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Documentation conventions

List of abbreviations for registers

The following abbreviations are used in register descriptions:

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

write-only (w)

read/clear (rc_w1)

read/clear (rc_wO0)

read/clear by read
(rc_r)

read/set (rs)

read-only write
trigger (rt_w)

toggle (1)
Reserved (Res.)

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

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

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

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

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

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

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

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

Reserved bit, must be kept at reset value.

Peripheral availability

For the peripherals available, and their number, across all STM32L1xxxx sales types,
please refer to the STM32L1xxxx datasheet.

3
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Glossary

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

NVM: non-volatile memory; in scope of this document NVM covers Program memory
blocks, data EEPROM blocks and information blocks.

FLITF: memory interface managing read, program and erase operation on NVM.
Word: data of 32-bit length.

Half-word: data of 16-bit length.

Byte: data of 8-bit length.

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

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

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

AHB: advanced high-performance bus.

APB: advanced peripheral bus.
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Product category definition

The devices are organized in 6 categories: Cat.1, Cat.2, Cat.3, Cat.4, Cat.5, Cat.6. Table 1
provides an overview of memory size versus product categories.

The following 3 tables Table 2, Table 3, and Table 4 provide the list of available part

numbers per category.

Table 1. Product categories and memory size overview(")

Flash program memory size level

Cat.1 Cat.2

Cat.3

Cat.4

Cat.5 Cat.6

32 Kbytes

64 Kbytes

128 Kbytes

256 Kbytes

384 Kbytes

X

- X

512 Kbytes

X -

1. See device datasheet for Flash program memory and data EEPROM memory size availability.

Table 2. STM32L100xx product categories

RPNs STM32L100xx

Cat.1

Cat.2 Cat.3

Cat.4

Cat.5

Example

STM32L100C6

X

STM32L100R8

X

STM32L100RB

STM32L100C6-A

STM32L100C6xxA

STM32L100R8-A

STM32L100R8xxA

STM32L100RB-A

STM32L100RBxxA

STM32L100RC

Table 3. STM32L15xxx product categories

RPNs STM32L15xxx

Cat.1

Cat.2 | Cat.3 | Cat.4

Cat.5

Cat.6

Example

STM32L15xx6

X

STM32L15xx8

X

STM32L15xxB

X

STM32L15xx6-A

STM32L151C6T6A

STM32L15xx8-A

STM32L151R8T6A

STM32L15xxB-A

STM32L151RBT6A

STM32L15xCC

STM32L15xUC

STM32L15xRC
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Table 3. STM32L15xxx product categories (continued)

RPNs STM32L15xxx

Cat.1

Cat.2

Cat.3

Cat.4

Cat.5

Cat.6

Example

STM32L15xRCY

X

STM32L151RCY6

STM32L15xRC-A

X

STM32L151RCT6A

STM32L15xVC

STM32L15xVC-A

STM32L151VCT6A

STM32L15xQC

STM32L15xZC

STM32L15xRD

STM32L15xVD

STM32L15xQD

STM32L15xZD

STM32L15xxE

STM32L15xVD-X

STM32L151VDY6XTR

Table 4. STM32L162xx product categories

RPNs STM32L162xx

Cat.1

Cat.2

Cat.3

Cat.4

Cat.5

Cat.6

Example

STM32L162RC

X

STM32L162RC-A

X

STM32L162RCT6A

STM32L162VC

STM32L162VC-A

STM32L162VCT6A

STM32L162QC

STM32L162ZC

STM32L162RD

STM32L162VD

STM32L162QD

STM32L162ZD

STM32L162xE

STM32L162VD-X

STM32L162VDY6XTR
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2.1

System architecture

System architecture and memory overview

The main system consists of a 32-bit multilayer AHB bus matrix that interconnects:

e Up to five masters:

e Up to five slaves:

Cortex®-M3 I-bus, D-bus and S-bus
DMA1 and DMA2

Internal Flash memory |ICode

Internal Flash memory DCode
Internal SRAM
AHB to APBx (APB1 or APB2), which connect all the APB peripherals
Flexible Static Memory Controller

These are interconnected using the multilayer AHB bus architecture shown in Figure 1:

Figure 1. System architecture (Cat.1 and Cat.2 devices)
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Figure 2. System architecture (Cat.3 devices)
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Figure 3. System architecture (Cat.4 devices)
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Figure 4. System architecture (Cat.5 and Cat.6 devices)
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ICode bus

This bus connects the Instruction bus of the Cortex®-M3 core to the BusMatrix. This bus is
used by the core to fetch instructions. The target of this bus is a memory containing code
(internal Flash memory or SRAM).

DCode bus

This bus connects the databus of the Cortex®-M3 to the BusMatrix. This bus is used by the
core for literal load and debug access. The target of this bus is a memory containing code or
data (internal Flash memory or SRAM).

System bus

This bus connects the system bus of the Cortex®-M3 core to a BusMatrix. This bus is used
to access data located in a peripheral or in SRAM. Instructions may also be fetched on this
bus (less efficient than ICode). The targets of this bus are the internal SRAM and the
AHB/APB bridges.

3
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DMA bus

This bus connects the AHB master interface of the DMA to the bus matrix which manages
the access of the 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. The bus matrix is composed of
five masters (ICode, DCode, System bus, DMA1 bus, DMAZ2 bus) and five slaves (Flash
ICode interface, Flash DCode interface, SRAM, FSMC, and AHB2APB bridges).

AHB peripherals are connected on 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
2 APB buses. The two APB buses operates at full speed (up to 32 MHz).

Refer to Table 5 on page 47 for the address mapping of the AHB and APB peripherals.

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

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

SRAM, NVM, 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, please refer to the related sections.
The addressable memory space is divided into 8 main blocks, each of 512 Mbytes.

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 STM32L1xxxx datasheet.

Memory map

See the STM32L1xxxx datasheet for a comprehensive diagram of the memory map. Table 5
gives the boundary addresses of the peripherals available in STM32L1xxxx devices.

3
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Table 5. Register boundary addresses

Boundary address Peripheral Bus Register map

0xA000 0000 - 0XA000 OFFF | FSMC Section 25.5.7: FSMC
register map on page 659

0x5006 0000 - 0x5006 03FF | AES Section 23.12.13: AES
register map on page 585

0x4002 6400 - 0x4002 67FF DMA2 Section 11.4.7: DMA register
map on page 262

0x4002 6000 - 0x4002 63FF | DMAT Section 11.4.7: DMA register
map on page 262

0x4002 3C00 - 0x4002 3FFF | FLASH Section 3.9.10: Register map
on page 91

0x4002 3800 - 0x4002 3BFF | RCC Section 6.3.15: RCC register
map on page 168

0x4002 3000 - 0x4002 33FF | CRC Section 4.4.4: CRC register
map on page 96

0x4002 1C00 - 0x4002 1FFF | GPIOG

0x4002 1800 - 0x4002 1BFF | GPIOF AHB

0x4002 1400 - 0x4002 17FF | GPIOH

0x4002 1000 - 0x4002 13FF | GPIOE Section 7.4.12: GPIO

0x4002 0C00 - 0x4002 OFFF | GPIOD register map on page 188

0x4002 0800 - 0x4002 OBFF | GPIOC

0x4002 0400 - 0x4002 07FF | GPIOB

0x4002 0000 - 0x4002 03FF | GPIOA

0x4001 3800 - 0x4001 3BFF | USART1 Section 27.6.8: USART
register map on page 745

0x4001 3000 - 0x4001 33FF | SPI1 Section 28.5.10: SPI register
map on page 799

0x4001 2C00 - 0x4001 2FFF | SDIO Section 29.9.16: SDIO
register map on page 855

0x4001 2400 - 0x4001 27FF | ADC Section 12.15.21: ADC
register map on page 308

0x4001 1000 - 0x4001 13FF | TIM11 APB2 Section 14.4.17: TIMx
register map on page 368

0x4001 0C00 - 0x4001 OFFF | TIM10 Section 14.4.17: TiMx
register map on page 368

0x4001 0800 - 0x4001 OBFF | TIM9 Section 14.4.17: TIMx
register map on page 368

0x4001 0400 - 0x4001 07FE EXTI Section 10.3.7: EXTI register
map on page 244

0x4001 0000 - 0x4001 03FF | SYSCFG Section 8.5.7: SYSCFG

register map on page 222
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Table 5. Register boundary addresses (continued)

Boundary address Peripheral Bus Register map

0x4000 7C00 - 0x4000 7C03 | COMP Section 14.9.2: COMP
register map on page 343

0x4000 7C04 - 0x4000 7C5B | Rl Section 8.5.7: SYSCFG
register map on page 222

0x4000 7C5C - 0x4000 7FFF | OPAMP Section 15.4.4: OPAMP
register map on page 353

0x4000 7400 - 0x4000 77FF | DAC Section 13.5.15: DAC
register map on page 331

0x4000 7000 - 0x4000 73FF | PWR Section 5.4.3: PWR register
map on page 124

USB device FS SRAM

0x4000 6000 - 0x4000 83FF 515 1o Section 24.5.4: USB register
map on page 617

0x4000 5C00 - 0x4000 5FFF | USB device FS

0x4000 5800 - 0x4000 5BFF | 12C2 Section 26.6.10: 12C register

0x4000 5400 - 0x4000 57FF | 12C1 map on page 693

0x4000 5000 - 0x4000 53FF USART5

0x4000 4800 - 0x4000 4BFF | USART3 APB register map on page 745

0x4000 4400 - 0x4000 47FF USART2

0x4000 3C00 - 0x4000 3FFF | SPI3 Section 28.5.10: SPI register

0x4000 3800 - 0x4000 3BFF | SPI2 map on page 799

0x4000 3000 - 0x4000 33FF | IWDG Section 21.4.5: IWDG
register map on page 553

0x4000 2C00 - 0x4000 2FFF | WWDG Section 22.6.4: WWDG
register map on page 560

0x4000 2800 - 0x4000 2BFF | RTC Section 20.6.21: RTC
register map on page 546

0x4000 2400 - 0x4000 27FF LCD Section 16.5.6: LCD register
map on page 379

0x4000 1000 - 0x4000 13FF | TIM6 register map on page 506

0x4000 0COO0 - 0x4000 OFFF | TIM5 (32-bits)

0x4000 0800 - 0x4000 OBFF | TIM4 Section 17.4.21: TiMx

0x4000 0400 - 0x4000 O7FF | TIM3 register map on page 438

0x4000 0000 - 0x4000 O3FF TIM2
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2.5

2.6

3

Embedded SRAM

The STM32L1xxxx features up to 80 Kbytes of SRAM. It can be accessed as bytes, half-
words (16 bits) or full words (32 bits). The SRAM start address is 0x2000 0000.

Read and write access at CPU speed with 0 wait states.

The CPU can access the SRAM through the system bus or through the I1-Code/D-Code bus
when boot in SRAM is selected or when physical remap is selected (see Section 8.5.1:
SYSCFG memory remap register (SYSCFG_MEMRMP) register in the SYSCFG controller).
To get the best SRAM execution performance, physical remap must be selected (boot or
software selection).

NVM overview

The NVM is composed of three distinct physical areas:

e  The Flash program memory block. It contains the application program and optionally
user data.

e  The Data EEPROM memory block. It contains user data.
e The information block. It is composed of two parts:
—  Option bytes for hardware and memory protection user configuration.

—  System memory which contains the proprietary bootloader code. Please, refer to
Section 3: Flash program memory and data EEPROM (FLASH) for more details.

NVM instructions and data access are performed through the AHB bus. The prefetch block
is used for instruction fetches through the ICode bus. Arbitration is performed in the Flash
memory interface, and priority is given to data access on the DCode bus. It also implements
the logic necessary to carry out the Flash memory operations (Program/Erase) controlled
through the Flash registers.

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 STM32L1xxxx both the peripheral registers and the SRAM are mapped in a bit-band
region. This allows single bit-band write and read operations to be performed. These
operations are only available for Cortex®-M3 accesses, not from other bus masters (e.g.
DMA).

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

bit_word_addr = bit_band_base + (byte_offset x 32) + (bit_number x 4)
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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 start 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 x 32) + (2 x 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 0x22006008 returns the value (0x01 or 0x00) of bit 2 of the byte at SRAM
address 0x20000300 (0x01: bit set; 0x00: bit reset).

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

Boot configuration

Due to its fixed memory map, the code area starts from address 0x0000 0000 (accessed
through the ICode/DCode buses) while the data area (SRAM) starts from address

0x2000 0000 (accessed through the system bus). The Cortex®-M3 CPU always fetches the
reset vector from the ICode bus, which implies to have the boot space available only in the
code area (typically, Flash memory). STM32L1xxxx microcontrollers implement a special
mechanism to be able to boot from other memory than the Flash (like internal SRAM).

In the STM32L1xxxx, 3 different boot modes can be selected through the BOOT[1:0] pins as
shown in Table 6.

Table 6. Boot modes

Option bit
nBFB2(1

Boot mode selection pins

Boot mode Aliasing
BOOT1 BOOTO

1

X 0 Main Flash memory | Main Flash memory is selected as the boot space

1

0 1 System memory System memory is selected as the boot space

X

1 1 Embedded SRAM | Embedded SRAM is selected as the boot space

X 0 For Cat.4, Cat.5 and Cat.6 devices only.

System memory is selected as the boot space.
System memory Jump to Bank2 or Bgnk1 possible by embedded
0 1 bootloader located in system memory. See
nBFB2 bit description in Table 19: Description of
the option bytes.

1. nBFB2 option is present in Cat.4, Cat.5 and Cat.6 devices only. For Cat.1, Cat.2, Cat.3 devices behavior is like nBFB2=1.
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3

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

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

The BOOT pins are also resampled when exiting the Standby mode. Consequently they
must be kept in the required Boot mode configuration in 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.

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

Physical remap

When the boot pins are configured as desired, the application software can modify the
memory accessible in the code area (code can thus be executed through the ICode/DCode
in place of the System bus). This modification is performed by programming the SYSCFG
memory remap register (SYSCFG_MEMRMP) in the SYSCFG controller.

The following memory can then be remapped:

e  Main Flash memory
e  System memory
e Embedded SRAM

Depending on the memory protection programmed by option byte, some boot/remap
configurations may not be available (refer to the readout protection section in Section 3:
Flash program memory and data EEPROM (FLASH) for details).

Table 7. Memory mapping vs. boot mode/physical remap

Addresses

Boot/Remap in main
Flash memory

Boot/Remap in
embedded SRAM

Boot/Remap in
System memory

0x2000 0000 - 0x2000 BFFF

SRAM

SRAM

SRAM

0x1FFO0 0000 - Ox1FFO 1FFF

System memory

System memory

System memory

0x0802 0000 - OXOFFF FFFF

Reserved

Reserved

Reserved

0x0800 0000 - 0x0805 FFFF

Flash memory

Flash memory

Flash memory

0x0002 0000 - 0x07FF FFFF

Reserved

Reserved

Reserved

0x0000 0000 - 0x0005 FFFF

Flash (up to
512 Kbytes) Aliased

SRAM Aliased

System memory
(8 Kbytes) Aliased

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

Embedded boot loader

The embedded boot loader is used to reprogram the Flash memory through one of the
following interfaces:

e InCat.1 and Cat.2 devices: USART1 or USART2.

e InCat.3, Cat.4, Cat.5 and Cat.6 devices: USART1, USART2 or USB

This program is located in the system memory and is programmed by ST during production.
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Note:
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3.2
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Flash program memory and data EEPROM (FLASH)

NVM introduction

e Upto 512 Kbytes of Flash program memory

e Memory organization (dual bank; for Cat.4, Cat.5 and Cat.6 devices only):
— Up to 512 Kbytes of Flash program memory and up to 16 Kbytes of data EEPROM
— Up to 8 Kbytes of system memory and up to 64 bytes of option bytes

Each bank in dual bank devices is organized as follows:

— 192/256 Kbytes of program memory and 6/8 Kbytes of data (for Cat.4, Cat.5 and
Cat.6 devices only)

— 4 Kbytes of system memory, 32 bytes of option bytes

Flash memory interface (FLITF) features:
e Flash memory read operations: read access is performed by 64 or 32 bits
e Flash memory program/erase operations
¢ Read while write (RWW) from one bank to the other
e  Read/write protection
e  Write access is performed by 32 bits
e  Option byte loader reset
e Low power mode:
—  Flash memory in Power down mode when the STM32L1xxxx is in the Standby
mode or the Stop mode
—  Flash memory can be placed in Power down or Idle mode when the STM32L1xxxx
is in the Sleep mode
—  Flash memory can be placed in Power down or Idle mode when the STM32L1xxxx
is in the Run mode

The DMA can only access Flash memory module with read operations.

Code execution is not possible from Data EEPROM.

NVM organization

The memory is organized as Program memory blocks, data EEPROM blocks and
information blocks. Table 8, Table 9, Table 10 and Table 11 show the memory organization
(the maximum configuration for given product category). See device datasheet for Flash
program memory size and data EEPROM memory size availability.

The Flash program memory block is divided into sectors of 4 Kbytes each, and each sector
is further split up into 16 pages of 256 bytes each. The sector is the write protection
granularity. The pages are the erase granularity for the program memory block.

The Flash program memory pages can be written using a half page programming or a fast
word programming operation.

3
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Data EEPROM can be erased and written by:
e  Double word
e  Word/ Fast word
e Half word / Fast half word
e Byte/Fast byte
During a write/erase operation to the NVM (except Half Page programming or Double-word
erase/write), any attempt to read the same bank of NVM stalls the bus. The read operation
is executed correctly once the programming operation is completed. This means that code
or data fetches cannot be performed while a write/erase operation is ongoing in the same
bank.
For more details, refer to Section 3.4.2: Erasing memory on page 64 and Section 3.4.3:
Programming memory on page 65.
Table 8. NVM module organization (Cat.1 and Cat.2 devices)
Block Name Memory addresses Size
Page 0 0x0800 0000 - 0x0800 O0OFF 256 bytes
Page 1 0x0800 0100 - 0x0800 O1FF 256 bytes
Page 2 0x0800 0200 - 0x0800 02FF 256 bytes
Sector 0 Page 3 0x0800 0300 - 0x0800 03FF 256 bytes
Page 4 to 7 0x0800 0400 - 0x0800 O7FF 1 Kbyte
Page 8 to 11 0x0800 0800 - 0x0800 OBFF 1 Kbyte
Page 12to 15 0x0800 0CO00 - 0x0800 OFFF 1 Kbyte
Program memory Sector 1 0x0800 1000 - 0x0800 1FFF 4 Kbytes
Sector 2 0x0800 2000 - 0x0800 2FFF 4 Kbytes
Sector 3 0x0800 3000 - 0x0800 3FFF 4 Kbytes
Sector 30 0x0801 EO0O - 0x0801 EFFF 4 Kbytes
Sector 31 0x0801 FOOO - 0x0801 FFFF 4 Kbytes
Data EEPROM 0x0808 0000 - 0x0808 OFFF 4096 bytes
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Table 8. NVM module organization (Cat.1 and Cat.2 devices) (continued)

Block Name Memory addresses Size
Page 0 0x1FFO0 0000 - 0X1FFO OOFF 256 bytes
Page 1 0x1FF0 0100 - 0X1FFO0 O1FF 256 bytes
Page 2 0x1FF0 0200 - 0X1FF0 02FF 256 bytes
Page 3 0x1FF0 0300 - 0X1FFO 03FF 256 bytes
System
memory

Information block

Page 15 O0x1FFO0 OF00 - 0X1FFO OFFF 256 bytes
Option bytes 0x1FF8 0000 - 0X1FF8 001F 32 bytes
Factory information 0x1FF8 0020 - 0X1FF8 00FF 224 bytes

Table 9. NVM module organization (Cat.3 devices)

Block Name Memory addresses Size
Page 0 0x0800 0000 - 0x0800 OOFF 256 bytes
Page 1 0x0800 0100 - 0x0800 01FF 256 bytes
Page 2 0x0800 0200 - 0x0800 02FF 256 bytes
Sector 0 Page 3 0x0800 0300 - 0x0800 O03FF 256 bytes
Page 4 to 7 | 0x0800 0400 - 0x0800 O7FF 1 Kbyte
Page 8 to 11 | 0x0800 0800 - 0x0800 OBFF 1 Kbyte
Page 12 to 15 | 0x0800 0C00 - 0x0800 OFFF 1 Kbyte
Sector 1 Page 16 to 31 | 0x0800 1000 - 0x0800 1FFF 4 Kbytes
Sector 2 Page 32 to 47 | 0x0800 2000 - 0x0800 2FFF 4 Kbytes
Program memory Sector 3 Page 48 to 63 | 0x0800 3000 - 0x0800 3FFF 4 Kbytes
Sector 30 Pagigg 810 | 40801 E000 - 0x0801 EFFF 4 Kbytes
Sector 31 Pag%ff‘s 10| 0x0801 FOOO - 0x0801 FFFF 4 Kbytes
Sector 32 to Page 512 to
Sector 47 767 0x0802 0000 - 0x0802 FFFF 64 Kbytes
Sector 48 to Page 768 to
Sector 63 1023 0x0803 0000 - 0x0803 FFFF 64 Kbytes
Data EEPROM 0x0808 0000 - 0x0808 1FFF 8 Kbytes
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Table 9. NVM module organization (Cat.3 devices) (continued)

Block Name Memory addresses Size
Page 0 0x1FFO0 0000 - Ox1FFO O0OFF 256 bytes
Page 1 O0x1FFO0 0100 - Ox1FFO0 01FF 256 bytes
Page 2 0x1FF0 0200 - 0x1FFO0 02FF 256 bytes
Page 3 0x1FF0 0300 - Ox1FF0 03FF 256 bytes
System
memory

Information Block

Page 15 0x1FFO OF00 - Ox1FFO OFFF 256 bytes

Page 16 to 31 0x1FFO0 1000 - Ox1FFO 1FFF 4 Kbytes

Option bytes 0x1FF8 0000 - 0Ox1FF8 001F 32 bytes
Factory information 0x1FF8 0020 - 0x1FF8 O0FF 224 bytes

Table 10. NVM module organization (Cat.4 devices)

Block Name Memory addresses Size
Page 0 0x0800 0000 - 0x0800 00FF 256 bytes
Page 1 0x0800 0100 - 0x0800 01FF 256 bytes
Page 2 0x0800 0200 - 0x0800 02FF 256 bytes
Sector 0 Page 3 0x0800 0300 - 0x0800 03FF 256 bytes
Page 4 to7 |0x0800 0400 - 0x0800 07FF 1 Kbyte
Page 8 to 11 | 0x0800 0800 - 0x0800 OBFF 1 Kbyte
Page 12to 15 | 0x0800 0COO0 - 0x0800 OFFF 1 Kbyte
Sector 1 Page 16 to 31 | 0x0800 1000 - 0x0800 1FFF 4 Kbytes
Program memory
bank 1 Sector 2 Page 32 to 47 |0x0800 2000 - 0x0800 2FFF 4 Kbytes
Sector 3 Page 48 to 63 | 0x0800 3000 - 0x0800 3FFF 4 Kbytes
Sector 30 Pagjgg 810 16,0801 E000 - 0x0801 EFFF 4 Kbytes
Sector 31 Page 496 to 511 | 0x0801 FOO0O - 0x0801 FFFF 4 Kbytes
Sector 32 to Page 512 to
Sector 47 767 0x0802 0000 - 0x0802 FFFF 64 Kbytes
Sector 48 to Page 768 to
0x0803 0000 - 0x0804 FFFF 128 Kbytes
Program memory | Sector 79 1279
bank 2 Sector 80 to | Page 1280 to
Sector 95 1535 0x0805 0000 - 0x0805 FFFF 64 Kbytes
Data EEPROM bank 1 0x0808 0000 - 0x0808 17FF 6 Kbytes
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Table 10. NVM module organization (Cat.4 devices) (continued)
Block Name Memory addresses Size
Data EEPROM bank 2 0x0808 1800 - 0x0808 2FFF 6 Kbytes
Page 0 0x1FF0 0000 - 0x1FFO OOFF 256 bytes
Page 1 0x1FF0 0100 - Ox1FF0 O1FF 256 bytes
Page 2 0x1FF0 0200 - Ox1FF0 02FF 256 bytes
System memory bank 1 Page 3 0x1FF0 0300 - 0x1FF0 O3FF 256 bytes
Page 15 0x1FFO0 OF00 - 0x1FFO OFFF 256 bytes
System memory bank 2 Page 16 to 31 |O0x1FFO 1000 - Ox1FFO 1FFF 4 Kbytes
Option bytes bank 1 0x1FF8 0000 - 0x1FF8 001F 32 bytes
Factory information bank 1 0x1FF8 0020 - Ox1FF8 007F 96 bytes
Option bytes bank 2 0x1FF8 0080 - 0x1FF8 009F 32 bytes
Factory information bank 2 0x1FF8 00AO0 - 0x1FF8 O0FF 96 bytes
Table 11. NVM module organization (Cat.5 devices)
Block Name Memory addresses Size
Page 0 0x0800 0000 - 0x0800 OOFF 256 bytes
Page 1 0x0800 0100 - 0x0800 01FF 256 bytes
Page 2 0x0800 0200 - 0x0800 02FF 256 bytes
Sector 0 Page 3 0x0800 0300 - 0x0800 O3FF 256 bytes
Page 4to7 | 0x0800 0400 - 0x0800 07FF 1 Kbyte
Page 8to 11 | 0x0800 0800 - 0x0800 OBFF 1 Kbyte
Page 12 to 15 | 0x0800 0COO0 - 0x0800 OFFF 1 Kbyte
Sector 1 Page 16 to 31 | 0x0800 1000 - 0x0800 1FFF 4 Kbytes
Program memory
bank 1 Sector 2 Page 32 to 47 | 0x0800 2000 - 0x0800 2FFF 4 Kbytes
Sector 3 Page 48 to 63 | 0x0800 3000 - 0x0800 3FFF 4 Kbytes
Sector 30 Pagjgg 810 14,0801 E000 - 0x0801 EFFF 4 Kbytes
Sector 31 | Page 496 to 511 | 0x0801 FO0O0 - 0x0801 FFFF 4 Kbytes
Sector 32 to Page 512 to
Sector 63 1023 0x0802 0000 - 0x0803 FFFF 128 Kbytes
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Table 11. NVM module organization (Cat.5 devices) (continued)

Block Name Memory addresses Size
Sector 64 to | Page 1024 to
0x0804 0000 - 0x0805 FFFF 128 Kbytes
Program memory | Sector 95 1535
bank 2 Sector 96to | Page 1536 to
Sector 127 2047 0x0806 0000 - 0x0807 FFFF 128 Kbytes
Data EEPROM bank 1 0x0808 0000 - 0x0808 1FFF 8 Kbytes
Data EEPROM bank 2 0x0808 2000 - 0x0808 3FFF 8 Kbytes
Page 0 0x1FFO0 0000 - Ox1FFO OOFF 256 bytes
Page 1 0x1FFO0 0100 - Ox1FFO O1FF 256 bytes
Page 2 0x1FF0 0200 - Ox1FF0 02FF 256 bytes
System memory bank 1 Page 3 0x1FF0 0300 - Ox1FFO 03FF 256 bytes
Page 15 0x1FFO0 OF00 - 0x1FFO OFFF 256 bytes
System memory bank 2 Page 16 to 31 |O0x1FFO 1000 - Ox1FFO 1FFF 4 Kbytes
Option bytes bank 1 0x1FF8 0000 - 0x1FF8 001F 32 bytes
Factory information bank 1 0x1FF8 0020 - 0x1FF8 007F 96 bytes
Option bytes bank 2 0x1FF8 0080 - 0x1FF8 009F 32 bytes
Factory information bank 2 0x1FF8 00AOQ - Ox1FF8 O0FF 96 bytes

3
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Table 12. NVM module organization (Cat.6 devices)
Block Name Memory addresses Size
Page 0 0x0800 0000 - 0x0800 OOFF 256 bytes
Page 1 0x0800 0100 - 0x0800 01FF 256 bytes
Page 2 0x0800 0200 - 0x0800 02FF 256 bytes
Sector 0 Page 3 0x0800 0300 - 0x0800 03FF 256 bytes
Page 4to 7 | 0x0800 0400 - 0x0800 07FF 1 Kbyte
Page 8 to 11 | 0x0800 0800 - 0x0800 OBFF 1 Kbyte
Page 12to 15 | 0x0800 0COO0 - 0x0800 OFFF 1 Kbyte
Sector 1 Page 16 to 31 | 0x0800 1000 - 0x0800 1FFF 4 Kbytes
Program memory
bank 1 Sector 2 Page 32 to 47 | 0x0800 2000 - 0x0800 2FFF 4 Kbytes
Sector 3 Page 48 to 63 | 0x0800 3000 - 0x0800 3FFF 4 Kbytes
Sector 30 Pagjgg 810 14,0801 E000 - 0x0801 EFFF 4 Kbytes
Sector 31 | Page 496 to 511 | 0x0801 FO0O - 0x0801 FFFF 4 Kbytes
Sector 32 to Page 512 to
Sector 47 767 0x0802 0000 - 0x0802 FFFF 64 Kbytes
Sector 48 to Page 768 to
0x0804 0000 - 0x0805 FFFF 128 Kbytes
Program memory | Sector 79 1279
bank 2 Sector 80 to | Page 1280 to
Sector 95 1535 0x0806 0000 - 0x0806 FFFF 64 Kbytes
Data EEPROM bank 1 0x0808 0000 - 0x0808 1FFF 8 Kbytes
Data EEPROM bank 2 0x0808 2000 - 0x0808 3FFF 8 Kbytes
Page 0 0x1FF0 0000 - Ox1FFO OOFF 256 bytes
Page 1 0x1FFO0 0100 - Ox1FF0 O1FF 256 bytes
Page 2 0x1FF0 0200 - Ox1FF0 02FF 256 bytes
System memory bank 1 Page 3 0x1FFO0 0300 - Ox1FF0 O3FF 256 bytes
Page 15 0x1FFO OF00 - 0x1FFO OFFF 256 bytes
System memory bank 2 Page 16 to 31 |O0x1FFO 1000 - Ox1FFO 1FFF 4 Kbytes
Option bytes bank 1 0x1FF8 0000 - Ox1FF8 001F 32 bytes
Factory information bank 1 0x1FF8 0020 - Ox1FF8 007F 96 bytes
Option bytes bank 2 0x1FF8 0080 - Ox1FF8 009F 32 bytes
Factory information bank 2 0x1FF8 00AO - Ox1FF8 O0FF 96 bytes
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3.3 Read interface
3.31 Relation between CPU clock frequency and Flash memory read time

3

The Flash memory is read by 64 bits or 32 bits.

64-bit access is configured by setting the ACC64 bit in the Flash access control register
(FLASH_ACR). This access mode accelerates the execution of program operations.
Prefetch is useful when the Flash memory cannot be accessed for a CPU cycle. In this
case, the number of wait states (LATENCY) must be correctly programmed in the Flash
access control register (FLASH_ACR) according to the frequency of the CPU clock (HCLK)
and the supply voltage of the device. Table 13 shows the correspondence between wait
states and CPU clock frequency.

Table 13. Number of wait states (WS) according to CPU clock (HCLK) frequency

HCLK frequency (MHz)
Vpp range Vpp range Wait states
165Vto 3.6V 1.71Vto 3.6V (LATENCY)
Range 3 Range 2 Range 1
fHCLK <2.1 MHz (In Cat.1
devices)
fcpu £ 4.2 MHz (in Cat.2, facLk8 MHz fheLk 16 MHz 0 WS (1 HCLK cycle)

Cat.3, Cat.4, Cat.5 and
Cat.6 devices)

devices)
fack < 8 (in Cat.2, Cat.3, fieoLks16 MHz fhoLk <832 MHz 1 WS (2 HCLK cycles)
Cat.4, Cat.5 and Cat.6
devices)

It is also possible to access the Flash memory by 32 bits. This is done by clearing the
ACC®64 bit in FLASH_ACR. In this case, prefetch has to be disabled. 32-bit access reduces
the consumption, so it is used when the CPU frequency is low. In this case, the number of
wait states must be 0.

After reset, the used clock is the MSI (2 MHz) with 0 WS configured in the FLASH_ACR
register. 32-bit access is enabled and prefetch is disabled.

ST strongly recommends to use the following software sequences to tune the number of
wait states needed to access the Flash memory with the CPU frequency.
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Increasing the CPU frequency (in the same voltage range).

e  Program the 64-bit access by setting the ACC64 bit in FLASH_ACR

e  Check that 64-bit access is taken into account by reading FLASH_ACR

e  Program 1 WS to the LATENCY bit in FLASH_ACR

e  Check that the new number of WS is taken into account by reading FLASH_ACR

e Modify the CPU clock source by writing to the SW bits in the RCC_CFGR register

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

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

Decreasing the CPU frequency (in the same voltage range).

e Modify the CPU clock source by writing to the SW bits in the RCC_CFGR register

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

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

e  Program the new number of WS to the LATENCY bit in FLASH_ACR

e  Check that the new number of WS is taken into account by reading FLASH_ACR

e  Program the 32-bit access by clearing ACC64 in FLASH_ACR

e  Check that 32-bit access is taken into account by reading FLASH_ACR

Instruction prefetch when Flash access is 64 bits

Each Flash memory read operation provides 64 bits from either 2 instructions of 32 bits or 4
instructions of 16 bits depending on the program launched. So, in case of sequential code,
at least 2 CPU cycles are needed to execute the previous read instruction line. Prefetch on
the I-Code bus can be used to read the next sequential instruction line from the Flash
memory while the current instruction line is being requested by the CPU. Prefetch is
enabled by setting the PRFTEN bit in the FLASH_ACR register. This feature is useful if at
least one wait state is needed to access the Flash memory.

Figure 5 shows the execution of sequential 32-bit instructions with and without prefetch
when 1 WS is needed to access the Flash memory.

3
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Figure 5. Sequential 32 bits instructions execution
‘ @ V\mﬂ 1F '13 '15 WITHOUT PREFETCH
@ F | DJ|E
2 2 |22
' @ F|IDJE
' 3 (WA 3 3|3
| @ |F|D|E
| 4 4 |4 |4
@ F|DJE
: : L - -
| | @ [F|[D]|E
| | 6 6 | 6|6
| |
: ins 1ins 2 ins 3ins 4 ins 5ins 6
| fetch fetch fetch fetch fetch fetch
: A A v
Read | Give Read | Give Read | Give
ins 1,2]|ins 1,2 | ins 3,4|ins 3,4 |ins 5,6 |ins 5,6
@ FIDJE
‘ 1 VWT‘ 1011
@ F |D|E
2 2 | 2] 2
| @l F D |E WITH PREFETCH
| 3 3 3 3
I @|F |D|E
| 4 4 4 4
| | @|F |D]|E
| | 5 5 5 5
I @|F |D|E o
| : 6 | 6 6 6 CortexM3 pipeline
I |
| I @|F|D]|E
| ins 1ins 2 ins 3ins 4 ins5ins 6 ‘
| fetch fetch fetch fetch fetch fetch AHB protocol
| ‘v 3
Read [ Give Give Give @ : address requested
ins1,2|ins1,2| ins3,4 [ ins5,6 F : Fetch stage
Read Read Read D Decode stage
ins34 | | ins56||ins 7,8 E : Execute stage
MSv42056V1
Note: When the code is not sequential (branch), the instruction may not be present neither in the

current instruction line used nor in the prefetched instruction line. In this case, the penalty in
terms of number of cycles is at least equal to the number of Wait States.

Table 14 shows the supported ACC64, LATENCY and PRFTEN configurations.

Table 14. Allowed configuration in FLASH_ACR

3

ACC64=0 ACC64 =1
LATENCY
PRFTEN=0 PRFTEN =1 PRFTEN=0 PRFTEN =1
0 Yes No Yes Yes
1 No No Yes Yes
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Data management

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

Memory operations

Unlocking/locking memory

The following blocks can be separately locked or unlocked:
e Data EEPROM with the PECR register

e  Program memory

e  Option bytes

The steps required for each operation are described in the sections below:

Unlocking the Data EEPROM block and the FLASH_PECR register

After reset, Data EEPROM block and the Program/erase control register (FLASH_PECR)
are not accessible in write mode and the PELOCK bit in FLASH_PECR is set. The same
unlocking sequence unprotects them both at the same time.

The following sequence is used to unlock the Data EEPROM block and FLASH_PECR
register:

e Write PEKEY1= Ox89ABCDEF to the Program/erase key register (FLASH_PEKEYR)
e  Write PEKEY2= 0x02030405 to the Program/erase key register (FLASH_PEKEYR)
Any wrong key sequence will lock up the Data EEPROM block and the FLASH_PECR

register until the next reset, and return a bus error (Cortex®-M3 hardfault or busfault). So a
bus error is returned in any of the three cases below:

. after the first write access if the entered PEKEY1 value is erroneous

e during the second write access if PEKEY1 is correctly entered but the PEKEY2 value
does not match

e if there is any attempt to write a third value to PEKEYR

When properly executed, the unlocking sequence clears the PELOCK bit in the
FLASH_PECR register.

To lock the FLASH_PECR and the data EEPROM again, the software only needs to set the
PELOCK bit in FLASH_PECR.

Unlocking the program memory

An additional protection is implemented to write to the program memory (in pages not write-
protected (WRP)).

After reset, the program memory is not accessible in write mode: the PRGLOCK bit is set in
FLASH_PECR. Write access to the program memory is granted again by clearing the
PRGLOCK bit.
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The following sequence is used to unlock the program memory:
e  Unlock the FLASH_PECR register

e Write PRGKEY 1= 0x8C9DAEBF to the Program memory key register
(FLASH_PRGKEYR)

e Write PRGKEY2= 0x13141516 to the Program memory key register
(FLASH_PRGKEYR)

Any wrong key sequence will lock up PRGLOCK in FLASH_PECR until the next reset, and
return a bus error (Cortex®-M3 hardfault or busfault). So a bus error is returned in any of the
three cases below:

. after the first write access if the entered PRGKEY1 value is erroneous

e during the second write access if PRGKEY1 is correctly entered but the PRGKEY2
value does not match

e if there is any attempt to write a third value to PRGKEYR

When properly executed, the unlocking sequence clears the PRGLOCK bit and the program
memory is write accessible.

To lock the program memory again, the software only needs to set the PRGLOCK bit in
FLASH_PECR.

Unlocking the option byte block
An additional write protection is implemented on the option byte block.

After reset, the option bytes are not accessible in write mode: the OPTLOCK bit in
FLASH_PECR is set. Write access to the option bytes is granted again by clearing
OPTLOCK.

The following sequence is used to unlock the option byte block:

e  Unlock the FLASH_PECR register

e Write OPTKEY1= OxFBEAD9CS to the Option key register (FLASH_OPTKEYR)

e  Write OPTKEY 1= 0x24252627 to the Option key register (FLASH_OPTKEYR)

Any wrong key sequence will lock up OPTLOCK in FLASH_PECR until the next reset, and

return a bus error (Cortex®-M3 hardfault or busfault). So a bus error is returned in any of the
three cases below:

. after the first write access if the entered OPTKEY1 value is erroneous

e during the second write access if OPTKEY1 is correctly entered but the OPTKEY2 value
does not match

e if there is any attempt to write a third value to OPTKEYR

When properly executed, the unlocking sequence clears the OPTLOCK bit and the option
bytes are write accessible.

To lock the option byte block again, the software only needs to set the OPTLOCK bit in
FLASH_PECR.
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Erasing memory

Different erase operations are available for Program memory and Data EEPROM because
they have different granularity. These operations are:

¢ Word and double word erase: for Data EEPROM

e Page erase (and parallel page erase for Cat.4, Cat.5 and Cat.6 devices): for
Program memory

e Mass erase: this erases the Program memory, Data EEPROM and Option bytes (in
both banks for Cat.4, Cat.5 and Cat.6 devices)

Data EEPROM word erase

This operation is used to erase a word in Data EEPROM. To do so:

e  Unlock the Data EEPROM and the FLASH_PECR register

e Write a word to a valid address in data EEPROM with the value 0x0000 0000
e This activates an erase phase

This function can be executed from both banks, RAM or external memory. If it is from the
same bank, the program is stalled for one Tprog.

Data EEPROM double word erase
This operation is used to erase a double word in Data EEPROM.

To do so:

e  Unlock the Data EEPROM and the FLASH_PECR register

e Setthe ERASE bit in the FLASH_PECR register

e  Set the DATA bit in the FLASH_PECR register to erase a data double word
e  Write 0x0000 0000 to each of the two data words to be erased

e  Wait for the BSY bit to be cleared

This function can be executed from one bank to the other one, or from RAM. In case of a
read access in the same bank during this feature, a Bus error is generated.

Warning: Data EEPROM double word erase is possible only from
SRAM, from external memory or from bank 1 to bank 2 and
vice versa.

Program memory page erase

This operation is used to erase a page in program memory (64 words). To do so:
e  Unlock the FLASH_PECR register

e Unlock the Program memory

e Set the ERASE bit in the FLASH_PECR register

e Setthe PROG bit in the FLASH_PECR register to choose program page

e  Write 0x0000 0000 to the first word of the program page to erase

e  Wait for the BSY bit to be cleared

3
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This function can be executed from both banks, RAM or external memory. If it is from the
same bank, the program is stalled for one Tprog.

Program memory parallel page erase

This operation is available for Cat.4, Cat.5 and Cat.6 devices only. It is used to erase two
parallel pages in program memory (64 words in each bank). To do so:

e  Unlock the FLASH_PECR register

e  Unlock the Program memory

e Setthe PARALLBANK bit in the FLASH_PECR register

e Set the ERASE bit in the FLASH_PECR register

e Setthe PROG bit in the FLASH_PECR register to choose program page

e  Write 0x0000 0000 to the first word of the program page to erase in the first bank and
0x0000 0000 to the first word of the program page to erase in the second bank.

e  Wait for the BSY bit to be cleared

This function can be executed only from RAM or external memory.

Programming memory

Program memory Fast Word Write

This operation is used to write a word to the program memory, assuming that it was
previously erased. To do so:

e  Unlock the FLASH_PECR register

e  Unlock the Program memory

e Write a word to a valid address in the program memory. This activates a programming
phase

This function can be executed from both Banks, Ram or external memory. If it is from the
same bank the program is stalled for one Tprog.

Program memory Half Page Write

This operation is used to write half a page to the program memory (32 words). To do so:

e  Unlock the FLASH_PECR register

e  Unlock the program memory

e Setthe FPRG bit in the FLASH_PECR register (this configures FLASH_PECR to
perform a data buffer loading sequence)

e Set the PROG bit in the FLASH_PECR register to access the required program
memory page

e  Wait for the BSY bit to be cleared

e Directly write half a page with 32 different words to the program memory address

space. The words must be written sequentially starting from word 0 and ending with
word 31

Warning: Half Page Write is possible only from SRAM, from external
memory or from bank 1 to bank 2 and vice versa.
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1

If there are more than 32 words to write, after 32 words another Half Page programming
operation starts and has to be finished before any other access to NVM occurs.

In case of a read access in the same bank during this feature, a bus error is generated.

Program memory Parallel Half Page Write

This operation is used to write two half pages to the program memory (32 words in each

bank).This operation is available for Cat.4, Cat.5 and Cat.6 devices only.

e  Unlock the FLASH_PECR register

e  Unlock the program memory

e  Setthe PARALL_BANK bit in the FLASH_PECR register to configure FLASH_PECR to
perform parallel loading of 2 sequences of 32 words, one in each bank

e Set the FPRG bit in the FLASH_PECR register (this configures FLASH_PECR to
perform the data buffer loading sequences)

e Setthe PROG bit in the FLASH_PECR register to access the required program
memory page

e  Wait for the BSY bit to be cleared

e  Write two half pages directly with 64 different words to the program memory address
space, 32 words in each bank. 32 words must be written sequentially starting with word

0 and ending with word 31 in bank 1. Then, in bank 2, 32 words must be written
sequentially starting with word 32 and ending with word 63.

This function can be executed only from RAM or external memory. Read access to EEprom
during this function is forbidden.

Data EEPROM double Word Write

This operation is used to write a double word to the data EEPROM. To do so:

e  Unlock the Data EEPROM and the FLASH_PECR register

e Setthe FPRG bit in the FLASH_PECR register (this configures FLASH_PECR to
perform a data buffer loading sequence)

e  Set the DATA bit in the FLASH_PECR register to access the required data EEPROM
page

e  Wait for the BSY bit to be cleared

e  Directly write a double word by writing 2 words to the data EEPROM address space.
The words must be written sequentially starting from word 0 and ending with word 1.

Warning: Data EEPROM double word write is possible only from
SRAM, from external memory or from bank 1 to bank 2 and
vice versa.

A data EEPROM double word is written to the data EEPROM only if the first address to load
is the start address of a double word (multiple of double word).

In case of a read access in the same bank during this feature, a bus error is generated.

3
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Data EEPROM Fast Word Write

This operation is used to write a word to the data EEPROM assuming that it was previously
erased. The time taken for this operation is 1 tprog (see Table 20 on page 77 for more
details).

Unlock the Data EEPROM and the FLASH_PECR register

Clear the FTDW bit (FLASH_PECR][8]) assuming that the word is already erased
(0x00000000).

Write a word to a valid address in the data EEPROM

The following operations are then performed automatically by the Flash memory
interface:

—  The Flash memory interface addresses and reads the word to be written to
— A ECC is calculated for the new word to write to the memory

— A write operation is immediately executed (the word read by the interface must be
0x00000000 and the FTDW bit must be cleared)

This function can be executed from any memory. If it is from the same bank the program is
stalled for one Tprog.

Data EEPROM Word Write

This operation is used to write a word to the data EEPROM whatever the previous value of
the word to be written to. The time taken for this is 1 or 2 tprog, depending on the FTDW bit
(see Table 20 on page 77 for more details).

Unlock the Data EEPROM and the FLASH_PECR register

Configure (Set/Clear) the FTDW bit (FLASH_PECR([8]) to execute Word Write,
whatever the previous value of the word be written to

Write a word to a valid address in the data EEPROM

The following operations are then performed automatically by the Flash memory
interface:

—  The Flash memory interface addresses and reads the word to be written to
— Anew ECC is calculated for the new word to write to the memory
— Case 1: FTDW bit = 0:

If the word read by the interface was not 0x00000000, an erase operation is done
automatically followed with a write operation. The time taken for this is 2 tprog.

If the word read by the interface was 0x00000000, a write operation is immediately
executed (it takes the same time as Fast Word Write, 1 tprog).

— Case 2: FTDW bit = 1:

If the FTDW bit is set, an erase operation is always done automatically followed by
a write operation. The time taken for this is 2 tprog.

This function can be executed from any memory. If it is from the same bank the program is
stalled for one Tprog.
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Data EEPROM Fast Half Word Write

This operation is used to write a NON NULL@) half word to the data EEPROM assuming
that the complete word was previously erased. The time taken for this is 1 tprog (see
Table 20 on page 77 for more details).

Unlock the Data EEPROM and the FLASH_PECR register

Clear the FTDW bit (FLASH_PECR][8]) assuming that the word is already erased
(0x00000000)

Write a half word to a valid address in the data EEPROM

The following operations are then performed automatically by the Flash memory
interface:

—  The Flash memory interface addresses and reads the word to be written to
— A ECC is calculated for the new half word to write to the memory

— A write operation is immediately executed (the word read by the interface must be
0x00000000 and the FTDW bit must be cleared)

This function can be executed from any memory. If it is from the same bank the program is
stalled for one Tprog.

Data EEPROM Half Word Write

This operation is used to write a NON NULL®) half word to the data EEPROM whatever the
previous value of the word to be written to. The time taken for this is 1 or 2 tprog, depending
on the FTDW bit (see Table 20 on page 77 for more details).

Unlock the Data EEPROM and the FLASH_PECR register

Configure (Set/Clear) the FTDW bit (FLASH_PECR][8]) to execute half Word Write,
whatever the previous value of the half word to be written to

Write a half word to a valid address in the data EEPROM

The following operations are then performed automatically by the Flash memory
interface:

—  The Flash memory interface addresses and reads the word to be written to

— Anew ECC is calculated for the new half word to write to the memory

— Case 1: FTDW bit = 0:
If the word read by the interface was not 0x00000000, an erase operation is done
automatically followed by a write operation. The time taken for this is 2 tprog.
If the word read by the interface was 0x00000000, a write operation is immediately
executed (it takes the same time as Fast half word Write, 1 tprog).

— Case 2: FTDW bit = 1:
An erase operation is always done automatically followed by a write operation.
The time taken for this is 2 tprog.

This function can be executed from any memory. If it is from the same bank the program is
stalled for one Tprog.

a.

This restriction applies only for Cat.1 devices.

3
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Data EEPROM Fast Byte Write

This operation is used to write a NON NuLL®@ Byte to the data EEPROM assuming that the
complete word was previously erased. The time taken for this is 1 tprog (see Table 20 on
page 77 for more details).

Unlock the Data EEPROM and the FLASH_PECR register

Clear the FTDW bit (FLASH_PECR][8]) assuming that the word is already erased
(0x00000000).

Write a byte to a valid address in the data EEPROM

The following operations are then performed automatically by the Flash memory
interface:

—  The Flash memory interface addresses and reads the word to be written to
— Anew ECC is calculated for the new byte to write to the memory

— A write operation is immediately executed (the word read by the interface must be
0x00000000 and the FTDW bit must be cleared)

This function can be executed from any memory. If it is from the same bank, the program is
stalled for one Tprog.

Data EEPROM Byte Write

This operation is used to write a NON NULL™ byte to the data EEPROM whatever the
previous value of the word to be written to. The time taken for this is 1 or 2 tprog, depending
on the FTDW bit (see Table 20 on page 77 for more details).

Unlock the Data EEPROM and the FLASH_PECR register

Configure (Set/Clear) the FTDW bit (FLASH_PECR]8]) to execute byte Write, whatever
the previous value of the word to write to

Write a NON NULL byte to a valid address in the data EEPROM

The following operations are then performed automatically by the Flash memory
interface:

—  The Flash memory interface addresses and reads the word to be written to

— A new ECC is calculated for the new byte to write to the memory

— Case 1: FTDW bit = 0:
If the word read by the interface was not 0x00000000, an erase operation is done
automatically followed by a write operation.The time taken for this is 2 tprog.
If the word read by the interface was 0x00000000, a write operation is immediately
executed (it takes the same time as Fast byte Write, 1 tprog).

— Case 2: FTDW bit = 1:

An erase operation is always done automatically followed by a write operation.
The time taken for this is 2 tprog.

This function can be executed from any memory. If it is from the same bank, the program is
stalled for one Tprog.

a.

This restriction applies only for Cat.1 devices.
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Table 15. Data EEPROM programming times

- FTI.JW Word erase state Progr_a mming Comments
bit time
Data EEPROM Fast User software has already erased
Word/Half 0 Word previously erased 1 Tprog the selected word using the Data
Word/Byte Write EEPROM double word/word erase

Word/Half

Data EEPROM
Word/Byte Write 0 Word not erased 2 Tprog 0x0 ==> an erase is done

The word read by the interface is
0x0 ==> no need for erase, this case
is equal to Fast Word/Half
Word/Byte write

0 Word previously erased 1 Tprog

The word read by the interface is not

automatically

An erase is done automatically
q q 2 Tprog whatever the word read by the
or word not erase interface (ECC module)

Word previously erased

Note: 1

3.4.4

70/908

When programming a Data Word, Data Half-word or Data byte from Program memory, the
DCode and ICode are locked for a duration of 1 to 3 tprog. After the end of programming,
the code execution resumes. To avoid this behavior, the write operation has to be executed
from SRAM, the other bank, or external memory.

When programming Data Word or Data Half-word at non-aligned addresses, the write
operation may take more than 1 tprog time.

During the Program memory half page write, Data EEPROM double word erase and Data
EEPROM double word write, all read operations on the written bank are forbidden (this
includes DMA read operations and debugger read operations such as breakpoints, periodic
updates, etc.)

If a PGAERR is set during a Program memory half page write or Data EEPROM double
word write, the complete write operation is aborted. Software should then reset the FPRG
and PROG/DATA bits and restart the write operation from the beginning.

Read while write (RWW)

In Cat.4, Cat.5 and Cat.6 devices, the Flash module is composed of 2 banks. These 2 banks
are identical. They each contain:

e  Program memory (up to 256 Kbytes)
e Data EEPROM memory (up to 8 Kbytes)
e Information block (System memory (4 Kbytes), and option bytes)

3
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This architecture makes it possible to:

e Read bank 1 and write bank 2 (program or data matrix)

e Read bank 2 and write bank 1 (program or data matrix)

e Read bank 1 and read bank 2

e  Write bank 1 and write bank 2 with some restrictions:
— during Mass Erase
—  during Parallel Half Page Write
— during Parallel Page Erase

All other Write while write features can’t occur exactly in same time but they are managed

by memory interface:

e when a write access in one bank occurs when the other bank is being written, the bus
is stalled until the end of the first programming and the second one can be executed.

e when a write access in one bank occurs when the other bank is performing a multiple
write access, a WRPERR is set and the new write request is aborted.

In the same way, read access and a write access can’t occur exactly in same time, but they

are managed by memory interface:

e when aread access in one bank occurs when this bank is being written, the bus is
stalled until the end of the programming and then the read can be executed.

e when a read access in one bank occurs when this bank is being written during a
multiple write access, a BUS ERROR is returned.

Caution: Itis prohibited to perform multiple programming in one bank (HalfPage, DoubleWord from

3

one bank to the same bank).

Table 16. Read While Write Summary

Execution from Operation Destination Comment

WordErase
FastByteWrit

astByieiie 1 pata2 (Rww)
FastHaltWordWrite |, 1 4 (with Tprog penalty)
ByteWrite prog p Y
HalfWordWrite

DATA2 (RWW) -
FastWordWrite PROG 2 (RWW)
PROG 1 WordWrite DATA1 (witr.l Tprog penalty)
(BANK 1) PROG 1 (with Tprog penalty)
PageErase PROG 2 (RWW)
g PROG 1 (with Tprog penalty)
DoubleWordErase | DATA2 (RWW) a new write access to
DoubleWordWrite | DATA 1(prohibited) DATA1 or PROG 1 =>
WRPERR
HalfPageW PROG2 (RWW) a read access to BANK 2
it a
alirageyime PROG1 (prohibited) =>HARD FAULT (bus
error)
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Table 16. Read While Write Summary (continued)
Execution from Operation Destination Comment
WordErase
FastByteWrit
astByIeivIie I paATA1 (RWW)
FastHalfWordWrite | o 7o (with Tprog penalty)
ByteWrite prog p y
HalfWordWrite
DATA1 (RWW) -
FastWordWrite PROG 1(RWW)
PROG 2 WordWrite DATA 2 (with Tprog penalty)
(BANK 2) PROG 2 (with Tprog penalty)
PageErase PROG 1 (RWW)
9 PROG 2 (with Tprog penalty)
DoubleWordErase | DATA 1 (RWW) a new write access to DATA
DoubleWordWrite | DATA 2 (prohibited) 2 or PROG 2=> WRPERR
PROG 1 (RWW) a read access to BANK 1
aliragevimie PROG 2 (prohibited) error)
gll opgrat.lons PROG 1
including: DATA 1
exte?r?al\l/lrsgrio ParallPageErase PR ) -
Y ParallHalfPageWrite 0G
DATA 2

72/908

MassErase

Alignment error flag

The Flash memory interface checks three kinds of alignment:

e A half page is written to the program memory only if the first address to load is the start
address of a half page (multiple of 128 bytes) and the 31 remaining words to load are in
the same half page.

e A double word is written to the data EEPROM only if the first address to load is the start
address of a double word (multiple of 8 bytes)

e Change of page is not possible during half page programming

If the alignment check is not correct, the PGAERR flag (FLASH_SR[8]) is set and an
interrupt can be generated. The programming operation aborts.

Size error flag

During the write and erase procedures, the Flash memory interface checks the data size to
verify the coherence between the size of the data to write and the allowed operations.

Table 17. Prohibited operations

Memory block

Data size

Program memory

Byte/Half-Word Write prohibited
Byte/Half-Word/Word Erase prohibited

Option byte block

Byte/Half Word prohibited
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If the check is not correct, a flag SIZERR (FLASH_SRJ[9]) is set and a interrupt can be
generated.

Bus error (Cortex®-M3 hardfault or Busfault)

A bus error (Cortex®-M3 hardfault or Busfault) is returned in three cases:

e  When read access through D bus or | bus is performed when memory is read protected
and while the debug features are connected or boot is executing from SRAM.

e  Wrong DATA EEPROM/FLASH_PECR register/Program memory Bytes unlock
sequence. Refer to Section 3.4.1: Unlocking/locking memory for more details.

e For Cat.4, Cat.5 and Cat.6 devices, when a read access on bank 1 or bank 2 is
performed while a DoubleWordErase, DoubleWordWrite or a HalfPageWrite is
operating in the same bank.

3.5 Option byte description

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 M

Part of the Flash memory module is reserved for the storage of a set of option bytes. These
option bytes contain information on the configuration of the product and they are configured
according to the end application requirements. As a configuration example, you can select
the watchdog in hardware or software mode.

In the option byte block, a 32-bit word is mapped as shown in the table below.

10 9 8 7

6

5 4 3 2 1 0

Complemented option byte1 |

Complemented option byteO

| Option byte 1 |

Option byte 0

3

The organization of the bytes inside the option block is as shown in Table 18.

Table 18. Option byte organization

Address [31:24] [23:16] [15:8] [7:0]
0x1FF80000 | nSPRMODI0:0] nRDP nSPRMOD]0:0] RDP
0x1FF80004 OXFF nUSER 0x00 USER
Ox1FF80008 | nWRP1[15:8] NWRP1[7:0] WRP1[15:8] WRP1[7:0]
Ox1FF8000C | nWRP1[31:24] | nWRP1[23:16] WRP1[31:24] WRP1[23:16]
0x1FF80010 | nWRP2[15:8] NWRP2[7:0] WRP2[15:8] WRP2[7:0]
0x1FF80014 | nWRP2[31:24] | nWRP2[23:16] WRP2[31:24] WRP2[23:16]
0x1FF80018 | nWRP3[15:8] NWRP3[7:0] WRP3[15:8] WRP3[7:0]
0x1FF8001C | nWRP3[31:24] | nWRP3[23:16] WRP3[31:24] WRP3[23:16]
Ox1FF80080 | nWRPA4[15:8] NWRPA4[7:0] WRP4[15:8] WRPA4[7:0]
Ox1FF80084 | nWRP4[31:24] | nWRP4[23:16] WRP4[31:24] WRP4[23:16]

Option byte loading is performed in two cases:
e When OBL_LAUNCH is set (in this case, a reset is generated)
e  Atfter every power-up of the V 18 domain (that is after POR or after Standby)

The option byte loader (OBL) reads the information block and stores the data into the option
byte register (FLASH_OBR).
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During the option byte loading process, it is possible to check that the loading operation was
successful by verifying an option byte and its complement.

If the verification fails, the OPTVERR status bit is set and an interrupt is generated if ERRIE
is set. OPTVERRUSR bit is also set in case of a verification error is in USER/nUSER byte.

The option byte registers are accessible in read mode by the CPU.

3
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Table 19. Description of the option bytes

Memory address

Option bytes

0x1FF8 0000

Bits [31:25]: reserved must be set to 1
Bit 24: nSPRMOD
Bits [23:16]: nRDP
Bits [15:9]: reserved must be reset to 0
Bit 8: SPRMOD: sector protection mode selection
0: WRPXx[i]=1 bit defines sector write protection
1: WRPX[i]=0 bit defines sector write and read (PCROP) protection.
See Section 3.7.4: PCROP for details.

Bits [7:0]: RDP: Read protection option byte (stored in FLASH_OBR[22:16])

The read protection is used to protect the software code stored in Flash
memory.

0xAA: Level 0, no protection
O0xCC: Level 2, chip protection (debug and boot in SRAM features disabled)
Others: Level 1, read protection of memories (debug features limited)

0x1FF8 0004

Bits [23:16] nUSER
Bits [7:0] USER: User option byte (stored in FLASH_OBR[23:16])
This byte is used to configure the following features:
— Select the brownout reset threshold level
— Select the watchdog event: Hardware or software
— Reset event when the CPU enters the Stop mode
— Reset event when the CPU enters the Standby mode
Bits 3:0: BOR_LEV[3:0]: Brownout reset threshold level
Bit 4: IWDG_SW
0: Hardware independent watchdog
1: Software independent watchdog
Bit 5: nRST_STOP
0: Reset generated when the CPU enters the Stop mode
1: No reset generated
Bit 6: nRST_STDBY
0: Reset generated when the CPU enters the Standby mode
1: No reset generated
Bit 7: nBFB2
This bit is available for Cat.4, Cat.5 and Cat.6 devices only.

This bit is used to select the boot space between Flash Bank2/Bank1 and
another boot sources.

0: If pins (BOOT1 & BOOTO0)=0 system bootloader is started after reset
(boot from system memory).

Bootloader in next executes checks in following order:

- If content of first word of Bank2 is valid SRAM address then is jumped to
Bank2 (boot from Bank?2).

- If content of first word of Bank1 is valid SRAM address then is jumped to
Bank1 (boot from Bank1).

- Otherwise system bootloader is executed.

1: Boot space is selected by BOOTO and BOOT1 pins (see Table 6: Boot
modes).
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Table 19. Description of the option bytes (continued)

Memory address Option bytes

0x1FF8 0008

WRP1: Memory write protection option bytes

Bits [31:16]: nWRP1[15:0]

Bits [15:0]: WRP1[15:0] are stored in FLASH_WRPR1[15:0])
0: Write protection not active on selected sector
1: Write protection active on selected sector

0x1FF8 000C

WRP1: Memory write protection option bytes

Bits [31:16]: nWRP1[31:16]

Bits [15:0]: WRP1[31:16] are stored in FLASH_WRPR1[31:16])
0: Write protection not active on selected sector
1: Write protection active on selected sector

0x1FF8 0010

WRpP2("): Memory write protection option bytes

Bits [31:16]: nWRP2[15:0]

Bits [15:0]: WRP2[15:0] are stored in FLASH_WRPR2[15:0])
0: Write protection not active on selected sector
1: Write protection active on selected sector

0x1FF8 0014

wRpP2(V: Memory write protection option bytes

Bits [31:16]: nWRP2[31:16]

Bits [15:0]: WRP2[31:16] are stored in FLASH_WRPR2[31:16])
0: Write protection not active on selected sector
1: Write protection active on selected sector

0x1FF8 0018

WRP3(2): Memory write protection option bytes

Bits [31:16]: nWRP3[15:0]

Bits [15:0]: WRP3[15:0] are stored in FLASH_WRPR3[15:0])
0: Write protection not active on selected sector
1: Write protection active on selected sector

0x1FF8 001C

WRP3(2): Memory write protection option bytes

Bits [31:16]: nWRP3[31:16]

Bits [15:0]: WRP3[31:16] are stored in FLASH_WRPR3[31:16])
0: Write protection not active on selected sector
1: Write protection active on selected sector

0x1FF8 0080

WRP4O): Memory write protection option bytes

Bits [31:16]: nWRP4[15:0]

Bits [15:0]: WRP4[15:0] are stored in FLASH_WRPRA4[15:0])
0: Write protection not active on selected sector
1: Write protection active on selected sector

0x1FF8 0084

WRP40): Memory write protection option bytes

Bits [31:16]: nWRP4[31:16]

Bits [15:0]: WRP4[31:16] are stored in FLASH_WRPR4[31:16])
0: Write protection not active on selected sector
1: Write protection active on selected sector

1.

WRP2 is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices.

2. WRP3 is available in Cat.4, Cat.5 and Cat.6 devices only.
3. WRP4 is available in Cat.5 devices only.
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3.5.1 Option byte block programming

Only Fast Word Write, Word Write and Word Erase are possible in the option byte block.

The option bytes are not programmed in the same way as program/data EEPROM

addresses.

Two unlock sequences are required:

e Unlock the FLASH_PECR register

e Unlock the option byte block

To modify the option bytes, the following steps are mandatory:

e The two option bytes of a given word must be written at the same time.

e The two complementary option bytes of a given word must be calculated and written at
the same time (see Section 3.5: Option byte description on page 73 for details on the
mapping of the option bytes in a 32-bit word).

e The user can write to the option bytes to configure them depending on his
requirements.

e To automatically update them in the option byte registers by option byte loading, the
OBL_LAUNCH in the FLASH_PECR register should be set and a system reset is
generated.

e  Option byte error flags should be cleared to be able to program a new option byte.

The following table summarizes the program and erase functions.

Note: The Option bytes are only loaded when they are already programmed correctly with the
corresponding complementary bytes.
3.6 Quick reference to programming/erase functions
Table 20. Programming/erase functions (Cat.1, Cat.2 and Cat.3 devices)
Operation Block Bit/procedure Time
Write directly the value
Word erase () DgtiiEEE%SSM 0x0000 0000 1 tprog
P y into the address
&
® Page Erase @ Program memor ERASE =1 1 tpro
: g g y PROG = 1 prog
o
o (3) (4) FPRG =1
g Double Word Erase Data EEPROM DATA = 1 1 tprog
w
Program memory +Data
Mass Erase EEPROM + Optlgn bytes RDP: levell -> level0 2 tprog for erase +
+ backup registers 1 tprog for program
(in RTC)

3
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Table 20. Programming/erase functions (Cat.1, Cat.2 and Cat.3 devices) (continued)

Operation Block Bit/procedure Time
Program memory
Fast Word Write Data EEPROM FTDW =0 1 tprog
Option bytes
e (5) Data EEPROM -
Word Write Option bytes FTDW=10r0 1 or 2 tprog
c . FPRG =1
o Half Page Write (3) (6) Program memory _ 1 tprog
5 PROG =1
[}
g- (3)(4) FPRG =1
% Double Word Write Data EEPROM DATA = 1 1 tprog
=
Fast Byte Write () Data EEPROM FTDW =0 1tpro
Fast Half Word Write (7©) prog
Byte Write () Data EEPROM FTDW =10r0 1 or 2 tpro
Half Word Write()(®) prog

1. A data EEPROM word is erased in the data EEPROM only if the address to load is the start address of a word (multiple of
a word).

A Page is erased in the Program memory only if the address to load is the start address of a page (multiple of 256 bytes).

The Half Page Write, Double Word Erase and Double Word Write are possible only from SRAM, alternate bank or external
memory.

4. A data EEPROM double word is written or erased to the data EEPROM only if the first address to load is the start address
of a double word (multiple of double word).

5. When programming Data Word or Data Half-word at non-aligned addresses, the write operation may take more than
1 tprog time.

6. A half page is written to the program memory only if the first address to load is the start address of a half page (multiple of
128 bytes).

7. The Fast Byte Write, Fast Half Word Write, Byte Write and Half Word Write can be used only to write a NON NULL byte/half

word.
Note: Programming/erasing of NVM memories is possible only if the internal voltage regulator is in
Range1 and Range2).
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Table 21. Programming/erase functions (Cat.4, Cat.5 and Cat.6 devices)

Operation Block Bit/procedure Time
Write directly the value
Word erase () DgtatigflsﬁeosM 0x0000 0000 1 tprog
P y into the address
ERASE =1
Page Erase @) Program memory _ 1 tprog
.5 PROG =1
S ERASE = 1
S ParallPageErase Program memory PROG =1 1 tprog
@ PARALLBANK =1
©
u Double Word Erase () (4) Data EEPROM 'E)PAl'Ql'i :11 1 tprog
Program memory +Data
Mass Erase EEPROM + Option bytes | RpP: |evel1 -> level0 2 tprog for erase +
+ backup registers 1 tprog for program
(in RTC)
Program memory
Fast Word Write Data EEPROM FTDW =0 1 tprog
Option bytes
Word Write (®) Data EEPROM FTDW =1 or 0 1 or 2 tprog
Option bytes
Half Page Write (3) (6) Program memory gggg == 11 1 tprog
-§ FPRG =1
g ParallHalfPageWrite Program memory PARALLBANK =1 1 tprog
g PROG =1
2
2 | Double Word Write @@ Data EEPROM FDF;\F;'C: : 11 1 tprog
Fast Byte Write () Data EEPROM FTDW =0 1 tpro
Fast Half Word Write (7©) prog
Byte Write Data EEPROM FTDW =10r 0 10r2
Half Word Write()() ata e or 2 tprog

N

&

S74

a word).

. A data EEPROM word is erased in the data EEPROM only if the address to load is the start address of a word (multiple of

A Page is erased in the Program memory only if the address to load is the start address of a page (multiple of 256 bytes).
The Half Page Write, Double Word Erase and Double Word Write are possible only from SRAM or external memory.

A data EEPROM double word is written or erased to the data EEPROM only if the first address to load is the start address
of a double word (multiple of double word).

When programming Data Word or Data Half-word at non-aligned addresses, the write operation may take more than
1 tprog time.

A half page is written to the program memory only if the first address to load is the start address of a half page (multiple of
128 bytes).
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7. Incontrast to Cat.1 devices, in Cat.2, Cat.3, Cat.4, Cat.5 and Cat.6 devices the Fast Byte Write, Fast Half Word Write, Byte
Write and Half Word Write can used to write a NULL byte/half word.

Note: Programming/erasing of NVM memories is possible only if the internal voltage regulator is in
Range1 and Range?2).

3.7 Memory protection

The Flash memory module can be protected against read accesses.

The memory sectors can also be individually protected against unwanted write accesses
caused by loss of program counter contexts.

3.71 Readout protection (RDP) of the program and data EEPROMs

The user area of the Flash memory module (data and program) can be protected against
read operations. Three read protection levels are defined:

e Level 0: no read protection

When the read protection level is set to Level 0 by writing 0xAA to the read protection
option byte, RDP, all read/write operations (if no write protection is set) from/to the
Flash memory module or the backup SRAM are possible in all boot configurations
(debug, boot from ram or system memory selected).

Level 1: memory read protection enabled

This is the default read protection level after option byte erase. Read protection Level 1
is activated by writing any value (except for OxAA and 0xCC used to set Level 0 and
level 2, respectively) to the RDP option byte. When read protection Level 1 is set:

—  No Flash memory module access (read, erase, program) is performed while the
debug features are connected or boot from RAM or system memory is selected. A
bus error (Cortex®-M3 hardfault or Busfault) is generated in case of a Flash
memory read request. All operations are possible when Flash user boot is used.

—  Programming the protection option byte to lower protection causes the Flash

memory module and the backup registers (in RTC) to be mass-erased. That is, the
user code contents are cleared before the read protection is removed.

Note: When Level 1 is active and Level 0 is requested, the following steps are executed:

— Mass Erase is generated (RDP byte is erased (0x0) and Level 1 is still active and
no more code could be executed)".

— Ifthe OBL Launch is set or Power On Reset (POR) is generated the new RDP
byte is loaded (0xAA) and Level 0 is active.

Note: Mass Erase is performed only when Level 1 is active and Level 0 is requested. When the
protection level is increased (0->1, 1->2, 0->2) there is no Mass Erase.

—  The Flash memory module is also write-protected if the CPU debug features
(JTAG or single-wire) are connected or if boot from RAM or system memory is
selected.

3
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Level 2: memory read protection enabled and all debug features
disabled

Note: Memory read protection Level 2 is an irreversible operation. The level of protection in this
case cannot be decreased to level 0 or level 1.

When read protection Level 2 is activated by writing 0xCC to the RDP option byte, all
protections provided by Level 1 are active, system memory and all debug features
(CPU JTAG and single-wire) are disabled when booting from SRAM or from system
memory and user options can no longer be changed.

Note: The JTAG port is permanently disabled in level 2 (acting as a JTAG fuse). Consequently,
boundary scan cannot be performed. STMicroelectronics is not able to perform analysis on
defective parts on which the level 2 protection has been set.

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

Figure 6. RDP levels

RDP # OxAA &  0xCC
other options modified

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

Write options Write options

including Write options including including
RDP = 0xCC il RDP # OxCC & 4 OxAA RDP = OxAA
Levm / Level 0
RDP = 0xCC [¢ RDP = OxAA

Write options
including
RDP = 0xCC

—— Option byte write (RDP level increase) includes:

RDP = OxAA
— Option byte erase other option(s) modified
— New option byte programming
——  Option byte write (RDP level decrease) includes: — Option byte write (RDP level identical) includes :
— Mass Erase — Option byte erase
— Option byte erase — New option byte programming

— New option byte programming 117165
al

The Flash memory module is protected when the RDP option byte and its complement
contain the following pair of values:

Table 22. Flash memory module protection according to RDP and its complement

RDP byte value RDP’s complementary value Read protection status
OxAA 0x55 Level 0
Any value except OXAA
or 0XCC Complement of RDP byte Level 1
Any value Not the complement value of RDP Level 1
0xCC 0x33 Level 2

3
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3.7.2

Note:

3.7.3

3.74

82/908

Write protection (WRP) of the program memory

The write protection granularity is the sector (16 pages). This means that 32 option bits are
needed to protect 128 Kbyte program memory.

The protection is activated by configuring the WRPx option bytes which are loaded at
power-up or reloaded by setting the OBL_LAUNCH bitin the FLASH_PECR register. A copy
of these option bits are in the FLASH_WRPRX registers.

When the memory read protection level is selected (RDP level = 1), it is not possible to
program or erase the program and data EEPROMs if the CPU debug features are
connected (JTAG or Single Wire) or boot from RAM or system memory is selected, even if
nWRPx = 0.

The data EEPROM is not protected by WRP bits.

Write protection error flag

If an erase/program operation to a write-protected memory page is launched, the write
protection error flag (WRPERR) is set in the FLASH_SR register. This flag is set whenever
the software attempts to write to any protected address.

Consequently, the WRPERR flag is set when the software tries to write to:

e a write protected page

e a System memory page

e the Program memory, Data EEPROM or option byte block if they are not unlocked by
PEKEY, PRGKEY or OPTKEY

e the Data EEPROM and Program memory when the RDP option byte is set and the
device is in debug mode or is booting from SRAM

e one bank while a DoubleWordErase, DoubleWordWrite or a HalfPageWrite is
performed on the other bank (for Cat.4, Cat.5 and Cat.6 devices)

PCROP

This section is only applicable for Cat.2 and Cat.3 devices (except STM32L100xx product
categories - see Table 2). See device datasheet for PCROP availability.

The user area of the Flash memory can be protected against Dbus read access. This
assuming the native code is compiled accordingly with PCROP option.

A protected sector is accessible for code execution (on ICODE bus only), but cannot be
read/written on Dbus (CPU data read or debugger access).

This mode is activated by SPRMOD option bit and WRPx option bytes.
e SPRMOD = 0: WRPx control the write protection of respective user sectors.
e SPRMOD = 1: WRPx control the read protection (PcROP) of respective user sectors.

Any read access performed through the Dbus will trigger RDERR flag error when the target
sector is read protected.

Any read protected sector is also write protected and any write access to one of these
sectors will trigger WRPERR (in same way then WRP protection).

Deactivation of SPRMOD and/or unprotection of user sectors can only occurs when the
RDP is changing from level-1 to level-0. When SPRMOD is active, if the user options
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Note:

3.8

3.9

3.9.1

modification tries to reset SPRMOD or to deactivate WRPXx, the programming is launch but
SPRMOD or protected sectors stay unchanged.

Active value of WRPx bits is inverted when PCROP mode is active (SPRMOD =1). if
WRPx = 0’ then user sector i is Read Protected (PcROP).

Interrupts

Setting the end of programming interrupt enable bit (EOPIE) in the FLASH_PECR register
enables an interrupt generation when an erase or program operation successfully ends. In
this case, the end of programming (EOP) bit in the FLASH_SR register is set.

Setting the error interrupt enable bit (ERRIE) in the FLASH_PECR register enables an
interrupt generation if an error occurs during a program or erase operation, or during option
byte loading. In this case, one of the error flags is set in the FLASH_SR register:

e RDERR (PCROP read protection error flag)

e  WRPERR (write protection error flag)

e PGAERR (programming alignment error flag)
e OPTVERR (option validity error flag)

e OPTVERRUSR (user option validity error flag)
e SIZERR (size error flag)

Table 23. Interrupts

Interrupt event Event flag Enable control bit

End of programming EOP EOPIE

RDERR
WRPERR
PGAERR
Error OPTVERR ERRIE
OPTVERRUSR

SIZERR

Register description

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

g o, S & 6

| o O [ P4

Z W |o | w | W

Reserved =) w b3 4 l;:

r | o a |5
n

w [ rw | rw | rw | rw
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3.9.2
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Bits 31:5
Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Reserved, must be kept cleared.

RUN_PD: Power saving mode during Run
This bit can be written only when it is unlocked by writing to FLASH_PDKEYR.
This bit determines whether the Flash memory module is in Power down mode or Idle mode
when the STM32L1xxxx is in Run mode.
The Flash memory module can be placed in Power down mode only when the code is
executed from SRAM).
0: Flash module in Idle mode
1: Flash modulein Power down mode

SLEEP_PD: Power saving mode during Sleep
This bit is used to put the Flash memory module in Power down mode or Idle mode when
the STM32L1xxxx is in Sleep mode.
0: Flash module in Idle mode
1: Flash module in Power down mode

ACC64: 64-bit access

This bit is used to read data from the memory 64 bits or 32 bits at a time. 32-bit access is
used to decreases the memory consumption. On the contrary, 64-bit access is used to
improve the performance. In this case it is useful to enable prefetch.
0: 32-bit access
1: 64-bit access

Note: 32-bit access is a low-power mode. It is used only at low frequencies, that is with 0 wait

state of latency and prefetch off.
Note: This bit cannot be written at the same time as the LATENCY and PRFTEN bits.

PRFTEN: Prefetch enable
0: prefetch disabled
1: prefetch enabled

Note: Prefetch can be enabled only when ACC64 is set.
This bit can be set or cleared only if ACC64 is set.

LATENCY: Latency
This bit represents the ratio of the CPU clock period to the memory access time.
0: zero wait state
1: one wait state
Note: Latency can be set only when ACC64 is set.
This bit can be set or cleared only if ACC64 is set.

Program/erase control register (FLASH_PECR)

This register is used to perform all erase and program operations. It is write-accessible only
after the good write sequence has been executed in FLASH_PEKEYR.

Address offset: 0x04
Reset value: 0x0000 0007

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

w | w 1)
{BHE e <lg 88
-, x|O| o4 & x| - <D( | 2 @ o
Reserved Jjwjw) g Reserved w| Qo ¢ g

[} 04 Ol o
8 :
w
1w w w | w | rw wlrw|rs|rs|rs

Bits 31:19  Reserved, must be kept cleared.

Bit 18 OBL_LAUNCH: Launch the option byte loading
This bit is set by software to launch the option byte loading. This bit is cleared only when the
option byte loading has completed. It cannot be written if OPTLOCK is set.
When this bit is set, a reset is generated.
0: Option byte loading complete
1: Option byte has to be loaded

Bit 17 ERRIE: Error interrupt enable

0: interrupt disabled
1: interrupt enabled

Bit 16 EOPIE: End of programming interrupt enable

0: interrupt disabled
1: interrupt enabled

Bit 15 PARALLBANK: Parallel bank mode.
This bit can be set and cleared by software when no program or erase process is on-going.
When this bit is set, 2 half pages can be programmed or 2 pages can be erased in parallel
(the first one in the first bank and the second one in the second bank).
0: Parallel bank mode disabled
1: Parallel bank mode enabled
Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bits 14:11  Reserved, must be kept cleared.

Bit 10 FPRG: Half Page/Double Word programming mode
This bit can be written by software when no program or erase process is ongoing.
It is used to enable/disable Half Page Programming to the program memory or Double Word
Programming to the data EEPROM.
32 loadings are required to program half a page to the program memory.
2 loadings are required to program a double word to the data EEPROM.

This bit is cleared when PELOCK is set.
0: Half Page/Double Word programming disabled
1: Half Page/Double Word programming enabled

Bit9 ERASE: Page or Double Word erase mode
This bit can be written by software when no program or erase process is on going.
It is used to enable/disable Page Erase on the program memory or Double Word Erase on
the data EEPROM and the option byte block.
This bit is cleared when PELOCK is set.
0: Page or Double Word Erase disabled
1: Page or Double Word Erase enabled

3
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Bit 8 FTDW: Fixed time data write for Byte, Half Word and Word programming
This bit is writable by software when no program or erase process is ongoing.
This bit is used for the data EEPROM only.
Itis cleared when PELOCK is set.
0: Programming of a Byte, Half Word or word is performed without any previous erase
operation. This is possible if the word being written to is 0x0000 0000.
1: Before the programming of a Byte, Half Word and word an erase phase is automatically
performed. So the time of programming is fixed and lasts two t,,4

Bits 7:5 Reserved, must be kept cleared

Bit4 DATA: Data EEPROM selection
This bit is writable by software when no program or erase process is ongoing.
This bit has to be set prior to data EEPROM double word erase/programming.
This bit is cleared when PELOCK is set.
0: Data EEPROM not selected
1: Data EEPROM selected

Bit3 PROG: Program memory selection
This bit is writable by software when no program or erase process is ongoing.
This bit has to be set to gain write access to the program memory, except in the case of
word programming.
This bit is cleared when PELOCK is set.
0: Program memory not selected
1: Program memory selected

Bit2 OPTLOCK: Option bytes block lock
This bit can only be written to 1. When it is set, it indicates that the option byte block is
locked.
It is cleared by hardware after detecting the unlock sequence. In the event of an
unsuccessful unlock operation or a third access to OPTKEYR, a bus error (Cortex®-M3
hardfault or Busfault) is generated and this bit remains set until the next reset.
This bit is set when PELOCK is set.
0: option unlocked
1: option locked

Bit1 PRGLOCK: Program memory lock

This bit can only be written to 1. When it is set, it indicates that the program memory cannot
be written. It is cleared by hardware after detecting the unlock sequence. In the event of an
unsuccessful unlock operation or a third access to PRGKEYR, a bus error (Cortex®-M3
hardfault or Busfault) is generated and this bit remains set until the next reset.

This bit is set when PELOCK is set.

0: program memory unlocked

1: program memory locked

Bit0 PELOCK: FLASH_PECR and data EEPROM lock

This bit can only be written to 1. When it is set, it indicates that the FLASH_PECR register
and data EEPROM are locked. It is cleared by hardware after detecting the unlock
sequence. In the event of unsuccessful unlock operation or a third access to PEKEYR, a
bus error (Cortex®-M3 hardfault or Busfault) is generated and this bit remains set until the
next reset.

When this bit is cleared, write access to the data EEPROM is allowed.

0: FLASH_PECR is unlocked

1: FLASH_PECR is locked

3
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3.93 Power down key register (FLASH_PDKEYR)
The Power down key register is used to unlock the RUN_PD bit in FLASH_ACR.
Address offset: 0x08
Reset value: 0x0000 0000

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

W‘W‘W‘W‘W‘W‘W‘W‘W‘W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W

Bits 31:0 PDKEYR[31:0]: RUN_PD in FLASH_ACR key
These bits represent the keys used to set the RUN_PD bit in the FLASH_ACR register.

PDKEY1: 0x04152637
PDKEY2: OXFAFBFCFD

3.94 Program/erase key register (FLASH_PEKEYR)

The Program/erase key register is used to allow access to FLASH_PECR and so, to allow
program and erase operations in the data EEPROM.

Address offset: 0x0C
Reset value: 0x0000 0000

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

W‘W‘W‘W‘W‘W‘W‘W‘W‘W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W

Bits 31:0 PEKEYR[31:0]: FLASH_PEC and data EEPROM key
These bits represent the keys to unlock the write access to the FLASH_PECR register and
data EEPROM.
PEKEY1: 0x89ABCDEF
PEKEY2: 0x02030405

3.95 Program memory key register (FLASH_PRGKEYR)

The Program memory key register is used to allow program and erase operations in the
Program memory. It is write accessible only after a correct write sequence has been
executed in FLASH_PEKEYR.

Address offset: 0x10
Reset value: 0x0000 0000

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

W‘W‘W‘W‘W‘W‘W‘W‘W‘W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W

3
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Bits 31:0 PRGKEYR[31:0]: Program memory key
These bits represent the keys to unlock the program memory.

PRGKEY1: 0x8CO9DAEBF
PRGKEY2: 0x13141516

3.9.6 Option byte key register (FLASH_OPTKEYR)

The Option key register is used to allow program and erase operations in the option byte
block. It is write accessible only after the good write sequence has been executed in
FLASH_PEKEYR.

Address offset: 0x14
Reset value: 0x0000 0000

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

W‘W‘W‘W‘W‘W‘W‘W‘W‘W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W|W

Bits 31:0 OPTKEYR: Option byte key
These bits represent the keys to unlock the write access to the option byte block.

OPTKEY1:0xFBEAD9CS8
OPTKEY2:0x24252627

3.9.7 Status register (FLASH_SR)

Address offset: 0x18
system reset value: 0b0000 0000 0000 0000 000x x000 0000 0100

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
%
o x
x| 2 r | X
ARAEAEAL Y- 512 o »
w e > w Y g <|o| o @
o |y EINIG|x W z| o o
Reserved 4 E1S (- Reserved w
(@]
rc_|rc_|rc_|rc_|rc_|rc_ A
wl|wl|wl|wl|wl|wi

3
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Bits 31:14
Bit 13

Bit 12

Bit 11

Bit 10

Bit 9

Bit 8

Bits 7:4
Bit 3

Bit 2

Bit 1

Bit 0

3

Reserved, must be kept cleared.

RDERR: Read protected error

Set by hardware when an address to be read through the Dbus belongs to a read-protected
(PCROP) part of the memory.
Cleared by writing 1.

OPTVERRUSR: Option UserValidity Error.
Set by hardware when the option byte USER has an incorrect complement nUSER when
loading option bytes into FLASH_OBR register (see Section 3.5: Option byte description).
Cleared by writing 1.
If user option byte USER/nUSER has not been properly loaded
OPTVERRUSR is set again. Consequently, an interrupt is generated as soon as ERRIE is
set.

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

OPTVERR: Option validity error

Set by hardware when some option byte has an incorrect complement when loading option
bytes into FLASH_OBR register (see Section 3.5: Option byte description).

Cleared by writing 1.

If some option byte has not been properly loaded

OPTVERR is set again. Consequently, an interrupt is generated as soon as ERRIE is set.

SIZERR: Size error

Set by hardware when the size of the data to program is prohibited.
Cleared by writing it to 1.

PGAERR: Programming alignment error

Set by hardware when the data to program cannot be contained in a given half page or
double word.

Cleared by writing it to 1.

WRPERR: Write protected error

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

Cleared by writing it to 1.
Reserved, must be kept cleared.

READY: Flash memory module ready after low-power mode
This bit is set and cleared by hardware.

0: Flash memory module is not ready
1: Flash memory module is ready

ENDHV: End of high voltage
This bit is set and cleared by hardware.
0: High voltage still applied during write/erase operations
1: End of high voltage

EOP: End of operation

This bit is set by hardware if the high voltage stops being applied and programming has not
been aborted. It is cleared by software (by writing it to 1).

0: No EOP event occurred

1: An EOP event occured. An interrupt is generated if EOPIE is set

BSY: Write/erase operations in progress

0: Write/erase operation not in progress
1: Write/erase operation in progress
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3.9.8

Option byte register (FLASH_OBR)
Address offset: 0x1C
Reset value: depends on RDP and USER option byte, on virgin part initial value is 0xO0F8

00AA.
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
> la
~|8]2(3 : 8
@ 'J’| 5| BOR_LEVI[3: g RDPRT
Reserved aQ k= 4 g 0] Reserved x
Z|E|® @
rrrrr|r|r|r I’I’|I’|I’|I’|I’|I’|I’|I’
Bits 31:24  Reserved, must be kept cleared.
Bit23 nBFB2: Boot from Bank2. This bit contains the user option byte loaded by the OBL.
This bit is used to select the boot space between Flash Bank2/Bank1 and another boot
sources.
0: System bootloader is started after reset (boot from system memory). Bootloader in next
executes checks in following order:
- If content of first word of Bank2 is valid SRAM address then is jumped to Bank2 (boot from
Bank?2).
- If content of first word of Bank1 is valid SRAM address then is jumped to Bank1 (boot from
Bank1).
- Otherwise system bootloader is executed.
1: Boot space is selected by BOOTO and BOOT1 pins (see Table 6: Boot modes).
This bit is read only.
Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.
Bits 22:16 User option byte

90/908

These bits contain the user option byte loaded by the OBL.
Bit 22: nRST_STDBY
Bit 21: nRST_STOP
Bit 20: IWDG_SW
Bits 19:16:BOR_LEV[3:0]: Brownout reset threshold level
0xxx: BOR OFF: Reset threshold level for the 1.45 V-1.55 V voltage range (power down
only)
In this particular case, Vpp33 must have been above BOR LEVEL 1 to start the device OBL
sequence in order to disable the BOR. The power-down is then monitored by the PDR.
Note: If the BOR is disabled, a “grey zone” exists between 1.65 V and the Vppg threshold
(this means that Vpp33 may be below the minimum operating voltage (1.65 V) without
causing a reset until it crosses the Vppg threshold)
1000: BOR LEVEL 1: Reset threshold level for 1.69 V-1.8 V voltage range (power on)
1001: BOR LEVEL 2: Reset threshold level for 1.94 V-2.1 V voltage range (power on)
1010: BOR LEVEL 3: Reset threshold level for 2.3 V-2.49 V voltage range (power on)
1011: BOR LEVEL 4: Reset threshold level for 2.54 V-2.74 V voltage range (power on)
1100: BOR LEVEL 5: Reset threshold level for 2.77 V-3.0 V voltage range (power on)
These bits are read only.

3
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Bits 15:9  Reserved, must be kept cleared.

Bit 8 SPRMOD: Sector protection mode selection
0: WRPJi]=1 bit in FLASH_WRPRX registers defines sector write protection

1: WRPJi]=0 bit in FLASH_WRPRXx registers defines sector write and read (PCROP)
protection.

See Section 3.7.4: PCROP for details.
Bits 7:0 RDPRTI[7:0]: Read protection

These bits contain the read protection option level loaded by the OBL.
O0xAA: Level 0, read protection not active
0xCC: Level 2, read protection active

Others: Level 1, read protection of memories active. Default configuration after option byte
erase.

3.9.9 Write protection register (FLASH_WRPRX)
Address offset: 0x20, 0x80, 0x84, 0x88
Reset value: Depends on content of Option bytes WRPX, on virgin part initial value is
0x0000 0000

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

X‘X‘X‘X‘X‘X‘X‘X‘X‘X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X|X

Bits 31:0 WRPXx[n]: Write protection, where n is the number of the concerned memory sector

These bits contain the write protection option loaded by the OBL.
0: sector n not write protected
1: sector n write protected

Note: FLASH_WRPRZ2 is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices
FLASH_WRPR3 is available in Cat.4, Cat.5 and Cat.6 devices only.
FLASH_WRPRA4 is available in Cat.5 devices only.

3.9.10 Register map

Table 24 summarizes the register map and reset values. The reserved memory areas are
highlighted in gray in the table.

Table 24. Register map and reset values

Offs
; o o |~ [© |1 ™ o o |~ [© (1 ) o

et Register S QIRANISRKRIRNSTIRRRERRIRIFECe|jw~jow/¢tolni~o
9 & 7] 2
FLASH_ACR z E g E z
0x00 Reserved | 4 < o '<7:
wn -

Reset value:
0x0000 0000 0loj0j0|0

3

DoclD15965 Rev 14 91/908




Flash program memory and data EEPROM (FLASH) RMO0038

Table 24. Register map and reset values (continued)

Offs .
ot Register S Q@ QINKQRINNNIKIRRERLRIRIEEC @0 ~|l0w|timn|~o
z
=
[+ < N4
S| wl| wl o w ol 9| S
FLASH_PECR 3 zlald 9 223 = |g¢°lcls
_ el ol = elell S &2 El o
0x04 Reserved ol |- s [ u g S| &l o
o) 1] 7]
< Q o]
o @ 14
e e olololo olo]o olof11]1
FLASH_PDKEYR PDKEYR[31:0]
0x08 .
&%Soeéa’ggjgd ololo|lo|o|o|o|o|lo|o|o|o|o|o|o|o|lo|o|o|ofo|o|o|o|o|o|o|o|lofofo]o
FLASH_PEKEYR PEKEYR[31:0]
0x0C .
&%soeéa’g'(‘)’gd ololo|lo|o|o|lo|ofo|o|o|lo|o|o|o|o|o|o|o|o|o|lo|o|lo|o|o|o|o|o|o|o]oO
FLASH—; RGKEY PRGKEYR[31:0]
0x10
&%Soeéa’ggjga ololo|lo|o|o|o|o|lo|o|o|o|o|o|o|o|lo|o|o|o|o|o|o|o|o|o|o|o|lofofo]o
FLASH—:PTKEY OPTKEYR[31:0]
0x14
&%Soeéa’g'(‘)ﬁd ololo|lo|o|o|o|o|lo|o|o|o|o|o|o|o|lo|o|o|ofo|o|o|o|o|o|o|oflofofo]o
%
3| Y x| x| x
oz E E g 8 Z| af »
FLASH_SR w x> B 3 <| 5| ol @
- aYE R 6 4 g w| Z| wW| o
0x18 Reserved o = % ol a2 o @ w
o &
S ololololo]o ol1]o]o0
> o
25| =
@ = 5] BOR LEV
FLASH_OBR ol 2ol P RDPRT[7:0]
9 :
0x1C Reserved < E 2= Reserved
c c
Reset value:
OXXXXXXXXX X | x X X X X | XX X| X[ X|X|X]|X]|X|[X
FLASH_WRPR1 WRP1[31:0]
0x20 Reset value:
0X XXXX XXXX X X X X X X X | X[ X X X X X|X|X]|X X X X | X X X X X X| X[ X|X[X]|X]|X]|X
FLASH_WRPR2 WRP2[31:0]
0x80 Reset value:
0X XXXX XXXX XX X[X]|X[X|X[X]|X[X[|[X]|X[X[X]|X]|X[X|[X]|X[X]|X]|X[X|X[X]|X[X|X[X[X[X]|X
FLASH_WRPR3 WRP3[31:0]
0x84 Reset value:
0X XXXX XXXX X X X X X X X X X X X X X X| XX X X X | X X X X X X| X[ X|X|X]|X]|X|[X
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Table 24. Register map and reset values (continued)

Offs

ot Register

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12

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

FLASH_WRPR4 WRP4[31:0]
0x88 Reset value:
0X XXXX XXXX
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4 CRC calculation unit

This section applies to the whole STM32L1xxxx family, unless otherwise specified.

4.1 CRC introduction

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit
data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of
verifying the Flash memory integrity. The CRC calculation unit helps compute a signature of
the software during runtime, to be compared with a reference signature generated at link-
time and stored at a given memory location.

4.2 CRC main features
e Uses CRC-32 (Ethernet) polynomial: 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 7.

Figure 7. CRC calculation unit block diagram

AHB bus

32-bit (read access)

Data register (output)

A

CRC computation (polynomial: 0x4C11DB7)
4

32-bit (write access)

Data register (input)

ai14968
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4.3 CRC functional description
The CRC calculation unit mainly consists of a single 32-bit data register, which:
e is used as an input register to enter new data in the CRC calculator (when writing into

the register)

e holds the result of the previous CRC calculation (when reading the register)
Each write operation into the data register creates a combination of the previous CRC value
and the new one (CRC computation is done on the whole 32-bit data word, and not byte per
byte).
The write operation is stalled until the end of the CRC computation, thus allowing back-to-
back write accesses or consecutive write and read accesses.
The CRC calculator can be reset to OxFFFF FFFF with the RESET control bit in the
CRC_CR register. This operation does not affect the contents of the CRC_IDR register.

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

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DR [31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DR [15:0]
Bits 31:0 Data register bits
Used as an input register when writing new data into the CRC calculator.
Holds the previous CRC calculation result when it is read.
4.4.2 Independent data register (CRC_IDR)

Address offset: 0x04
Reset value: 0x0000 0000

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

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

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

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

register.

443 Control register (CRC_CR)

Address offset: 0x08
Reset value: 0x0000 0000

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

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

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

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

44.4 CRC register map
The following table provides the CRC register map and reset values. The reserved memory
areas are highlighted in gray in the table.

Table 25. CRC calculation unit register map and reset values
5 4 3 2 1 0

Offset | Register | 31-24 | 23-16 | 15-8 7 6
Data register

CRC_DR

0x00
Reset OXFFFF FFFF
value

CRC_IDR

0x04 Reset
value

Independent data register

Reserved
0x00

RESET

CRC_CR

0x08 Reset
value

Reserved
0

3
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5

5.1

3

Power control (PWR)

Power supplies

The device requires a 1.8-t0-3.6 V Vpp operating voltage supply (down to 1.65 V at power
down) when the BOR is available. The device requires a 1.65-t0-3.6 V Vpp operating
voltage supply when the BOR is not available.

An embedded linear voltage regulator is used to supply the internal digital power, ranging
from1.2t0 1.8 V.

Vpp = 1.8 V (at power on) or 1.65 V (at power down) to 3.6 V when the BOR is
available. Vpp = 1.65 V to 3.6 V, when BOR is not available

Vpp is the external power supply for I/Os and internal regulator. It is provided externally
through Vpp pins
Veore=1.2t01.8V

Vcore is the power supply for digital peripherals, SRAM and Flash memory. It is
generated by a internal voltage regulator. Three V-org ranges can be selected by
software depending on Vpp (refer Figure 9).

Vssa, Vppa = 1.8 V (at power on) or 1.65 V (at power down) to 3.6 V, when BOR is
available and Vgga, Vppa = 1.65 to 3.6 V, when BOR is not available.

Vppa is the external analog power supply for ADC, DAC, reset blocks, RC oscillators
and PLL. The minimum voltage to be applied to Vppp is 1.8 V when the ADC is used.

VREeF-» VREF+
Vger+ is the input reference voltage.

VReg- and Vyeg+ are only available as external pins on LQFP144, UFBGA132,
LQFP100, UFBGA100, and TFBGA64 packages, otherwise they are bonded to Vggp
and Vppa, respectively.

VLCD =25t036V

The LCD controller can be powered either externally through V| ¢cp pin, or internally
from an internal voltage generated by the embedded step-up converter.
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Figure 8. Power supply overview

(from 1.8V up to VDDA) VRer+
(must be tied to VSSA) VREF-

(Vop) Vopa
(Vss) Vssa

VLCD

S: Reset block
PLL

(wakeup logic,
IWDG, RTC,
LSE crystal

Vbpa domain
ADC

DAC

COMP

Temp. sensor

Vpp domain

Vcore domain

10 supply

Standby
circuitry

32 K oscillator,
RCC, CSR

Voltage

regulator,
dynamic
voltage scaling

LCD

Core memories
digital
peripherals

ai17209e

Vppa and Vgga must be connected to Vpp and Vgg, respectively.

2. When available (depending on packages), Vrgr. must be tied to Vgga.
Depending on the operating power supply range used, some peripherals may be used with limited

functionalities or performance. For more details, please refer to section "General operating conditions" in

STM32L1xxxx datasheets.

5.1.1 Independent A/D and DAC converter supply and reference voltage

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

e The ADC voltage supply input is available on a separate Vppa pin
e Anisolated supply ground connection is provided on the Vggp pin
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On BGA 64-pin and all packages with 100 pins or more

To ensure a better accuracy on low-voltage inputs and outputs, the user can connect to

VReg+ @ separate external reference voltage lower than Vpp. Vreg+ is the highest voltage,

represented by the full scale value, for an analog input (ADC) or output (DAC) signal.

e ForADC
— 24V <VRgr:+ =Vppa for full speed (ADCCLK = 16 MHz, 1 Msps)

— 1.8V <Vggr+ =Vppa for medium speed (ADCCLK = 8 MHz, 500 Ksps)

— 24V <VRgps #Vppa for medium speed (ADCCLK = 8 MHz, 500 Ksps)

— 1.8V <Vggr+ <Vppa forlow speed (ADCCLK =4 MHz, 250 Ksps)

—  When Product voltage range 3 is selected (VCore = 1.2 V) the ADC is low speed
(ADCCLK =4 MHz, 250 Ksps)

e ForDAC
- 18 V< VREF+ < VDDA

e When Vppa, is higher than 2.4 V, the voltage on Vggg+ may range from 2.4 V to Vppa.

e When Vppa is below 2.4 V, Vgeg+ must be equal to Vppa.

On packages with 64 pins or less (except BGA package)

VRer+ and VReg. pins are not available. They are internally connected to the ADC voltage

supply (Vppa) and ground (Vgga)-

5.1.2 Independent LCD supply

The V| ¢p pin is provided to control the contrast of the glass LCD. This pin can be used in

two ways:

e It can receive from an external circuitry the desired maximum voltage that is provided
on segment and common lines to the glass LCD by the microcontroller.

e |t can also be used to connect an external capacitor that is used by the microcontroller
for its voltage step-up converter. This step-up converter is controlled by software to
provide the desired voltage to segment and common lines of the glass LCD.

The voltage provided to segment and common lines defines the contrast of the glass LCD

pixels. This contrast can be reduced when you configure the dead time between frames.

e When an external power supply is provided to the V| cp pin, it should range from 2.5V
to 3.6 V. It does not depend on Vpp.

e  When the LCD is based on the internal step-up converter, the V| p pin should be
connected to a capacitor (see the product datasheets for further information).

5.1.3 RTC and RTC backup registers

3

The real-time clock (RTC) is an independent BCD timer/counter. The RTC provides a time-
of-day clock/calendar, two programmable alarm interrupts, and a periodic programmable
wakeup flag with interrupt capability. The RTC contains 20 backup data registers (80 bytes)
in Cat.1 and Cat.2 devices, 32 backup data registers (128 bytes) in Cat.3, Cat.4, Cat.5 and
Cat.6 devices and 5 backup data registers (20 bytes) for value line devices. These backup
registers are reset when a tamper detection event occurs. For more details refer to Real-
time clock (RTC) section.
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RTC registers access

After reset, the RTC Registers (RTC registers and RTC backup registers) are protected
against possible stray write accesses. To enable access to the RTC Registers, proceed as
follows:

1. Enable the power interface clock by setting the PWREN bits in the RCC_APB1ENR
register.

2. Setthe DBP bit in the PWR_CR register (see Section 5.4.1).
3. Select the RTC clock source through RTCSEL[1:0] bits in RCC_CSR register.
4. Enable the RTC clock by programming the RTCEN bit in the RCC_CSR register.

Voltage regulator

An embedded linear voltage regulator supplies all the digital circuitries except for the
Standby circuitry. The regulator output voltage (Vcorg) can be programmed by software to
three different ranges within 1.2 - 1.8 V (typical) (see Section 5.1.5).

The voltage regulator is always enabled after Reset. It works in three different modes: main
(MR), low-power (LPR) and power down, depending on the application modes.

¢ In Run mode, the regulator is main (MR) mode and supplies full power to the Veore
domain (core, memories and digital peripherals).

e In Low-power run mode, the regulator is in low-power (LPR) mode and supplies low-
power to the Vcore domain, preserving the contents of the registers and internal
SRAM.

¢ In Sleep mode, the regulator is main (MR) mode and supplies full power to the Veore
domain, preserving the contents of the registers and internal SRAM.

¢ Inlow-power sleep mode, the regulator is in low-power (LPR) mode and supplies low-
power to the Vcore domain, preserving the contents of the registers and internal
SRAM.

e In Stop mode the regulator supplies low-power to the Vcorg domain, preserving the
content of registers and internal SRAM.

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

Dynamic voltage scaling management

The dynamic voltage scaling is a power management technique which consists in
increasing or decreasing the voltage used for the digital peripherals (Vcogrg), according to
the circumstances.

Dynamic voltage scaling to increase Voore is known as overvolting. It allows to improve the
device performance. Refer to Figure 9 for a description of the STM32L1xxxx operating
conditions versus performance.

Dynamic voltage scaling to decrease Vcore is known as undervolting. It is performed to
save power, particularly in laptops and other mobile devices where the energy comes from a
battery and is thus limited.

Range 1

Range 1 is the “high performance” range.

3
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The voltage regulator outputs a 1.8 V voltage (typical) as long as the Vpp input voltage is in
the range 1.71V 3.6 V@), Flash program and erase operations can be performed in this
range.

Range 2 and 3
The regulator can also be programmed to output a regulated 1.5 V (typical, range 2) or a
1.2V (typical, range 3) without any limitations on Vpp (1.65 to 3.6 V).

e At 1.5V, the Flash memory is still functional but with medium read access time. This is
the “medium performance” range. Program and erase operations on the Flash memory
are still possible.

e At1.2V, the Flash memory is still functional but with slow read access time. This is the
“low performance” range. Program and erase operations on the Flash memory are not
possible under these conditions.

Refer to Table 26 for details on the performance for each range.

Table 26. Performance versus V¢gogrg ranges

Max frequency
CPU Power VcoRE Typical (MHz) Van rande
performance performance range Value (V) bp rang
1WS 0 Ws
High Low 1 1.8 32 16 1.71-3.60
Medium Medium 2 1.5 16 8
1.65-3.6
Low High 3 1.2 42 2.1

1. Depending on the device, Vpp range 1 is either 1.71 to 3.6V or 2.0V to 3.6V. Please refer to the specific
product datasheet.

a. Depending on the device, Vpp range 1 is either 1.71 to 3.6V or 2.0V to 3.6V. Please refer to the specific
product datasheet.

3
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Figure 9. STM32L1xxxx performance versus Vpp and V¢org range

MHz
A
32+
32 MHz
24 1 Fcpu > 16 MHz
1w
16 1 2
16 MHz
16 MHz
12 +
Fepu >8MHz
g 1 WS
4.2 MHz 8 MHz
a1 FCPU >2MHz 1WS
2.1 MHz
OWS oWs ows
L/ / >
VCORE 1.2V s 15V 5 1.8V 1
E] Range 1
[JRange2
[ ]Range3

ai17210d

1. Depending on the device, Vpprange 1 is either 1.71 to 3.6V or 2.0V to 3.6V. Please refer to the specific product datasheet.

5.1.6 Dynamic voltage scaling configuration

The following sequence is required to program the voltage regulator ranges:

1. Check Vpp to identify which ranges are allowed (see Figure 9: STM32L 1xxxx
performance versus VDD and VCORE range).

2.  Poll VOSF bit of in PWR_CSR. Wait until it is reset to 0.
3. Configure the voltage scaling range by setting the VOS[12:11] bits in the PWR_CR

register.
4. Poll VOSF bit of in PWR_CSR register. Wait until it is reset to 0.
Note: During voltage scaling configuration, the system clock is stopped until the regulator is

stabilized (VOSF=0). This must be taken into account during application development, in
case a critical reaction time to interrupt is needed, and depending on peripheral used (timer,
communication,...).

3
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51.7 Voltage regulator and clock management when Vpp drops
below 2.0 V
When Vcorg range 1 is selected and Vpp drops below 2.0 V, the application must
reconfigure the system.
A three-step sequence is required to reconfigure the system:
1. Detect that Vpp drops below 2.0 V:
Use the PVD to monitor the Vpp voltage and to generate an interrupt when the voltage
goes under the selected level. To detect the 2.0 V voltage limit, the application can
select by software PVD threshold 2 (2.26 V typical). For more details on the PVD, refer
to Section 5.2.3.
2. Adapt the clock frequency to the voltage range that will be selected at next step:
Below 2.0 V, the system clock frequency is limited to 16 MHz for range 2 and 4.2 MHz
for range 3.
3. Select the required voltage range:
Note that when Vpp is below 1.71V, only range 2 or range 3 can be selected.
Note: When Vcogre range 2 or range 3 is selected and Vpp drops below 2.0 V, no system
reconfiguration is required.
5.1.8 Voltage regulator and clock management when modifying the
VCORE range
When Vpp is above 2.0 V, any of the 3 voltage ranges can be selected:
e  When the voltage range is above the targeted voltage range (e.g. from range 1 to 2):
a) Adapt the clock frequency to the lower voltage range that will be selected at next
step.
b) Select the required voltage range.
e When the voltage range is below the targeted voltage range (e.g. from range 3 to 1):
a) Select the required voltage range.
b) Tune the clock frequency if needed.
When Vpp is below 2.0 V, only range 2 and 3 can be selected:
e Fromrange 2 to range 3
a) Adapt the clock frequency to voltage range 3.
b) Select voltage range 3.
e From range 3 to range 2
a) Select the voltage range 2.
b) Tune the clock frequency if needed.
5.2 Power supply supervisor

3

The device has an integrated zeropower power on reset (POR)/power down reset (PDR),
coupled with a brown out reset (BOR) circuitry. For devices operating between 1.8 and 3.6
V, the BOR is always active at power-on and ensures proper operation starting from 1.8 V.
After the 1.8 V BOR threshold is reached, the option byte loading process starts, either to
confirm or modify default thresholds, or to disable BOR permanently (in which case, the Vpp
min value at power down is 1.65 V). For devices operating between 1.65V and 3.6 V, the
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BOR is permanently disabled. Consequently, the start-up time at power-on can be
decreased down to 1 ms typically.

Five BOR thresholds can be configured by option bytes, starting from 1.65 to 3 V. To reduce
the power consumption in Stop mode, the internal voltage reference, VrerinT Can be
automatically switch off. The device remains in reset mode when Vpp is below a specified
threshold, Vpor, Vppr or Vgor, Without the need for any external reset circuit.

The device features an embedded programmable voltage detector (PVD) that monitors the
Vpp/Vppa power supply and compares it to the Vpyp threshold. 7 different PVD levels can
be selected by software between 1.85 and 3.05 V, with a 200 mV step. An interrupt can be
generated when Vpp/Vppp drops below the Vpyp threshold and/or when Vpp/Vppp is
higher than the Vpyp threshold. The interrupt service routine then generates a warning
message and/or put the MCU into a safe state. The PVD is enabled by software.

The different power supply supervisor (POR, PDR, BOR, PVD) are illustrated in Figure 10.

Figure 10. Power supply supervisors
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1. The PVD is available on all STM32L devices and it is enabled or disabled by software.
2. The BOR is available only on devices operating from 1.8 to 3.6 V, and unless disabled by option byte it will
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mask the POR/PDR threshold.
3. When the BOR is disabled by option byte, the reset is asserted when Vpp goes below PDR level
4. For devices operating from 1.65 to 3.6 V, there is no BOR and the reset is released when Vpp goes above
POR level and asserted when Vpp goes below PDR level
5.21 Power on reset (POR)/power down reset (PDR)

3

The device has an integrated POR/PDR circuitry that allows operation down to 1.5 V.

During power on, the device remains in Reset mode when Vpp/Vppa is below a specified
threshold, VpoR, without the need for an external reset circuit. The POR feature is always
enabled and the POR threshold is 1.5 V.

During power down, the PDR keeps the device under reset when the supply voltage (Vpp)
drops below the Vppg threshold. The PDR feature is always enabled and the PDR threshold
is1.5V.

The POR and PDR are used only when the BOR is disabled (see Section 5.2.2: Brown out
reset)). To insure the minimum operating voltage (1.65 V), the BOR should be configured to
BOR Level 0. When the BOR is disabled, a “grey zone” exist between the minimum
operating voltage (1.65 V) and the Vpor/Vppg threshold. This means that Vpp can be lower
than 1.65 V without device reset until the Vppg threshold is reached.

For more details concerning the power on/power down reset threshold, refer to the electrical
characteristics of the datasheet.

Figure 11. Power on reset/power down reset waveform
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Brown out reset

The device exists in two versions:
e The version with BOR activated at power-on operates between 1.8 V and 3.6 V.
e  The other version without BOR operates between 1.65V and 3.6 V.

After the Vpp threshold is reached (1.65 V or 1.8 V depending on the BOR which is
active or not at power-on), the option byte loading process starts, either to confirm or to
modify default thresholds, or to disable the BOR permanently: in this case, the Vpp min
value becomes 1.65 V (whatever the version, BOR active or not, at power-on).

When BOR is active at power-on, it ensures a proper operation starting from 1.8 V whatever
the power ramp-up phase before it reaches 1.8 V.

When BOR is not active at power-up, the power ramp-up should guarantee that 1.65 V is
reached on Vpp at least 1 ms after it exits the POR area. As the POR/PDR thresholds are at
1.5V, a "grey zone" exists between the Vpor/Vppgr thresholds and the minimum product
operating voltage 1.65 V.

Five BOR thresholds are available through option bytes, starting from 1.8 V to 3 V. To
reduce the power consumption in Stop mode, it is possible to automatically switch off the
internal reference voltage (VrgrnT) i Stop mode. The device remains in reset mode when
Vpp is below a specified threshold, Vpor/Vppr Or Vgor. Without the need for any external
reset circuit.

The five programmable Vggg thresholds are:

e BOR Level 0 (VgoRrg): reset threshold level for 1.69 to 1.80 V voltage range

e BOR Level 1 (VgpRr1): reset threshold level for 1.94 to 2.1 V voltage range

e BOR Level 2 (VgoRr»): reset threshold level for 2.3 to 2.49 V voltage range

e BOR Level 3 (VgpRrs3): reset threshold level for 2.54 to 2.74 V voltage range

e BOR Level 4 (VgoRra): reset threshold level for 2.77 to 3.0 V voltage range

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

generated. When the Vpp is above the Vgogr upper limit the device reset is released and the
system can start.

BOR can be disabled by programming the device option bytes. To disable the BOR function,
Vpp must have been higher than Vgogg to start the device option byte programming
sequence. The power on and power down is then monitored by the POR and PDR (see
Section 5.2.1: Power on reset (POR)/power down reset (PDR))

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

3
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Figure 12. BOR thresholds
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5.2.3 Programmable voltage detector (PVD)

You can use the PVD to monitor the Vpp power supply by comparing it to a threshold
selected by the PLS[2:0] bits in the PWR_CR (see Section 5.4.1).

The PVD can use an external input analog voltage (PVD_IN) which is compared internally to
VREFINT. The PVD_IN (PB7) has to be configured in Analog mode when PLS[2:0] = 111.
The PVD is enabled by setting the PVDE bit.

A PVDO flag is available, in the PWR_CSR (see Section 5.4.2), to indicate if Vpp is higher
or lower than the PVD threshold. This event is internally connected to the EXTI line16 and
can generate an interrupt if enabled through the EXTI registers. The PVD output interrupt
can be generated when Vpp drops below the PVD threshold and/or when Vpp rises above
the PVD threshold depending on EXTI line16 rising/falling edge configuration. As an
example the service routine could perform emergency shutdown tasks.

3
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Figure 13. PVD thresholds
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Internal voltage reference (VrggiNT)

The internal reference (VgrgrinT) Provides stable voltage for analog peripherals. The
functions managed through the internal voltage reference (VggrnT) @re BOR, PVD, ADC,
LCD and comparators. Internal voltage reference (VrggnT) iS activated if one of the
functions: BOR, PVD ADC, LCD or comparators, is using it.

The internal voltage reference consumption is not negligible, in particular in Stop and
Standby mode. To reduce power consumption, the ULP bit (Ultra-low-power) in the
PWR_CR register can be set to disable the internal voltage reference. However, in this
case, when exiting from the Stop/Standby mode, the functions managed through the internal
voltage reference are not reliable during the internal voltage reference startup time (up to

3 ms).

To reduce the wakeup time, the device can exit from Stop/Standby mode without waiting for
the internal voltage reference startup time. This is performed by setting the FWU bit (Fast
wakeup) in the PWR_CR register before entering Stop/Standby mode.

If the ULP bit is set, the functions that were enabled before entering the Stop/Standby mode
will be disabled during these modes, and enabled again only after the end of the internal
voltage reference startup time whatever FWU value. The VREFINTRDYF flag in the
PWR_CSR register indicates that the internal voltage reference is ready.

Low-power modes

By default, the microcontroller is in Run mode after a system or a power on reset. In Run
mode the CPU is clocked by HCLK and the program code is executed. Several low-power
modes are available to save power when the CPU does not need to be kept running, for
example when waiting for an external event. It is up to the user to select the mode that gives
the best compromise between low-power consumption, performance, short startup time and
available wakeup sources.
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The devices feature five low-power modes:
e  Low-power run mode: regulator in low-power mode, limited clock frequency, limited
number of peripherals running
e  Sleep mode: Cortex®-M3 core stopped, peripherals kept running
e Low-power sleep mode: Cortex®-M3 core stopped, limited clock frequency, limited
number of peripherals running, regulator in low-power mode, RAM in power down,
Flash stopped.
e  Stop mode (all clocks are stopped, regulator running, regulator in low-power mode
e  Standby mode: Vcore 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 APBx and AHBXx peripherals when they are unused.
Table 27. Summary of low-power modes
Effecton
Effect on VCORE VDD
Mode name Entry Wakeup domain clocks | domain Voltage regulator
clocks
Low-power Il:gFS{BEF\t’)s:i The regulator is forced in None None In low-power
run . Main regulator (1.8 V) mode
Clock setting
Slee WEFI Any interrupt CPU CLK OFF
P no effect on other
(Sleep now or None ON
Sleep-on-exit) WEE Wakeup event clocks or analog
clock sources
LPSDSR bits + . CPU CLK OFF
Low-power WEI Any interrupt no effect on other
sleep (Sleep clocks or analog None In low-power
now or Sleep- ; mode
on-exit) LPSDVa'SEbItS + Wakeup event clock sources,
Flash CLK OFF
PDDS‘.LPSDSR Any EXT]I line (configured
Stop bits + in the EXTI registers In low-power
SLEEPDEEPbit + | . . mode
internal and external lines)
WEFI or WFE HSI and
WKUP pin rising edge, All Veore HSE and
RTC alarm (Alarm A or | domain clocks MSI
PDDS bit + Alarm B), RTC Wakeup OFF oscillators
Standby SLEEPDEEP bit + | event, RTC tamper event, OFF OFF
WEFI or WFE RTC timestamp event,
external reset in NRST
pin, IWDG reset
5.3.1 Behavior of clocks in low-power modes
APB peripheral and DMA clocks can be disabled by software.
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Sleep and Low-power sleep modes

The CPU clock is stopped in Sleep and Low-power sleep mode. The memory interface
clocks (FLITF and RAM interfaces) and all peripherals clocks can be stopped by software
during Sleep. The memory interface (FLITF) clock is stopped and the RAM is in power-down
when in Low-power sleep mode. The AHB to APB bridge clocks are disabled by hardware
during Sleep/Low-power sleep mode when all the clocks of the peripherals connected to
them are disabled.

Stop and Standby modes

The system clock and all high speed clocks are stopped in Stop and Standby modes:
e PLL is disabled

e Internal RC 16 MHz (HSI) oscillator is disabled

e  External 1-24 MHz (HSE) oscillator is disabled

e Internal 65 kHz - 4.2 MHz (MS]) oscillator is disabled

When exiting this mode by interrupt (Stop mode) or by reset (Standby mode), the internal
MSI oscillator is selected as system clock. When the device exits Stop mode, the previous
MSI configuration (range and trimming value) is kept. When exiting Standby mode, the
range and trimming value are reset to the default 2 MHz values.

If a Flash program operation or an access to APB domain is ongoing, the Stop/Standby
mode entry is delayed until the Flash memory or the APB access has completed.

The internal regulator can be also kept in the main mode during the Stop mode but the
consumption in the Stop mode is much higher and therefore in the Stop mode, it is always
implicitly assumed that the regulator is in low-power mode. The only advantage by keeping
the regulator in main mode during the Stop mode is a bit shorter wakeup time from the Stop
mode.

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 6.3.3: Clock configuration register (RCC_CFGR).

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 AHB peripheral clock enable register
(RCC_AHBENR), APB2 peripheral clock enable register (RCC_APB2ENR), APB1
peripheral clock enable register (RCC_APB1ENR) (see Section 6.3.8: AHB peripheral clock
enable register (RCC_AHBENR), Section 6.3.10: APB1 peripheral clock enable register
(RCC_APB1ENR) and Section 6.3.9: APB2 peripheral clock enable register
(RCC_APB2ENR)).

Disabling the peripherals clocks in Sleep mode can be performed automatically by resetting
the corresponding bit in RCC_AHBLPENR and RCC_APBXLPENR registers (x can 1 or 2).
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Note:

Note:

5.3.5

Note:

3

Low-power run mode (LP run)

To further reduce the consumption when the system is in Run mode, the regulator can be
configured in low-power mode. In this mode, the system frequency should not exceed
f MSI range1.

Please refer to the product datasheet for more details on voltage regulator and peripherals
operating conditions.

To be able to read the RTC calendar register when the APB1 clock frequency is less than
seven times the RTC clock frequency (7*RTCLCK), the software must read the calendar
time and date registers twice.

If the second read of the RTC_TR gives the same result as the first read, this ensures that
the data is correct. Otherwise a third read access must be done.

The Low-power run mode can only be entered when Vcoge is in range 2. In addition, the
dynamic voltage scaling must not be used when Low-power run mode is selected. Only Stop
and Sleep modes with regulator configured in Low-power mode is allowed when Low-power
run mode is selected.

In Low-power run mode, all I/O pins keep the same state as in Run mode.

Entering Low-power run mode

To enter Low-power run mode proceed as follows:

e Each digital IP clock must be enabled or disabled by using the RCC_APBXENR and
RCC_AHBENR registers.

e The frequency of the system clock must be decreased to not exceed the frequency of
f_MSI range1.

e  The regulator is forced in low-power mode by software (LPRUN and LPSDSR bits set)

Exiting Low-power run mode

To exit Low-power run mode proceed as follows:

e The regulator is forced in Main regulator mode by software.
e  The Flash memory is switched on, if needed.

e The frequency of the clock system can be increased.

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 Sleep mode, all I/0O pins keep the same state as in Run mode.

Refer to Table 28: Sleep-now and Table 29: Sleep-on-exit for details on how to enter Sleep
mode.
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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 28: Sleep-now and Table 29: Sleep-on-exit for more details on how to exit

Sleep mode.

Table 28. Sleep-now

Sleep-now mode

Description

— Clear all interrupt pending bits
WFI (Wait for Interrupt) or WFE (Wait for Event) while:

Mode entry — SLEEPDEEP = 0 and
— SLEEPONEXIT =0
Refer to the Cortex®-M3 System Control register.
If WFI was used for entry:
. Interrupt: Refer to Table 49: Vector table (Cat.1 and Cat.2 devices)
Mode exit

If WFE was used for entry
Wakeup event: Refer to Section 10.2.3: Wakeup event management

Wakeup latency

None

Table 29. Sleep-on-exit

Sleep-on-exit

Description

— Clear all interrupt pending bits
WEFI (wait for interrupt) while:

Mode entry — SLEEPDEEP =0 and

— SLEEPONEXIT =1

Refer to the Cortex®-M3 System Control register.

Interrupt: refer to Table 49: Vector table (Cat.1 and Cat.2 devices),
Mode exit Table 50: Vector table (Cat.3 devices) and Table 51: Vector table (Cat.4,

Cat.5 and Cat.6 devices).

Wakeup latency

None

3
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Note:

Note:

3

Low-power sleep mode (LP sleep)

Entering Low-power sleep mode

The Low-power sleep mode is entered by configuring the voltage regulator in low-power
mode, and by executing the WFI (wait for interrupt) or WFE (wait for event) instructions. In
this mode, the Flash memory is not available but the RAM memory remains available.

In this mode, the system frequency should not exceed f_MSI range1.

Please refer to product datasheet for more details on voltage regulator and peripherals
operating conditions.

Low-power sleep mode can only be entered when VR is in range 2.

To be able to read the RTC calendar register when the APB1 clock frequency is less than
seven times the RTC clock frequency (7*RTCLCK), the software must read the calendar
time and date registers twice.

If the second read of the RTC_TR gives the same result as the first read, this ensures that
the data is correct. Otherwise a third read access must be done.

Two options are available to select the Sleep low-power 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.
To enter Low-power sleep mode, proceed as follows:

e  The Flash memory can be switched off by using the control bits (SLEEP_PD in the
FLASH_ACR register. For more details refer to Section 3: Flash program memory and
data EEPROM (FLASH)). This reduces power consumption but increases the wake-up
time.

e Each digital IP clock must be enabled or disabled by using the RCC_APBXENR and
RCC_AHBENR registers. To keep it running in the Low-power sleep mode the digital IP
clock have to be enabled in RCC_APBXLPENR and RCC_AHBLPENR.

e The frequency of the system clock must be decreased.
e The regulator is forced in low-power mode by software (LPSDSR bits set).
e A WFI/WFE instruction must be executed to enter in Sleep mode.

In Low-power sleep mode, all I/O pins keep the same state as in Run mode.

Refer to Table 30: Sleep-now and Table 31: Sleep-on-exit for details on how to enter Low-
power sleep mode.

Exiting Low-power sleep mode

If the WFI instruction was used to enter Low-power sleep mode, any peripheral interrupt
acknowledged by the nested vectored interrupt controller (NVIC) can wake up the device
from Low-power sleep mode.

If the WFE instruction was used to enter Low-power sleep mode, the MCU exits Sleep mode
as soon as an event occurs. The wakeup event can be generated:

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

When exiting Low-power sleep mode by issuing an interrupt or a wakeup event, the
regulator is configured in Main regulator mode, the Flash memory is switched on (if
necessary), and the system clock can be increased.

When the voltage regulator operates in low-power mode, an additional startup delay is
incurred when waking up from Low-power sleep mode.

Refer to Table 30: Sleep-now and Table 31: Sleep-on-exit for more details on how to exit
Sleep low-power mode.

Table 30. Sleep-now

Sleep-now mode

Description

Mode entry

Voltage regulator in low-power mode and the Flash memory switched off
WEFI (Wait for Interrupt) or WFE (wait for event) while:

— SLEEPDEEP =0 and

— SLEEPONEXIT =0

Refer to the Cortex®-M3 System Control register.

Mode exit

Voltage regulator in Main regulator mode and the Flash memory switched on
If WFI was used for entry:

Interrupt: Refer to Table 49: Vector table (Cat.1 and Cat.2 devices)
If WFE was used for entry

Wakeup event: Refer to Section 10.2.3: Wakeup event management

Wakeup latency

Regulator wakeup time from low-power mode

Table 31. Sleep-on-exit

Sleep-on-exit

Description

Voltage regulator in low-power mode and the Flash memory switched off
WEFI (wait for interrupt) while:

Mode entry — SLEEPDEEP = 0 and

— SLEEPONEXIT =1

Refer to the Cortex®-M3 System Control register.

Interrupt: refer to Table 49: Vector table (Cat.1 and Cat.2 devices),
Mode exit Table 50: Vector table (Cat.3 devices) and Table 51: Vector table (Cat.4,

Cat.5 and Cat.6 devices).

Wakeup latency

regulator wakeup time from low-power mode

5.3.7 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.
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Note:

Note:

3

In Stop mode, all clocks in the Vcorg domain are stopped, the PLL, the MSI, the HSI and
the HSE RC oscillators are disabled. Internal SRAM and register contents are preserved.

To get the lowest consumption in Stop mode, the internal Flash memory also enters low-
power mode. When the Flash memory is in power down mode, an additional startup delay is
incurred when waking up from Stop mode.

To minimize the consumption In Stop mode, VgygrnT the BOR, PVD, and temperature
sensor can be switched off before entering the Stop mode. They can be switched on again
by software after exiting the Stop mode using the ULP bit in the PWR_CR register.

In Stop mode, all I/0O pins keep the same state as in Run mode.

Entering the Stop mode
Refer to Table 32 for details on how to enter the Stop mode.

If the application needs to disable the external clock before entering the stop mode, the
HSEON bit must be first disabled and the system clock switched to HSI.

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

To further reduce power consumption in Stop mode, the internal voltage regulator can be put
in low-power mode. This is configured by the LPSDSR bit in the PWR_CR register (see
Section 5.4.1).

If Flash memory programming or an access to the APB domain is ongoing, the Stop mode
entry is delayed until the memory or APB access has completed.

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. Refer to
Section 21.3 in Section 21: Independent watchdog (IWDG).

e Real-time clock (RTC): this is configured by the RTCEN bit in the RCC_CSR register
(see Section 6.3.14).

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

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

The ADC, DAC or LCD can also consume power in 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.

Exiting the Stop mode

Refer to Table 32 for more details on how to exit Stop mode.

When exiting Stop mode by issuing an interrupt or a wakeup event, the MSI 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.
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Table 32. 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)
— Clear WUF bit in Power Control/Status register (PWR_CSR)
— Select the voltage regulator mode by configuring LPSDSR bit in
Mode entry PWR CR
Note: To enter the Stop mode, all EXTI Line pending bits (in EXTI pending
register (EXTI_PR)), all peripherals interrupt pending bits, the RTC Alarm
(Alarm A and Alarm B), RTC wakeup, RTC tamper, and RTC time-stamp
flags, must be reset. Otherwise, the Stop mode entry procedure is ignored
and program execution continues.
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 49: Vector
Mode exit table (Cat.1 and Cat.2 devices), Table 50: Vector table (Cat.3 devices)

and Table 51: Vector table (Cat.4, Cat.5 and Cat.6 devices).
If WFE was used for entry:

Any EXTI Line configured in event mode. Refer to Section 10.2.3:
Wakeup event management on page 238

Wakeup latency

MSI RC wakeup time + regulator wakeup time from Low-power mode +
FLASH wakeup time

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 Veore domain is
consequently powered off. The PLL, the MSI, the HSI oscillator and the HSE oscillator are
also switched off. SRAM and register contents are lost except for the RTC registers, RTC
backup registers and Standby circuitry (see Figure 8).

Entering the Standby mode

Refer to Table 33 for more details on how to enter Standby mode.

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

bits:

¢ Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by
hardware option. Once started it cannot be stopped except by a reset. Refer to
Section 21.3: IWDG functional description on page 549.

e  Real-time clock (RTC): this is configured by the RTCEN bit in the RCC_CSR register
(see Section 6.3.14).

e Internal RC oscillator (LS| RC): this is configured by the LSION bit in the RCC_CSR

register.

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

3
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Exiting the Standby mode

The microcontroller exits Standby mode when an external Reset (NRST pin), an IWDG
Reset, a rising edge on WKUP pins (WUKP1, WKUP2 or WKUP3), an RTC alarm, a tamper
event, or a time-stamp event is detected. All registers are reset after wakeup from Standby
except for PWR power control/status register (PWR_CSR).

After waking up from Standby mode, program execution restarts in the same way as after a
Reset (boot pins sampling, vector reset is fetched, etc.). The SBF status flag in the
PWR_CSR register (see Section 5.4.2) indicates that the MCU was in Standby mode.

Refer to Table 33 for more details on how to exit Standby mode.

Table 33. Standby mode
Standby mode Description

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

— Set SLEEPDEEP in Cortex®-M3 System Control register

— Set PDDS bit in Power Control register (PWR_CR)

— Clear WUF bit in Power Control/Status register (PWR_CSR)

— Clear the RTC flag corresponding to the chosen wakeup source (RTC
Alarm A, RTC Alarm B, RTC wakeup, Tamper or Time-stamp flags)

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

Mode entry

Mode exit

Wakeup latency Reset phase

1/0 states in Standby mode

In Standby mode, all I/0 pins are high impedance except for:
e Reset pad (still available)

e RTC_AF1 pin (PC13) if configured for Wakeup pin 2 (WKUP2), tamper, time-stamp,
RTC Alarm out, or RTC clock calibration out.

e  WKUP pin 1 (PA0) and WKUP pin 3 (PEB), 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 30.16.1: Debug support for low-power modes.

Waking up the device from Stop and Standby modes using the RTC
and comparators

The MCU can be woken up from low-power mode by an RTC Alarm event, an RTC Wakeup
event, a tamper event, a time-stamp event, or a comparator event, without depending on an
external interrupt (Auto-wakeup mode).
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These RTC alternate functions can wake up the system from Stop and Standby low-power
modes while the comparator events can only wake up the system from Stop mode.

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

The RTC provides a programmable time base for waking up from 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 RCC_CSR register (see

Section 6.3.14):

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 1 yA added consumption in typical conditions)

e Low-power internal RC oscillator (LS| RC)

This clock source has the advantage of saving the cost of the 32.768 kHz crystal. This
internal RC Oscillator is designed to use minimum power consumption.

RTC auto-wakeup (AWU) from the Stop mode

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

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

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

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

a) Configure the EXTI Line 19 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC TimeStamp Interrupt in the RTC_CR register or the RTC Tamper
Interrupt in the RTC_TCR register

c) Configure the RTC to detect the tamper or time stamp event
e To wake up from the Stop mode with an RTC Wakeup event, it is necessary to:

a) Configure the EXTI Line 20 to be sensitive to rising edges (Interrupt or Event
modes)

b) Enable the RTC Wakeup Interrupt in the RTC_CR register
c) Configure the RTC to generate the RTC Wakeup event

3
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RTC auto-wakeup (AWU) from the Standby mode

e To wake up from the Standby mode with an RTC alarm event, it is necessary to:
a) Enable the RTC Alarm interrupt in the RTC_CR register
b) Configure the RTC to generate the RTC alarm

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

a) Enable the RTC TimeStamp Interrupt in the RTC_CR register or the RTC Tamper
Interrupt in the RTC_TCR register

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

e To wake up from the Standby mode with an RTC Wakeup event, it is necessary to:
a) Enable the RTC Wakeup Interrupt in the RTC_CR register
b) Configure the RTC to generate the RTC Wakeup event

Comparator auto-wakeup (AWU) from the Stop mode

e To wake up from the Stop mode with a comparator 1 or comparator 2 wakeup event, it
is necessary to:

a) Configure the EXTI Line 21 for comparator 1 or EXTI Line 22 for comparator 2
(Interrupt or Event mode) to be sensitive to the selected edges (falling, rising or
falling and rising)

b) Configure the comparator to generate the event

3
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54 Power control registers

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

5.4.1 PWR power control register (PWR_CR)

Address offset: 0x00
Reset value: 0x0000 1000 (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 1 10 9 8 7 6 5 4 3 2 1 0
Res. LPRUN Res. VOS[1:0] FWU | ULP | DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS |LPSDSR
w w w w w w w | w | rw w rc_wl | rc_w1 w w

Bits 31:15 Reserved, always read as 0.

Bit 14 LPRUN: Low-power run mode
When LPRUN bit is set together with the LPSDSR bit, the regulator is switched from main
mode to low-power mode. Otherwise, it remains in main mode. The regulator goes back to
operate in main mode when LPRUN is reset.
It is forbidden to reset LPSDSR when the MCU is in Low-power run mode. LPSDSR is used as
a prepositioning for the entry into low-power mode, indicating to the system which
configuration of the regulator will be selected when entering Low-power mode. The LPSDSR
bit must be set before the LPRUN bit is set. LPSDSR can be reset only when LPRUN bit=0.
0: Voltage regulator in main mode in Low-power run mode
1: Voltage regulator in low-power mode in Low-power run mode

Bits 13 Reserved, must be kept at reset value.

Bits 12:11 VOS[1:0]: Voltage scaling range selection
These bits are used to select the internal regulator voltage range.
Before resetting the power interface by resetting the PWRRST bit in the RCC_APB1RSTR
register, these bits have to be set to "10" and the frequency of the system has to be configured
accordingly.
00: forbidden (bits are unchanged and keep the previous value, no voltage scaling range
changed)
01: 1.8 V (range 1)
10: 1.5V (range 2)
11: 1.2 V (range 3)

Bit 10 FWU: Fast wakeup

This bit works in conjunction with ULP bit.
If ULP = 0, FWU is ignored
If ULP = 1 and FWU = 1: VrggnT Startup time is ignored when exiting from low-power mode.
The VREFINTRDYF flag in the PWR_CSR register indicates when the VgggnT is ready again.
If ULP=1 and FWU = 0: Exiting from low-power mode occurs only when the VrggNT iS ready
(after its startup time). This bit is not reset by resetting the PWRRST bit in the
RCC_APB1RSTR register.

0: Low-power modes exit occurs only when VgeprnT IS ready

1: VRerTinT Start up time is ignored when exiting low-power modes

3
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Bit 9

Bit 8

Bits 7:5

Bit 4

Bit 3

ULP: Ultra-low-power mode
When set, the VrepnT is switched off in low-power mode. This bit is not reset by resetting the
PWRRST bit in the RCC_APB1RSTR register.

0: VREFT|NT isonin |0W-p0Wer mode

1: VREFT|NT is off in |OW-pOWer mode

DBP: Disable backup write protection
In reset state, the RTC, RTC backup registers and RCC CSR register are protected against
parasitic write access. This bit must be set to enable write access to these registers.
0: Access to RTC, RTC Backup and RCC CSR registers disabled
1: Access to RTC, RTC Backup and RCC CSR registers enabled
Note: If the HSE divided by 2, 4, 8 or 16 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 power
voltage detector:

000: 1.9V

001: 2.1V

010: 2.3V

011:25V

100: 2.7V

101: 29V

110: 3.1V

111: External input analog voltage (Compare internally to VrggNT)
PVD_IN input (PB7) has to be configured as analog input when PLS[2:0] = 111.
Note: Refer to the electrical characteristics of the datasheet for more details.

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

CSBF: Clear standby flag
This bit is always read as 0.
0: No effect
1: Clear the SBF Standby flag (write).
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Bit 2 CWUF: Clear wakeup flag
This bit is always read as 0.
0: No effect
1: Clear the WUF Wakeup flag after 2 system clock cycles

Bit 1 PDDS: Power down deepsleep
This bit is set and cleared by software.
0: Enter Stop mode when the CPU enters deepsleep.
1: Enter Standby mode when the CPU enters deepsleep.

Bit 0 LPSDSR: Low-power deepsleep/sleep/low-power run
— DeepSleep/Sleep modes

When this bit is set, the regulator switches in low-power mode when the CPU enters sleep or
deepsleep mode. The regulator goes back to main mode when the CPU exits from these
modes.

— Low-power run mode

When this bit is set, the regulator switches in low-power mode when the bit LPRUN is set.
The regulator goes back to main mode when the bit LPRUN is reset.

This bit is set and cleared by software.
0: Voltage regulator on during deepsleep/Sleep/Low-power run mode
1: Voltage regulator in low-power mode during deepsleep/Sleep/Low-power run mode

3
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5.4.2 PWR power control/status register (PWR_CSR)
Address offset: 0x04
Reset value: 0x0000 0008 (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 | EWUP | EWUP REG VREFIN
VOSF PVDO | SBF WUF
Reserved 3 2 1 Reserved LPF TRDYF
w w w r r r r r r

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

Bit 10 EWUP3: Enable WKUP pin 3
This bit is set and cleared by software.

0: WKUP pin 3 is used for general purpose I/Os. An event on the WKUP pin 3 does not
wakeup the device from Standby mode.

1: WKUP pin 3 is used for wakeup from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin 3 wakes-up the system from Standby mode).

Note: This bit is reset by a system reset.

Bit 9 EWUP2: Enable WKUP pin 2
This bit is set and cleared by software.

0: WKUP pin 2 is used for general purpose I/Os. An event on the WKUP pin 2 does not
wakeup the device from Standby mode.

1: WKUP pin 2 is used for wakeup from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin 2 wakes-up the system from Standby mode).

Note: This bit is reset by a system reset.

Bit 8 EWUP1: Enable WKUP pin 1
This bit is set and cleared by software.

0: WKUP pin 1 is used for general purpose I/Os. An event on the WKUP pin 1 does not
wakeup the device from Standby mode.

1: WKUP pin 1 is used for wakeup from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin 1 wakes-up the system from Standby mode).

Note: This bit is reset by a system reset.
Bits 7:6 Reserved, must be kept at reset value.

Bit 5 REGLPF: Regulator LP flag
This bit is set by hardware when the MCU is in Low-power run mode.
When the MCU exits from Low-power run mode, this bit stays at 1 until the regulator is ready in
main mode. A polling on this bit is recommended to wait for the regulator main mode. This bit is
reset by hardware when the regulator is ready.
0: Regulator is ready in main mode
1: Regulator voltage is in low-power mode

3
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Bit 4 VOSF: Voltage Scaling select flag

Bit 3

Bit 2

A delay is required for the internal regulator to be ready after the voltage range is changed.

The VOSEF bit indicates that the regulator has reached the voltage level defined with bits VOS
of PWR_CR register.

This bit is reset when VOS[1:0] in PWR_CR register change.
It is set once the regulator is ready.

0: Regulator is ready in the selected voltage range
1: Regulator voltage output is changing to the required VOS level.

VREFINTRDYF: Internal voltage reference (VrernT) ready flag
This bit indicates the state of the internal voltage reference, VRgginT-
0: VRerinT is OFF
1: VRefINT IS ready

PVDO: PVD output

This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.
0: Vpp is higher than the PVD threshold selected with the PLS[2:0] bits.
1: Vpp is lower than the PVD threshold selected with the PLS[2:0] bits.

Note: The PVD is stopped by Standby mode. For this reason, this bit is equal to 0 after
Standby or reset until the PVDE bit is set.

Bit 1 SBF: Standby flag
This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down reset)
or by setting the CSBF bit in the PWR power control register (PWR_CR)
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 a system reset or by setting the CWUF bit in the
PWR power control register (PWR_CR)
0: No wakeup event occurred
1: A wakeup event was received from the WKUP pin or from the RTC alarm (Alarm A or
Alarm B), RTC Tamper event, RTC TimeStamp event or RTC Wakeup).
Note: An additional wakeup event is detected if the WKUP pins are enabled (by setting the
EWUPx (x=1, 2, 3) bits) when the WKUP pin levels are already high.
5.4.3 PWR register map
The following table summarizes the PWR registers. The reserved memory areas are
highlighted in gray in the table.
Table 34. PWR - register map and reset values
Offset | Register |7/2/Q\2|K/8|Q % |RIN|x|R|2|2|= (2|22 |2 =[S oo~ |||+ |o|a|-o
Sl gl vos | 2| afa ggg—,gé
PWR_CR ) =| @| PLS[2:0
0x000 - Reserved % § [1:0] E 2|a (0] z| 8 % g g
| ©
Reset value 0’1100000|0‘000000
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Table 34. PWR - register map and reset values (continued)

i =) ~| (v ) o

Offset | Register =2 /@0 /5/@ /00 N<QRRNCLTNNTolo/~obw<onn«~o

[T

a

- L
2Rl E o EL(,'S'D_:OU_LL
PWR_CSR ggg g oozggg
0x004 Reserved ol ol o 8 Hl:J > E o

& <

Reset value 0(0]|0 o(o|1(0(f(0]|0

Refer to Table 5 on page 47 for the register boundary addresses.
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Reset and clock control (RCC)

Reset

There are three types of reset, defined as system reset, power reset and RTC domain reset.

System reset

A system reset sets all registers to their reset values except for the RTC, RTC backup
registers and control/status register, RCC_CSR.

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

1.  Alow level on the NRST pin (external reset)

Window watchdog end-of-count condition (WWDG reset)

Independent watchdog end-of-count condition (IWDG reset)

A software reset (SW reset) (see Software reset)

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

Option byte loader reset (see Option byte loader reset)

7. Exit from Standby mode

o gk wN

The reset source can be identified by checking the reset flags in the control/status register,
RCC_CSR (see Section 6.3.14).

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.

Option byte loader reset

The Option byte loader reset is generated when the OBL_LAUNCH bit (bit 18) is set in the
FLASH_PECR register. This bit is used to launch by software the option byte loading.

For further information on the user option bytes, refer to Section 3: Flash program memory
and data EEPROM (FLASH).

3
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6.1.3

3

Power reset

A power reset is generated when one of the following events occurs:
Power-on/power-down reset (POR/PDR reset)
BOR reset

A power reset sets all registers to their reset values including for the RTC domain (see
Figure 14)

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 49: Vector table (Cat.1 and Cat.2 devices), Table 50: Vector
table (Cat.3 devices) and Table 51: Vector table (Cat.4, Cat.5 and Cat.6 devices).

1.
2.

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

Figure 14. Simplified diagram of the reset circuit
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RTC and backup registers reset

The RTC peripheral, RTC clock source selection (in RCC_CSR) and the backup registers
are reset only when one of the following events occurs:

A software reset, triggered by setting the RTCRST bit in the RCC_CSR register (see
Section 6.3.14)

Power reset (BOR/POR/PDR)

1.

2.
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Clocks

Four different clock sources can be used to drive the system clock (SYSCLK):

e  HSI ((high-speed internal) oscillator clock

e HSE (high-speed external) oscillator clock

e PLL clock

e  MSI (multispeed internal) oscillator clock
The MSI is used as system clock source after startup from Reset, wake-up from Stop or
Standby low-power modes.

The devices have the following two secondary clock sources:

e 37 kHz low speed internal RC (LSI 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.

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 the APB2 domains is 32 MHz. It may depend on the device voltage range, for
more details please refer to the Dynamic voltage scaling management section in the PWR
chapter.

All the peripheral clocks are derived from the system clock (SYSCLK) except:
e The 48 MHz clock USB and SDIO clocks which are derived from the PLL VCO clock.
e The ADC clock which is always the HSI clock. A divider by 1, 2 or 4 allows to adapt the

clock frequency to the device operating conditions. For more details please refer to the
Operating Power Supply Range section in the PWR chapter.

e The RTC/LCD clock which is derived from the LSE, LSI or 1 MHz HSE_RTC (HSE
divided by a programmable prescaler).
e IWDG clock which is always the LSI clock.

The system clock (SYSCLK) frequency must be higher or equal to the RTC/LCD clock
frequency.

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.

3
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Figure 15. Clock tree
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1. For full details about the internal and external clock source characteristics, please refer to the “Electrical
characteristics” section in your device datasheet.
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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 Manual.

HSE clock

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

e  HSE external crystal/ceramic resonator
e  HSE 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 16. HSE/ LSE clock sources
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External source (HSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to
32 MHz. This mode is selected by setting the HSEBYP and HSEON bits in the Clock control
register, RCC_CR (see Section 6.3.1). 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 16).

External crystal/ceramic resonator (HSE crystal)

The 1 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 16. Refer to the electrical
characteristics section of the datasheet for more details.

The HSERDY flag of the RCC_CR register (see Section 6.3.1) indicates whether the HSE
oscillator is stable or not. At startup, the HSE clock is not released until this bit is set by
hardware. An interrupt can be generated if enabled in the RCC_CR register.

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

HSI clock

The HSI clock signal is generated from an internal 16 MHz RC oscillator. It can be used
directly as a system clock or 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 an ambient
temperature, Ty, of 30 °C.

After reset, the factory calibration value is loaded in the HSICAL[7:0] bits in the Internal
Clock Sources Calibration Register (RCC_ICSCR) (see Section 6.3.2).

If the application is subject to voltage or temperature variations, this may affect the RC
oscillator speed. You can trim the HSI frequency in the application by using the
HSITRIM[4:0] bits in the RCC_ICSCR register. The default HSITRIM value is 16, which
trims the HSI oscillator to nominal frequency of 8 MHz. An increase of the HSITRIM value is
causing increase of HSI oscillator frequency. The trimming step (Fysitrim) is around 40 kHz
between two consecutive HSICAL steps. The frequency response on the trimming code
change shows non-monotonicity if the trimming code is a multiple of 16, see device
datasheet for details. For more details on how to measure the HSI frequency variation
please refer to Section 6.2.14: Internal/external clock measurement with
TIMY/TIM10/TIM11.

The HSIRDY flag in the RCC_CR indicates whether the HSI oscillator is stable or not. At
startup, the HSI RC output clock is not released until this bit is set by hardware.

The HSI RC oscillator can be switched on and off using the HSION bit in the RCC_CR
register.
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MSI clock

The MSI clock signal is generated from an internal RC oscillator. Its frequency range can be
adjusted by software by using the MSIRANGE[2:0] bits in the RCC_ICSCR register (see
Section 6.3.2: Internal clock sources calibration register (RCC_ICSCR)). Seven frequency
ranges are available: 65.536 kHz, 131.072 kHz, 262.144 kHz, 524.288 kHz, 1.048 MHz,
2.097 MHz (default value) and 4.194 MHz.

The MSI clock is used as system clock after restart from Reset, wake-up from Stop, and
Standby low-power mode. After restart from Reset or wake-up from Standby, the MSI
frequency is set to its default value. The RCC_ICSCR register value is retained in STOP
mode, thus the MSI frequency and calibration after Wake-Up is the same as before entering
STOP mode.

The MSI RC oscillator has the advantage of providing a low-cost (no external components)
low-power clock source. It is used as wake-up clock in low-power modes to reduce power
consumption and wake-up time.

The MSIRDY flag in the RCC_CR register indicates whether the MSI RC is stable or not. At
startup, the MSI RC output clock is not released until this bit is set by hardware.

The MSI RC can be switched on and off by using the MSION bit in the RCC_CR register
(see Section 6.3.1).

It can also be used as a backup clock source (auxiliary clock) if the HSE crystal oscillator
fails. Refer to Section 6.2.9: Clock security system (CSS) on page 134.

Calibration

The MSI RC oscillator frequency 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 an
ambient temperature, Ty, of 30 °C.

After reset, the factory calibration value is loaded in the MSICAL[7:0] bits in the
RCC_ICSCR register. If the application is subject to voltage or temperature variations, this
may affect the RC oscillator speed. You can trim the MSI frequency in the application by
using the MSITRIM[7:0] bits in the RCC_ICSCR register. For more details on how to
measure the MSI frequency variation please refer to Section 6.2.14: Internal/external clock
measurement with TIM9/TIM10/TIM11.

PLL

The internal PLL can be clocked by the HSI RC or HSE crystal. It is used to drive the system
clock and to generate the 48 MHz clock for the USB peripheral (refer to Figure 15 and
Section 6.3.1: Clock control register (RCC_CR).

The PLL input clock frequency must be between 2 and 24 MHz.
The desired frequency is obtained by using the multiplication factor and output division
embedded in the PLL:

e Ifthe USB or SDIO interface is used in the application, the PLL VCO clock (defined by
the PLL multiplication factor) must be programmed to output a 96 MHz frequency. This
is required to provide a 48 MHz clock to the USB or SDIO (SDIOCLK or USBCLK =
PLLVCO/2).

e The system clock is derived from the PLL VCO divided by the output division factor.
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The application software must set correctly the PLL multiplication factor to avoid exceeding
96 MHz as PLLVCO when the product is in range 1,

48 MHz as PLLVCO when the product is in range 2,

24 MHz when the product is in range 3.

It must also set correctly the output division to avoid exceeding 32 MHz as SYSCLK.

The minimum input clock frequency for PLL is 2 MHz (when using HSE as PLL source).

The PLL configuration (selection of the source clock, multiplication factor and output division
factor) must be performed before enabling the PLL. Once the PLL is enabled, these
parameters cannot be changed.

To modify the PLL configuration, proceed as follows:

1. Disable the PLL by setting PLLON to 0.

2. Wait until PLLRDY is cleared. PLLRDY. The PLL is now fully stopped.
3. Change the desired parameter.

4. Enable the PLL again by setting PLLON to 1.

An interrupt can be generated when the PLL is ready if enabled in the RCC_CIR register
(see Section 6.3.4).

LSE clock

The LSE crystal is a 32.768 kHz low speed external crystal or ceramic resonator. It has the
advantage of 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 the RCC_CSR register (see
Section 6.3.14).

The LSERDY flag in the RCC_CSR register indicates whether the LSE crystal is stable or
not. At startup, the LSE crystal output clock signal is not released until this bit is set by
hardware. An interrupt can be generated if enabled in the RCC_CIR register (see
Section 6.3.4).

External source (LSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to

1 MHz. This mode is selected by setting the LSEBYP and LSEON bits in the RCC_CR (see
Section 6.3.1). The external clock signal (square, sinus or triangle) with ~50% duty cycle
has to drive the OSC32_IN pin while the OSC32_OUT pin might be used as a GPIO pin
(see Figure 16).

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). The clock frequency is around
37 kHz.

The LSI RC oscillator can be switched on and off using the LSION bit in the RCC_CSR
register (see Section 6.3.14), but the LS| oscillator keeps running since it is activated by
IWDG.

The LSIRDY flag in RCC_CSR indicates whether the low-speed internal oscillator is stable
or not. At startup, the clock is not released until this bit is set by hardware. An interrupt can
be generated if enabled in the RCC_CIR (see Section 6.3.4).
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6.2.8

LSI measurement

The frequency dispersion of the LS| oscillator can be measured to have accurate RTC time
base and/or IWDG timeout (when LSl is used as clock source for these peripherals) with an
acceptable accuracy. For more details, refer to the electrical characteristics section of the
datasheets. For more details on how to measure the LSI frequency, please refer to

Section 6.2.14: Internal/external clock measurement with TIM9/TIM10/TIM11.

System clock (SYSCLK) selection

Four different clock sources can be used to drive the system clock (SYSCLK):

e  The HSI oscillator

e  The HSE oscillator

e ThePLL

e The MSI oscillator clock (default after reset)

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
RCC_CR register indicate which clock(s) is (are) ready and which clock is currently used as
system clock.

System clock source frequency versus voltage range

The following table gives the different clock source frequencies depending on the product
voltage range.

Table 35. System clock source frequency

Product voltage
range

Clock frequency

MsI HSI HSE PLL
HSE 32 MHz (external clock) 32 MHz
Range 1 (1.8V) | 4.2MHz ) 16 MHz or 24 MHz (crystal) (PLLVCO max = 96 MHz)
Range 2 (1.5V) |42 MHz | 16 MHz 16 MHz (PLLVCO1?n|e\a/|xH=Z48 MHz)
Range 3 (1.2V) | 4.2 MHz NA 8 MHz 4 MHz

(PLLVCO max = 24 MHz)

6.2.9

134/908

Clock security system (CSS)

The Clock security system can be activated by software. In this case, the clock detector is
enabled after the HSE oscillator startup delay, and disabled when this oscillator is stopped.

If a failure is detected on the HSE clock, this oscillator is automatically disabled 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.
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Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMlI is
automatically generated. The NMI will be executed indefinitely unless the CSS interrupt
pending bit is cleared. As a consequence, in the NMI ISR must clear the CSS interrupt by
setting the CSSC bit in the RCC_CIR register.

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 MSI oscillator and the disabling of the HSE
oscillator. If the HSE oscillator clock is the clock entry of the PLL used as system clock when
the failure occurs, the PLL is disabled too.

Clock Security System on LSE

In Cat.2, Cat.3, Cat.4, Cat.5 and Cat.6 devices, a Clock Security System on LSE can be
activated by software writing the LSECSSON bit in the RCC_CSR register. This bit can be
disabled only by a hardware reset or RTC software reset, or after a failure detection on LSE.
LSECSSON must be written after LSE and LS| are enabled (LSEON and LSION enabled)
and ready (LSERDY and LSIRDY set by hardware), and after the RTC clock has been
selected by RTCSEL.

If the CSS failure is detected on the external LSE oscillator the LSECSSD flag is set. The
failure event is linked to EXTI line 19. It can wakeup MCU from Standby mode or rise an
interrupt which allows to service the failure event in the TAMPER _STAMP interrupt routine
in run, Sleep and Stop low-power modes.

To enable interrupt generation, the LSECSIE bit in RCC_CIR interrupt register has to be set
(see Section 6.3.4: Clock interrupt register (RCC_CIR) on page 144).

In case of the CSS failure, the LSE clock is no longer supplied to the RTC and fail-safe
mode needs to be managed by the firmware (stop the LSE oscillator and switch RTC clock
source to LSI or HSE clock).

The frequency of LSE oscillator have to be higher than 30 kHz to avoid false positive CSS
detection.

RTC and LCD clock

The RTC and LCD have the same clock source which can be either the LSE, the LSI, or the
HSE 1 MHz clock (HSE divided by a programmable prescaler). It is selected by
programming the RTCSEL[1:0] bits in the RCC_CSR register (see Section 6.3.14) and the
RTCPRE[1:0] bits in the RCC_CR register (see Section 6.3.1).

Once the RTC and LCD clock source have been selected, the only possible way of
modifying the selection is to set the RTCRST bit in the RCC_CSR register, or by a POR.

If the LSE or LSl is used as RTC clock source, the RTC continues to work in Stop and
Standby low-power modes, and can be used as wakeup source. However, when the HSE is
the RTC clock source, the RTC cannot be used in the Stop and Standby low-power modes.
The LCD can however be used in the Stop low-power mode if the LSE or LSl is used as the
RTC clock source.

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

DoclD15965 Rev 14 135/908




Reset and clock control (RCC) RMO0038

Note:

6.2.12

6.2.13

6.2.14

136/908

To be able to read the RTC calendar register when the APB1 clock frequency is less than
seven times the RTC clock frequency (7*RTCLCK), the software must read the calendar
time and date registers twice.

If the second read of the RTC_TR gives the same result as the first read, this ensures that
the data is correct. Otherwise a third read access must be done.

Watchdog clock

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

Clock-out capability

The microcontroller clock output (MCQ) capability allows the clock to be output onto the
external MCO pin (PA8) using a configurable prescaler (1, 2, 4, 8, or 16). The configuration
registers of the corresponding GPIO port must be programmed in alternate function mode.
One of 7 clock signals can be selected as the MCO clock:

e SYSCLK
e HSI

e MSI

e HSE

e PLL

e LSI

e LSE

The selection is controlled by the MCOSEL[2:0] bits of the RCC_CFGR register (see
Section 6.3.3).

Internal/external clock measurement with TIM9/TIM10/TIM11

It is possible to indirectly measure the frequency of all on-board clock source generators by
means of the TIM9/TIM10/TIM11 channel 1 input capture, as represented on Figure 17.

3
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Figure 17. Using the TIM9/TIM10/TIM11 channel 1 input capture to measure
frequencies
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Each timer has an input multiplexer that selects which of the 1/0 or the internal clock is to
trigger the input capture. This selection is performed through the TI1_RMP [1:0] bits in the
TIMx_OR register.

For TIM9 and TIM10, the primary purpose of connecting the LSE to the channel 1 input
capture is to be able to precisely measure the HSI and MSI system clocks (for this, either
the HSI or MSI should be used as the system clock source). The number of HSI (MSI,
respectively) clock counts between consecutive edges of the LSE signal provides a
measure of the internal clock period. Taking advantage of the high precision of LSE crystals
(typically a few tens of ppm’s), it is possible to determine the internal clock frequency with
the same resolution, and trim the source to compensate for manufacturing-process- and/or
temperature- and voltage-related frequency deviations.

The MSI and HSI oscillators both have dedicated user-accessible calibration bits for this
purpose.

The basic concept consists in providing a relative measurement (e.g. the HSI/LSE ratio): the
precision is therefore closely related to the ratio between the two clock sources. The higher
the ratio, the better the measurement.
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It is however not possible to have a good enough resolution when the MSI clock is low
(typically below 1 MHz). In this case, it is advised to:

e accumulate the results of several captures in a row
e use the timer’s input capture prescaler (up to 1 capture every 8 periods)

e use the RTC wakeup interrupt signal (when the RTC is clocked by the LSE) as the
input for the channel1 input capture. This improves the measurement precision. For
this purpose the RTC wakeup interrupt must be enabled.

TIM10 can also be used to measure the LSI: this is useful for applications with no crystal.
The ultra-low-power LS| oscillator has a wide manufacturing process deviation: by
measuring it as a function of the HSI clock source, it is possible to determine its frequency
with the precision of the HSI.

Finally, TIM11 has two other sources. TIM11 can use the MSI just like TIM10 uses the LSI
for crystal-less applications. The HSE_RTC frequency (HSE divided by a programmable
prescaler) being relatively high (1MHz), the relative frequency measurement is not very
precise, so its main purpose is to have a rough indication of the external crystal frequency.
This is useful for instance to meet the requirements of the IEC 60730/IEC 61335 standards,
which requires to be able to determine harmonic or subharmonic frequencies (-50/+100%
deviations).

Clock-independent system clock sources for TIM9/TIM10/TIM11

In a number of applications using the 32.768 kHz clock as a time base for the RTC, it is
interesting to have time bases that work completely independently of the system clock. This
allows the scheduling of tasks without having to take into account the processor state (the
processor may be stopped or executing at low, medium or full speed).

For this purpose, the LSE clock is internally redirected to the 3 timers’ ETR inputs, which are
used as additional clock sources, as shown in Figure 17 on page 137. This gives up to three
independent time bases (using the auto-reload feature) with 1 or 2 compare additional
channels for fractional events. For instance, the TIM9’s auto-reload interrupt can be
programmed for a 1 second tick interrupt with an additional interrupt occurring 250 ms after
the main tick.

In this configuration, make sure that you have at least a ratio of 2 between the external clock
(LSE) and the APB clock. If the application uses an APB clock frequency lower than twice
the LSE clock frequency (typically LSE = 32.768 kHz, so twice LSE = 65.536 kHz), it is
mandatory to use the external trigger prescaler feature of the timer: it can divide the ETR
clock by up to 8.

3
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6.3 RCC registers
Refer to Section 1.1 for a list of abbreviations used in register descriptions.
6.3.1 Clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0b0XX0 0000 0000 0X00 0000 0011 0000 0000 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
_ css PLL HSE | HSE | HSE
Res. RTCPRELT] ON Reserved RDY PLLON Reserved BYP RDY ON
w w w r w w r rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
MSI HSI
Reserved RDY MSION Reserved RDY HSION
r w r w
Bit 31 Reserved, must be kept at reset value.

3

Bits 30:29

Bit 28

Bits 27:26
Bit 25

Bit 24

Bits 23:19

RTCPRE[1:0] RTC/LCD prescaler
These bits are set and reset by software to obtain a 1 MHz clock from HSE. This prescaler
cannot be modified if HSE is enabled (HSEON = 1).
These bits are reset by power on reset, they keep their value after system reset.
00: HSE is divided by 2 for RTC/LCD clock
01: HSE is divided by 4 for RTC/LCD clock
10: HSE is divided by 8 for RTC/LCD clock
11: HSE is divided by 16 for RTC/LCD clock

CSSON: Clock security system enable

This bit is set and cleared by software to enable the clock security system (CSS). When
CSSON is set, the clock detector is enabled by hardware when the HSE oscillator is ready,
and disabled by hardware if an oscillator failure is detected.

0: Clock security system OFF (clock detector OFF)

1: Clock security system ON (clock detector ON if HSE oscillator is stable, OFF otherwise)

Reserved, must be kept at reset value.

PLLRDY: PLL clock ready flag
This bit is set by hardware to indicate that the PLL is locked.
0: PLL unlocked
1: PLL locked
PLLON: PLL enable
This bit is 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

Reserved, must be kept at reset value.
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Bit 18 HSEBYP: HSE clock bypass
This bit is set and cleared by software to bypass the oscillator with an external clock. The
external clock must be enabled with the HSEON bit, to be used by the device.
The HSEBYP bit can be written only if the HSE oscillator is disabled.
This bit is reset by power on reset, it keeps its value after system reset.
0: HSE oscillator not bypassed
1: HSE oscillator bypassed with an external clock

Bit 17 HSERDY: HSE clock ready flag
This bit is set by hardware to indicate that the HSE oscillator is stable. After the HSEON bit is
cleared, HSERDY goes low after 6 HSE oscillator clock cycles.
0: HSE oscillator not ready
1: HSE oscillator ready

Bit 16 HSEON: HSE clock enable
This bit is set and cleared by software.
Cleared by hardware to stop the HSE oscillator when entering Stop or Standby mode. This
bit cannot be reset if the HSE oscillator is used directly or indirectly as the system clock.
0: HSE oscillator OFF
1: HSE oscillator ON

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

Bit 9 MSIRDY: MSI clock ready flag
This bit is set by hardware to indicate that the MSI oscillator is stable.
0: MSI oscillator not ready
1: MSI oscillator ready
Note: Once the MSION bit is cleared, MSIRDY goes low after 6 MSI clock cycles.

Bit 8 MSION: MSI clock enable
This bit is set and cleared by software.
Set by hardware to force the MSI oscillator ON when exiting from Stop or Standby mode, or
in case of a failure of the HSE oscillator used directly or indirectly as system clock. This bit
cannot be cleared if the MSI is used as system clock.
0: MSI oscillator OFF
1: MSI oscillator ON

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

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

Bit 0 HSION: Internal high-speed clock enable
This bit is set and cleared by software.
This bit cannot be cleared if the HSI is used directly or indirectly as the system clock.
0: HSI oscillator OFF
1: HSI oscillator ON

3
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6.3.2 Internal clock sources calibration register (RCC_ICSCR)

Address offset: 0x04

Reset value: 0x00XX BOXX where X is undefined.

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

31 30 29 28 27 26 25 24 23 22 20 19 18 17 16
MSITRIM[7:0] MSICAL[7:0]

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

15 14 13 12 11 10 9 8 7 4 3 2 1 0
MSIRANGE[2:0] HSITRIM[4:0] HSICAL[7:0]

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

Bits 31:24 MSITRIM[7:0]: MSI clock trimming

These bits are set by software to adjust MSI calibration.

These bits provide an additional user-programmable trimming value that is added to the
MSICAL[7:0] bits. They can be programmed to compensate for the variations in voltage and
temperature that influence the frequency of the internal MSI RC.

Bits 23:16 MSICAL[7:0]: MSI clock calibration
These bits are initialized at startup with the factory-programmed MSI calibration trim value.
When MSITRIM is written, MSICAL is updated with the sum of MSITRIM and the factory trim

value.

Bits 15:13 MSIRANGE[2:0]: MSI clock ranges
These bits are set by software to choose the frequency range of MSI.7 frequency ranges are

Bits 12:8 HSITRIM[4:0]: High speed internal clock trimming

Bits 7:0 HSICAL[7:0] Internal high speed clock calibration

6.3.3 Clock configuration register (RCC_CFGR)

available:

000: range 0 around 65.536 kHz
001: range 1 around 131.072 kHz
010: range 2 around 262.144 kHz
011: range 3 around 524.288 kHz
100: range 4 around 1.048 MHz

101: range 5 around 2.097 MHz (reset value)

110: range 6 around 4.194 MHz
111: not allowed

These bits provide an additional user-programmable trimming value that is added to the
HSICAL[7:0] bits. They can be programmed to compensated for the variations in voltage and
temperature that influence the frequency of the internal HSI RC.

These bits are initialized at startup with the factory-programmed HSI calibration trim value.
When HSITRIM is written, HSICAL is updated with the sum of HSITRIM and the factory trim

value.

Address offset: 0x08
Reset value: 0x0000 0000

Access: 0 <wait state <2, word, half-word and byte access

1 or 2 wait states inserted only if the access occurs during clock source switch.

3
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MCOPRE[2:0] MCOSELJ[2:0] PLLDIV[1:0] PLLMUL[3:0] PLL
Res. Res. Res. SRC

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

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

PPREZ2[2:0] PPRE1[2:0] HPRE[3:0] SWSJ[1:0] SW[1:0]
Reserved
rw | w | w w | w | w rw | rw | w | w r | r w w

Bits 31 Reserved, must be kept at reset value.

Bits 30:28 MCOPRE[2:0]: Microcontroller clock output prescaler
These bits are set and cleared by software.
It is highly recommended to change this prescaler before MCO output is enabled.
000: MCO is divided by 1
001: MCO is divided by 2
010: MCO is divided by 4
011: MCO is divided by 8
100: MCO is divided by 16
Others: not allowed

Bits 27 Reserved, must be kept at reset value.

Bits 26:24 MCOSEL[2:0]: Microcontroller clock output selection
These bits are set and cleared by software.
000: MCO output disabled, no clock on MCO
001: SYSCLK clock selected
010: HSI oscillator clock selected
011: MSI oscillator clock selected
100: HSE oscillator clock selected
101: PLL clock selected
110: LSI oscillator clock selected
111:LSE oscillator clock selected

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

Bits 23:22 PLLDIV[1:0]: PLL output division

These bits are set and cleared by software to control PLL output clock division from PLL
VCO clock. These bits can be written only when the PLL is disabled.

00: not allowed

01: PLL clock output = PLLVCO /2

10: PLL clock output = PLLVCO / 3

11: PLL clock output = PLLVCO / 4

3
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Bits 21:18 PLLMUL[3:0]: PLL multiplication factor
These bits are written by software to define the PLL multiplication factor to generate the PLL
VCO clock. These bits can be written only when the PLL is disabled.
0000: PLLVCO = PLL clock entry x 3
0001: PLLVCO = PLL clock entry x 4
0010: PLLVCO = PLL clock entry x 6
0011: PLLVCO = PLL clock entry x 8
0100: PLLVCO = PLL clock entry x 12
0101: PLLVCO = PLL clock entry x 16
0110: PLLVCO = PLL clock entry x 24
0111: PLLVCO = PLL clock entry x 32
1000: PLLVCO = PLL clock entry x 48
others: not allowed

Caution: The PLL VCO clock frequency must not exceed 96 MHz when the product is in
Range 1, 48 MHz when the product is in Range 2 and 24 MHz when the product is
in Range 3.

Bit 17 Reserved, must be kept at reset value.

Bit 16 PLLSRC: PLL entry clock source
This bit is set and cleared by software to select PLL clock source. This bit can be written
only when PLL is disabled.
0: HSI oscillator clock selected as PLL input clock
1: HSE oscillator clock selected as PLL input clock

Note: The PLL minimum input clock frequency is 2 MHz.
Bits 15:14 Reserved, must be kept at reset value.

Bits 13:11 PPREZ2[2:0]: APB high-speed prescaler (APB2)
These bits are 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[2:0]: APB low-speed prescaler (APB1)
These bits are set and cleared by software to control the division factor of the APB low-
speed clock (PCLK1).
0Oxx: HCLK not divided
100: HCLK divided by 2
101: HCLK divided by 4
110: HCLK divided by 8
111: HCLK divided by 16
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Bits 7:4 HPRE[3:0]: AHB prescaler
These bits are set and cleared by software to control the division factor of the AHB clock.

Caution: Depending on the device voltage range, the software has to set correctly these bits
to ensure that the system frequency does not exceed the maximum allowed
frequency (for more details please refer to the Dynamic voltage scaling
management section in the PWR chapter.) After a write operation to these bits and
before decreasing the voltage range, this register must be read to be sure that the
new value has been taken into account.

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

Bits 3:2 SWS[1:0]: System clock switch status
These bits are set and cleared by hardware to indicate which clock source is used as
system clock.
00: MSI oscillator used as system clock
01: HSI oscillator used as system clock
10: HSE oscillator used as system clock
11: PLL used as system clock

Bits 1:0 SWI[1:0]: System clock switch
These bits are set and cleared by software to select SYSCLK source.
Set by hardware to force MSI 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: MSI oscillator used as system clock
01: HSI oscillator used as system clock
10: HSE oscillator used as system clock
11: PLL used as system clock

6.3.4 Clock interrupt register (RCC_CIR)
Address offset: 0x0C
Reset value: 0x0000 0000

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
cssc |LSECS| MSI | PLL | HSE | HSI | LSE | LI
Reserved SC | RDYC | RDYC | RDYC | RDYC | RDYC | RDYC

w w w w w w w w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSECS| MSI | PLL | HSE | HSI | LSE | LS| | oo | LSE | MSI | PLL | HSE | HSI | LSE | LSI
Res. | SIE |RDYIE | RDYIE | RDYIE | RDYIE | RDYIE | RDYIE CSSF | RDYF | RDYF | RDYF | RDYF | RDYF | RDYF
w w w w w w w r r r r r r r r

3
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Bits 31:24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16

Bit 15
Bit 14

Bit 13

3

Reserved, must be kept at reset value.

CSSC: Clock security system interrupt clear

This bit is set by software to clear the CSSF flag.
0: No effect
1: Clear CSSF flag

LSECSSC: LSE CSS interrupt clear

Set by software to clear LSECSSF. Reset by hardware when clear done.

0: LSECSSF not cleared
1: LSECSSF cleared

Note: This bit is available in Cat.2, Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

MSIRDYC: MSI ready interrupt clear
This bit is set by software to clear the MSIRDYF flag.
0: No effect
1: MSIRDYF cleared

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

HSERDYC: HSE ready interrupt clear

This bit is set by software to clear the HSERDYF flag.

0: No effect
1: HSERDYF cleared

HSIRDYC: HSI ready interrupt clear
This bit is set software to clear the HSIRDYF flag.
0: No effect
1: HSIRDYF cleared

LSERDYC: LSE ready interrupt clear

This bit is set by software to clear the LSERDYF flag.

0: No effect
1: LSERDYF cleared

LSIRDYC: LSI ready interrupt clear
This bit is set by software to clear the LSIRDYF flag.
0: No effect
1: LSIRDYF cleared

Reserved, must be kept at reset value.

LSECSSIE: LSE CSS interrupt enable

Set and reset by software to enable/disable interrupts from the Clock Security System on

external 32 kHz oscillator (LSE).
0: LSE CSS interrupt disabled
1: LSE CSS interrupt enabled

Note: This bit is available in Cat.2, Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

MSIRDYIE: MSI ready interrupt enable

This bit is set and cleared by software to enable/disable interrupt caused by the MSI

oscillator stabilization.
0: MSI ready interrupt disabled
1: MSI ready interrupt enabled
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Bit 12 PLLRDYIE: PLL ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by PLL lock.
0: PLL lock interrupt disabled
1: PLL lock interrupt enabled

Bit 11 HSERDYIE: HSE ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by the HSE
oscillator stabilization.
0: HSE ready interrupt disabled
1: HSE ready interrupt enabled

Bit 10 HSIRDYIE: HSI ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by the HSI
oscillator stabilization.
0: HSI ready interrupt disabled
1: HSI ready interrupt enabled

Bit 9 LSERDYIE: LSE ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by the LSE
oscillator stabilization.
0: LSE ready interrupt disabled
1: LSE ready interrupt enabled

Bit 8 LSIRDYIE: LSI ready interrupt enable
This bit is set and cleared by software to enable/disable interrupt caused by LS| oscillator
stabilization.
0: LSI ready interrupt disabled
1: LSl ready interrupt enabled

Bit 7 CSSF: Clock security system interrupt flag
This bit is set by hardware when a failure is detected in the HSE oscillator.
It is cleared by software by setting the CSSC bit.
0: No clock security interrupt caused by HSE clock failure
1: Clock security interrupt caused by HSE clock failure

Bit6 LSECSSF LSE CSS Interrupt flag
Reset by software by writing to the LSECSSC bit. Set by hardware when a failure is detected
on the external 32 KHz oscillator and the LSECSSIE bit is set.
0: No failure detected on the external 32 KHz oscillator (LSE)
1: A failure is detected on the external 32 kHz oscillator (LSE)
Note: This bit is available in Cat.2, Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 5 MSIRDYF: MSI ready interrupt flag
This bit is set by hardware when the MSI becomes stable and MSIRDYDIE is set.
It is cleared by software setting the MSIRDYC bit.
0: No clock ready interrupt caused by the MSI
1: Clock ready interrupt caused by the MSI

Bit4 PLLRDYF: PLL ready interrupt flag
This bit is set by hardware when the PLL locks and PLLRDYDIE is set.
It is cleared by software setting the PLLRDYC bit.
0: No clock ready interrupt caused by PLL lock
1: Clock ready interrupt caused by PLL lock
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Bit3 HSERDYF: HSE ready interrupt flag
This bit is set by hardware when HSE becomes stable and HSERDYDIE is set.
It is cleared by software setting the HSERDYC bit.
0: No clock ready interrupt caused by the HSE
1: Clock ready interrupt caused by the HSE
Bit 2 HSIRDYF: HSI ready interrupt flag
This bit is set by hardware when the HSI becomes stable and HSIRDYDIE is set.
It is cleared by software setting the HSIRDYC bit.
0: No clock ready interrupt caused by the HSI
1: Clock ready interrupt caused by the HSI
Bit 1 LSERDYF: LSE ready interrupt flag
This bit is set by hardware when the LSE becomes stable and LSERDYDIE is set.
It is cleared by software setting the LSERDYC bit.
0: No clock ready interrupt caused by the LSE
1: Clock ready interrupt caused by the LSE
Bit 0 LSIRDYF: LSI ready interrupt flag
This bit is set by hardware when the LS| becomes stable and LSIRDYDIE is set.
It is cleared by software setting the LSIRDYC bit.
0: No clock ready interrupt caused by the LSI
1: Clock ready interrupt caused by the LSI
6.3.5 AHB peripheral reset register (RCC_AHBRSTR)
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
FSMC AES DMA2RS | DMA1
Res. RST Reserved RST Res. T RST Reserved
rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLITF CRC GPIOG | GPIOF | GPIOH | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
RST Reserved RST Reserved RST RST RST | RST | RST | RST | RST | RST
w rw w w rw rw rw rw rw rw

Bit 31 Reserved, must be kept at reset value.

Bit 30 FSMCRST: FSMC reset
This bit is set and cleared by software.

0: No effect
1: Reset FSMC

Note: This bit is available in Cat.4 devices only.

Bits 29:28 Reserved, must be kept at reset value.
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Bit 27 AESRST: AES reset
This bit is set and cleared by software.

0: No effect
1: Reset AES

Note: This bit is available in STM32L16x devices only.
Bit 26 Reserved, must be kept at reset value.

Bit 25 DMA2RST: DMAZ2 reset
This bit is set and cleared by software.

0: No effect
1: Reset DMA2

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 24 DMA1RST: DMA1 reset
This bit is set and cleared by software.

0: No effect
1: Reset DMA1

Bits 23:16 Reserved, must be kept at reset value.

Bit 15 FLITFRST: FLITF reset

This bit is set and cleared by software. The FLITF reset can be enabled only when the Flash
memory is in power down mode.

0: No effect
1: Reset FLITF

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

Bit 172 CRCRST: CRC reset
This bit is set and cleared by software.

0: No effect
1: Reset CRC

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

Bit 7 GPIOGRST: IO port G reset
This bit is set and cleared by software.
0: No effect
1: Reset |0 port G

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 6 GPIOFRST: 10 port F reset
This bit is set and cleared by software.
0: No effect
1: Reset IO port F

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit5 GPIOHRST: 10 port H reset
This bit is set and cleared by software.

0: No effect
1: Reset

Bit 4 GPIOERST: IO port E reset

This bit is set and cleared by software.
0: No effect
1: Reset IO port E
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Bit 3

Bit 2

Bit 1

Bit 0

GPIODRST: 10 port D reset
This bit is set and cleared by software.

0: No effect
1: Reset IO port D

GPIOCRST: IO port C reset
This bit is set and cleared by software.

0: No effect
1: Reset IO port C

GPIOBRST: 10 port B reset
This bit is set and cleared by software.

0: No effect
1: Reset IO port B

GPIOARST: 10 port A reset
This bit is set and cleared by software.

0: No effect
1: Reset IO port A

6.3.6 APB2 peripheral reset register (RCC_APB2RSTR)
Address offset: 0x14
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
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
USART1 SPI1 SDIO Res ADC1 TIM11 | TIM10 | TIM9 SYSCF
Res. RST Res. RST RST ’ RST Reserved RST RST RST Res. GRST
rw rw rw rw w rw rw rw
Bits 31:15 Reserved, must be kept at reset value.

Bit 14

Bit 13
Bit 12

Bit 11

Bit10

3

USART1RST: USART1 reset

This bit is set and cleared by software.
0: No effect
1: Reset USART1

Reserved, must be kept at reset value.

SPIMRST: SPI 1 reset

This bit is set and cleared by software.
0: No effect
1: Reset SPI 1

SDIORST: SDIO reset
This bit is set and cleared by software.

0: No effect
1: Reset SDIO

Note: This bit is available in Cat.4 devices only.

Reserved, must be kept at reset value.
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Bit 9 ADC1RST: ADC1 interface reset

This bit is set and cleared by software.
0: No effect
1: Reset ADC1 interface

Bits 8:5 Reserved, must be kept at reset value.

Bit4 TIM11RST: TIM11 timer reset
Set and cleared by software.

0: No effect
1: Reset TIM11 timer

Bit 3 TIM10RST: TIM10 timer reset
This bit is set and cleared by software.
0: No effect
1: Reset TIM10 timer

Bit 2 TIMORST: TIM9 timer reset
This bit is set and cleared by software.
0: No effect
1: Reset TIM9 timer

Bit 1 Reserved, must be kept at reset value.

Bit 0 SYSCFGRST: System configuration controller reset
This bit is set and cleared by software.
0: No effect
1: Reset System configuration controller

6.3.7 APB1 peripheral reset register (RCC_APB1RSTR)
Address offset: 0x18
Reset value: 0x0000 0000

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP DAC PWR USB 12C2 12C1 | UART5 | UART4 USQRT US/;RT
RST | Res. | RST | RST Reserved RST | RST | RST | RST | RST | oo | oo | Res.
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
SPI3 SPI2 WWDG LCD TIM7 TIM6 TIM5 TIM4 TIM3 TIM2
RST | RST Reserved RST | Res. | RST Reserved RST | RST | RST | RST | RST | RST
w w w w w w w w w w
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Bit 31

Bit 30
Bit 29

Bit 28

Bits 27:24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit16

3

COMPRST: COMP interface reset
This bit is set and cleared by software.

0: No effect
1: Reset COMP interface

Reserved, must be kept at reset value.

DACRST: DAC interface reset

This bit is set and cleared by software.
0: No effect
1: Reset DAC interface

PWRRST: Power interface reset

This bit is set and cleared by software.
0: No effect
1: Reset power interface

Reserved, must be kept at reset value.

USBRST: USB reset

This bit is set and cleared by software.
0: No effect
1: Reset USB

I2C2RST: 12C 2 reset
This bit is set and cleared by software.
0: No effect
1: Reset I2C 2

I2C1RST: I2C 1 reset
This bit is set and cleared by software.
0: No effect
1: Reset I12C 1

UART5RST: UART 5 reset

This bit is set and cleared by software.
0: No effect
1: Reset UART 5

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

UART4RST: UART 4 reset

This bit is set and cleared by software.
0: No effect
1: Reset UART 4

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

USART3RST: USART 3 reset
This bit is set and cleared by software.
0: No effect
1: Reset USART 3

USART2RST: USART 2 reset

This bit is set and cleared by software.
0: No effect
1: Reset USART 2

Reserved, must be kept at reset value.
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Bit 15 SPI3RST: SPI 3 reset
This bit is set and cleared by software.

0: No effect
1: Reset SPI 3

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 14 SPI2RST: SPI 2 reset
This bit is set and cleared by software.

0: No effect
1: Reset SPI 2

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

Bit 11 WWDGRST: Window watchdog reset
This bit is set and cleared by software.
0: No effect
1: Reset window watchdog

Bits 10 Reserved, must be kept at reset value.

Bit 9 LCDRST: LCD reset

This bit is set and cleared by software.
0: No effect
1: Reset LCD

Bits 8:6 Reserved, must be kept at reset value.

Bit 5 TIM7RST: Timer 7 reset

This bit is set and cleared by software.
0: No effect
1: Reset timer 7

Bit 4 TIM6RST: Timer 6reset
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
Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit2 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

3
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6.3.8 AHB peripheral clock enable register (RCC_AHBENR)
Address offset: 0x1C
Reset value: 0x0000 8000
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
Res. FSE'\’\A‘C Reserved AEENS Res. DM@zE DMATEN Reserved

w w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLITF CRCEN GPIOG | GPIOF | GPIOH | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
EN Reserved Reserved EN EN EN EN EN EN EN EN
w w w rw w w w w w w

Bit 31 Reserved, must be kept at reset value.

Bit 30 FSMCEN: FSMC clock enable

This bit is set and cleared by software.
0: FSMC clock disabled
1: FSMC clock enabled

Note: This bit is available in Cat.4 devices only.
Bits 29:28 Reserved, must be kept at reset value.

Bit 27 AESEN: AES clock enable
This bit is set and cleared by software.

0: AES clock disabled
1: AES clock enabled

Note: This bit is available in STM32L16x devices only.
Bit 26 Reserved, must be kept at reset value.

Bit 25 DMA2EN: DMAZ2 clock enable

This bit is set and cleared by software.
0: DMAZ2 clock disabled
1: DMAZ2 clock enabled

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 24 DMA1EN: DMA1 clock enable

This bit is set and cleared by software.
0: DMA1 clock disabled
1: DMA1 clock enabled

Bits 23:16 Reserved, must be kept at reset value.

Bit 15 FLITFEN: FLITF clock enable

This bit can be written only when the Flash memory is in power down mode.
0: FLITF clock disabled
1: FLITF clock enabled

Bits 14:13 Reserved, must be kept at reset value.
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Bit 122 CRCEN: CRC clock enable
This bit is set and cleared by software.

0: CRC clock disabled
1: CRC clock enabled

Bits 11:6 Reserved, must be kept at reset value.

Bit 7 GPIOGEN: 10 port G clock enable
This bit is set and cleared by software.

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

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 6 GPIOFEN: 10 port F clock enable
This bit is set and cleared by software.

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

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 5 GPIOHEN: 10 port H clock enable
This bit is set and cleared by software.

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

Bit 4 GPIOEEN: IO port E clock enable
This bit is set and cleared by software.

0: 1O port E clock disabled
1: 10 port E clock enabled

Bit 3 GPIODEN: 10 port D clock enable
Set and cleared by software.

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

Bit 2 GPIOCEN: 10 port C clock enable
This bit is set and cleared by software.

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

Bit 1 GPIOBEN: 10 port B clock enable
This bit is set and cleared by software.
0: 10 port B clock disabled
1: 10 port B clock enabled
Bit 0 GPIOAEN: 10 port A clock enable
This bit is set and cleared by software.

0: 10 port A clock disabled
1: 10 port A clock enabled
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6.3.9

Note:

31

30

APB2 peripheral clock enable register (RCC_APB2ENR)

Address: 0x20
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.

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

20

19

17

Reserved

15

14

13

12 1" 10 9 8 7 6

4

3

2

Res.

USART1

EN

Res.

SPI1 | SDIO ADC1

EN EN Res. EN Reserved

w

w w w

TIM11
EN

TIM10
EN

TIM9
EN

Res.

SYSCF
GEN

3

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

Bit 14

Bit 13
Bit 12

Bit 11

Bit 10
Bit 9

Bits 8:5

Bit 4

USART1EN: USART1 clock enable
This bit is set and cleared by software.

0: USART1 clock disabled
1: USART1 clock enabled

Reserved, must be kept at reset value.

SPHMEN: SPI 1 clock enable
This bit is set and cleared by software.
0: SPI 1 clock disabled
1: SPI1 1 clock enabled

SDIOEN: SDIO clock enable

This bit is set and cleared by software.
0: SDIO clock disabled
1: SDIO clock enabled

Note: This bit is available in Cat.4 devices only.
Reserved, must be kept at reset value.

ADC1EN: ADC1 interface clock enable

This bit is set and cleared by software.
0: ADC1 interface disabled
1: ADC1 interface clock enabled

Reserved, must be kept at reset value.

TIM11EN: TIM11 timer clock enable

This bit is set and cleared by software.
0: TIM11 timer clock disabled
1: TIM11 timer clock enabled
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Bit 3 TIM10EN: TIM10 timer clock enable
This bit is set and cleared by software.
0: TIM10 timer clock disabled
1: TIM10 timer clock enabled

Bit 2 TIM9EN: TIM9 timer clock enable
This bit is set and cleared by software.

0: TIM9 timer clock disabled
1: TIM9 timer clock enabled

Bit 1 Reserved, must be kept at reset value.

Bit 0 SYSCFGEN: System configuration controller clock enable
This bit is set and cleared by software.

0: System configuration controller clock disabled
1: System configuration controller clock enabled
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6.3.10 APB1 peripheral clock enable register (RCC_APB1ENR)
Address: 0x24
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.

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
COMP DAC | PWR USB | 12C2 | 12C1 | UART5 | UART4 |USART3|USART2
EN | Res. | EN | EN Reserved EN | EN | EN EN EN EN EN | Res.
w w w rw rw rw w rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWD LCD TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
EN | EN Reserved | GEN | Res. | EN Reserved EN EN EN EN EN EN
w w w w rw w rw rw rw w

Bit 31 COMPEN: COMP interface clock enable
This bit is set and cleared by software.

0: COMP interface clock disabled
1: COMP interface clock enable

Bits 30 Reserved, must be kept at reset value.

Bit 29 DACEN: DAC interface clock enable
This bit is set and cleared by software.

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

Bit 28 PWREN: Power interface clock enable
This bit is set and cleared by software.

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

Bits 27:24 Reserved, must be kept at reset value.

Bit 23 USBEN: USB clock enable
This bit is set and cleared by software.

0: USB clock disabled
1: USB clock enabled

Bit 22 12C2EN: I°C 2 clock enable
This bit is set and cleared by software.

0: I2C 2 clock disabled
1: 12C 2 clock enabled

Bit 21 12C1EN: 12C 1 clock enable
This bit is set and cleared by software.

0: I2C 1 clock disabled
1: 12C 1 clock enabled

3
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Bit 20 UARTS5EN: UART 5 clock enable
This bit is set and cleared by software.

0: UART 5 clock disabled
1: UART 5 clock enabled

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 19 UART4EN: UART 4 clock enable
This bit is set and cleared by software.

Note: 0: UART 4 clock disabled
1: UART 4 clock enabled
This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 18 USART3EN: USART 3 clock enable
This bit is set and cleared by software.
0: USART 3 clock disabled
1: USART 3 clock enabled

Bit 17 USART2EN: USART 2 clock enable

This bit is set and cleared by software.
0: USART 2 clock disabled
1: USART 2 clock enabled

Bit 16 Reserved, must be kept at reset value.

Bit 15 SPI3EN: SPI 3 clock enable

This bit is set and cleared by software.
0: SPI 3 clock disabled
1: SPI 3 clock enabled

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 14 SPI2EN: SPI 2 clock enable

This bit is set and cleared by software.
0: SPI 2 clock disabled
1: SPI 2 clock enabled

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

Bit 11 WWDGEN: Window watchdog clock enable
This bit is set and cleared by software.

0: Window watchdog clock disabled
1: Window watchdog clock enabled

Bit 10 Reserved, must be kept at reset value.

Bit9 LCDEN: LCD clock enable
This bit is set and cleared by software.

0: LCD clock disabled
1: LCD clock enabled

Bits 8:6 Reserved, must be kept at reset value.

Bit 5 TIM7EN: Timer 7 clock enable

This bit is set and cleared by software.
0: Timer 7 clock disabled
1: Timer 7 clock enabled

3
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Bit4 TIM6EN: Timer 6 clock enable
This bit is set and cleared by software.
0: Timer 6 clock disabled
1: Timer 6 clock enabled

Bit 3 TIM5EN: Timer 5 clock enable
This bit is set and cleared by software.

0: Timer 5 clock disabled
1: Timer 5 clock enabled

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 2 TIM4EN: Timer 4 clock enable
This bit is set and cleared by software.
0: Timer 4 clock disabled
1: Timer 4 clock enabled
Bit 1 TIM3EN: Timer 3 clock enable
This bit is set and cleared by software.
0: Timer 3 clock disabled
1: Timer 3 clock enabled
Bit 0 TIM2EN: Timer 2 clock enable
This bit is set and cleared by software.

0: Timer 2 clock disabled
1: Timer 2 clock enabled

6.3.11 AHB peripheral clock enable in low-power mode register
(RCC_AHBLPENR)

Address offset: 0x28
Reset value: 0x0101 903F

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

Note: The peripheral clock is enabled in sleep mode only if it previously has been enabled in
AHBENR register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
FSMC AES DMA2 | DMA1 SRAM
Res. LPEN Reserved LPEN Res. LPEN LPEN Reserved LPEN

w w w w w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLITF CRC GPIOG | GPIOF | GPIOH | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
LPEN Reserved LPEN Reserved LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN

w w rw w w w w rw w w

Bit 31 Reserved, must be kept at reset value.

Bit 30 FSMCLPEN: FSMC clock enable during Sleep mode
This bit is set and cleared by software.
0: FSMC clock disabled during Sleep mode
1: FSMC clock enabled during Sleep mode
Note: This bit is available in Cat.4 devices only.

Bits 29:28 Reserved, must be kept at reset value.
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Bit 27 AESLPEN: AES clock enable during Sleep mode
This bit is set and cleared by software.
0: AES clock disabled during Sleep mode
1: AES clock enabled during Sleep mode
Note: This bit is available in STM32L16x devices only.

Bit 26 Reserved, must be kept at reset value.

Bit 25 DMA2LPEN: DMAZ2 clock enable during Sleep mode
This bit is set and cleared by software.
0: DMAZ2 clock disabled during Sleep mode
1: DMAZ2 clock enabled during Sleep mode
Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 24 DMA1LPEN: DMA1 clock enable during Sleep mode
This bit is set and cleared by software.
0: DMAA1 clock disabled during Sleep mode
1: DMA1 clock enabled during Sleep mode

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

Bit 16 SRAMLPEN: SRAM clock enable during Sleep mode
This bit is set and cleared by software.
0: SRAM clock disabled during Sleep mode
1: SRAM clock enabled during Sleep mode

Bit 15 FLITFLPEN: FLITF clock enable during Sleep mode
This bit can be written only when the Flash memory is in power down mode.
0: FLITF clock disabled during Sleep mode
1: FLITF clock enabled during Sleep mode

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

Bit 122 CRCLPEN: CRC clock enable during Sleep mode
This bit is set and cleared by software.
0: CRC clock disabled during Sleep mode
1: CRC clock enabled during Sleep mode

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

Bit 7 GPIOGLPEN: 10 port G clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port G clock disabled during Sleep mode
1: 10 port G clock enabled during Sleep mode

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 6 GPIOFLPEN: 10 port F clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port F clock disabled during Sleep mode
1: 10 port F clock enabled during Sleep mode

Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 5 GPIOHLPEN: IO port H clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port H clock disabled during Sleep mode
1: 10 port H clock enabled during Sleep mode

3
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Bit 4 GPIOELPEN: 10 port E clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port E clock disabled during Sleep mode
1: 10 port E clock enabled during Sleep mode

Bit 3 GPIODLPEN: IO port D clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port D clock disabled during Sleep mode
1: 10 port D clock enabled during Sleep mode

Bit 2 GPIOCLPEN: IO port C clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port C clock disabled during Sleep mode
1: 10 port C clock enabled during Sleep mode

Bit 1 GPIOBLPEN: IO port B clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port B clock disabled during Sleep mode
1: 10 port B clock enabled during Sleep mode

Bit 0 GPIOALPEN: IO port A clock enable during Sleep mode
This bit is set and cleared by software.

0: 10 port A clock disabled during Sleep mode
1: 10 port A clock enabled during Sleep mode

6.3.12 APB2 peripheral clock enable in low-power mode register
(RCC_APB2LPENR)

Address: 0x2C
Reset value: 0x0000 521D

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

Note: The peripheral clock is enabled in sleep mode only if it's previously has been enabled in
APB2ENR register.
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
USART1 SPI1 SDIO ADC1 TIM11 | TIM10 | TIM9 SYSCF
Res. | LPEN | Res. | LPEN | LPEN | Res. | LPEN Reserved LPEN | LPEN | LPEN | Res. |GLPEN

w w w w rw rw rw rw

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

Bit 14 USART1LPEN: USART1 clock enable during Sleep mode
This bit is set and cleared by software.
0: USART1 clock disabled during Sleep mode
1: USART1 clock enabled during Sleep mode

Bit 13 Reserved, must be kept at reset value.
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Bit 12 SPIMLPEN: SPI 1 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI 1 clock disabled during Sleep mode
1: SPI 1 clock enabled during Sleep mode

Bit 11 SDIOLPEN: SDIO clock enable during Sleep mode
This bit is set and cleared by software.
0: SDIO clock disabled during Sleep mode
1: SDIO clock enabled during Sleep mode
Note: This bit is available in Cat.4 devices only.

Bit 10 Reserved, must be kept at reset value.

Bit 9 ADC1LPEN: ADC1 interface clock enable during Sleep mode
This bit is set and cleared by software.
0: ADC1 interface disabled during Sleep mode
1: ADC1 interface clock enabled during Sleep mode

Bits 8:5 Reserved, must be kept at reset value.

Bit4 TIM11LPEN: TIM11 timer clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM11 timer clock disabled during Sleep mode
1: TIM11 timer clock enabled during Sleep mode

Bit 3 TIM10LPEN: TIM10 timer clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM10 timer clock disabled during Sleep mode
1: TIM10 timer clock enabled during Sleep mode

Bit 2 TIMOLPEN: TIM9 timer clock enable during Sleep mode
This bit is set and cleared by software.
0: TIM9 timer clock disabled during Sleep mode
1: TIM9 timer clock enabled during Sleep mode

Bit 1 Reserved, must be kept at reset value.

Bit 0 SYSCFGLPEN: System configuration controller clock enable during Sleep mode
This bit is set and cleared by software.
0: System configuration controller clock disabled during Sleep mode
1: System configuration controller clock enabled during Sleep mode
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6.3.13 APB1 peripheral clock enable in low-power mode register
(RCC_APB1LPENR)

Address: 0x30
Reset value: 0OxBOE6 4A37

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

Note: The peripheral clock is enabled in sleep mode only if it’s previously has been enabled in
APB1ENR register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP DAC | PWR USB | I2C2 | I12C1 | UART5 | UART4 |USART3|USART2
LPEN | Res. |LPEN | LPEN Reserved LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | LPEN | Res.
w w rw rw rw w rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 g’a’l\’jg LcD TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
LPEN | LPEN | Reserved N | Res. | LPEN Reserved LPEN | LPEN | LPEN | LPEN | LPEN | LPEN
w rw w rw w rw rw rw w w

Bit 31 COMPLPEN: COMP interface clock enable during Sleep mode
This bit is set and cleared by software.
0: COMP interface clock disabled during Sleep mode
1: COMP interface clock enable during Sleep mode

Bit 30 Reserved, must be kept at reset value.

Bit 29 DACLPEN: DAC interface clock enable during Sleep mode
This bit is set and cleared by software.
0: DAC interface clock disabled during Sleep mode
1: DAC interface clock enable during Sleep mode

Bit 28 PWRLPEN: Power interface clock enable during Sleep mode
This bit is set and cleared by software.
0: Power interface clock disabled during Sleep mode
1: Power interface clock enable during Sleep mode

Bits 27:24 Reserved, must be kept at reset value.

Bit 23 USBLPEN: USB clock enable during Sleep mode
This bit is set and cleared by software.
0: USB clock disabled during Sleep mode
1: USB clock enabled during Sleep mode

Bit 22 12C2LPEN: I2C 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: 12C 2 clock disabled during Sleep mode
1: 12C 2 clock enabled during Sleep mode

Bit 21 12C1LPEN: I2C 1 clock enable during Sleep mode
This bit is set and cleared by software.
0: 12C 1 clock disabled during Sleep mode
1: 12C 1 clock enabled during Sleep mode

3
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Bit 20 UART5LPEN: USART 5 clock enable during Sleep mode
This bit is set and cleared by software.
0: UART 5 clock disabled during Sleep mode
1: UART 5 clock enabled during Sleep mode
Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 19 UART4LPEN: USART 4 clock enable during Sleep mode
This bit is set and cleared by software.
0: UART 4 clock disabled during Sleep mode
1: UART 4 clock enabled during Sleep mode
Note: This bit is available in Cat.4, Cat.5 and Cat.6 devices only.

Bit 18 USART3LPEN: USART 3 clock enable during Sleep mode
This bit is set and cleared by software.
0: USART 3 clock disabled during Sleep mode
1: USART 3 clock enabled during Sleep mode

Bit 17 USART2LPEN: USART 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: USART 2 clock disabled during Sleep mode
1: USART 2 clock enabled during Sleep mode

Bit 16 Reserved, must be kept at reset value.

Bit 15 SPI3LPEN: SPI 3 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI 3 clock disabled during Sleep mode
1: SPI 3 clock enabled during Sleep mode
Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bit 14 SPI2LPEN: SPI 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: SPI 2 clock disabled during Sleep mode
1: SPI 2 clock enabled during Sleep mode

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

Bit 11 WWDGLPEN: Window watchdog clock enable during Sleep mode
This bit is set and cleared by software.
0: Window watchdog clock disabled during Sleep mode
1: Window watchdog clock enabled during Sleep mode

Bit 10 Reserved, must be kept at reset value.

Bit9 LCDLPEN: LCD clock enable during Sleep mode
This bit is set and cleared by software.
0: LCD clock disabled during Sleep mode
1: LCD clock enabled during Sleep mode

Bits 8:6 Reserved, must be kept at reset value.

Bit 5 TIM7LPEN: Timer 7 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 7 clock disabled during Sleep mode
1: Timer 7 clock enabled during Sleep mode
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Bit4 TIM6LPEN: Timer 6 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 6 clock disabled during Sleep mode
1: Timer 6 clock enabled during Sleep mode
Bit 3 TIM5LPEN: Timer 5 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 5 clock disabled during Sleep mode
1: Timer 5 clock enabled during Sleep mode
Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.
Bit 2 TIM4LPEN: Timer 4 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 4 clock disabled during Sleep mode
1: Timer 4 clock enabled during Sleep mode
Bit 1 TIM3LPEN: Timer 3 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 3 clock disabled during Sleep mode
1: Timer 3 clock enabled during Sleep mode
Bit 0 TIM2LPEN: Timer 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: Timer 2 clock disabled during Sleep mode
1: Timer 2 clock enabled during Sleep mode
6.3.14 Control/status register (RCC_CSR)
Address: 0x34
Power-on reset value: 0x0C00 0000,
Access: 0 <wait state <3, word, half-word and byte access
Wait states are inserted in case of successive accesses to this register.

Note: The LSEON, LSEBYP, RTCSEL and RTCEN bits in the RCC control and status register
(RCC_CSR) are in the RTC domain. As these bits are write protected after reset, the DBP
bit in the Power control register (PWR_CR) has to be set to be able to modify them. Refer to
Section RTC and RTC backup registers for further information. These bits are only reset
after a RTC domain reset (see RTC and backup registers reset). Any internal or external
reset does not have any effect on them.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPWR | WWDG | IWDG | SFT | POR | PIN | OBLRS RTC | RTC )
RSTF | RSTF | RSTF | RSTF | RSTF | RsTF | TF | "MV ReT | EN Reserved RTCSEL[1:0]

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

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

LSECS |LSECS| LSE LSl
Resorved so | son | Byp |LSERDY [LSEON Resorved ROy | LSION
r rw rw r rw r w
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Bit 31

Bit 30

Bit 29

Bit 28

Bit 27

Bit 26

Bit 25

Bit 24

Bit 23

166/908

LPWRRSTF: Low-power reset flag
This bit is set by hardware when a Low-power management reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.
0: No Low-power management reset occurred
1: Low-power management reset occurred
For further information on Low-power management reset, refer to Low-power management
reset.

WWDGRSTF: Window watchdog reset flag

This bit is set by hardware when a window watchdog reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.

0: No window watchdog reset occurred

1: Window watchdog reset occurred

IWDGRSTF: Independent watchdog reset flag

This bit is set by hardware when an independent watchdog reset from Vpp domain occurs.
It is cleared by writing to the RMVF bit, or by a POR.

0: No watchdog reset occurred

1: Watchdog reset occurred

SFTRSTF: Software reset flag
This bit is set by hardware when a software reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.
0: No software reset occurred
1: Software reset occurred

PORRSTF: POR/PDR reset flag
This bit is set by hardware when a POR/PDR reset occurs.
It is cleared by writing to the RMVF bit.
0: No POR/PDR reset occurred
1: POR/PDR reset occurred

PINRSTF: PIN reset flag
This bit is set by hardware when a reset from the NRST pin occurs.
It is cleared by writing to the RMVF bit, or by a POR.
0: No reset from NRST pin occurred
1: Reset from NRST pin occurred

OBLRSTF Options bytes loading reset flag
This bit is set by hardware when an OBL reset occurs.
It is cleared by writing to the RMVF bit, or by a POR.
0: No OBL reset occurred
1: OBL reset occurred

RMVF: Remove reset flag
This bit is set by software to clear the reset flags.
0: No effect
1: Clear the reset flags

RTCRST: RTC software reset
This bit is set and cleared by software.
0: Reset not activated
1: Resets the RTC peripheral, its clock source selection and the backup registers.

3
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Bit 22 RTCEN: RTC clock enable

This bit is set and cleared by software.

It is reset by setting the RTCRST bit or by a POR.
0: RTC clock disabled

1: RTC clock enabled

Bits 21:18 Reserved, must be kept at reset value.
Bits 17:16 RTCSEL[1:0]: RTC and LCD clock source selection

These bits are set by software to select the clock source for the RTC.

Once the RTC and LCD clock source has been selected it cannot be switched until RTCRST
is set or a Power On Reset occurred. The only exception is if the LSE oscillator clock was
selected, if the LSE clock stops and it is detected by the CSS, in that case the clock can be
switched.

00: No clock

01: LSE oscillator clock used as RTC/LCD clock

10: LSI oscillator clock used as RTC/LCD clock

11: HSE oscillator clock divided by a programmable prescaler (selection through the
RTCPRE[1:0] bits in the RCC clock control register (RCC_CR)) used as the RTC/LCD clock

If the LSE or LSl is used as RTC clock source, the RTC continues to work in Stop and
Standby low-power modes, and can be used as wake-up source. However, when the HSE
clock is used as RTC clock source, the RTC cannot be used in Stop and Standby low-power
modes.

Bits 15:13 Reserved, must be kept at reset value.

Bit 12 LSECSSD: CSS on LSE failure Detection

Set by hardware to indicate when a failure has been detected by the Clock Security System
on the external 32 kHz oscillator (LSE).

Reset by power on reset and RTC software reset (RTCRST bit).

0: No failure detected on LSE (32 kHz oscillator)

1: Failure detected on LSE (32 kHz oscillator)

Note: This bit is available in Cat.2, Cat.3, Cat.4, Cat.5 and Cat.6 devices only.
Bit 11 LSECSSON CSS on LSE enable

Set by software to enable the Clock Security System on LSE (32 kHz oscillator).
LSECSSON must be enabled after the LSE and LSI oscillators are enabled (LSEON and
LSION bits enabled) and ready (LSERDY and LSIRDY flags set by hardware), and after the
RTCSEL bit is selected.

Once enabled this bit cannot be disabled, except after an LSE failure detection (LSECSSD
=1). In that case the software MUST disable the LSECSSON bit.

Reset by power on reset and RTC software reset (RTCRST bit).

0: CSS on LSE (32 kHz oscillator) OFF

1: CSS on LSE (32 kHz oscillator) ON

Note: This bit is available in Cat.2, Cat.3, Cat.4, Cat.5 and Cat.6 devices only.
Bit 10 LSEBYP: External low-speed oscillator bypass

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

It is reset by setting the RTCRST bit or by a POR.

0: LSE oscillator not bypassed

1: LSE oscillator bypassed
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Bit 9 LSERDY: External low-speed oscillator ready
This bit is set and cleared by hardware to indicate when the LSE oscillator is stable. After the
LSEON bit is cleared, LSERDY goes low after 6 LSE oscillator clock cycles.
It is reset by setting the RTCRST bit or by a POR.
0: External 32 kHz oscillator not ready
1: External 32 kHz oscillator ready

Bit 8 LSEON: External low-speed oscillator enable
This bit is set and cleared by software.
It is reset by setting the RTCRST bit or by a POR.
0: LSE oscillator OFF
1:LSE oscillator ON

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

Bit 1 LSIRDY: Internal low-speed oscillator ready

This bit is set and cleared by hardware to indicate when the LSI oscillator is stable. After the
LSION bit is cleared, LSIRDY goes low after 3 LS| oscillator clock cycles. This bit is kept set
if IWDG is activated.

This bit is reset by system reset.
0: LSI oscillator not ready
1: LSl oscillator ready

Bit 0 LSION: Internal low-speed oscillator enable

This bit is set and cleared by software.
It is reset by system reset.

0: LSl oscillator OFF

1: LS| oscillator ON

6.3.15 RCC register map

The following table gives the RCC register map and the reset values. The reserved memory
areas are highlighted in gray in the table.

Table 36. RCC register map and reset values

Off- .
wot | Register |Tlolaleinielelvlelqslgle|e|n|ele|2 (8|20 o[~ o|0|v|o|a| <o
o ol 3| z alz ¢l Al =z =l z =zl z
o
RCC_CR |9&&a B8 |2 ° ozl D g o g9
— g ololyl 2 |=2ld wlwlon ol @ R
0x00 oElEl3 8 |2F Reserved 0| ol F Reserved = Reserved Q| T
0 x|l 7] o I T = I
@ &
Reset value | o o]0 oo x|olo 1)1 olo
RCC_ICSCR MSITRIM[7:0] MSICAL[7:0] “éSE'[F;%'i‘ HSITRIM[4:0] HSICAL[7:0]
0x04 :
Reset value OO‘O‘OOO‘O‘OXXXXXXXX']‘O'] 1‘0 O‘O‘Oxxxxxxxx
o MCOPR PLL o
9 5| MCOSE PLLMUL[3:0 | B| | B | PPRE2 | PPRET | sws| sw
RCC_CFGR | 3 E S 20 | DV 1 2| 3 2 [2:0] 2:00 | HPREBOL | (101 | (1:0)
0x08 o [2:0] @ [1:0] ol 7| ®©
7 2 : gl g
a =
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Table 36. RCC register map and reset values (continued)
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Table 36. RCC register map and reset values (continued)
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Refer to Table 5 on page 47 for the register boundary addresses.
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7.2

7.3

3

General-purpose 1/0s (GPIO)

This section applies to the whole STM32L1xxxx family, unless otherwise specified.

GPIO introduction

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

GPIO main features

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

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

e  Speed selection for each 1/0O

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

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

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

e Analog function

e Alternate function input/output selection registers (at most 16 AFs per I/O)

e Fast toggle capable of changing every two clock cycles

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

GPIO functional description

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

e Input floating

e Input pull-up

e Input-pull-down

e Analog

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

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

e Alternate function push-pull with pull-up or pull-down capability
e Alternate function open-drain with pull-up or pull-down capability
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Each 1/0O port bit is freely programmable, however the I/O port registers have to be
accessed as 32-bit words, half-words or bytes. The purpose of the GPIOx_BSRR register is
to allow atomic read/modify accesses to any of the GPIO registers. In this way, there is no
risk of an IRQ occurring between the read and the modify access.

Figure 18 and Figure 19 show the basic structures of a standard and a 5 V tolerant 1/O port
bit, respectively. Table 40 gives the possible port bit configurations.

Figure 18. Basic structure of a standard 1/O port bit
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Figure 19. Basic structure of a five-volt tolerant I/O port bit
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1.

Vpp_fris a potential specific to five-volt tolerant I/Os and different from Vpp.

Table 37. Port bit configuration table()

M()[?:%?(i) OTYPER(i) OSTESA[;R“) PU[?S)?“) I/0 configuration
0 0 0 GP output PP
0 0 1 GP output PP + PU
0 1 0 GP output PP + PD
0 SPEED 1 1 Reserved
o 1 [B:A] 0 0 GP output oD
1 0 1 GP output OD + PU
1 1 0 GP output OD + PD
1 1 1 Reserved (GP output OD)
0 0 0 AF PP
0 0 1 AF PP + PU
0 1 0 AF PP + PD
0 SPEED 1 1 Reserved
10 1 [B:A] 0 0 |AF oD
1 0 1 AF OD + PU
1 1 0 AF OD +PD
1 1 1 Reserved

3
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Table 37. Port bit configuration table(") (continued)

MO[1DS;R(i) OTYPER(i) OSTESA[;R(D PU[?R)?“) 1/0 configuration

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

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

" X X X 1 0 Reserved
X X X 1 1

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

General-purpose 1/O (GPIO)

During and just after reset, the alternate functions are not active and the I/O ports are
configured in input floating mode.

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

e PA15: JTDI in pull-up

e PA14: JTCK/SWCLK in pull-down

e  PA13: JTMS/SWDAT in pull-up

e PB4: NJTRST in pull-up

e PB3:JTDO in floating state

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

(GPIOx_ODR) is output on the I/O pin. It is possible to use the output driver in push-pull
mode or open-drain mode (only the N-MOS is activated when 0 is output).

The input data register (GPIOx_IDR) captures the data present on the 1/O pin at every AHB
clock cycle.

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

1/0 pin multiplexer and mapping

The microcontroller /O pins are connected to onboard peripherals/modules through a
multiplexer that allows only one peripheral’s alternate function (AF) connected to an 1/O pin
at a time. In this way, there can be no conflict between peripherals sharing the same 1/O pin.

Each 1/0O pin has a multiplexer with sixteen alternate function inputs (AFO to AF15) that can
be configured through the GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15)
registers:

e After reset all I/Os are connected to the system’s alternate function 0 (AFO0)
e The peripherals’ alternate functions are mapped from AF1 to AF14
e Cortex®-M3 EVENTOUT is mapped on AF15

3
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This structure is shown in Figure 20 below.

In addition to this flexible 1/O multiplexing architecture, each peripheral has alternate
functions mapped onto different I/O pins to optimize the number of peripherals available in
smaller packages.
To use an I/O in a given configuration, proceed as follows:
e System function

Connect the I/O to AF0 and configure it depending on the function used:

— JTAG/SWD, after each device reset these pins are assigned as dedicated pins
immediately usable by the debugger host (not controlled by the GPIO controller)

— RTC_AF1: refer to Table 39: RTC_AF1 pin for more details about this pin
configuration

— RTC_50Hz: this pin should be configured in Input floating mode
— MCO: this pin has to be configured in alternate function mode.

Note: The user can disable some or all of the JTAG/SWD pins and so release the associated pins
for GPIO usage (released pins highlighted in gray in the table).

For more details please refer to Section 6.2.13: Clock-out capability.

Table 38. Flexible SWJ-DP pin assignment
SWJ I/O pin assigned

Available debug ports PA13/ | PA14/
JTMS/ | JTCK/
SWDIO | SWCLK

PA15/| PB3/ PB4/
JTDI | JTDO | NJTRST

Full SWJ (JTAG-DP + SW-DP) - Reset state X X X X X
Full SWJ (JTAG-DP + SW-DP) but without

NJTRST X X X X

JTAG-DP Disabled and SW-DP Enabled X X

JTAG-DP Disabled and SW-DP Disabled Released

. GPIO

Configure the desired 1/O as output, input or analog in the GPIOx_MODER register.
e Peripheral alternate function

For the ADC and DAC, configure the desired I/O as analog in the GPIOx_MODER
register.

For other peripherals:
—  Configure the desired I/O as an alternate function in the GPIOx_MODER register

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

—  Connect the I/O to the desired AFx in the GPIOx_AFRL or GPIOx_AFRH register
e EVENTOUT

Configure the 1/0 pin used to output the Cortex®-M3 EVENTOUT signal by connecting

it to AF15

Note: EVENTOUT is not mapped onto the following I/0 pins: PHO, PH1 and PH2.

3
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Please refer to the “Alternate function mapping” table in the datasheets for the detailed
mapping of the system and peripherals’ alternate function 1/O pins.

7.3.3

Figure 20. Selecti

ng an alternate function
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1/0 port control registers

Each of the GPIOs has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 1/Os.

The GPIOx_MODER register is used to select the I/O direction (input, output, AF, analog).
The GPIOx_OTYPER and GPIOx_OSPEEDR registers are used to select the output type
(push-pull or open-drain) and speed (the 1/0 speed pins are directly connected to the
corresponding GPIOx_OSPEEDR register bits whatever the 1/O direction). The
GPIOx_PUPDR register is used to select the pull-up/pull-down whatever the 1/O direction.
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7.3.6

3

1/0 port data registers

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

See Section 7.4.5: GPIO port input data register (GPIOx_IDR) (x = A..H) and Section 7.4.6:
GPIO port output data register (GPIOx_ODR) (x = A..H) for the register descriptions.

I/0 data bitwise handling

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

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

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

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

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

GPIO locking mechanism

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

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

The LOCK sequence (refer to Section 7.4.8: GPIO port configuration lock register
(GPIOx_LCKR) (x = A..H)) can only be performed using a word (32-bit long) access to the
GPIOx_LCKR register due to the fact that GPIOx_LCKR bit 16 has to be set at the same
time as the [15:0] bits.

For more details please refer to LCKR register description in Section 7.4.8: GPIO port
configuration lock register (GPIOx_LCKR) (x = A..H).
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7.3.9
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1/0 alternate function input/output

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

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

To know which functions are multiplexed on each GPIO pin, refer to the datasheets.

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

External interrupt/wakeup lines

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode, refer to Section 10.2: External interrupt/event controller (EXTI)
and Section 10.2.3: Wakeup event management.

Input configuration

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

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

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

e Aread access to the input data register provides the I/O State

Figure 21 shows the input configuration of the 1/O port bit.

Figure 21. Input floating/pull up/pull down configurations
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Output configuration

When the 1/O port is programmed as output:

The output buffer is enabled:

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

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

The Schmitt trigger input is activated

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

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

A read access to the input data register gets the 1/O state
A read access to the output data register gets the last written value

Figure 22 shows the output configuration of the I/O port bit.

Figure 22. Output configuration
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Alternate function configuration

When the 1/O port is programmed as alternate function:

The output buffer can be configured as open-drain or push-pull

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

The Schmitt trigger input is activated

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

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

A read access to the input data register gets the 1/0O state

Figure 23 shows the Alternate function configuration of the 1/0O port bit.
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Figure 23. Alternate function configuration

To on-chip Alternate function input
peripheral <

on

|
| Y
I N

|

|

Read

protection
diode

1/0 pin

protection
diode

<+ o
8
§ TTL Schmitt

g = trigger

2 — | =

j=2) .

Write g . {lnputdriver |
> g 2
By rAa— == — — — — — — — — —t

g ? Output driver Vpp

3 P |

s g | [ p-mos

5 —I—. Output
- g— | control
N-MOS
Read/write © | —1
- push-pull or
Vss e

From on-chip - - - - - _ == _ open-drain
peripheral Alternate function output

ai15942b

Analog configuration

When the 1/O port is programmed as analog configuration:
e  The output buffer is disabled

e  The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt trigger is forced to a constant value (0).

e  The weak pull-up and pull-down resistors are disabled
e Read access to the input data register gets the value “0”

The alternate function configuration described above is not applied when the selected
alternate function is a LCD function. In case, the I/O, programmed as an alternate function

output, is configured as described in the analog configuration.

Figure 24 shows the high-impedance, analog-input configuration of the 1/0 port bit.

Figure 24. High impedance-analog configuration
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7.3.13

Note:

7.3.14

7.3.15

Using the OSC32_IN/OSC32_OUT pins as GPIO PC14/PC15

port pins

The LSE oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose
PC14 and PC15 1I/Os, respectively, when the LSE oscillator is off. The PC14 and PC15 I/Os
are only configured as LSE oscillator pins OSC32_IN and OSC32_OUT when the LSE

oscillator is ON. This is done by setting the LSEON bit in the RCC_BDCR register. The LSE
has priority over the GPIO function.

The PC14/PC15 GPIO functionality is lost when the Vcore domain is powered off (by the
device entering the standby mode). In this case the I/Os are set in analog input mode.

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

The HSE oscillator pins OSC_IN/OSC_OUT can be used as general-purpose PHO/PH1
I/Os, respectively, when the HSE oscillator is OFF. (after reset, the HSE oscillator is off). The
PHO/PH1 1/Os are only configured as OSC_IN/OSC_OUT HSE oscillator pins when the
HSE oscillator is ON. This is done by setting the HSEON bit in the RCC_CR register. The
HSE has priority over the GPIO function.

Selection of RTC_AF1 alternate functions

The STM32L1xxxx features:

e Two GPIO pins, which can be used as wakeup pins (WKUP1 and WKUP3).

e One GPIO pin, which can be used as a wakeup pin (WKUP2), for the detection of a
tamper or time-stamp event, or to output RTC AFO_ALARM or AFO_CALIB.

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

e  Wakeup pin 2 (WKUP?2): this feature is enabled by setting the EWUP2 in the
PWR_CSR register.

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

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

e RTC AFI_TAMPER1: Tamper event detection
e Time-stamp event detection

The selection of the RTC AFO_ALARM output is performed through the RTC_TAFCR
register as follows: ALARMOUTTYPE is used to select whether the RTC AFO_ALARM
output is configured in push-pull or open-drain mode.

The output mechanism follows the priority order shown in Table 39.

Table 39. RTC_AF1 pin("

Pin

configuration

ALARMOUTTYPE

AFO_ALARM | AFO_CALIB Tamper Time-stamp EWUP2 AFO_ALARM

enabled enabled enabled enabled enabled

and function configuration

Alarm out
output OD

1 0 Don’t care Don’t care Don’t care 0

Alarm out
output PP

1 0 Don’t care Don'’t care Don’t care 1

S74
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Table 39. RTC_AF1 pin!") (continued)

.Pm . AFO_ALARM | AFO_CALIB Tamper Time-stamp EWUP2 ALARMOUTTYPE
configuration AFO_ALARM
. enabled enabled enabled enabled enabled " .
and function configuration
Calibration out 0 1 Don’t care Don'’t care Don’t care Don’t care
output PP
TAM.PER input 0 0 1 0 Don’t care Don't care
floating
TIMESTAMP
and TAMPER 0 0 1 1 Don’t care Don'’t care
input floating
.TlMESTAMP 0 0 0 1 Don'’t care Don’t care
input floating
Wakeup Pin 2 0 0 0 0 1 Don’t care
Standard GPIO 0 0 0 0 0 Don't care

1. OD: open drain; PP: push-pull.
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7.4 GPIO registers
This section gives a detailed description of the GPIO registers.
For a summary of register bits, register address offsets and reset values, refer to Table 40.
The GPIO registers can be accessed by byte (8 bits), half-words (16 bits) or words (32 bits).
7.41 GPIO port mode register (GPIOx_MODER) (x = A..H)
Address offset: 0x00
Reset values:
e  0xAB800 0000 for port A
e  0x0000 0280 for port B
e  0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODER15[1:0] | MODER14[1:0] | MODER13[1:0] | MODER12[1:0] | MODER11[1:0] | MODER10[1:0] | MODER9[1:0] | MODERS[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODER7[1:0] | MODERS[1:0] | MODERS5[1:0] | MODER4[1:0] | MODER3[1:0] | MODER2[1:0] | MODER1[1:0] | MODERO[1:0]
Bits 2y:2y+1 MODERYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/0O direction mode.
00: Input (reset state)
01: General purpose output mode
10: Alternate function mode
11: Analog mode
74.2 GPIO port output type register (GPIOx_OTYPER)
(x = A..H)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 | OT9 | OT8 | OT7 | OT6 | OT5 | OT4 | OT3 | OT2 | OT1 | OTO
w w rw w w w w w w w w w w w w w

3

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

Bits 15:0 OTy: Port x configuration bits (y = 0..15)

These bits are written by software to configure the output type of the I/O port.
0: Output push-pull (reset state)
1: Output open-drain
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7.4.3 GPIO port output speed register (GPIOx_OSPEEDR)
(x =A..H)
Address offset: 0x08
Reset values:
e  (0x0000 00CO for port B
e  0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEEDR15 | OSPEEDR14 | OSPEEDR13 | OSPEEDR12 | OSPEEDR11 OSPEEDR10 | OSPEEDR9 | OSPEEDRS
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEEDR7[1:0] | OSPEEDRS[1:0] | OSPEEDRS5[1:0] | OSPEEDRA4[1:0] | OSPEEDR3[1:0] | OSPEEDR2[1:0] OSFEEE]E’R1 OSPE(')E]DRO
Bits 2y:2y+1 OSPEEDRY[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/0 output speed.
00: Low speed
01: Medium speed
10: High speed
11: Very high speed
Note: Refer to the product datasheets for the values of OSPEEDRYy bits versus Vpp
range and external load.
744 GPIO port pull-up/pull-down register (GPIOx_PUPDR)
(x = A..H)
Address offset: 0x0C
Reset values:
e  0x6400 0000 for port A
e (0x0000 0100 for port B
e  0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PUPDR15[1:0] | PUPDR14[1:0] | PUPDR13[1:0] | PUPDR12[1:0] | PUPDR11[1:0] | PUPDR10[1:0] | PUPDR9[1:0] | PUPDRS[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPDR7[1:0] | PUPDR6[1:0] | PUPDR5[1:0] | PUPDR4[1:0] | PUPDR3[1:0] | PUPDR2[1:0] | PUPDR1[1:0] | PUPDRO[1:0]

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

184/908

01: Pull-up
10: Pull-down
11: Reserved
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745 GPIO port input data register (GPIOx_IDR) (x = A..H)

Address offset: 0x10
Reset value: 0x0000 XXXX (where X means undefined)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 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.

7.4.6 GPIO port output data register (GPIOx_ODR) (x = A..H)

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

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

w w w w w w w w w w w w w 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.

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

747 GPIO port bit set/reset register (GPIOx_BSRR) (x = A..H)

Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO

15 14 13 12 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
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Bits 31:16 BRYy: Port x reset bity (y = 0..15)
These bits are write-only and can be accessed in word, half-word or byte mode. A read to
these bits returns the value 0x0000.
0: No action on the corresponding ODRX bit
1: Resets the corresponding ODRX bit
Note: If both BSx and BRx are set, BSx has priority.

Bits 15:0 BSy: Port x set bit y (y= 0..15)
These bits are write-only and can be accessed in word, half-word or byte mode. A read to
these bits returns the value 0x0000.
0: No action on the corresponding ODRX bit
1: Sets the corresponding ODRXx bit

7.4.8 GPIO port configuration lock register (GPIOx_LCKR)
(x =A..H)
This register is used to lock the configuration of the port bits when a correct write sequence
is applied to bit 16 (LCKK). The value of bits [15:0] is used to lock the configuration of the
GPIO. During the write sequence, the value of LCKR[15:0] must not change. When the

LOCK sequence has been applied on a port bit, the value of this port bit can no longer be
modified until the next MCU or peripheral reset.

Note: A specific write sequence is used to write to the GPIOx_LCKR register. Only word access
(32-bit long) is allowed during this write sequence.

Each lock bit freezes a specific configuration register (control and alternate function
registers).

Address offset: 0x1C
Reset value: 0x0000 0000

Access: 32-bit word only, read/write register

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

LCK15 | LCK14 | LCK13 | LCK12 | LCK11 | LCK10 | LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 | LCKO

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

3
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Bits 31:17 Reserved, must be kept at reset value.

Bit 16 LCKKI16]: Lock key
This bit can be read any time. It can only be modified using the lock key write sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. The GPIOx_LCKR register is locked until an MCU reset
or a peripheral reset occurs.

LOCK key write sequence:

WR LCKR[16] = ‘1" + LCKR[15:0]

WR LCKR[16] = ‘0’ + LCKR[15:0]

WR LCKR[16] = ‘1" + LCKR[15:0]

RD LCKR

RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)
Note: During the LOCK key write sequence, the value of LCK[15:0] must not change.

Any error in the lock sequence aborts the lock.

After the first lock sequence on any bit of the port, any read access on the LCKK bit will
return ‘1’ until the next CPU reset.

Bits 15:0 LCKy: Port x lock bity (y=0..15)
These bits are read/write but can only be written when the LCKK bit is ‘0.

0: Port configuration not locked
1: Port configuration locked

749 GPIO alternate function low register (GPIOx_AFRL) (x = A..H)

Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFRL7[3:0] AFRL6[3:0] AFRL5[3:0] AFRLA[3:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFRL3[3:0] AFRL2[3:0] AFRL1[3:0] AFRLO[3:0]

Bits 31:0 AFRLy: Alternate function selection for port x bity (y = 0..7)
These bits are written by software to configure alternate function 1/0Os

AFRLy selection:

0000: AFO 1000: AF8

0001: AF1 1001: AF9

0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15

3
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7.4.10 GPIO alternate function high register (GPIOx_AFRH)
(x =A..H)
Address offset: 0x24
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AFRH15[3:0] AFRH14[3:0] AFRH13[3:0] AFRH12[3:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFRH11[3:0] AFRH10[3:0] AFRHY[3:0] AFRH8[3:0]
Bits 31:0 AFRHy: Alternate function selection for port x bity (y = 8..15)
These bits are written by software to configure alternate function 1/Os
AFRHYy selection:
0000: AFO 1000: AF8
0001: AF1 1001: AF9
0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
7.4.11 GPIO bit reset register (GPIOx_BRR) (x = A..H)
These registers are available on Cat.3, Cat.4, Cat.5 and Cat.6 products only.
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
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BRS | 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 BRYy: Port x Reset bity (y=0 .. 15)
These bits are write-only. A read to these bits returns the value 0x0000
0: No action on the corresponding ODRX bit
1: Reset the corresponding ODRX bit
7412 GPIO register map
The following table gives the GPIO register map and the reset values. The reserved
memory areas are highlighted in gray in the table.
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Table 40. GPIO register map and reset values
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Table 40. GPIO register map and reset values (continued)

i o ~| ©| v o ~| ol v <t ™ o

Offset| Register T3 & K& QIQNJ K252 I 2V 2 oo~ o w <o n-o

o [« oo [« |o -
GPIOx DR cEEEERRRERRERRER
0x10 | (where x = A.H) Reserved clolclclc|a|8|8|8|8|8|a|a|a|a|a
Reset value XX | X |X|X|Xx|Xx|[x|[x|[x|x]|x]|x]|x]|x]|x

o[« oo = |o -
0x14 | (where x = A.H) Reserved 515181518|15e|6|e|6e|e|e|o|e |6
Reset value o|jofo|jojof0|0OfO|jOfO|O|OfOfO]|O|O
PO B e R R R EREE e ERRER R IGGIBIBRE1EIE31SR3
0x18 | (wherex=A.H) |& & & X 012 ¢ 0 |0 (o6 |6 |0 |6 (o0 |60 (o6 |B (R (D (R(8 |2 |0 |0 |@ |0 |0 | |6 |« |0 |«
Reset value ofojojojofofojojojo|jojofojojojojofjojofojojo|jojofojojofojojofojo

o[« o | [« |o -
GPIOX_LCKR SlclclclclClcIRIRIRICRR R IRIRIE
0x1C | (where x = A.H) Reserved AR R R R A = A e e e R
Reset value ojo|jofo|jofo|ojofo|of0O|jO|OfOfO]|O|O

GPIOX_AFRL _ _ _ , _ . ) .
ox20 | (wherex = A Hy | AFRLTIZ0) | AFRL6[3:0] | AFRLS[3:0] | AFRLA[3:0] | AFRL3[30] | AFRL2I3:0] | AFRL1[3:0] | AFRLO[3:0]

Reset value 0|0|0|0 0|0|0|o o|o|0|0 o|0|0|0 0|o|0|0 0|0|o|o o|o|0|o 0|0|o|0
GPIOXx_AFRH
0x24 (where x = A..H)

AFRH15[3:0] | AFRH14[3:0] | AFRH13[3:0] | AFRH12[3:0] | AFRH11[3:0] | AFRH10[3:0] | AFRH9[3:0] | AFRH8[3:0]

Reset value 0|0|0|0 0|0|0|o o|o|0|0 o|0|0|00000000000000000
GPIOx_BRR

N LIS laolais]|e vl |o o= o

(where x = rlrlr|lx|lr |l ||| || ||| x|

0x28 A.H) Reserved 0|0 (0|0 |0 |(;m|2 |0 (0|00 0o Mo 0

Reset value o|lolo|ofo|lo|o|o|oflo|o|Oo|O|O|O]|O

Refer to Section: Memory map for the register boundary addresses.

3
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System configuration controller (SYSCFG) and routing interface (RI)

8

8.1

8.2

Note:

3

System configuration controller (SYSCFG) and
routing interface (RI)

This section applies to the whole STM32L1xxxx family, unless otherwise specified.

SYSCFG and Rl introduction

The system configuration controller is mainly used to remap the memory accessible in the
code area, and manage the external interrupt line connection to the GPIOs.

The routing interface provides high flexibility by allowing the software routing of 1/0s toward
the input captures of the STM32L1xxxx three general-purpose timers (TIM2, TIM3 and
TIM4).

The STM32L1xxxx ADC has an analog input matrix that is usually managed by a specific
ADC interface. With the routing interface, it is possible to connect several I/O analog pins to
a given channel of the ADC matrix by managing the analog switches of each 1/0.

RI main features

e  TIM2/TIM3/TIM4’s input captures 1,2,3 and four routing selections from selectable 1/0Os
¢ Routing of internal reference voltage Vrgp T t0 Selectable 1/Os for all packages

e Upto 40 external I/Os + 3 internal nodes (internal reference voltage + temperature
sensor + Vpp and Vpp,, measurement by Veoup) can be used for data acquisition
purposes in conjunction with the ADC interface

e Input and output routing of COMP1 and COMP2

The RI registers can be accessed only when the comparator interface clock is enabled by
setting the COMPEN bit in the RCC_APB1ENR register. Refer to Section 6.3.10 on page
157.
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Figure 25. Routing interface (RI) block diagram for Cat.1 and Cat.2 devices
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1. For the list of all available I/Os on the device please refer to the device datasheet.
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Figure 26. Routing interface (RI) block diagram for Cat.3 devices
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1. These I/O pins cannot be used as COMP1 inputs.
2. For the list of all available 1/Os on the device please refer to the device datasheet.
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Figure 27. Routing interface (RI) block diagram for Cat.4, Cat.5 and Cat.6 devices
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1. These I/O pins cannot be used as COMP1 inputs.
2. For the list of all available 1/0Os on the device please refer to the device datasheet.
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8.3

8.3.1

Note:

3

RI functional description

Special I/0 configuration

Two matrices of switches control the routing of I/Os toward analog blocks (that is the ADC or
the comparator): I/O switches and ADC switches (refer to Figure 25: Routing interface (RI)
block diagram for Cat.1 and Cat.2 devices).

e When |/Os are used for analog purposes other than data acquisition, the I/O and ADC
switch matrices have to be controlled by the RI_ASCR1 and RI_ASCR2 registers.
These registers are then used to close or open switches by software: the switch is
opened if the corresponding bit is reset and closed if set.

e When I/Os are used as ADC inputs for data acquisition purposes, the I/O and ADC
switch matrices are directly controlled by the ADC interface. The corresponding bits in
the RI_ASCR1 and RI_ASCR2 registers must be kept cleared (switches open).

Cat.3, Cat.4, Cat.5 and Cat.6 devices:

Up to 6 I/Os are connected directly and independently to the ADC, these 6 1/Os offer the
capability of fast data acquisition (Max ADC acquisition time). All others ADC channels have
reduced sampling rate, see product datasheet. The output of the operational amplifiers 1
and 2 are directly connected to the ADC switches matrix and can be used also at the full
speed sampling rate.This is not the case for operational amplifier 3 because its output goes
through an additional COMP1_SW1 switch before to be connected to ADC switches matrix,
available in Cat.4 devices only.

As shown in Table 41: I/0 groups and selection on page 196, 50 1/Os are grouped within 11
groups to allow the 1/Os to be used for the touch sensing interface. When they are
programmed in input mode by standard GPIO registers, the Schmidt trigger and the
hysteresis are enable by default. In this mode, registers RI_ASCRx and RI_HYSCR allow
simultaneously to close the corresponding analog switch pad and disable the Schmidt
trigger hysteresis. So, It is possible to read the corresponding port with a trigger level of
VDDIO/2.

Among these 11 groups 7 groups (34 1/0s) are multiplexed to the ADC thanks to analog
switches. With the 6 fast independent channels, 40 I/Os are available for data acquisition
but only 29 1/Os are available for COMP1 positive input (see Figure 63: COMP1
interconnections (Cat.1 and Cat.2 devices) on page 334 and Figure 64: COMP1
interconnections (Cat.3, Cat.4, Cat.5 and Cat.6 devices) on page 335).

Specific channels dedicated for each OPAMP use 3 I/Os among the 40 1/Os discussed
above when these amplifiers are selected. (see Section 15: Operational amplifiers (OPAMP)
on page 344)

Cat.1 and Cat.2 devices:

For all I/Os used as comparator inputs, the I/O port configuration must be kept in analog
mode.

Table 41 shows the grouping of I/Os, the control register bits used to configure them as
analog inputs or outputs (irrespective of standard 1/0 port programming), and the associated
ADC channel number.
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Table 41. 1/0 groups and selection

Group GPIO port Analog ADC | 1 , ADC analog switch I/O functions
numbering channel
GR1-1 PAO ADC_INO RI_ASCR1->CHO
GR1-2 PA1 ADC_IN1 RI_ASCR1->CH1
Group = = COMP1_INP
1 GR1-3 PA2 ADC_IN2 RI_ASCR1->CH2
GR1-4 PA3 ADC_IN3 RI_ASCR1->CH3
GR2-1 PAG ADC_IN6 RI_ASCR1->CH6
GR2-2 PA7 ADC_IN7 RI_ASCR1->CH7
Grcz’“p GR2-3 PF15 ADC_IN7b RI_ASCR2->CH7b COMP1_INP
GR2-4(" PGO® ADC_IN8b RI_ASCR2->CH8b
GR2-5() PG1@ ADC_IN9b RI_ASCR2->CH9b
GR3-1 PBO ADC_IN8 RI_ASCR1->CH8
COMP1_INP /VREF_OUT
GR3-2 PB1 ADC_IN9 RI_ASCR1->CH9
Grg”p GR3-3(" PB2 ADC_INOb RI_ASCR2->CHOb
GR3-4(") PF11 ADC_IN1b RI_ASCR2->CH1b COMP1_INP
GR3-5(1) PF12 ADC_IN2b RI_ASCR2->CH2b
GR4-1 PA8 RI_ASCR2->GR4-1
GrZ”p GR4-2 PA9 NA RI_ASCR2->GR4-2 -
GR4-3 PA10 RI_ASCR2->GR4-3
GR5-1 PA13 RI_ASCR2->GR5-1
Grg“p GR5-2 PA14 NA RI_ASCR2->GR5-2 -
GR5-3 PA15 RI_ASCR2->GR5-3
GR6-1 PB4 RI_ASCR2->GR6-1
Group| GR6-2 PB5 A RI_ASCR2->GR6-2 COMP2_INP
6 | GRe-3(" PB6 RI_ASCR2->GR6-3
GR6-4(") PB7 RI_ASCR2->GR6-4 COMP2_INP/PVD_IN
ADC_IN18
GR7-1 PB12 JADG. IN18b RI_ASCR1->CH18
ADC_IN19/
GR7-2 PB13 ADC IN19b RI_ASCR1->CH19
crous| GR7-3 PB14 Ao | RILASCR1->CH20
rg”p - COMP1_INP
ADC_IN21/
GR7-4 PB15 ADG IN21b RI_ASCR1->CH21
GR7-5(1) PG2® ADC_IN10b RI_ASCR2->CH10b
GR7-6(") PG3@ ADC_IN11b RI_ASCR2->CH11b
GR7-7("M PG4 ADC_IN12b RI_ASCR2->CH12b
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Table 41. 1/0 groups and selection (continued)

Group GPIO port Analog ADC | 1 , ADC analog switch I/O functions
numbering channel
GR8-1 PCO ADC_IN10 RI_ASCR1->CH10
. GRS8-2 PC1 ADC_IN11 RI_ASCR1->CH11
roup
g | GR83 PC2 ADC_IN12 RI_ASCR1->CH12 COMP1_INP
GR8-4 ADC_IN13/
PC3 ADG IN13b RI_ASCR1->CH13
ADC_IN14/
GR9-1 PC4 ADG.IN14b RI_ASCR1->CH14
ADC_IN15/
Grgup GR9-2 PC5 ADG IN15b RI_ASCR1->CH15 COMP1_INP
GR9-3(") PF13 ADC_IN3b RI_ASCR2->GR9-3
GR9-4(") PF14 ADC_IN6b RI_ASCR2->GR9-4
GR10-1 PC6 RI_ASCR2->GR10-1
Group | GR10-2 PC7 A RI_ASCR2->GR10-2 ]
10 | GR10-3 PC8 RI_ASCR2->GR10-3
GR10-4 PC9 RI_ASCR2->GR10-4
ADC_IN27/
GR11-1 PF6 ADG IN27b RI_ASCR1->CH27
ADC_IN28/
GR11-2 PF7 ADG IN28b RI_ASCR1->CH28
Group ADC_IN29/
4| GR11-3 PF8 ADG.IN29b RI_ASCR1->CH29 COMP1_INP
ADC_IN30/
GR11-4 PF9 ADG IN30b RI_ASCR1->CH30
ADC_IN31/
GR11-5 PF10 ADG IN31b RI_ASCR1->CH31
ADC_IN4/
PA4 ADG IN4b RI_ASCR1->CH4 COMP1_INP/DAC1
ADC_IN5/
PA5 ADG IN5b RI_ASCR1->CH5 COMP1_INP/DAC2
ADC_IN22/
PE7 ADG IN22b RI_ASCR1->CH22 COMP1_INP
Direct channels DG IN23/
PES ADG_IN23b RI_ASCR1->CH23 COMP1_INP
ADC_IN24/
PE9 ADG IN24b RI_ASCR1->CH24 COMP1_INP
ADC_IN25/
PE10 ADG IN25b RI_ASCR1->CH25 COMP1_INP
OPAMP1_VOUT - ADC_IN3 NA -
Direct channel PA3 ADC_IN3 COMP_CSR->FCH3 -
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Table 41. 1/0 groups and selection (continued)

Group GPIO port Analog ADC | 1 , ADC analog switch I/O functions
numbering channel
OPAMP2_VOUT ADC_IN8 NA -
Direct channel PBO ADC_IN8 COMP_CSR->FADC_IN8 -
OPAMP3_VOUT ADC_IN13 NA -
- PC3 ADC_IN13 COMP_CSR->RCH13 -
ADC_IN16/
- Vs ADC_IN16b NA ;
ADC_IN17/
) VREFINT ADC_IN17b NA )
ADC_IN26/
) Veomp ADC_IN26b NA )
NA PB3 NA COMP2_INM
NA PB6(" NA COMP2_INP
NA PB7 NA PVD_IN/COMP2_INP

1. Available only in Cat.3, Cat.4, Cat.5 and Cat.6 devices.
2. When used in touch sensing solutions, these GPIOs can only be configured as sampling capacitor 1/Os.
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8.3.2 Input capture routing

By default (at reset), the four input captures of the three general-purpose timers (TIM2,
TIM3, TIM4) are connected to the 1/0O port specified in the STM32L1xxxx datasheet’s “pin
descriptions” table.

The 1/0O routing can be changed by programming register RI_ICR as indicated below:

e  The input capture 1 of TIM2, TIM3 and TIM4 can be rerouted from any 1/O by
configuring the IC110S[3:0] bits in RI_ICR.

e  The input capture 2 of TIM2, TIM3 and TIM4 can be rerouted from any 1/O by
configuring the IC2I0S[3:0] bits in RI_ICR.

e  The input capture 3 of TIM2, TIM3 and TIM4 can be rerouted from any 1/O by
configuring the IC3I0S[3:0] bits in RI_ICR.

e  The input capture 4 of TIM2, TIM3 and TIM4 can be rerouted from any 1/O by
configuring the 1IC410S[3:0] bits in RI_ICR.

Refer to the following table for I/O routing to the input capture timers.

This capability can be applied on only one out of the three timers at a time by configuring
TIM[1:0] in RI_ICR. When TIM[1:0]= 00 none of the three timers are affected by the I/O
routing: the defaults connections are enabled.

Moreover, when a timer is selected, 1/0 routing can be enabled for one or more input
captures by configuring the IC1, IC2, IC3 and IC4 bits in RI_ICR.

Refer to Table 42 for the 1/0 correspondence and to Table 43 for the timer selection.

Table 42. Input capture mapping

IC110S /IC210S / IC3I0S / IC4I10S TIMx IC1/ TIMx IC2 / TIMx IC3 / TIMx IC4

0000 PAO / PA1/ PA2 / PA3

0001 PA4 | PA5 | PAG / PA7

0010 PA8 / PA9 / PA10 / PA11

0011 PA12 / PA13 / PA14 /| PA15

0100 PCO/PC1/PC2/PC3

0101 PC4/PC5/PC6/PC7

0110 PC8/PC9/PC10/PC11

0111 PC12/PC13/PC14/PC15

1000 PDO/PD1/PD2/PD3

1001 PD4 /PD5 / PD6 / PD7

1010 PD8 /PD9/PD10/ PD11

1011 PD12/PD13/PD14/PD15

1100 PEO/PE1/PE2/PE3

1101 PE4 / PE5 / PE6 / PE7

1110 PE8 / PE9/PE10/PE11

111 PE12/PE13/PE14/ PE15
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Note:

8.3.3

200/908

The I/0 should be configured in alternate function mode (AF14).

Table 43. Timer selection

TIM[1:0] Selected timer
00 No timer selected, default routing on all timers
01 TIM2 selected
10 TIM3 selected
11 TIM4 selected

Table 44. Input capture selection

IC4/1C3/I1C2/I1C1 Selected input capture
0 IC deselected, default routing on the input capture (AF)
1 Input capture routing follows Table 43

Reference voltage routing

Figure 28. Internal reference voltage output

VREFOUTEN

/\
PBO D—/ VRerinT ~1.2V
Group3
pet O— @

The VrepnT OUtput can be routed to any 1/O in group 3 by following this procedure:
1. Set the VREFOUTEN bit in COMP_CSR.
2. Close the analog switch of 1/Os in group 3 by setting CH8 or CH9 in RI_ASCR1.

ai17148b
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8.4 Rl registers

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

8.4.1 Rl input capture register (RI_ICR)

The RI_ICR register is used to select the routing of 4 full ports to the input captures of TIM2,
TIM3 and TIM4.

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IC4 IC3 IC2 IC1 TIM[1:0]
Reserved
w w rw w w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IC410S[3:0] IC310S[3:0] 1C210S[3:0] IC110S[3:0]
w | w | rw | w rw | w | w | rw w | rw | w | w rw | rw | rw | w

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

Bit 21 1C4: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 4 of the timer selected by TIM[1:0] (bits 17:16).
0: AF on IC4
1: Multiple port routing capability according to IC410S[3:0] (bits 15:12)

Bit 20 IC3: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 3 of the timer selected by TIM[1:0] (bits 17:16).

0: AF on IC3
1: Multiple port routing capability according to IC310S[3:0] (bits 11:8)

Bit 19 1C2: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 2 of the timer selected by TIM[1:0] (bits 17:16).

0: AFon IC2
1: Multiple port routing capability according to IC210S[3:0] (bits 7:4)

Bit 18 IC1: This bit is set and cleared by software to select the standard AF or the large routing
capability on the input capture 2 of the timer selected by TIM[1:0] (bits 17:16).
0: AF on IC1
1: Multiple port routing capability according to IC110S[3:0] (bits 3:0)

Bits 17:16 TIM[1:0]: Timer select bits
These bits are set and cleared by software. They are used to select one out of three timers
or none.
00: non timer selected
01: TIM2 selected
10: TIM3 selected
11: TIM4 selected

3
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Note:

202/908

Bits 15:12 1C410S[3:0]: Input capture 4 select bits
These bits are set and cleared by software. They select the input port to be routed to the IC4 of
the selected timer (see bits 16:17).

0000: PA3
0001: PA7
0010: PA11
0011: PA15
0100: PC3
0101: PC7
0110: PC11
0111: PC15

1000: PD3
1001: PD7
1010: PD11
1011: PD15
1100: PE3

1101: PE7

1110: PEN
1111: PE15

Bits 11:8 1C310S[3:0]: Input capture 3 select bits
These bits are set and cleared by software. They select the input port to be routed toward the
IC3 of the selected timer (see bits 16:17).

0000: PA2
0001: PAG
0010: PA10
0011: PA14
0100: PC2
0101: PC6
0110: PC10
0111: PC14

1000: PD2
1001: PD6
1010: PD10
1011: PD14
1100: PE2
1101: PE6
1110: PE10
1111: PE14

Bits 7:4 1C210S[3:0]: Input capture 2 select bits
These bits are set and cleared by software. They select the input port to be routed toward the
IC2 of the selected timer (see bits 16:17).

0000: PA1
0001: PAS
0010: PA9
0011: PA13
0100: PC
0101: PC5
0110: PC9
0111: PC13

1000: PD1
1001: PD5
1010: PD9
1011: PD13
11100: PE1
1101: PES
1110: PE9
1111: PE13

Bits 3:0 IC110S[3:0]: Input capture 1 select bits
These bits are set and cleared by software. They select the input port to be routed toward the
IC1 of the selected timer (see bits 16:17).

0000: PAO
0001: PA4
0010: PA8
0011: PA12
0100: PCO
0101: PC4
0110: PC8
0111: PC12

1000: PDO
1001: PD4
1010: PD8
1011: PD12
1100: PEO
1101: PE4
1110: PE8
1111: PE12

The standard AFs dedicated to TIM2 are:
IC4-> PA3,PB11 or PE12

IC3-> PA2, PB10 or PE11

IC2-> PA1, PB3 or PE10

IC1-> PAO, PA5, PA15 or PE9

The standard AFs dedicated to TIM3 are:

IC4-> PB1 or PC9

3
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IC3-> PBO or PC8
1C2-> PA7, PC7, PB5 or PE4
IC1-> PA6, PC6, PB4 or PE3

The standard AFs dedicated to TIM4 are:
IC4-> PD15 or PB9
IC3-> PD14 or PB8
IC2-> PD13 or PB7
IC1-> PD12 or PB6

8.4.2 Rl analog switches control register (RI_ASCR1)

The RI_ASCR1 register is used to configure the analog switches of the 1/Os linked to the
ADC. These I/Os are pointed to by the ADC channel number.

Address offset: 0x04
Reset value: 0x0000 0000

31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CH30 | CH29 | CH28 | CH27

CH21 | CH20 | CH19 | CH18 CH31
SCM GR11- | GRIT- | GRII- | GRII- Veomp | CH25 | CH24 | CH23 | CH22 | cory | Grra | GR7-2 | GR741 | Res. |GRITS
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
CH15 | CH14 | CH13 | CH12 | CH11 | CH10 | CHY | CH8 | CH7 | CH6 | .. | o, | CH3 | CH2 | CH1 | CHO
GR9-2 | GR9-1 | GR8-4 | GR8-3 | GR8-2 | GR8-1 | GR3-2 | GR3-1 | GR2-2 | GR2-1 GR1-4 | GR1-3 | GR1-2 | GR1-1
w w w w w w w w w w w w w w 'w w

Bit 31 SCM: ADC Switch control mode
This bit is set and cleared by software. When this bit is set, setting a bit in RI_ASCRx that
controls an analog I/O switch will also close the corresponding switch of the ADC switch
matrix. When this bit is reset, the other bits in RI_ASCRXx do not control the switches of the
ADC switch matrix.
0: ADC analog switches open or controlled by the ADC interface
1: ADC analog switches closed if the corresponding I/O switch is also closed

Bits 30:27 CH[30:27]/GR11[4:1] I/O Analog switch control
These bits are set and cleared by software to control the I/0 analog switches.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

Bit 26 VCOMP: ADC analog switch selection for internal node to comparator 1
This bit is set and cleared by software to control the VCOMP ADC analog switch. See
Figure 63 on page 334 and Figure 64 on page 335.
0: Analog switch open
1: Analog switch closed

Bits 25:22 CH[25:22]: Analog I/O switch control of channels CH[25:22]
These bits are set and cleared by software to control the analog switches of the ADC switch
matrix. If the 1/O is used as an ADC input, the switch must be left open to allow the ADC to
control it.
0: Analog switch open
1: Analog switch closed
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Bits 21:18 CH[21:18]/GR7[4:1] I/O Analog switch control
These bits are set and cleared by software to control the I/0 analog switches.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed

Bit 177 Reserved

Bit 16 CH31/GR11-5 I/O Analog switch control
This bit is set and cleared by software to control the 1/0 analog switch.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed
Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

Bits 15:14 CH[15:14] GR9[2:1]: I/O Analog switch control
These bits are set and cleared by software to control the 1/0 analog switches.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed

Bits 13:10 CH[13:10] GR8[4:1]: //O Analog switch control
These bits are set and cleared by software to control the 1/0 analog switches.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed

Bits 9:8 CH[9:8] GR3[2:1]: //O Analog switch control
These bits are set and cleared by software to control the 1/0 analog switches.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed

Bits 7:6 CH[7:6] GR2[2:1]: //O Analog switch control
These bits are set and cleared by software to control the 1/0 analog switches.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed

Bit 5 CH5: Comparator 1 analog switch

This bit is set and cleared by software to control the core analog switch of the ADC switch
matrix connecting the positive input of the COMP1 comparator. It can be used to route the
ADC matrix or OPAMP3 output to the comparator1 positive input. See Figure 64 on page 335.

0: Analog switch open
1: Analog switch closed

Bit 4 CHA4: Analog switch control
This bit is set and cleared by software to control the analog switches of the ADC switch matrix.
0: Analog switch open
1: Analog switch closed

Bits 3:0 CH[3:0] GR1[4:1]: //O Analog switch control
These bits are set and cleared by software to control the 1/0 analog switches.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed
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Note: The ADC_IN16 and ADC_IN17 channels are internal and controlled only by the ADC
interface for data acquisition purposes.

The ADC_IN4, ADC_IN5, ADC_IN22, ADC_IN23, ADC_IN24 and ADC_IN25 channels are
directly connected to the ADC through a resistor, no need to close external I/O analog
switches.

When the SCM bit is low, the CH bits are used to connect groups of I/Os together by analog
switches, independently of the ADC.

When the SCM bit is high, the CH bits are used to connect several I/Os together through the
ADC switch matrix in order to allow a possible wakeup by COMP1 if the VCOMP bit is high.

8.4.3 Rl analog switch control register 2 (RI_ASCR2)

The RI_ASCR2 register is used to configure the analog switches of groups of 1/0Os not linked
to the ADC. In this way, predefined groups of I/Os can be connected together.

Address offset: 0x08
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GR6-4 | GR6-3 CH12b | CH11b | CH10b | CHSb | CH8b | CH7b | CH6Eb | CH3b | CH2b | CH1b | CHOb
Reserved GR7-7 | GR7-6 | GR7-5 | GR2-5 | GR2-4 | GR2-3 | GR9-4 | GR9-3 | GR3-5 | GR3-4 | GR3-3

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
GR4-3 | GR4-2 | GR4-1 | GR5-3 | GR5-2 | GR5-1 | GR6-2 | GR6-1 | GR10-4 | GR10-3 | GR10-2 | GR10-1

Reserved w w w w w w w w w w w w

Bits 31:29 Reserved, must be kept at reset value

Bits 28:16 GRx-x: GRx-x I/O analog switch control
These bits are set and cleared by software to control the I/O analog switches independently
from the ADC interface. Refer to Table 41: I/O groups and selection on page 196.
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed

Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.
Bits 15:12 Reserved, must be kept at reset value

Bits 11:0 GRx-x: GRx-x |/O analog switch control
These bits are set and cleared by software to control the I/O analog switches independently
from the ADC interface. Refer to Table 41: I/O groups and selection on page 196 .
0: Analog switch open or controlled by the ADC interface
1: Analog switch closed
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8.44 RI hysteresis control register (RI_HYSCR1)
The RI_HYSCRH1 register is used to enable/disable the hysteresis of the input Schmitt
trigger of ports A and B.
Address offset: 0x0C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PB[15:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]

Bits 31:16 PB[15:0]: Port B hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port B[15:0].
0: Hysteresis on
1: Hysteresis off

Bits 15:0 PA[15:0]: Port A hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port A[15:0].
0: Hysteresis on
1: Hysteresis off

8.45 RI Hysteresis control register (RI_HYSCR2)
RI_HYSCR2 register allows to enable/disable hysteresis of input Schmitt trigger of ports C
and D.
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PD[15:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
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Bits 31:16 PD[15:0]: Port D hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port D[15:0].
0: Hysteresis on
1: Hysteresis off

Bits 15:0 PC[15:0]: Port C hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the Port
C[15:0].
0: Hysteresis on
1: Hysteresis off

8.4.6 RI Hysteresis control register (RI_HYSCR3)

The RI_HYSCRS register is used to enable/disable the hysteresis of the input Schmitt
trigger of the entire port E and F.

Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PF[15:0]

v o o [ [w [ [ [ [ [w [w [ w [~ [w [ [w
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
PE[15:0]

v o o [ [w [ [ [ [ [w [ w [ w [~ [w[w][ow

Bits 31:6 PF[15:0]: Port F hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port F[15:0].
0: Hysteresis on
1: Hysteresis off
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

Bits 15:0 PE[15:0]: Port E hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port E[15:0].
0: Hysteresis on
1: Hysteresis off
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8.4.7 RI Hysteresis control register (RI_HYSCR4)

The RI_HYSCRA4 register is used to enable/disable the hysteresis of the input Schmitt
trigger of the entire port G.

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 " 10 9 8 7 6 5 4 3 2 1 0
PG[15:0]

v v [ v [w [ [ [ w [ [w [ [w o [~ w[w[w

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

Bits 15:0 PG[15:0]: Port G hysteresis control on/off
These bits are set and cleared by software to control the Schmitt trigger hysteresis of the
Port G[15:0].
0: Hysteresis on
1: Hysteresis off
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

8.4.8 Analog switch mode register (RI_ASMR1)

The RI_ASMR1 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is
used to select if analog switches of port A are to be controlled by the timer OC or through
the ADC interface or RI_ASCRXx registers.

Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
T T T T [ T T [ T T T [ T |
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
S I N N O I N N N R

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

Bits 15:0 PA[15:0]: Port A analog switch mode selection

These bits are set and cleared by software to select the mode of controlling the analog switches for
Port A.

0: ADC interface or RI_ASCRXx controlled
1: Timer controlled

3
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8.4.9 Channel mask register (RI_CMR1)

RI_CMR1 is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used to mask a
port A channel designated as a timer input capture (after acquisition completion to avoid
triggering multiple detections).

Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
- r r r r  + &+ [ [ [ [ [ |
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
v o T [ [ [ [ [ [ [ [ [ [ w [ [ [

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

Bits 15:0 PA[15:0]: Port A channel masking
These bits are set and cleared by software to mask the input of port A during the capacitive sensing
acquisition.
0: Masked
1: Not masked

8.4.10 Channel identification for capture register (RI_CICR1)

The RI_CICR1 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used
when analog switches are controlled by a timer OC. RI_CICR1 allows a channel to be
identified for timer input capture.

Address offset: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
T T T T [ T T [ T T T [ T |
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
S I N N O I N N N R

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

Bits 15:0 PA[15:0]: Port A channel identification for capture
These bits are set and cleared by software to identify the sampling capacitor 1/0Os on Port A.

0: Channel I/O
1: Sampling capacitor /O

3
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8.4.11 Analog switch mode register (RI_ASMR2)

The RI_ASMR2 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is
used to select if analog switches of port B are to be controlled by the timer OC or through
the ADC interface or RI_ASCRX registers.

Address offset: 0x28
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
- r r r r  + &+ [ [ [ [ [ |
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PB[15:0]
v o T [ [ [ [ [ [ [ [ [ [ w [ [ o [

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

Bits 15:0 PB[15:0]: Port B analog switch mode selection
These bits are set and cleared by software to select the mode of controlling the analog switches for
Port B.
0: ADC interface or RI_ASCRXx controlled
1: Timer controlled

8.4.12 Channel mask register (RI_CMR2)

RI_CMR?2 is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used to mask a
por B channel designated as a timer input capture (after acquisition completion to avoid
triggering multiple detections)

Address offset: 0x2C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
T T T T [ T T [ T T T [ T |
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
PB[15:0]
S O N N O N N N R

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

Bits 15:0 PB[15:0]: Port B channel masking
These bits are set and cleared by software to mask the input of port B during the capacitive sensing
acquisition.
0: Masked
1: Not masked
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8.4.13 Channel identification for capture register (RI_CICR2)

The RI_CICR2 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used
when analog switches are controlled by a timer OC. RI_CICR?2 allows a port B channel to be
identified for timer input capture.

Address offset: 0x30
Reset value: 0x0000 0000

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

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

Bits 15:0 PB[15:0]: Port B channel identification for capture
These bits are set and cleared by software to identify the sampling capacitor I/Os on Port B.

0: Channel I/O
1: Sampling capacitor /0

8.4.14 Analog switch mode register (RI_ASMR3)

The RI_ASMRS3 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is
used to select if analog switches of port C are to be controlled by the timer OC or through
the ADC interface or RI_ASCRX registers.

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
N N A O O A R D e
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
w I w I rw I w | rw | w | w | rw I w | rw I w I w | rw I w | w | w

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

Bits 15:0 PC[15:0]: Port C analog switch mode selection

These bits are set and cleared by software to select the mode of controlling the analog switches for
Port C.

0: ADC interface or RI_ASCRXx controlled
1: Timer controlled

3
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8.4.15 Channel mask register (RI_CMR3)

RI_CMRa3 is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used to mask a
port C channel designated as a timer input capture (after acquisition completion to avoid
triggering multiple detections)

Address offset: 0x38
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
- r r r r  + &+ [ [ [ [ [ |
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PCI[15:0]
v o T [ [ [ [ [ [ [ [ [ [ w [ [ o [

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

Bits 15:0 PC[15:0]: Port C channel masking
These bits are set and cleared by software to mask the input of port C during the capacitive sensing
acquisition.
0: Masked
1: Not masked

8.4.16 Channel identification for capture register (RI_CICR3)

The RI_CICR3 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used
when analog switches are controlled by a timer OC. RI_CICR3 allows a port C channel to be
identified for timer input capture.

Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
T T T T [ T T [ T T T [ T |
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
S I N N O O N N N R

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

Bits 15:0 PC[15:0]: Port C channel identification for capture
These bits are set and cleared by software to identify the sampling capacitor 1/0Os on Port C.
0: Channel I/O
1: Sampling capacitor /O

3
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8.4.17 Analog switch mode register (RI_ASMR4)

The RI_ASMR4 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is
used to select if analog switches of port F are to be controlled by the timer OC or through
the ADC interface or RI_ASCRXx registers.

Address offset: 0x40
Reset value: 0x0000 0000

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

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

Bits 15:0 PF[15:0]: Port F analog switch mode selection
These bits are set and cleared by software to select the mode of controlling the analog switches for
Port F.
0: ADC interface or RI_ASCRXx controlled
1: Timer controlled
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

8.4.18 Channel mask register (RI_CMR4)

RI_CMR4 is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used to mask a
port F channel designated as a timer input capture (after acquisition completion to avoid
triggering multiple detections).

Address offset: 0x44
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
PF[15:0]
v o v [ [ [ [ [ [ [ [w [ w [ w [ [ [

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

Bits 15:0 PF[15:0]: Port F channel masking
These bits are set and cleared by software to mask the input of port F during the capacitive sensing
acquisition.
0: Masked
1: Not masked
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

3

DoclD15965 Rev 14 213/908




System configuration controller (SYSCFG) and routing interface (RI) RM0038

8.4.19 Channel identification for capture register (RI_CICR4)

The RI_CICR4 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used
when analog switches are controlled by a timer OC. RI_CICR4 allows a port F channel to be
identified for timer input capture.

Address offset: 0x48
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
- r r r r  + &+ [ [ [ [ [ |
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PF[15:0]
v o v [ [ [ [ [ [ [ [ [ [ w [ [ [

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

Bits 15:0 PF[15:0]: Port F channel identification for capture
These bits are set and cleared by software to identify the sampling capacitor 1/0Os on Port F.

0: Channel I/0
1: Sampling capacitor I/O
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

8.4.20 Analog switch mode register (RI_ASMRS5)

The RI_ASMRS5 register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is
used to select if analog switches of port G are to be controlled by the timer OC or through
the ADC interface or RI_ASCRXx registers.

Address offset: 0x4C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
T T T T [ T T [ T T T [ T |
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
PG[15:0]
S I N N I N N N N

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

Bits 15:0 PG[15:0]: Port G analog switch mode selection
These bits are set and cleared by software to select the mode of controlling the analog switches for
Port G.
0: ADC interface or RI_ASCRXx controlled
1: Timer controlled
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

3
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8.4.21 Channel mask register (RI_CMRS5)
RI_CMRS5 is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used to mask a
port G channel designated as a timer input capture (after acquisition completion to avoid
triggering multiple detections).
Address offset: 0x50
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
PG[15:0]

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

Bits 15:0 PG[15:0]: Port G channel masking

These bits are set and cleared by software to mask the input of port G during the capacitive sensing
acquisition.

0: Masked

1: Not masked
Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.

8.4.22 Channel identification for capture register (RI_CICRS5)
The RI_CICRS register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only and is used
when analog switches are controlled by a timer OC. RI_CICRS allows a port G channel to
be identified for timer input capture.
Address offset: 0x54
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
PG[15:0]
0 O N A

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

Bits 15:0 PG[15:0]: Port G channel identification for capture

3

These bits are set and cleared by software to identify the sampling capacitor 1/0Os on Port G.
0: Channel I/0
1: Sampling capacitor I/O

Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.
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8.4.23 Rl register map
Table 45 summarizes the Rl registers.The reserved memory areas are highlighted in gray in
the table.
Table 45. Rl register map and reset values
Offset| Register |5/3/2 %K |Q|Q|XQ|XR (R (2|2 |=[L[2(2|2|¥|E[2|o|o|~ 0| 0|v|o|n|<|o
000 RI_ICR o CISIS % IC410S[3:0] | IC3I0S[3:0] | IC210S[3:0] | IC110S[3:0]
Reset value olojo]|o ooo‘o o‘o o‘o o‘o o‘oooo|o|o|o
» RI_A:|SCR 2| GR114:1] % CH25:22 | GR7[4:1] g % ORe | ereu |SR3| SR2 ”é % GR1[4:1]
Reset value oo‘o o‘ooo|o o|o 0 o‘o 0 &)o o‘oooo‘oooo‘oooo|o|o|o
GR GR
. RI_A;SCR Reserved | [ ﬁ 3 GR7[7:5] | GR2[5:3] a‘gﬁ GR3[5:3] Res:rve GR4[3:1] | GR5[3:1] [2§1] GR10[4:1]
] :
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
0000 RI_:}(SC PB[15:0] PA[15:0]
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
RI_HYSC PD[15:0] PC[15:0]
0x10 R2
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
oxts R'—:;SC PF[15:0] PE[15:0]
Reset value o|o|o‘o|o|o|o|o‘o|o|o | olo‘o ‘o|o o‘o‘o‘o‘o|o|o|o|o|o|o|o|o|o|o|o
RI_HYSC _
0x18 R4 Reserved Pelsal
Reset value o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o
RI_ASMR PALIS0]
0x1C 1 Reserved -
Reset value o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o
RI_CMR1 PA[15:0]
0x20 Reserved
Reset value o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o
RI_CICR1 PA[15:0]
0x24 Reserved
Reset value o‘o‘o‘o‘o|o|o|o|o|o|o|o|o|o|o|o
RI_ASMR .
0x28 2 Reserved PeLTeol
Reset value o‘o‘o‘o‘o‘o‘o‘o‘o‘o|o|o|o|o|o|o
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Table 45. Rl register map and reset values (continued)

Offset| Register |5/123/2 1 QINIQ|QIIIRNT IR (2|2 |=|C|RF2 N E|2|o|w|~ow|<|m |0
RI_CMR2 PB[15:0]

0x2C Reserved
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0|0|0|0|0|0|0
RI_CICR2 PB[15:0]

0x30 Reserved
Reset value 0‘0‘0‘0‘0|0|0|0|0|0|0|0|0|0|0|0
RI_ASMR

- PC[15:0]

0x34 3 Reserved
Reset value o‘o‘o‘o‘o‘o‘o‘o‘0‘0|0|0|0|0|0|0
RI_CMR3 PC[15:0]

0x38 Reserved
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0|0|0|0|0|0|0
RI_CICR3 PC[15:0]

0x3C Reserved
Reset value 0‘0‘0‘0‘0|0|0|0|0|0|0|0|0|0|0|0
RI_ASMR PF[15:0]

0x40 4 Reserved
Reset value o‘o‘o‘o‘o‘o‘o‘o‘0‘0|0|0|0|0|0|0
RI_CMR4 PF[15:0]

0x44 Reserved
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0|0|0|0|0|0|0
RI_CICR4 PF[15:0]

0x48 Reserved
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0|0|0|0|0|0|0
RI_ASMR PGI15:0]

0x4C 5 Reserved
Reset value 0‘0‘0‘0‘0|0|0|0|0|0|0|0|0|0|0|0
RI_CMR5 PG[15:0]

0x50 Reserved
Reset value o‘o‘o‘o‘o‘o‘o‘o‘0‘0|0|0|0|0|0|0
RI_CICR5 PG[15:0]

0x54 Reserved
Reset value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0|0|0|0|0|0|0
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8.5

8.5.1

Note:

SYSCFG registers

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

SYSCFG memory remap register (SYSCFG_MEMRMP)

This register is used for specific configurations on memory remap:

e  Two bits are used to configure the type of memory accessible at address 0x0000 0000.
These bits are used to select the physical remap by software and so, bypass the BOOT

pins.
e  After reset these bits take the value selected by the BOOT pins.

This register is not reset through the SYSCFGRST bit in the RCC_APB2RSTR register.

Address offset: 0x00
Reset value: 0x0000 00XX (X is the memory mode selected by the BOOT pins)

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
BOOT_MODE MEM_MODE
Reserved Reserved
r r w | rw

218/908

Bits 31:10 Reserved
Bits 9:8 BOOT_MODE: Boot mode selected by the boot pins

These bits are read only. They indicate the boot mode selected by the boot pins. Bit 9
corresponds to the value sampled on the BOOT1 pin, and bit 8 corresponds to value sampled

on the BOOTO pin. See also Section 2.7: Boot configuration on page 50.

00: Main Flash memory boot mode
01: System Flash memory boot mode
10: Reserved

11: Embedded SRAM boot mode

Bits 7:2 Reserved
Bits 1:0 MEM_MODE: Memory mapping selection

Set and cleared by software. This bit controls the memory’s internal mapping at address
0x0000 0000. After reset these bits take on the memory mapping selected by the BOOT pins.

00: Main Flash memory mapped at 0x0000 0000
01: System Flash memory mapped at 0x0000 0000
10: FSMC

11: SRAM mapped at 0x0000 0000

DoclD15965 Rev 14
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8.5.2 SYSCFG peripheral mode configuration register (SYSCFG_PMC)
An internal pull-up resistor (1.5 kQ) can be connected by software on the USB data + (DP)
line. This internal pull-up resistor is enabled if the USB is not in power-down mode and if the
USB_PU bit is set.
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 18 17 16
Reserved
15 14 13 12 1" 10 9 8 7 6 5 2 1 0
LCD_CAPA USB_PU
Reserved
w
Bits 31:6 Reserved
Bit 5:1 LCD_CAPA decoupling capacitance connection (see device datasheet for this device
capability)
Bit 1 controls the connection of V|_cpyai2 on PB2/LCD_VCAP2
0: VL cDrail2 ot connected to PB2/LCD_VCAP2
1: V| cpraii2 connected to PB2/LCD_VCAP2
Bit 2 controls the connection of V| cpyaiiq on PB12/LCD_VCAP1
Bit 3 controls the connection of V| ¢pyaii3 on PBO/LCD_VCAP3
Bit 4 controls the connection of V|_cpyaiiy on PE11/LCD_VCAP1
Bit 5 controls the connection of V| cpaiiz on PE12/LCD_VCAP3
Bit 0 USB_PU USB pull-up enable on DP line
Set and cleared by software. This bit controls the internal pull-up (1.5 k€2) on the USB DP line.
0: no pull-up on the USB DP line (even if USB is not in power down mode)
1: internal pull-up is connected on USB DP line (only if USB is not in power down mode)
8.5.3 SYSCFG external interrupt configuration register 1

(SYSCFG_EXTICR1)

Address offset: 0x08
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI3[3:0] EXTI2[3:0] EXTI1[3:0] EXTIO[3:0]
w | w | w | w w | w | rw | rw w | w | w | w w | w | rw | rw

3
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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 the EXTIx external interrupt.
0000: PA[X] pin
0001: PBI[x] pin
0010: PC[x] pin
0011: PDIx] pin
0100: PE[x] pin
0101: PH[x] (only PH[2:0], PH3 is not available)
0110: PF[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)
0111: PG[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)

3
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8.5.4 SYSCFG external interrupt configuration register 2
(SYSCFG_EXTICR2)

Address offset: 0x0C
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved |
15 14 13 12 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 | rw | rw w | w | w | w rw | rw | rw | rw w | w | w | w

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 the EXTIx external interrupt.
0000: PA[X] pin

0001: PBJx] pin

0010: PC[x] pin

0011: PD[X] pin

0100: PE[x] pin

0110: PF[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)

0111: PG[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)
PH[7:4] are not available.

8.5.5 SYSCFG external interrupt configuration register 3
(SYSCFG_EXTICR3)

Address offset: 0x10
Reset value: 0x0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI11[3:0] EXTI10[3:0] EXTI9[3:0] EXTI8[3:0]
w | w | w | w w | w | w | w w | w | w | w w | w | w | w

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 the EXTIx external interrupt.
0000: PA[X] pin

0001: PBJ[x] pin

0010: PC[x] pin

0011: PD[x] pin

0100: PE[x] pin

0110: PF[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)

0111: PG[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)

PH[11:8] are not available.

3
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8.5.6 SYSCFG external interrupt configuration register 4
(SYSCFG_EXTICRA4)
Address offset: 0x14
Reset value: 0x0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI12[3:0]

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 the EXTIx external interrupt.

0000: PA[X] pin
0001: PBJ[x] pin
0010: PCIx] pin
0011: PDI[x] pin
0100: PE[x] pin

0110: PF[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)

0111: PG[x] pin (Cat.3, Cat.4, Cat.5 and Cat.6 devices only)
PH[15:12] are not available.

8.5.7 SYSCFG register map
The following table gives the SYSCFG register map and the reset values. The reserved
memory areas are highlighted in gray in the table.
Table 46. SYSCFG register map and reset values
Offset| Register |7/2/Q%|K|&| Q|3 |IN(S|R| 22N/ |2|d|F|2|o|o|~|o|v|¢|n|n|-|o
g 2
SYSCFG_ =3 Q
0x00 MEMRMP Reserved '5 Reserved §|
L
Q s
Reset value X | X X | x
-
SYSCFG_PM o
Cc a1
0x04 Reserved g
Reset value F
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Table 46. SYSCFG register map and reset values (continued)
Offset| Register |o/2/2 @28 3IQ(Q|S|RI2|2 5|22 2 |2|N 2|2 0|~ 0| w|+|o|n|«|o
SYSCFG_ EXTI3[3: | EXTI2[3: | EXTIM[3: | EXTIO[3:
oxo8 | EXTICR1 Reserved 0] 0] 0] 0]
Reset value o‘o‘o‘o o‘o‘o‘o o‘o‘o‘o o‘o‘o‘o
SYSCFG_ EXTI7[3: | EXTI6[3: | EXTI5[3: | EXTI4[3:
0x0C EXTICR2 Reserved 0] 0] 0] 0]
Reset value o\o\o‘o o‘o\o‘o o\o‘o\o o\o‘o‘o
SYSCFG_ EXTI1[3:0] | EXTI10[3:0] | EXTI9[3:0] | EXTI8[3:0]
0x10 EXTICR3 Reserved
Reset value o‘o‘o‘o o‘o‘o‘o o‘o‘o‘o o‘o‘o‘o
SYSCFG
- EXTI15[3:0] | EXTI14[3:0] | EXTI13[3:0] | EXTI12[3:0
oxis | EXTICR4 Reserved 0 . 0 .
Reset value o‘o‘o‘o o‘o‘o‘o o‘o‘o‘o o‘o‘o‘o
Refer to Table 5: Register boundary addresses on page 47.
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9.2
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Touch sensing I/Os

Introduction

All STM32L151xx devices except the value line provide a simple solution for adding
capacitive sensing functionality to any application. Capacitive sensing technology is able to
detect finger presence near an electrode which is protected from direct touch by a dielectric
(glass, plastic, ...). The capacitive variation introduced by the finger (or any conductive
object) is measured using a proven implementation based on a surface charge transfer
acquisition principle. It consists of charging the electrode capacitance and then transferring
a part of the accumulated charges into a sampling capacitor until the voltage across this
capacitor has reached a specific threshold. In the STM32L 1xxxx, this acquisition is
managed directly by the GPIOs, timers and analog I/0O groups (see Section 8: System
configuration controller (SYSCFG) and routing interface (RI)).

Reliable touch sensing solution can be quickly and easily implemented using the free
STM32L1xx STMTouch firmware library.

Main features

e Proven and robust surface charge transfer acquisition principle

e Management of the charge transfer acquisition sequence in two modes: software mode
or timer mode

e  Supports up to 34 capacitive sensing channels

e Up to 11 capacitive sensing channels can be acquired in parallel offering a very good
response time

e  One sampling capacitor for up to 4 capacitive sensing channels which reduces the
system BOM

e  Compatible with touchkey, proximity, linear and rotary touch sensors
e Designed to operate with STM32L1xx STMTouch firmware library

3
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9.3 Functional description
9.3.1 Surface charge transfer acquisition overview
The surface charge transfer acquisition is a proven, robust and efficient way to measure a
capacitance. It uses a minimum of external components to operate with single ended
electrode type. This acquisition is designed around an analog IO group which is composed
of up to seven GPIOs (see Figure 29). The device offers several analog 10 groups to allow
acquiring simultaneously several capacitive sensing channels and to support a larger
number of channels. Within a same analog IO group, the capacitive sensing channels
acquisition is sequential.
One of the GPIOs is dedicated to the sampling capacitor Cg. Only one sampling capacitor
per analog 10 group must be enabled at a time.
The remaining GPIOs are dedicated to the electrodes and are commonly called channels.
Figure 29. Surface charge transfer analog IO group structure
Electrode 1 Channel /O /31 S5
st arior L
L L Analog IO
| group 1
Cx12::
= Sampling capacitor 1/0O Se
G1_lo2 |
Csg J_ T r S
T [ S
Electrode 2 Channel I/O / S3 S
sz G1_103
(Or— 195 11 o —
Cxozt:
Electrod_e 3 R Channel I/O /84 Sg
O S8 arios L [
| | LT
Cxszz*:
- MCU
MS18944V1
Note: Gx_IOy where x is the analog 10 group number and y the GPIO number within the selected
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For some specific needs (for example proximity detection), it is possible to enable, more
than one channel per analog 10 group simultaneously.

For the table of capacitive sensing I/Os refer to Table 41: 1/0 groups and selection on
page 196.

The surface charge transfer acquisition principle consists in charging an electrode
capacitance (Cyx) and transferring a part of the accumulated charge into a sampling
capacitor (Cg). This sequence is repeated until the voltage across Cg reaches a given
threshold (typically V). The number of charge transfers required to reach the threshold is a

direct representation of the size of the electrode capacitance.

The Table 47 details the acquisition sequence of the capacitive sensing channel 1.The
states 3 to 7 are repeated until the voltage across Cg reaches the given threshold. The
same sequence applies to the acquisition of the other channels. The electrode serial
resistor Rg allows improving the ESD immunity of the solution.

Table 47. Acquisition switching sequence summary

State S1 S2 S3 S4 S5 S6 S7 S8 State description
#1 Open |Closed| Open | Open |Closed | Closed | Closed | Closed Discharge all Cx and Cg
#2 Open | Open | Open | Open | Open | Open | Open | Open Dead time
#3 Closed | Open | Open | Open | Open | Open | Open | Open Charge Cyx4
#4 Open | Open | Open | Open | Open | Open | Open | Open Dead time
#5 Open | Open | Open | Open |Closed |Closed| Open | Open Charge transfer from Cy4 to Cg
#6 Open | Open | Open | Open | Open | Open | Open | Open Dead time
#7 Open | Open | Open | Open | Open | Open | Open | Open Measure voltage across Cg
The voltage variation over the time of the sampling capacitor Cg is detailed below:
226/908 DoclD15965 Rev 14 Kys
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Figure 30. Sampling capacitor charge overview

Threshold =V|4 | -

M
Burst duration

MS18945V1

9.3.2 Charge transfer acquisition management

In STM32L1xxxx devices, the acquisition can be managed in two modes:

e Software mode: the GPIO port toggling and counting of the number of pulses is fully
handled by the CPU.

e Timer mode: the GPIO port toggling and counting of the number of pulses is handled
by the timers (only in Cat.3, Cat.4, Cat.5 and Cat.6 devices).

Software mode acquisition

This mode uses the two following peripherals to control of the channel and sampling
capacitor 1/0s according to:

e  General purpose 1/Os (see Section 7: General-purpose I/0s (GPIQ))

¢ Routing interface (see Section 8: System configuration controller (SYSCFG) and
routing interface (RI) on page 191)

3
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Table 48. Channel and sampling capa

citor 1/Os configuration summary

State Channel I/0 configuration Sampling capacitor I/O configuration

#1 Output push-pull low Output push-pull low
#2 Input floating
#3 Output push-pull high Input floating with hysteresis disabled
#4 Input floating
#5 Input floating with analog switch closed Input ﬂoatig?];;gtg :V)\//ist:;ri?ci)ssgésabled and
#6

Input floating Input floating with hysteresis disabled
#7

Timer mode acquisition

This mode requires the use of the following peripherals:

General purpose |/Os (see Section 7 on page 171)

Routing interface (see Section 8 on page 191)
General-purpose timer 9 (see Section 18 on page 440)
General-purpose timer 10 or 11 (see Section 18 on page 440)

Figure 31. Timer mode acquisition logic
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9.4

3

Both timers are used to manage the GPIO port toggling which dramatically reduces the CPU
load. TIM9 is handles the charge transfer sequence generation by directly controlling the
channel and sampling capacitor I/Os. TIM10 or 11 count the number of charge transfer
cycles generated before an end of acquisition is detected on one of the enabled analog 1/0
groups.

The software sequence can be used to configure the different peripherals and to perform
the acquisition.
Configuration steps:

1. Configure the I/O ports in alternate push-pull output mode, for the capacitive sensing
channel I/Os to be acquired. Note that only one channel per group must be enabled at
a time.

2. Configure the sampling capacitor 1/Os in floating input mode with hysteresis disabled.

3. Configure TIM9 timer in center-aligned mode and generate PWM signals on OC1 and
OC2. The typical frequency of the PWM signal is 250 KHz.

4. Configure TIM10 or 11 in slave mode with the clock signal generated by TIM9. In
addition, IC1 must be enabled to capture the counter value on detection of an end of
acquisition. Interrupt generation can be optionally enabled.

5. Enable TIM10 or 11.

6. Enable the control of analog switches of the channel and sampling capacitor I/Os by
TIM9 using the RI_ASMRXx registers (see Section 8.4: Rl registers on page 201).

7. Identify the sampling capacitor I/Os using the registers RI_CICRXx.
8. Start the acquisition by enabling TIM9.

Measurement steps:

At the end of acquisition on one sampling capacitor:
9. Clear the capture interrupt flag of TIM10 or 11 if interrupt generation enabled.
10. Read the IC register and save its contents in RAM.

11. Perform a XOR between RI_CMRx and GPIOx_IDR registers to determine which new
channel(s) has (have) triggered an end of acquisition and update the corresponding
channel information with the counter value.

12. Update the RI_CMRXx registers to mask further end of acquisition detections on already
detected channels. This will automatically restart TIM9.

Touch sensing library

In order to facilitate the development of a touch sensing solution based on STM32L1xxxx
devices, STMicroelectronics offers a STM32L1xx STMTouch sensing library that provides a
complete robust C source-code solution. This firmware library is available as a free
download from www.st.com. For information how to download the STM32L1xx STMTouch
sensing library, please contact your local ST representative.
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Interrupts and events

This section applies to the whole STM32L 1xxxx family, unless otherwise specified.

10.1 Nested vectored interrupt controller (NVIC)
Features
e 45 maskable interrupt channels in Cat.1 and Cat.2 devices (see Table 49), 54
maskable interrupt channels in Cat.3 devices (see Table 50) and 57 channels in Cat.4,
Cat.5 and Cat.6 devices (see Table 51). These do not include the 16 interrupt lines of
Cortex®-M3.
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 the PM0056 programming manual.
10.1.1 SysTick calibration value register
The SysTick calibration value is fixed to 4000, which gives a reference time base of 1 ms
with the SysTick clock set to 4 MHz (max HCLK/8).
10.1.2 Interrupt and exception vectors
Table 49 is the vector table for STM32L1xxxx devices.
Table 49. Vector table (Cat.1 and Cat.2 devices)
Position | Priority Ty!o e_of Acronym Description Address
priority
- - - - Reserved 0x0000_0000
- -3 fixed Reset Reset 0x0000_0004
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 | MemManage_Handler | 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

230/908
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Table 49. Vector table (Cat.1 and Cat.2 devices) (continued)
Position | Priority g& ?‘i‘t); Acronym Description Address
- 3 settable | SVC_Handler System service call via SWI 0x0000_002C
- instruction -
- 4 settable | DebugMon_Handler | Debug Monitor 0x0000_0030
- - - - Reserved 0x0000_0034
- 5 settable | PendSV_Handler Pendable request for system service | 0x0000_0038
- 6 settable | SysTick_Handler System tick timer 0x0000_003C
0 7 settable | WWDG Window Watchdog interrupt 0x0000_0040
1 8 | settable |PVD iF; \t/e'?rggfugh EXTILine detection 0x0000_0044
2 9 settable | TAMPER_STAMP ggf’ﬁ;:?:t;xstsstamp through 0x0000_0048
3 10 | settable |RTC_WKUP iitTe?rx\ske”p through EXTl line 0x0000_004C
4 11 settable | FLASH Flash global interrupt 0x0000_0050
5 12 settable |RCC RCC global interrupt 0x0000_0054
6 13 settable | EXTIO EXTI Line0 interrupt 0x0000_0058
7 14 settable | EXTI1 EXTI Line1 interrupt 0x0000_005C
8 15 settable | EXTI2 EXTI Line2 interrupt 0x0000_0060
9 16 settable | EXTI3 EXTI Line3 interrupt 0x0000_0064
10 17 settable | EXTI4 EXTI Line4 interrupt 0x0000_0068
11 18 settable | DMA1_Channel1 DMA1 Channel1 global interrupt 0x0000_006C
12 19 settable | DMA1_Channel2 DMA1 Channel2 global interrupt 0x0000_0070
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
19 26 settable | USB HP USB High priority interrupt 0x0000_008C
20 27 settable |USB_LP USB Low priority interrupt 0x0000_0090
21 28 settable | DAC DAC interrupt 0x0000_0094
Comparator wakeup through EXTI
22 29 settable |COMP, TSC(") line (21 and 22) interrupt, touch 0x0000_0098
sense interrupt(1)
23 30 settable |EXTI9 5 EXTI Line[9:5] interrupts 0x0000_009C
24 31 settable |LCD LCD global interrupt 0x0000_00A0

3
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Table 49. Vector table (Cat.1 and Cat.2 devices) (continued)

Position | Priority g& ?‘i‘t); Acronym Description Address
25 32 settable | TIM9 TIM9 global interrupt 0x0000_00A4
26 33 settable | TIM10 TIM10 global interrupt 0x0000_00A8
27 34 settable | TIM11 TIM11 global 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 |I12C1_EV 12C1 event interrupt 0x0000_00BC
32 39 settable |[I2C1_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 lFfrIfI rﬁg‘;?; (AandB) through EXTI | 4, 5500 _00E4
42 49 | settable |USB_FS WKUP E)S(.Er’l ﬁﬁ;’ifnete':rzg\t’ake“p through 0x0000_00E8
43 50 settable | TIM6 TIM6 global interrupt 0x0000_00EC
44 51 settable | TIM7 TIM7 global interrupt 0x0000_00F0

1. Touch sense interrupt is only in Cat.2 devices.

Table 50. Vector table (Cat.3 devices)

Position | Priority TyP e_of Acronym Description Address
priority

- - - - Reserved 0x0000_0000

- -3 fixed Reset Reset 0x0000_0004
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 | MemManage_Handler | Memory management 0x0000_0010
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Table 50. Vector table (Cat.3 devices) (continued)
Position | Priority g& ?‘i‘t); Acronym Description Address

- 1 settable |BusFault_Handler Pre-fetch fault, memory access fault 0x0000_0014
- 2 settable | UsageFault_Handler |Undefined instruction or illegal state 0x0000_0018
i i i i Reserved 0x0000_001C -

0x0000_002B
- 3 settable | SVC_Handler System service call via SWI 0x0000_002C

instruction

- 4 settable | DebugMon_Handler | Debug Monitor 0x0000_0030
- - - - Reserved 0x0000_0034
- 5 settable | PendSV_Handler Pendable request for system service 0x0000_0038
- 6 settable | SysTick_Handler System tick timer 0x0000_003C
0 7 settable | WWDG Window Watchdog interrupt 0x0000_0040
1 8 | settable |PVD iFr: \t’e[:ﬂtjgt"ugh EXTl Line16 detection | 4 5400 0044
2 9 | settable | TAMPER STAMP E?Sger: E)S(Eﬁﬁg %”i‘:] g:f;;amp 0x0000_0048
3 10 | settable |RTC_WKUP EtTe?rqu?ke“p through EXTI line20 0x0000_004C
4 11 settable | FLASH Flash global interrupt 0x0000_0050
5 12 settable |RCC RCC global interrupt 0x0000_0054
6 13 settable | EXTIO EXTI Line0 interrupt 0x0000_0058
7 14 settable | EXTI1 EXTI Line1 interrupt 0x0000_005C
8 15 settable | EXTI2 EXTI Line2 interrupt 0x0000_0060
9 16 settable | EXTI3 EXTI Line3 interrupt 0x0000_0064
10 17 settable |EXTI4 EXTI Line4 interrupt 0x0000_0068
11 18 settable | DMA1_Channel1 DMA1 Channel1 global interrupt 0x0000_006C
12 19 settable | DMA1_Channel2 DMA1 Channel2 global interrupt 0x0000_0070
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
19 26 settable | USB HP USB High priority interrupt 0x0000_008C
20 27 settable |USB_LP USB Low priority interrupt 0x0000_0090
21 28 settable | DAC DAC interrupt 0x0000_0094
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Table 50. Vector table (Cat.3 devices) (continued)
Position | Priority g& ?‘i‘t); Acronym Description Address
Comparator wakeup through EXTI
22 29 settable | COMP/CA line (21 and 22) interrupt/Channel 0x0000_0098
acquisition interrupt
23 30 settable |EXTI9 5 EXTI Line[9:5] interrupts 0x0000_009C
24 31 settable |LCD LCD global interrupt 0x0000_00A0
25 32 settable | TIM9 TIM10 global interrupt 0x0000_00A4
26 33 settable | TIM10 TIM10 global interrupt 0x0000_00A8
27 34 settable | TIM11 TIM11 global interrupt 0x0000_00AC
28 35 settable | TIM2 TIM2 global interrupt 0x0000_00B0O
29 36 settable | TIM3 TIMS3 global interrupt 0x0000_00B4
30 37 settable | TIM4 TIM4 global interrupt 0x0000_00B8
31 38 settable [I12C1_EV 12C1 event interrupt 0x0000_00BC
32 39 settable |[12C1_ER 12C1 error interrupt 0x0000_00CO0
33 40 settable |I12C2_EV 12C2 event interrupt 0x0000_00C4
34 41 settable |I12C2_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 E{;ﬁ f‘:i[;“rfug? and B) through EXTH | 0000_00E4
42 49 | settable |USB_FS WKUP LEJ)S(.'?I ?ﬁ;’fglgi X‘ﬁe“p through 0x0000_00ES
43 50 settable | TIM6 TIM6 global interrupt 0x0000_00EC
44 51 settable | TIM7 TIM7 global interrupt 0x0000_00F0
45 53 settable |TIM5 TIM5 Global interrupt 0x0000_00F8
46 54 settable | SPI3 SPI3 Global interrupt 0x0000_00FC
47 57 settable |DMA2_CH1 DMAZ2 Channel 1 interrupt 0x0000_0108
48 58 settable |DMA2_CH2 DMAZ2 Channel 2 interrupt 0x0000_010C
49 59 settable |DMA2_CH3 DMA2 Channel 3 interrupt 0x0000_0110
50 60 settable |DMA2_CH4 DMA2 Channel 4 interrupt 0x0000_0114
51 61 settable |DMA2_CH5 DMAZ2 Channel 5 interrupt 0x0000_0118
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Table 50. Vector table (Cat.3 devices) (continued)

Type of

Position | Priority priority Acronym Description Address
52 62 settable | AES AES global interrupt 0x0000_011C
53 63 |settable |COMP_ACQ ﬁ‘t’gﬂftor Channel Acquisition 0x0000_0120

Table 51. Vector table (Cat.4, Cat.5 and Cat.6 devices)
Position | Priority -E:IF; ii?; Acronym Description Address
- - - - Reserved 0x0000_0000
- -3 fixed Reset Reset 0x0000_0004
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 | MemManage_Handler | 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 System service call via SWI 0x0000_002C
instruction
- 4 settable | DebugMon_Handler | Debug Monitor 0x0000_0030
- - - - Reserved 0x0000_0034
- 5 settable |PendSV_Handler Pendable request for system service | 0x0000_0038
- 6 settable | SysTick_Handler System tick timer 0x0000_003C
0 7 settable | WWDG Window Watchdog interrupt 0x0000_0040
1 8 settable | PVD iFr: \t/e?rg;rt"ugh EXTl Line16 detection | 45400 0044
2 9 settable | TAMPER_STAMP tT:r?Sger:' E)S(Eﬁfj 1‘;”;?] E:f;;amp 0x0000_0048
3 10 | settable |RTC_WKUP Erecrrx\é?ke”p through EXTI line20 0x0000_004C
4 11 settable | FLASH Flash global interrupt 0x0000_0050
5 12 settable |RCC RCC global interrupt 0x0000_0054
6 13 settable | EXTIO EXTI LineO 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
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Table 51. Vector table (Cat.4, Cat.5 and Cat.6 devices) (continued)

Position | Priority g& ?‘i‘t); Acronym Description Address
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
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
19 26 settable | USB HP USB High priority interrupt 0x0000_008C
20 27 settable |USB_LP USB Low priority interrupt 0x0000_0090
21 28 settable | DAC DAC interrupt 0x0000_0094

Comparator wakeup through EXTI
22 29 settable | COMP/CA line (21 and 22) interrupt/Channel 0x0000_0098
acquisition interrupt
23 30 settable |EXTI9 5 EXTI Line[9:5] interrupts 0x0000_009C
24 31 settable |LCD LCD global interrupt 0x0000_00A0
25 32 settable | TIM9 TIM10 global interrupt 0x0000_00A4
26 33 settable | TIM10 TIM10 global interrupt 0x0000_00A8
27 34 settable | TIM11 TIM11 global interrupt 0x0000_00AC
28 35 settable | TIM2 TIM2 global interrupt 0x0000_00B0O
29 36 settable | TIM3 TIMS3 global interrupt 0x0000_00B4
30 37 settable | TIM4 TIM4 global interrupt 0x0000_00B8
31 38 settable [I12C1_EV 12C1 event interrupt 0x0000_00BC
32 39 settable |[12C1_ER 12C1 error interrupt 0x0000_00CO0
33 40 settable |I12C2_EV 12C2 event interrupt 0x0000_00C4
34 41 settable |I12C2_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 E{;ﬁ f‘:i[;“rfug? and B) through EXTH | 0000_00E4
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Table 51. Vector table (Cat.4, Cat.5 and Cat.6 devices) (continued)

Position | Priority g& ?‘i‘t); Acronym Description Address
42 49 | settable |USB_FS WKUP E)S(‘.EF‘I Ei)r?;’;": wftse r\i\l’;':e“p through 0x0000_00E8
43 50 settable | TIM6 TIMG6 global interrupt 0x0000_00EC
44 51 settable | TIM7 TIM7 global interrupt 0x0000_00FO0
45 52 settable | SDIO SDIO Global interrupt 0x0000_00F4
46 53 settable | TIM5 TIM5 Global interrupt 0x0000_00F8
47 54 settable | SPI3 SPI3 Global interrupt 0x0000_00FC
48 55 settable |UART4 UART4 Global interrupt 0x0000_0100
49 56 settable |UART5 UARTS5 Global interrupt 0x0000_0104
50 57 settable |DMA2_CH1 DMAZ2 Channel 1 interrupt 0x0000_0108
51 58 settable |DMA2_CH2 DMAZ2 Channel 2 interrupt 0x0000_010C
52 59 settable |DMA2_CH3 DMAZ2 Channel 3 interrupt 0x0000_0110
53 60 settable |DMA2_CH4 DMA2 Channel 4 interrupt 0x0000_0114
54 61 settable | DMA2_CH5 DMA2 Channel 5 interrupt 0x0000_0118
55 62 settable |AES AES global interrupt 0x0000_011C
56 63 |settable |COMP_ACQ ﬁ?gr’r‘l’j:;f‘mr Channel Acquisition 0x0000_0120
10.2 External interrupt/event controller (EXTI)

The external interrupt/event controller consists of up to 24 (or 23 for Cat.1 and Cat.2
devices) 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 edge, falling edge or both). Each line can also be masked
independently. A pending register maintains the status line of the interrupt requests.

10.2.1 Main features

The main features of the EXTI controller are the following:
e Independent trigger and mask on each interrupt/event line
e Dedicated status bit for each interrupt line

e  Generation of up to 24 (or 23 for Cat.1 and Cat.2 devices) software event/interrupt
requests

e Detection of external signals with a pulse width lower than the APB2 clock period.
Refer to the electrical characteristics section of the STM32L1xxxx datasheet for details
on this parameter.

10.2.2 Block diagram

The block diagram is shown in Figure 32.

3
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10.2.3

10.2.4

238/908

Figure 32. External interrupt/event controller block diagram
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Wakeup event management

The STM32L1xxxx is able to handle external or internal events in order to wake up the core
(WFE). The wakeup event can be generated by either:

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.
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 10.2.4: 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 into the pending register.
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10.2.5

3

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 into the
software interrupt/event register.

Hardware interrupt selection

To configure the 24 (or 23 for Cat.1 and Cat.2 devices) lines as interrupt sources, use the
following procedure:

e  Configure the mask bits of the 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 any one of the lines
can be correctly acknowledged.

Hardware event selection

To configure the 24 (or 23 for Cat.1 and Cat.2 devices) lines as event sources, use the
following procedure:
e  Configure the mask bits of the Event lines (EXTI_EMR)

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

Software interrupt/event selection

The 24 (or 23 for Cat.1 and Cat.2 devices) 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 Interrupt/Event lines (EXTI_IMR, EXTI_EMR)
e  Set the required bit in the software interrupt register (EXTI_SWIER)

External interrupt/event line mapping

Up to 116 GPIOs are connected to the 16 external interrupt/event lines in the following
manner:
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Figure 33. External interrupt/event GPIO mapping
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The other EXTI lines are connected as follows:

e EXTl line 16 is connected to the PVD output

e EXTlline 17 is connected to the RTC Alarm event

e EXTl line 18 is connected to the USB Device FS wakeup event

e EXTlline 19 is connected to the RTC Tamper and TimeStamp events
e EXTl line 20 is connected to the RTC Wakeup event

e EXTlline 21 is connected to the Comparator 1 wakeup event

e EXTl line 22 is connected to the Comparator 2 wakeup event

e EXTl line 23 is connected to the channel acquisition interrupt

10.3 EXTI registers

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

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

10.3.1 EXTI 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

MR23("| MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16
Reserved

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

MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 MR8 MR7 MR6 MR5 MR4 MR3 MR2 MR1 MRO

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

1. Onlyin Cat.3, Cat.4, Cat.5 and Cat.6 devices

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

Bits 23:0 MRx: Interrupt mask on line x

0: Interrupt request from Line x is masked
1: Interrupt request from Line x is not masked

10.3.2 EXTI 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
MR23("| MR22 | MR21 | MR20 | MR19 | MR18 | MR17 | MR16
Reserved
w rw w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MR15 | MR14 | MR13 | MR12 | MR11 | MR10 | MR9 MR8 MR7 MR6 MR5 MR4 MR3 MR2 MR1 MRO

w w w w w w w w w w w w w w w 'w

1. Only in Cat.3, Cat.4, Cat.5 and Cat.6 devices
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Bits 31:24 Reserved, must be kept at reset value.

Bits 23:0 MRx: Event mask on line x

0: Event request from Line x is masked
1: Event request from Line x is not masked

10.3.3 EXTI rising edge 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
TR23(M| TR22 | TR21 | TR20 | TR19 | TR18 | TR17 | TR16
Reserved
rw rw rw rw w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

1. Onlyin Cat.3, Cat.4, Cat.5 and Cat.6 devices

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

Bits 23:0 TRx: Rising edge trigger event configuration bit of line x

0: Rising edge trigger disabled (for Event and Interrupt) for input line x
1: Rising edge trigger enabled (for Event and Interrupt) for input line x

Note: The external wakeup lines are edge triggered, no glitch must be generated on these lines.
If a rising edge on the external interrupt line occurs while writing to the EXT|_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.

10.3.4 Falling edge 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
TR23("| TR22 | TR21 | TR20 | TR19 | TR18 | TR17 TR16
Reserved
w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

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

1. Onlyin Cat.3, Cat.4, Cat.5 and Cat.6 devices

3
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Bits 31:24  Reserved, must be kept at reset value.
Bits 23:0 TRx: Falling edge trigger event configuration bit of line x
0: Falling edge trigger disabled (for Event and Interrupt) for input line x
1: Falling edge trigger enabled (for Event and Interrupt) for input line x
Note: The external wakeup lines are edge triggered, no glitch must be generated on these lines.
If a falling edge on the external interrupt line occurs while writing to the 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.
10.3.5 EXTI software interrupt event register (EXTI_SWIER)
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER | SWIER
Reserved 23 | 22 21 20 19 18 17 16
rw w rw w w w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1.

Only in Cat.3, Cat.4, Cat.5 and Cat.6 devices

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

Bits 22:0 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 in EXTI_PR (by writing a ‘1’ to this bit).

3
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10.3.6 EXTI 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
PR23(1| PR22 | PR21 | PR20 | PR19 | PR18 | PR17 PR16
Reserved
rw w rcwl [ rcwl | rcwl | rc_wl | rc_w1 rc_w1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

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

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

1. Onlyin Cat.3, Cat.4, Cat.5 and Cat.6 devices

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

Bits 23:0 PRx: Pending bit

0: No trigger request occurred

1: The selected trigger request occurred

This bit is set when the selected edge event arrives on the external interrupt line. This bit is
cleared by writing a ‘1’ to the bit.

10.3.7 EXTI register map

The following table gives the EXTI register map and the reset values. The reserved memory
areas are highlighted in gray in the table.

Table 52. External interrupt/event controller register map and reset values

Offset| Register |5/2/2/R/5|Q|Q(3|RININ|R[2[2 5|22 [2|N| |2|o|o|~|o|w|v|o|a|-|o
EXTL_IMR MR[23:0]

0x00 Reserved
Reset value 0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_EMR MR[23:0]

0x04 Reserved
Reset value 0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_RTSR TR[23:0]

0x08 Reserved
Reset value 0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_FTSR TR[23:0]

0x0C Reserved
Reset value 0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_SWIE

- SWIER[23:0]

0x10 R Reserved

Reset value 0‘O‘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 52. External interrupt/event controller register map and reset values (continued)

Offset| Register |22 2 KQQ|I|QI|<|R(2(2|=||2||2| s |2|o|o |~ 0|0 |m|n| o
EXTI_PR PR[23:0]

0x14 Reserved
Reset value 0‘O‘0|0‘0‘0‘0‘0|0‘0‘0‘0‘0|0‘0‘0‘0‘0|0‘0‘0‘0‘0‘0

Refer to Table 5 on page 47 for the register boundary addresses.
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1 Direct memory access controller (DMA)

111 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.

11.2 DMA main features

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

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.)

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

Support for circular buffer management

3 event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error)
logically ORed together in a single interrupt request for each channel
Memory-to-memory transfer

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

Access to SRAM, APB1, APB2 and AHB peripherals as source and destination and
access to Flash as source

Programmable number of data to be transferred: up to 65536

The block diagram is shown in Figure 34.

246/908
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Figure 34. DMA block diagram in Cat.1 and Cat.2 STM32L1xxxx devices
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Figure 35. DMA block diagram in Cat.3 STM32L1xxxx devices
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Figure 36. DMA block diagram in Cat.4, Cat.5 and Cat.6 STM32L1xxxx devices
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Note: The DMAZ2 controller and its related requests are available only in Cat.3, Cat.4,Cat.5 and
Cat.6 devices.

SPI3 and TIM5 DMA requests are available only in Cat.3, Cat.4, Cat.5 and Cat.6 devices.
UART4 and UARTS are available only in Cat.4, Cat.5 and Cat.6 devices.
FSMC and SDIO are available only in Cat.4 devices.

11.3 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.

11.3.1 DMA transactions

After an event, the peripheral sends a request signal to the DMA Controller. The DMA
controller serves the request depending on the channel priorities. As soon as the DMA
Controller accesses the peripheral, an Acknowledge is sent to the peripheral by the DMA
Controller. The peripheral releases its request as soon as it gets the Acknowledge from the
DMA Controller. Once the request is deasserted by the peripheral, the DMA Controller

3
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11.3.3
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release 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.

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 2 requests have the same software priority level, the channel with the

lowest number will get priority versus the channel with the highest number. For
example, channel 2 gets priority over channel 4.

DMA channels

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

Programmable data sizes

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

Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented after
each transaction depending on the PINC and MINC bits in the DMA_CCRXx register. If
incremented mode is enabled, the address of the next transfer will be the address of the
previous one incremented by 1, 2 or 4 depending on the chosen data size. The first transfer
address is the one programmed in the DMA_CPARx/DMA_CMARX registers. During
transfer operations, these registers keep the initially programmed value. The current
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transfer addresses (in the current internal peripheral/memory address register) are not
accessible by software.

If the channel is configured in noncircular 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 channelx (where x is the
channel number).

1. Set the peripheral register address in the DMA_CPARX register. The data will be
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 will be written to or
read from this memory after the peripheral event.

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

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
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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 53.

Table 53. Programmable data width & endian behavior (when bits PINC = MINC = 1)

Desti- Number
Source - of data . L .
ort nation items to Source content: Transfer operations Destination content:
pe port address / data address / data
width width transfer
(NDT)
@O0x0 / BO 1: READ B0[7:0] @0x0 then WRITE BO[7:0] @0x0 @O0x0 / BO
8 8 4 @0x1/B1 2: READ B1[7:0] @0x1 then WRITE B1[7:0] @0x1 @0x1/B1
@0x2 / B2 3: READ B2[7:0] @0x2 then WRITE B2[7:0] @0x2 @0x2 / B2
@0x3 /B3 4: READ B3[7:0] @0x3 then WRITE B3[7:0] @0x3 @0x3 /B3
@0x0 /B0 1: READ B0[7:0] @0x0 then WRITE 00B0[15:0] @0x0 @0x0 / 00BO
8 16 4 @Ox1/B1 2: READ B1[7:0] @0x1 then WRITE 00B1[15:0] @0x2 @O0x2 /00B1
@0x2 /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 @0x6 / 00B3
@0x0 /B0 1: READ BO[7:0] @0x0 then WRITE 000000B0[31:0] @0x0 @0x0 / 000000B0O
8 3 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 @0x8 / 000000B2
@0x3 /B3 4: READ B4[7:0] @0x3 then WRITE 000000B3[31:0] @0xC @0xC / 000000B3
@O0x0 / B1B0 1: READ B1B0[15:0] @0x0 then WRITE BO[7:0] @0x0 @0x0 / BO
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 @0x2 /B4
@O0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE B6[7:0] @0x3 @O0x3 / B6
@0x0/B1B0O 1: READ B1B0[15:0] @0x0 then WRITE B1B0[15:0] @0x0 @0x0/B1B0O
16 16 4 @0x2 / B3B2 2: READ B3B2[15:0] @0x2 then WRITE B3B2[15:0] @0x2 @0x2 / B3B2
@O0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE B5B4[15:0] @0x4 @Ox4 / B5B4
@0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE B7B6[15:0] @0x6 @O0x6 / B7B6
@0x0/B1B0O 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
@0x4 / B5B4 3: READ B5B4[15:0] @0x4 then WRITE 0000B5B4[31:0] @0x8 @0x8 / 0000B5B4
@0x6 / B7B6 4: READ B7B6[15:0] @0x6 then WRITE 0000B7B6[31:0] @0xC @0xC / 0000B7B6
@0x0 / B3B2B1B0 1: READ B3B2B1B0[31:0] @0x0 then WRITE BO[7:0] @0x0 @0x0 /B0
32 8 4 @0x4 / B7B6B5B4 2: READ B7B6B5B4[31:0] @0x4 then WRITE B4[7:0] @0x1 @0x1/B4
@0x8 / BBBAB9B8 | 3: READ BBBAB9B8[31:0] @0x8 then WRITE B8[7:0] @0x2 @0x2 /B8
@0xC / BFBEBDBC | 4: READ BFBEBDBC[31:0] @0xC then WRITE BC[7:0] @0x3 @0x3/BC
@0x0 / B3B2B1B0 1: READ B3B2B1B0[31:0] @0x0 then WRITE B1B0[7:0] @0x0 @0x0/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 @0x4 / B9B8
@0xC / BFBEBDBC | 4: READ BFBEBDBC[31:0] @0xC then WRITE BDBC[7:0] @0x3 @0x6 / BDBC
@0x0 / B3B2B1B0 1: READ B3B2B1B0[31:0] @0x0 then WRITE B3B2B1B0[31:0] @0x0 @0x0 / B3B2B1B0
32 3 4 @0x4 / B7B6B5B4 2: READ B7B6B5B4[31:0] @0x4 then WRITE B7B6B5B4[31:0] @0x4 @0x4 / B7B6B5B4
@0x8 / BBBAB9B8 | 3: READ BBBAB9B8[31:0] @0x8 then WRITE BBBAB9B8[31:0] @0x8 @0x8 / BBBAB9B8
@0xC / BFBEBDBC | 4: READ BFBEBDBC[31:0] @0xC then WRITE BFBEBDBC[31:0] @0xC | @0xC / BFBEBDBC
Addressing an AHB peripheral that does not support byte or halfword write
operations
When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on
the unused lanes of the HWDATA[31:0] bus. So when the used AHB slave peripheral does
not support byte or halfword write operations (when HSIZE is not used by the peripheral)
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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 will transform 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 “OxB0” to 0x0 (or to 0x1, 0x2 or 0x3) will be
converted to an APB word write operation of the data “0xBOB0OB0BO0” to 0x0

e an AHB halfword write operation of the data “OxB1B0” to 0x0 (or to 0x2) will be
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 54. DMA interrupt requests

Interrupt event Event flag Enable Control bit

Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE

DMA request mapping

DMAA1 controller

The 7 requests from the peripherals (TIMx[2,3,4,6,7], 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 37.

The peripheral DMA requests can be independently activated/de-activated by programming
the DMA control bit in the registers of the corresponding peripheral.
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Figure 37. DMA1 request mapping

Peripheral Fixed hardware priority
request signals
High priority
ADC1 HW request 1
TIM2_CH3 :> »| |Channel 1
TIM4_CH1 SW trigger (MEM2MEM bit)
Channel 1 EN bit
USART3_TX
TIM2_UP HW request 2 ,| JChannel 2
TIM3_CH3
SPI1_RX SW trigger (MEM2MEM bit)
TIM6_UP/DAC_Channell T
Channel 2 EN bit
USART3_RX
TIM3_CH4 HW request 3 R Channel 3
TIM3_UP
SPI1_TX SW trigger (MEM2MEM bit)
TIM7_UP/DAC_Channel2 T internal
Channel 3 EN bit BN
DMA
USART1_TX
oy t
TIM4_CH2 HW request 4 R Channel 4 reques
SPI2_RX -
12C2_TX SW trigger (MEM2MEM bit)
Channel 4 EN bit
USART1_RX
SPI2_TX HW request 5
TIM2._ CH1 [> »| |Channel 5
TIM4_CH3 SW trigger (MEM2MEM bit)
12C2_RX T
Channel 5 EN bit
USART2_RX HW REQUEST 6 Channel 6
TIM3_CHH1 >
TIM3_TRIG SW TRIGGER (MEM2MEM bit)
12C1_TX T
Channel 6 EN bit
USART2_TX
— HW request 7 v
TIM2_CH2 > Channel 7
TIM2_CH4 :> . _ Low priority
TIM4_UP SW trigger (MEM2MEM bit)
12C1_RX ?

Channel 7 EN bit

ai17147b

Table 55 lists the DMA requests for each channel.
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Table 55. Summary of DMA1 requests for each channel
Peripherals | Channel 1| Channel 2 | Channel 3 Channel 4 Channel 5 Channel 6 | Channel 7
ADC1 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
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
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Figure 38. DMA2 request mapping
Peripheral request signals Fixed hardware priority
SPI3_RX HW request 1 HIGH PRIORITY
UART5_TX Channel 1
TIM5_CH4 |:> "
TIM5_TRIG SW trigger (MEM2MEM bit) —|
TIM5_COM
Channel 1 EN bit
SPI3_TX
UARTE_RX I:> HW request 2 R Channel 2
TIM5_CH3 SW trigger (MEM2MEM bit) ——p
TIM5_UP /f
Channel 2 EN bit
UART4_RX HW request 3 . Channel 3
AES_OUT T ———
SW trigger (MEM2MEM bit) —p|
Channel 3 EN bit internal
DMA2
TIM5_CH2 :> HW request 4 Channel 4 request
SD/MMC
SW trigger (MEM2MEM bit) .
Channel 4 EN bit
UART4 TX HW request 5 Y
TIMS C_H1 > Channel 5
AEs:IN SW trigger (MEM2MEM bit) —| LOWPRIORITY
Channel 5 EN bit
MS42083V1
Table 56 lists the DMA2 requests for each channel.
Table 56. 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
UART5 UART5_TX UART5_RX - - -
TIM5_CH4
TIM5 TIM5_TRIG 2%55—%13 - TIM5_CH2 TIM5_CH1
TIM5_COM -
SDIO - - - SD/MMC -
AES - - AES_OUT - AES_IN
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11.4 DMA registers

Refer to Section 1.1: List of abbreviations for registers on page 38 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).
11.4.1 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
r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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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11.4.2 DMA interrupt flag clear register (DMA_IFCR)

Address offset: 0x04
Reset value: 0x0000 0000

31 3 20 28 27 26 25 24 23 22 21 20 19 18 17 16
CTEIF | CHTIF | cTCIF7 | CGIF7 | CTEIFS | CHTIF6| CTCIF6 | CGIF6 | CTEIFS | CHTIFS | CTCIFS | CGIFS
Reserved
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 | CHIIF 1 CTEF | caira CT;'F CH;'F CTCIF3| CGIF3 | CTEIF2 |CHTIF2 | CTCIF2| CGIF2 | CTEIF1 |CHTIF1 | CTCIF1 | CGIF1
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 bitis set and cleared by software.

0: No effect
1: Clears the GIF, TEIF, HTIF and TCIF flags in the DMA_ISR register

3
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11.4.3 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 11 10 9 8 7 6 5 4 3 2 1 0
'\I<I/II?E|\I/\|/|2 PL[1:0] MSIZE[1:0] PSIZE[1:0] MINC | PINC | CIRC DIR TEIE HTIE | TCIE EN
Res.
w rw w w 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

3
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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
11.4.4 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

260/908

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.

3
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11.4.5 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 will be read/written.
When PSIZE is 01 (16-bit), the PA[0Q] 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.

11.4.6 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 will be read/written.
When MSIZE is 01 (16-bit), the MA[O] 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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11.4.7 DMA register map
The following table gives the DMA register map and the reset values. The reserved memory
areas are highlighted in gray in the table.
Table 57. DMA register map and reset values
Offset| Register |5 @ QXN QNN YYD N Do o~ ouvnn—o
DMA ISR ol ol o ol vl vl i i v Pl Pl v i Bl i vl £ F ol Yol g
0x000 - Reserved | E|R[O|EIE|RIOIE|EIRIOEITIRIO|IEIEIRIOIEIEIRIOIEIEIR]|O
Reset value olo[ofofof[ofolo]ofolo]ofolo]ofo|lo]o]olo|o]olofo]olo]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]ofo|lo]o]olo|o]ofofofolo]o]o
S|l pL| > | = |Qlofo W w |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
0010 DMA_CPAR1 PA[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
o014 DMA_CMAR1 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
0x018 Reserved
S|P | > | = |Qlofo W w |w
ooic | PMACCR2 Reserved 2| 1o g (“% g%f—j%{ﬂ Elo|&
= = o
Reset value oo|o o|o o|ooooooooo
0x020 DMA_CNDTR2 Reserved NDT[15:0]
Reset value 0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0
0x024 DMA_CPAR2 PA[31:0]
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
03025 DMA_CMAR?2 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
0x02C Reserved
PL = = |o]lo|o W W |w
0x030 DMA_CCR3 Reserved § [1:0] g I:% g%%%EQEE
= = o
Reset value 00|o 0|0 0|ooooooooo
0034 DMA_CNDTR3 Resorved NDT[15:0]
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
0035 DMA_CPAR3 PA[31:0]
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
03030 DMA_CMAR3 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
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Table 57. DMA register map and reset values (continued)
Offset| Register |52 QARNERYYNNRYEE eI eNTYoanonvan o
0x040 Reserved
s =) =)
cc S| P E = 12109 | (w(wlw|,
oxoaq | D VA-COR4 Reserved % (op| o § HHEEEEEE
= s o
Reset value 00|o 0|0 0|000000000
0045 DMA_CNDTR4 Resorved NDT[15:0]
Reset value o|0|0|0|0|o|o|0|0|0|o|o|0|0|0|o
0040 DMA_CPAR4 PA[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
0050 DMA_CMAR4 MA[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
0x054 Reserved
z 2| g
— hai [CRIGRS] w
0x058 DMA_CCRS Reserved % [f:lél § (u’l'nJ é%%%ig 5 E
= s o
Reset value oo|o o|o o|ooooooooo
005G DMA_CNDTR5 Resorved NDT[15:0]
Reset value o|0|0|0|0|o|o|0|0|0|o|o|0|0|0|o
03050 DMA_CPAR5 PA[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
0064 DMA_CMAR5 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
0x068 Reserved
S|P | > | = |Qlofo W w |w
0x06C DMA_CCRe Reserved % [1:0] g (u% é%%%ruj ZIe &
= = o
Reset value oo|o o|o o|ooooooooo
03070 DMA_CNDTR6 Reserved NDT[15:0]
Reset value 0|0|0|o|0|0|0|0|0|0|0|0|0|0|0|0
0074 DMA_CPAR6 PA[31:0]
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
0078 DMA_CMARS 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
0x07C Reserved
S|P | = | = |Qlofo ww |w
0x080 DMA_CCR7 Reserved % [1:0] § I:% g%%%ruj 'f 8 E
= = o
Reset value 00|o 0|0 0|ooooooooo
0084 DMA_CNDTR? Resorved NDT[15:0]
Reset value o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
005 DMA_CPAR7 PA[31:0]
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
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Table 57. DMA register map and reset values (continued)

Offset| Register |5 QRN QYNNI BN OOV ol @w<oaeo
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 5 on page 47 for the register boundary addresses.

3
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Analog-to-digital converter (ADC)

12

12.1

12.2

Note:

3

Analog-to-digital converter (ADC)

This section applies to the whole STM32L1xxxx family, unless otherwise specified.

ADC introduction

The 12-bit ADC is a successive approximation analog-to-digital converter. It has up to 42
multiplexed channels allowing it measure signals from up to 40 external and two internal
sources. The A/D conversion of the channels can be performed in single, continuous, scan
or discontinuous mode. The result of the ADC is stored into a left- or right-aligned 16-bit
data register.

The analog watchdog feature allows the application to detect if the input voltage goes
beyond the user-defined, higher or lower thresholds.

Conversions are always performed at maximum speed to have the highest possible
conversion rate for a given system clock frequency. The automatic power control
dramatically reduces the consumption by powering-on the ADC only during conversions.

ADC main features

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

e Interrupt generation at the end of regular conversions, end of injected conversions, and
in case of analog watchdog or overrun events (for regular conversions)

e Single and continuous conversion modes

e  Scan mode for automatic conversions in a fully programmable order
e  Programmable data alignment with in-built data coherency

e  Programmable and individual sampling time for each ADC channel

e External trigger option with configurable edge detection for both regular and injected
conversions

. Discontinuous mode

e ADC conversion time: 1 us at full speed (ADC clocked at 16 MHz) down to 4 ps at low
speed (ADC clocked at 4 MHz), independent of the APB clock

e  Automatic power-up/power-down to reduce the power consumption
e  ADC supply requirements:
— 24V t10 3.6V atfull speed or with reference zooming (Vrgg+ < Vppa)
— down to 1.8 V at slower speeds
e ADC input range: VgRer— £V|N £VREF+
e Automatic programmable hardware delay insertion between conversions
e DMA request generation during regular channel conversion

Figure 39 shows the block diagram of the ADC.

Vrer_, if available (depending on package), must be tied to Vgga.
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12.3 ADC functional description
Figure 39 and Figure 40 show the ADC block diagram, Table 58 gives the pin description.

Figure 39. ADC block diagram (Cat.1 and Cat.2 devices)
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Note: Due to internal connections (ADC multiplexer switches), ADC channels 4, 5, 22, 23, 24 and
25 are direct channels with the highest available sampling rate and the other channels are
multiplexed with reduced sampling rate, for more details see product datasheet. For more
details, refer to Figure 25: Routing interface (RI) block diagram for Cat.1 and Cat.2 devices
on page 192, Figure 26: Routing interface (Rl) block diagram for Cat.3 devices on page 193
and Figure 27: Routing interface (RI) block diagram for Cat.4, Cat.5 and Cat.6 devices on

page 194.

Table 58. ADC pins

Name

Signal type

Remarks

VREF+

Input, analog
reference positive

The higher/positive reference voltage for the
ADC is:

2.4V S\/REF‘F = VDDA for full Speed (ADCCLK =
16 MHz, 1 Msps)

1.8V <Vrgr+ =Vppa for medium speed
(ADCCLK = 8 MHz, 500 Ksps)

2.4V VRgp+ # Vppa for medium speed
(ADCCLK = 8 MHz, 500 Ksps)

1.8V VRgr+ <Vppa forlow speed (ADCCLK
=4 MHz, 250 Ksps)

When product voltage range 3 is selected
(Vcore = 1.2 V), the ADC is low speed
(ADCCLK = 4 MHz, 250 Ksps)

Vbpa

Input, analog supply

Analog power supply equal to Vpp and
2.4V <Vppa <Vpp (3.6 V) for full speed
1.8 V <Vppa <Vpp (3.6 V) for medium and low speed

VREF-

Input, analog
reference negative

The lower/negative reference voltage for the ADC,
VRer-=Vssa

Vssa

Input, analog supply
ground

Ground for analog power supply equal to Vgg

ADC_IN[15:0] and
ADC_IN[25:18]
ADC_IN[31:27],
ADC_IN[3:0]b

and ADC_IN[12:6]b

Analog input signals

24 analog input channels in Cat.1 and Cat.2 devices

Up to 40 channels in Cat.3, Cat.4, Cat.5 and Cat.6
devices

3
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Figure 40. ADC block diagram (Cat.3, Cat.4, Cat.5 and Cat.6 devices)
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12.3.1

Note:

Note:

12.3.2

Note:

3

ADC power on-off control

The ADC is powered on by setting the ADON bit in the ADC_CR2 register. When the ADON
bit is set for the first time, it wakes up the ADC from the Power-down mode.

Conversion starts when either the SWSTART or the JSWSTART bit is set, or in response to
an external trigger. These software or hardware triggers must be enabled only when the
ADC is ready to convert (ADONS=1).

Resetting the ADON bit stops the conversions and put the ADC in power down mode. In this
mode the ADC consumes almost no power. ADONS is cleared after ADON has been
synchronized to the ADCCLK clock domain.

Due to the latency introduced by the synchronization between the two clock domains,
ADON must be set only when ADONS=0 and it must be cleared only when the ADC is ready
to convert (ADONS=1).

Power down configurations (PDI and PDD)

In order to reduce the consumption when the ADC is ready to convert (ADONS=1), the ADC
can be automatically powered off when it is not converting, until the next conversion starts
depending on the PDI and PDD bits in the ADC_CR1 register. Refer to Section 12.10:
Power saving on page 282 for more details.

Using the PDI bit, the user can determine whether the ADC is powered up or down when it
is not converting (waiting for a hardware or software trigger event).

Using the PDD bit, the user can determine whether the ADC is powered up or down
between 2 conversions (or sequences of conversions) when a delay is inserted (DELS bits).

When PDI=1, ADONS is the image of ADON (same value) as viewed from the ADCCLK
clock.

Conversion starts after the ADC power-up time (tgtag) when either the SWSTART or the
JSWSTART bit is set, or in response to an external trigger. These software or hardware
triggers must be enabled only when the ADC is ready to convert (ADONS=1).

Resetting the ADON bit stops the conversions and places the ADC in a mode where it is no
longer supplied.

Due to the latency introduced by the synchronization between the two clock domains,
ADON must be set only when ADONS=0 and it must be cleared only when ADONS=1.

ADC clock

To avoid unnecessary consumption while not converting, the ADC digital interface has been
designed to operate in a completely independent manner, at its maximum speed using an
internal 16 MHz clock source (HSI), whatever the CPU operating frequency (which can
range from a few sub-kHz up to 32 MHz).

When entering Stop mode, the ADC analog and digital interfaces remain inactive as the HSI
and PCLK?2 are disabled. Since the HSI is still deactived after resuming from Stop mode, the
user must enable the HSI as the ADC analog interface clock source and continue using
ADC conversions.

The ADCCLK clock is provided by the clock controller. It is generated from the HSI oscillator
after a clock divider:

° by 1 for full speed (fADCCLK =16 MHZ)

e by 2 for medium speed and by 4 for low speed (fapccLk = 4 MHz)
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12.3.3

Note:

270/908

Depending on the APB clock (PCLK) frequency, the ADCCLK clock frequency can be higher
or lower than PCLK. In particular, when the APB becomes too low, it can become difficult to
get the results of conversions at full speed without losing any data (because the data flow is
higher than what the CPU or the DMA can handle). This problem can be solved by inserting
a delay between 2 conversions or between 2 sequences of conversions in order to give the
system enough time to read and save the converted data before the next data arrive. Refer
to Section 12.9: Hardware freeze and delay insertion modes for slow conversions on

page 279 for more details.

Channel selection

In Cat.1 and Cat.2 devices, there are up to 26 multiplexed channels ADC_INO..25.

In Cat.3, Cat.4, Cat.5 and Cat.6 devices there are up to 42 multiplexed channels organized
in 2 banks. Channels ADC_INO to ADC_IN31 are available in Bank A and channels
ADC_INOb to ADC_IN31b are available in Bank B. The bank selection is configured by the
ADC_CFG bit in the ADC_CR?2 register. Temperature sensor input, internal voltage
reference input and selected external analog inputs i.e. ADC_IN4 / ADC_IN4b () are
available in both banks. For details see Table 41: I/0O groups and selection.

It is possible to organize the conversions in two groups: regular and injected. A group
consists of a sequence of conversions that can be done in any order and on any available
input channels from the selected bank. For instance, it is possible to implement the
conversion sequence in the following order: ADC_IN3, ADC_IN8, ADC_IN2, ADC_IN2,
ADC_INO, ADC_IN2.

e Aregular group is composed of up to 28 conversions. The regular channels and their
order in the conversion sequence must be selected in the ADC_SQRXx registers. The
total number of conversions, which can be up to 28 in the regular group must be written
in the L[4:0] bits in the ADC_SQR1 register.

e Aninjected group is composed of up to 4 conversions. The injected channels and
their order in the conversion sequence must be selected in the ADC_JSQR register.
The total number of conversions, which can be up to 4 in the injected group must be
written in the L[1:0] bits in the ADC_JSQR register.

If the ADC_SQRXx register is modified during a regular conversion or the ADC_JSQR
register is modified during an injected conversion, the current conversion is reset and the
ADC waits for a new start pulse. If the conversion that is reset is an injected conversion that
had interrupted a regular conversion, then the regular conversion is resumed.

Up to 6 direct channels are connected to the input switch matrix of ADC allowing to sample
at the full speed of 1 MSamples/s. The rest of the input channels are multiplexed through
routing interface reducing speed to 800 kSamples/s. For more information see Section 8.2:
RI main features.

Temperature sensor, VgegnT internal channels

The temperature sensor is connected to channel ADC_IN16 and the internal reference
voltage VregnT IS connected to ADC_IN17. These two internal channels can be selected
and converted as injected or regular channels.

3

DoclD15965 Rev 14




RMO0038 Analog-to-digital converter (ADC)
12.3.4 Single conversion mode
In Single conversion mode the ADC does one conversion. This mode is started with the
CONT bit in the ADC_CR2 at 0 by either:
e setting the SWSTART bit in the ADC_CR2 register (for a regular channel only)
e  setting the JSWSTART bit (for an injected channel)
e external trigger (for a regular or injected channel)
Once the conversion of the selected channel is complete:
e Ifaregular channel was converted (converted channel is selected by the SQ1[4:0] bits
in the SQRS register):
—  The converted data are stored into the 16-bit ADC_DR register
— The EOC (end of conversion) flag is set
— Aninterrupt is generated if the EOCIE bit is set
e If an injected channel was converted (converted channel is selected by the JSQ1[4:0]
bits in the JSQR register):
—  The converted data are stored into the 16-bit ADC_JDR1 register
—  The JEOC (end of conversion injected) flag is set
— Aninterrupt is generated if the JEOCIE bit is set
Then the ADC stops.
12.3.5 Continuous conversion mode
In continuous conversion mode, the ADC starts a new conversion as soon as it finishes one.
This mode is started with the CONT bit at 1 either by external trigger or by setting the
SWSTART bit in the ADC_CR2 register (for regular channels only).
After each conversion:
e If aregular channel was converted (converted channel is selected by the SQ1[4:0] bits
in the SQRS register):
—  The last converted data are stored into the 16-bit ADC_DR register
— The EOC (end of conversion) flag is set
— Aninterrupt is generated if the EOCIE bit is set
Note: Injected channels cannot be converted continuously. The only exception is when an injected
channel is configured to be converted automatically after reqular channels in continuous
mode (using JAUTO bit), refer to Auto-injected conversion section).
12.3.6 Timing diagram

3

As shown in Figure 41, the ADC needs a stabilization time (tgtag) before it can actually
convert. The ADONS bit is set when a conversion can be triggered. A conversion is
launched when the SWSTART bit is set (or when an external trigger is detected). After the
conversion time (programmable sampling time + 12 ADCCLK clock cycles for 12-bit data),
the EOC flag is set and the ADC data register contains the result of the conversion. Note
that some delays are needed to resynchronize the different signals from one clock domain
to the other.
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Figure 41. Timing diagram (normal mode, PDI=0)
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12.3.7 Analog watchdog

The AWD analog watchdog status bit is set if the analog voltage converted by the ADC is
below a lower threshold or above a higher threshold. These thresholds are programmed in
the 12 least significant bits of the ADC_HTR and ADC_LTR 16-bit registers. An interrupt can
be enabled by using the AWDIE bit in the ADC_CR1 register.

The threshold value is independent of the alignment selected by the ALIGN bit in the
ADC_CR?2 register. The analog voltage is compared to the lower and higher thresholds
before alignment.

Table 59 shows how the ADC_CR1 register should be configured to enable the analog
watchdog on one or more channels.

Figure 42. Analog watchdog’s guarded area

Analog voltage

Higher threshold HTR

Guarded area
Lower threshold LTR

ai16048
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Table 59. Analog watchdog channel selection
Channels guarded by the analog ADC_CR1 register control bits (x = don’t care)
watchdog AWDSGL bit AWDEN bit JAWDEN bit
None X 0 0
All injected channels 0 0 1
All regular channels 0 1 0
All regular and injected channels 0 1 1
Single“) injected channel 1 0 1
Single“) regular channel 1 1 0
Single (") regular or injected channel 1 1 1
1. Selected by the AWDCHI[4:0] bits
12.3.8 Scan mode
This mode is used to scan a group of analog channels.
The Scan mode is selected by setting the SCAN bit in the ADC_CR1 register. Once this bit
has been set, the ADC scans all the channels selected in the ADC_SQRXx registers (for
regular channels) or in the ADC_JSQR register (for injected channels). All the channels to
be converted must be located in the same bank as the ADC_CFG bit is stable during the
scan. A single conversion is performed for each channel of the group. After each end of
conversion, the next channel in the group is converted automatically. If the CONT bit in the
ADC_CR?2 register is set, regular channel conversion does not stop at the last selected
channel in the group but continues again from the first selected channel.
If the DMA bit is set, the direct memory access (DMA) controller is used to transfer the data
converted from the regular group of channels (stored in the ADC_DR register) to memory
after each regular channel conversion.
The EOC bit is set in the ADC_SR register if:
e At the end of each regular group sequence the EOCS bit is cleared to 0
e At the end of each regular channel conversion the EOCS bit is set to 1
The data converted from an injected channel is always stored into the ADC_JDRXx registers.
12.3.9 Injected channel management

3

Triggered injected conversion

To use triggered injection, the JAUTO bit must be cleared in the ADC_CR1 register.
1. Start the conversion of a group of injected channels either by external trigger or by
setting the JSSWSTART bit in the ADC_CR2 register.

2. If an external injected trigger occurs or if the JSWSTART bit is set during the
conversion of a regular group of channels, the current conversion is reset and the
injected channel sequence switches to Scan-once mode.

3. Then, the regular conversion of the regular group of channels is resumed from the last
interrupted regular conversion.
If a regular event occurs during an injected conversion, the injected conversion is not
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interrupted but the regular sequence is executed at the end of the injected sequence.
Figure 43 shows the corresponding timing diagram.

When using triggered injection, one must ensure that the interval between trigger events is
longer than the injection sequence. For instance, if the sequence length is 30 ADC clock
cycles (that is two conversions with a sampling time of 3 clock periods), the minimum
interval between triggers must be 31 ADC clock cycles.

Figure 43. Injected conversion latency

ADCCLK

Injection event

Reset ADC

max latency Q)

SOC >

ai16049

1. The maximum latency value can be found in the electrical characteristics of the STM32L1xxxx datasheet.
Auto-injected conversion

If the JAUTO bit is set, then the channels in the injected group are automatically converted
after the regular group of channels. This can be used to convert a sequence of up to 31
conversions programmed in the ADC_SQRx and ADC_JSQR registers.

In this mode, external trigger on injected channels must be disabled.

If the CONT bit is also set in addition to the JAUTO bit, regular channels followed by injected
channels are continuously converted.

It is not possible to use both the auto-injected and discontinuous modes simultaneously.

Discontinuous mode

Regular group

This mode is enabled by setting the DISCEN bit in the ADC_CR1 register. It can be used to
convert a short sequence of n conversions (n <8) that is part of the sequence of conversions
selected in the ADC_SQRXx registers. The value of n is specified by writing to the
DISCNUM][2:0] bits in the ADC_CRH1 register.

When an external trigger occurs, it starts the next n conversions selected in the ADC_SQRXx
registers until all the conversions in the sequence are done. The total sequence length is
defined by the L[4:0] bits in the ADC_SQR1 register.
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Example:
n = 3, regular channels to be converted =0, 1, 2, 3,6, 7,9, 10
1st trigger: sequence converted 0, 1, 2
2nd trigger: sequence converted 3, 6, 7
3rd trigger: sequence converted 9, 10 and an EOC event generated
4th trigger: sequence converted 0, 1, 2
Note: When a regular group is converted in discontinuous mode, no rollover occurs.
When all subgroups are converted, the next trigger starts the conversion of the first
subgroup. In the example above, the 4th trigger reconverts the channels 0, 1 and 2 in the
1st subgroup.
Injected group
This mode is enabled by setting the JDISCEN bit in the ADC_CR1 register. It can be used to
convert a short sequence of n conversions (n <3) part of the sequence of conversions
selected in the ADC_JSQR registers. The value of n is specified by writing to the
DISCNUMI[2:0] bits in the ADC_CR1 register.
When an external trigger occurs, it starts the next 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, injected channels to be converted = 1, 2, 3
1st trigger: channel 1 converted
2nd trigger: channel 2 converted
3rd trigger: channel 3 converted and EOC and JEOC events generated
4th trigger: channel 1
Note: When all injected channels are converted, the next trigger starts the conversion of the first
injected channel. In the example above, the 4th trigger reconverts the 1st injected channel
1.
It is not possible to use both the auto-injected and discontinuous modes simultaneously.
Discontinuous mode must not be set for regular and injected groups at the same time.
12.4 Data alignment

3

The ALIGN bit in the ADC_CR2 register selects the alignment of the data stored after
conversion. Data can be right- or left-aligned as shown in Figure 44 and Figure 45.

The converted data value from the injected group of channels is decreased by the user-
defined offset written in the ADC_JOFRX registers so the result can be a negative value.
The SEXT bit represents the extended sign value.

For channels in a regular group, no offset is subtracted so only twelve bits are significant.
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Figure 44. Right alignment of 12-bit data

Injected group

SEXT| SEXT]| SEXT | SEXT | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Regular group

0 0 0 0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

ai16050

Figure 45. Left alignment of 12-bit data

Injected group

SEXT| D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0

Regular group

D11} D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0 0

ai16051

Special case: when left-aligned, the data are aligned on a half-word basis except when the
resolution is set to 6-bit. in that case, the data are aligned on a byte basis as shown in
Figure 46.

Figure 46. Left alignment of 6-bit data

Injected group

SEXT)SEXT | SEXT | SEXT | SEXT] SEXT | SEXT | SEXT | SEXT | D5 D4 D3 D2 D1 DO 0

Regular group

0 0 0 0 0 0 0 0 D5 D4 D3 D2 D1 DO 0 0

ai16052

Channel-wise programmable sampling time

The ADC samples the input voltage for a number of ADCCLK cycles that can be modified
using the SMP[2:0] bits in the ADC_SMPRX registers (x =1 to 3). Each channel of a given
bank can be sampled with a different sampling time. Nevertheless, the sampling time
selection is shared between the 2 banks.

The total conversion time is calculated as follows:

Teonv = Sampling time + channel conversion time
Example:

With ADCCLK = 16 MHz and sampling time = 4 cycles:

Teony =4 + 12 =16 cycles = 1 us (for 12-bit conversion)

Teony =4 + 7 = 11 cycles = 685 ns (for 6-bit conversion)

3
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Conversion on external trigger

Conversion can be triggered by an external event (e.g. timer capture, EXTI line). If the
EXTENI1:0] control bits (for a regular conversion) or JEXTEN[1:0] bits (for an injected
conversion) are different from “0b00”, then external events are able to trigger a conversion
with the selected edge. Table 60 provides the correspondence between the EXTEN[1:0] and
JEXTENTI1:0] values and the trigger edge.

Table 60. Configuring the trigger edge detection
Source EXTEN[1:0] / JEXTEN[1:0]

Trigger detection disabled 00

Detection on the rising edge 01

Detection on the falling edge 10

Detection on both the rising and falling edges 11

The edge detection of the external trigger can be changed on the fly.

The EXTSEL][3:0] and JEXTSEL][3:0] control bits are used to select which out of 16 possible
events can trigger conversion for the regular and injected groups.

Table 61 gives the possible external trigger for regular conversion.

Table 61. External trigger for regular channels

Source Type EXTSEL[3:0]
TIM9_CC2 event 0000
TIM9_TRGO event 0001
TIM2_CC3 event 0010
TIM2_CC2 event 001
TIM3_TRGO event 0100
TIM4_CC4 event {ir::]eer;al signal from on-chip 0101
TIM2_TRGO event 0110
TIM3_CC1 event 0111
TIM3_CC3 event 1000
TIM4_TRGO event 1001
TIM6_TRGO event 1010
Reserved 1011
Reserved 1100
NA
Reserved 1101
Reserved 1110
EXTI line11 External pin 1111
Table 62 gives the possible external trigger for injected conversion.
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Table 62. External trigger for injected channels

Source Type EXTSEL[3:0]
TIM9_CC1 event 0000
TIM9_TRGO event 0001
TIM2_TRGO event 0010
TIM2_CC1 event 0011
TIM3_CC4 event 0100
TIM4_TRGO event Internal signal from on-chip timers 0101
TIM4_CC1 event 0110
TIM4_CC2 event 0111
TIM4_CC3 event 1000
TIM10_CC1 event 1001
TIM7_TRGO event 1010
Reserved 1011
Reserved 1100
NA
Reserved 1101
Reserved 1110
EXTI line15 External pin 1111

A regular group conversion can be interrupted by an injected trigger.

The trigger selection can be changed on the fly. When this is done, however, trigger
detection is disabled for a period of 2 PCLK cycles. This is to avoid spurious detections

during the transition.

The interval between trigger events must be longer than:
e the sequence for regular conversions
e the sequence + 1 ADCCLK cycle for injected conversions

For instance, if the sequence length is 32 ADC clock cycles (that is two conversions with a 4
clock-period sampling time), the minimum interval between regular triggers must be greater
than 32 ADC clock cycles and the interval between injected triggers must be greater than 33

ADC clock cycles.

Aborting a conversion

Injected channels

An injected conversion or a sequence of conversions can be stopped by writing to the JSQR
register (the JL[1:0] bitfield has to be written with its current value). Then any ongoing

injected conversion aborts and any pending trigger is reset. A new injected conversion can
start when a new hardware or software trigger occurs.

DoclD15965 Rev 14

3




RM0038

Analog-to-digital converter (ADC)

12.7.2

12.8

12.9

3

After aborting an injected conversion, the system requires a few clock cycles before a new
injected conversion can start (3 to 5 ADC clock cycles + 2 to 5 APB clock cycles). To meet
this requirement, JSWSTART should not be set before JCNR=0.

Regular channels

A regular conversion or a sequence of conversions can be stopped by writing to any of the
SQR1 to SQRS5 registers (if SQR1 is written, the L[4:0] bitfield has to be written with its
current value). The ADC then behaves in the same way as in the case of injected
conversions (see Section 12.7.2: Regular channels).

If several of the SQRi registers have to be written in order to configure a new sequence, no
conversion should be launched between the different write accesses. In this case, the
following sequence must be applied:

1. Disable the external triggers by writing the EXTEN bits to 00 (when external triggers
are used)

2. Change the sequence configuration (by writing to the SQRi registers)
Wait for RCNR=0 in the ADC_SR register
4. Enable the external trigger or set the SWSTART bit

w

Conversion resolution

Itis possible to perform faster conversion by reducing the ADC resolution. The RES[1:0] bits
are used to select the number of bits available in the data register. The minimal conversion
time for each resolution, when the sampling time is 4 cycles, is then as follows:

e for 12-bit resolution : 12 +4 =16 cycles
e  for 10-bit resolution : 11 +4 =15 cycles
e for 8-bitresolution: 9 +4 =13 cycles
e for 6-bit resolution: 7 +4 =11 cycles

Hardware freeze and delay insertion modes for slow
conversions

When the APB clock is not fast enough to manage the data rate, a delay can be introduced
between conversions to reduce this data rate. The delay is inserted after each regular
conversion and after each sequence of injected conversions as, during conversion, a trigger
event (for the same group of conversions) occurring during this delay is ignored.

No delay is inserted between conversions of different groups (a regular conversion followed
by an injected conversion or conversely):

e Ifan injected trigger occurs during the delay of a regular conversion, the injected
conversion starts immediately.

e If aregular conversion is to be resumed after being interrupted by an injected
sequence, it starts as soon as the delay of the previous regular conversion is finished.

The behavior is slightly different in auto-injected mode where a new regular conversion can
start only when the delay of the previous injected conversion has ended. This is to ensure
that the software can read all the data of a given sequence before starting a new sequence.
In this mode, a regular trigger is ignored if it occurs during the delay that follows a regular
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conversion. It is however considered pending if it occurs after this delay, even if it occurs
during an injected sequence or the delay that follows it. The conversion then starts at the
end of the delay of the injected sequence.

The length of the delay is configured using the DELS[2:0] bits in the ADC_CR2 register. Two
cases should be considered:

e ADC freeze mode:
When DELS[2:0]=001, a new conversion can start only if all the previous data of the
same group have been treated:

— for aregular conversion: once the ADC_DR register has been read or if the EOC
bit has been cleared

—  for an injected conversion: when the JEOC bit has been cleared

e ADC delay insertion mode:
When DELS[2:0]>001, a new conversion can start only after a given number of APB
clock cycles after the end of the previous conversion in the same group.

Figure 47. ADC freeze mode

Hardware/
software trigger |—|

ADC state | p | Froeze | 5 |Freeze| 3 | Freeze

EOC flag _I I_I I_I
|I| Regular conversion #i

ai18211b

Inserting a delay after each regular conversion

When enabled, a delay is inserted at the end of each regular conversion before a new
regular conversion can start. It gives time to read the converted data in the ADC_DR
register before a new regular conversion is completed. The length of the delay is configured
by the DELSJ[2:0] bits. Figure 48 shows an example of continuous regular conversions
where a 10 PCLK cycle delay is inserted after each conversion.

When ADC_CR2_EOCS = 1, the delay is inserted after each sequence of regular group
conversions.

3
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Figure 48. Continuous regular conversions with a delay
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X data 1
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1. teonve: including sampling and conversion times (for instance 16 ADC clock cycles with the minimum
sampling time)

2. tgelay: delay from the end of a conversion to the start of the next conversion (number of PCLK periods
conﬁ(gured with the DELS[2:0] bits) + delay to synchronize the end of conversion (0 to 1 PCLK clock cycles)
+ delay to synchronize the end of delay (2 or 3 ADC clock cycles).

Inserting a delay after each sequence of auto-injected conversions

When enabled, a delay is inserted at the end of each sequence of injected conversions. Up
to 5 conversion results can be stored into the ADC_DR and the ADC_JDRXx registers. The
length of the delay is configured by the DELS[2:0] bits. Figure 49 shows an example of
continuous conversions (the CONT bit is set) where a delay is inserted after each sequence
of injected conversions. Here the JAUTO bit is set and the sequence ends after the last
injected conversion (the sequence is made of 1 regular conversion + 2 injected
conversions).
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Figure 49. Continuous conversions with a delay between each conversion
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teonvi/2/3: including sampling and conversion times for channels 1, 2 and 3.

2. tyelay- delay from the end of the previous sequence to the start of the new sequence (number of PCLK
periods configured with the DELS bits) + delay to synchronize the end of conversion (0 to 1 PCLK clock
cycles) + delay to synchronize the end of delay (2 or 3 ADC clock cycles).

1210 Power saving

ADC power-on and power-off can be managed by hardware to cut the consumption when
the ADC is not converting. The ADC can be powered down:

e during the delay described above (when the PDD bit is set). Then the ADC is powered
up again at the end of the delay
and/or

e when the ADC is waiting for a trigger event (when the PDI bit is set). In this case the
ADC is powered up at the next trigger event.
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The ADC needs a certain time to start up before a conversion can actually be launched.
This startup time must be taken into account before selecting the automatic power control
modes or when configuring the delay. For this reason, it is also more efficient (from the
power point of view and when possible) when scanning several channels to launch a
sequence of several conversions and stop the consumption after the sequence, than when
launching each conversion one by one with a delay after each conversion.

For a given sequence of conversions, the ADCCLK clock must be enabled before launching
the first conversion, and be present until the EOC bit (or the JEOC bit in case of injected
channels) is set.

Figure 50, Figure 51 and Figure 52 show examples of power management in different
configurations. ADON=1 in all these examples.

Figure 50. Automatic power-down control: example 1

Hardware/software |_| I_I
trigger

ADC state I I 1 I

delay I I 2 I delay I 1 @

ADC power (PDI =0, PoD=0) |

ADC power (PDI =0, PDD=1) ‘J'Iq OFF Fﬂq OFF Fﬂ_ﬁ

ADC power (PDI =1, PDD=0) _OFF OFF

ADC power (PDI =1, PDD=1) _OFF -ﬂ_ orr  jeTEM  ore | ore m_OFF
1 1 Ll 1 . 1

D Startup time |

E Regular conversion #i

ai17161c
Figure 51. Automatic power-down control: example 2

Configuration 2: PDI=1, PDD=1, delay after each conversion Ddelay conversion #1

Sequence: 2 regular conversions, CONT=0

D startup time conversion #2
(hardware or software trigger)

ADC state I:I1I I I2I I | |1| I
ADC power OFF | ON I | I | I

ai17162
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Figure 52. Automatic power-down control: example 3

Configuration 3: PDI=1, PDD=1, delay after each sequence D startup time

Sequence: 1 regular conversion + 4 injected conversions, CONT=1 then 0 )
conver3|on number

(hardwar\e\isoftware trigger) (hardware or software trigger) D delay
rocsate _ [[if2lddd  [lildddd | [lddoldd |
ADC power W_,—l—,—l—

CONT I

ai17163b

Data management and overrun detection

Using the DMA

Since converted regular channel values are stored into a unique data register, it is useful to
use DMA for conversion of more than one regular channel. This avoids the loss of the data
already stored in the ADC_DR register.

When the DMA mode is enabled (DMA bit set to 1 in the ADC_CR2 register), after each
conversion of a regular channel, a DMA request is generated. This allows the transfer of the
converted data from the ADC_DR register to the destination location selected by the
software.

Despite this, if data are lost (overrun), the OVR bit in the ADC_SR register is set and an
interrupt is generated (if the OVRIE enable bit is set). DMA transfers are then disabled and
DMA requests are no longer accepted. In this case, if a DMA request is made, the regular
conversion in progress is aborted and further regular triggers are ignored. It is then
necessary to clear the OVR flag and the DMAEN bit in the used DMA stream, and to re-
initialize both the DMA and the ADC to have the wanted converted channel data transferred
to the right memory location. Only then can the conversion be resumed and the data
transfer, enabled again. Injected channel conversions are not impacted by overrun errors.

When OVR = 1 in DMA mode, the DMA requests are blocked after the last valid data have
been transferred, which means that all the data transferred to the RAM can be considered
as valid.

At the end of the last DMA transfer (number of transfers configured in the DMA controller’s
DMA_SxRTR register):

e No new DMA request is issued to the DMA controller if the DDS bit is cleared to 0 in the
ADC_CR?2 register (this avoids generating an overrun error). However the DMA bit is
not cleared by hardware. It must be written to 0, then to 1 to start a new transfer.

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

Managing a sequence of conversions without using the DMA

If the conversions are slow enough, the conversion sequence can be handled by the
software. In this case the EOCS bit must be set in the ADC_CR2 register for the EOC status
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bit to be set at the end of each conversion, and not only at the end of the sequence. When
EOCS =1, overrun detection is automatically enabled. Thus, each time a conversion is
complete, EOC is set and the ADC_DR register can be read. The overrun management is
the same as when the DMA is used.

Conversions without reading all the data

It may be useful to let the ADC convert one or more channels without reading the data each
time (if there is an analog watchdog for instance). For that, the DMA must be disabled
(DMA = 0) and the EOC bit must be set at the end of a sequence only (EOCS = 0). In this
configuration no overrun error is reported if a conversion finishes when the result of the
previous conversion has not been read.

Overrun detection

Overrun detection is always enabled. It takes place before the data are synchronized to the
APB clock.

Only regular channel conversions generate overrun errors.

At the end of a conversion, the result is stored into an intermediate buffer (in the ADC clock
domain) until it is transferred to the data register (ADC_DR, in the APB clock domain). If
new data arrive before the previous data are transferred, the new data are lost and an
overrun error is detected. The OVR bit is set in the ADC_SR register and an interrupt is
generated if the OVRIE bit is set.

This may occur in two cases:

e either the delay is not properly set with respect to the APB clock frequency (the delay is
too short to synchronize the data), or

e the previous data could not be synchronized to the APB clock because the ADC_DR
register is not empty (when DMA=1 or EOCS=1). Indeed, in these modes, the contents
of the ADC_DR register cannot be overwritten and so the register always contains the
last valid data. ADC_DR is emptied by reading it or by clearing the EOC bit in the
ADC_SR register.

An overrun may happen to be detected just after clearing the DMA (or EOCS) when the last
data transferred by the DMA are read very late, which causes the next data to be lost.

After clearing the OVR bit, the software should not launch a new regular conversion until
RCNR=0 in the ADC_SR register.

Temperature sensor and internal reference voltage

The temperature sensor can be used to measure the junction temperature (T ) of the
device. The temperature sensor is internally connected to the ADC_IN16 input channel
which is used to convert the sensor’s output voltage to a digital value. When not in use, the
sensor can be put in power down mode.

The temperature sensor output voltage changes linearly with temperature, however its
characteristics may vary significantly from chip to chip due to the process variations. To
improve the accuracy of the temperature sensor (especially for absolute temperature
measurement), calibration values are individually measured for each part by ST during
production test and stored in the system memory area. Refer to the specific device
datasheet for additional information.
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The internal voltage reference (VgrgginT) Provides a stable (bandgap) voltage output for the
ADC and Comparators. VgggnT is internally connected to the ADC_IN17 input channel. The
precise voltage of VgggnT iS individually measured for each part by ST during production
test and stored in the system memory area.

Figure 53 shows the block diagram of connections between the temperature sensor, the
internal voltage reference and the ADC.

The TSVREFE bit must be set to enable the conversion of ADC_IN16 (temperature sensor)
and the conversion of ADC_IN17 (VRerNT)-

Figure 53. Temperature sensor and Vggr Nyt channel block diagram

TSVREFE control bit

Temperature \ Vsense —
sensor »| ADC_IN16
(2]
3
o]
converted data ©
3
ADC 2
o
3
VReFINT <
Internal »| ADC IN17
power -
block /

MS34401V1

Reading the temperature

1. Select the ADC_IN16 input channel.
2. Select appropriate sampling time specified in device datasheet (Ts_temp)

3. Setthe TSVREFE bit in the ADC_CCR register to wake up the temperature sensor
from power-down mode and wait for its stabilization time (tg7arT)-

4. Start the ADC conversion.
5. Read the resulting data in the ADC_DR register.

6. Calculate the temperature using the following formulae:
110°C-30°C
TS_CAL2 -TS_CAL1

Temperature = x (TS_DATA-TS_CAL1)+30°C

Where:

e TS CAL2 is the temperature sensor calibration value acquired at 110°C

e TS _CAL1 is the temperature sensor calibration value acquired at 30°C

e TS _DATA is the actual temperature sensor output value converted by ADC

Refer to the specific device datasheet for more information about TS_CAL1 and TS_CAL2
calibration points.
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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.

Calculating the actual Vppp voltage using the internal reference voltage

The Vppa power supply voltage applied to the microcontroller may be subject to variation or
not precisely known. The embedded internal voltage reference (Vggrnt) @nd its calibration
data acquired by the ADC during the manufacturing process at Vppa = 3 V can be used to
evaluate the actual Vpppa voltage level.

The following formula gives the actual Vppa voltage supplying the device:
Vppa = 3 V x VREFINT_CAL / VREFINT_DATA

Where:
e VREFINT_CAL is the VrggNT calibration value
e VREFINT_DATA is the actual VgggyT OUutput value converted by ADC

Converting a supply-relative ADC measurement to an absolute voltage value

The ADC is designed to deliver a digital value corresponding to the ratio between the analog
power supply and the voltage applied on the converted channel. For most application use
cases, it is necessary to convert this ratio into a voltage independent of Vppu. For
applications where Vpp, is known and ADC converted values are right-aligned you can use
the following formula to get this absolute value:

v ___VoDA___ . ADG_DATA
CHANNELx = EULL_SCALE - X

For applications where Vppp value is not known, you must use the internal voltage

reference and Vppa can be replaced by the expression provided in Section : Calculating the

actual VDDA voltage using the internal reference voltage, resulting in the following formula:
3V x VREFINT_CAL x ADC_DATA,

VCHANNELX = ~VREFINT DATA x FULL_SCALE

Where:

* VREFINT_CAL is the VREFINT calibration value

+ ADC_DATA, is the value measured by the ADC on channel x (right-aligned)
* VREFINT_DATA is the actual VREFINT output value converted by the ADC

* FULL_SCALE is the maximum digital value of the ADC output. For example with 12-bit
resolution, it will be 212 - 1 = 4095 or with 8-bit resolution, 28 - 1 = 255,

If ADC measurements are done using an output format other than 12-bit right-aligned, all
the parameters must first be converted to a compatible format before the calculation is
done.
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12.13

12.14
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Internal reference voltage (VgrggnT) CONVersion

The internal reference voltage is internally connected to the VREFINT channel. This analog
input channel is used to convert the internal reference voltage into a digital value.

The TSVREFE bit in the ADC_CCR register must be set to enable the internal reference
voltage (and also the Temperature sensor). This reference voltage must be enabled only if
its conversion is required.

The internal reference voltage is factory measured and the result of the ADC conversion is
stored in a specific data address : the VREFINT_Factory_ CONV byte.

ADC interrupts

An interrupt can be produced on the end of conversion for regular and injected groups,
when the analog watchdog status bit is set and when the overrun status bit is set. Separate
interrupt enable bits are available for flexibility.

Five other flags are present in the ADC_SR register, but there is no interrupt associated with
them:

e JCNR (injected channel not ready)

e RCNR (regular channel not ready)

o  ADONS (ADON status)

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

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

Figure 54. ADC flags and interrupts
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Table 63. ADC interrupts

Interrupt event Event flag Enable control bit
End of conversion of a regular group EOC EOCIE
End of conversion of an injected group JEOC JEOCIE
Analog watchdog status bit is set AWD AWDIE
Overrun OVR OVRIE

12.15 ADC registers
Refer to Section 1.1 on page 38 for a list of abbreviations used in register descriptions.
The peripheral registers have to be accessed by words (32-bit).
12.15.1 ADC status register (ADC_SR)
Address offset: 0x00
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
JCNR | RCNR ADONS| OVR STRT | JSTRT | JEOC EOC AWD
Reserved Res.
r r r rc wO | rc w0 | rc wO | rc wO | rc. w0 | rc_wO

3

Bits 31:10  Reserved, must be kept at reset value

Bit 9 JCNR: Injected channel not ready

This bit is set and cleared by hardware after the JSQR register is written. It indicates if a new
injected conversion can be launched (by setting the JSWSTART bit).

0: Injected channel ready

1: Injected channel not ready, JSWSTART must not be set

Bit 8 RCNR: Regular channel not ready

This bit is set and cleared by hardware after one of the SQRX register is written or after the
OVR bit is cleared. It indicates if a new regular conversion can be launched (by setting the

SWSTART bit).
0: Regular channel ready

1: Regular channel not ready, SWSTART must not be set

Bit7  Reserved, must be kept at reset value

Bit 6 ADONS: ADC ON status

This bit is set and cleared by hardware to indicate if the ADC is ready to convert.

0: The ADC is not ready

1: The ADC is ready to convert. External triggers can be enabled, the SWSTART and

JSWSTART bits can be set.
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Bit 5 OVR: Overrun
This bit is set by hardware when regular conversion data are lost. It is cleared by software.
Overrun detection is enabled only when DMA = 1 or EOCS = 1.

0: No overrun occurredF
1: Overrun has occurred

Bit 4 STRT: Regular channel start flag
This bit is set by hardware when regular channel conversion starts. It is cleared by software.

0: No regular channel conversion started
1: Regular channel conversion has started

Bit 3 JSTRT: Injected channel start flag
This bit is set by hardware when injected group conversion starts. It is cleared by software.

0: No injected group conversion started
1: Injected group conversion has started

Bit 2 JEOC: Injected channel end of conversion
This bit is set by hardware at the end of the conversion of all injected channels in the group.
It is cleared by software.
0: Conversion is not complete
1: Conversion complete

Bit 1 EOC: Regular channel end of conversion
This bit is set by hardware at the end of the conversion of a regular group of channels. It is
cleared by software or by reading the ADC_DR register.
0: Conversion not complete (EOCS=0), or sequence of conversions not complete (EOCS=1)
1: Conversion complete (EOCS=0), or sequence of conversions complete (EOCS=1)

Bit 0 AWD: Analog watchdog flag
This bit is set by hardware when the converted voltage crosses the values programmed in
the ADC_LTR and ADC_HTR registers. It is cleared by software.
0: No analog watchdog event occurred
1: Analog watchdog event occurred

3
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12.15.2 ADC control register 1 (ADC_CR1)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OVRIE RES[1:0] AWDEN | JAWDEN PDI PDD
Reserved Reserved
w w w rw rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DISCNUM[2:0] JDﬁCE Dé?\jc JAUTO AWESG SCAN | JEOCIE | AWDIE | EOCIE AWDCHI[4:0]
w | w | rw w w w w w rw rw w w | w | rw | w | rw

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

Bit 26 OVRIE: Overrun interrupt enable
This bit is set and cleared by software to enable/disable the Overrun interrupt.
0: Overrun interrupt disabled
1: Overrun interrupt enabled. An interrupt is generated when the OVR bit is set.

Bits 25:24 RES[1:0]: Resolution
These bits are written by software to select the resolution of the conversion.
00: 12-bit (Tcony = 12 ADCCLK cycles)
01: 10-bit (Tcony = 11 ADCCLK cycles)
10: 8-bit (TCONV =9 ADCCLK Cycles)
11: 6-bit (TCONV =7 ADCCLK CyCleS)
This bit must be written only when ADON=0.

Bit 23 AWDEN: Analog watchdog enable on regular channels
This bit is set and cleared by software.

0: Analog watchdog disabled on regular channels
1: Analog watchdog enabled on regular channels

Bit 22 JAWDEN: Analog watchdog enable on injected channels
This bit is set and cleared by software.

0: Analog watchdog disabled on injected channels
1: Analog watchdog enabled on injected channels

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

Bit 17 PDI: Power down during the idle phase
This bit is written and cleared by software. When ADON=1, it determines whether the ADC is
powered up or down when not converting (waiting for a hardware or software trigger event).
0: The ADC is powered up when waiting for a start event
1: The ADC is powered down when waiting for a start event
Note: This bit must be written only when ADON=0.

Bit 16 PDD: Power down during the delay phase

This bit is written and cleared by software. When ADON=1, it determines whether the ADC is
powered up or down between 2 conversions (or sequences of conversions) when a delay is
inserted (DELS bits).

0: The ADC is powered up during the delay

1: The ADC is powered down during the delay

Note: This bit must be written only when ADON=0.

3
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Bits 15:13 DISCNUM][2:0]: Discontinuous mode channel count
These bits are written by software to define the number of channels to be converted in
discontinuous mode, after receiving an external trigger.
000: 1 channel
001: 2 channels

111: 8 channels
Note: This bit must be written only when ADON=0.

Bit 12 JDISCEN: Discontinuous mode on injected channels
This bit is set and cleared by software to enable/disable discontinuous mode on the injected
channels of a group.
0: Discontinuous mode on injected channels disabled
1: Discontinuous mode on injected channels enabled
Note: This bit must be written only when ADON=0.

Bit 11 DISCEN: Discontinuous mode on regular channels
This bit is set and cleared by software to enable/disable Discontinuous mode on regular
channels.
0: Discontinuous mode on regular channels disabled
1: Discontinuous mode on regular channels enabled
Note: This bit must be written only when ADON=0.

Bit 10 JAUTO: Automatic injected group conversion
This bit is set and cleared by software to enable/disable automatic injected group conversion
after regular group conversion.
0: Automatic injected group conversion disabled
1: Automatic injected group conversion enabled
Note: This bit must be written only when ADON=0.

Bit 9 AWDSGL: Enable the watchdog on a single channel in scan mode
This bit is set and cleared by software to enable/disable the analog watchdog on the channel
identified by the AWDCH][4:0] bits.
0: Analog watchdog enabled on all channels
1: Analog watchdog enabled on a single channel

Bit 8 SCAN: Scan mode
This bit is set and cleared by software to enable/disable the Scan mode. In the Scan mode,
the inputs selected through the ADC_SQRx or ADC_JSQRX registers are converted.
0: Scan mode disabled
1: Scan mode enabled

Note: This bit must be written only when ADON=0.

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.

3
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Bit 6 AWDIE: Analog watchdog interrupt enable
This bit is set and cleared by software to enable/disable the analog watchdog interrupt. In
Scan mode if the watchdog thresholds are crossed, scan is aborted only if this bit is enabled.
0: Analog watchdog interrupt disabled
1: Analog watchdog interrupt enabled

Bit 5 EOCIE: Interrupt enable for EOC

This bit is set and cleared by software to enable/disable the end of conversion interrupt.
0: EOC interrupt disabled
1: EOC interrupt enabled. An interrupt is generated when the EOC bit is set.

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 input ADC_INO
00001: ADC analog input ADC_IN1

11000: ADC analog input ADC_IN24
11001: ADC analog input ADC_IN25
11010: ADC analog input ADC_IN26
Other values reserved.

Note: ADC analog inputs ADC_IN16, ADC_IN17 and ADC_IN26 are internally connected to
the temperature sensor, to Vgt and to Veopp respectively.

12.15.3 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
SWST . JSWST .
Res. ART EXTEN EXTSEL[3:0] Res. ART JEXTEN JEXTSEL[3:0]

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

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

ALIGN | EOCS | DDS DMA DELS ADC_C CONT | ADON
Reserved Res. Res. FG
rw w w rw rw | rw | w w rw w

3
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Bit 31 Reserved, must be kept at reset value

Bit 30 SWSTART: Start conversion of regular channels

This bit is set by software to start conversion and cleared by hardware as soon as the
conversion starts.

0: Reset state

1: Starts conversion of regular channels

Note: This bit must be set only when ADONS=1 and RCNR=0.

Bits 29:28 EXTEN: External trigger enable for regular channels

These bits are set and cleared by software to select the external trigger polarity and enable
the trigger of a regular group.

00: Trigger detection disabled

01: Trigger detection on the rising edge

10: Trigger detection on the falling edge

11: Trigger detection on both the rising and falling edges

Note: The external trigger must be enabled only when ADONS=1.

Bits 27:24 EXTSEL[3:0]: External event select for regular group

Bit 23

These bits select the external event used to trigger the start of conversion of a regular group:
0000: TIM9_CC2 event
0001: TIM9_TRGO event
0010: TIM2_CC3 event
0011: TIM2_CC2 event
0100: TIM3_TRGO event
0101: TIM4_CC4 event
0110: TIM2_TRGO event
0111: TIM3_CC1 event
1000: TIM3_CC3 event
1001: TIM4_TRGO event
1010: TIM6_TRGO event
1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: EXTI line11

Reserved, must be kept at reset value

Bit 22 JSWSTART: Start conversion of injected channels

This bit is set by software and cleared by hardware as soon as the conversion starts.

0: Reset state
1: Starts conversion of injected channels

Note: This bit must be set only when ADONS=1 and JCNR=0.

Bits 21:20 JEXTEN: External trigger enable for injected channels

294/908

These bits are set and cleared by software to select the external trigger polarity and enable
the trigger of an injected group.

00: Trigger detection disabled

01: Trigger detection on the rising edge

10: Trigger detection on the falling edge

11: Trigger detection on both the rising and falling edges

Note: The external trigger must be enabled only when ADONS=1.

3
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Bits 19:16

Bits 15:12
Bit 11

Bit 10

Bit 9

Bit 8

Bit 7

3

JEXTSEL[3:0]: External event select for injected group
These bits select the external event used to trigger the start of conversion of an injected
group.

0000: TIM9_CC1 event
0001: TIM9_TRGO event
0010: TIM2_TRGO event
0011: TIM2_CC1 event
0100: TIM3_CC4 event
0101: TIM4_TRGO event
0110: TIM4_CC1 event
0111: TIM4_CC2 event
1000: TIM4_CC3 event
1001: TIM10_CC1 event
1010: TIM7_TRGO event
1011: Reserved

1100: Reserved

1101: Reserved

1110: Reserved

1111: EXTI line15

Reserved, must be kept at reset value

ALIGN: Data alignment
This bit is set and cleared by software. Refer to Figure 44 and Figure 45.

0: Right alignment
1: Left alignment

EOCS: End of conversion selection
This bit is set and cleared by software.

0: The EOC bit is set at the end of each sequence of regular conversions
1: The EOC bit is set at the end of each regular conversion

DDS: DMA disable selection
This bit is set and cleared by software.
0: No new DMA request is issued after the last transfer (as configured in the DMA controller)
1: DMA requests are issued as long as data are converted and DMA=1
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
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Bit 6:4 DELS: Delay selection

These bits are set and cleared by software. They define the length of the delay which is
applied after a conversion or a sequence of conversions.
000: No delay
001: Until the converted data have been read (DR read or EOC=0 for regular conversions,
JEOC=0 for injected conversions)
010: 7 APB clock cycles after the end of conversion
011: 15 APB clock cycles after the end of conversion
100: 31 APB clock cycles after the end of conversion
101: 63 APB clock cycles after the end of conversion
110: 127 APB clock cycles after the end of conversion
111: 255 APB clock cycles after the end of conversion

Note: 1- This bit must be written only when ADON=0.

2- Due to clock domain crossing, a latency of 2 or 3 ADC clock cycles is added to the
delay before a new conversion can start.

3- The delay required for a given frequency ratio between the APB clock and the ADC
clock depends on the activity on the AHB and APB busses. If the ADC is the only
peripheral that needs to transfer data, then a minimum delay should be configured:

15 APB clock cycles if fapg < fapccLi/2 or else 7 APB clock cycles if fapg < fapccLk
otherwise no delay is needed.

Bit 3 Reserved, must be kept at reset value

Bit2 ADC_CFG: ADC configuration
This bit is set and cleared by software. It selects the bank of channels to be converted.
0: Bank A selected for channels ADC_INO..31
1: Bank B selected for channels ADC_INO0..31b
Note: This bit must be modified only when no conversion is on going.
This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

Bit 1 CONT: Continuous conversion
This bit is set and cleared by software. If it is set, conversion takes place continuously until it
is cleared.
0: Single conversion mode
1: Continuous conversion mode

Bit0 ADON: A/D Converter ON / OFF
This bit is set and cleared by software.
0: Disable ADC conversion and go to power down mode
1: Enable ADC: conversions can start as soon as a start event (hardware or software) is
received. When not converting, the ADC goes to the power up or power down mode
depending on the PDI and PDD bits.

Note: This bit must be set only when ADONS=0 and cleared only when ADONS=1.

3
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12.15.4 ADC sample time register 1 (ADC_SMPR1)

31

Address offset:

0x0C

Reset value: 0x0000 0000

30

29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP29[2:0] SMP28[2:0] SMP27[2:0] SMP26[2:0] SMP25[2:1]
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP25[0] SMP24[2:0] SMP23[2:0] SMP22[2:0] SMP21[2:0] SMP20[2:0]
Bits 31: 30 Reserved, must be kept at reset value

Bits 29:0 SMPx[2:0]: Channel x sampling time selection
These bits are written by software to select the sampling time individually for each channel.

During sampling cycles, the channel selection bits must remain unchanged.

000: 4 cycles
001: 9 cycles
010: 16 cycles
011: 24 cycles
100: 48 cycles
101: 96 cycles
110: 192 cycles
111: 384 cycles

Note: These bits must be written only when ADON=0.

12.15.5 ADC sample time register 2 (ADC_SMPRZ2)

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP19[2:0] SMP18[2:0] SMP17[2:0] SMP16[2:0] SMP15[2:1]
Reserved
w | w | rw w | rw | w w | w I w w I rw I rw w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP]15[0 SMP14[2:0] SMP13[2:0] SMP12[2:0] SMP11[2:0] SMP10[2:0]
w rw | w | w rw | w | rw w | rw | w w | w | rw rw | w | w
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Bits 31:30

Reserved, must be kept at reset value

Bits 29:0 SMPx[2:0]: Channel x sampling time selection

These bits are written by software to select the sampling time individually for each channel.
During sample cycles, the channel selection bits must remain unchanged.

000: 4 cycles

001: 9 cycles

010: 16 cycles

011: 24 cycles

100: 48 cycles

101: 96 cycles

110: 192 cycles

111: 384 cycles

Note: These bits must be written only when ADON=0.

12.15.6 ADC sample time register 3 (ADC_SMPR3)
Address offset: 0x14
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMP9[2:0] SMP8[2:0] SMP7[2:0] SMP6[2:0] SMP5[2:1]
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SMP5[0] 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 SMPx[2:0]: Channel x Sample time selection
These bits are written by software to select the sampling time individually for each channel.
During the sampling cycles, the channel selection bits must remain unchanged.
000: 4 cycles
001: 9 cycles
010: 16 cycles
011: 24 cycles
100: 48 cycles
101: 96 cycles
110: 192 cycles
111: 384 cycles
Note: These bits must be written only when ADON=0.
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12.15.7 ADC injected channel data offset register x (ADC_JOFRx)(x=1..4)

Address offset: 0x18-0x24
Reset value: 0x0000 0000

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

JOFFSETx[11:0]

Reserved

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

Bits 11:0 JOFFSETx[11:0]: Data offset for injected channel x

These bits are written by software to define the offset to be subtracted from the raw
converted data when converting injected channels. The conversion result can be read from
in the ADC_JDRX registers.

12.15.8 ADC watchdog higher threshold register (ADC_HTR)

Address offset: 0x28
Reset value: 0x0000 OFFF

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

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

Bits 11:0 HT[11:0]: Analog watchdog higher threshold
These bits are written by software to define the higher threshold for the analog watchdog.

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.

12.15.9 ADC watchdog lower threshold register (ADC_LTR)

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 1 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
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Bits 31:12 Reserved, must be kept at reset value

Bits 11:0 LT[11:0]: Analog watchdog lower threshold
These bits are written by software to define the lower threshold for the analog watchdog.

Note: The software can write to these registers when an ADC conversion is ongoing. The
programmed value 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.
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12.15.10 ADC regular sequence register 1 (ADC_SQR1)
Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[4:0] SQ28[4:1]
Reserved
w | w | w | w | w w | rw | rw | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ28[0] SQ27[4:0] SQ26[4:0] SQ25[4:0]
w w | w | w | w | w w | w | | | w | w | rw | rw | rw

Bits 31:25 Reserved, must be kept at reset value

Bits 24:20 L[4:0]: Regular channel sequence length

These bits are written by software to define the total number of conversions in the regular
channel conversion sequence.

00000: 1 conversion

00001: 2 conversions

11010: 27 conversions
11011: 28 conversions (applicable in Cat.3, Cat.4, Cat.5 and Cat.6 devices only)

Bits 19:15 SQ28[4:0]: 28th conversion in regular sequence

These bits are written by software with the channel number (0..31) assigned as the 28th in
the conversion sequence. The channel is selected in bank A or bank B depending on the
ADC_CFG bit in the ADC_CR2 register.

Note: These bits are available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

Bits 14:10 SQ27[4:0]: 27th conversion in regular sequence

Cat.1 and Cat.2 devices: These bits are written by software with the channel number
(0..26) assigned as the 27th in the conversion sequence.
Cat.3, Cat.4, Cat.5 and Cat.6 devices: 27th conversion in regular sequence

Bits 9:5 SQ26[4:0]: 26th conversion in regular sequence
Bits 4:0 SQ25[4:0]: 25th conversion in regular sequence

12.15.11 ADC regular sequence register 2 (ADC_SQR2)
Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ24[4:0] SQ23[4:0] SQ22[4:1]
Reserved
rw | rw | w | w | rw w | w | w | w | w w | rw | w | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SQ22[0] SQ21[4:0] SQ20[4:0] SQ19[4:0]
w rw | rw | rw | w | w w | w | w | w | w w | w | rw | w | rw

3

DoclD15965 Rev 14 301/908




Analog-to-digital converter (ADC)

RM0038

Bits 31:30
Bits 29:26

Bits 24:20
Bits 19:15
Bits 14:10
Bits 9:5
Bits 4:0

Reserved, must be kept at reset value

SQ24[4:0]: 24th conversion in regular sequence

These bits are written by software with the channel number (0.31) assigned as the 24th in the
sequence to be converted.

SQ23[4:0]: 23rd conversion in regular sequence
S$Q22[4:0]: 22nd conversion in regular sequence
SQ21[4:0]: 21st conversion in regular sequence
SQ20[4:0]: 20th conversion in regular sequence

SQ19[4:0]: 19th conversion in regular sequence

12.15.12 ADC regular sequence register 3 (ADC_SQR3)

Address offset: 0x38

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ18[4:0] SQ17[4:0] SQ16[4:1]
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SQ}B[O SQ15[4:0] SQ14[4:0] SQ13[4:0]
Bits 31:30 Reserved, must be kept at reset value
Bits 29:25 SQ18[4:0]: 18th conversion in regular sequence
These bits are written by software with the channel number (0..31) assigned as the 18th in
the sequence to be converted.
Bits 24:20 SQ17[4:0]: 17th conversion in regular sequence
Bits 19:15 SQ16[4:0]: 16th conversion in regular 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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12.15.13 ADC regular sequence register 4 (ADC_SQR4)
Address offset: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SQ12[4:0] SQ11[4:0] SQ10[4:1]
Reserved
w | w | w | w | w rw | rw | w | w | w w | w | w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SQ10[0] SQ9[4:0] SQ8[4:0] SQ7[4:0]
rw w | w | w | w | w w | rw | rw | w | w w | w | w | w | w

Bits 31:30 Reserved, must be kept at reset value

Bits 29:26 SQ12[4:0]: 12th conversion in regular sequence

These bits are written by software with the channel number (0..31) 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

12.15.14 ADC regular sequence register 5 (ADC_SQRS5)
Address offset: 0x40
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 | rw | 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..31) assigned as the 6th in the
sequence to be converted.

Bits 24:20 SQ5[4:0]: 5th conversion in regular sequence
Bits 19:15 SQ4[4:0]: 4th conversion in regular sequence
Bits 14:10 SQ3[4:0]: 3rd conversion in regular sequence

Bits 9:5 SQ2[4:0]: 2nd conversion in regular sequence

Bits 4:0 SQ1[4:0]: 1st conversion in regular sequence

‘Yl DoclD15965 Rev 14 303/908




Analog-to-digital converter (ADC) RMO0038
12.15.15 ADC injected sequence register (ADC_JSQR)
Address offset: 0x44
Reset value: 0x0000 0000
31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
JL[1:0] JSQ4[4:1]
Reserved
15 14 13 12 11 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]: 4th conversion in injected sequence (when JL[1:0]=3, see note below)
These bits are written by software with the channel number (0..31) assigned as the 4th in the
sequence to be converted. The channel is selected in bank A or bank B depending on the
ADC_CFG bit in the ADC_CR2 register.
Bits 14:10 JSQ3[4:0]: 3rd conversion in injected sequence (when JL[1:0]=3, see note below)
Bits 9:5 JSQ2[4:0]: 2nd conversion in injected sequence (when JL[1:0]=3, see note below)
Bits 4:0 JSQ1[4:0]: 1st conversion in injected sequence (when JL[1:0]=3, see note below)
Note: When JL[1:0]=3 (4 injected conversions in the sequencer), the ADC converts the channels
in the following order: JSQ1[4:0], JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0].
When JL=2 ( 3 injected conversions in the sequencer), the ADC converts the channels in
the following order: JSQ2[4:0], JSQ3[4:0], and JSQ4[4:0].
When JL=1 ( 2 injected conversions in the sequencer), the ADC converts the channels in
starting from JSQ3[4:0], and then JSQ4[4:0].
When JL=0 ( 1 injected conversion in the sequencer), the ADC converts only JSQ4[4:0]
channel.
12.15.16 ADC injected data register x (ADC_JDRXx) (x= 1..4)
Address offset: 0x48 - 0x54
Reset value: 0x0000 0000
31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
JDATA[15:0]
r | r | r | r | r | r | r | r | r r | r | r | r | r | r
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Bits 31:16 Reserved, must be kept at reset value

Bits 15:0 JDATA[15:0]: Injected data

These bits are read-only. They contain the conversion result from injected channel x. The
data are left -or right-aligned as shown in Figure 44 and Figure 45.

12.15.17 ADC regular data register (ADC_DR)

Address offset: 0x58
Reset value: 0x0000 0000

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

Bits 31:16 Reserved.

Bits 15:0 DATA[15:0]: Regular data

These bits are read-only. They contain the conversion result from the regular channels. The
data are left- or right-aligned as shown in Figure 44 and Figure 45.

12.15.18 ADC sample time register 0 (ADC_SMPRO)

Address offset: 0x5C
Reset value: 0x0000 0000

Note: This register is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only.
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
SMP31[2:0] SMP30[2:0]
Reserved

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

Bits 5:0 SMPx[2:0]: Channel x Sample time selection

These bits are written by software to select the sampling time individually for each channel.
During the sampling cycles, the channel selection bits must remain unchanged.

000: 4 cycles

001: 9 cycles

010: 16 cycles

011: 24 cycles

100: 48 cycles

101: 96 cycles

110: 192 cycles

111: 384 cycles

Note: These bits must be written only when ADON=0.

3
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12.15.19 ADC common status register (ADC_CSR)

Address offset: 0x00 (this offset address is relative to the base address of ADC common
registers, i.e. 0x300)

Reset value: 0x0000 0000

This register provides an image of the status bits of the different ADCs. Nevertheless it is
read-only and does not allow to clear the different status bits. Instead each status bit must
be cleared by writing it to 0 in the corresponding ADC_SR register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ADONS1| OVR1 | STRT1 |JSTRT1|JEOC 1| EOC1 | AWD1
Reserved
r r r r r r r
Bits 31:7  Reserved, must be kept at reset value

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

ADONS1: ADON Status of ADC1
This bit is a copy of the ADONS bit in the ADC_SR register.

OVR1: Overrun flag of the ADC
This bit is a copy of the OVR bit in the ADC_SR register.

STRT1: Regular channel Start flag of the ADC
This bit is a copy of the STRT bit in the ADC_SR register.

JSTRT1: Injected channel Start flag of the ADC
This bit is a copy of the JSTRT bit in the ADC_SR register.

JEOCH1: Injected channel end of conversion of the ADC
This bit is a copy of the JEOC bit in the ADC_SR register.

EOC1: End of conversion of the ADC
This bit is a copy of the EOC bit in the ADC_SR register.

AWD1: Analog watchdog flag of the ADC
This bit is a copy of the AWD bit in the ADC_SR register.

12.15.20 ADC common control register (ADC_CCR)
Address offset: 0x04 (this offset address is relative to the base address of ADC common
registers, i.e. 0x300)
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TSVREFE ADCPRE[1:0]
Reserved Reserved
w w | w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved |
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Bits 31:24

Reserved, must be kept at reset value

Bit 23 TSVREFE: Temperature sensor and VgggnT €nable

Bits 22:18

This bit is set and cleared by software to enable/disable the temperature sensor and the
VREF|NT channel.

0: Temperature sensor and Vreg iyt Cchannel disabled
1: Temperature sensor and VgggnT channel enabled

Reserved, must be kept at reset value

Bits 17:16 ADCPRE: ADC prescaler

Bits 15:0

Set and cleared by software to select the frequency of the clock to the ADC.
00: HSI divided by 1

01: HSI divided by 2

10: HSI divided by 4

11: Reserved

Reserved, must be kept at reset value
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12.15.21 ADC register map

Table 64 summarizes the ADC registers. The reserved memory areas are highlighted in
gray in the tables.

Table 64. ADC global register map

Offset Register
0x000 - 0x058 ADC
0x05C - Ox2FC Reserved

0x300 - 0x304

Common registers

Table 65. ADC register map and reset values

Offset| Register |32/ 2588 3|Q(][S |R(2/2|x|2|2 |2 |T|2o|0|~ |0 |0 |« |o|n|~|o
gz o 2| x| E| & Qoo
ADC_SR HEEFERIEREEEE
0x00 Reserved ﬁmggowﬁﬁm<
Q
Reset value o|/o|%o|o|o|o|o|o]o0
— -
w @ | F & _ pisc | &l Zlol gl 2|y w w
ADC_CR1 xl & gg 2| 9 Num AR EIR R g S| AwDCH([4:0]
0x04 Reserved ol 0 |z < Reserved [2:0] @) 3 S <§( oW Z|lo
Reset value 0(0|0f0]|O0 000‘0‘00000000 0|0|0|0f0]O
[ =l @ 10
ol Z| = o % = z| v < o ol 5| |l z
ADC CR2 QE,,_ E EXTSEL g'a E JEXTSEL 9] 8 8 S| 3 DELS[2:0 | B OI% 8
0x08 B mg E (3:0] 3l =| % [3:0] Reserved | 2| w| O] © - ] 5| Q| 3| 2
n X< ol » x 73 sl 2
ol | W ol 5| W o} 0| <
4 4 - 4 4
Reset value 00‘0 0‘0|0‘0 0 0‘0 0‘0‘0‘0 0]0 0 O‘O‘O 0|0|0
ADC_SMPR1 Sample time bits SMPx_x
0x0C
Reset value 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‘O‘O‘O‘O‘O‘O‘O
ADC_SMPR2 Sample time bits SMPx_x
0x10
Reset value 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‘0‘0‘0‘0‘0‘0‘0
ADC_SMPR3 Sample time bits SMPx_x
0x14
Reset value 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‘0‘0‘0‘0‘0‘0‘0
ADC_JOFR1 JOFFSET1[11:0]
0x18 Reserved
Reset value 0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_JOFR2 JOFFSET2[11:0]
0x1C Reserved
Reset value 0‘O|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
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Table 65. ADC register map and reset values (continued)
Offset| Register |5/2/2\2|K/&QIQIX(QIN|S[R[2(2|= |22 (22| =|2|o|o|~|o|w |+ |o|n|«|o
ADC_JOFR3 JOFFSET3[11:0]
0x20 Reserved
Reset value 0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_JOFR4 JOFFSET4[11:0]
0x24 Reserved
Reset value 0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_HTR HT[11:0]
0x28 Reserved
Reset value 1‘1|1‘1‘1‘1‘1‘1‘1‘1‘1‘1
ADC_LTR LT[11:0]
0x2C Reserved
Reset value 0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_SQR1 L[4:0] Regular channel sequence SQx_x bits
0x30 Reserved
Reset value 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
°
ADC_SQR2 g Regular channel sequence SQx_x bits
0x34 ]
Reset value 4 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‘0‘0‘0‘0‘0
el
ADC_SQR3 o Regular channel sequence SQx_x bits
0x38 g
Reset value 4 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‘0‘0‘0‘0‘0
el
ADC_SQR4 o Regular channel sequence SQx_x bits
0x3C §
Reset value & 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‘0‘0‘0‘0‘0
el
ADC_SQR5 g Regular channel sequence SQx_x bits
0x40 ]
Reset value 4 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‘0‘0‘0‘0‘0
ADC_JSQR JL[1:0] Injected channel sequence JSQx_x bits
0x44 Reserved
Reset value 0‘0 0‘0‘0‘0 0‘0‘0‘0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_JDR1 JDATA[15:0]
0x48 Reserved
Reset value 0‘0‘0‘0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_JDR2 JDATA[15:0]
0x4C Reserved
Reset value 0‘0‘0‘0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_JDR3 JDATA[15:0]
0x50 Reserved
Reset value 0‘0‘0‘0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
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Table 65. ADC register map and reset values (continued)

Offset| Register ||2/Q/2|%/Q/Q(3(QIN|< R [2/2(N|2)2|2|Ns|2|o|0|~ 0|« ||n||o
ADC_JDR4 JDATA[15:0]
0x54 Reserved
Reset value 0‘0‘0‘0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_DR Regular DATA[15:0]
0x58 Reserved
Reset value 0‘0‘0‘0‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0‘0
ADC_SMPRO Sample time bits SMPx_x
0x5C
Reset value 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‘0‘0‘0‘0‘0‘0‘0
Table 66. ADC register map and reset values (common registers)
off- Regist — olo|ol~lov|t ol =loolo/~olv(t oo
set egister 1D ISIRXNNKQI RN SKRSRT|R2Z2T T2 |o|o|~0v ¢ m NI~
2] =
zl x|l & Q [a)
ADC_CSR O>E|°508§
9( Olwl 98 Ol o<
0x00 Reserved
Reset value oj0o|j0f0j0|O]|O
ADCH1
L
rs o
ADC_CCR [ 5
0x04 Reserved 5, Reserved 2 Reserved
~
Reset value 0 00
Refer to Table 5 on page 47 for the Register boundary addresses table.
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13.1

13.2

3

Digital-to-analog converter (DAC)

DAC introduction

The DAC module is a 12-bit, voltage output digital-to-analog converter. The DAC can be
configured in 8- or 12-bit mode and may be used in conjunction with the DMA controller. In
12-bit mode, the data could be left- or right-aligned. The DAC has two output channels, each
with its own converter. In dual DAC channel mode, conversions could be done
independently or simultaneously when both channels are grouped together for synchronous
update operations. An input reference pin, Vrgg+ (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 55 shows the block diagram of a DAC channel and Table 67 gives the pin
description.
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Figure 55. DAC channel block diagram

TSELX2:0] bits

DAC control register

SWTRIGX —] <
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TIM9_TRGO—{§
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TIM4_TRGO—|3
EXT_9 [} >
A y
DM A reque stx
———»
Control logi
12bit, I | TENX
om |5 |
LFSRx « MAMPX[3:0] bits
< WAVENX[1:0] bits
12-bit
DORx
T 12-bit
~Z
Vooa [ ] r
v Digital-to-analog [ ]pac_ouTx
SSA converterx
VREF+
ai17153
Table 67. DAC pins
Name Signal type Remarks
v Input, analog reference The higher/positive reference voltage for the DAC,
REF+ positive 1.8V <Vrer+ <Vppa
Vbpa Input, analog supply Analog power supply
Vssa Input, analog supply ground | Ground for analog power supply
DAC_OUTx |Analog output signal DAC channelx analog output

Once the DAC channelx is enabled, the corresponding GPIO pin (PA4 or PA5) is
automatically connected to the analog converter output (DAC_OUTX). In order to avoid
parasitic consumption, the PA4 or PAS pin should first be configured to analog (AIN).
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13.3

13.3.1

Note:

13.3.2

13.3.3

3

DAC functional description

DAC channel enable

Each DAC channel can be powered on by setting its corresponding ENx bit in the DAC_CR
register. The DAC channel is then enabled after a startup time tyakeup

The 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.

DoclD15965 Rev 14 313/908




Digital-to-analog converter (DAC) RMO0038

Figure 56. 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_DHRyyyD 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 57. Data registers in dual DAC channel mode
31 24 15 7 0

8-bit right aligned

12-bit left aligned

12-bit right aligned

ai14709b

13.34 DAC conversion

The DAC_DORXx cannot be written directly and any data transfer to the DAC channelx must
be performed by loading the DAC_DHRX register (write to DAC_DHR8Rx, DAC_DHR12Lx,
DAC_DHR12Rx, DAC_DHR8RD, DAC_DHR12LD or DAC_DHR12LD).

Data stored in the DAC_DHRX register are automatically transferred to the DAC_DORXx
register after one APB1 clock cycle, if no hardware trigger is selected (TENXx bitin 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.
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When DAC_DORXx 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 58. Timing diagram for conversion with trigger disabled TEN = 0

APB170LK|||||||||||||||

DHR |0x1AC,

1
1
T Output voltage
DOR : Ox1AC |_—"" available on DAC_OUT pin
1

[e——ISETTLING —|

ail4711c

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 2005
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 8
possible events will trigger conversion as shown in Table 68.

Table 68. External triggers

Source Type TSEL[2:0]
Timer 6 TRGO event 000
Reserved 001
Timer 7 TRGO event Internal signal from on-chip 010
Timer 9 TRGO event timers 011
Timer 2 TRGO event 100
Timer 4 TRGO event 101
EXTI line9 External pin 110
SWTRIG Software control bit 111

Each time a DAC interface detects a rising edge on the selected timer TRGO output, or on
the selected external interrupt line 9, the last data stored into the DAC_DHRX register are
transferred into the DAC_DORX register. The DAC_DORX register is updated three APB1
cycles after the trigger occurs.
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13.3.8
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If the software trigger is selected, the conversion starts once the SWTRIG bit is set.
SWTRIG is reset by hardware once the DAC_DORX register has been loaded with the
DAC_DHRXx register contents.

TSELx[2:0] bit cannot be changed when the ENXx bit is set.

When software trigger is selected, the transfer from the DAC_DHRX register to the
DAC_DORXx register takes only one APB1 clock cycle.

DMA request

Each DAC channel has a DMA capability. Two DMA channels are used to service DAC
channel DMA requests.

A DAC DMA request is generated when an external trigger (but not a software trigger)
occurs while the DMAENX bit is set. The value of the DAC_DHRX register is then transferred
into the DAC_DORX register.

In dual mode, if both DMAENX bits are set, two DMA requests are generated. If only one
DMA request is needed, the user should set only the corresponding DMAENX bit. In this
way, the application can manage both DAC channels in dual mode by using one DMA
request and a unique DMA channel.

DMA underrun

The DAC DMA request is not queued so that if a second external trigger arrives before the
acknowledgement for the first external trigger is received (first request), then no new
request is issued and the DMA channelx underrun flag DMAUDRX in the DAC_SR register
is set, reporting the error condition. DMA data transfers are then disabled and no further
DMA request is treated. The DAC channelx continues to convert old data.

The software should clear the DMAUDRX flag by writing “1”, clear the DMAEN bit of the
used DMA stream and re-initialize both DMA and DAC channelx to restart the transfer
correctly. The software should modify the DAC trigger conversion frequency or lighten the
DMA workload to avoid a new DMA underrun. Finally, the DAC conversion could be
resumed by enabling both DMA data transfer and conversion trigger.

For each DAC channelx, an interrupt is also generated if its corresponding DMAUDRIEX bit
in the DAC_CR register is enabled.

Noise generation

In order to generate a variable-amplitude pseudonoise, an LFSR (linear feedback shift
register) is available. DAC noise generation is selected by setting WAVEXx[1:0] to “01”. The
preloaded value in LFSR is OxAAA. This register is updated three APB1 clock cycles after
each trigger event, following a specific calculation algorithm.

3
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Figure 59. DAC LFSR register calculation algorithm
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The LFSR value, that may be masked partially or totally by means of the MAMPXx[3:0] bits in
the DAC_CR register, is added up to the DAC_DHRXx contents without overflow and this
value is then stored into the DAC_DORX register.
If LFSR is 0x0000, a ‘1 is injected into it (antilock-up mechanism).
It is possible to reset LFSR wave generation by resetting the WAVEX[1:0] bits.
Figure 60. DAC conversion (SW trigger enabled) with LFSR wave generation
APB1_CLK||||||||||I|||||||||||||||||||||||||||
DHR x 0x00 ;i L
DOR ! x OXAAA ! x 0xD55
SWTRIG | '
ai14714b
Note: The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC _CR register.
13.3.9 Triangle-wave generation

3

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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Note:

13.4

318/908

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

Figure 61. DAC triangle wave generation

A
MAMPXx[3:0] max amplitude
+ DAC_DHRx base value

DAC_DHRXx base value
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Figure 62. DAC conversion (SW trigger enabled) with triangle wave generation

1
1
1
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The DAC trigger must be enabled for noise generation by setting the TENXx bit in the
DAC_CR register.

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

Dual DAC channel conversion

To efficiently use the bus bandwidth in applications that require the two DAC channels at the
same time, three dual registers are implemented: DHR8RD, DHR12RD and DHR12LD. A
unique register access is then required to drive both DAC channels at the same time.

Eleven possible conversion modes are possible using the two DAC channels and these dual
registers. All the conversion modes can nevertheless be obtained using separate DHRx
registers if needed.

All modes are described in the paragraphs below.

3
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13.4.1

13.4.2

13.4.3

3

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_DOR2 (three APB1 clock cycles
later). Then the LFSR2 counter is updated.

Independent trigger with different LFSR generation

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

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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13.4.4

13.4.5

13.4.6
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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 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 DAC channel1 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.

When a DAC channel2 trigger arrives, the DAC channel2 triangle counter, with the same
triangle amplitude, is added to the DHR2 register and the sum is transferred into
DAC_DOR?2 (three APB1 clock cycles later). The DAC channel2 triangle counter is then
updated.

Independent trigger with different triangle generation

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

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_DHRS8RD)

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.

Simultaneous software start

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.

3
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13.4.7

13.4.8

13.4.9

3

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_DOR2 (three APB1 clock cycles
later). The LFSR2 counter is then updated.
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13.4.10 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 TSELZ2[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.

13.4.11 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 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_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.

3
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13.5 DAC registers

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

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

13.5.1 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 _ _ .
fesorveq | DRIEZ | EN2 MAMP2([3:0] WAVE2[1:0] TSEL2[2:0] TEN2 | BOFF2 | EN2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMAU | DMA
MAMP1[3:0] WAVE1[1:0] TSEL1[2:0] TEN1 | BOFF1| EN1
Reserved | DRIET | EN1

Bits 31:30 Reserved, must be kept at reset value.

Bits 29 DMAUDRIE2: DAC channel2 DMA underrun interrupt enable
This bit is set and cleared by software.
0: DAC channel2 DMA underrun interrupt disabled
1: DAC channel2 DMA underrun interrupt enabled

Bit 28 DMAEN2: DAC channel2 DMA enable
This bit is set and cleared by software.
0: DAC channel2 DMA mode disabled
1: DAC channel2 DMA mode enabled

Bits 27:24 MAMP2[3:0]: DAC channel2 mask/amplitude selector
These bits are written by software to select mask in wave generation mode or amplitude in
triangle generation mode.
0000: Unmask bit0 of LFSR/ triangle amplitude equal to 1
0001: Unmask bits[1:0] of LFSR/ triangle amplitude equal to 3
0010: Unmask bits[2:0] of LFSR/ triangle amplitude equal to 7
0011: Unmask bits[3:0] of LFSR/ triangle amplitude equal to 15
0100: Unmask bits[4:0] of LFSR/ triangle amplitude equal to 31
0101: Unmask bits[5:0] of LFSR/ triangle amplitude equal to 63
0110: Unmask bits[6:0] of LFSR/ triangle amplitude equal to 127
0111: Unmask bits[7:0] of LFSR/ triangle amplitude equal to 255
1000: Unmask bits[8:0] of LFSR/ triangle amplitude equal to 511
1001: Unmask bits[9:0] of LFSR/ triangle amplitude equal to 1023
1010: Unmask bits[10:0] of LFSR/ triangle amplitude equal to 2047
>1011: Unmask bits[11:0] of LFSR/ triangle amplitude equal to 4095

Bits 23:22 WAVEZ2[1:0]: DAC channel2 noise/triangle wave generation enable
These bits are set/reset by software.
00: wave generation disabled
01: Noise wave generation enabled
1x: Triangle wave generation enabled
Note: Only used if bit TEN2 = 1 (DAC channel2 trigger enabled)

3
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Bits 21:19 TSEL2[2:0]: DAC channel2 trigger selection
These bits select the external event used to trigger DAC channel2
000: Timer 6 TRGO event
001: Reserved
010: Timer 7 TRGO event
011: Timer 9 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).

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_DOR2 register
1: DAC channel2 trigger enabled and data from the DAC_DHRX register are transferred
three APB1 clock cycles later to the DAC_DOR2 register

Note: When software trigger is selected, the transfer from the DAC_DHRX register to the

DAC_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 172 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 channel1.
000: Timer 6 TRGO event
001: Reserved
010: Timer 7 TRGO event
011: Timer 9 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_DORT1 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_DHRXx 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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13.5.2 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_DHR?2
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_DOR1 register.
13.5.3 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 1 10 9 8 7 6 5 4 3 2 1 0

DACC1DHR[11:0]

Reserved

326/908

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 channel1.
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13.5.4 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 1 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.
13.5.5 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 channel.
327/908
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13.5.6 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
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.
13.5.7 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 1 10 9 8 7 6 5 4 3 2 1 0
DACC2DHR[11:0]
Reserved
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:4 DACC2DHR[11:0]: DAC channel2 12-bit left-aligned data
These bits are written by software which specify 12-bit data for DAC channel2.
Bits 3:0 Reserved, must be kept at reset value.
13.5.8 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 0
DACC2DHR([7:0]
Reserved

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

Bits 7:0 DACC2DHR[7:0]: DAC channel2 8-bit right-aligned data

These bits are written by software which specifies 8-bit data for DAC channel2.
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13.5.9 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

DACC1DHRJ[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.

13.5.10 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 [ w | w | w | w | w | w eserved

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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13.5.11 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 11 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.

13.5.12 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.
13.5.13 DAC channel2 data output register (DAC_DOR?2)
Address offset: 0x30
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DACC2DOR[11:0]
Reserved
r | r | r | r | r | r | r | r | r | r | r | r

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

Bits 11:0 DACC2DOR[11:0]: DAC channel2 data output
These bits are read-only, they contain data output for DAC channel2.

3
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13.5.14 DAC status register (DAC_SR)

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DMAUDR2
Reserved Reserved
rc_w1
15 14 13 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.

13.5.15 DAC register map

Table 69 summarizes the DAC registers. The reserved memory areas are highlighted in
gray in the table.

Table 69. DAC register map

Offset| Register | 51 3| Q| R} R|Q| Q| JRQ NI |R[2|2 5 L2 T2V T 2| | o[~ | 0| 0| F| o | = ©
N ~
3 |z |2 sl |3 B2
N =
0x00 | DAC.CR | & |8 [T | mampzz:0l | WAVE I 1sELo0) |2 [ 12| &[S |E | mavPizop | WAVE | TSELTRZ |1z it |
s |5 2[2:0] G520 g S| o] | o @513
i1 < |2 =@ 0 |< [= @
(14 = |0 @ = |0
a (a]
R
DAC_ Q|0
0x04 SWTRIGR Reserved |n_: E
=2
0 |n
DAC_ .
0x08 DHR12R1 Reserved DACC1DHR[11:0]
0x0C DAC_ Reserved DACC1DHR[11:0] Reserved
DHR12L1 -
DAC_ .
0x10 | PATS, Reserved DACC1DHR(7:0]
DAC_ _
0x14 | oo raRo Reserved DACC2DHR[11:0]
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Table 69. DAC register map (continued)

Offset| Register| 5/ 3 2 & K| €| || QN |8 ||| 2| 25 €2 2| 2|8 £[ 2] 0| |~ ||| ¢ o o | ©
0x18 DAC_ Reserved DACC2DHR[11:0] Reserved
DHR12L2 :
DAC_ .
X1C | phRsR2 Reserved DACC2DHR[7:0]
0x20 DAC_ Reserved DACC2DHR[11:0] Reserved DACC1DHR[11:0]
DHR12RD : :
0x24 DAC_ DACC2DHRI[11:0] Reserved DACC1DHR[11:0] Reserved
DHR12LD : :
0x28 DAC_ Reserved DACC2DHR[7:0] DACC1DHR([7:0]
DHR8RD : :
DAC_ )
0x2C DOR1 Reserved DACC1DOR[11:0]
DAC_ )
0x30 DOR2 Reserved DACC2DORJ[11:0]
LI z
0x34 | DAC_SR | § 2 Reserved 2 Reserved
[72]
e |z =
a [a]
Refer to Section: Memory map for the register boundary addresses.
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14.1

Note:

14.2

14.3

3

Comparators (COMP)

This section applies to the whole STM32L1xxxx family, unless otherwise specified.

Introduction

The STM32L1xxxx contains two zero-crossing comparators COMP1 and COMP2, that
share the same current bias.

For all I/Os used as comparator inputs, the GPIO registers must be configured in analog
mode.

When using the routing interface (see Section 8: System configuration controller (SYSCFG)
and routing interface (RI)), the comparator inputs can be connected to external I/Os.

Main features

e A comparator (COMP1) with fixed threshold (internal reference voltage). The non-
inverting input can be selected among 24 external |/Os.

e  Arail-to-rail comparator (COMP2) with selectable threshold. The non-inverting input
can be selected among 2 1/Os for Cat.1 and Cat.2 devices or among 4 1/Os for Cat.3,
Cat.4, Cat.5 and Cat.6 devices. The inverting input can be selected among 7 inputs:

— the internal reference voltage (VreriNT)

— aninternal reference voltage submultiple (1/4, 1/2, 3/4) provided by buffered
VREFINT divider.

—  the DAC1 output
—  the DAC2 output
— an external /O (PB3)
e  The 2 comparators can be combined to form window comparators.

e  Zero-crossing can generate a rising or falling edge on the comparator outputs
depending on the trigger configuration.

e  Each comparator has an interrupt generation capability with wakeup from the Sleep
and Stop.

e The COMP2 output can be redirected to TIM2/TIM3/TIM4’s input capture 4 (IC4) or
OCREF_CLR inputs, or to the TIM10s input capture 1 (IC1).

e COMP2 speed is configurable for optimum speed/consumption ratio.

The complete block diagram of the comparators, routing interface and ADC interface is
shown in section Section 8: System configuration controller (SYSCFG) and routing interface
(RI).

COMP clock

The COMP clock provided by the clock controller is synchronous with the PCLK1 (APB1
clock).

DoclD15965 Rev 14 333/908




Comparators (COMP)

RM0038

14.4

Comparator 1 (COMP1)

Figure 63 and Figure 64 show the comparator 1 interconnections.

Figure 63. COMP1 interconnections (Cat.1 and Cat.2 devices)

PCO
PC1
PC2
PC3

PAO
PA1
PA2

PA3

PAG

PA7

PC4

PC5

PBO

PB1

Group 8

O ADC_IN10 _~—
ADC_IN11 ~

ADC_IN12

ADC_IN13 _~

ADC_INO

ADC_IN1 _

ADC_IN2

ADC_IN3 -

Group 1

ADC_IN 6 Group 2

A4 ADC_IN4

ADC switch matrix

PAS ADC_IN5

PE7 ADC_IN22

PES ADC_IN23

ADC_IN24

OO0 oo

PE9
ADC_IN25

PE10 [T

ADC

Temp. sensor
VREFINT

ADC_IN7 _~— J

DADC_IN14 _~Group 9

[JADC_IN15 /J

pB12 ARCIN 18~ Group 7
pB13 ARCIN 19~
pB14 [ADCIN 20—~
PB15 [JARCIN 21~

ADC_IN8 Group 3

0

ADC_IN9 /J

VDD

10k 400k

[P S
 —

10k 400k

COMP1

Wakeup
—» EXTlline 21

CMP10OUT

ai18205V2

Note:

The internal reference voltage and temperature sensor cannot be used as COMP1 non-

inverting input.

COMP1 comparator and ADC cannot be used at the same time since they share the ADC

switch matrix.
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Figure 64. COMP1 interconnections (Cat.3, Cat.4, Cat.5 and Cat.6 devices)

ADC switch matrix

Group 2
ADC_IN6 ADC_IN4/4b Wz
PAG PA4 —
ADC_IN7 :’7 ADC_IN5/5b |/
PA7 [——— PAS [———— | /|
Group 8 ADC_IN22/22b | /
ADC_IN10 PE7 —
Group 11 PCO—i—— ADC_IN23/23b | ,
ADC_IN27/27b ADC_IN11 PE8 —
PF6 PC1 [} ADC_IN24/24b |
ADC_IN28/28b ADC_IN12 PE9 —
PF7 PC2 — ADC_IN25/25b | /
ADC_IN29/29b ADC_IN13/13b PE1O[}—— —
PF8 PC3 [} — |
ADC_IN30/30b OPAMP1 —Mm —
PF9 |
ADC_IN31/31b Group 1 OPAMP2 —M —
PF10 [J——— 2 /. ADC_INO
PAO — Temp. sensor ADC
ADC_IN1 |
roup 9 PA1 — VREpINT ———— —
ADC_IN14/14b ADC_IN2
pPCa—— " /. PA2 [———— /| -
ADC_IN15/15b ]— ADC_IN3
pPC5 [ "/ PA3 [ _ |

Group 7
ADC_IN18/18b —

PB12
ADC_IN19/19b :I —

PB13

ADC_IN20/20b —
PB14 j
ADC_IN21/21b —
PB15 [ = > %
o 5 COMP1_SW1 |
ADC_IN8 roup OPAMP3/
PBo ADC_IN9 ]— RoHs Vcomp
PRIF———— Voo
10 kQ 400 kQ
o M
COMP1
10 kQ 400 kQ Veeewt |
VSS
MS18919v2
Note: The internal reference voltage and temperature sensor cannot be used as COMP1 non-

inverting input.

COMP1 comparator and ADC cannot be used at the same time since they share the ADC
switch matrix.

To use the COMP1 comparator, the application has to perform the following steps:

3

DoclD15965 Rev 14 335/908




Comparators (COMP) RMO0038

336/908

Enable the comparator 1 by setting the CMP1EN bit in the COMP_CSR register

Wait until the comparator is ready (when the startup time has elapsed). Refer to the
electrical characteristics of the STM32L1xxxx datasheet.

Set the SCM bit in the RI_ASCR1 register so as to close the ADC switches if the
corresponding I/O switch is also closed

Close the ADC switches to create the path from the selected 1/O to the non-inverting
input. The input can be any of the up to 29 available I/Os and can be split into groups or
not (see Figure 41: I/O groups and selection on page 196):

a) Close the VCOMP ADC analog switch by setting the VCOMP bit in the RI_ASCR1
register.

b) Close the I/O analog switch number n corresponding to the I/O group that must be
connected to the COMP1 non-inverting input, by setting the CHn bit in RI_ASCR1.

If required enable the COMP1 interrupt by configuring and enabling EXTI line21 in
interrupt mode and selecting the desired trigger event (rising edge, falling edge or
both).

3
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14.5

3

Comparator 2 (COMP2)

Figure 65 and Figure 66 show the comparator 2 interconnections.

Figure 65. COMP2 interconnections (Cat.1 and Cat.2 devices)

GR6-1 Group 6

PB4 [
GR6-2

PB5 [
(/O ports)

PB3 [— -

From DAC_OUT1 — -
From DAC_OUT2 — -

Vrernt ~1.2V

Vss

~ 3/4 Vrerint |
~ 1/2 Verint |
~ 1/4 Vrerint |

_Wakeup eyl line 22

CMP20UT

— TIMZ2 input capture 4
— TIM2 OCREF clear
— TIM3 input capture 4
— — TIM3 OCREF clear
— TIM4 input capture 4
— TIM4 OCREF clear
— TIM10 input capture 1

OUTSEL[2:0] bits

ai18206d

Figure 66. COMP2 interconnections (Cat.3, Cat.4, Cat.5 and Cat.6 devices)

GR6-1 Group 6

PB4 [

PB5 [}—CR0-2

PB6 [ GR6-3

GR6-4

PB7 O
(/O ports)

PB3 [— -

From DAC_OUT1 — -
From DAC_OUT2 — -

Vrernt ~1.2V

VSS

~ 3/4 Vrerint |
~ 1/2 Vrerin |
~ 1/4 Vrerint |

_Wakeup eyl line 22

CMP20OUT

— TIM2 input capture 4
— TIM2 OCREF clear
F— TIM3 input capture 4
— — TIM3 OCREF clear
— TIM4 input capture 4
— TIM4 OCREF clear
F— TIM10 input capture 1

OUTSEL[2:0] bits

MS18920V3

To use the COMP2 comparator, the application has to perform the following steps:
1. Select COMP2's inverting input with the INSEL[2:0] bits in COMP_CSR.
— Inthe case of an external I/O selection (PB3 1/O), the I/O should be configured in

analog input mode.

2. Close the I/O's analog switch to connect to COMP2 non-inverting input. The input can
be any 1/O in group 6 (see Table 41: I/O groups and selection on page 196). GR6-1 or
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GR6-2 switches are closed as soon as the corresponding I/O is configured in analog
mode.

3. Wait until the comparator is ready (when the startup time has elapsed). Refer to the
electrical characteristics of the STM32L1xxxx datasheet.

4. If required, perform the following procedures:
—  Select the speed with the SPEED bit in COMP_CSR.

—  Redirect the COMP2 output to TIM2, TIM3, TIM4 or TIM10 by configuring the
OUTSEL][2:0] bits in COMP_CSR (refer to Figure 67).

—  Enable the COMP2 interrupt by configuring and enabling EXTI line22 in interrupt
mode and selecting the desired sensitivity level.

Note: GR6-1 and GR6-2 I/0 switches can be closed by either configuring the corresponding I/O
(PB4 or PB5) in analog mode (Schmitt trigger disabled) or configuring the I/O in input
floating mode and setting GR6-1 or GR6-2 in RI_ASCR2 (Schmitt trigger enabled).

If PB4 or PB5 is used as comparator input, it is recommended to use analog configuration to
avoid any overconsumption around Vpp/2.

Note: The COMP2 comparator is enabled as soon as the inverting input is selected.
The channel can be changed when the comparator is enabled.

The following figure shows the output redirection possibilities of the COMP2 output.

Figure 67. Redirecting the COMP2 output

Wakeup
P EXTI line 22

OMP2 CMP20UT
- OUTSEL[2:0] bits

— TIM2 input capture 4
— TIM2 OCREF clear
I TIM3 input capture 4
| TIM3 OCREF clear
| TIM4 input capture 4
| TIM4 OCREF clear
| TIM10 input capture 1

ai17151b

Note: For more details about “clearing TIMx OCREF”, refer to Section 17.3.11: Clearing the
OCxREF signal on an external event on page 406.
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14.6

Note:

14.7

Note:

3

Comparators in Window mode

Figure 68. Comparators in Window mode

Threshold 1 :
VREFINT (1.2Vv) R COMP1
+
WNDWE
A::‘\"‘ ‘l:’
GR6_1
PB4 —/—| Vi . COMP2
PB5— 7|
GR6_2 Threshold 2 :
Multiple sources

MS18282V1

To use the COMP1 and COMP2 comparators in window mode, the application has to
perform the following steps:

1. Enable the Window mode by setting WNDWE in the COMP_CSR register.
2. Configure the comparators:

—  for COMP1: enable the comparator: follow the steps 1 and 2 from Section 14.4:
Comparator 1 (COMP1)

—  for COMP2: enable the comparator, select inverting and non-inverting inputs:
follow steps 1, 2, 3 and 4 from Section 14.5: Comparator 2 (COMP2).

In Window mode, only the Group 6 (PB4 and PB5 for Cat.1 and Cat.2 devices, PB4, PB5,
PB6, PB7 for Cat.3, Cat.4, Cat.5 and Cat.6 devices) can be used as a non-inverting input.

Low-power modes

Table 70. Comparator behavior in the low-power modes

Mode Description

No effect on the comparators.

Sleep Comparator interrupts cause the device to exit the Sleep mode.

No effect on the comparators.

Stop Comparator interrupts cause the device to exit the Stop mode.

Comparators cannot be used to exit the device from Sleep or Stop mode when the internal
reference voltage is switched off using the ULP bit in the PWR_CR register.
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14.8 Interrupts
The comparator interrupts are connected to EXTI controller (lines 21 and 22).
To enable the COMP interrupt, the following sequence is required:
1. Configure and enable the EXTI line 21 (COMP1) or EXTI line 22 (COMP2) in interrupt
mode and select the desired trigger event (rising edge, falling edge, or both),
2. Configure and enable the COMP_IRQ channel in the NVIC.
14.9 COMP registers
The peripheral registers have to be accessed by words (32-bit).
14.9.1 COMP comparator control and status register (COMP_CSR)
The COMP_CSR register is the control/status register of the comparators. It contains all the
bits related to both comparators.
Address offset: 0x00
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TSUS , _ WNDW |VREFOU
p | CAIF| CAE |RCHI3| FCH8 |FCH3 | OUTSEL[2:0] INSEL[2:0] E TEN
15 14 13 12 1 0 9 8 7 6 5 4 3 2 1 0
CMP2 COMP | CMP1
Reserveq | OUT |SPEED Reserved CMPIOUT| | {"sw1| En | 400KPD | 10KPD |400KPU | 10KPU
r w r w w w w rw w

Bit 31 TSUSP: Suspend Timer Mode
0: TIM9 ITR enabled to suspend OC TIM9 generation
1: TIM9 ITR not used to suspend OC TIM9 generation
Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

Bit 30 CAIF: Channel acquisition interrupt flag
0: Channel acquisition ongoing or not started
1: Channel acquisition completed

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

Bit 29 CAIE: Channel Acquisition Interrupt Enable / Clear

This bit is set and cleared to enable the Channel Acquisition interrupt. When the Caif bit is set,
it must be cleared by writing 0 to the CAIE bit.

0: Channel acquisition interrupt disabled
1: Channel acquisition interrupt enabled
This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

3
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Bit 28

Bit 27

Bit 26

Bits 25:24
Bits 23:21

Bit 17

RCH13: Select GPIO port PC3 as re-routed ADC input channel CH13.
This bit is set and cleared by software in order configure PC3 to be used as re-routed
channel CH13 (selected by the ADC interface) if OPAMP3 is in power down mode (OPA3PD
bit = 0 in OPAMP_CSR register (Cat.4 devices only). See Figure 71: OPAMP3 signal routing
(Cat.4 devices only) on page 346.

0: PC3 can be used as slow ADC channel
1: PC3 can be used as re-routed ADC channel
Note: This bit is available in Cat.4 devices only

FCH8: Select GPIO port PBO as fast ADC input channel CH8.
This bit is set and cleared by software in order configure PBO to be used as direct channel
CHB8 (selected by the ADC interface) if OPAMP2 is in power down mode (OPA2PD bit = 0 in
OPAMP_CSR register. See Figure 70: OPAMP2 signal routing on page 345.
0: PBO can be used as slow ADC channel
1: PBO can be used as fast ADC channel

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only

FCH3: Select GPIO port PA3 as fast ADC input channel CH3.

This bit is set and cleared by software in order configure PA3 to be used as direct channel
CH3 (selected by the ADC interface) if OPAMP1 is in power down mode (OPA1PD bit =0 in
OPAMP_CSR register. See Figure 69: OPAMP1 signal routing on page 345.

0: PA3 can be used as slow ADC channel

1: PA3 can be used as fast ADC channel

Note: This bit is available in Cat.3, Cat.4, Cat.5 and Cat.6 devices only
Reserved, must be kept cleared.

OUTSEL: Comparator 2 output selection
These bits are written by software to connect the output of COMP2 to a selected timer input.
000 = TIM2 Input Capture 4
001 = TIM2 OCREF_CLR
010 = TIM3 Input Capture 4
011 = TIM3 OCREF_CLR
100 = TIM4 Input Capture 4
101 = TIM4 OCREF_CLR
110 = TIM10 Input Capture 1
111 = no redirection

Bits 20:18 INSEL: Inverted input selection

000 = no selection

001 = External 1/0: PB3 (COMP2_INM)
010 = VRerINT

011 =3/4 VREFlNT

100 =1/2 VREFINT

101 =1/4 VREFINT

110 = DAC_OUT1

111 = DAC_OUT2

Note: The COMP2 comparator is enabled when the INSEL bit values are different from "000”.

WNDWE: Window mode enable
0: Disabled
1: Enabled
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Bit 16 VREFOUTEN: Vggr Nt OUtput enable

This bit is used to output VRggNT On Group 3 (refer to Figure 28: Internal reference voltage
output).

0: Disabled

1: Enabled

Bits 15:14 Reserved, must be kept at reset value

Bit 13 CMP20OUT: Comparator 2 output
This bit indicates the low or high level of the comparator 2 output.
0: Comparator 2 output is low when the non-inverting input is at a lower voltage than the
inverting input
1: Comparator 2 output is high when the non-inverting input is at a higher voltage than the
inverting input

Bit 12 SPEED: Comparator 2 speed mode
0: slow speed
1: fast speed

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

Bit 7 CMP10OUT: Comparator 1 output
This bit indicates the high or low level of the comparator 1 output.
0: Comparator 1 output is low when the non-inverting input is at a lower voltage than the
inverting input
1: Comparator 1 output is high when the non-inverting input is at a higher voltage than the
inverting input

Bit 6 Reserved, must be kept at reset value

Bit5 SW1: COMP1_SW1 analog switch enable

This bit is set and cleared by software to control the COMP1_SW1 analog switch in order to
redirect OPAMP3 output or PC3 to the ADC switch matrix and/or the positive input of COMP1.

0: COMP1_SW1 analog switch open
1: COMP1_SW1 analog switch closed
Note: This bit is available in Cat.4 devices only

Bit4 CMP1EN: Comparator 1 enable
0: Comparator 1 disabled
1: Comparator 1 enabled

Bit 3 400KPD: 400 kQ pull-down resistor
This bit enables the 400 kQ pull-down resistor.

0: 400 kQ pull-down resistor disabled
1: 400 kQ pull-down resistor enabled

3
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Bit2 10KPD: 10 kQ pull-down resistor
This bit enables the 10 kQ pull-down resistor.

0: 10 kQ pull-down resistor disabled
1: 10 kQ pull-down resistor enabled

Bit 1 400KPU: 400 kQ pull-up resistor
This bit enables the 400 kQ pull-up resistor.
0: 400 kQ pull-up resistor disabled
1: 400 kQ pull-up resistor enabled
Bit0 10KPU: 10 kQ pull-up resistor
This bit enables the 10 kQ pull-up resistor.

0: 10 kQ pull-up resistor disabled
1: 10 kQ pull-up resistor enabled

Note: To avoid extra power consumption, only one resistor should be enabled at a time.
14.9.2 COMP register map
Table 71: COMP register map and reset values summarizes the COMP registers. The
reserved memory areas are highlighted in gray in the table.
Table 71. COMP register map and reset values
Offset | Register |o/2/2/%/5/8|2|3(QIN[R[2[2 x|z |2 (2|0 ||~ o|0|+|o|~|-|o
- =
| = El ol 2| =
o © wl = =] la) 2| o| » Ql al 2| o
Wl wl < ® @ wl g o
comp_csk | 21 5 5| T| 5| & OUTSEr | oSk 33 3 |8 E 218 olal % glg S
0x00 ?| S| S| 8| 2| | Res. | [20] (2:0] 25 8 %5 5 & 2558282
| 8 |O 3 S| ¥lg|le Y N
> o O
Reset value 0|0|0f0|0]|O O‘0|0 0‘0‘000 0]0 0 o(ojojofoj|o

3

Refer to Table 5 on page 47 for the Register boundary addresses table.
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15 Operational amplifiers (OPAMP)

This section applies to Cat.3, Cat.4, Cat.5 and Cat.6 devices only. See device datasheet for
OPAMP availability (OPAMP is not present in STM32L100xx product categories - see
Table 2).

15.1 OPAMP introduction

The MCU has three operational amplifiers with external or internal follower routing capability
(or even amplifier and filter capability with external components). When one operational
amplifier is selected, one external ADC channel is used to enable output measurement.

15.2 OPAMP main features

e Rail-to-rail input and output voltage range
e Low input bias current

e Low input offset voltage

e Low-power mode

15.3 OPAMP functional description

Three operational amplifiers (OPAMP1, OPAMP2 and OPAMP3) are available on Cat.4
devices and two operational amplifiers (OPAMP1 and OPAMP2) are available on Cat.3,
Cat.5 and Cat.6 devices. OPAMP is not available in STM32L100xx product categories - see
Table 2. The connection with dedicated I/O are listed below:

e  OPAMP1_VINP --> PA1

e OPAMP1_VINM- --> PA2(@)

e OPAMP1_VOUT --> PA3 (ADC input CH3)
e  OPAMP2_VINP --> PA6

e  OPAMP2_VINM --> PA7 @)

e  OPAMP2_VOUT --> PBO (ADC input CH8)
e  OPAMP3_VINP --> PC1

e OPAMP3_VINM --> PC2 (@)

e OPAMP3_VOUT --> PC3 (ADC input CH13)

a. Or dedicated OPAMPx_VINM pin available on some packages.

3
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15.3.1 Signal routing

Figure 69. OPAMP1 signal routing

DAC1 S
S6
PA1
O ! +
Vo S5 ADC
OPAMP1_VINM - - -~ - - OPAMP1 Switch
- I:l SanA / SanB matrix
PA2 -
1/0(-) L S4
\1 S3
PA3
wo 1 FCH3 (di
(direct channel) MS18924V2

The routing for the three operational amplifiers can be selected by OPAMP_CSR register.

Analog switches S3 to S6 and SanA can be opened and closed by programming the
corresponding OPAMP_CSR register bits independently of whether the amplifiers are
enabled or not by the OPA1_PD, OPA2_PD and/or OPA3_PD bits.

Analog switch SanB automatically follows the selection of the S3 or S4 switches. It is not
controlled individually.

For OPAMP1, S6 is used to connect DAC_Channel1 to its positive input.

For OPAMP2, there is an additional S7 switch in parallel with S6 in order to select the
positive input source as either I/O or DAC_Channel1 or DAC_Channel2.

For OPAMP3, S6 is used to connect DAC_Channel?2 to its positive input.
All operational amplifiers can be powered down by setting the OPAx_PD bit. The
corresponding inputs and outputs are then in high impedance.

Figure 70. OPAMP2 signal routing

DAC_Channel2 S
S7
DAC_Channel1 _
S6
PA6 .
Vo S5 ADC
oPAMP2 VINM [ J- - -~ - - OPAMP2 Switch
- I:l SanA /~ SanB matrix
PA7 -
1/0(-) O S4
j S3
PBO
1/0 L FCHS (di
(direct channel)
MS18953V3
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Figure 71. OPAMP3 signal routing (Cat.4 devices only)

pacz_"
86‘]
PC1
vo O : +
OPAMP3_VINM S5 COMP1_SW1
NG OPAMP3 . ADC
D SanA / SanB VCOMP | switch
PC2 - matrix
60 0—¢, —
S3
PC3
o \1

RCH13 (re-routed CH13)
VREFINT
COMP1

MS18952V1

Using the OPAMP outputs as ADC inputs

In order to use OPAMP outputs as ADC inputs, the operational amplifiers must be enabled
and the ADC must use the OPAMP output channel number. (OPA1: CH3 ; OPA2: CHS ;
OPA3: CH13).

In addition for OPA3 or FCH13, the user must close COMP1_SW1 analog switch to do an
acquisition (refer to Section 14.9.1: COMP comparator control and status register
(COMP_CSR) on page 340).

Calibration

At startup, the trimming values are initialized with the preset ‘factory’ trimming value.

Furthermore each operational amplifier offset can be trimmed by the user. All switches
related to the inputs of each operational amplifier must be open during the trimming
operation (SanA, S3, S4, S5,S6).

There are two registers for trimming the offsets of the 3 operational amplifiers for normal
mode and low-power mode. Two words of 30-bits, one for standard mode and the other for
low-power mode are available in OPAMP_OTR and OPAMP_LPOTR registers. This is the
‘user’ value.

The user is able to switch from ‘factory’ values to ‘user’ trimmed values using the OT_USER
bit in the OPAMP_OTR register. This bit is reset at startup to send ‘factory’ value to the
OPAMPs. It is common to the 3 OPAMPs.

The offset of each operational amplifier can be trimmed by programming the OPAMP offset
trimming register for normal mode (OPAMP_OTR). The trimming values are stored in non-
volatile memory.

3
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The offset trimming register can be written, typically after a calibration operation initialized
by the OPAx_CAL bits.

e  Setting the OPAXCAL_L bit initializes offset calibration for the P differential pair (low
voltage reference used).

e Setting the OPAXCAL_H bit initializes offset calibration for the N differential pair (high
voltage reference used).

The 30 useful bits of OPA_OTR or OPA_LP_OTR are composed of three 10-bit words one
for each operational amplifier. Each 10-bit is composed of 2 calibration values, the 5 lower
bits are for trimming the offset of the PMOS differential pair. The 5 upper bits are for the
NMOS ones.

After offset calibration is initialized by setting the control bit as shown in Table 72, write the
new trimming values in the OPAMP offset trimming register for normal mode
(OPAMP_OTR) register value until the OPAXCALOUT flag toggles to indicate that the
calibration has successfully completed.

Table 72. Operating modes and calibration

Control bits Output
Mode
OPAXPD | OPAXLPM | OPAXCAL_H | OPAXCAL_L | Vour c‘:‘l';‘;”t
i 0 0
Normal operating 0 0 analog 0
mode 1 1
0 0
Low-power mode 0 1 ] ; analog 0
Power down 1 X X X 4 0
Offset cal high 0 X 1 0 analog X
Offset cal low 0 X 0 1 analog X

3
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Calibration procedure

Follow these steps to perform a full calibration of either one of the operational amplifiers:

1. Program the OPAMP_CSR register to open all the switches connected to the
operational amplifier.

2. Setthe OT_USER bit in the OPAMP_OTR register to 1.

3. Choose a calibration mode (refer to Table 72: Operating modes and calibration). You
can begin with:

e Normal mode, offset cal high

To do this, set OPAxPD=0, OPAXLPM=0, OPAXCAL_H=1, OPAXCAL_L=0 in the
OPAM_CSR register.

4. The code in OPAMP_OTR[OPAXOPT_OFFSET_TRIM_High] is incremented from
00000b to the first value code that causes the OPAXCALOUT output level to change
from O to 1.

Note: Between the write to the OPAMP_OTR register and the read of the OPAXCALOUT value,
take care to wait for the topprrismax delay specified in the datasheet electrical
characteristics section, to get the correct OPAXCALOUT value.

The commutation means that the offset is correctly compensated and the corresponding
trim code must kept in the OPAMP_OTR register.

The value 11111b is forbidden for OPAMP_OTR[OPAXOPT_OFFSET_TRIM_High].

Repeat steps 3 to 4 for:

e Normal_mode and offset cal low

e Low-power mode and offset cal high
e Low-power mode and offset cal low

If a mode is not used its calibration serves no purpose.

Note: During the whole calibration phase the external connection of the operational amplifier
output must not pull up or down currents higher than 500 uA.

15.4 OPAMP registers

15.4.1 OPAMP control/status register (OPAMP_CSR)

Address offset: 0x00
Reset value: 0x0001 0101

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OPA3C | OPA2C | OPA1C | OPA_R | S7SEL | ANAW |ANAWS [ ANAWS | OPA3L | OPA3C | OPA3C | S6SEL | S5SEL | S4SEL | S3SEL | OPA3P
ALOUT | ALOUT | ALOUT | ANGE 2 SEL3 EL2 EL1 PM AL H | AL_L 3 3 3 3 D

r r r rw w w rw w rw w w rw w w w

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
OPA2L | OPA2C | OPA2C | S6SEL | S5SEL | S4SEL | S3SEL | OPA2P | OPA1L | OPA1C | OPA1C | S6SEL | S5SEL | S4SEL | S3SEL | OPA1P

PM AL H | AL_L 2 2 2 2 D PM AL H | AL_L 1 1 1 1 D

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

3
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Bit 31

Bit 30

Bit 29

Bit 28

Bit 27

Bit 26

Bit 25

Bit 24

Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

3

OPA3CALOUT: OPAMP3 calibration output

During calibration mode, the offset is trimmed when this signal toggles.

OPA2CALOUT: OPAMP2 calibration output

During calibration mode, the offset is trimmed when this signal toggles.

OPA1CALOUT: OPAMP1 calibration output

During calibration mode, the offset is trimmed when this signal toggles.

OPA_RANGE: Power range selection

This bit can be set and cleared by software when the operational amplifiers are in powered down. It

select the operational amplifier power supply range for stability.
0: Low range (Vppa < 2.4 V)
1: High range (Vppa > 2.4 V)

S7SEL2: Switch 7 for OPAMP2 enable
0: S7 opened
1: S7 closed

ANAWSELZ3: Switch SanA enable for OPAMP3
0: SanA switch opened
1: SanA switch closed

ANAWSEL2: Switch SanA enable for OPAMP2
0: SanA switch opened
1: SanA switch closed

ANAWSEL1: Switch SanA enable for OPAMP1
0: SanA switch opened
1: SanA switch closed

OPA3LPM: OPAMP3 low-power mode
0: OPAMP3 low-power mode off
1: OPAMP3 low-power mode on

OPA3CAL_H: OPAMP3 offset calibration for N differential pair
0: OPAMP3 offset calibration for N diff OFF
1: OPAMP3 offset calibration for N diff ON if OPA3CAL_L =0

OPA3CAL_L: OPAMP3 offset Calibration for P differential pair
0: OPAMP3 offset calibration for P diff OFF
1: OPAMP3 offset calibration for P diff ON if OPA3SCAL_H =0

S6SEL3: Switch 6 for OPAMP3 enable
0: S6 switch opened
1: S6 switch closed

S5SEL3: Switch 5 for OPAMP3 enable
0: S5 switch opened
1: S5 switch closed

S4SEL3: Switch 4 for OPAMP3 enable
0: S4 switch opened
1: S4 switch closed

S3SEL3: Switch 3 for OPAMP3 Enable
0: S3 switch opened
1: S3 switch closed
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Bit 16 OPA3PD: OPAMP3 power down
0: OPAMP3 enabled
1: OPAMP3 disabled

Bit 15 OPA2LPM: OPAMP?2 low-power mode
0: OPAMP2 low-power mode off
1: OPAMP2 low-power mode on

Bit 14 OPA2CAL_H: OPAMP2 offset calibration for N differential pair
0: OPAMP2 offset calibration for N diff OFF
1: OPAMP2 offset calibration for N diff ON if OPA2CAL_L =0

Bit 13 OPA2CAL_L: OPAMP2 offset Calibration for P differential pair
0: OPAMP2 offset calibration for P diff OFF
1: OPAMP?2 offset calibration for P diff ON if OPA2CAL_H =0

Bit 12 S6SEL2: Switch 6 for OPAMP2 enable
0: S6 switch opened
1: S6 switch closed

Bit 11 S5SEL2: Switch 5 for OPAMP2 enable

0: S5 switch opened
1: S5 switch closed

Bit 10 S4SEL2: Switch 4 for OPAMP2 enable

0: S4 switch opened
1: S4 switch closed

Bit 9 S3SEL2: Switch 3 for OPAMP2 enable

0: S3 switch opened
1: S3 switch closed

Bit 8 OPA2PD: OPAMP2 power down
0: OPAMP2 enabled
1: OPAMP2 disabled

Bit 7 OPA1LPM: OPAMP1 low-power mode
0: OPAMP1 low-power mode off
1: OPAMP1 in low-power mode on

Bit6 OPA1CAL_H: OPAMP1 offset calibration for N differential pair
0: OPAMP1 offset calibration for N diff OFF
1: OPAMP1 offset calibration for N diff ON if OPA1CAL_L =0

Bit5 OPA1CAL_L: OPAMP1 offset calibration for P differential pair
0: OPAMP1 offset calibration for P diff OFF
1: OPAMP1 offset calibration for P diff ON if OPA1CAL_H =0
Bit 4 S6SEL1: Switch 6 for OPAMP1 enable
0: S6 switch opened
1: S6 switch closed
Bit 3 S5SEL1: Switch 5 for OPAMP1 enable

0: S5 switch opened
1: S5 switch closed

3
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Bit 2 S4SEL1: Switch 4 for OPAMP1 enable
0: S4 switch opened
1: S4 switch closed
Bit 1 S3SEL1: Switch 3 for OPAMP1 enable
0: S3 switch opened
1: S3 switch closed
Bit 0 OPA1PD: OPAMP1 power down
0: OPAMP1 enabled
1: OPAMP1 disabled
15.4.2 OPAMP offset trimming register for normal mode (OPAMP_OTR)
Address offset: 0x04
Bit 31 reset value: 0
Bits 29:0 reset value: Factory trimmed value is restored.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UOSTE—R Res. OA3_OPT_OFFSET_TRIM_HIGH OA3_OPT_OFFSET_TRIM_LOW OA2—OPTH—|gE'[:48:1E]T—TR'M—
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
o
I
Q
I
EI
[hq
'_I
g OA2_OPT_OFFSET_TRIM_LOW OA1_OPT_OFFSET_TRIM_HIGH OA1_OPT_OFFSET_TRIM_LOW
5
il
o
o
NI
<
e}
Bit 31 OT_USER Select user or factory trimming value
This bit is set and cleared by software, it is always read as 0. It is used to select if the OPAMPXx offset
is trimmed by the preset factory-programmed trimming values or the user programmed trimming
value.
0: Trim the OPAMP offset using default factory values
1: Trim the OPAMP offset using user programmed values
Bit 30 Reserved, must be kept at reset value
Bit 29:25 OA3_OPT_OFFSET_TRIM_HIGH[4:0]: OPAMP3, normal mode 5-bit offset trim value for NMOS pairs
Bit 24:20 OA3_OPT_OFFSET_TRIM_LOWI[4:0]: OPAMP3, normal mode 5-bit offset trim value for PMOS pairs
Bit 19:15 OA2_OPT_OFFSET_TRIM_HIGH[4:0]: OPAMP2, normal mode 5-bit offset trim value for NMOS pairs
Bit 14:10 OA2_OPT_OFFSET_TRIM_LOWI[4:0]: OPAMP2, normal mode 5-bit offset trim value for PMOS pairs
Bit 9:5 OA1_OPT_OFFSET_TRIM_HIGH[4:0]: OPAMP1, normal mode 5-bit offset trim value for NMOS pairs
Bit 4:0 OA1_OPT_OFFSET_TRIM_LOWI[4:0]: OPAMP1, normal mode 5-bit offset trim value for PMOS pairs

S74
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15.4.3 OPAMP offset trimming register for low-power mode
(OPAMP_LPOTR)

Address offset: 0x08

Bits 29:0 reset value: Factory trimmed value is restored.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OA3_OPT_OFFSET_TRIM_LP_HIGH OA3_OPT_OFFSET_TRIM_LP_LOW OA2_OPT_OFFSET_TRIM_LP_
Reserved HIGH[4:1]

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

I

o

I

ﬂ.l

-

=

4

- OA2_OPT_OFFSET_TRIM_LP_LOW OA1_OPT_OFFSET_TRIM_LP_HIGH OA1_OPT_OFFSET_TRIM_LP_LOW
7]

[T

[T

ol

'—

o

ol

o

<

o

Bits 31:30 Reserved, must be kept at reset value

Bit 29:25 OA3_OPT_OFFSET_TRIM_LP_HIGH[4:0]: OPAMP3, low-power mode 5-bit offset trim value for
NMOS pairs

Bit 24:20 OA3_OPT_OFFSET_TRIM_LP_LOWI[4:0]: OPAMP3, low-power mode 5-bit offset trim value for
PMOS pairs

Bit 19:15 OA2_OPT_OFFSET_TRIM_LP_HIGH[4:0]: OPAMP2, low-power mode 5-bit offset trim value for
NMOS pairs

Bit 14:10 OA2_OPT_OFFSET_TRIM_LP_LOWI[4:0]: OPAMP2, low-power mode 5-bit offset trim value for
PMQOS pairs

Bit 9:5 OA1_OPT_OFFSET_TRIM_LP_HIGH[4:0]: OPAMP1, low-power mode 5-bit offset trim value for
NMQOS pairs

Bit4:0 OA1_OPT_OFFSET_TRIM_LP_LOWI[4:0]: OPAMP1, low-power mode 5-bit offset trim value for
PMOS pairs

3
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15.4.4 OPAMP register map
Table 73. OPAMP register map
OfftRegiSter\—Ole\wlﬂﬂ'ﬂN\—Od’wl\wmﬂ'ﬂt\l o
Sell name |» | |R|XN R Q|QKQN|Q|RSR(E (R[S RS F|R|@|o~ 0|1 |F @ N0
e el w
=l =) ) ™| N| — I - Ju g [ I -
TR R e e e e e e B M B I B R TR S TR B et e e B
oxoo | OPAMP_ | 2/ 2/ P </ m| 0| 0| o J| S| S|lo|ojmlo s IS S| ooloo s s S oo ods
CSR olo|lo|x e S22 3 alalaala LR RS2 a2 al £z 2 e el ea g
&l & = N AR N PR A R IR A I A R AR R R R A R N R R - IR B
<(<(<(a(f./)zzzon_g_(DED(DCDOOn_n_U)(D(DCDOOn_Q_EDU)(DU)O
5/13/3(5 2% = o| o o| o o| o
4
P § OA3_OPT_ OA3_OPT_ OA2_OPT_ OA2_OPT_ OA1_OPT_ OA1_OPT_
0x04 OTR ~ | 2| ©| OFFSET_TRIM_ | OFFSET TRIM_ | OFFSET_TRIM_ | OFFSET_TRIM_ | OFFSET_TRIM_ | OFFSET_TRIM_
5' & HIGH LOW HIGH LOW HIGH LOW
OPAMP § OA3_OPT_OFF | OA3_OPT_OFFS | OA2_OPT_OFF | OA2_OPT_OFF | OA1_OPT_OFF | OA1_OPT_OFF
0x08 LPOTR | & |SET_TRIM_LP_| ET_TRIM LP_ | SET_TRIM_LP_ | SET_TRIM_LP_ | SET_TRIM_LP_ | SET_TRIM_LP_
& HIGH LOW HIGH LOW HIGH LOW

3

Refer to Table 5 on page 47 for the Register boundary addresses table.
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Liquid crystal display controller (LCD)

Introduction

The LCD controller is a digital controller/driver for monochrome passive liquid crystal display
(LCD) with up to 8 common terminals and up to 44 segment terminals to drive 176 (44x4) or
320 (40x8) LCD picture elements (pixels). The exact number of terminals depends on the
device pinout as described in the datasheet.

The LCD is made up of several segments (pixels or complete symbols) which can be turned
visible or invisible. Each segment consists of a layer of liquid crystal molecules aligned
between two electrodes. When a voltage greater than a threshold voltage is applied across
the liquid crystal, the segment becomes visible. The segment voltage must be alternated to
avoid an electrophoresis effect in the liquid crystal (which degrades the display). The
waveform across a segment must then be generated so as to avoid having a direct current

(DC).

3
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16.2

Note:

3

LCD main features

Highly flexible frame rate control.
Supports Static, 1/2, 1/3, 1/4 and 1/8 duty.
Supports Static, 1/2, 1/3 and 1/4 bias.

Double buffered memory allows data in LCD_RAM registers to be updated at any time

by the application firmware without affecting the integrity of the data displayed.

— LCD data RAM of up to 16 x 32-bit registers which contain pixel information
(activel/inactive)

Software selectable LCD output voltage (contrast) from V| cpmin 10 Vi cbmax-

No need for external analog components:

A step-up converter is embedded to generate an internal V|_¢p voltage higher than

Vop

Software selection between external and internal V| ¢p voltage source. In case of

an external source, the internal boost circuit is disabled to reduce power

consumption

A resistive network is embedded to generate intermediate V| ¢p voltages

(Vicprailt: Vicprail2: VLCDrail3)
The structure of the resistive network is configurable by software to adapt the
power consumption to match the capacitive charge required by the LCD panel.

The contrast can be adjusted using two different methods:
—  When using the internal step-up converter, the software can adjust V| cp between

Vicomin @nd Vi cpmax:
—  Programmable dead time (up to 8 phase periods) between frames.

Full support of Low-power modes: the LCD controller can be displayed in Sleep, Low-
power run, Low-power sleep and STOP modes or can be fully disabled to reduce
power consumption

Built in phase inversion for reduced power consumption and EMI. (electromagnetic
interference)

Start of frame interrupt to synchronize the software when updating the LCD data RAM.
Blink capability:

— Upto 1,2, 3,4, 8 orall pixels which can be programmed to blink at a configurable
frequency.

—  Software adjustable blink frequency to achieve around 0.5 Hz, 1 Hz, 2 Hz or 4 Hz.

Used LCD segment and common pins should be configured as GPIO alternate
functions and unused segment and common pins can be used for general purpose /O
or for another peripheral alternate function.

Viep rails (Vicprailt: Vicorail2: Vicbrailiz) decoupling capability

When the LCD relies on the internal step-up converter, the V| cp pin should be connected to
Vgg with a capacitor. Its typical value is 1 uF (see Cgyr value in the product datasheets for
further information).

The V| cp pin should be connected to Vppp:
- For devices without LCD
- If the LCD peripheral is not used for devices with LCD.
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16.3 Glossary

Bias: Number of voltage levels used when driving an LCD. It is defined as 1/(number of
voltage levels used to drive an LCD display - 1).

Boost circuit: Contrast controller circuit

Common: Electrical connection terminal connected to several segments (44 segments).
Duty ratio: Number defined as 1/(number of common terminals on a given LCD display).
Frame: One period of the waveform written to a segment.

Frame rate: Number of frames per second, that is the number of times the LCD segments
are energized per second.

LCD: (liquid crystal display) a passive display panel with terminals leading directly to a
segment.

Segment: The smallest viewing element (a single bar or dot that is used to help create a
character on an LCD display).

3
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16.4 LCD functional description

16.4.1 General description

The LCD controller has five main blocks (see Figure 72):

Figure 72. LCD controller block diagram

FREQUENCY GENERATOR
/\/\ LCDCLK 16-bit prescaler
LCDCLK LCDCLK/32768
Y Y
- *  Lcp PS[3:0] & CLOCK MUX
les| REGS >
ck_ps
\w—q Divide by 161031 |
Interrupt COMQ
-
ck_div :
- . e COM[3:0] :
> DRIVER coms
%) -] F——
2 o 3 COM[7:4]
2| | LCD RAM = SEG v Analog
wl |3 (32x16 bits) 3 DRIVER switch
gl |E M3 SEG[43:0] SEG[39:0] arrray | SEGQ_
< L]
e » 44 40 3
g = .
IR SEG39
S o —
(OO
w| w
READY @@ SEG40/
Y vy CoM4
« N - STATIC SEG —
com —» SEG41/
le»| REGS VSEL mux | SEGH3:40] COoM5
Y
EN SEG42/
VOLTAGE V.  COMS.
PULSE GEN Hp | | GENERATOR 1/3-1/4 Vico SEG43/
2/3 -3/4V cp comr
v BIASI101,| | conTRAST 1/2 Viep
\/ cozo] | | CONTROLLER Vie
Analog step-up 1/0 Ports
converter
MS33437V1
Note: LCDCLK is the same as RTCCLK. Please refer to the RTC/LCD clock description in the
RCC section of this manual.
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16.4.2

358/908

Frequency generator

The frequency generator allows you to achieve various LCD frame rates starting from an
LCD input clock frequency (LCDCLK) which can vary from 32 kHz up to 1 MHz.

3 different clock sources can be used to provide the LCD clock (LCDCLK/RTCCLK):
e 32 kHz Low speed external RC (LSE)
e 37 kHz Low speed internal RC (LSI)

e 1-24 MHz High speed external crystal oscillator (HSE) divided by 2, 4, 8 or 16 to obtain
a 1 MHz clock

Please refer to the RTC/LCD Clock configuration in the RCC section of this manual.

This clock source must be stable in order to obtain accurate LCD timing and hence minimize
DC voltage offset across LCD segments. The input clock LCDCLK can be divided by any
value from 1 to 2'5x 31 (see Section 16.5.2: LCD frame control register (LCD_FCR) on
page 375). The frequency generator consists of a prescaler (16-bit ripple counter) and a 16
to 31 clock divider. The PS[3:0] bits, in the LCD_FCR register, select LCDCLK divided by
2PSI3:01 |f & finer resolution rate is required, the DIV[3:0] bits, in the LCD_FCR register, can
be used to divide the clock further by 16 to 31. In this way you can roughly scale the
frequency, and then fine-tune it by linearly scaling the clock with the counter. The output of
the frequency generator block is fo 4, which constitutes the time base for the entire LCD
controller. The ck_div frequency is equivalent to the LCD phase frequency, rather than the
frame frequency (they are equal only in case of static duty). The frame frequency (fame) iS
obtained from f, 4, by dividing it by the number of active common terminals (or by
multiplying it for the duty). Thus the relation between the input clock frequency (f_ cpcLk) of
the frequency generator and its output clock frequency fq giy is:

fLCDCLK
2PSy ( 16+ DIV)

fokaiv =

x duty

frrame = fokaiv

This makes the frequency generator very flexible. An example of frame rate calculation is
shown in Table 74.

Table 74. Example of frame rate calculation

LCDCLK PS[3:0] DIV[3:0] Ratio Duty fframe
32.768 kHz 3 1 136 1/8 30.12 Hz
32.768 kHz 4 1 272 1/4 30.12 Hz
32.768 kHz 4 6 352 1/3 31.03 Hz
32.768 kHz 5 1 544 12 30.12 Hz
32.768 kHz 6 1 1088 static 30.12 Hz
32.768 kHz 1 4 40 1/8 102.40 Hz
32.768 kHz 2 4 80 1/4 102.40 Hz
32.768 kHz 2 11 108 1/3 101.14 Hz
32.768 kHz 3 4 160 12 102.40 Hz
32.768 kHz 4 4 320 static 102.40 Hz
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Table 74. Example of frame rate calculation (continued)
LCDCLK PS[3:0] DIV[3:0] Ratio Duty firame
1.00 MHz 6 3 1216 1/8 102.80 Hz
1.00 MHz 7 3 2432 1/4 102.80 Hz
1.00 MHz 7 10 3328 1/3 100.16 Hz
1.00 MHz 8 3 4864 1/2 102.80 Hz
1.00 MHz 9 3 9728 static 102.80 Hz
The frame frequency must be selected to be within a range of around ~30 Hz to ~100 Hz
and is a compromise between power consumption and the acceptable refresh rate. In
addition, a dedicated blink prescaler selects the blink frequency. This frequency is defined
as:
faLink = fok_ai/2BHNCE*3),
with BLINKF[2:0]1=0, 1, 2, ..,7
The blink frequency achieved is in the range of 0.5 Hz, 1 Hz, 2 Hz or 4 Hz.
16.4.3 Common driver

3

Common signals are generated by the common driver block (see Figure 72).

COM signal bias

Each COM signal has identical waveforms, but different phases. It has its max amplitude
V| cp or Vgg only in the corresponding phase of a frame cycle, while during the other
phases, the signal amplitude is:

e 1/4V|cpor3/4V cpin case of 1/4 bias

e 1/3V|¢cpor2/3V|¢cpincase of 1/3 bias

e and 1/2 V| ¢p in case of 1/2 bias.

Selection between 1/2, 1/3 and 1/4 bias mode can be done through the BIAS bits in the
LCD_CR register.

A pixel is activated when both of its corresponding common and segment lines have max
amplitudes during the same phase. Common signals are phase inverted in order to reduce
EMI. As shown in Figure 73, with phase inversion, there is a mean voltage of 1/2 V| ¢cp at the
end of every odd cycle.
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Figure 73. 1/3 bias, 1/4 duty

Odd frame

Even frame
:
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| | | | | | | | |

| | | | | | | |

Common

Vico

2/3 Vicp

Segment

1/3 Vico
Vss
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Phase 0 i Phase 1 i Phase 2 i Phase 3 i Phase 0 i Phase 1 i Phase 2 i Phase 3

MS33438V2

In case of 1/2 bias (BIAS = 01) the V| ¢p pin generates an intermediate voltage on V| cpyaii2
equal to 1/2 V| ¢p for odd and even frames (see Figure 80).

COM signal duty

Depending on the DUTY[2:0] bits in the LCD_CR register, the COM signals are generated
with static duty (see Figure 75), 1/2 duty (see Figure 76), 1/3 duty (see Figure 77), 1/4 duty
(see Figure 78) or 1/8 duty (see Figure 79).

COMI[n] n[0 to 7] is active during phase n in the odd frame, so the COM pin is driven to
Vicop:
During phase n of the even frame the COM pin is driven to Vgg.

In the case of 1/3 or 1/4) bias:

e  COMI[n] is inactive during phases other than n so the COM pin is driven to 1/3 (1/4)
V| cp during odd frames and to 2/3 (3/4) V| ¢p during even frames

In the case of 1/2 bias:

e If COMI[n] is inactive during phases other than n, the COM pin is always driven (odd
and even frame) to 1/2 V| ¢p.

When static duty is selected, the segment lines are not multiplexed, which means that each
segment output corresponds to one pixel. In this way only up to 44 pixels can be driven.
COM[0] is always active while COM[7:1] are not used and are driven to Vgg.

When the LCDEN bit in the LCD_CR register is reset, all common lines are pulled down to
Vgg and the ENS flag in the LCD_SR register becomes 0. Static duty means that COM[0] is
always active and only two voltage levels are used for the segment and common lines: V| cp
and Vgg. A pixel is active if the corresponding SEG line has a voltage opposite to that of the
COM, and inactive when the voltages are equal. In this way the LCD has maximum contrast
(see Figure 74, Figure 75). In the Figure 74 pixel 0 is active while pixel 1 is inactive.

3
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Figure 74. Static duty
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In each frame there is only one phase, this is why f;4e is equal to f ¢op. If 1/4 duty is
selected there are four phases in a frame in which COMI0] is active during phase 0, COM[1]
is active during phase 1, COM[2] is active during phase 2, and COMI3] is active during

phase 3.

Figure 75. Static duty
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In this mode, the segment terminals are multiplexed and each of them control four pixels. A
pixel is activated only when both of its corresponding SEG and COM lines are active in the
same phase. In case of 1/4 duty, to deactivate pixel 0 connected to COM[0] the SEG[0]
needs to be inactive during the phase 0 when COM[0] is active. To activate pixel44
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connected to COM[1] the SEG[0] needs to be active during phase 1 when COM[1] is active
(see Figure 78). To activate pixels from 0 to 43 connected to COM[0], SEG[0:43] need to be
active during phase 0 when COM[0] is active. These considerations can be extended to the
other pixels.

8 to 1 Mux

When COM]J0] is active the common driver block, also drives the 8 to 1 mux shown in
Figure 72 in order to select the content of first two RAM register locations. When COM[7] is
active, the output of the 8 to 1 mux is the content of the last two RAM locations.

Start of frame (SOF)

The common driver block is also able to generate an SOF (start of frame flag) (see

Section 16.5.3: LCD status register (LCD_SR)). The LCD start of frame interrupt is executed
if the SOFIE (start of frame interrupt enable) bit is set (see Section 16.5.2: LCD frame
control register (LCD_FCR)). SOF is cleared by writing the SOFC bit to 1 in the LCD_CLR
register when executing the corresponding interrupt handling vector.

Figure 76. 1/2 duty, 1/2 bias
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Segment driver

The segment driver block controls the SEG lines according to the pixel data coming from the
8 to 1 mux driven in each phase by the common driver block.

In the case of 1/4 or 1/8 duty

When COM[Q] is active, the pixel information (active/inactive) related to the pixel connected
to COMIO0] (content of the first two LCD_RAM locations) goes through the 8 to 1 mux.
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The SEG[n] pin n [0 to 43] is driven to Vgg (indicating pixel n is active when COM[0] is
active) in phase 0 of the odd frame.

The SEGIn] pin is driven to V| ¢p in phase 0 of the even frame. If pixel n is inactive then the
SEG|n] pin is driven to 2/3 (2/4) V| ¢cp in the odd frame or 1/3 (2/4) V| ¢p in the even frame
(current inversion in V| ¢p pad) (see Figure 73).

In case of 1/2 bias, if the pixel is inactive the SEG[n] pin is driven to V| ¢p in the odd and to
Vgs in the even frame.

When the LCD controller is disabled (LCDEN bit cleared in the LCD_CR register) then the
SEG lines are pulled down to Vgg.

Figure 77. 1/3 duty, 1/3 bias
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Figure 78. 1/4 duty, 1/3 bias
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Figure 79. 1/8 duty, 1/4 bias
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Blink

The segment driver also implements a programmable blink feature to allow some pixels to
continuously switch on at a specific frequency. The blink mode can be configured by the
BLINK][1:0] bits in the LCD_FCR register, making possible to blink up to 1, 2, 4, 8 or all
pixels (see Section 16.5.2: LCD frame control register (LCD_FCR)). The blink frequency
can be selected from eight different values using the BLINKF[2:0] bits in the LCD_FCR

register.

Table 75 gives examples of different blink frequencies (as a function of ck_div frequency).

Table 75. Blink frequency

BLINKF[2:0] ck_div frequency (with LCDCLK frequency of 32.768 kHz)
bits 32 Hz 64 Hz 128 Hz 256 Hz

0 0 0 4.0 Hz N/A N/A N/A

0 0 1 2.0Hz 4.0 Hz N/A N/A

0 1 0 1.0 Hz 2.0Hz 4.0 Hz N/A

0 1 1 0.5Hz 1.0 Hz 2.0Hz 4.0 Hz

1 0 0 0.25 Hz 0.5Hz 1.0 Hz 2.0Hz

1 0 1 N/A 0.25 Hz 0.5Hz 1.0 Hz

1 1 0 N/A N/A 0.25 Hz 0.5 Hz

1 1 1 N/A N/A N/A 0.25 Hz

Voltage generator

The LCD voltage levels are generated by the V| ¢p pin or by the internal voltage step-up
converter (depending on the VSEL bit in the LCD_CR register), through an internal resistor
divider network as shown in Figure 80.

The LCD voltage generator generates intermediate voltage levels between Vgg and V| ¢p:
e 13V cp, 2/3 V| ¢cp in case of 1/3 bias

o 1/4 VLCD' 2/4 VLCD' 3/4 VLCD in case of 1/4 bias

e only 12V ¢p in case of 1/2 bias.

For the divider network, two resistive networks one with low value resistors (R ) and one

with high value resistors (Ry) are respectively used to increase the current during transitions
and to reduce power consumption in static state.

The PON[2:0] (Pulse ON duration) bits in the LCD_FCR register configure the time during
which R_is enabled (see Figure 72) when the levels of the common and segment lines
change. A short drive time will lead to lower power consumption, but displays with high
internal resistance may need a longer drive time to achieve satisfactory contrast.

3
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Figure 80. LCD voltage control
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The R, divider can be always switched on using the HD bit in the LCD_FCR configuration
register (see Section 16.5.2). The V| ¢p value can be chosen among a wide set of values
from V| comin 10 Vi .cbmax PY means of CC[2:0] (Contrast Control) bits inside LCD_FCR (see
Section 16.5.2) register. New values of V| ¢p takes effect every beginning of a new frame.

After the LCDEN bit is activated the voltage generator sets the RDY bit in the LCD_SR
register to indicate that the voltage levels are stable and the LCD controller can start to
work.

MS33422V1

External decoupling

Devices with V| ¢p rails decoupling capability (see devices’ datasheet) offer the possibility to
add decoupling capacitors on V| ¢p intermediate voltage rails (V| cpraiits VLcbrail2s VLcDrail3 -
see Figure 80) for stabilization purpose. Spikes may be observed when voltage applied to
the pixel is alternated. In this case, these decoupling capacitors will help to get a steady
voltage resulting in a higher contrast. This capability is particulary useful for consumption
reason as it allow to select low PON[2:0] values in the LCD_FCR register.

To connect the Vicd rails as described in Table 76 to the dedicated GPIOs, configure the
LCD_CAPA[4:0] bits of the SYSCFG_PMC register.

3
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Table 76. V|_cpraii connections to GPIO pins

Bias
12 13 1/4 (selection by LCD_CAPA[4:0] bits)
V| cDrail3 Not used Not used 3/4 Vicd PBO PE12
V| CDrailt 1/2 Vicd 2/3 Vied 1/2 Vicd
VL CDrail2 Not used 1/3 Vicd 1/4 Vicd PB12 PE11
In order to be effective, the values of these decoupling capacitors must be tuned according
to the LCD glass and the PCB capacitances. As a guideline to user can set the decoupling
capacitor values to 10 time the LCD capacitance.
16.4.6 Deadtime

368/908

Figure 81. Deadtime

In addition to using the CC[2:0] bits, the contrast can be controlled by programming a dead
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Double buffer memory

Using its double buffer memory the LCD controller ensures the coherency of the displayed
information without having to use interrupts to control LCD_RAM modification.

The application software can access the first buffer level (LCD_RAM) through the APB
interface. Once it has modified the LCD_RAM,, it sets the UDR flag in the LCD_SR register.
This UDR flag (update display request) requests the updated information to be moved into
the second buffer level (LCD_DISPLAY).

This operation is done synchronously with the frame (at the beginning of the next frame),
until the update is completed, the LCD_RAM is write protected and the UDR flag stays high.
Once the update is completed another flag (UDD - Update Display Done) is set and
generates an interrupt if the UDDIE bit in the LCD_FCR register is set.

The time it takes to update LCD_DISPLAY is, in the worst case, one odd and one even
frame.

The update will not occur (UDR = 1 and UDD = 0) until the display is enabled (LCDEN = 1)

COM and SEG multiplexing

Output pins versus duty modes

The output pins consists of:

e SEG[43:0]

e COMI[3:0]

Depending on the duty configuration, the COM and SEG output pins may have different
functions:

e Instatic, 1/2, 1/3 and 1/4 duty modes there are up to 44 SEG pins and respectively 1, 2,
3 and 4 COM pins

e In 1/8 duty mode (DUTY[2:0] = 100), the COM[7:4] outputs are available on the
SEG[43:40] pins, reducing to the number of available segments 40 .

Remapping capability

Additionally, it is possible to remap 4 segments by setting the MUX_SEG bit in the LCD_CR
register. This is particularly useful when using smaller device types with fewer external pins.

When MUX_SEG is set, output pins SEG[43:40] have function SEG[31:28].

Summary of COM and SEG functions versus duty and remap

All the possible ways of multiplexing the COM and SEG functions are described in Table 77.
Figure 82 gives examples showing the signal connections to the external pins.
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Table 77. Remapping capability

Configuration bits

Capability Output pin Function
DUTY MUX_SEG
SEG[43:40] COM[7:4]
0 40x8 COM[3:0] COMI[3:0]
SEG[39:0] SEG[39:0]
1/8 SEG[43:40] COM[7:4]
) 28x8 COM[3:0] COM[3:0]
SEG[39:28] not used
SEG[27:0] SEGJ[27:0]
0 Al COM[3:0] COM[3:0]
SEG[43:0] SEG[43:0]
4 COM[3:0] COM[3:0]
) x4 SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEG[27:0] SEGJ[27:0]
COM[3] not used
0 44x3 COM[2:0] COM[2:0]
SEG[43:0] SEG[43:0]
1 COM[3] not used
COM[2:0] COM[2:0]
1 32x3 SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEG[27:0] SEGI[27:0]
COM[3:2] not used
0 44x2 COM[1:0] COM[1:0]
SEG[43:0] SEG[43:0]
1 COM[3:2] not used
COM[1:0] COMI[1:0]
1 32x2 SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEGI[27:0] SEGI[27:0]
370/908 DoclD15965 Rev 14 "_l
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Table 77. Remapping capability (continued)

Configuration bits

Capability Output pin Function
DUTY MUX_SEG
COM[3:1] not used
0 44x1 COM[0] COM[0]
SEG[43:0] SEG[43:0]
COM[3:1] not used
STATIC
COM[0] COM[0]
1 32x1 SEG[43:40] SEG[31:28]
SEG[39:28] not used
SEG[27:0] SEG[27:0]
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Figure 82. SEG/COM mux feature example
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DUTY = 1/8 and MUX_SEG =0
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Flowchart

Figure 83. Flowcha
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16.5 LCD registers

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

16.5.1 LCD control register (LCD_CR)

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
MUX
-~ BIAS[1:0] DUTY[2:0] VSEL |LCDEN
Reserved SEG
rw/r rw/r rw/r rw/r ‘ rw/r | rw/r rw/r w

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

Bit 7 MUX_SEG: Mux segment enable
This bit is used to enable SEG pin remapping. Four SEG pins can be multiplexed with
SEG[31:28]. See Section 16.4.8.
0: SEG pin multiplexing disabled
1: SEG[31:28] are multiplexed with SEG[43:40]

Bits 6:5 BIAS[1:0]: Bias selector
These bits determine the bias used. Value 11 is forbidden.
00: Bias 1/4
01: Bias 1/2
10: Bias 1/3
11: Reserved

Bits 4:2 DUTY[2:0]: Duty selection
These bits determine the duty cycle. Values 101, 110 and 111 are forbidden.

000: Static duty

001: 1/2 duty

010: 1/3 duty

011: 1/4 duty

100: 1/8 duty

101: Reserved

110: Reserved

111: Reserved

Bit 1 VSEL: Voltage source selection
The VSEL bit determines the voltage source for the LCD.

0: Internal source (voltage step-up converter)
1: External source (V| _¢p pin)

3
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Bit 0 LCDEN: LCD controller enable

This bit is set by software to enable the LCD Controller/Driver. It is cleared by software to turn
off the LCD at the beginning of the next frame. When the LCD is disabled all COM and SEG
pins are driven to Vggs.

0: LCD Controller disabled
1: LCD Controller enabled

Note: The VSEL, MUX_SEG, BIAS and DUTY bits are write protected when the LCD is enabled
(ENS bitin LCD_SR to 1).
16.5.2 LCD frame control register (LCD_FCR)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PS[3:0] DIV[3:0] BLINK[1:0]
Reserved

w ‘ rw | w | rw w | w | rw ‘ rw rw w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BLINKF[2:0] CC[2:0] DEADI2:0] PONJ[2:0] UDDIE R SOFIE HD

es.
w ‘ w | rw w | rw ‘ w w ‘ rw | w rw ‘ w | w rw rw w

Bits 31:26 Reserved, must be kept at reset value

Bits 25:22 PS[3:0]: PS 16-bit prescaler
These bits are written by software to define the division factor of the PS 16-bit prescaler.
ck_ps = LCDCLK/(2). See Section 16.4.2.

0000: ck_ps = LCDCLK
0001: ck_ps = LCDCLK/2
0011: ck_ps = LCDCLK/4

1111: ck_ps = LCDCLK/32768

Bits 21:18 DIV[3:0]: DIV clock divider
These bits are written by software to define the division factor of the DIV divider. See
Section 16.4.2.

0000: ck_div =ck_ps/16
0001: ck_div = ck_ps/17
0011: ck_div = ck_ps/18

1111: ck_div = ck_ps/31

Bits 17:16 BLINK[1:0]: Blink mode selection
00: Blink disabled
01: Blink enabled on SEG[0], COM[0] (1 pixel)
10: Blink enabled on SEGJ[0], all COMs (up to 8 pixels depending on the programmed duty)
11: Blink enabled on all SEGs and all COMs (all pixels)

3
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Bits 15:13 BLINKF[2:0]: Blink frequency selection
000: f cp/8100: f cp/128
001: f cp/16101: f cp/256
010: fLCD/32110: fLCD/512
011: f_cp/64111: f cp/1024

Bits 12:10 CCJ[2:0]: Contrast control
These bits specify one of the V| cp maximum voltages (independent of Vpp). It ranges from
2.60 V to 3.51V.
000: VLCDO100: VLCD4
001: VLCD1 101: VLCD5
010: VLCD21 10 VLCDG
011: VLCD31 1: VLCD7

Note: Refer to the product datasheet for the V| cpy values.

Bits 9:7 DEAD[2:0]: Dead time duration

These bits are written by software to configure the length of the dead time between frames.
During the dead time the COM and SEG voltage levels are held at 0 V to reduce the
contrast without modifying the frame rate.

000: No dead time

001: 1 phase period dead time

010: 2 phase period dead time

111: 7 phase period dead time

Bits 6:4 PON[2:0]: Pulse ON duration

These bits are written by software to define the pulse duration in terms of ck_ps pulses,
during which the low resistance divider is enabled. A short pulse will lead to lower power
consumption, but displays with

high internal resistance may need a longer pulse to achieve satisfactory contrast.

Note that the pulse will never be longer than one half prescaled LCD clock period.

000: 0 100: 4/ck_ps

001: 1/ck_ps101: 5/ck_ps

010: 2/ck_ps110: 6/ck_ps

011: 3/ck_ps111: 7/ck_ps

PON duration example with LCDCLK = 32.768 kHz and PS=0x03:
000: 0 us100: 976 ps

001: 244 ps101: 1.22 ms

010: 488 ps110: 1.46 ms

011: 782 pus111: 1.71 ms

Bit 3 UDDIE: Update display done interrupt enable
This bit is set and cleared by software.

0: LCD Update Display Done interrupt disabled
1: LCD Update Display Done interrupt enabled

3
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Bit 2 Reserved, must be kept at reset value

Bit 1 SOFIE: Start of frame interrupt enable
This bit is set and cleared by software.

0: LCD Start of Frame interrupt disabled
1: LCD Start of Frame interrupt enabled

Bit 0 HD: High drive enable

This bit is written by software to enable a low resistance divider. Displays with high internal
resistance may need a stronger drive to achieve satisfactory contrast. This bit is useful in this
case if some additional power consumption can be tolerated.

0: High drive disabled
1: High drive enabled. When HD=1, then the PON bits have to be programmed to a value

different than 000.

Note: The data in this register can be updated any time, however the new values are applied only
at the beginning of the next frame (except for CC, UDDIE, SOFIE that affect the device
behavior immediately).

Reading this register obtains the last value written in the register and not the configuration
used to display the current frame.

16.5.3 LCD status register (LCD_SR)

Address offset: 0x08
Reset value: 0x0000 0020

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

FCRSF | RDY ubD UDR SOF ENS

Reserved

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

Bit 5 FCRSF: LCD Frame Control Register Synchronization flag
This bit is set by hardware each time the LCD_FCR register is updated in the LCDCLK
domain. It is cleared by hardware when writing to the LCD_FCR register.
0: LCD Frame Control Register not yet synchronized
1: LCD Frame Control Register synchronized

Bit4 RDY: Ready flag
This bit is set and cleared by hardware. It indicates the status of the step-up converter.

0: Not ready
1: Step-up converter is enabled and ready to provide the correct voltage.
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Bit 3 UDD: Update Display Done
This bit is set by hardware. It is cleared by writing 1 to the UDDC bit in the LCD_CLR register.
The bit set has priority over the clear.
0: No event
1: Update Display Request done. A UDD interrupt is generated if the UDDIE bit in the
LCD_FCR register is set.
Note: If the device is in STOP mode (PCLK not provided) UDD will not generate an interrupt
even if UDDIE = 1.
If the display is not enabled the UDD interrupt will never occur.

Bit 2 UDR: Update display request
Each time software modifies the LCD_RAM it must set the UDR bit to transfer the updated
data to the second level buffer. The UDR bit stays set until the end of the update and during
this time the LCD_RAM is write protected.
0: No effect
1: Update Display request
Note: When the display is disabled, the update is performed for all LCD_DISPLAY locations.
When the display is enabled, the update is performed only for locations for which
commons are active (depending on DUTY). For example if DUTY = 1/2, only the
LCD_DISPLAY of COMO and COM1 will be updated.

Note: Writing O on this bit or writing 1 when it is already 1 has no effect. This bit can be
cleared by hardware only. It can be cleared only when LCDEN = 1

Bit 1 SOF: Start of frame flag

This bit is set by hardware at the beginning of a new frame, at the same time as the display
data is updated. It is cleared by writing a 1 to the SOFC bit in the LCD_CLR register. The bit
clear has priority over the set.

0: No event

1: Start of Frame event occurred. An LCD Start of Frame Interrupt is generated if the SOFIE
bit is set.

Bit 0 ENS: LCD enabled status
This bit is set and cleared by hardware. It indicates the LCD controller status.
0: LCD Controller disabled.
1: LCD Controller enabled

Note: The ENS bit is set immediately when the LCDEN bit in the LCD_CR goes from 0 to 1.
On deactivation it reflects the real status of LCD so it becomes 0 at the end of the last
displayed frame.

16.5.4 LCD clear register (LCD_CLR)

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
ubDC SOFC
Reserved Res. Res.
w w

3
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Bits 31:2 Reserved, must be kept at reset value

Bit 3 UDDC: Update display done clear
This bit is written by software to clear the UDD flag in the LCD_SR register.
0: No effect
1: Clear UDD flag

Bit 2 Reserved, must be kept at reset value

Bit 1 SOFC: Start of frame flag clear

This bit is written by software to clear the SOF flag in the LCD_SR register.
0: No effect
1: Clear SOF flag

Bit 0 Reserved, must be kept at reset value

16.5.5 LCD display memory (LCD_RAM)
Address offset: 0x14-0x50

Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SEGMENT_DATA[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEGMENT_DATA[15:0]

Bits 31:0 SEGMENT_DATA[31:0]
Each bit corresponds to one pixel of the LCD display.
0: Pixel inactive
1: Pixel active

16.5.6 LCD register map

The following table summarizes the LCD registers. The reserved memory areas are
highlighted in gray in the table.

Table 78. LCD register map and reset values

i o (N[ ™ o || v ™ o
Offset | Register = o QRN KR IKQNSKRNSEEIRR T2 EC|o(w~ojw|¢ ™|~
4l 2 |z
LCD_CR | @ |DUTY[2:0] sl a
0x00 Reserved 3 < > 9Q
s m
Reset value 0 0‘0 0‘0‘0 00

3
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Table 78. LCD register map and reset values (continued)
Offset | Register |59 Q%% &/&[3|R(R|K|R|2[2[x |22 2|2|Y e |2|o 0|~ |0|0|« |o|a|-|o
g S
S| & DEAD 4ol
LCD_FCR PS[3:0] DIV[3:0] é < CC[2:0] o1 | PONROI [ G| 2| 5| 2
0x04 Reserved 5 =z (2:0] S|l oo
@ @ §
Reset value 0‘0‘0‘0 0|O‘O|0 O‘O O‘O|0 0‘0|0 O|0‘00000 00
%>—Dn:u_c/)
LCD_SR xla|lao|a|o|lz
0x08 Reserved Qle|=>2|>2|» w
Reset value 110/0|0f0]|O0
Ol 5| Ol o
LCD_CLR 895@
0x0C Reserved D§m8
| @ | ©
Reset value 0|X|o|x
—| O O O I~ ©] O | V| N[ —| O O Of | ©Of O] | V| N| —~( O| | O | O WO [V N| —| ©
™ O N Nl N N N N N N NN ] = =] v~ =] | = | = ]| Ol O] Ol O] Oo|lo| O O] O ©
Ox14 R IR R R R R R IR R R R R R R I R R R R R R R R R R R A R A R A R K
Lcp rRam | 0|0]0]0fo|ofofo|o|o|ofofo|o]ofofo|o|o|ofofo|o|o|0f0f0|OfO|O]|O]O
< S| S | R DD DO DM
R RI R R IR IR IR AR AR AR R
0x18 Reserved
ojojo|o|jo|oO|OfO|O]|JOfO]fO
| O O O N O V| I N N| —~| O O V| N O O F| O N v~ Ol D VI N O WOITFT| V| N —| O
™ O N N N N N[ N N N NN~ v~ ] v~ v~ | v v = | Ol O] Ol O] ol o| O O] o ©
0x1C R IR R R R R RZIRZI R R R R R R R R IR R IR R R R I RZ I RZIRZI R R A R A R A R K
LCDRAMOOOOOOOOOOOOOO0000000000000O0000
(CoM1)
M| N[ —~| Ol | O N ©O| WO | MO N
hUB I YD EIEVIEIE AR AN Kl Y]
0x20 Reserved R RI R R IR IR IR AR AR AR R
o(ojo0o|o|jo|O|OfO|O]|JOfO]fO
—| O O O I~ ©] WO | V| N[ —| O O Of | ©Of O] | O N| —~| O| | V| | O WO [ V[ N| —| ©
O MO N N N N N N[NNI NN | | | | v~ v~ v~ | | - O| Q| OOl OO | O| O O ©O
0x24 R R R R R RZ2IRZIR I R IR R R R R R R R R R R R RZI RZIRZIRZIRZ IR A R R A K2 R
Lcb Ram |0l0|ofo]ojofojofojo|ofo|ofo|ojo|o|ofo|ofo|ojo|o|ofo|oflofo|o]|of0
< S| S | R D DO DO O™
0x28 Reserved R R R IR IR IR IR AR AR AR R
o|jo|jo|lof0O|O|O|jO|O|O]|O]|O
| O O O IN| © WO | V| N[ —| O O] O | O O F| V| N| ~( O| | V| N O VO TV N| —| ©
™ O N Nl N N N[ N N N NN ] v~ =] v~ =] ] v~ | 7 -] Ol O]l ol O] o|lo| o o] o ©
0x2C R IR R R R R R R R R R R R R R R IR R IR R R R I RZ I RZI R R R A R A R A R K
Lcp rRaM | 0|0]0]0folofofo|o|o|ofofo|o|ofofo|o|o|ofofo|o|o|0f0f0|OfO|O0]|O]O
AU I I I EIE2IEYE R R eIl
0x30 Reserved R RI R R IR IR IR AR AR AR R
ojojo|o|jo|ofOfO|O]|JOfO]|O
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Table 78. LCD register map and reset values (continued)

i o ~|©o(n o ~|(©(wv =)

Offset | Register |o/9/ 2 X RIQKIF|QINS|RQS|R I=L|IRI2NE|2|o|0|~o|v|¢ ||~ |-|o

| O O O I~ © WO | V| N[ —| O O] O | O O F| MV N| v~ O D V| N O VO (V[N | —| ©

M O N N N N N N[N N NN~ v~ v~ v~ v~ v~ v~ «~| | — O| O] O| Ol O|]|O|O| O O] ©

0x34 2RI R R R R 2R AR IR AR R IR AR I R R 2 R R R R AR A R 2RI R AR R AR R A R A R A R K]

Lcb RAM |0|O(OfOfO|0OjO|O|O|0OjOfOfO|O|O|O|O|OjOfOfO(O|O]|O|O|O[OjO|O|OfO|O
(Com4)

DO N OO S| O N

[2IEIEYIEYEELEE2E RN

0x38 Reserved R R R R R RO R

o(o|jojofo|jo0j|0OfoO

—| O O O I~ ©] O | V| N[ —| O O Of | ©Of O] | O N| —~| O| D O | O WO [ V[ N| —| ©

O MO N[ N N N N N[NNI NN | | | v~ v v~ v~ | | - Q| Q| OOl O|O|O| O O ©O

0x3C 2RI IR R R R IR 2R IR 2R R IR 2R I R IR 2 R R I R 2 R R A R 2RI R R I R R R A R A B2 A B2 K]

Lcb RAM |0|O(OjO}0|0O|0OfOjO|O|jOfOfOjO|O|OfO|O|O|OfOfO|O|O|OfOfO|O]|O|O|O]|O

D VDD D] DM

0x40 Reserved DDA DD DD D

ojo|jofo0|O0|O]|O|O

| O O O I~ © O F| V| N —| O O] O | O O F| MV N| —~( O| D V| N O VO (V[N | —| ©

D O N| N N N N N[N NN AN~ ~ v~ v~ v~ v~ v~ «| | —| O| O] O| | O|]|O|O| Of| O] ©

Ox44 2RI IR R R R 2R AR IR R R IR 2R I R I R 2 R R I R R R R R R R 2 R AR R A R A K2 A R K]

LcD RAM |0|O(OfOfO|0OjO|O|O|OjOfOfO|O|O|O|O|OjOfOfOfO|O|O|O|O[OjO|O|OfO|O
(COMeé)

DO NN OO | O N

D DO D] D] D™

0x48 Reserved R R R R R RO R

o(o|jojofo0|0O0]|OfO

| O O O I~ ©] W[ | V| N| —| O O] Of | ©f O] | O N| —~| O| | O| | O VO |V N| —| O

D O N N N NN NN N NN~ ] ] v ] | ] | Ol O] O Ol O] O Ol O O] ©

ox4C 2RI R R R R 2R AR AR AR R IR 2R R R A R AR R R AR A R 2RI R AR R R R A R A R A R K]

Lcb RAM |0|O(OjO}0|0O|0OfOjO|O|jOfOfOjO|O|OfO|O|O|OfOfO|O|O|OfOfO|O]|O|O|O]|O

D DO D] D] D™

0x50 Reserved R R R R R RO R

of(o|jojofo|j0]|0OfoO

Refer to Table 5 on page 47 for the Register boundary addresses table.
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17.1

17.2

382/908

General-purpose timers (TIM2 to TIM5)

TIM2 to TIMS introduction

The general-purpose timers consist of a 16-bit or 32-bit auto-reload counter driven by a
programmable prescaler.

They may be used for a variety of purposes, including measuring the pulse lengths of input
signals (input capture) or generating output waveforms (output compare and PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several
milliseconds using the timer prescaler and the RCC clock controller prescalers.

The timers are completely independent, and do not share any resources. They can be
synchronized together as described in Section 17.3.15.

TIM5 is not present in STM32L100xx product categories - see Table 2.

TIM2 to TIM5 main features

General-purpose TIMx timer features include:
e 16-bit (TIM3 and TIM4) or 32-bit (TIM5)up, down, up/down auto-reload counter.

e  16-bit programmable prescaler used to divide (also “on the fly”) the counter clock
frequency by any factor between 1 and 65536.

e Up to 4 independent channels for:

Input capture

Output compare

PWM generation (Edge- and Center-aligned modes)
—  One-pulse mode output

e  Synchronization circuit to control the timer with external signals and to interconnect
several timers.

e Interrupt/DMA generation on the following events:

— Update: counter overflow/underflow, counter initialization (by software or
internal/external trigger)

—  Trigger event (counter start, stop, initialization or count by internal/external trigger)
—  Input capture
—  Output compare

e  Supports incremental (quadrature) encoder and hall-sensor circuitry for positioning
purposes

e  Trigger input for external clock or cycle-by-cycle current management

3
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Figure 84. General-purpose timer block diagram

Internal clock (CK_INT)
TIMXCLK from RCC Trigger
ETRF controller
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TI2FP2 interface
U
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XOR N TIMFP1 OC1REF
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Ti2 Input filter &  |-H2FP1 Ic2 |(;2ps\“ ! L SeoreF |outouf] oc2
TIMx_CH2[ } edge detector TI2FP2 |Capture/Compare 2 registery control []TIMx_CH2
TRC —>| *
CC3I .
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§ OCBREF
Input filter & IC3 IC3PS ] Output| OC3
TIMx_CH3[} TI3 edge detoctor TI3FP4 M—'l Capture/Compare 3 register control [ ]TIMx_CH3
TRC ] 4| ¥
CC : U ccal
TIMx_CH4[ — 114 |  Input filter & Ty 'C4PS |Ca {ure/Compare 4 e |ster| OC4REF__,[Outpul OC4 _rhpyy chg
- edge detector TI4FP4 Prescaler p P 9 control LITIMx_
TRC —| T
ETRF
Notes:
Preload registers transferred
to active registers on U event
according to control bit
~ Event
A" Interrupt & DMA output
MS19673V1

17.3

17.3.1

3

TIM2 to TIM5 functional description

Time-base unit

The main block of the programmable timer is a 16-bit/32-bit counter with its related auto-
reload register. The counter can count up 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.
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The time-base unit includes:

e  Counter Register (TIMx_CNT)

e  Prescaler Register (TIMx_PSC):

e Auto-Reload Register (TIMx_ARR)

The auto-reload register is preloaded. Writing to or reading from the auto-reload register
accesses the preload register. The content of the preload register are transferred into the
shadow register permanently or at each update event (UEV), depending on the auto-reload
preload enable bit (ARPE) in TIMx_CR1 register. The update event is sent when the counter
reaches the overflow (or underflow when downcounting) and if the UDIS bit equals 0 in the
TIMx_CR1 register. It can also be generated by software. The generation of the update
event is described in detail for each configuration.

The counter is clocked by the prescaler output CK_CNT, which is enabled only when the
counter enable bit (CEN) in TIMx_CR1 register is set (refer also to the slave mode controller
description to get more details on counter enabling).

Note that the actual counter enable signal CNT_EN is set 1 clock cycle after CEN.

Prescaler description

The prescaler can divide the counter clock frequency by any factor between 1 and 65536. It
is based on a 16-bit counter controlled through a 16-bit/32-bit register (in the TIMx_PSC
register). It can be changed on the fly as this control register is buffered. The new prescaler
ratio is taken into account at the next update event.

Figure 85 and Figure 86 give some examples of the counter behavior when the prescaler
ratio is changed on the fly:

Figure 85. Counter timing diagram with prescaler division change from 1 to 2

exrse UL UUUUHULTUHHHL

CNT_EN

Timerclock = CK_CNT 7WT 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

oL 1lof o)1)

-

Prescaler counter 0 0 X

MS35833V1
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Figure 86. Counter timing diagram with prescaler division change from 1 to 4

arse LU UTUUHUTULU UL

CNT_EN

Timerclock = CK_CNT 7ww 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 0 310

MS35834V1

17.3.2 Counter modes

Upcounting mode

In upcounting mode, the counter counts from 0 to the auto-reload value (content of the
TIMx_ARR register), then restarts from 0 and generates a counter overflow event.

An Update event can be generated at each counter overflow or by setting the UG bit in the
TIMx_EGR register (by software or by using the slave mode controller).

The UEV event can be disabled by software by setting the UDIS bit in TIMx_CR1 register.
This is to avoid updating the shadow registers while writing new values in the preload
registers. Then no update event occurs until the UDIS bit has been written to 0. However,
the counter restarts from 0, as well as the counter of the prescaler (but the prescale rate
does not change). In addition, if the URS bit (update request selection) in TIMx_CR1
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.

3
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Figure 87. Counter timing diagram, internal clock divided by 1

oot JUHUUHUL UYL

CNT_EN

Timerciook = ck_ent | UL UL L L L
Counter register 31 00 02 mm

Counter overflow T

Update event (UEV) T

Update interrupt flag (UIF)

MS35836V1

Figure 88. Counter timing diagram, internal clock divided by 2

aont JUUHUUHTUUUUU UL
CNT_EN
Timerclock = CK_CNT T ﬂ T ﬂ ﬂ ﬂ H
Counter register 0034 X 0035 X 0036 | 0000 X 0001 X 0002 X 0003 [
Counter overflow T
Update event (UEV) T
Update interrupt flag (UIF)

MS35835V1

Figure 89. Counter timing diagram, internal clock divided by 4

anr— HUUULUU UYL UUULUY
CNT_EN — |
Timerclock = CK_CNT T T ﬂ
Counter register 0035 X 0036 0000 X 0001
Counter overflow T
Update event (UEV) T
Update interrupt flag (UIF)

MSv37301V1
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Figure 90. Counter timing diagram, internal clock divided by N

CK_INT /
Timerclock = CK_CNT T /;T
Counter register  1F 20 o 00
=

Counter overflow

Update event (UEV)

Update interrupt flag (UIF)

MSv37302V1

Figure 91. Counter timing diagram, Update event when ARPE=0 (TIMx_ARR not
preloaded)

oo U U U UUUUUU

CNT_EN —

mimersock = ok ont | U U U U U T UL

Counter register 31 32 3600 @
i

Update event (UEV) T

Counter overflow

Update interrupt flag (UIF)

Auto-reload register FF 36

Write a new value in TIMx_ARR
MSv37303V1
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Figure 92. Counter timing diagram, Update event when ARPE=1 (TIMx_ARR
preloaded)

erse UL ULUTLULUUTUUUT

CNT EN —|

Timerdlock = CK_CNT U yuduuduyyl
Counter register 0] F1 F5] 00 @

Counter overflow T

Update event (UEV) T

Update interrupt flag (UIF)

Auto-reload preload register F5 K 36

Auto-reload shadow register F5 36

Write a new value in TIMx_ARR

MSv37304V1

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 O (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 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.

3
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Figure 93. Counter timing diagram, internal clock divided by 1

oot LU TUHUUYUUUUULLLT

CNT_EN

Timerciook = ck_ent | L L UL L L L L L L L
Counter register 05 36

Counter underflow (cnt_udf) T

Update event (UEV) T

Update interrupt flag (UIF)

MSv37305V1

Figure 94. Counter timing diagram, internal clock divided by 2

oot U UTUULUUOUUULT]

CNT EN — |
Timerclock = CK_CNT T ﬂ T ﬂ ﬂ ﬂ H
Counter register 0002 | 0001 | 0000 | 0036 | 0035 | 0034 | 0033 |
Counter underflow T
Update event (UEV) T

Update interrupt flag (UIF)

MSv37306V1

Figure 95. Counter timing diagram, internal clock divided by 4

coneJUUUUHUTUYUUT UL

CNT EN — |

Timerclock = CK_CNT

Counter register 0001 | oo 0036 | 003

Counter underflow

Update event (UEV)

Update interrupt flag (UIF) MS40511v1
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Figure 96. Counter timing diagram, internal clock divided by N

nnnhninnhinhnnn

Timerclock = CK_CNT /;—|

Counter register 20 1F 00 36

Counter overflow

Update event (UEV) —|

Update interrupt flag (UIF)

MS37340V1

Figure 97. Counter timing diagram, Update event

son U UU LU UUUUUU UL

CNT_EN

rmerciock = ok ont — LU UL U UL UL
Counter register 05 04 00 | 36

Counter overflow —|

Update event (UEV) _|

Update interrupt flag (UIF)

Auto-reload preload register FF /,X 36

Write a new value in TIMx_ARR
— MS37341V1

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.

Figure 98. Counter timing diagram, internal clock divided by 1, TIMx_ARR=0x6
cont JUTUHHUUUHL LT

CNT_EN ——1

rmeraiosk = ck_ont | LU U U UL LT
Counter register 04 03 0100 05

Counter underflow —|

Counter overflow —|

Update event (UEV)

Update interrupt flag (UIF)
MS37342V1

1. Here, center-aligned mode 1 is used, for more details refer to Section 17.4.1: TIMx control register 1 (TIMx_CR1).
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Figure 99. Counter timing diagram, internal clock divided by 2
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Figure 100. 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 101. Counter timing diagram, internal clock divided by N
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Figure 102. Counter timing diagram, Update event with ARPE=1 (counter underflow)
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Figure 103. Counter timing diagram, Update event with ARPE=1 (counter overflow)
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17.3.3 Clock selection

3

The counter clock can be provided by the following clock sources:

e Internal clock (CK_INT)

e External clock mode1: external input pin (TIx)

e External clock mode2: external trigger input (ETR).

e Internal trigger inputs (ITRx): using one timer as prescaler for another timer, for
example, Timer3 can be configured to act as a prescaler for Timer 2. Refer to Using
one timer as prescaler for another timer for more details.
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Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS=000 in the TIMx_SMCR register), then the
CEN, DIR (in the TIMx_CR1 register) and UG bits (in the TIMx_EGR register) are actual
control bits and can be changed only by software (except UG which remains cleared
automatically). As soon as the CEN bit is written to 1, the prescaler is clocked by the internal
clock CK_INT.

Figure 104 shows the behavior of the control circuit and the upcounter in normal mode,
without prescaler.

Figure 104. 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.

3
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Figure 105. 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_CCMR1 register.
2. Configure the input filter duration by writing the IC2F[3:0] bits in the TIMx_CCMR1
register (if no filter is needed, keep IC2F=0000).
Note: The capture prescaler is not used for triggering, so there’s no need to configure it.

3

3. Select rising edge polarity by writing CC2P=0 and CC2NP=0 in the TIMx_CCER
register.

4. Configure the timer in external clock mode 1 by writing SMS=111 in the TIMx_SMCR
register.

5. Select TI2 as the input source by writing TS=110 in the TIMx_SMCR register.

6. Enable the counter by writing CEN=1 in the TIMx_CR1 register.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge on T2 and the actual clock of the counter is due to the
resynchronization circuit on TI2 input.
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Figure 106. 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 107 gives an overview of the external trigger input block.

Figure 107. 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.

3
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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 108. Control circuit in external clock mode 2
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17.3.4 Capture/compare channels

Each Capture/Compare channel (see Figure 109) is built around a capture/compare register
(including a shadow register), an input stage for capture (with digital filter, multiplexing and
prescaler) and an output stage (with comparator and output control).

The input stage samples the corresponding TIx input to generate a filtered signal TIxF.
Then, an edge detector with polarity selection generates a signal (TIxFPx) which can be
used as trigger input by the slave mode controller or as the capture command. It is

prescaled before the capture register (ICxPS).

Figure 109. Capture/compare channel (example: channel 1 input stage)
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Figure 110. Capture/compare channel 1 main circuit
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Figure 111. Output stage of capture/compare channel (channel 1)

ETRF

To the master mode

controller
|>—l>

—>

Output
Enable
Circuit

TIMx_CNT > TIMx_CCR1

TIMx_CNT =TIMx_CCR1 | controller

Output mode

oclref

OC1M[2:0]

TINK_CCMR1

CC1P

TIMx_CCER

CC1E

TIMx_CCER

OC1

ai17187b

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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17.3.5 Input capture mode

In Input capture mode, the Capture/Compare Registers (TIMx_CCRX) 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 Tl1 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 the ICxF bits in the TIMx_CCMRX register if the input is one of
the Tlx inputs). 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 eight consecutive samples with
the new level have been detected (sampled at fo1g 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 the CC1P and
CC1NP bits 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_CCR1 register gets the value of the counter on the active transition.

e CC1IF flag is set (interrupt flag). CC10F 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.
Note: IC interrupt and/or DMA requests can be g