MHz.
11: Output mode, max speed 50 MHz.
7.2.3 Port input data register (GPIOx_IDR) (x=A..G)
Address offset: 0x08h
Reset value: 0x0000 XXXX
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: Port input data (y=0 .. 15)
These bits are read only and can be accessed in Word mode only. They contain the input
value of the corresponding 1/O port.
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724 Port output data register (GPIOx_ODR) (x=A..G)

Address offset: 0x0C
Reset value: 0x0000 0000

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

ODR15 | ODR14 | ODR13 | ODR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5 | ODR4 | ODR3 | ODR2 | ODR1 | ODRO
w w w w w w w w w w w

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

Bits 15:0 ODRYy: Port output data (y=0 .. 15)
These bits can be read and written by software and can be accessed in Word mode only.

Note: For atomic bit set/reset, the ODR bits can be individually set and cleared by writing to
the GPIOx_BSRR register (x =A .. E).

7.2.5 Port bit set/reset register (GPIOx_BSRR) (x=A..G)

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w w w w w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS11 | BS10 | BS9 | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO
w w w w w w w w w w w w w w w w

Bits 31:16 BRy: Port x Reset bity (y=0.. 15)
These bits are write-only and can be accessed in Word mode only.
0: No action on the corresponding ODRXx bit
1: Reset 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 mode only.
0: No action on the corresponding ODRX bit
1: Set the corresponding ODRX bit
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7.2.6 Port bit reset register (GPIOx_BRR) (x=A..G)

Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO
w w w w w w w w w w w w w w w w

Bits 31:16  Reserved

Bits 15:0 BRy: Port x Reset bity (y=0 .. 15)
These bits are write-only and can be accessed in Word mode only.

0: No action on the corresponding ODRX bit
1: Reset the corresponding ODRX bit

7.2.7 Port configuration lock register (GPIOx_LCKR) (x=A..G)

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 it is no longer possible to modify the value of

the port bit until the next reset.

Each lock bit freezes the corresponding 4 bits of the control register (CRL, CRH).

Address offset: 0x18
Reset value: 0x0000 0000

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 rw w rw rw w w w w w rw rw w w w w
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Bits 31:17  Reserved

Bit 16 LCKK[16]: Lock key
This bit can be read anytime. It can only be modified using the Lock Key Writing Sequence.

0: Port configuration lock key not active
1: Port configuration lock key active. GPIOx_LCKR register is locked until the next reset.

LOCK key writing sequence:
Write 1
Write 0
Write 1
Read 0
Read 1 (this read is optional but confirms that the lock is active)
Note: During the LOCK Key Writing sequence, the value of LCK[15:0] must not change.

Any error in the lock sequence will abort the lock.

Bits 15:0 LCKYy: Port x Lock bity (y=0 .. 15)
These bits are read write but can only be written when the LCKK bit is 0.
0: Port configuration not locked
1: Port configuration locked.

7.3 Alternate function I/0 and debug configuration (AFIO)

To optimize the number of peripherals available for the 64-pin or the 100-pin or the 144-pin
package, it is possible to remap some alternate functions to some other pins. This is
achieved by software, by programming the AF remap and debug I/O configuration register
(AFIO_MAPR). In this case, the alternate functions are no longer mapped to their original
assignations.

7.31 Using OSC32_IN/OSC32_OUT pins as GPIO ports PC14/PC15

The LSE oscillator pins OSC32_IN and OSC32_0OUT can be used as general-purpose /O
PC14 and PC15, respectively, when the LSE oscillator is off. The LSE has priority over the
GP IOs function.

Note: The PC14/PC15 GPIO functionality is lost when the 1.8 V domain is powered off (by
entering standby mode) or when the backup domain is supplied by Vgar (Vpp no more
supplied). In this case the I0s are set in analog mode.

Refer to the note on 10 usage restrictions in Section 4.1.2: Battery backup domain.

7.3.2 Using OSC_IN/OSC_OUT pins as GPIO ports PD0/PD1

The HSE oscillator pins OSC_IN/OSC_OUT can be used as general-purpose 1/0 PD0/PD1
by programming the PD01_REMAP bit in the AF remap and debug I/O configuration register
(AFIO_MAPR).

This remap is available only on 48- and 64-pin packages (PDO and PD1 are available on
100-pin and 144-pin packages, no need for remapping).

Note: The external interrupt/event function is not remapped. PD0O and PD1 cannot be used for
external interrupt/event generation on 48- and 64-pin packages.
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7.3.3

7.3.4

118/709

JTAG/SWD alternate function remapping

The debug interface signals are mapped on the GPIO ports as shown in Table 28.

Table 28. Debug interface signals

Alternate function GPIO port
JTMS / SWDIO PA13
JTCK/ SWCLK PA14

JTDI PA15

JTDO / TRACESWO PB3
NJTRST PB4

TRACECK PE2
TRACEDO PE3
TRACED1 PE4
TRACED2 PE5
TRACED3 PE6

To optimize the number of free GPI1Os during debugging, this mapping can be configured in
different ways by programming the SWJ_CFG[1:0] bits in the AF remap and debug I/O
configuration register (AFIO_MAPR). Refer to Table 29.

Table 29. Debug port mapping
SWJ I/O pin assigned

SWJ_CFG

Available debu orts PA13/ PA14 / PB3/JTDO/
[2:0] 9p JTMS/ | JTCKIS Pf;é’ll TRACE Nf‘I'BI:éT
SWDIO WCLK SWO

Full SWJ (JTAG-DP + SW-DP)
(Reset state)

Full SWJ (JTAG-DP + SW-DP)
but without NJ TRST
JTAG-DP Disabled and

(1)
010 SW-DP Enabled X X Free Free Free

000 X X X X X

001 X X X X Free

JTAG-DP Disabled and
100 SW-DP Disabled Free Free Free Free Free

Other Forbidden - - - - -

1. Released only if not using asynchronous trace.

Timer alternate function remapping

Timer 4 channels 1 to 4 can be remapped from Port B to Port D. Other timer remapping
possibilities are listed in Table 35 to Table 37. Refer to AF remap and debug I/O
configuration register (AFIO_MAPR).
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Table 30. TIM5 alternate function remapping'")
TIM5CH4_IREMAP =0 TIM5CH4_IREMAP =1

Alternate function

TIM5 Channel 4 is
connected to PA3

LSl internal clock is connected to TIM5_CH4

TIM5_CH4 . o
input for calibration purpose.

3

1. Remap available only for high-density value line devices.

Table 31. TIM12 remapping(?

Alternate function

TIM12_REMAP =0

TIM12_REMAP =1

TIM12_CH1

PC4

PB12

TIM12_CH2

PC5

PB13

1. Refer to the AF remap and debug I/O configuration register Section 7.4.7: AF remap and debug I/O
configuration register (AFIO_MAPRZ2). Remap available only for high-density value line devices.

Table 32. TIM13 remapping“)

Alternate function

TIM13_REMAP =0

TIM13_REMAP =1

TIM13_CH1

PC8

PBO

1. Refer to the AF remap and debug I/O configuration register Section 7.4.7: AF remap and debug I/O
configuration register (AFIO_MAPRZ2). Remap available only for high-density value line devices.

Table 33. TIM14 remapping“)

Alternate function

TIM14_REMAP =0

TIM14_REMAP =1

TIM14_CH1

PC9

PB1

1. Refer to the AF remap and debug I/O configuration register Section 7.4.7: AF remap and debug I/O
configuration register (AFIO_MAPRZ2). Remap available only for high-density value line devices.

Table 34. TIM4 alternate function remapping

Alternate function TIM4_REMAP =0 TIM4_REMAP =11
TIM4_CH1 PB6 PD12
TIM4_CH?2 PB7 PD13
TIM4_CH3 PBS PD14
TIM4_CH4 PB9 PD15

1. Remap available only for 100-pin and for 144-pin package.

Table 35. TIM3 alternate function remapping

Alternate function

TIM3_REMAP[1:0] =
“00” (no remap)

TIM3_REMAP[1:0] =
“10” (partial remap)

TIM3_REMAP[1:0] =
“11” (full remap) ()

TIM3_CH1 PAG PB4 PC6
TIM3_CH2 PA7 PB5 PC7
TIM3_CH3 PBO PC8
TIM3_CH4 PB1 PC9
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1. Remap available only for 64-pin, 100-pin and 144-pin packages.

Table 36. TIM2 alternate function remapping

Alternate TIM2_REMAP TIM2_REMAP TIM2_REMAP TIM2_REMAP
function [1:0] = “00” [1:0] = “01” [1:0] = “10” [1:0] = “11”
(no remap) (partial remap) (partial remap) (full remap)
TIM2_CH1_ETR(M PAO PA15 PAO PA15
TIM2_CH2 PA1 PB3 PA1 PB3
TIM2_CH3 PA2 PB10

1. TIM_CH1 and TIM_ETR share the same pin but cannot be used at the same time (which is why we have
this notation: TIM2_CH1_ETR).

Table 37. TIM1 alternate function remapping

Alternate functions TIM1_REMAP[1:0] = | TIM1_REMAP[1:0] = | TIM1_REMAP[1:0] =
mapping “00” (no remap) “01” (partial remap) | “11” (full remap)m
TIM1_ETR PA12 PE7
TIM1_CH1 PA8 PE9
TIM1_CH2 PA9 PE11
TIM1_CH3 PA10 PE13
TIM1_CH4 PA11 PE14
TIM1_BKIN PB12 PAG PE15
TIM1_CH1N PB13 PA7 PES
TIM1_CH2N PB14 2 PBO PE10
TIM1_CH3N PB15@ PB1 PE12

1. Remap available only for 100-pin and 144-pin packages.

Table 38. TIM1 DMA remapping("

DMA requests TIM1_DMA_REMAP =0 TIM1_DMA_REMAP =1
TIM1_CH1 DMA request Mapped on DMA1 Channel2 Mapped on DMA1 Channel6
TIM1_CH2 DMA request Mapped on DMA1 Channel3 Mapped on DMA1 Channel6

1. Refer to the AF remap and debug I/O configuration register Section 7.4.7: AF remap and debug I/O
configuration register (AFIO_MAPR2).

Table 39. TIM15 remapping(”

Alternate function TIM15_REMAP =0 TIM15_REMAP =1
TIM15_CH1 PA2 PB14
TIM15_CH2 PA3 PB15

1. Refer to the AF remap and debug I/O configuration register Section 7.4.7: AF remap and debug I/O
configuration register (AFIO_MAPR2).

S74
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Table 40. TIM16 remapping'!)

Alternate function TIM16_REMAP =0

TIM16_REMAP = 1

TIM16_CH1 PB8 PAG6

1. Refer to the AF remap and debug I/O configuration register Section 7.4.7: AF remap and debug I/O

configuration register (AFIO_MAPR2).

Table 41. TIM17 remapping“)

Alternate function TIM17_REMAP =0

TIM17_REMAP =1

TIM17_CHA1 PB9 PA7

1. Refer to the AF remap and debug I/O configuration register Section 7.4.7: AF remap and debug I/O

configuration register (AFIO_MAPR2).

7.3.5 USART alternate function remapping

Refer to AF remap and debug I/O configuration register (AFIO_MAPR).

Table 42. USART3 remapping

Alternate function USART3_REMAP[1:0] USART3_BEMAP[1:0] = | USART3_REMAP[1:0]
= “00” (no remap) “01” (partial remap) () | = “11” (full remap) @
USART3_TX PB10 PC10 PD8
USART3_RX PB11 PC11 PD9
USART3_CK PB12 PC12 PD10
USART3_CTS PB13 PD11
USART3_RTS PB14 PD12

1. Remap available only for 64-pin, 100-pin and 144-pin packages
2. Remap available only for 100-pin and 144-pin packages.

Table 43. USART2 remapping

Alternate functions USART2_REMAP =0 USART2_REMAP = 1()
USART2_CTS PAO PD3
USART2_RTS PA1 PD4

USART2_TX PA2 PD5
USART2_RX PA3 PD6
USART2_CK PA4 PD7

1. Remap available only for 100-pin and 144-pin packages.

Table 44. USART1 remapping

Alternate function USART1_REMAP =0

USART1_REMAP =1

USART1_TX PA9

PB6

USART1_RX PA10

PB7

3
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7.3.6 12C1 alternate function remapping
Refer to AF remap and debug I/O configuration register (AFIO_MAPR)
Table 45. 12C1 remapping
Alternate function 12C1_REMAP =0 12C1_REMAP =1
12C1_SCL PB6 PB8
12C1_SDA PB7 PB9
7.3.7 SPI1 alternate function remapping
Refer to AF remap and debug I/O configuration register (AFIO_MAPR)
Table 46. SPI1 remapping
Alternate function SPI1_REMAP =0 SPI1_REMAP =1
SPI1_NSS PA4 PA15
SPI1_SCK PA5 PB3
SPI1_MISO PAG PB4
SPI1_MOSI PA7 PB5
7.3.8 CEC remap
Refer to Section 7.4.7: AF remap and debug I/0O configuration register (AFIO_MAPR?2).
Table 47. CEC remapping
Alternate function CEC_REMAP =0 CEC_REMAP =1
CEC PB8 PB10
122/709
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7.4 AFIO registers
Refer to Section 1.1 on page 32 for a list of abbreviations used in register descriptions.
Note: To read/write the AFIO_EVCR, AFIO_MAPR, AFIO_MAPR?2 and AFIO_EXTICRX registers,
the AFIO clock should first be enabled. Refer to APB2 peripheral clock enable register
(RCC_APBZ2ENR).
The peripheral registers have to be accessed by words (32-bit).
7.41 Event control register (AFIO_EVCR)
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
EVOE PORT[2:0] PIN[3:0]
Reserved
Bits 31:8 Reserved
Bit 7 EVOE: Event output enable
Set and cleared by software. When set the EVENTOUT Cortex® output is connected to the
I/O selected by the PORT[2:0] and PIN[3:0] bits.
Bits 3:0 PIN[3:0]: Pin selection (x =A .. E)
Set and cleared by software. Select the pin used to output the Cortex® EVENTOUT signal.
0000: Px0 selected
0001: Px1 selected
0010: Px2 selected
0011: Px3 selected
.1.i11: Px15 selected
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74.2 AF remap and debug I/O configuration register (AFIO_MAPR)
Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM5CH4
Reserved SWJ_CFGI20] Reserved _IREMAP

w | w | w w

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PDO1_ TIM4_ | TIM3_REMAP | TIM2_REMAP | TIM1_REMAP|  USART3_  |USART2_|USART1_| 12Cc1_ | SPI1_
REMAP Reserved REMAP [1:0] [1:0] [1:0] REMAP[1:0] REMAP | REMAP | REMAP | REMAP

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

Bits 31:27 Reserved

Bits 26:24 SWJ_CFG[2:0]: Serial wire JTAG configuration
These bits are write-only (when read, the value is undefined). They are used to configure the
SWJ and trace alternate function I/Os. The SWJ (Serial Wire JTAG) supports JTAG or SWD
access to the Cortex® debug port. The default state after reset is SWJ ON without trace.
This allows JTAG or SW mode to be enabled by sending a specific sequence on the JTMS /
JTCK pin.
000: Full SWJ (JTAG-DP + SW-DP): Reset State
001: Full SWJ (JTAG-DP + SW-DP) but without NJTRST
010: JTAG-DP Disabled and SW-DP Enabled
100: JTAG-DP Disabled and SW-DP Disabled
Other combinations: no effect

Bits 23:17 Reserved.

Bit 15 PDO01_REMAP: Port DO/Port D1 mapping on OSC_IN/OSC_OUT
This bit is set and cleared by software. It controls the mapping of PDO and PD1 GPIO
functionality. When the HSE oscillator is not used (application running on internal 8 MHz RC)
PDO0 and PD1 can be mapped on OSC_IN and OSC_OUT. This is available only on 48- and
64-pin packages (PD0 and PD1 are available on 100-pin packages, no need for remapping).
0: No remapping of PDO and PD1
1: PDO remapped on OSC_IN, PD1 remapped on OSC_OUT,

Bits 14:13  Reserved.

Bit 12 TIM4_REMAP: TIM4 remapping
This bit is set and cleared by software. It controls the mapping of TIM4 channels 1 to 4 onto
the GPIO ports.

0: No remap (TIM4_CH1/PB6, TIM4_CH2/PB7, TIM4_CH3/PB8, TIM4_CH4/PB9)
1: Full remap (TIM4_CH1/PD12, TIM4_CH2/PD13, TIM4_CH3/PD14, TIM4_CH4/PD15)

Note: TIM4_ETR on PEO is not re-mapped.

Bits 11:10 TIM3_REMAP[1:0]: TIM3 remapping
These bits are set and cleared by software. They control the mapping of TIM3 channels 1 to
4 on the GPIO ports.
00: No remap (CH1/PA6, CH2/PA7, CH3/PBO, CH4/PB1)
01: Not used
10: Partial remap (CH1/PB4, CH2/PB5, CH3/PB0, CH4/PB1)
11: Full remap (CH1/PC6, CH2/PC7, CH3/PC8, CH4/PC9)
Note: TIM3_ETR on PEO is not re-mapped.

3
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Bits 9:8 TIM2_REMAP[1:0]: TIM2 remapping

These bits are set and cleared by software. They control the mapping of TIM2 channels 1 to
4 and external trigger (ETR) on the GPIO ports.

00: No remap (CH1/ETR/PAO, CH2/PA1, CH3/PA2, CH4/PA3)

01: Partial remap (CH1/ETR/PA15, CH2/PB3, CH3/PA2, CH4/PA3)

10: Partial remap (CH1/ETR/PAO, CH2/PA1, CH3/PB10, CH4/PB11)

11: Full remap (CH1/ETR/PA15, CH2/PB3, CH3/PB10, CH4/PB11)

Bits 7:6 TIM1_REMAP[1:0]: TIM1 remapping

These bits are set and cleared by software. They control the mapping of TIM1 channels 1 to
4, 1N to 3N, external trigger (ETR) and Break input (BKIN) on the GPIO ports.

00: No remap (ETR/PA12, CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA11, BKIN/PB12,
CH1N/PB13, CH2N/PB14, CH3N/PB15)

01: Partial remap (ETR/PA12, CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA11, BKIN/PAG,
CH1N/PA7, CH2N/PBO, CH3N/PB1)

10: not used

11: Full remap (ETR/PE7, CH1/PE9, CH2/PE11, CH3/PE13, CH4/PE14, BKIN/PE15,
CH1N/PES, CH2N/PE10, CH3N/PE12)

Bits 5:4 USART3_REMAP[1:0]: USART3 remapping

These bits are set and cleared by software. They control the mapping of USART3 CTS,
RTS,CK,TX and RX alternate functions on the GPIO ports.

00: No remap (TX/PB10, RX/PB11, CK/PB12, CTS/PB13, RTS/PB14)

01: Partial remap (TX/PC10, RX/PC11, CK/PC12, CTS/PB13, RTS/PB14)

10: not used

11: Full remap (TX/PD8, RX/PD9, CK/PD10, CTS/PD11, RTS/PD12)

Bit 3 USART2_REMAP: USART2 remapping

This bit is set and cleared by software. It controls the mapping of USART2 CTS, RTS,CK,TX
and RX alternate functions on the GPIO ports.

0: No remap (CTS/PAO, RTS/PA1, TX/PA2, RX/PA3, CK/PA4)

1: Remap (CTS/PD3, RTS/PD4, TX/PD5, RX/PD6, CK/PD7)

Bit2 USART1_REMAP: USART1 remapping

This bit is set and cleared by software. It controls the mapping of USART1 TX and RX
alternate functions on the GPIO ports.

0: No remap (TX/PA9, RX/PA10)

1: Remap (TX/PB6, RX/PB7)

Bit 1 12C1_REMAP: 12C1 remapping

This bit is set and cleared by software. It controls the mapping of 12C1 SCL and SDA
alternate functions on the GPIO ports.

0: No remap (SCL/PB6, SDA/PB7)

1: Remap (SCL/PB8, SDA/PB9)

Bit 0 SPI1_REMAP: SPI1 remapping

This bit is set and cleared by software. It controls the mapping of SPI1 NSS, SCK, MISO,
MOSI alternate functions on the GPIO ports.

0: No remap (NSS/PA4, SCK/PA5, MISO/PA6, MOSI/PAT)

1: Remap (NSS/PA15, SCK/PB3, MISO/PB4, MOSI/PB5)
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743 External interrupt configuration register 1 (AFIO_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 1 10 9 8 7 6 5 4 3 2 1 0
EXTI3[3:0] EXTI2[3:0] EXTIM[3:0] EXTIO[3:0]
w | w | w | w w | w | rw | rw w | w | w | w w | w | rw | w

Bits 31:16  Reserved

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 EXTIx external interrupt.
Refer to Section 8.2.5: External interrupt/event line mapping

0000: PA[X] pin

0001: PBI[x] pin

0010: PC[x] pin

0011: PDI[x] pin

0100: PE[X] pin

0101: PF[x] pin

0110: PG[x] pin

744 External interrupt configuration register 2 (AFIO_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 1 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 I rw I rw w | w I w I w rw I rw I rw | rw w I w I w | rw

Bits 31:16  Reserved

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 EXTIx external interrupt.
0000: PA[X] pin
0001: PBJx] pin
0010: PC[x] pin
0011: PD[x] pin
0100: PE[x] pin
0101: PF[x] pin
0110: PG[x] pin

3
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745 External interrupt configuration register 3 (AFIO_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] EXTIQ[3:0] EXTI8[3:0]
Bits 31:16  Reserved
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 EXTIx external interrupt.
0000: PA[X] pin
0001: PB[x] pin
0010: PC[x] pin
0011: PDI[x] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
7.4.6 External interrupt configuration register 4 (AFIO_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 1 10 9 8 7 6 5 4 3 2 1 0
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]
Bits 31:16  Reserved

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 EXTIx external interrupt.
0000: PA[X] pin
0001: PBJ[x] pin
0010: PCIx] pin
0011: PDI[x] pin
0100: PE[X] pin
0101: PF[x] pin
0110: PG[x] pin
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747 AF remap and debug I/O configuration register (AFIO_MAPR2)

Address offset: 0x1C
Reset value: 0x0000 0000

31 30 20 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
MISC TIMB7_ FSM
TIM12_| DAC_ TIM14_| TIM13_ TIMI_ | CEC_ [TIM17_| TIM16_| TIM15_
— | REMA | DMA_ |C_NA| REMA | REMA DMA_ | REMA | REMA | REMA | REMA
Reseved |REM | "p" | ReMA | P P Reserved REMAP | P P P P
DV
AP P
w rw rw w rw rw rw rw w w w

Bits 31:14  Reserved.

Bit 13 MISC_REMAP: Miscellaneous features remapping.
This bit is set and cleared by software. It controls miscellaneous features
The DMA2 channel 5 interrupt position in the vector table
The timer selection for DAC trigger 3 (TSEL[2:0] = 011, for more details refer to the
DAC_CR register).
0: DMA2 channel 5 interrupt is mapped with DMA2 channel 4 at position 59, TIM5 TRGO
event is selected as DAC Trigger 3, TIMS triggers TIM1/3.
1: DMAZ2 channel 5 interrupt is mapped separately at position 60 and TIM15 TRGO event is
selected as DAC Trigger 3, TIM15 triggers TIM1/3.
Note: This bit is available only in high density value line devices.

Bit 12 TIM12_REMAP: TIM12 remapping
This bit is set and cleared by software. It controls the mapping of the TIM12_CH1 and
TIM12_CH2 alternate function onto the GPIO ports.
0: No remap (CH1/PC4, CH2/PC5)
1: Remap (CH1/PB12, CH2/PB13)

Note: This bit is available only in high density value line devices.

Bit 11 TIM76_DAC_DMA_REMAP: TIM67_DAC DMA remapping
This bit is set and cleared by software. It controls the mapping of the TIM6_DAC1 and
TIM7_DAC2 DMA requests onto the DMA1 channels.
0: No remap (TIM6_DAC1 DMA request/DMA2 Channel3, TIM7_DAC2 DMA request/DMA2
Channel4)
1: Remap (TIM6_DAC1 DMA request/DMA1 Channel3, TIM7_DAC2 DMA request/DMA1
Channel4)

Bit 10 FSMC_NADV: NADV connect/disconnect
This bit is set and cleared by software. It controls the use of the optional FSMC_NADV
signal.
0: The NADV signal is connected to the output (default)
1: The NADV signal is not connected. The I/O pin can be used by another peripheral.
Note: This bit is available only in high density value line devices.

Bit9 TIM14_REMAP: TIM14 remapping
This bit is set and cleared by software. It controls the mapping of the TIM14_CH1 alternate
function onto the GPIO ports.
0: No remap (PC9)
1: Remap (PB1)
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Bit 8 TIM13_REMAP: TIM13 remapping
This bit is set and cleared by software. It controls the mapping of the TIM13_CH1 alternate
function onto the GPIO ports.
0: No remap (PC8)
1: Remap (PBO0)

Bits 7:5 Reserved.

Bit4 TIM1_DMA_REMAP: TIM1 DMA remapping
This bit is set and cleared by software. It controls the mapping of the TIM1 channel 1 and
channel 2 DMA requests onto the DMA1 channels.
0: No remap (TIM1_CH1 DMA request/DMA1 Channel2, TIM1_CH2 DMA request/DMA1
Channel3)
1: Remap (TIM1_CH1 DMA request/DMA1 Channel6, TIM1_CH2 DMA request/DMA1
Channel6)

Bit 3 CEC_REMAP: CEC remapping
This bit is set and cleared by software. It controls the mapping of the alternate functions of
the CEC line onto the GPIO ports.
0: No remap (CEC/PB8)
1: Remap (CEC/PB10)

Bit 2 TIM17_REMAP: TIM17 remapping
This bit is set and cleared by software. It controls the mapping of the alternate functions of
TIM17 channel 1 onto the GPIO ports.
0: No remap (CH1/PB9)
1: Remap (CH1/PA7)

Bit 1 TIM16_REMAP: TIM16 remapping
This bit is set and cleared by software. It controls the mapping of the alternate functions of
TIM16 channel 1 onto the GPIO ports.
0: No remap (CH1/PB8)
1: Remap (CH1/PAB)

Bit0 TIM15_REMAP: TIM15 remapping
This bit is set and cleared by software. It controls the mapping of the alternate functions of
TIM15 channels 1 and 2 onto the GPIO ports.
0: No remap (CH1/PA2, CH2/PA3)
1: Remap (CH1/PB14, CH2/PB15)
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7.5 GPIO and AFIO register maps

The following tables give the GPIO and AFIO register map and the reset values.

Refer to Table 1 on page 37 and Table 2 on page 38 for the register boundary addresses.

Table 48. GPIO register map and reset values

.-
[ .
£ |Register|z oo @ niele g layig g2l @ eitlolnlslolo o oo [+ |0 |o
(@)
CNF [ MODE | CNF | MODE | CNF | MODE | CNF | MODE | CNF | MOD | CNF | MODE | CNF | MOD | CNF | MODE
ePiox 7 7 6 6 5 5 4 4 3 | B3 | 2 2 1 E1 | 0 0
0x00 | (0] | m:0p | (:01 | pop | peop | o | pr:o1 | peop | om0y | opeop | pop | ooy | pr:op | pr:01 | p1:01 | [1:0
Reset value U|1 U|U U|'| UlU U|1 U|U U|1 U|U U|1 U|U U|1 U|U U|'| U|U U|1 U|U
GPIOX CNF | MODE | CNF | MODE | CNF | MODE | CNF | MODE | CNF | MOD | CNF | MODE | CNF | MOD | CNF | MODE
0x04 CRH 15 15 14 14 13 13 12 12 1 E11 10 10 9 E9 8 8
X - (0] | 01 | t:01 | peop | peop | o | pr:o1 | peop | peop | o) | peop | ooy | pr:op | pr:0p | p1:01 | [1:0
Reset value U|1 U|U U|1 UlU U|1 U|U U|'| U|U U|1 U|U U|1 U|U U|'| U|U U|1 U|U
GPIOx
0x08 _IDR Reserved DRy
Reset value OJO[O[O[O[O[O[ O[O [O[O[O[O[O["
GPIOx
0x0C _ODR Reserved ODRy
Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
GPIOx . .
oo | BSRR BR[15:0] BSR[15:0]
Reset value U O[O O[O O O[O [ O[O [O[O[ O[O (O[O [C[°[ [°[O[C[°[O[O[V["
GPIOx .
0x14 _BRR Reserved BR[15:0]
Reset value U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U
GPIOx N i
0x18 _LCKR Reserved §) LCK[15:0]
Reset value UU|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U

Table 49. AFIO register map and reset values

i o ~ [© |1 ) o N~ [© 1 ™ =)
Offset Register SRRRNCRRRRENSQRRPRERRIREER |0~ |fow|t|m |~
w [ PORT[2:

AFIO_EVCR o PIN[3:0
0x00 - Reserved > 0] [3:0]
Reset value 0 0|0 0107070

1<)

~ —_ — — 2
fel L1222 |2 EErk
LI.I<§( <§( [ o o < BEEE
SWJ T i - T A < < = !IM§E
AFIO_MAPR - 2|l S RS = = u o
0x04 Reserved CFG[2:0] Reserved st (| w w iw XN e
T [~ o | © 4 I E E e
BRIE Ele |& |2 |2 EERE
Sg|¥ F|l= |= s T FBHRWp

= = = = s PP

)

Reset value U0 00 U[OJO[U[U[O[U[O[U[U[0[U[0
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Table 49. AFIO register map and reset values (continued)

Offset| Register [gigi2 /@@ R|XIRN[RR 2|2 (e[e2 RNz 2o/~ oot on-o
o0 | AFIO_EXTICR1 Reserved EXTI3[3:0] | EXTI2[3:0] | EXTI[3:0] | EXTIO[3:0]
Reset value UTO[0[0 O[O0 0[UJ0[0U[U[0]0[0]0
AFIO_EXTICR2 EXTI7[3: EXTI6[3: EXTI5[3: EXTI4[3:
0X0C O_EXTIC Reserved [3:0] 6[3:0] 5[3:0] [3:0]
Resetvalue UTO]OO O[O0 0[O0 [U[O[U0[0T
oxto | AFIO_EXTICR3 Reserved EXTI11[3:0] | EXTI10[3:0] | EXTI9[3:0] | EXTI8[3:0]
Resetvalue UTO]U[O[U[O[0[0[0]O[0[U[0[U0]0
oxia | AFIO_EXTICR4 Reserved EXTI15[3:0] | EXTI14[3:0] | EXTI13[3:0] | EXTI12[3:0]
Reset value UlUUUUUUUUlUlUUUUUU
o
<C
= o
o o [ S N s % -
<K LB REEK =
CEEEEER rEEEE
AFIO_MAPR2 FrephFRke < W
0x1C Reserved N IR S Res. = [ 1|0 o
OO E Kk K N O~ - &
OEEmEE S WEEE
SEFPRMFFF SPFFF
IS =
=
—
Reset value Ol07TO0O[l0O1TO0T0 OJ0OTO0O[TO0OT0
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Interrupts and events

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

Nested vectored interrupt controller (NVIC)

Features

e 60 maskable interrupt channels in high-density value line devices and 56 in low and
medium-density value line devices (not including the sixteen Cortex®-M3 interrupt
lines)

e 16 programmable priority levels (4 bits of interrupt priority are used)

e Low-latency exception and interrupt handling

e Power management control

e Implementation of System Control registers

The NVIC and the processor core interface are closely coupled, which enables low latency
interrupt processing and efficient processing of late arriving interrupts.

All interrupts including the core exceptions are managed by the NVIC. For more information
on exceptions and NVIC programming, refer to STM32F100xx Cortex®-M3 programming
manual (see Related documents on page 1).

SysTick calibration value register

The SysTick calibration value is set to 9000, which gives a reference time base of 3 ms with
the SysTick clock set to 3 MHz (max HCLK/8).

Interrupt and exception vectors

Table 50. Vector table for STM32F100xx devices

S| >

o | =

= o Ty_p e_of Acronym Description Address

&8 | .= | priority

o o

- - - - Reserved 0x0000_0000

- | -3 fixed Reset Reset 0x0000_0004
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Table 50. Vector table for STM32F100xx devices (continued)

S| >
o | &
= o Ty_p e_of Acronym Description Address
&8 | '= | priority
o o
Non maskable interrupt. The RCC
- | -2 fixed NMI_Handler Clock Security System (CSS) is 0x0000_0008
linked to the NMI vector.
- |1 fixed HardFault_Handler |All class of fault 0x0000_000C
- | 0 | settable (l\e/:emManage_Handl Memory management 0x0000_0010
- 1 | settable |BusFault_Handler Pre-fetch fault, memory access fault | 0x0000_0014
- | 2 | settable |UsageFault_Handler | Undefined instruction or illegal state 0x0000_0018
| _ _ Reserved 0x0000_001C -
0x0000_002B
- | 3 | settable |SVC_Handler Ssiem seRes el vie S 0x0000_002C
instruction
- | 4 | settable |DebugMon_Handler | Debug Monitor 0x0000_0030
- - - - Reserved 0x0000_0034
- | 5 | settable |PendSV_Handler Pen(.iable eIl 0x0000_0038
- service -
- | 6 | settable |SysTick_Handler System tick timer 0x0000_003C
0 | 7 | settable |WWDG Window Watchdog interrupt 0x0000_0040
1 8 | settable |PVD PVD through EXTI Line detection 0x0000_0044
interrupt
2 | 9 | settable | TAMPER STAMP | 1@mperand TimeStamp through 0x0000_0048
- EXTI line interrupts -
3 | 10 | settable |RTC_WKUP RTC Wakeup through EXTI line 0x0000_004C
interrupt
4 | 11 | settable |FLASH Flash global interrupt 0x0000_0050
5 | 12 | settable |RCC RCC global interrupt 0x0000_0054
6 | 13 | settable |EXTIO EXTI Line0 interrupt 0x0000_0058
7 | 14 | settable |EXTI1 EXTI Line1 interrupt 0x0000_005C
8 | 15 | settable |EXTI2 EXTI Line2 interrupt 0x0000_0060
9 | 16 | settable |EXTI3 EXTI Line3 interrupt 0x0000_0064
10 | 17 | settable |EXTI4 EXTI Line4 interrupt 0x0000_0068
11 | 18 | settable |DMA1_Channel1 DMA1 Channel1 global interrupt 0x0000_006C
12 | 19 | settable |DMA1_Channel2 DMA1 Channel2 global interrupt 0x0000_0070

3

RMO0041 Rev 6

133/709




Interrupts and events

RM0041

134/709

Table 50. Vector table for STM32F100xx devices (continued)

S| >
:% % Ty_p e_of Acronym Description Address
3 E priority
13 | 20 | settable |DMA1_Channel3 DMA1 Channel3 global interrupt 0x0000_0074
14 | 21 | settable |DMA1_Channel4 DMA1 Channel4 global interrupt 0x0000_0078
15 | 22 | settable | DMA1_Channel5 DMA1 Channel5 global interrupt 0x0000_007C
16 | 23 | settable |DMA1_Channel6 DMA1 Channel6 global interrupt 0x0000_0080
17 | 24 | settable |DMA1_Channel7 DMA1 Channel7 global interrupt 0x0000_0084
18 | 25 | settable |ADC1 ADC1 global interrupt 0x0000_0088
| ) ) Reserved 0x0000_008C -
0x0000_0098
23 | 30 | settable |EXTI9_5 EXTI Line[9:5] interrupts 0x0000_009C
24 | 31 | settable |TIM1_BRK_TiM15 | |'M1Break and TIM15 global 0x0000_00AO
interrupt
25| 32 | settable |TIM1_UP TiM1g | M1 Update and TIM16 global 0x0000_00A4
interrupts
26 | 33 | settable ITI\'A'\:';—TRG—COM—T Im; g%%zrl ?r:‘t:r?uogsm“taﬁon and | 4,0000_00A8
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 [12C1_EV 12C1 event interrupt 0x0000_00BC
32 | 39 | settable |12C1_ER 12C1 error interrupt 0x0000_00CO0
33 | 40 | settable [12C2_EV 12C2 event interrupt 0x0000_00C4
34 | 41 | settable [12C2_ER 12C2 error interrupt 0x0000_00C8
35| 42 | settable |SPI1 SPI1 global interrupt 0x0000_00CC
36 | 43 | settable |SPI2 SPI2 global interrupt 0x0000_00D0
37 | 44 | settable |USART1 USART1 global interrupt 0x0000_00D4
38 | 45 | settable |USART2 USART?2 global interrupt 0x0000_00D8
39 | 46 | settable |USART3 USARTS3 global interrupt 0x0000_00DC
40 | 47 | settable |EXTI15_10 EXTI Line[15:10] interrupts 0x0000_00EO
41 | 48 | settable |RTC_Alarm :TrE rﬁﬁ:ﬁ‘pst (Aand B) through EXTI | 4, 54500 00E4
42 | 49 | settable |CEC CEC global interrupt 0x0000_00E8
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Table 50. Vector table for STM32F100xx devices (continued)

S| >

:% % Ty_p e_of Acronym Description Address
3 E priority
43 | 50 | settable |[TIM12 TIM12 global interrupt 0x0000_00EC
44 | 51 | settable |TIM13 TIM13 global interrupt 0x0000_00F0
45 | 52 | settable |TIM14 TIM14 global interrupt 0x0000_00F4
L i i Reserved 0x0000_0O0F8 -

0x0000_00FC
48 | 55 | settable |FSMC FSMC global interrupt 0x0000_0100
- - - - Reserved 0x0000_0104
50 | 57 | settable |TIM5 TIM5 global interrupt 0x0000_0108
51 | 68 | settable |SPI3 SPI3 global interrupt 0x0000_010C
52 | 59 | settable |UART4 UART4 global interrupt 0x0000_0110
53 | 60 | settable |UARTS UARTS5 global interrupt 0x0000_0114
54 | 61 | settable | TIM6_DAC TIM6 global and DAC underrun 0x0000_0118
interrupts

55 | 62 | settable |TIM7 TIM7 global interrupt 0x0000_011C
56 | 63 | settable | DMA2_Channel1 DMA2 Channel1 global interrupt 0x0000_0120
57 | 64 | settable | DMA2_Channel2 DMA2 Channel2 global interrupt 0x0000_0124
58 | 65 | settable | DMA2_Channel3 DMA2 Channel3 global interrupt 0x0000_0128
59 | 66 | settable |DMA2_Channel4_5 gr'mi;gz:gs; ii?:rzmz 0x0000_012C
60 | 67 | settable |DMA2_Channel5(") |DMA2 Channel5 global interrupt 0x0000_0130

1. For High-density value line devices, the DMA2 Channel 5 is mapped at postion 60 only if the
MISC_REMARP bit in the AFIO_MAPR?2 register is set and DMA2 Channel 2 is connected with DMA2
Channel 4 at position 59 when the MISC_REMAP bit in the AFIO_MAPR?2 register is reset.

3
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External interrupt/event controller (EXTI)

The external interrupt/event controller consists of up to 18 edge detectors for generating
event/interrupt requests. Each input line can be independently configured to select the type
(event or interrupt) 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

Main features

The EXTI controller main features are the following:
Independent trigger and mask on each interrupt/event line

Dedicated status bit for each interrupt line

Generation of up to 18 software event/interrupt requests

Detection of external signal with pulse width lower than APB2 clock period. Refer to the
electrical characteristics section of the datasheet for details on this parameter.

Block diagram

The block diagram is shown in Figure 18.

Figure 18. External interrupt/event controller block diagram

| AMBA APBbus

POLK2 _" Peripheral interface
4 A A A
18 18 18 18 18
Pending Interrupt Scftware Rising Falling
buswsulll | Bions TPt || celecton | | selacton
i i even
register register register register egister
To NVIC interrupt 18 18 18 18
controller
<
18

Pulse . ( /?
—
18 genemtor | 18 —‘ \4 18

Event
mask
register

Edge detect r

circuit

1

Input
Line

MS19817V1

RMO0041 Rev 6

S74




RM0041

Interrupts and events

8.2.3

8.24

3

Wakeup event management

The STM32F100xx is able to handle external or internal events in order to wake up the core
(WFE). The wakeup event can be generated either by:

e enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex®-M3 System Control register. When the MCU
resumes from WFE, the peripheral interrupt pending bit and the peripheral NVIC IRQ
channel pending bit (in the NVIC interrupt clear pending register) have to be cleared.

e or configuring an external or internal EXTI line in event mode. When the CPU resumes
from WFE, it is not necessary to clear the peripheral interrupt pending bit or the NVIC
IRQ channel pending bit as the pending bit corresponding to the event line is not set.

To use an external line as a wakeup event, refer to Section 8.2.4: 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
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 18 lines as interrupt sources, use the following procedure:
e  Configure the mask bits of the 18 Interrupt lines (EXTI_IMR)

e  Configure the Trigger Selection bits of the Interrupt lines (EXTI_RTSR and
EXTI_FTSR)

e  Configure the enable and mask bits that control the NVIC IRQ channel mapped to the
External Interrupt Controller (EXTI) so that an interrupt coming from one of the 18 lines
can be correctly acknowledged.

Hardware event selection

To configure the 18 lines as event sources, use the following procedure:
e  Configure the mask bits of the 18 Event lines (EXTI_EMR)
e  Configure the Trigger Selection bits of the Event lines (EXTI_RTSR and EXTI_FTSR)
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Software interrupt/event selection

The 18 lines can be configured as software interrupt/event lines. The following is the
procedure to generate a software interrupt.
e  Configure the mask bits of the 18 Interrupt/Event lines (EXTI_IMR, EXTI_EMR)

e Set the required bit of the software interrupt register (EXTI_SWIER)

External interrupt/event line mapping

The 112 GPIOs are connected to the 16 external interrupt/event lines in the following
manner:

3
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Figure 19. External interrupt/event GPIO mapping
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To configure the AFIO_EXTICRXx for the mapping of external interrupt/event lines onto GPIOs, the AFIO
clock should first be enabled. Refer to Section 6.3.7: APB2 peripheral clock enable register
(RCC_APB2ENR).

The two 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
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8.3 EXTI registers

Refer to Section 1.1 on page 32 for a list of abbreviations used in register descriptions.

The peripheral registers have to be accessed by words (32-bit).

8.3.1 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
MR17 | MR16
Reserved

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 w rw rw rw rw w rw rw rw w w

Bits 31:18 Reserved, must be kept at reset value (0).
Bits 17:0 MRXx: Interrupt Mask on line x
0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked
8.3.2 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
MR17 | MR16
Reserved

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
w w w w rw w w

Bits 31:18 Reserved, must be kept at reset value (0).

Bits 17:0 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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8.3.3 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
TR17 TR16
Reserved
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TR15 TR14 TR13 TR12 TR11 TR10 TR9 TR8 TR7 TR6 TR5 TR4 TR3 TR2 TR1 TRO

Bits 31:18  Reserved, must be kept at reset value (0).

Bits 17:0 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 glitches must be generated on these lines.
If a rising edge on external interrupt line occurs during writing of EXTI_RTSR register, the

pending bit will not be set.
Rising and Falling edge triggers can be set for the same interrupt line. In this configuration,
both generate a trigger condition.

8.34 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
TR17 | TR16
Reserved
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TR15 TR14 TR13 TR12 TR11 TR0 TR TR8 TR7 TR6 TR5 TR4 TR3 TR2  TRI TRO
Bits 31:18  Reserved, must be kept at reset value (0).
Bits 17:0 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 glitches must be generated on these lines.

If a falling edge on external interrupt line occurs during writing of EXTI_FTSR register, the
pending bit will not be 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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8.3.5 Software interrupt event register (EXTI_SWIER)

Address offset: 0x10
Reset value: 0x0000 0000

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

Reserved 17 16

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

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

Bits 31:18  Reserved, must be kept at reset value (0).

Bits 17:0 SWIERXx: Software interrupt on line x

If the interrupt is enabled on this line in the EXTI_IMR, writing a '1' to this bit when it is at '0’
sets the corresponding pending bit in EXTI_PR resulting in an interrupt request generation.
This bit is cleared by clearing the corresponding bit of EXTI_PR (by writing a 1 into the bit)

8.3.6 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

PR17 | PR16

Reserved

rc_wi rc_wi

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

PR15 PR14 PR13 PR12 PR11 PR10 PR9 PR8 PR7 PR6 PR5 PR4 PR3 PR2 PR1 PRO

rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_wi | rc_w1 | rc_wi | rc_wi | rc_w1 | rc_wi | rc_w1 | rc_wi | rc_wi | rc_w1 | rc_wi

Bits 31:18  Reserved, must be kept at reset value (0).

Bits 17:0 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’ into the bit.

3
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8.3.7 EXTI register map

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

Table 51. External interrupt/event controller register map and reset values

Offset| Register S I3QRKNQRIRASRZRERRRNER|e~ 0L |¢|o|n|-|o
0x00 EXTI_IMR Reserved MR[17:0]

Reset value 0]0]0|0[0]0]0|0[0]0|0]0]0|0]0]|0]|0]O
ox04 EXTI_EMR Reserved EMR[17:0]

Reset value 0|0]0]0]0]0]|0|0|0]0]0]0]0]0]|0|0|0]O
0x08 EXTI_RTSR Reserved RTSR[17:0]

Reset value 0|0]0]0]0]0]0|0|0]0]0]0]0]0]|0|0|0]O
0X0C EXTI_FTSR Reserved FTSR[17:0]

Reset value 0|0]0]0]0]0]0|0|0]0]0]|0]0]0]|0|0|0]O
0x10 EXTI_SWIER Reserved SWIER[17:0]

Reset value 0|0]0]0]0]0]0|0|0]0]0]|0]0]0]|0J0|0]O
ox1a EXTI_PR Reserved PR[17:0]

Reset value 0]0]0|0[0]0]0|0]0]0|0]0]0|0]0]0]|0]O

Refer to Table 1 on page 37 and Table 2 on page 38 for the register boundary addresses.

3
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Direct memory access controller (DMA)

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

DMA introduction

Direct memory access (DMA) is used in order to provide high-speed data transfer between
peripherals and memory as well as memory to memory. Data can be quickly moved by DMA
without any CPU actions. This keeps CPU resources free for other operations.

The two DMA controllers have 12 channels in total (7 for DMA1 and 5 for DMA2), each
dedicated to managing memory access requests from one or more peripherals. It has an
arbiter for handling the priority between DMA requests.

DMA main features

e 12 independently configurable channels (requests): 7 for DMA1 and 5 for DMA2

e Each of the 12 channels is connected to dedicated hardware DMA requests, software
trigger is also supported on each channel. This configuration is done by software.

e  Priorities between requests from channels of one DMA are software programmable (4
levels consisting of very high, high, medium, low) or hardware in case of equality
(request 1 has priority over request 2, etc.)

e Independent source and destination transfer size (byte, half word, word), emulating
packing and unpacking. Source/destination addresses must be aligned on the data
size.

e  Support for circular buffer management

e 3 event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error)
logically ORed together in a single interrupt request for each channel

e  Memory-to-memory transfer

e  Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral
transfers

e Access to flash, SRAM, APB1, APB2 and AHB peripherals as source and destination
e  Programmable number of data to be transferred: up to 65536

The block diagram is shown in Figure 20 and Figure 21.
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Figure 20. DMA block diagram in low and medium- density
Cat.1 and Cat.2 STM32F100xx devices
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Figure 21. DMA block diagram in high-density
Cat.4 and Cat.5 STM32F100xx devices
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The DMAZ2 controller and its related requests are available only in High density value line
devices.

SPI3, UART4, UART5and TIM5 DMA requests are available only in High density value line
devices.

DMA functional description

The DMA controller performs direct memory transfer by sharing the system bus with the
Cortex®-M3 core. The DMA request may stop the CPU access to the system bus for some
bus cycles, when the CPU and DMA are targeting the same destination (memory or
peripheral). The bus matrix implements round-robin scheduling, thus ensuring at least half
of the system bus bandwidth (both to memory and peripheral) for the CPU.

DMA transactions

After an event, the peripheral sends a request signal to the DMA controller. The DMA
controller serves the request depending on the channel priorities. As soon as the DMA
controller accesses the peripheral, an Acknowledge is sent to the peripheral by the DMA
controller. The peripheral releases its request as soon as it gets the Acknowledge from the
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DMA controller. Once the request is deasserted by the peripheral, the DMA controller
releases the Acknowledge. If there are more requests, the peripheral can initiate the next
transaction.

In summary, each DMA transfer consists of three operations:

e Theloading of data from the peripheral data register or a location in memory addressed
through an internal current peripheral/memory address register. The start address used
for the first transfer is the base peripheral/memory address programmed in the
DMA_CPARx or DMA_CMARX register

e The storage of the data loaded to the peripheral data register or a location in memory
addressed through an internal current peripheral/memory address register. The start
address used for the first transfer is the base peripheral/memory address programmed
in the DMA_CPARx or DMA_CMARX register

e  The post-decrementing of the DMA_CNDTRX register, which contains the number of
transactions that have still to be performed.

9.3.2 Arbiter
The arbiter manages the channel requests based on their priority and launches the
peripheral/memory access sequences.

The priorities are managed in two stages:

e  Software: each channel priority can be configured in the DMA_CCRX register. There
are four levels:

—  Very high priority
—  High priority

—  Medium priority
—  Low priority

e Hardware: if two requests have the same software priority level, the channel with the
lowest number gets priority versus the channel with the highest number. For example,
channel 2 gets priority over channel 4.

Note: In high-density value line devices, the DMA1 controller has priority over the DMA2
controller.

9.3.3 DMA channels

3

Each channel can handle DMA transfer between a peripheral register located at a fixed
address and a memory address. The amount of data to be transferred (up to 65535) is
programmable. The register which contains the amount of data items to be transferred is
decremented after each transaction.

Programmable data sizes

Transfer data sizes of the peripheral and memory are fully programmable through the
PSIZE and MSIZE bits in the DMA_CCRXx register.

Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented after
each transaction depending on the PINC and MINC bits in the DMA_CCRXx register.

If incremented mode is enabled, the address of the next transfer is the address of the
previous one incremented by 1, 2 or 4 depending on the chosen data size. The first transfer
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address is the one programmed in the DMA_CPARx/DMA_CMARX registers. During
transfer operations, these registers keep the initially programmed value. The current
transfer addresses (in the current internal peripheral/memory address register) are not
accessible by software.

If the channel is configured in non-circular mode, no DMA request is served after the last
transfer (that is once the number of data items to be transferred has reached zero). In order
to reload a new number of data items to be transferred into the DMA_CNDTRX register, the
DMA channel must be disabled.

If a DMA channel is disabled, the DMA registers are not reset. The DMA channel registers
(DMA_CCRx, DMA_CPARx and DMA_CMARYX) retain the initial values programmed during
the channel configuration phase.

In circular mode, after the last transfer, the DMA_CNDTRX register is automatically reloaded
with the initially programmed value. The current internal address registers are reloaded with
the base address values from the DMA_CPARx/DMA_CMARX registers.

Channel configuration procedure

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

1. Set the peripheral register address in the DMA_CPARX register. The data are moved
from/ to this address to/ from the memory after the peripheral event.

2. Set the memory address in the DMA_CMARX register. The data are written to or read
from this memory after the peripheral event.

3. Configure the total number of data to be transferred in the DMA_CNDTRX register.
After each peripheral event, this value is decremented.

4. Configure the channel priority using the PL[1:0] bits in the DMA_CCRXx register

5. Configure data transfer direction, circular mode, peripheral & memory incremented
mode, peripheral & memory data size, and interrupt after half and/or full transfer in the
DMA_CCRXx register

6. Activate the channel by setting the ENABLE bit in the DMA_CCRX register.

As soon as the channel is enabled, it can serve any DMA request from the peripheral
connected on the channel.

Once half of the bytes are transferred, the half-transfer flag (HTIF) is set and an interrupt is
generated if the Half-Transfer Interrupt Enable bit (HTIE) is set. At the end of the transfer,
the Transfer Complete Flag (TCIF) is set and an interrupt is generated if the Transfer
Complete Interrupt Enable bit (TCIE) is set.

Circular mode

Circular mode is available to handle circular buffers and continuous data flows (e.g. ADC
scan mode). This feature can be enabled using the CIRC bit in the DMA_CCRX register.
When circular mode is activated, the number of data to be transferred is automatically
reloaded with the initial value programmed during the channel configuration phase, and the
DMA requests continue to be served.

Memory-to-memory mode

The DMA channels can also work without being triggered by a request from a peripheral.
This mode is called Memory to Memory mode.
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If the MEM2MEM bit in the DMA_CCRX register is set, then the channel initiates transfers
as soon as it is enabled by software by setting the Enable bit (EN) in the DMA_CCRXx
register. The transfer stops once the DMA_CNDTRX register reaches zero. Memory to
Memory mode may not be used at the same time as Circular mode.

Programmable data width, data alignment and endians

When PSIZE and MSIZE are not equal, the DMA performs some data alignments as
described in Table 52.

Table 52. Programmable data width and endian behavior (when bits PINC = MINC = 1)

Desti- Number s
Source . of data . Destination
nation | . Source content: . X
port port itemsto address / data Transfer operations content:
width width transfer address / data
(NDT)
@O0x0 /B0 1: READ BO0[7:0] @0x0 then WRITE BO[7:0] @0x0 @O0x0 /B0
8 8 4 @0x1/B1 2: READ B1[7:0] @0x1 then WRITE B1[7:0] @0x1 @O0x1/B1
@0x2 /B2 3: READ B2[7:0] @0x2 then WRITE B2[7:0] @0x2 @0x2 /B2
@O0x3 /B3 4: READ B3[7:0] @0x3 then WRITE B3[7:0] @0x3 @O0x3/B3
@0x0 /B0 1: READ BO0[7:0] @0x0 then WRITE 00B0[15:0] @0x0 @0x0 / 00BO
8 16 4 @O0x1/B1 2: READ B1[7:0] @0x1 then WRITE 00B1[15:0] @0x2 @O0x2 / 00B1
@O0x2 /B2 3: READ B3[7:0] @0x2 then WRITE 00B2[15:0] @0x4 @O0x4 / 00B2
@0x3 /B3 4: READ B4[7:0] @0x3 then WRITE 00B3[15:0] @0x6 @O0x6 / 00B3
@O0x0 /B0 1: READ BO0[7:0] @0x0 then WRITE 000000B0[31:0] @0x0 @0x0 / 000000B0
8 32 4 @0x1/B1 2: READ B1[7:0] @0x1 then WRITE 000000B1[31:0] @0x4 @0x4 / 000000B1
@0x2 /B2 3: READ B3[7:0] @0x2 then WRITE 000000B2[31:0] @0x8 @O0x8 / 000000B2
@O0x3 /B3 4: READ B4[7:0] @0x3 then WRITE 000000B3[31:0] @0xC @O0xC / 000000B3
@0x0/B1B0 1: READ B1B0[15:0] @0x0 then WRITE BO0[7:0] @0x0 @O0x0 /B0
16 8 4 @O0x2 / B3B2 2: READ B3B2[15:0] @0x2 then WRITE B2[7:0] @0x1 @O0x1/B2
@O0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE B4[7:0] @0x2 @O0x2 /B4
@0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE B6[7:0] @0x3 @O0x3/B6
@0x0 / B1BO 1: READ B1B0[15:0] @0x0 then WRITE B1B0[15:0] @0x0 @O0x0/B1BO
16 16 4 @0x2 / B3B2 2: READ B3B2[15:0] @0x2 then WRITE B3B2[15:0] @0x2 @0x2 / B3B2
@0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE B5B4[15:0] @0x4 @0x4 / B5B4
@O0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE B7B6[15:0] @0x6 @O0x6 / B7B6
@0x0/B1B0 1: READ B1B0[15:0] @0x0 then WRITE 0000B1B0[31:0] @0x0 @0x0 / 0000B1B0O
16 32 4 @O0x2 / B3B2 2: READ B3B2[15:0] @0x2 then WRITE 0000B3B2[31:0] @0x4 @O0x4 / 0000B3B2
@O0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE 0000B5B4[31:0] @0x8 @O0x8 / 0000B5B4
@0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE 0000B7B6[31:0] @0xC @O0xC / 0000B7B6
@O0x0/B3B2B1B0 | 1: READ B3B2B1B0[31:0] @0x0 then WRITE B0[7:0] @0x0 @O0x0 /B0
32 8 4 @O0x4 / B7B6B5B4 | 2: READ B7B6B5B4[31:0] @0x4 then WRITE B4[7:0] @0x1 @O0x1/B4
@Ox8 / BBBAB9B8 | 3: READ BBBAB9B8[31:0] @0x8 then WRITE B8[7:0] @0x2 @O0x2 /B8
@OxC / BFBEBDBC | 4: READ BFBEBDBC[31:0] @0xC then WRITE BC[7:0] @0x3 @O0x3/BC
@0x0/B3B2B1B0 | 1: READ B3B2B1B0[31:0] @0x0 then WRITE B1B0[7:0] @0x0 @O0x0/B1B0O
32 16 4 @Ox4 / B7B6B5B4 | 2: READ B7B6B5B4[31:0] @0x4 then WRITE B5B4[7:0] @0x1 @O0x2 / B5B4
@0x8 / BBBAB9B8 | 3: READ BBBAB9B8[31:0] @0x8 then WRITE B9B8[7:0] @0x2 @O0x4 / B9B8
@0xC / BFBEBDBC | 4: READ BFBEBDBC[31:0] @0xC then WRITE BDBC[7:0] @0x3 @O0x6 / BDBC
@0x0/B3B2B1B0 | 1: READ B3B2B1B0[31:0] @0x0 then WRITE B3B2B1B0[31:0] @0x0 @O0x0 / B3B2B1B0
32 32 4 @0x4 / B7B6B5B4 | 2: READ B7B6B5B4[31:0] @0x4 then WRITE B7B6B5B4[31:0] @0x4 @O0x4 / B7B6B5B4
@Ox8 / BBBAB9B8 | 3: READ BBBAB9B8[31:0] @0x8 then WRITE BBBAB9B8[31:0] @0x8 | @0x8 / BBBAB9B8
@O0xC / BFBEBDBC | 4: READ BFBEBDBC[31:0] @0xC then WRITE BFBEBDBC[31:0] @0xC | @0xC / BFBEBDBC

3

Addressing an AHB peripheral that does not support byte or halfword write
operations

When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on
the unused lanes of the HWDATA[31:0] bus. So when the used AHB slave peripheral does
not support byte or halfword write operations (when HSIZE is not used by the peripheral)
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Note:

9.3.7
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and does not generate any error, the DMA writes the 32 HWDATA bits as shown in the two
examples below:

e  To write the halfword “OxABCD”, the DMA sets the HWDATA bus to “OXxABCDABCD”
with HSIZE = HalfWord

e To write the byte “OxAB”, the DMA sets the HWDATA bus to “OXABABABAB” with
HSIZE = Byte

Assuming that the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take the
HSIZE data into account, it transforms any AHB byte or halfword operation into a 32-bit APB
operation in the following manner:

e an AHB byte write operation of the data “0xB0” to 0x0 (or to 0x1, 0x2 or 0x3) is
converted to an APB word write operation of the data “OxBOBOB0OBO0” to 0x0

e an AHB halfword write operation of the data “OxB1B0” to 0x0 (or to 0x2) is converted to
an APB word write operation of the data “0xB1B0B1B0” to 0x0

For instance, to write the APB backup registers (16-bit registers aligned to a 32-bit address
boundary), the memory source size (MSIZE) must be configured to “16-bit” and the
peripheral destination size (PSIZE) to “32-bit”.

Error management

A DMA transfer error can be generated by reading from or writing to a reserved address
space. When a DMA transfer error occurs during a DMA read or a write access, the faulty
channel is automatically disabled through a hardware clear of its EN bit in the corresponding
Channel configuration register (DMA_CCRXx). The channel's transfer error interrupt flag
(TEIF) in the DMA_IFR register is set and an interrupt is generated if the transfer error
interrupt enable bit (TEIE) in the DMA_CCRX register is set.

Interrupts

An interrupt can be produced on a Half-transfer, Transfer complete or Transfer error for
each DMA channel. Separate interrupt enable bits are available for flexibility.

Table 53. DMA interrupt requests

Interrupt event Event flag Enable Control bit
Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE

In high-density value line devices, DMA2 Channel4 and DMA2 Channel5 interrupts are
mapped onto the same interrupt vector. All other DMA1 and DMAZ2 Channel interrupts have
their own interrupt vector.

DMA request mapping

DMA1 controller

The 7 requests from the peripherals (TIMx[1,2,3,4,6,7,15,16,17], ADC1, SPI[1,2], 12Cx[1,2],
USARTX[1,2,3]) and DAC Channelx[1,2] are simply logically ORed before entering the
DMA1, this means that only one request must be enabled at a time. Refer to Figure 22.
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The peripheral DMA requests can be independently activated/de-activated by programming
the DMA control bit in the registers of the corresponding peripheral.

Figure 22. DMA1 request mapping

Peripheral
request signals
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>
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Channel 1
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Channel 4 EN bit
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Channel 5

HW REQUEST 6

Channel 5
>

T

EN bit

Channel 6

SW TRIGGER (MEM2MEM bit) —|

>

Channel 6 EN bit
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internal
——>
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1. The TIM1_CH1 and TIM1_CH2 DMA requests are mapped on DMA Channel 2 and DMA Channel 3,
respectively, only if the TIM1_DMA_REMAP bit in the AFIO_MAPR?2 register is cleared. For more details

refer to the AFIO section.

2. The TIM1_CH1 and TIM1_CH2 DMA requests are mapped on DMA Channel 6 only if the
TIM1_DMA_REMAP bit in the AFIO_MAPR2 register is set. For more details refer to the AFIO section.

3. For High-density value line devices, the TIM6_DAC1 and TIM7_DAC2 DMA requests are mapped

respectively on DMA1 Channel 3 and DMA1 Channel 4 only if the TIM67_DAC_DMA_REMAP bit in the
AFIO_MAPR2 register is set and mapped respectively on DMA2 Channel 3 and DMA2 Channel 4 when the
TIM67_DAC_DMA_REMAP bit in the AFIO_MAPR2 register is reset.
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On low- and medium -density devices the TIM6_DAC1 and TIM7_DAC2 DMA requests are always
mapped respectively on DMA1 Channel 3 and DMA1 Channel 4. For more details refer to the AFIO

section.

Table 54 lists the DMA requests for each channel.

Table 54. Summary of DMA1 requests for each channel

Peripherals | Channel 1| Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 | Channel 7
ADCA1 ADC1 - - - - - -
SPI - SPI1_RX SPI1_TX SPI2_RX SPI2_TX - -
USART - USART3_TX | USART3_RX | USART1_TX | USART1_RX | USART2_RX | USART2_TX
12c - - - 12C2_TX 12C2_RX 12C1_TX 12C1_RX
TIM1_CH4 TIM1_CH3
TIM1 - TIM1_CH1 - TIM1_TRIG TIM1_UP TIM1_CH2 -
TIM1_COM TIM1_CH1
TIM2_CH2
TIM2 TIM2_CH3 TIM2_UP - - TIM2_CH1 - TIM2_CH4
TIM3_CH4 TIM3_CH1
TIM3 ) TIM3_CH3 TIM3_UP ) ) TIM3_TRIG .
TIM4 TIM4_CH1 - - TIM4_CH2 TIM4_CH3 - TIM4_UP
TIM6/DAC _ } TIM6_UP/DA }
Channel1 C_Channel1
TIM7/DAC_ ) ) ) TIM7_UP/DA ) ) )
Channel2 C_Channel2
TIM15_CHA1
TIM15_UP
TIM15 ) ) ) i TIM15_TRIG ) )
TIM15_COM
TIM16_CH1
TIM16 ) ) ) i ) TIM16_UP )
TIM17_CH1
TiM17 ) ) ) i ) ) TIM17_UP
DMA2 controller
The five requests from the peripherals (TIMx[5,6,7], SPI3, UARTx[4,5], DAC_Channel[1,2])
are simply logically ORed before entering the DMAZ2, this means that only one request must
be enabled at a time. Refer to Figure 23.
The peripheral DMA requests can be independently activated/de-activated by programming
the DMA control bit in the registers of the corresponding peripheral.
Note: The DMAZ2 controller and its relative requests are available only in high-density value line
devices.
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Figure 23. DMA2 request mapping
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For high-density value line devices, the TIM6_DAC1 and TIM7_DAC2 DMA requests are mapped

respectively on DMA1 Channel 3 and DMA1 Channel 4 only if the TIM67_DAC_DMA_REMAP bit in the
AFIO_MAPR2 register is set, and mapped respectively on DMA2 Channel 3 and DMA2 Channel 4 when
the TIM67_DAC_DMA_REMAP bit in the AFIO_MAPR2 register is reset. On low- and medium -density
devices the TIM6_DAC1 and TIM7_DAC2 DMA requests are always mapped respectively on DMA1
Channel 3 and DMA1 Channel 4. For more details refer to the AFIO section.

Table 55 lists the DMAZ2 requests for each channel.

Table 55. Summary of DMA2 requests for each channel

Peripherals Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
SPI3 SPI3_RX SPI3_TX - -
UART4 - - UART4_RX - UART4_TX
UARTS UARTS5_TX - - UART5_RX -
TIM5 1-'|—III\|>I/IE?__'I(':F|{-:4G 2%55_%13 - TIM5_CH2 TIM5_CH1
TIM6/ ) ) TIM6_UP/ ) )
DAC_Channel1 DAC_Channel1
TIM7/ ) ) ) TIM7_UP/ )
DAC_Channel2 DAC_Channel2
RMO0041 Rev 6 153/709




Direct memory access controller (DMA) RM0041

94 DMA registers

Refer to for a list of abbreviations used in register descriptions.

Note: In the following registers, all bits related to channel6 and channel7 are not relevant for
DMAZ2 since it has only 5 channels.

The peripheral registers can be accessed by bytes (8-bit), half-words (16-bit) or words (32-
bit).
9.4.1 DMA interrupt status register (DMA_ISR)

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TEIF7 | HTIF7 | TCIF7 | GIF7 | TEIF6 | HTIF6 | TCIF6 | GIF6 | TEIF5 | HTIF5 | TCIF5 | GIF5

Reserved

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TEIF4 | HTIF4 | TCIF4 | GIF4 | TEIF3 | HTIF3 | TCIF3 | GIF3 | TEIF2 | HTIF2 | TCIF2 | GIF2 | TEIF1 | HTIF1 | TCIF1 GIF1

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

Bits 27, 23, 19, 15, TEIFx: Channel x transfer error flag (x = 1 ..7)

11,7,3  This bitis set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.
0: No transfer error (TE) on channel x
1: A transfer error (TE) occurred on channel x

Bits 26, 22, 18, 14, HTIFx: Channel x half transfer flag (x =1 ..7)

10,6,2  This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.
0: No half transfer (HT) event on channel x
1: A half transfer (HT) event occurred on channel x

Bits 25, 21, 17, 13, TCIFx: Channel x transfer complete flag (x = 1 ..7)

9,5,1  This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.
0: No transfer complete (TC) event on channel x
1: A transfer complete (TC) event occurred on channel x

Bits 24, 20, 16, 12, GIFx: Channel x global interrupt flag (x = 1 ..7)

8,4,0  This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA_IFCR register.
0: No TE, HT or TC event on channel x
1: ATE, HT or TC event occurred on channel x

3
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9.4.2 DMA interrupt flag clear register (DMA_IFCR)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTEIF | CHTIF | o1ciF7 | CGIF7 | CTEIFG | CHTIF6 | CTCIF6 | CGIF6 | CTEIF5 | CHTIFS | CTCIFS | CGIFS
Reserved 7 7
w w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CTEIF | CHTIF | CTER | caipg | €TEIF | CHTIF | cTeiFs | CoIFS | CTEIF2 | CHTIF2 |CTCIF2| CGIF2 | CTEIFT |CHTIFT | CTCIFT | CGIFT
w w w w w w w w w w w w w w w w
Bits 31:28  Reserved, must be kept at reset value.
Bits 27, 23, 19, 15, CTEIFx: Channel x transfer error clear (x =1 ..7)
1,7,3  This bit is set and cleared by software.
0: No effect
1: Clears the corresponding TEIF flag in the DMA_ISR register
Bits 26, 22, 18, 14, CHTIFx: Channel x half transfer clear (x =1 ..7)
10,6,2  This bit is set and cleared by software.
0: No effect
1: Clears the corresponding HTIF flag in the DMA_ISR register
Bits 25, 21, 17, 13, CTCIFx: Channel x transfer complete clear (x =1 ..7)
9,5,1  This bit is set and cleared by software.
0: No effect
1: Clears the corresponding TCIF flag in the DMA_ISR register
Bits 24, 20, 16, 12, CGIFx: Channel x global interrupt clear (x = 1 ..7)
8,4,0  This bit is set and cleared by software.
0: No effect
1: Clears the GIF, TEIF, HTIF and TCIF flags in the DMA_ISR register
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9.4.3 DMA channel x configuration register (DMA_CCRXx) (x =1..7,
where x = channel number)
Address offset: 0x08 + 0d20 x (channel number — 1)
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
'\|<I/|EE'\|/\|/|2 PL[1:0] MSIZE[1:0] PSIZE[1:0] MINC | PINC | CIRC | DIR | TEIE | HTIE | TCIE EN
Res.
w rw w rw w w rw w rw w w rw w w w
Bits 31:15  Reserved, must be kept at reset value.
Bit 14 MEM2MEM: Memory to memory mode
This bit is set and cleared by software.
0: Memory to memory mode disabled
1: Memory to memory mode enabled
Bits 13:12 PL[1:0]: Channel priority level
These bits are set and cleared by software.
00: Low
01: Medium
10: High
11: Very high
Bits 11:10 MSIZE[1:0]: Memory size
These bits are set and cleared by software.
00: 8-bits
01: 16-bits
10: 32-bits
11: Reserved
Bits 9:8 PSIZE[1:0]: Peripheral size
These bits are set and cleared by software.
00: 8-bits
01: 16-bits
10: 32-bits
11: Reserved
Bit 7 MINC: Memory increment mode
This bit is set and cleared by software.
0: Memory increment mode disabled
1: Memory increment mode enabled
Bit 6 PINC: Peripheral increment mode
This bit is set and cleared by software.
0: Peripheral increment mode disabled
1: Peripheral increment mode enabled
Bit 5 CIRC: Circular mode
This bit is set and cleared by software.
0: Circular mode disabled
1: Circular mode enabled
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Bit 4 DIR: Data transfer direction
This bit is set and cleared by software.
0: Read from peripheral
1: Read from memory
Bit 3 TEIE: Transfer error interrupt enable
This bit is set and cleared by software.
0: TE interrupt disabled
1: TE interrupt enabled
Bit 2 HTIE: Half transfer interrupt enable
This bit is set and cleared by software.
0: HT interrupt disabled
1: HT interrupt enabled
Bit 1 TCIE: Transfer complete interrupt enable
This bit is set and cleared by software.
0: TC interrupt disabled
1: TC interrupt enabled
Bit 0 EN: Channel enable
This bit is set and cleared by software.
0: Channel disabled
1: Channel enabled
944 DMA channel x number of data register (DMA_CNDTRX) (x =1..7,
where x = channel number)
Address offset: 0x0C + 0d20 x (channel number — 1)
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
NDT

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

Bits 15:0 NDT[15:0]: Number of data to transfer

3

Number of data to be transferred (0 up to 65535). This register can only be written when the
channel is disabled. Once the channel is enabled, this register is read-only, indicating the
remaining bytes to be transmitted. This register decrements after each DMA transfer.

Once the transfer is completed, this register can either stay at zero or be reloaded
automatically by the value previously programmed if the channel is configured in auto-
reload mode.

If this register is zero, no transaction can be served whether the channel is enabled or not.
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945 DMA channel x peripheral address register (DMA_CPARX) (x =1..7,
where x = channel number)

Address offset: 0x10 + 0d20 x (channel number — 1)
Reset value: 0x0000 0000

This register must not be written when the channel is enabled.

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

Bits 31:0 PA[31:0]: Peripheral address
Base address of the peripheral data register from/to which the data are read/written.
When PSIZE is 01 (16-bit), the PA[O] bit is ignored. Access is automatically aligned to a half-

word address.
When PSIZE is 10 (32-bit), PA[1:0] are ignored. Access is automatically aligned to a word

address.

9.4.6 DMA channel x memory address register (DMA_CMARX) (x =1..7,
where x = channel number)

Address offset: 0x14 + 0d20 x (channel number — 1)
Reset value: 0x0000 0000

This register must not be written when the channel is enabled.

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

Bits 31:0 MA[31:0]: Memory address
Base address of the memory area from/to which the data are read/written.
When MSIZE is 01 (16-bit), the MA[OQ] bit is ignored. Access is automatically aligned to a

half-word address.
When MSIZE is 10 (32-bit), MA[1:0] are ignored. Access is automatically aligned to a word

address.

3
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9.4.7 DMA register map
The following table gives the DMA register map and the reset values.
Table 56. DMA register map and reset values
Offset| Register D IQNEQAIQ/IIIZNTEYRAI VT2 0 0 ~ow<toa o
DMA ISR ol R ol i i i i vl vl i P 5 Gl 1 Focl e E S o e g
0x000 - Reserved [ L |R|OIEIEIRIOIEIEIRIOIEIEIRIOEIZEIRICIEIEIRIOEIEIR|O
Reset value olo[ofofof[ofolo]ofolo]ofolo]ofo|lo]o]olo|o]olofofolo]o]o0
ol ol o el vl vl i i v Pl Pl G il il vl £ F ol Yo g
ooos | T | resenes (BT IR1S1BI5IRI8|E (5| IS5 IR IS IRISIE |5 IR]8]5|5|2|8
Reset value olo[ofofof[ofolo]of[ofo]ofolo]ofolo]ofolo|o]olofofolo]o]o
PL | = | = |Q|e]|e Ww |w
0x008 DMA_CCRA Reserved % [1:0] § (u’l'nJ é%%%& 'f 8
= s o
Reset value oo|o o|o o|ooooooooo
DMA_CNDTR1 NDT[15:0]
0x00C Reserved
Reset value o|0|0|0|0|o|o|0|0|0|o|o|0|0|0|o
DMA_CPAR1 PA[31:0]
0x010
Reset value 0|0|o|0|o|0|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
DMA_CMAR1 MA[31:0]
0x014
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
0x018 Reserved
S|P | > | = |Qlofo W w |w
0x01C DMA_CCR2 Reserved % [1:0] g (u% é%%%ruj ZIe &
= = o
Reset value oo|o o|o o|ooooooooo
DMA_CNDTR2 NDT[15:0]
0x020 Reserved
Reset value 0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0
DMA_CPAR2 PA[31:0]
0x024
Reset value o|o|0|0|0|o|o|o|0|0|o|o|o|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
DMA_CMAR?2 MA[31:0]
0x028
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
0x02C Reserved
z 2 |g
S|P | = | = |Qlofo ww |w
0x030 DMA_CCR3 Reserved % [1:0] § I:% g%%%ruj 'f 8 E
= = o
Reset value 00|o 0|0 0|ooooooooo
DMA_CNDTR3 NDT[15:0]
0x034 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CPAR3 PA[31:0]
0x038
Reset value o|o|0|0|0|o|o|o|0|0|o|o|o|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
DMA_CMAR3 MA[31:0]
0x03C
Reset value 0|0|o|0|o|0|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
0x040 Reserved

S74
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Table 56. DMA register map and reset values (continued)

Offset| Register |52 QARNERYYNNRYEE eI eNTYoanonvan o
s =} =)
DMA_CCR4 Sle | S %ggggygyz
0x044 - Reserved % [1:0] % % SHSEAEEEEEE
= s o
Reset value oo|o o|o o|ooooooooo
DMA_CNDTR4 NDT[15:0]
0x048 Reserved
Reset value 0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0
DMA_CPAR4 PA[31:0]
0x04C Reset value 0|0|o|0|o|0|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
0050 DMA_CMAR4 MA[31:0]
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0x054 Reserved
= =) g
DMA_CCR5 %PL o %LZ)E’QEEEHZ
0x058 - Reserved E [1:0] % % sS|z|o|P HIE R |
= = o
Reset value oo|o o|o o|ooooooooo
DMA_CNDTR5 NDT[15:0]
0x05C Reserved
Reset value 0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0
DMA_CPAR5 PA[31:0]
0x060 Resetvalue |0]oJoJo[oJoJo[oJoJofoJo[oJoJofoJofo[oJoJoJoJofJoJoJo[oJoJo[o[o]o
[ofofofofofofo]ofofofofofofofofojofofofofofofofofojofofofofo]
DMA_CMARS5 MA[31:0]
0x064
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
0x068 Reserved
= 2 | g
DMA_CCR6 %PL u UST%%%EE%EZ
0x06C - Reserved b= [1:0] % % HHAMEIEEHE
= = o
Reset value 00|o 0|0 0|ooooooooo
DMA_CNDTR6 NDT[15:0]
0x070 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
DMA_CPAR6 PA[31:0]
oxo74 Reset value o|o|0|0|0|o|o|o|0|0|o|o|o|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
0075 DMA_CMARG MA[31:0]
Reset value 0|0|o|0|o|0|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|o
0x07C Reserved
= =) =)
DMA_CCR7 %PL m %%%2%9%92
0x080 - Reserved E [1:0] % % SIElc|o|E|E =
= s o
Reset value 00|0 0|o 0|000000000
DMA_CNDTR? NDT[15:0]
0x084 Reserved
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0088 DMA_CPAR? PA[31:0]
Reset value 0|0|o|0|o|0|o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
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Table 56. DMA register map and reset values (continued)

O O O N O WO < M N (=
NFFFFFFFF:FO’&'\‘O"’*”N

O O O N O WO | M N ™
O NN NN NN N NN

Offset | Register | 3
DMA_CMAR? MA[31:0]
0x08C
Reset value 0|0|o|0|o|0|o|0|0|o|0|o|0|0|o|0|o|0|0|0|0|o|0|0|0|0|o|0|0|0|0|0
0x090 Reserved

Refer to Table 1 on page 37 and Table 2 on page 38 for the register boundary addresses.
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10.1

10.2

Note:
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Analog-to-digital converter (ADC)

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

ADC introduction

The 12-bit ADC is a successive approximation analog-to-digital converter. It has up to 18
multiplexed channels allowing it measure signals from sixteen external and two internal
sources. A/D conversion of the various channels can be performed in single, continuous,
scan or discontinuous mode. The result of the ADC is stored in a left-aligned or right-aligned
16-bit data register.

The analog watchdog feature allows the application to detect if the input voltage goes
outside the user-defined high or low thresholds.

The ADC input clock is generated from the PCLK2 clock divided by a prescaler, refer to
Figure 8: STM32F100xx clock tree (low and medium-density devices) and Figure 9:
STM32F100xx clock tree (high-density devices).

ADC main features

. 12-bit resolution

e Interrupt generation at End of Conversion, End of Injected conversion and Analog
watchdog event

e Single and continuous conversion modes
e  Scan mode for automatic conversion of channel 0 to channel ‘n’
e  Self-calibration
e Data alignment with in-built data coherency
e  Channel by channel programmable sampling time
e  External trigger option for both regular and injected conversion
e Discontinuous mode
e ADC conversion time:
—  STM32F100xx value line devices: 1.17 s at 24 MHz
e ADC supply requirement: 2.4 V to 3.6 V
e ADC inputrange: VRer. ViN VREF+
e DMArequest generation during regular channel conversion

The block diagram of the ADC is shown in Figure 24.

Vrer., if available (depending on package), must be tied to Vggp.

3
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10.3 ADC functional description
Figure 24 shows a single ADC block diagramand Table 57 gives the ADC pin description.

Figure 24. Single ADC block diagram

Interrupt
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Table 57. ADC pins

Name Signal type Remarks
v Input, analog reference The higher/positive reference voltage for the ADC,
REF+ positive 2.4V Vrees Vppa
™ Analog power supply equal to Vpp and
VDA Input, analog supply 24V Vppa <36V
Input, analog reference The lower/negative reference voltage for the ADC,
VREF- : -
negative VRer- = Vssa
VSSA(1) Input, analog supply Ground for analog power supply equal to Vgg
ground
ADCx_IN[15:0] | Analog signals Up to 21 analog channels(@

1. Vppa and Vggp have to be connected to Vpp and Vgg, respectively.

2. For full details about the ADC I/O pins, refer to the “Pinouts and pin descriptions” section of the
corresponding device datasheet.

ADC on-off control

The ADC can be 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 Power Down mode.

Conversion starts when ADON bit is set for a second time by software after ADC power-up
time (tstag)-

The conversion can be stopped, and the ADC put in power down mode by resetting the
ADON bit. In this mode the ADC consumes almost no power (only a few pA).

ADC clock

The ADCCLK clock provided by the Clock Controller is synchronous with the PCLK2 (APB2
clock). The RCC controller has a dedicated programmable prescaler for the ADC clock,
refer to Section 6: Reset and clock control (RCC) for more details.

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 which can be done on

any channel and in any order. For instance, it is possible to do the conversion in the

following order: Ch3, Ch8, Ch2, Ch2, Ch0, Ch2, Ch2, Ch15.

e The regular group is composed of up to 16 conversions. The regular channels and
their order in the conversion sequence must be selected in the ADC_SQRX registers.
The total number of conversions in the regular group must be written in the L[3:0] bits in
the ADC_SQR1 register.

e The injected 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.
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 new chosen

group.
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Temperature sensor/VgggnT internal channels

The temperature sensor is connected to channel ADCx_IN16 and the internal reference
voltage VrepNT iS connected to ADCx_IN17. These two internal channels can be selected
and converted as injected or regular channels.

The sensor and Vgeg iyt are only available on the master ADC1 peripheral.

Single conversion mode

In Single conversion mode the ADC does one conversion. This mode is started either by
setting the ADON bit in the ADC_CR2 register (for a regular channel only) or by external
trigger (for a regular or injected channel), while the CONT bit is 0.
Once the conversion of the selected channel is complete:
e Ifaregular channel was converted:

—  The converted data is stored in the 16-bit ADC_DR register

— The EOC (End Of Conversion) flag is set

— and an interrupt is generated if the EOCIE is set.
e If an injected channel was converted:

—  The converted data is stored in the 16-bit ADC_DRJ1 register

—  The JEOC (End Of Conversion Injected) flag is set

— and an interrupt is generated if the JEOCIE bit is set.

The ADC is then stopped.

Continuous conversion mode

In continuous conversion mode ADC starts another conversion as soon as it finishes one.
This mode is started either by external trigger or by setting the ADON bit in the ADC_CR2
register, while the CONT bit is 1.
After each conversion:
e If aregular channel was converted:

—  The converted data is stored in the 16-bit ADC_DR register

— The EOC (End Of Conversion) flag is set

— Aninterrupt is generated if the EOCIE is set.
e If an injected channel was converted:

—  The converted data is stored in the 16-bit ADC_DRJ1 register

— The JEOC (End Of Conversion Injected) flag is set

— Aninterrupt is generated if the JEOCIE bit is set.

Timing diagram

As shown in Figure 25, the ADC needs a stabilization time of tgtag before it starts
converting accurately. After the start of ADC conversion and after 14 clock cycles, the EOC
flag is set and the 16-bit ADC Data register contains the result of the conversion.
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Figure 25. Timing diagram

PSPPSR P I T 2 D %y Ny T B
1 | 1 1 ]
1 | 1 1 ]
1 | 1 1 ]
1 1 1 : :
ADON __| ! : | |
1 1
I : I | .
| 1 : : :
SWSTART/ | ! N . . « I .
JSWSTART ! ! ! . J) i
: ! \: | \:
I ! Start 1st q,onversion ' Start next,conversion
1 1
I 1 I 1 1
1 1
: : '
! ! ADC conversion Next ADC conversion
ADC : : <
! ! ! Conversion time , \
: : tSTAB 1 (total conv. time= |_5-5_| :
EOC—! : —4 | = f
1 1 1 I . 1
Software clears the EOC bit
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10.3.7 Analog watchdog

166/709

The AWD analog watchdog status bit is set if the analog voltage converted by the ADC is
below a low threshold or above a high threshold. These thresholds are programmed in the
12 least significant bits of the ADC_HTR and ADC_LTR 16-bit registers. An interrupt can be

enabled by using the AWDIE bit in the ADC_CR1 register.

The threshold value is independent of the alignment selected by the ALIGN bit in the
ADC_CR?2 register. The comparison is done before the alignment (see Section 10.5).

The analog watchdog can be enabled on one or more channels by configuring the

ADC_CRH1 register as shown in Table 58.

Figure 26. Analog watchdog guarded area

Analog voltage t

Higher threshold HTR
Guarded area

Lower threshold _| LTR

ai16048

Table 58. Analog watchdog channel selection

Channels to be guarded by analog ADC_CR1 register control bits (x = don’t care)
watchdog AWDSGL bit AWDEN bit JAWDEN bit
None X 0 0
All injected channels 0 0 1
All regular channels 0 1 0

RMO0041 Rev 6

S74




RM0041

Analog-to-digital converter (ADC)

10.3.8

10.3.9

Note:

3

Table 58. Analog watchdog channel selection (continued)

Channels to be guarded by analog ADC_CR1 register control bits (x = don’t care)

watchdog

AWDSGL bit AWDEN bit JAWDEN bit

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 AWDCH]I4:0] bits

Scan mode

This mode is used to scan a group of analog channels.

Scan mode can be selected by setting the SCAN bit in the ADC_CR1 register. Once this bit
is set, ADC scans all the channels selected in the ADC_SQRXx registers (for regular
channels) or in the ADC_JSQR (for injected channels). A single conversion is performed for
each channel of the group. After each end of conversion the next channel of the group is
converted automatically. If the CONT bit is set, conversion does not stop at the last selected
group channel but continues again from the first selected group channel.

When using scan mode, DMA bit must be set and the direct memory access controller is
used to transfer the converted data of regular group channels to SRAM after each update of
the ADC_DR register.

The injected channel converted data is always stored in the ADC_JDRX registers.

Injected channel management

Triggered injection

To use triggered injection, the JAUTO bit must be cleared and SCAN bit must be set in the
ADC_CR1 register.

1. Start conversion of a group of regular channels either by external trigger or by setting
the ADON bit in the ADC_CR2 register.

2. If an external injected trigger occurs during the regular group channel conversion, the
current conversion is reset and the injected channel sequence is converted in Scan
once mode.

3. Then, the regular group channel conversion is resumed from the last interrupted
regular conversion. If a regular event occurs during an injected conversion, it doesn’t
interrupt it but the regular sequence is executed at the end of the injected sequence.
Figure 27 shows the timing diagram.

When using triggered injection, the interval between trigger events must be longer than the
injection sequence. For instance, if the sequence length is 28 ADC clock cycles (that is two
conversions with a 1.5 clock-period sampling time), the minimum interval between triggers
must be 29 ADC clock cycles.
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Auto-injection

If the JAUTO bit is set, then the injected group channels are automatically converted after
the regular group 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.

For ADC clock prescalers ranging from 4 to 8, a delay of 1 ADC clock period is automatically
inserted when switching from regular to injected sequence (respectively injected to regular).
When the ADC clock prescaler is set to 2, the delay is 2 ADC clock periods.

It is not possible to use both auto-injected and discontinuous modes simultaneously.

Figure 27. Injected conversion latency

ADCCLK

Injection event

Reset ADC

max latency ™
SOC

ai16049

1. The maximum latency value can be found in the electrical characteristics of the STM32F101xx and
STM32F103xx 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) which is a part of the sequence of
conversions selected in the ADC_SQRX registers. The value of n is specified by writing to
the DISCNUM][2:0] bits in the ADC_CR1 register.

When an external trigger occurs, it starts the next n conversions selected in the ADC_SQRXx
registers until all the conversions in the sequence are done. The total sequence length is
defined by the L[3:0] bits in the ADC_SQR1 register.

Example:

n = 3, channels to be converted =0, 1, 2, 3,6, 7,9, 10
first trigger: sequence converted 0, 1, 2. An EOC event is generated at each
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conversion

second trigger: sequence converted 3, 6, 7. An EOC event is generated at each
conversion

third trigger: sequence converted 9, 10. An EOC event is generated at each conversion
fourth trigger: sequence converted 0, 1, 2. An EOC event is generated at each
conversion

When a regular group is converted in discontinuous mode, no rollover will occur. When all
sub groups are converted, the next trigger starts conversion of the first sub-group.

In the example above, the fourth trigger reconverts the first sub-group channels 0, 1 and 2.

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

first trigger: channel 1 converted

second trigger: channel 2 converted

third trigger: channel 3 converted and EOC and JEOC events generated
fourth 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 fourth trigger reconverts the first injected
channel 1.

It is not possible to use both auto-injected and discontinuous modes simultaneously.

The user must avoid setting discontinuous mode for both regular and injected groups
together. Discontinuous mode must be enabled only for one group conversion.

Calibration

The ADC has an built-in self calibration mode. Calibration significantly reduces accuracy
errors due to internal capacitor bank variations. During calibration, an error-correction code
(digital word) is calculated for each capacitor, and during all subsequent conversions, the
error contribution of each capacitor is removed using this code.

Calibration is started by setting the CAL bit in the ADC_CR2 register. Once calibration is
over, the CAL bit is reset by hardware and normal conversion can be performed. It is
recommended to calibrate the ADC once at power-on. The calibration codes are stored in
the ADC_DR as soon as the calibration phase ends.

It is recommended to perform a calibration after each power-up.

Before starting a calibration, the ADC must have been in power-on state (ADON bit = ‘1°) for
at least two ADC clock cycles.
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Figure 28. Calibration timing diagram

CAL
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Data alignment

ALIGN bit in the ADC_CR2 register selects the alignment of data stored after conversion.

Data can be left or right aligned as shown in Figure 29. and Figure 30.

The injected group channels converted data value is decreased by the user-defined offset
written in the ADC_JOFRXx registers so the result can be a negative value. The SEXT bit is

the extended sign value.

For regular group channels no offset is subtracted so only twelve bits are significant.

Figure 29. Right alignment of data

Injected group

SEXT| SEXT| SEXT | SEXT| D11 | D10 | D9 D8 D7 | b6 | D5 D4 | D3 | D2 D1 DO

Regular group

0 0 0 o | D11 | D10 | D9 D8 | b7 | e | D5 D4 | D3 | D2 D1 DO
ai16050

Figure 30. Left alignment of data

Injected group

SEXT| D11 | D10 | D9 | D8 | D7 D6 D5 D4 | D3 | D2 DI Do] O 0 0

Regular group

D11| D10 | D9 D8 | D7 | D6 | D5 D4 D3 | D2 D1 | DO 0 0 0 0
ai16051
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Channel-by-channel programmable sample time

ADC samples the input voltage for a number of ADC_CLK cycles which can be modified us-
ing the SMP[2:0] bits in the ADC_SMPR1 and ADC_SMPR2 registers. Each channel can be
sampled with a different sample time.

The total conversion time is calculated as follows:
Tconv = Sampling time + 12.5 cycles

Example:
With an ADCCLK = 12 MHz and a sampling time of 1.5 cycles:
Tconv =15+ 12.5=14 cycles = 1.17 us

Conversion on external trigger

Conversion can be triggered by an external event (e.g. timer capture, EXTI line). If the EXT-
TRIG control bit is set then external events are able to trigger a conversion. The EXT-
SEL[2:0] and JEXTSEL[2:0] control bits allow the application to select decide which out of 8
possible events can trigger conversion for the regular and injected groups.

When an external trigger is selected for ADC regular or injected conversion, only the rising
edge of the signal can start the conversion.

Table 59. External trigger for regular channels for ADC1

Source Type EXTSEL[2:0]
TIM1_CC1 event 000
TIM1_CC2 event 001
TIM1_CC3 event 010
TIM2_CC2 event Internal signal from on-chip timers o1
TIM3_TRGO event 100
TIM4_CC4 event 101
EXTI line 11 External pin 110
SWSTART Software control bit 111

Table 60. External trigger for injected channels for ADC1

Source Connection type JEXTSEL[2:0]
TIM1_TRGO event 000
TIM1_CC4 event 001
TIM2_TRGO event 010
TIM2_CC1 ovent Internal signal from on-chip timers o1
TIM3_CC4 event 100
TIM4_TRGO event 101
EXTI line 15 External pin 110
JSWSTART Software control bit 111
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The software source trigger events can be generated by setting a bit in a register
(SWSTART and JSWSTART in ADC_CR?2).

A regular group conversion can be interrupted by an injected trigger.

DMA request

Since converted regular channels value are stored in a unique data register, it is necessary
to use DMA for conversion of more than one regular channel. This avoids the loss of data
already stored in the ADC_DR register.

Only the end of conversion of a regular channel generates a DMA request, which allows the
transfer of its converted data from the ADC_DR register to the destination location selected
by the user.

Temperature sensor

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

The temperature sensor is internally connected to the ADCx_IN16 input channel which is
used to convert the sensor output voltage into a digital value. The recommended sampling
time for the temperature sensoris 17.1 pys.

The block diagram of the temperature sensor is shown in Figure 31.
When not in use, this sensor can be put in power down mode.

The TSVREFE bit must be set to enable both internal channels: ADCx_IN16 (temperature
sensor) and ADCx_IN17 (VgrggnT) conversion.

The temperature sensor output voltage changes linearly with temperature. The offset of this
line varies from chip to chip due to process variations (up to 45 °C from one chip to another).

The internal temperature sensor is more suited to applications that detect temperature
variations instead of absolute temperatures. If accurate temperature readings are needed,
an external temperature sensor part should be used.

3
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Figure 31. Temperature sensor and VgggnT channel block diagram
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Note:

10.10

174/709

Reading the temperature

To use the sensor:

1.
2.
3.

o

Select the ADCx_IN16 input channel.
Select a sample time of 17.1 s

Set the TSVREFE bit in the ADC control register 2 (ADC_CR2) to wake up the
temperature sensor from power down mode.

Start the ADC conversion by setting the ADON bit (or by external trigger).

Read the resulting Vggnsg data in the ADC data register

Obtain the temperature using the following formula:

Temperature (in °C) = {(V25 - Vsensg) / Avg_Slope} + 25.

Where,

Vo5 = Vgense Value for 25° C and

Avg_Slope = Average Slope for curve between Temperature vs. Vgensg (given in
mV/° C or uV/ °C).

Refer to the Electrical characteristics section for the actual values of V,5 and
Avg_Slope.

The sensor has a startup time after waking from power down mode before it can output
Vsense at the correct level. The ADC also has a startup time after power-on, so to minimize
the delay, the ADON and TSVREFE bits should be set at the same time.

ADC interrupts

An interrupt can be produced on end of conversion for regular and injected groups and
when the analog watchdog 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 injected group channels)
STRT (Start of conversion for regular group channels)

Table 61. ADC interrupts

Interrupt event Event flag Enable Control bit
End of conversion regular group EOC EOCIE
End of conversion injected group JEOC JEOCIE
Analog watchdog status bit is set AWD AWDIE
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10.11  ADC registers

Refer to Section 1.1 on page 32 for a list of abbreviations used in register descriptions.

The peripheral registers have to be accessed by words (32-bit).

10.11.1  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

STRT | JSTRT | JEOC EOC AWD
Reserved

rc_w0 | rc.w0 | rc.wO | rc_wO | rc_w0

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

Bit4 STRT: Regular channel Start flag
This bit is set by hardware when regular channel conversion starts. It is cleared by software.
0: No regular channel conversion started
1: Regular channel conversion has started

Bit 3 JSTRT: Injected channel Start flag
This bit is set by hardware when injected channel 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 all injected group channel conversion. It is cleared
by software.
0: Conversion is not complete
1: Conversion complete

Bit 1 EOC: End of conversion
This bit is set by hardware at the end of a group channel conversion (regular or injected). It is
cleared by software or by reading the ADC_DR.
0: Conversion is not complete
1: Conversion complete

Bit 0 AWD: Analog watchdog flag

This bit is set by hardware when the converted voltage crosses the values programmed in
the ADC_LTR and ADC_HTR registers. It is cleared by software.

0: No Analog watchdog event occurred

1: Analog watchdog event occurred

3

RMO0041 Rev 6 175/709




Analog-to-digital converter (ADC) RMO0041

10.11.2 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
AWDE | JAWDE
Reserved N N Reserved
rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DISCNUM[2:0] ‘JDﬁCE Dé?\lc JAUTO 'gv(\;/E SCAN JEISC AWDIE | EOCIE AWDCHI[4:0]
w | rw | w w w rw w w rw rw w w | rw | w | rw | rw

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

Bit 23 AWDEN: Analog watchdog enable on regular channels
This bit is set/reset 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/reset 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 DISCNUMI[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 set and cleared by software to enable/disable discontinuous mode on injected group
channels
0: Discontinuous mode on injected channels disabled
1: Discontinuous mode on injected channels enabled

Bit 11 DISCEN: Discontinuous mode on regular channels
This bit 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 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
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Bit 9 AWDSGL: Enable the watchdog on a single channel in scan mode

This bit 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 Scan mode. In Scan mode, the
inputs selected through the ADC_SQRx or ADC_JSQRX registers are converted.

0: Scan mode disabled

1: Scan mode enabled

Note: An EOC or JEOC interrupt is generated only on the end of conversion of the last
channel if the corresponding EOCIE or JEOCIE bit is set
Bit 7 JEOCIE: Interrupt enable for injected channels

This bit is set and cleared by software to enable/disable the end of conversion interrupt for
injected channels.

0: JEOC interrupt disabled
1: JEOC interrupt enabled. An interrupt is generated when the JEOC bit is set.

Bit 6 AWDIE: Analog watchdog interrupt enable

This bit is set and cleared by software to enable/disable the analog watchdog interrupt.
0: Analog watchdog interrupt disabled
1: Analog watchdog interrupt enabled

Bit 5 EOCIE: Interrupt enable for EOC

This bit is set and cleared by software to enable/disable the End of Conversion interrupt.
0: EOC interrupt disabled
1: EOC interrupt enabled. An interrupt is generated when the EOC bit is set.

Bits 4:0 AWDCH][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.

00000: ADC analog Channel0
00001: ADC analog Channel1

01111: ADC analog Channel15
10000: ADC analog Channel16
10001: ADC analog Channel17
Other values: reserved.

ADC1 analog Channel16 and Channel17 are internally connected to the temperature
sensor and to VrepnT, respectively.

10.11.3 ADC control register 2 (ADC_CRZ2)
Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TSVRE | SWSTA | JSWST |EXTTR
EXTSEL[2:0] Res.
Reserved FE RT ART IG
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
JE)gT JEXTSEL[2:0] ALIGN |  Reserved DMA Ei{ CAL | CONT | ADON
Reserved
w w | rw | w rw Res. rw rw w w w

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 VrgginT
channel.
0: Temperature sensor and VregnT Channel disabled
1: Temperature sensor and VrgrinT channel enabled

Bit 22 SWSTART: Start conversion of regular channels

This bit is set by software to start conversion and cleared by hardware as soon as
conversion starts. It starts a conversion of a group of regular channels if SWSTART is
selected as trigger event by the EXTSEL[2:0] bits.

0: Reset state

1: Starts conversion of regular channels

Bit 21 JSWSTART: Start conversion of injected channels

This bit is set by software and cleared by software or by hardware as soon as the conversion
starts. It starts a conversion of a group of injected channels (if JSWSTART is selected as
trigger event by the JEXTSEL[2:0] bits.

0: Reset state

1: Starts conversion of injected channels

Bit 20 EXTTRIG: External trigger conversion mode for regular channels
This bit is set and cleared by software to enable/disable the external trigger used to start
conversion of a regular channel group.
0: Conversion on external event disabled
1: Conversion on external event enabled

Bits 19:17 EXTSEL[2:0]: External event select for regular group
These bits select the external event used to trigger the start of conversion of a regular group:
000: Timer 1 CC1 event
001: Timer 1 CC2 event
010: Timer 1 CC3 event
011: Timer 2 CC2 event
100: Timer 3 TRGO event
101: Timer 4 CC4 event
110: EXTl line 11
111: SWSTART

Bit 16 Reserved, must be kept at reset value.

Bit 15 JEXTTRIG: External trigger conversion mode for injected channels
This bit is set and cleared by software to enable/disable the external trigger used to start
conversion of an injected channel group.
0: Conversion on external event disabled
1: Conversion on external event enabled
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Bits 14:12 JEXTSEL[2:0]: External event select for injected group

Bit 11

Bits 10:9
Bit 8

Bits 7:4
Bit 3

Bit 2

Bit 1

Bit0

3

These bits select the external event used to trigger the start of conversion of an injected
group:

000: Timer 1 TRGO event

001: Timer 1 CC4 event

010: Timer 2 TRGO event

011: Timer 2 CC1 event

100: Timer 3 CC4 event

101: Timer 4 TRGO event

110: EXTI line15

111: JSSWSTART

ALIGN: Data alignment
This bit is set and cleared by software. Refer to Figure 29.and Figure 30.
0: Right Alignment
1: Left Alignment

Reserved, must be kept at reset value.

DMA: Direct memory access 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

Reserved, must be kept at reset value.

RSTCAL: Reset calibration
This bit is set by software and cleared by hardware. It is cleared after the calibration registers
are initialized.
0: Calibration register initialized.
1: Initialize calibration register.

Note: If RSTCAL is set when conversion is ongoing, additional cycles are required to clear the
calibration registers.

CAL: A/D Calibration
This bit is set by software to start the calibration. It is reset by hardware after calibration is
complete.
0: Calibration completed
1: Enable calibration

CONT: Continuous conversion
This bit is set and cleared by software. If set conversion takes place continuously till this bit is
reset.
0: Single conversion mode
1: Continuous conversion mode

ADON: A/D converter ON / OFF
This bit is set and cleared by software. If this bit holds a value of zero and a 1 is written to it
then it wakes up the ADC from Power Down state.
Conversion starts when this bit holds a value of 1 and a 1 is written to it. The application
should allow a delay of tgtag between power up and start of conversion. Refer to Figure 25.
0: Disable ADC conversion/calibration and go to power down mode.
1: Enable ADC and to start conversion

Note: If any other bit in this register apart from ADON is changed at the same time, then

conversion is not triggered. This is to prevent triggering an erroneous conversion.
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10.11.4 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
SMP17[2:0] SMP16[2:0] SMP15[2:1]
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
132’”3 SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]

180/709

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

Bits 23:0 SMPx[2:0]: Channel x Sample time selection

These bits are written by software to select the sample time individually for each channel.

During sample cycles channel selection bits must remain unchanged.

000: 1.5 cycles

001: 7.5 cycles

010: 13.5 cycles

011: 28.5 cycles

100: 41.5 cycles

101: 55.5 cycles

110: 71.5 cycles

111: 239.5 cycles
ADC1 analog Channel16 and Channel 17 are internally connected to the temperature
sensor and to VrepinT, respectively.
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10.11.5 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
Reserved SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SsMg SMP4[2:0] SMP3[2:0] SMP2[2:0] SMP1[2:0] SMPO0[2:0]

Bits 31:30 Reserved, must be kept at reset value.

Bits 29:0 SMPXx[2:0]: Channel x Sample time selection

These bits are written by software to select the sample time individually for each channel.
During sample cycles channel selection bits must remain unchanged.

000: 1.5 cycles
001: 7.5 cycles
010: 13.5 cycles
011: 28.5 cycles
100: 41.5 cycles
101: 55.5 cycles
110: 71.5 cycles
111: 239.5 cycles

10.11.6 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 1 10 9 8 7 6 5 4 3 2 1 0
JOFFSETX[11:0]
Reserved
Bits 31:12 Reserved, must be kept at reset value.

Bits 11:0 JOFFSETXx[11:0]: Data offset for injected channel x

3

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.
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10.11.7 ADC watchdog high threshold register (ADC_HTR)

Address offset: 0x24
Reset value: 0x0000 OFFF

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

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

Bits 11:0 HT[11:0]: Analog watchdog high threshold
These bits are written by software to define the high threshold for the analog watchdog.

Note: The software can write to these registers when an ADC conversion is ongoing. The
programmed value will be effective when the next conversion is complete. Writing to this
register is performed with a write delay that can create uncertainty on the effective time at
which the new value is programmed.

10.11.8 ADC watchdog low 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
rw | w | w | rw | w | rw | w | w | rw | w | rw | w

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

Bits 11:0 LT[11:0]: Analog watchdog low threshold
These bits are written by software to define the low threshold for the analog watchdog.

Note: The software can write to these registers when an ADC conversion is ongoing. The
programmed value will be effective when the next conversion is complete. Writing to this
register is performed with a write delay that can create uncertainty on the effective time at
which the new value is programmed.

3
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10.11.9 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 | w | w | w rw | rw | w | 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]
w w | w | w | rw | rw w | w | w | w | w w | 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..17) 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 in regular sequence
Bits 4:0 SQ13[4:0]: 13th conversion in regular sequence
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10.11.10 ADC regular sequence register 2 (ADC_SQR2)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 20 28 271 26 25 24 23 2 21 20 19 18 17 16

SQ12[4:0] SQM4:0] SQ10[4:1]
Resered T T w [ w | w | w | w [ w [ w | w [ w | w ] w ] w ] w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
sato_ SQQ[4:0] SQ8[4:0] SQ74:0]

Bits 31:30 Reserved, must be kept at reset value.

Bits 29:26 SQ12[4:0]: 72th conversion in regular sequence

These bits are written by software with the channel number (0..17) assigned as the 12th in the
sequence to be converted.

Bits 24:20 SQ11[4:0]: 11th conversion in regular sequence

Bits 19:15 SQ10[4:0]: 10th conversion in regular sequence

Bits 14:10 SQ9[4:0]: 9th conversion in regular sequence
Bits 9:5 SQ8[4:0]: 8th conversion in regular sequence

Bits 4:0 SQ7[4:0]: 7th conversion in regular sequence
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10.11.11 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 | w | w rw | w | rw | w | w rw | rw | w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ4_0 SQ3[4:0] SQ2[4:0] SQ1[4:0]
w w | rw | w | rw | w w | rw | w | rw | w w | rw | rw | rw | w

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..17) 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]: fourth conversion in regular sequence

Bits 14:10 SQ3[4:0]: third conversion in regular sequence
Bits 9:5 SQ2[4:0]: second conversion in regular sequence

Bits 4:0 SQ1[4:0]: first conversion in regular sequence
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10.11.12 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
JsQ4_0 JSQ3[4:0] JSQ2[4:0] JsQ1[4:0]
Bits 31:22 Reserved, must be kept at reset value.
Bits 21:20 JL[1:0]: Injected sequence length
These bits are written by software to define the total number of conversions in the injected
channel conversion sequence.
00: 1 conversion
01: 2 conversions
10: 3 conversions
11: 4 conversions
Bits 19:15 JSQ4[4:0]: fourth conversion in injected sequence (when JL[1:0] = 3)(")
These bits are written by software with the channel number (0..17) assigned as the fourth in
the sequence to be converted.
Note: Unlike a regular conversion sequence, if JL[1:0] length is less than four, the channels
are converted in a sequence starting from (4-JL). Example: ADC_JSQR[21:0] = 10
00011 00011 00111 00010 means that a scan conversion will convert the following
channel sequence: 7, 3, 3. (not 2, 7, 3)
Bits 14:10 JSQ3[4:0]: third conversion in injected sequence (when JL[1:0] = 3)
Bits 9:5 JSQ2[4:0]: second conversion in injected sequence (when JL[1:0] = 3)
Bits 4:0 JSQ1[4:0]: first conversion in injected sequence (when JL[1:0] = 3)

1.

1

When JL=3 ( 4 injected conversions in the sequencer), the ADC converts the channels in this order:

JSQ1[4:0] >> JSQ2[4:0] >> JSQ3[4:0] >> JSQ4[4:0]

When JL=2 ( 3 injected conversions in the sequencer), the ADC converts the channels in this order:
JSQ2[4:0] >> JSQ3[4:0] >> JSQ4[4:0]

When JL=1 ( 2 injected conversions in the sequencer), the ADC converts the channels in this order:
JSQ3[4:0] >> JSQ4[4:0]

When JL=0 (1 injected conversion in the sequencer), the ADC converts only JSQ4[4:0] channel

86/709
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10.11.13 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]
r r r r r r | r r

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 is left or right-aligned as shown in Figure 29 and Figure 30.

10.11.14 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 1 10 9 8 7 6 5 4 3 2 1 0
DATA[15:0]
r r r r r r | r | r

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 is left or right-aligned as shown in Figure 29 and Figure 30.
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10.11.15 ADC register map

The following table summarizes the ADC registers.

Table 62. ADC register map and reset values

Offset| Register |2 |22 /2N I8 QX |Q|R|[R[2[2EelezlzltEiglo 0~ 0|n|v|o|||o
ADC_SR k8RR
0x00 - Reserved = o @ Q %
@
Reset value O[0[0[0T]0
= [Z DISC Bzl b [w
ADC_CR1 w8 v B ERREGLB B | AwbcH@o
0x04 Reserved = B Reserved 20 2 @ QP 0oEL
== S EPBRM
Reset value 010 UOlUOOUOUOUUOUOUU
ol V] o € | ExTSE L | o S
ADC_CR2 W P | EXTSEL 18 L B|¢ g SkEp
0x08 Reserved i‘% g % e [2:0] % E P % = | Reserved ;) S8 2
— o p W & =) &
Reset value UOOUO|U|O 00|U|00 0| Ol0[O0TO
0x0C ADC_SMPR1 Sample time bits SMPx_x
Reset value 0|U|0|U|0|0|0|0|0|0|0|0|0|U|0|0|U|0|U|0|0|U|0|U|0|U|U|0|0|0|0|U
0x10 ADC_SMPR2 Sample time bits SMPx_x
Reset value 0|O|U|U|U|U|O|U|U|U|U|U|U|U|U|U|U|U|U|U U|U|U|U|U|U|U|U|U|U|U|U
0x14 ADC_JOFR1 Reserved JOFFSET1[11:0]
Reset value U|O|U|U|U|U|O|O|U|U|U|O
0x18 ADC_JOFR2 Reserved JOFFSET2[11:0]
Reset value U|U|U|U|U|U|U|O|U|U|U|U
0x1C ADC_JOFR3 Reserved JOFFSET3[11:0]
Reset value U|U|U|U|U|U|U|O|U|U|U|U
0x20 ADC_JOFR4 Reserved JOFFSET4[11:0]
Reset value U|U|U|U|U|U|U|O|U|U|U|U
0x24 ADC_HTR Reserved HT[11:0]
Reset value U|U|U|U|U|U|U|O|U|U|U|U
0x28 ADC_LTR Reserved LT[0l
Reset value U|U U|U|U|U|U U|U|U|U|U
SQ16[4:0] 16th | SQ15[4:0] 15th | SQ14[4:0] 14th | SQ13[4:0] 13th
. conversion in conversion in conversion in conversion in
0x2C ADC_SQR1 Reserved L[3:0] regular regular regular regular
sequence bits sequence bits sequence bits sequence bits
Reset value U|U|U|U U|U|U|U|U U|U|U|U|U U|U|U|U|U U|U|U|U|U
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Table 62. ADC register map and reset values (continued)

Offset| Register SI3lRRNQARRINSRZEERRERN R0/~ 0w+ /o a0
SQ12[4:0] 12th | SQ11[4:0] 11th | SQ10[4:0] 10th SQ9[4:0] 9th SQ8[4:0] 8th SQ7[4:0] 7th
ADC SQR2 3 conversion in conversion in conversion in conversion in conversion in conversion in
0x30 — c regular regular regular regular regular regular
% sequence bits sequence bits sequence bits sequence bits sequence bits sequence bits
o
Reset value 0|U|0|0|U 0|U|0|0|U 0|U|0|0|U 0|U|0|0|U 0|U|0|U|U 0|0|0|0|0
SQ6[4:0] 6th SQ5[4:0] 5th SQ4[4:0] fourth SQ3[4:0] third | SQ2[4:0]second | SQ1[4:0] first
ADC SQR3 3 conversion in conversion in conversion in conversion in conversion in conversion in
0x34 — I regular regular regular regular regular regular
% sequence bits sequence bits sequence bits sequence bits sequence bits sequence bits
14
Reset value 0|U|0|0|U 0|U|0 0|U 0|U|0|0|U 0|U|0|0|000|0000|0|0|0|0
JsQa[4:0] | JSQ3[4:0] third JSQZ["’QO] JSQ1[4:0] first
JL[1: | fourthconversion conversion in second conversion in
0x38 ADC_JSQR Reserved 0] in injected injected cor_wlerstlog in injected
sequence bits sequence bits squEJ:r::cZ bits sequence bits
Reset value 0|U 0|U|U|OUO|U|U|U|U U|U|U|U|U U|U|U|U|U
0x3C ADC_JDR1 Reserved JDATA[15:0]
Reset value U|0|U|U|U|U|0|U|U|U|U|U|U|U|U|U
0x40 ADC_JDR2 Reserved JDATA[15:0]
Reset value U|0|U|U|U|U|0|U|U|U|U|U|U|U|U|U
Oxdd ADC_JDR3 Reserved JDATA[15:0]
Reset value U|0|U|U|U|U|0|U|U|U|U|U|U|U|U|U
0x48 ADC_JDR4 Reserved JDATA[15:0]
Reset value U|0|U|U|U|U|0|U|U|U|U|U|U|U|U|U
0x4C ADC_DR Reserved Regular DATA[15:0]
Reset value U|0|U|U|U|U|0|U|U|U|U|U|U|U|U|U

3

Refer to Table 1 on page 37 and Table 2 on page 38 for the register boundary addresses.
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Digital-to-analog converter (DAC)

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

DAC introduction

The DAC module is a 12-bit, voltage output digital-to-analog converter. The DAC can be
configured in 8- or 12-bit mode and may be used in conjunction with the DMA controller. In
12-bit mode, the data could be left- or right-aligned. The DAC has two output channels, each
with its own converter. In dual DAC channel mode, conversions could be done
independently or simultaneously when both channels are grouped together for synchronous
update operations. An input reference pin, Vreg+ (shared with ADC) is available for better
resolution.

DAC main features

e  Two DAC converters: one output channel each

e Left orright data alignment in 12-bit mode

e  Synchronized update capability

e Noise-wave generation

e  Triangular-wave generation

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

e  DMA underrun error detection

e  External triggers for conversion

e Input voltage reference, Vggr+

Figure 32 shows the block diagram of a DAC channel and Table 63 gives the pin
description.

3
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Figure 32. DAC channel block diagram
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Table 63. DAC pins
Name Signal type Remarks
v Input, analog reference The higher/positive reference voltage for the DAC,
REF+ positive 2.4V <Vgers <Vppa
Vbopa Input, analog supply Analog power supply
Vssa Input, analog supply ground | Ground for analog power supply
DAC_OUTx |Analog output signal DAC channelx analog output

Note: Once the DAC channelx is enabled, the corresponding GPIO pin (PA4 or PAS5) is

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).

3
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11.3

11.3.1

Note:

11.3.2

11.3.3

192/709

DAC functional description

DAC channel enable

Each DAC channel can be powered on by setting its corresponding ENx bit in the DAC_CR
register. The DAC channel is then enabled after a startup time tyaxeup-

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

DAC output buffer enable

The DAC integrates two output buffers that can be used to reduce the output impedance,
and to drive external loads directly without having to add an external operational amplifier.
Each DAC channel output buffer can be enabled and disabled using the corresponding
BOFFx bit in the DAC_CR register.

DAC data format

Depending on the selected configuration mode, the data have to be written into the specified
register as described below:

e Single DAC channelx, there are three possibilities:

—  8-bit right alignment: the software has to load data into the DAC_DHR8Rx [7:0]
bits (stored into the DHRx[11:4] bits)

—  12-bit left alignment: the software has to load data into the DAC_DHR12Lx [15:4]
bits (stored into the DHRx[11:0] bits)

— 12-bit right alignment: the software has to load data into the DAC_DHR12Rx [11:0]
bits (stored into the DHRx[11:0] bits)

Depending on the loaded DAC_DHRYyyyx register, the data written by the user is shifted and
stored into the corresponding DHRx (data holding registerx, which are internal non-memory-
mapped registers). The DHRXx register is then loaded into the DORX register either
automatically, by software trigger or by an external event trigger.

3
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Figure 33. Data registers in single DAC channel mode

31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

ai14710b

e Dual DAC channels, there are three possibilities:

—  8-bit right alignment: data for DAC channel1 to be loaded into the DAC_DHR8RD
[7:0] bits (stored into the DHR1[11:4] bits) and data for DAC channel2 to be loaded
into the DAC_DHRS8RD [15:8] bits (stored into the DHR2[11:4] bits)

—  12-bit left alignment: data for DAC channel1 to be loaded into the DAC_DHR12LD
[15:4] bits (stored into the DHR1[11:0] bits) and data for DAC channel2 to be
loaded into the DAC_DHR12LD [31:20] bits (stored into the DHR2[11:0] bits)

— 12-bit right alignment: data for DAC channel1 to be loaded into the
DAC_DHR12RD [11:0] bits (stored into the DHR1[11:0] bits) and data for DAC
channel2 to be loaded into the DAC_DHR12LD [27:16] bits (stored into the
DHR2[11:0] bits)

Depending on the loaded DAC_DHRYyyyD register, the data written by the user is shifted
and stored into DHR1 and DHR2 (data holding registers, which are internal non-memory-
mapped registers). The DHR1 and DHR2 registers are then loaded into the DOR1 and
DORZ2 registers, respectively, either automatically, by software trigger or by an external
event trigger.

Figure 34. Data registers in dual DAC channel mode
31 324 24 15 15 4 00

DI r?ﬁdaligned
-bit left gligned )
J2hieftglioned

igne

12-bit right aligned

ai14709

ai14709b

11.3.4 DAC conversion

The DAC_DORXx cannot be written directly and any data transfer to the DAC channelx must
be performed by loading the DAC_DHRX register (write to DAC_DHR8Rx, DAC_DHR12Lx,
DAC_DHR12Rx, DAC_DHR8RD, DAC_DHR12LD or DAC_DHR12LD).

Data stored in the DAC_DHRX register are automatically transferred to the DAC_DORX
register after one APB1 clock cycle, if no hardware trigger is selected (TENx bit in DAC_CR
register is reset). However, when a hardware trigger is selected (TENx bit in DAC_CR
register is set) and a trigger occurs, the transfer is performed three APB1 clock cycles later.

3
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11.3.5

11.3.6

194/709

When DAC_DORKXx is loaded with the DAC_DHRXx contents, the analog output voltage
becomes available after a time tgg17 NG that depends on the power supply voltage and the
analog output load.

Figure 35. Timing diagram for conversion with trigger disabled TEN = 0

APB1_CLK|||||||||||||||

DHR '0x1AC!

1
1
T Output voltage
DOR \ Ox1AC |_—"" available on DAC_OUT pin
1

le——USETTLING —]

ai14711c

DAC output voltage

Digital inputs are converted to output voltages on a linear conversion between 0 and Vrggs.

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

_ DOR
DACoutput = Vggg X 2096

DAC trigger selection

If the TENXx control bit is set, conversion can then be triggered by an external event (timer
counter, external interrupt line). The TSELx[2:0] control bits determine which out of eight
possible events trigger conversion as shown in Table 64.

Table 64. External triggers

Source Type TSEL[2:0]
Timer 6 TRGO event 000
Timer 3 TRGO event 001
Timer 7 TRGO event 010
Internal signal from on-chip

Timer 5 or Timer 15 TRGO timers 011
event

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.
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Note:

11.3.7

11.3.8

3

If the software trigger is selected, the conversion starts once the SWTRIG bit is set.
SWTRIG is reset by hardware once the DAC_DORX register has been loaded with the
DAC_DHRXx register contents.

TSELx[2:0] bit cannot be changed when the ENXx bit is set.

When software trigger is selected, the transfer from the DAC_DHRX register to the
DAC_DORXx register takes only one APB1 clock cycle.

For High-density value line devices, the TIM15 TRGO event is selected as DAC Trigger 3
only if the MISC_REMAP bit in the AFIO_MAPRZ2 register is set and DAC Trigger 3 is
connected to TIM5 TRGO when the MISC_REMAP bit in the AFIO_MAPR?Z register is reset.
On low- and medium -density devices the TIM15 TRGO event is always selected as DAC
Trigger 3. For more details refer to the Section 7.3: Alternate function I/O and debug
configuration (AFIO) on page 117.

DMA request

Each DAC channel has a DMA capability. Two DMA channels are used to service DAC
channel DMA requests.

A DAC DMA request is generated when an external trigger (but not a software trigger)
occurs while the DMAENX bit is set. The value of the DAC_DHRX register is then transferred
into the DAC_DORX register.

In dual mode, if both DMAENX bits are set, two DMA requests are generated. If only one
DMA request is needed, the user should set only the corresponding DMAENX bit. In this
way, the application can manage both DAC channels in dual mode by using one DMA
request and a unique DMA channel.

DMA underrun

The DAC DMA request is not queued so that if a second external trigger arrives before the
acknowledgement for the first external trigger is received (first request), then no new
request is issued and the DMA channelx underrun flag DMAUDRX in the DAC_SR register
is set, reporting the error condition. DMA data transfers are then disabled and no further
DMA request is treated. The DAC channelx continues to convert old data.

The software should clear the DMAUDRX flag by writing “1”, clear the DMAEN bit of the
used DMA stream and re-initialize both DMA and DAC channelx to restart the transfer
correctly. The software should modify the DAC trigger conversion frequency or lighten the
DMA workload to avoid a new DMA underrun. Finally, the DAC conversion could be
resumed by enabling both DMA data transfer and conversion trigger.

For each DAC channelx, an interrupt is also generated if its corresponding DMAUDRIEX bit
in the DAC_CR register is enabled.

Noise generation

In order to generate a variable-amplitude pseudonoise, an LFSR (linear feedback shift
register) is available. DAC noise generation is selected by setting WAVEXx[1:0] to “01”. The
preloaded value in LFSR is OxAAA. This register is updated three APB1 clock cycles after
each trigger event, following a specific calculation algorithm.
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Note:

11.3.9
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Figure 36. DAC LFSR register calculation algorithm

ai14713c

The LFSR value, that may be masked partially or totally by means of the MAMPXx[3:0] bits in
the DAC_CR register, is added up to the DAC_DHRXx contents without overflow and this
value is then stored into the DAC_DORX register.

If LFSR is 0x0000, a ‘1 is injected into it (antilock-up mechanism).
It is possible to reset LFSR wave generation by resetting the WAVEX[1:0] bits.

Figure 37. DAC conversion (SW trigger enabled) with LFSR wave generation

DHR X 0x00

DOR

SWTRIG I_l I_l

ai14714b

The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC _CR register.

Triangle-wave generation

It is possible to add a small-amplitude triangular waveform on a DC or slowly varying signal.
DAC triangle-wave generation is selected by setting WAVEX[1:0] to “10”. The amplitude is
configured through the MAMPXx[3:0] bits in the DAC_CR register. An internal triangle counter
is incremented three APB1 clock cycles after each trigger event. The value of this counter is
then added to the DAC_DHRXx register without overflow and the sum is stored into the
DAC_DORKX register. The triangle counter is incremented as long as it is less than the
maximum amplitude defined by the MAMPXx[3:0] bits. Once the configured amplitude is
reached, the counter is decremented down to 0, then incremented again and so on.
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It is possible to reset triangle wave generation by resetting the WAVEX[1:0] bits.
Figure 38. DAC triangle wave generation
MAMPX[3:0] max amplitude
+ DAC_DHRXx base value
DAC_DHRXx base value
0 >
ai14715c
Figure 39. DAC conversion (SW trigger enabled) with triangle wave generation
APB1_CLK||||||||||I|||||||||||I|||||||||||||||
DHR X 0x00 | L
DOR 1 X OxAAA i X oxDs5
SWTRIG | | | |
ai14714b
Note: The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC_CR register.
The MAMPx[3:0] bits must be configured before enabling the DAC, otherwise they cannot
be changed.
11.4 Dual DAC channel conversion

3

To efficiently use the bus bandwidth in applications that require the two DAC channels at the
same time, three dual registers are implemented: DHR8RD, DHR12RD and DHR12LD. A
unique register access is then required to drive both DAC channels at the same time.

Eleven possible conversion modes are possible using the two DAC channels and these dual
registers. All the conversion modes can nevertheless be obtained using separate DHRx
registers if needed.

All modes are described in the paragraphs below.
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Independent trigger without wave generation

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

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

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRB8RD)

When a DAC channel1 trigger arrives, the DHR1 register is transferred into DAC_DOR1
(three APB1 clock cycles later).

When a DAC channel?2 trigger arrives, the DHR2 register is transferred into DAC_DOR?2
(three APB1 clock cycles later).

Independent trigger with single LFSR generation

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

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

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

e  Configure the two DAC channel WAVEXx[1:0] bits as “01” and the same LFSR mask
value in the MAMPXx[3:0] bits

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

When a DAC channel1 trigger arrives, the LFSR1 counter, with the same mask, is added to
the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles
later). Then the LFSR1 counter is updated.

When a DAC channel?2 trigger arrives, the LFSR2 counter, with the same mask, is added to
the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1 clock cycles
later). Then the LFSR2 counter is updated.

Independent trigger with different LFSR generation

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

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

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

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

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a DAC channel1 trigger arrives, the LFSR1 counter, with the mask configured by
MAMP1[3:0], is added to the DHR1 register and the sum is transferred into DAC_DOR1
(three APB1 clock cycles later). Then the LFSR1 counter is updated.

When a DAC channel?2 trigger arrives, the LFSR2 counter, with the mask configured by
MAMP2[3:0], is added to the DHR2 register and the sum is transferred into DAC_DOR2
(three APB1 clock cycles later). Then the LFSR2 counter is updated.
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1.4.4 Independent trigger with single triangle generation
To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2
e  Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits
e  Configure the two DAC channel WAVEXx[1:0] bits as “1x” and the same maximum
amplitude value in the MAMPX[3:0] bits
e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)
When a DAC channel1 trigger arrives, the DAC channel triangle counter, with the same
triangle amplitude, is added to the DHR1 register and the sum is transferred into
DAC_DOR1 (three APB1 clock cycles later). The DAC channel1 triangle counter is then
updated.
When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with the same
triangle amplitude, is added to the DHR2 register and the sum is transferred into
DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle counter is then
updated.
11.4.5 Independent trigger with different triangle generation
To configure the DAC in this conversion mode, the following sequence is required:
e Set the two DAC channel trigger enable bits TEN1 and TEN2
e Configure different trigger sources by setting different values in the TSEL1[2:0] and
TSEL2[2:0] bits
e  Configure the two DAC channel WAVEX[1:0] bits as “1x” and set different maximum
amplitude values in the MAMP1[3:0] and MAMP2[3:0] bits
e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRB8RD)
When a DAC channel1 trigger arrives, the DAC channel1 triangle counter, with a triangle
amplitude configured by MAMP1[3:0], is added to the DHR1 register and the sum is
transferred into DAC_DOR1 (three APB1 clock cycles later). The DAC channel1 triangle
counter is then updated.
When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with a triangle
amplitude configured by MAMP2[3:0], is added to the DHR2 register and the sum is
transferred into DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle
counter is then updated.
11.4.6 Simultaneous software start

3

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

e Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

In this configuration, one APB1 clock cycle later, the DHR1 and DHR2 registers are
transferred into DAC_DOR1 and DAC_DORZ2, respectively.
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Simultaneous trigger without wave generation

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

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

e Load the dual DAC channel data to the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a trigger arrives, the DHR1 and DHR2 registers are transferred into DAC_DOR1 and
DAC_DOR2, respectively (after three APB1 clock cycles).

Simultaneous trigger with single LFSR generation

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

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

e  Configure the two DAC channel WAVEXx[1:0] bits as “01” and the same LFSR mask
value in the MAMPXx[3:0] bits

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

When a trigger arrives, the LFSR1 counter, with the same mask, is added to the DHR1
register and the sum is transferred into DAC_DOR1 (three APB1 clock cycles later). The
LFSR1 counter is then updated. At the same time, the LFSR2 counter, with the same mask,
is added to the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1
clock cycles later). The LFSR2 counter is then updated.

Simultaneous trigger with different LFSR generation

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

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

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

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a trigger arrives, the LFSR1 counter, with the mask configured by MAMP1[3:0], is
added to the DHR1 register and the sum is transferred into DAC_DOR1 (three APB1 clock
cycles later). The LFSR1 counter is then updated.

At the same time, the LFSR2 counter, with the mask configured by MAMP2[3:0], is added to
the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1 clock cycles
later). The LFSR2 counter is then updated.

3
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11.4.10

11.4.11
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Simultaneous trigger with single triangle generation

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

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

e  Configure the two DAC channel WAVEXx[1:0] bits as “1x” and the same maximum
amplitude value using the MAMPXx[3:0] bits

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRB8RD)

When a trigger arrives, the DAC channel1 triangle counter, with the same triangle
amplitude, is added to the DHR1 register and the sum is transferred into DAC_DOR1 (three
APB1 clock cycles later). The DAC channel1 triangle counter is then updated.

At the same time, the DAC channel?2 triangle counter, with the same triangle amplitude, is
added to the DHR2 register and the sum is transferred into DAC_DOR?2 (three APB1 clock
cycles later). The DAC channel2 triangle counter is then updated.

Simultaneous trigger with different triangle generation

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

e  Configure the same trigger source for both DAC channels by setting the same value in
the TSEL1[2:0] and TSELZ2[2:0] bits

e  Configure the two DAC channel WAVEX[1:0] bits as “1x” and set different maximum
amplitude values in the MAMP1[3:0] and MAMP2[3:0] bits

e Load the dual DAC channel data into the desired DHR register (DAC_DHR12RD,
DAC_DHR12LD or DAC_DHRS8RD)

When a trigger arrives, the DAC channel1 triangle counter, with a triangle amplitude
configured by MAMP1[3:0], is added to the DHR1 register and the sum is transferred into
DAC_DORH1 (three APB1 clock cycles later). Then the DAC channel1 triangle counter is
updated.

At the same time, the DAC channel2 triangle counter, with a triangle amplitude configured
by MAMP2[3:0], is added to the DHR2 register and the sum is transferred into DAC_DOR2
(three APB1 clock cycles later). Then the DAC channel2 triangle counter is updated.
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11.5 DAC registers

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

The peripheral registers have to be accessed by words (32 bits).

11.5.1 DAC control register (DAC_CR)

Address offset: 0x00
Reset value: 0x0000 0000

31 3 20 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAU | DMA _ , .
Resorveq | DRIEZ | EN2 MAMP2(3:0] WAVE2[1:0] TSEL2[2:0] TEN2 | BOFF2 | EN2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMAU | DMA
MAMP1[3:0] WAVE1[1:0] TSEL1[2:0] TEN1 | BOFF1| EN1
Reserved | DRIET | EN1

Bits 31:30 Reserved, must be kept at reset value.

Bits 29 DMAUDRIE2: DAC channel2 DMA underrun interrupt enable
This bit is set and cleared by software.
0: DAC channel2 DMA underrun interrupt disabled
1: DAC channel2 DMA underrun interrupt enabled

Bit 28 DMAEN2: DAC channel2 DMA enable
This bit is set and cleared by software.
0: DAC channel2 DMA mode disabled
1: DAC channel2 DMA mode enabled

Bits 27:24 MAMP2[3:0]: DAC channel2 mask/amplitude selector
These bits are written by software to select mask in wave generation mode or amplitude in
triangle generation mode.
0000: Unmask bit0 of LFSR/ triangle amplitude equal to 1
0001: Unmask bits[1:0] of LFSR/ triangle amplitude equal to 3
0010: Unmask bits[2:0] of LFSR/ triangle amplitude equal to 7
0011: Unmask bits[3:0] of LFSR/ triangle amplitude equal to 15
0100: Unmask bits[4:0] of LFSR/ triangle amplitude equal to 31
0101: Unmask bits[5:0] of LFSR/ triangle amplitude equal to 63
0110: Unmask bits[6:0] of LFSR/ triangle amplitude equal to 127
0111: Unmask bits[7:0] of LFSR/ triangle amplitude equal to 255
1000: Unmask bits[8:0] of LFSR/ triangle amplitude equal to 511
1001: Unmask bits[9:0] of LFSR/ triangle amplitude equal to 1023
1010: Unmask bits[10:0] of LFSR/ triangle amplitude equal to 2047
>1011: Unmask bits[11:0] of LFSR/ triangle amplitude equal to 4095

Bits 23:22 WAVEZ2[1:0]: DAC channel2 noise/triangle wave generation enable
These bits are set/reset by software.
00: wave generation disabled
01: Noise wave generation enabled
1x: Triangle wave generation enabled
Note: Only used if bit TEN2 = 1 (DAC channel2 trigger enabled)
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Bits 21:19 TSEL2[2:0]: DAC channel?2 trigger selection
These bits select the external event used to trigger DAC channel2
000: Timer 6 TRGO event
001: Timer 3 TRGO event
010: Timer 7 TRGO event
011: Timer 5 or timer 15 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).

For high-density value line devices, the TIM15 TRGO event is selected as DAC Trigger
3 only if the MISC_REMAP bit in the AFIO_MAPR?2 register is set and DAC Trigger 3 is
connected to TIM5 TRGO when the MISC_REMARP bit in the AFIO_MAPR?2 register is
reset. On low- and medium -density devices the TIM15 TRGO event is always selected

as DAC Trigger 3. For more details refer to the AFIO section.

Bit 18 TEN2: DAC channel?2 trigger enable

This bit is set and cleared by software to enable/disable DAC channel?2 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_DHRX register are transferred

three APB1 clock cycles later to the DAC_DOR?2 register

Note: When software trigger is selected, the transfer from the DAC_DHRX register to the

DAC_DOR?2 register takes only one APB1 clock cycle.
Bit 17 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

Bit 16 EN2: DAC channel2 enable

This bit is set and cleared by software to enable/disable DAC channel2.

0: DAC channel2 disabled
1: DAC channel2 enabled

Bits 15:14 Reserved, must be kept at reset value.

Bit 13 DMAUDRIE1: DAC channel1 DMA Underrun Interrupt enable
This bit is set and cleared by software.

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

Bit 12 DMAEN1: DAC channel1 DMA enable

This bit is set and cleared by software.
0: DAC channel1 DMA mode disabled
1: DAC channel1 DMA mode enabled
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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 channel1 trigger enabled).

Bits 5:3 TSEL1[2:0]: DAC channell trigger selection
These bits select the external event used to trigger DAC channel.
000: Timer 6 TRGO event
001: Timer 3 TRGO event
010: Timer 7 TRGO event
011: Timer 5 or Timer 15 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 channel1 trigger enabled).

Bit 2 TEN1: DAC channel1 trigger enable

This bit is set and cleared by software to enable/disable DAC channel1 trigger.
0: DAC channel1 trigger disabled and data written into the DAC_DHRX register are
transferred one APB1 clock cycle later to the DAC_DORH1 register
1: DAC channel1 trigger enabled and data from the DAC_DHRX register are transferred
three APB1 clock cycles later to the DAC_DOR1 register
Note: When software trigger is selected, the transfer from the DAC_DHRX register to the
DAC_DORT1 register takes only one APB1 clock cycle.

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 channel1 output buffer disabled

Bit 0 EN1: DAC channel1 enable

This bit is set and cleared by software to enable/disable DAC channel1.
0: DAC channel1 disabled
1: DAC channel1 enabled
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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_DOR?2 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_DORT 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

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

Bits 11:0 DACC1DHR[11:0]: DAC channel1 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel.
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1.5.4 DAC channel1 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
Bits 31:16 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 channel1.
Bits 3:0 Reserved, must be kept at reset value.
11.5.5 DAC channel1 8-bit right aligned data holding register
(DAC_DHRS8R1)
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[7:0]
Reserved

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 channel1.
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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
w | w | w | w | w | w | rw | rw | w | w | w | w

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.

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

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 11 10 9 8 7 6 5 4 3 2 1 0
DACC2DHRJ[7:0]
Reserved
w | w | rw | w | w | w | w | w

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 channel?2.

207/709
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11.5.9 Dual DAC 12-bit right-aligned data holding register
(DAC_DHR12RD)

Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DACC2DHR[11:0]
Reserved
w | w | w | w | w | w | rw | w | w | w | w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DACC1DHR[11:0]

Reserved

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 channel1 12-bit right-aligned data
These bits are written by software which specifies 12-bit data for DAC channel1.

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]
w [ w [ w [ w | w [ w | w | w | w | w ] w ] w Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DACC1DHR[11:0]
w [ w [ w [ w [ w [ w [ ow | w | w | w | w | w reserved

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 channel.

Bits 3:0 Reserved, must be kept at reset value.
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11.5.11  DUAL DAC 8-bit right aligned data holding register
(DAC_DHRB8RD)

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 1 10 9 8 7 6 5 4 3 2 1 0
DACC2DHR[7:0] DACC1DHR([7:0]
w | w | w | w | w | w | w | w w | w | w | w | w | w | w | w

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

Bits 15:8 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 DACC1DHR[7:0]: DAC channel1 8-bit right-aligned data
These bits are written by software which specifies 8-bit data for DAC channel1.

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 DACC1DOR[11:0]: DAC channel1 data output
These bits are read-only, they contain data output for DAC channel1.

11.5.13 DAC channel2 data output register (DAC_DORZ2)

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 1 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.
Bits 11:0 DACC2DOR[11:0]: DAC channel2 data output
These bits are read-only, they contain data output for DAC channel2.
209/709

3

RMO0041 Rev 6




Digital-to-analog converter (DAC)

RM0041

11.5.14 DAC status register (DAC_SR)

Address offset: 0x34
Reset value: 0x0000 0000

31 30 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAUDR2
Reserved Reserved
rc_w1
15 14 12 11 10 9 8 7 6 5 4 3 2 1 0
DMAUDR1
Reserved Reserved
rc_w1
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 channel1
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 65 summarizes the DAC registers.
Table 65. DAC register map
Offset| Register| 5| 2 | 8| K[ Q|2 Q[N |R] 2|2 &£ 2[ 2|2/ = 2 0| o[~ | ©| 0] v| o/ | [ o
N ~
? % 2 WAVE SR oy ? HEJ z WAVE | TSEL1[2 |3 |
0x00 | DAC_CR % <g( < MAMP2[3:0] | 5.7 | TSEL212:0] E § z % <g( < MAMP1I3:0] | 410 0] E é z
¥ [=|0 ¥ [=|O
[a)] o
oo
0x04 SVI\:I)¢I'\(’;I6R Reserved |n__: E
2 (2
[ %]
0x08 DI—I|3F§1CZ_R1 Reserved DACC1DHR[11:0]
0x0C DI-DH§1C2_L1 Reserved DACC1DHR[11:0] Reserved
0x10 Da§g§1 Reserved DACC1DHR[7:0]
0x14 Dr—?F/;Cz_Rz Reserved DACC2DHR[11:0]
0x18 DI-DH§1C2_I_2 Reserved DACC2DHR[11:0] Reserved
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Table 65. DAC register map (continued)

Offset | Register| 7| 3| Q| & K| €| Q| X[ 8|} |7 []] 2|2 € 2 ¥ 2 ¥ £/ € 0| 0| ~| | 10] ¥ o | |
DAC_ .
0x1C DHR8R2 Reserved DACC2DHR][7:0]
0x20 DAC_ Reserved DACC2DHR[11:0] Reserved DACC1DHR[11:0]
DHR12RD : :
0x24 DAC_ DACC2DHR[11:0] Reserved DACC1DHR[11:0] Reserved
DHR12LD ) :
0x28 DAC_ Reserved DACC2DHR([7:0] DACC1DHR([7:0]
DHR8RD ’ ’
DAC_ .
0x2C DOR1 Reserved DACC1DORJ[11:0]
DAC_ .
0x30 DOR2 Reserved DACC2DORJ[11:0]
E z
0x34 DAC_SR E <3( Reserved 2 Reserved
1%}
& I= =
a o

3

Refer to Section 2.3: Memory map for the register boundary addresses.
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12.1
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Advanced-control timer (TIM1)

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

TIM1 introduction

The advanced-control timer (TIM1) consists 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) and general-purpose (TIMx) timers are completely
independent, and do not share any resources. They can be synchronized together as
described in Section 12.3.20.
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3

TIM1 main features

TIM1 timer features include:

16-bit up, down, up/down auto-reload counter.

16-bit programmable prescaler allowing dividing (also “on the fly”) the counter clock
frequency either by any factor between 1 and 65536.

Up to 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.
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
—  Break input

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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Figure 40. Advanced-control timer block diagram
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3

TIM1 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:

e  Counter register (TIMx_CNT)

e  Prescaler register (TIMx_PSC)

e  Auto-reload register (TIMx_ARR)

e  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 41 and Figure 42 give some examples of the counter behavior when the prescaler
ratio is changed on the fly:
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Figure 41. Counter timing diagram with prescaler division change from 1 to 2
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Figure 42. Counter timing diagram with prescaler division change from 1 to 4
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3

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 plus one
(TIMx_RCR+1). 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
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_CRH1 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):

e  The repetition counter is reloaded with the content of TIMx_RCR register,

e  The auto-reload shadow register is updated with the preload value (TIMx_ARR),

e  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 43. Counter timing diagram, internal clock divided by 1
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Figure 44. Counter timing diagram, internal clock divided by 2

CK_PSC

CNT_EN

Timerclock = CK_CNT

Counter register

Counter overflow

Update event (UEV)

Update interrupt flag (UIF)

Juuutuu

HUduuuuyl

.

J e .

0034 X 0035 X 0036

0000 X 0001 X 0002 X 0003 [

.

|

MS31079V3

Figure 45. Counter timing diagram, internal clock divided by 4
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Figure 46. Counter timing diagram, internal clock divided by N
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Figure 47. Counter timing diagram, update event when ARPE=0 (TIMx_ARR not
preloaded)
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Figure 48. 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 plus one
(TIMx_RCR+1). 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):

e The repetition counter is reloaded with the content of TIMx_RCR register

e The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register)

e  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 49. Counter timing diagram, internal clock divided by 1
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Figure 50. Counter timing diagram, internal clock divided by 2
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Figure 51. Counter timing diagram, internal clock divided by 4
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Figure 52. Counter timing diagram, internal clock divided by N
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Figure 53. 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.

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.
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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):

e  The repetition counter is reloaded with the content of TIMx_RCR register

e The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register)

e 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 54. 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 12.4: TIM1 registers).

Figure 55. Counter timing diagram, internal clock divided by 2
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Figure 56. 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 57. Counter timing diagram, internal clock divided by N
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Figure 58. Counter timing diagram, update event with ARPE=1 (counter underflow)
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Figure 59. Counter timing diagram, Update event with ARPE=1 (counter overflow)
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Repetition counter

Section 12.3.1: Time-base unit describes how the update event (UEV) is generated with
respect to the counter overflows/underflows. It is actually generated only when the repetition
counter has reached zero. This can be useful when generating PWM signals.

This means that data are transferred from the preload registers to the shadow registers
(TIMx_ARR auto-reload register, TIMx_PSC prescaler register, but also TIMx_CCRXx
capture/compare registers in compare mode) every N+1 counter overflows or underflows,
where N is the value in the TIMx_RCR repetition counter register.
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The repetition counter is decremented:
e At each counter overflow in upcounting mode,
e At each counter underflow in downcounting mode,

e 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 60). 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 60. 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:
e Internal clock (CK_INT)

e  External clock mode1: external input pin

e External clock mode2: external trigger input ETR

e Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for
example, the user can configure Timer 1 to act as a prescaler for Timer 2. Refer to
Using one timer as prescaler for another timer 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 61 shows the behavior of the control circuit and the upcounter in normal mode,
without prescaler.

Figure 61. 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.
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Figure 62. 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:
1. Configure channel 2 to detect rising edges on the TI2 input by writing CC2S = ‘01’ in
the TIMx_CCMRH1 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).
3. Select rising edge polarity by writing CC2P=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 trigger input source by writing TS=110 in the TIMx_SMCR register.
6. Enable the counter by writing CEN=1 in the TIMx_CR1 register.
Note: The capture prescaler is not used for triggering, so the user does not need to configure it.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge on TI2 and the actual clock of the counter is due to the
resynchronization circuit on T12 input.
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Figure 63. 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 64 gives an overview of the external trigger input block.

Figure 64. 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 no filter 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 65. Control circuit in external clock mode 2
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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 66 to Figure 69 give an overview of one Capture/Compare channel.

The input stage samples the corresponding Tlx 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).
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Figure 66. Capture/compare channel (example: channel 1 input stage)
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The output stage generates an intermediate waveform that is then used for reference:
OCxRef (active high). The polarity acts at the end of the chain.
Figure 67. Capture/compare channel 1 main circuit
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Figure 68. Output stage of capture/compare channel (channel 1 to 3)
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Figure 69. 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 register.

In compare mode, the content of the preload register is copied into the shadow register
which is compared to the counter.
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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 written 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:

e  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.

e  Program the needed input filter duration with respect to the signal connected to the
timer (by programming ICxF bits in the TIMx_CCMRX register if the input is a TIx input).
Let's imagine that, when toggling, the input signal is not stable during at must five
internal clock cycles. We must program a filter duration longer than these five clock
cycles. We can validate a transition on TI1 when 8 consecutive samples with the new
level have been detected (sampled at fp1g frequency). Then write IC1F bits to 0011 in
the TIMx_CCMR1 register.

e Select the edge of the active transition on the TI1 channel by writing CC1P bit to 0 in
the TIMx_CCER register (rising edge in this case).

e  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).

e Enable capture from the counter into the capture register by setting the CC1E bit in the
TIMx_CCER register.

e 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:

e The TIMx_CCRH1 register gets the value of the counter on the active transition.

e CC1IF flag is set (interrupt flag). CC10OF is also set if at least two consecutive captures
occurred whereas the flag was not cleared.

e Aninterrupt is generated depending on the CC1IE bit.
e 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.

IC interrupt and/or DMA requests can be generated by software by setting the
corresponding CCxG bit in the TIMx_EGR register.
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12.3.7 PWM input mode
This mode is a particular case of input capture mode. The procedure is the same except:
e Two ICx signals are mapped on the same TIx input.
e These 2 ICx signals are active on edges with opposite polarity.
e  One of the two TIXFP signals is selected as trigger input and the slave mode controller
is configured in reset mode.
For example, user 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):
e  Select the active input for TIMx_CCR1: write the CC1S bits to 01 in the TIMx_CCMR1
register (TI1 selected).
e  Select the active polarity for TI1FP1 (used both for capture in TIMx_CCR1 and counter
clear): write the CC1P bit to ‘0’ (active on rising edge).
e  Select the active input for TIMx_CCR2: write the CC2S bits to 10 in the TIMx_CCMR1
register (TI1 selected).
e  Select the active polarity for TI1FP2 (used for capture in TIMx_CCR2): write the CC2P
bit to '1' (active on falling edge).
e  Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register
(TIMFP1 selected).
e  Configure the slave mode controller in reset mode: write the SMS bits to 100 in the
TIMx_SMCR register.
e Enable the captures: write the CC1E and CC2E bits to ‘1’ in the TIMx_CCER register.
Figure 70. PWM input mode timing
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12.3.8 Forced output mode

3

In output mode (CCxS bits = 00 in the TIMx_CCMRX register), each output compare signal
(OCXREF and then OCx/OCxN) can be forced to active or inactive level directly by software,
independently of any comparison between the output compare register and the counter.

To force an output compare signal (OCXREF/OCXx) to its active level, the user just needs to
write 101 in the OCxM bits in the corresponding TIMx_CCMRXx register. Thus OCXREF is
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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.

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:

e Assigns the corresponding output pin to a programmable value defined by the output
compare mode (OCxM bits in the TIMx_CCMRXx register) and the output polarity (CCxP
bit in the TIMx_CCER register). The output pin can keep its level (OCXM=000), be set
active (OCxM=001), be set inactive (OCxM=010) or can toggle (OCxM=011) on match.

e Sets aflag in the interrupt status register (CCxIF bit in the TIMx_SR register).

e  Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the
TIMx_DIER register).

e 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_CCRXx 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_CCRXx 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 71.
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Figure 71. Output compare mode, toggle on OC1.
Write B201h in the CC1R register
TIMI_CNT 0039 X 003A X 003B N B200 X B201 )E
TIM1_CCR1 003A \X B201
OC1REF= OC1
Match detected on CCR1
Interrupt generated if enabled
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12.3.10 PWM mode

3

Pulse Width Modulation mode allows generating 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. The corresponding preload register must be enabled 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, the user must initialize all the registers by setting the UG
bit in the TIMx_EGR register.

OCx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It
can be programmed as active high or active low. OCx output is enabled by a combination of
the CCxE, CCxNE, MOE, OSSI and OSSR bits (TIMx_CCER and TIMx_BDTR registers).
Refer to the TIMx_CCER register description for more details.

In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRXx are always compared to determine
whether TIMx_CCRx <TIMx_CNT or TIMx_CNT <TIMx_CCRx (depending on the direction
of the counter).

The timer is able to generate PWM in edge-aligned mode or center-aligned mode
depending on the CMS bits in the TIMx_CR1 register.

PWM edge-aligned mode

e  Upcounting configuration

Upcounting is active when the DIR bit in the TIMx_CR1 register is low. Refer to
Upcounting mode.

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
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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 72 shows some edge-aligned PWM waveforms in an example where
TIMx_ARR=8.

Figure 72. Edge-aligned PWM waveforms (ARR=8)

coerreger 0 | 1 1 2] 2 4 [ s Jo 7 e o]

OCXREF

CCRx=4

CCxIF

OCXREF | |
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e  Downcounting configuration

Downcounting is active when DIR bit in TIMx_CR1 register is high. Refer to
Downcounting mode

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

3

238/709 RMO0041 Rev 6




RM0041

Advanced-control timer (TIM1)

3

TIMx_CRH1 register is updated by hardware and must not be changed by software. Refer to
Center-aligned mode (up/down counting).

Figure 73 shows some center-aligned PWM waveforms in an example where:

e TIMx_ARR=8,

e PWM mode is the PWM mode 1,

e The flag is set when the counter counts down corresponding to the center-aligned
mode 1 selected for CMS=01 in TIMx_CR1 register.

Figure 73. Center-aligned PWM waveforms (ARR=8)

Counter register
OCXREF
CCRx =4
CCxIF CMS=01 ha
CMS=10 A
CMs=11 A ha
OCxREF
CCRx=7
CMS=10 or 11
CCxIF
OCXREF =
CCRx=38
CoxF | oMs=01 a
CMS=10
CMS=11 fa
OCXREF =
CCRx>8
CoxlF | CMs=01 b
CMS=10 b
CMS=11 fa
OCXREF 2
CCRx=0
CCxIF CMS=01
CMS=10 A
f CMS=11 f
ai14681b

Hints on using center-aligned mode:

e 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
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in the TIMx_CR1 register. Moreover, the DIR and CMS bits must not be changed at the
same time by the software.

e  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 the user writes a value in the counter greater than
the auto-reload value (TIMx_CNT>TIMx_ARR). For example, if the counter was
counting up, it will continue to count up.

—  The direction is updated if the user writes 0 or write the TIMx_ARR value in the
counter but no Update Event UEV is generated.

e 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.

Complementary outputs and dead-time insertion

The advanced-control timers (TIM1) 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 it has to be adjust it depending on the
devices connected to the outputs and their characteristics (intrinsic delays of level-shifters,
delays due to power switches...)

User 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 68
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. DTG[7:0] bits of the TIMx_BDTR register are used to control the
dead-time generation for all channels. From a reference waveform OCxREF, it generates 2
outputs OCx and OCxN. If OCx and OCxN are active high:

e 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.

e 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)

3
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Figure 74. Complementary output with dead-time insertion.
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Figure 75. Dead-time waveforms with delay greater than the negative puilse.
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Figure 76. 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 12.4.18: TIM1 break and dead-time
register (TIMx_BDTR) for delay calculation.

Re-directing OCXREF to OCx or OCxN

In output mode (forced, output compare or PWM), OCxREF can be re-directed to the OCx
output or to OCxN output by configuring the CCxE and CCxNE bits in the TIMx_CCER
register.

This allows the user to send a specific waveform (such as PWM or static active level) on
one output while the complementary remains at its inactive level. Other possibilities are to

3
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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 68 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 6.2.7: Clock security system (CSS).

When exiting from reset, the break circuit is disabled and the MOE bit is low. User 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 MOE is written to 1 whereas it was low, a delay
(dummy instruction) must be inserted before reading it correctly. This is because the user
writes an asynchronous signal, but reads a synchronous signal.

When a break occurs (selected level on the break input):

e 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.

e  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.

e  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.

— Ifthe 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

3
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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.

e 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.

e Ifthe 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 it is written to ‘1’ again. In this case, it can be used for
security and the break input can be connected 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.

There are two solutions to generate a break:

e By using the BRK input which has a programmable polarity and an enable bit BKE in
the TIMx_BDTR register

e By software through the BG bit of the TIMx_EGR 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 freezing the
configuration of several parameters (dead-time duration, OCx/OCxN polarities and state
when disabled, OCxM configurations, break enable and polarity). The user can choose from
three levels of protection selected by the LOCK bits in the TIMx_BDTR register. Refer to
Section 12.4.18: TIM1 break and dead-time register (TIMx_BDTR). The LOCK bits can be
written only once after an MCU reset.
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Figure 77 shows an example of behavior of the outputs in response to a break.

Figure 77. Output behavior in response to a break.
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Clearing the OCxXREF 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_CCMRX 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 ETR 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 78 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 78. Clearing TIMx OCxREF

Counter (CNT)
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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. The user can thus 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 79 describes the behavior of the OCx and OCxN outputs when a COM event occurs,
in 3 different examples of programmed configurations.

Figure 79. 6-step generation, COM example (OSSR=1)

counter (CNT) (CCRx)
OCXxREF —
Write COM to 1
COM event |
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_ write CCxNE to 0
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oc OCxM=100 (forced inactive) ¥ OCxMa100
X 1
Example 3
OCxN
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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. 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:

e Inupcounting: CNT < CCRx £ ARR (in particular, 0 < CCRXx)
e In downcounting: CNT > CCRx

Figure 80. Example of one pulse mode.
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For example the user may want to generate a positive pulse on OC1 with a length of tpy s
and after a delay of thg oy @s soon as a positive edge is detected on the TI2 input pin.
Let’'s use TI2FP2 as trigger 1:

e Map TI2FP2 to TI2 by writing CC2S='01" in the TIMx_CCMR1 register.

e  TI2FP2 must detect a rising edge, write CC2P="0’ in the TIMx_CCER register.

e  Configure TI2FP2 as trigger for the slave mode controller (TRGI) by writing TS="110’ in
the TIMx_SMCR register.

e TI2FP2 is used to start the counter by writing SMS to ‘110’ in the TIMx_SMCR register
(trigger mode).

The OPM waveform is defined by writing the compare registers (taking into account the

clock frequency and the counter prescaler).

e  The tpg ay is defined by the value written in the TIMx_CCR1 register.

e  The tpy _sE is defined by the difference between the auto-reload value and the compare
value (TIMx_ARR - TIMx_CCR1).

e Let us say the user wants 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
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auto-reload value. To do this, enable PWM mode 2 by writing OC1M=111 in the
TIMx_CCMRH1 register. The user can optionally enable the preload registers by writing
OC1PE="1"in the TIMx_CCMR1 register and ARPE in the TIMx_CR1 register. In this
case the compare value must be written 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 T12. CC1P is written to ‘0’ in this example.

In our example, the DIR and CMS bits in the TIMx_CR1 register should be low.

The user only wants one pulse (Single mode), so "1’ must be written in the OPM bit in the
TIMx_CR1 register to stop the counter at the next update event (when the counter rolls over
from the auto-reload value back to 0). When OPM bit in the TIMx_CR1 register is set to '0',
so the Repetitive mode is selected.

Particular case: OCx fast enable:

In One-pulse mode, the edge detection on Tlx input 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 ay Min we can get.

If the user wants to output a waveform with the minimum delay, the OCXFE bit in the
TIMx_CCMRXx register must be set. 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, the user can program the input filter as well.

The two inputs TI1 and TI2 are used to interface to an incremental encoder. Refer to

Table 66. The counter is clocked by each valid transition on TI1FP1 or TI2FP2 (TI1 and TI2
after input filter and polarity selection, TITFP1=TI1 if not filtered and not inverted,
TI2FP2=TI2 if not filtered and not inverted) assuming that it is enabled (CEN bit in
TIMx_CRH1 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 user must
configure TIMx_ARR before starting. in the same way, the capture, compare, prescaler,
repetition counter, trigger output features continue to work as normal. Encoder mode and
External clock mode 2 are not compatible and must not be selected together.

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.
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Table 66 summarizes the possible combinations, assuming TI1 and T2 do not switch at the

same time.
Table 66. Counting direction versus encoder signals
Active Level on opposite signal TIFP1 signal TI2FP2 signal
edge (TIMFP1 for TI2, TI2FP2 for TI1) Rising Falling Rising Falling

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

TIZ only Low No Count | No Count Down Up
Counting on High Down Up Up Down
Ti1and 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 81 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_CCMRH1 register, TIM1FP1 mapped on TI1).
e CC2S=01" (TIMx_CCMR?2 register, TI1FP2 mapped on TI2).
e CC1P=0’, and IC1F = ‘0000’ (TIMx_CCER register, TI1TFP1 non-inverted,

TIMFP1=TI1).

e CC2P='0, and IC2F = ‘0000’ (TIMx_CCER register, TI1FP2 non-inverted, TI1FP2=
TI2).

e SMS=011"' (TIMx_SMCR register, both inputs are active on both rising and falling
edges).

e  CEN='1" (TIMx_CRH1 register, Counter enabled).

3
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Figure 81. Example of counter operation in encoder interface mode.
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Figure 82 gives an example of counter behavior when TI1FP1 polarity is inverted (same
configuration as above except CC1P="1).

Figure 82. Example of encoder interface mode with TI1FP1 polarity inverted.

forward jitter backward jitter forward
™
TI2
Counter
down up down
MS33108V1

The timer, when configured in Encoder Interface mode provides information on the sensor’s
current position.The user 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. This can be done 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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3

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 12.3.18.

Interfacing with Hall sensors

This is done using the advanced-control timers (TIM1) to generate PWM signals to drive the
motor and another timer TIMx (TIM2, TIM3, TIM4 or TIM5) referred to as “interfacing timer”
in Figure 83. The “interfacing timer” captures the 3 timer input pins (TIMx_CH1, TIMx_CH2,
and TIMx_CH3) connected through a XOR to the TI1 input channel (selected by setting the
TS bit in the TIMx_CR2 register).

The slave mode controller is configured in reset mode; the slave inputis 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 66). 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) (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) through the TRGO output.

Example: the user wants to change the PWM configuration of the advanced-control timer
TIM1 after a programmed delay each time a change occurs on the Hall inputs connected to
one of the TIMx timers.

e  Configure 3 timer inputs ORed to the TI1 input channel by writing the TI1S bit in the
TIMx_CR2 register to ‘1,

e  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,

e  Program channel 1 in capture mode (TRC selected): write the CC1S bits in the
TIMx_CCMRH1 register to “11’. The user can also program the digital filter if needed,

e  Program 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,

e  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
written after a COM event for the next step (this can be done in an interrupt subroutine
generated by the rising edge of OC2REF).
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Figure 83 describes this example.

Figure 83. Example of Hall sensor interface
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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:

e  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 there’s no need to configure it. The CC1S bits
select the input capture source only, CC1S = 01 in the TIMx_CCMR1 register. Write
CC1P=0 in TIMx_CCER register to validate the polarity (and detect rising edges only).

e  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.

e  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 84. 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:

e  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 the user does not need to configure it. The
CC18S bits select the input capture source only, CC1S=01 in TIMx_CCMR1 register.
Write CC1P=1 in TIMx_CCER register to validate the polarity (and detect low level
only).

e Configure the timer in gated mode by writing SMS=101 in TIMx_SMCR register. Select
TI1 as the input source by writing TS=101 in TIMx_SMCR register.

e  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 85. 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:

e  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 there’s no need to configure it. The CC2S bits
are configured to select the input capture source only, CC2S=01 in TIMx_CCMR1
register. Write CC2P=1 in TIMx_CCER register to validate the polarity (and detect low
level only).

e  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 T12, 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 86. Control circuit in trigger mode

TI2 [ ]

CNT_EN [
Counter clock = ck_cnt = ck_psc
Counter register 34

TIF

MS31403V2

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.

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
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— CC1P=0in 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.

Arising 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 87. Control circuit in external clock mode 2 + trigger mode
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Timer synchronization

The TIM timers are linked together internally for timer synchronization or chaining. Refer to
Section 13.3.15: Timer synchronization for details.

The clock of the slave timer must be enabled prior to receive events from the master timer,
and must not be changed on-the-fly while triggers are received from the master timer.

Debug mode

When the microcontroller enters debug mode (Cortex®-M3 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 25.15.2: Debug support for timers,
watchdog and I2C.

For safety purposes, when the counter is stopped (DBG_TIMx_STOP = 1 in
DBGMCU_APBx_FZ register), the outputs are disabled (as if the MOE bit was reset). The
outputs can either be forced to an inactive state (OSSI bit = 1), or have their control taken
over by the GPIO controller (OSSI bit = 0) to force them to Hi-Z.

3
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12.4 TIM1 registers
Refer to Section 2.2 for a list of abbreviations used in register descriptions.
The peripheral registers can be accessed by half-words (16-bit) or words (32-bit).
12.4.1 TIM1 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
CKDI[1:0] ARPE CMS[1:0] DIR | OPM | URS | UDIS | CEN
Reserved
rw rw rw w w w w w w rw
Bits 15:10 Reserved, must be kept at reset value.
Bits 9:8 CKDI[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 (tptg)used by the dead-time generators and the digital filters
(ETR, Tlx),
00: tprs=tck INT
01: tprs=2"tcKk NT
10: tprs=4"tck INT
11: Reserved, do not program this value
Bit 7 ARPE: Auto-reload preload enable

3

Bits 6:5

Bit 4

Bit 3

0: TIMx_ARR register is not buffered
1: TIMx_ARR register is buffered

CMS[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_CCMRX register) are set
only when the counter is counting up.
11: Center-aligned mode 3. The counter counts up and down alternatively. Output compare
interrupt flags of channels configured in output (CCxS=00 in TIMx_CCMRX register) are set
both when the counter is counting up or down.

Note: It is not allowed to switch from edge-aligned mode to center-aligned mode as long as
the counter is enabled (CEN=1)

DIR: Direction

0: Counter used as upcounter
1: Counter used as downcounter

Note: This bit is read only when the timer is configured in Center-aligned mode or Encoder
mode.
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, CCRXx). However the counter and the prescaler are reinitialized if the UG bit is
set or if a hardware reset is received from the slave mode controller.

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.

12.4.2 TIM1 control register 2 (TIMx_CR2)

Address offset: 0x04
Reset value: 0x0000

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
R OIS4 | OIS3N | OIS3 | OIS2N | OIS2 | OISIN | OISt TS MMS][2:0] CCDS | CCus R CCPC
es. es.
w rw rw w w rw rw w w | w | w w w 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

Bit 10 OIS2: Output Idle state 2 (OC2 output)
refer to OIS1 bit

3
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Bit 9

Bit 8

Bit 7

Bits 6:4

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).

TI1S: 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[2:0]: 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). Itis
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)

Note: The clock of the slave timer and ADC must be enabled prior to receiving events from

the master timer, and must not be changed on-the-fly while triggers are received from
the master timer.

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.

3

260/709 RMO0041 Rev 6




RMO0041 Advanced-control timer (TIM1)
12.4.3 TIM1 slave mode control register (TIMx_SMCR)
Address offset: 0x08
Reset value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 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 | w | rw | rw w w | w | w Res. w | w | w

3

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: |t 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
consecutive events are needed to validate a transition on the output:
0000: No filter, sampling is done at fp1g
0001: fsampLING=fok_INT: N=2
0010: fsampLING=fck_INT, N=4
0011: fsampLinGg=fek_nT: N=8
0100: fsampLING=fDTS/2, N=6
0101: fsampLing=fDT8/2, N=8
0110: fsampLiNG=fDTs/4, N=6
0111: fsampLING=fDTS/4, N=8
1000: fsampLinG=fDT5/8, N=6
1001: fsampLinG=fDT5/8, N=8
1010: fsampLiNG=fDTs/16, N
1011: fsampLing=fDTS/16, N
1100: fsampLing=fDT5/16, N
1101: fSAMPLlNszDTS/321 N=5
1110: fSAMPLINszDTS/32! N=6
1111: fSAMPLINszDTS/SZ’ 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]: Trigger selection
This bit-field selects the trigger input to be used to synchronize the counter.
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 67 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.

=5
=6
=8

Bit 3 Reserved, must be kept at reset value.

3

262/709 RMO0041 Rev 6




RM0041

Advanced-control timer (TIM1)

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 TI1FP1 edge depending on TI2FP2
level.
010: Encoder mode 2 - Counter counts up/down on TI2FP2 edge depending on TI1FP1
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 TI1TF_ED is selected as the trigger input
(TS=’100’). Indeed, TI1F_ED outputs 1 pulse for each transition on TI1F, whereas the
gated mode checks the level of the trigger signal.
The clock of the slave timer must be enabled prior to receiving events from the master

timer, and must not be changed on-the-fly while triggers are received from the master
timer.

Table 67. TIMx Internal trigger connection

Slave TIM ITRO (TS =000) | ITR1(TS=001) | ITR2(TS=010) | ITR3 (TS =011)

TIM5_TRGO or

TIM1 TIM15_TRGO("

TIM2_TRGO TIM3_TRGO TIM4_TRGO

1. TIM5 only in high density value line devices. Selection of TIM5 or TIM15 depends on the MISC_REMAP bit
in the AFIO_MAPR2 register.

12.4.4 TIM1 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
o TDE |COMDE | CC4DE | CC3DE | CC2DE |CC1DE| UDE | BIE | TIE |COMIE | CC4IE | CC3IE | CC2IE | CC1IE | UIE
es.

'w 'w w w 'w 'w w w w w w w w 'w
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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
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Bit 12 CCA4DE: Capture/Compare 4 DMA request enable

0: CC4 DMA request disabled
1: CC4 DMA request enabled

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

Bit5 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

3
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12.4.5 TIM1 status register (TIMx_SR)

Address offset: 0x10

Reset value: 0x0000
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
CC40F | CC30F | CC20F |CC10F | Res. BIF TIF COMIF | CC4IF | CC3IF | CC2IF | CC1IF UIF

Reserved

rc_w0 | rc_wO | rc_wO | rc_wO0 Res. rc w0 | rc w0 | rcwO | rcwO | rc wO | rc wO | rc_wO | rc_wO

Bits 15:13 Reserved, must be kept at reset value.

Bit 12 CCA4OF: Capture/Compare 4 overcapture flag
refer to CC10F description

Bit 11 CC3OF: Capture/Compare 3 overcapture flag
refer to CC10F description

Bit 10 CC2OF: Capture/Compare 2 overcapture flag
refer to CC10F description

Bit9 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

Bit 8 Reserved, must be kept at reset value.

Bit 7 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.

Bit 6 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.lt is cleared by software.
0: No trigger event occurred.
1: Trigger interrupt pending.

Bit 5 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.

Bit 4 CCA4IF: Capture/Compare 4 interrupt flag
refer to CC1IF description

Bit 3 CC3IF: Capture/Compare 3 interrupt flag
refer to CC1IF description

3
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Bit 2 CC2IF: Capture/Compare 2 interrupt flag

refer to CC1IF description

Bit 1 CCA1IF: 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_CCRH1 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 12.4.3: TIM1 slave mode

control register (TIMx_SMCR)), if URS=0 and UDIS=0 in the TIMx_CR1 register.

12.4.6 TIM1 event generation register (TIMx_EGR)
Address offset: 0x14
Reset value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BG TG | COMG | CC4G | CC3G | CC2G | CC1G | UG
Reserved
w w w w w w w w
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.

Bit6 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.
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Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

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.

CCA4G: Capture/Compare 4 generation
refer to CC1G description

CC3G: Capture/Compare 3 generation
refer to CC1G description

CC2G: Capture/Compare 2 generation
refer to CC1G description

CC1G: Capture/Compare 1 generation
This bit is set by software in order to generate an event, it is automatically cleared by
hardware.
0: No action
1: A capture/compare event is generated on channel 1:
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
CC1IF flag was already high.

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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12.4.7 TIM1 capture/compare mode register 1 (TIMx_CCMR1)
Address offset: 0x18
Reset value: 0x0000

The channels can be used in input (capture mode) or in output (compare mode). The
direction of a channel is defined by configuring the corresponding CCxS bits. All the other
bits of this register have a different function in input and in output mode. For a given bit,
OCxx describes its function when the channel is configured in output, ICxx describes its
function when the channel is configured in input. So the user 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
OC2M[2:0] OCIM[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]

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 CC28[1:0]: Capture/Compare 2 selection
This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC2 channel is configured as output
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

3
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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_CCR1).

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.

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: 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).

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.

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: CC1S bits are writable only when the channel is OFF (CC1E = ‘0’in TIMx_CCER).

3
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Input capture mode

Bits 15:12 IC2F: Input capture 2 filter
Bits 11:10 1C2PSC[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 1C1F[3:0]: Input capture 1 filter

This bit-field defines the frequency used to sample TI1 input and the length of the digital filter applied
to TI1. The digital filter is made of an event counter in which N consecutive events are needed to
validate a transition on the output:

0000: No filter, sampling is done at fprg

0001: fsampLing=Tek_inT, N=2

0010: fsampLinG=fck_iNT: N=4

0011: fsampLiNng=fck_INT, N=8
0100: fsampLiNG=fDTS/2, N=6

0101: fsampLiNG=fDTS/2, N=8
0110: fsampLinGg=fDTs/4, N=6
0111: fsampLiNG=fDT5/4, N=8
1000: fsampLING=fDTS/8, N=6
1001: fsampLinG=fDT5/8, N=8

1010: fSAMPLINszDTSMG' N=5
1011: fSAMPLlNszDTSMe’ N=6

1100: fSAMPL|NG=fDTS/16’ N=8
1101: fSAMPL|NG=fDTS/32’ N=5
1110: fSAMPL|NG=fDTS/32’ N=6
1111: fSAMPLINszDTS/sz‘ 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

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: CC1S bits are writable only when the channel is OFF (CC1E = ‘0’in TIMx_CCER).

12.4.8 TIM1 capture/compare mode register 2 (TIMx_CCMR2)
Address offset: 0x1C

3
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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 | ocs
OC4M[2:0 OC3M[2:0
CE (0] PE FE CC48[1:0] CE. (0] PE FE CC3S[1:0]
IC4F[3:0] IC4PSC[1:0] IC3F[3:0] IC3PSC[1:0]

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 OC4FE: Output compare 4 fast enable

Bits 9:8 CCA4S: Capture/Compare 4 selection

This bit-field defines the direction of the channel (input/output) as well as the used input.
00: CC4 channel is configured as output
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: CC3S bits are writable only when the channel is OFF (CC3E = ‘0’in TIMx_CCER).
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Input capture mode

Bits 15:12 IC4F: Input capture 4 filter
Bits 11:10 IC4PSC: Input capture 4 prescaler

Bits 9:8 CC48S: 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 TI4

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: CC3S bits are writable only when the channel is OFF (CC3E = ‘0’in TIMx_CCER).

12.4.9 TIM1 capture/compare enable register (TIMx_CCER)
Address offset: 0x20
Reset value: 0x0000

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CC4NP R CC4P | CC4E |CC3NP|CC3NE| CC3P | CC3E [CC2NP|CC2NE| CC2P | CC2E |CCINP|CCINE| CC1P | CC1E
es.
w w w w w w w w w w w w w w w

Bit 15 CC4NP: Capture/Compare 4 complementary output polarity
refer to CC1NP description

Bit 14 Reserved, must be kept at reset value.

Bit 13 CC4P: 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

3
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Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

CC3E: Capture/Compare 3 output enable
refer to CC1E description

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
0: OC1N active high.
1: OC1N active low.
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, 0OIS1, OIS1N and CC1E bits.

CC1P: Capture/Compare 1 output polarity

CC1 channel configured as output:

0: OC1 active high

1: OC1 active low

CC1 channel configured as input:

This bit selects whether IC1 or IC1 is used for trigger or capture operations.

0: non-inverted: capture is done on a rising edge of IC1. When used as external trigger, IC1
is non-inverted.

1: inverted: capture is done on a falling edge of IC1. When used as external trigger, IC1 is
inverted.

Note: This bit is not writable as soon as LOCK level 2 or 3 has been programmed (LOCK bits
in TIMx_BDTR register).

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, 0OIS1, 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.
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Table 68. Output control bits for complementary OCx and OCxN channels with

break feature

Control bits Output states(")
MOE | OSSI | OSSR | CCxE | CCxNE
bit bit bit bit bit OCx output state OCxN output state
0 0 0 Output Disabled (not driven by | Output Disabled (not driven by the
the timer), OCx=0, OCx_EN=0 |timer), OCxN=0, OCxN_EN=0
0 0 1 Output Disabled (not driven by | OCXREF + Polarity OCxN=OCxREF
the timer), OCx=0, OCx_EN=0 | xor CCxNP, OCxN_EN=1
OCXREF + Polarity Output Disabled (not driven by the
0 1 0 OCx=0CxREF xor CCxP, timer)
OCx_EN=1 OCxN=0, OCxN_EN=0
. . Complementary to OCREF (not
0 1 1 gngEFN’;fo'a“ty + dead-time | 5 pEFY + Polarity + dead-time
- OCxN_EN=1
1 X Output Disabled (not driven by | Output Disabled (not driven by the
1 0 0 the timer) timer)
OCx=CCxP, OCx_EN=0 OCxN=CCxNP, OCxN_EN=0
Off-State (output enabled with | OCXREF + Polarity
1 0 1 inactive state) OCxN=0OCxREF xor CCxNP,
OCx=CCxP, OCx_EN=1 OCxN_EN=1
OCxREF + Polarity Off-State (output enabled with
1 1 0 OCx=0CxREF xor CCxP, inactive state)
OCx_EN=1 OCxN=CCxNP, OCxN_EN=1
. " Complementary to OCREF (not
1 1 1 gngEFN’;fo'a“ty + dead-time | 5 pEFY + Polarity + dead-time
- OCxN_EN=1

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 GPIOand AFIO registers.
12.4.10 TIM1 counter (TIMx_CNT)
Address offset: 0x24
Reset value: 0x0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
Bits 15:0 CNT[15:0]: Counter value
12.4.11 TIM1 prescaler (TIMx_PSC)
Address offset: 0x28
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Reset value: 0x0000

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

Bits 15:0 PSC[15:0]: Prescaler value
The counter clock frequency (CK_CNT) is equal to fck psc / (PSC[15:0] + 1).
PSC contains the value to be loaded in the active pres<_:aler 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”).

12.4.12 TIM1 auto-reload register (TIMx_ARR)

Address offset: 0x2C
Reset value: OxFFFF

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

Bits 15:0 ARR[15:0]: Auto-reload value
ARR is the value to be loaded in the actual auto-reload register.
Refer to Section 12.3.1: Time-base unit for more details about ARR update and behavior.
The counter is blocked while the auto-reload value is null.
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12.4.13 TIM1 repetition counter register (TIMx_RCR)

Address offset: 0x30
Reset value: 0x0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
REP[7:0]
Reserved
w | w | w | w | w | w | w | 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.

12.4.14 TIM1 capture/compare register 1 (TIMx_CCR1)

Address offset: 0x34

Reset value: 0x0000
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0

CCR1[15:0]

rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro

Bits 15:0 CCR1[15:0]: Capture/Compare 1 value
If channel CC1 is configured as output:
CCRH1 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:
CCR1 is the counter value transferred by the last input capture 1 event (IC1). The
TIMx_CCRH1 register is read-only and cannot be programmed.

3
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12.4.15 TIM1 capture/compare register 2 (TIMx_CCR2)

Address offset: 0x38

Reset value: 0x0000
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
CCR2[15:0]

rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro

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). The
TIMx_CCR2 register is read-only and cannot be programmed.

12.4.16 TIM1 capture/compare register 3 (TIMx_CCR3)

Address offset: 0x3C

Reset value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CCR3[15:0]

rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro

Bits 15:0 CCR3[15:0]: Capture/Compare value
If channel CC3 is configured as output:
CCRS is the value to be loaded in the actual capture/compare 3 register (preload value).
It is loaded permanently if the preload feature is not selected in the TIMx_CCMR3 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:
CCRa3 is the counter value transferred by the last input capture 3 event (IC3). The
TIMx_CCRS register is read-only and cannot be programmed.

3
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12.4.17 TIM1 capture/compare register 4 (TIMx_CCR4)

Address offset: 0x40
Reset value: 0x0000

15

14

13

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

CCR4[15:0]

rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro | rw/ro

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_CCMRA4 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). The
TIMx_CCRS3 register is read-only and cannot be programmed.

12.4.18 TIM1 break and dead-time register (TIMx_BDTR)
Address offset: 0x44
Reset value: 0x0000
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MOE | AOE | BKP | BKE | OSSR | 0SSl LOCK][1:0] DTGI[7:0]
Note: As the bits AOE, BKP, BKE, OSSI, OSSR and DTG[7:0] can be write-locked depending on

278/709

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 12.4.9: TIM1 capture/compare
enable register (TIMx_CCER)).

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

Bit 12

Bit 11

Bit 10

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.

BKE: Break enable
0: Break inputs (BRK and CSS clock failure event) disabled
1; Break inputs (BRK and CSS 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.

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 12.4.9: TIM1 capture/compare
enable register (TIMx_CCER)).

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).

0OSSI: 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 12.4.9: TIM1 capture/compare
enable register (TIMx_CCER)).

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.
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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 tyig With tyg=tpts.
DTG[7:5]=10x => DT=(64+DTG[5:0])xtyq With Tg1g=2xtprs.
DTG[7:5]=110 => DT=(32+DTG[4:0])xtgtg With Tytg=8xtprs.
DTG[7:5]=111 => DT=(32+DTG[4:0])xtytg With Tq=16xtpTs.
Example if TpTs=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).

12.4.19 TIM1 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
rw | rw | rw | rw | rw w | w | w | w | 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 detects a burst transfer
when a read or a write access to the TIMx_DMAR register address is performed).

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 DBAJ4:0]: 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.

3
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12.4.20 TIM1 DMA address for full transfer (TIMx_DMAR)
Address offset: 0x4C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMABI[31:16]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DMABI[15:0]

Note:

3

Bits 31:0 DMAB[31:0]: 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 CCRXx 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

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 CCRX registers as follows: on the first update DMA
request, data1 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 dataé6 is transferred to CCRA4.
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12.4.21 TIM1 register map
TIM1 registers are mapped as 16-bit addressable registers as described in the table below:
Table 69. TIM1 register map and reset values
Offset Register QIS CQINQ NIRRT e|2(T 2|8 =(Q|o|ow|~|o|v|s|n|n|~|o
CKD |¥ | cmS slole|z
TIMx_CR1 e[ 4 21
0x00 - Reserved [1:0] 2(: [1:0] |&a % ) % 8
Reset value ofolo 0|0 olofo]ofo
zZ zZ Z |« 0 (o |0
TIMx_CR2 HBB N2 (5 |2 |2 | Mms:0] SRIEIS
0x04 Reserved OSldl°la|° o |© |F OO0 |g|O
Reset value ooooooooo|o|ooo&’T
w | ETP = >
TIMx_SMCR | s ETF[3:0] |3 | TS[2:0] |€ |SMS[2:0]
0x08 Reserved w | 1:0] = @
(72}
Reset value o(ofojo|o|o|j0|j0O0|j0O|0O|O]O & 0(0]|0
Wy (W (W |w W |w |(w |w |w
oo | TMRDIER . ) %%98&9%%%%8@55%
X eserve [ 8 8 8 8 8 o) ol|o|o|o|o
Reset value o(fojo|o|jo|joj|jojofofofofjojo0|0]|o0
F e [TE [TER ITHR TR (TR
Tiwx_SR SRR IEEkEER IR
0x10 Reserved 8 8 8 8 % Slolololo
Reset value ojojlo|o|x|o|OfO|OfO|O]|O]|O
Qoo oo
TIMx_EGR OlolIZ |0 |N [~ |0
0x14 - Reserved @ 8 8 8 8 8 >
Reset value o|jo0ojo0|0|0O|JO|O|O
TIMx_CCMRA W1 ocov || cces |8 | ocim & & | CS
Output compare I 20 SIS o |5 20 1515 S
mode Reserved S : g8V 8 : 818 1| 1o
Reset value oo|o|oooo|o oo|0|oooo|0
0x18
TIMx_CCMR1 1C2 | oog Ic1 | cct
Input capture IC2F[3:0] | PSC | Yy IC1F[3:0] |PSC| S
mode Reserved [1:0] : [1:0] | [1:0]
Reset value oo|o|oooo|o oo|o|oooo|o
TIMx_CCMR2 81 ocam [ ¥ |ccas |8 | ocam | |& | C€C3
Outputcompare < [2:0] < Er) 10 |3 [2:0] © 8 S
mode Reserved S : g8V I8 ’ 818 1| 1o
oxiC Reset value oo|o|ooo o|o oo|0|oooo|0
TIMx_CCMR2 IC4 | <4 IC3 | cC3
Input capture IC4F[3:0] | PSC | Yoy IC3F[3:0] |PSC| S
mode Reserved [1:0] : [1:0] | [1:0]
Reset value ofoJoJo[oJo[ofJo]oJoJoJoloJo[o]oO
Lol lw(S|¥la w(S ¥l |w(S W o |w
TIMx_CCER FERIEEESISRRISNEERGD
0x20 Reserved 8 % lslits) 8 8 o |lo 8 8 o lo 8 8 lslits)
Reset value ojx|o|o|ofOo|lO|O|O|O|O|O|O|O|O]|O
TIMx_CNT CNT[15:0]
0x24 Reserved
Reset value o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
TIMx_PSC PSCI[15:0]
0x28 Reserved
Reset value 0|0|o|0|0|0|0|0|0|o|o|o|0|0|o|0
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Table 69. TIM1 register map and reset values (continued)

Offset Register 3 QINN&RQINQN IR |e|2(T |2 c(Q|o|o|~|jo|v|<t|o|n|~|o
TIMx_ARR ARR[15:0]

0x2C Reserved
Reset value 1|1|1|1|1|1|1|1 1|1|1|1|1|1|1|1
TIMx_RCR REP[7:0]

0x30 Reserved
Reset value o|0|0|0|o|0|0|0
TIMx_CCR1 CCR1[15:0]

0x34 Reserved
Reset value 0|0|o|0|0|0|0|0|0|o|o|o|0|0|o|0
TIMx_CCR2 CCR2[15:0]

0x38 Reserved
Reset value o|0|0|o|0|o|o|o|o|0|0|o|o|o|o|o
TIMx_CCR3 CCR3[15:0]

0x3C Reserved
Reset value o|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
TIMx_CCR4 CCR4[15:0]

0x40 Reserved
Reset value 0000000|0 0|o|o|o|o|o|o|o

D: p—

ous | TMx_BDTR N § § ¢ ¥ g § L[?%]K DT[7:0]
Reset value ooooooo|o o|0|0 o|0|0|o|0
TIMx_DCR DBL[4:0] DBA[4:0]

0x48 Reserved Reserved
Reset value o|0|o|o|o 0|o|0|0|0
TIMx_DMAR DMAB([31:0]

0x4C
Reset value 0|o|o|o|0|0|o|o|o|0|0|0|o|o|0|0|0|0|o|0|0|0|0|0|0|0|0|o|0|0|o|0
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Refer to for the register boundary addresses.
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General-purpose timers (TIM2 to TIM5)

Low-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 16 and 32 Kbytes.

Medium-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 64 and 128 Kbytes.

High-density value line devices are STM32F100xx microcontrollers where the flash
memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32F100xx family, unless otherwise specified.

TIM2 to TIMS introduction

The general-purpose timers consist of a 16-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 13.3.15.

3
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TIM2 to TIM5 main features

General-purpose TIMx timer features include:
16-bit 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 65536.

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.

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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Figure 88. General-purpose timer block diagram
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TIM2 to TIM5 functional description

Time-base unit

The main block of the programmable timer is a 16-bit counter with its related auto-reload
register. The counter can count up but also 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:

e  Counter register (TIMx_CNT)

e  Prescaler register (TIMx_PSC):

e  Auto-Reload register (TIMx_ARR)
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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 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 89 and Figure 90 give some examples of the counter behavior when the prescaler
ratio is changed on the fly:

Figure 89. Counter timing diagram with prescaler division change from 1 to 2

wrse JUUUUUUHULUUUUUUI

CNT_EN

Timerclock = CK_CNT 7wj T ﬂ
Counter register F7 FC| 00 01 X

Update event (UEV) T
Prescaler control register 0 X 1
Write a new value in TIMx_PSC
Prescaler buffer 0 1
Prescaler counter 0 0 X 110 nn

MS35833V1
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Figure 90. Counter timing diagram with prescaler division change from 1 to 4

arse UL UUUHUUULLUUU

CNT_EN

Timerclock = CK_CNT 7w7 T ﬂ
Counter register F7 FC 00 01 [

Update event (UEV) T

Prescaler control register 0 X 3

Write a new value in TIMx_PSC

Prescaler buffer 0 3

Prescaler counter 0 0 3]0
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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
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):

e  The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register)

e  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.
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Figure 91. Counter timing diagram, internal clock divided by 1
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Figure 92. Counter timing diagram, internal clock divided by 2
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Figure 93. Counter timing diagram, internal clock divided by 4
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General-purpose timers (TIM2 to TIM5) RMO0041

Figure 94. Counter timing diagram, internal clock divided by N
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Figure 95. Counter timing diagram, Update event when ARPE=0 (TIMx_ARR not
preloaded)
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RMO0041 General-purpose timers (TIM2 to TIM5)

Figure 96. 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.

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 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):

e  The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register).

e 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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General-purpose timers (TIM2 to TIM5) RMO0041

Figure 97. Counter timing diagram, internal clock divided by 1
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Figure 98. Counter timing diagram, internal clock divided by 2
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Figure 99. Counter timing diagram, internal clock divided by 4
oonr UL U HU T UL UL

CNT_EN — |

Timerclock = CK_CNT

Counter register 0001 D oose | o0

Counter underflow

Update event (UEV)

Update interrupt flag (UIF) MS40511V1

292/709 RMO0041 Rev 6 ‘Yl




RMO0041 General-purpose timers (TIM2 to TIM5)

Figure 100. Counter timing diagram, internal clock divided by N
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Figure 101. Counter timing diagram, Update event
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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").
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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.

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):

e The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC
register).

e 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.