£— RMO0038
YI Reference manual

STM32L151xx, STM32L152xx and STM32L162xx
advanced ARM-based 32-bit MCUs

January 2012

Introduction

This reference manual targets application developers. It provides complete information on
how to use the STM32L151xx, STM32L152xx and STM32L162xx microcontroller memory
and peripherals. The STM32L151xx, STM32L152xx and STM32L162xx will be referred to
as STM32L15xxx throughout the document, unless otherwise specified.

The STM32L15xxx is a family of microcontrollers with different memory sizes, packages and
peripherals.

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

For information on programming, erasing and protection of the internal Flash memory
please refer to the STM32L15xxx Flash programming manual.

For information on the ARM Cortex™-M3 core, please refer to the Cortex™-M3 Technical
Reference Manual.

Related documents

Available from www.arm.com:

& Cortex™-M3 Technical Reference Manual, available from:
http://infocenter.arm.com/help/topic/com.arm.doc.ddi0337g/DDI0337G_cortex_m3_r2p0_trm.pdf

Available from www.st.com:

& STM32L151xx STM32L152xx datasheets
& STM32L162xx datasheet

& STM32L15xxx Flash programming manual
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Documentation conventions

1.1

1.2

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_wQ)

read/clear by read
(rc_r)

read/set (rs)

read-only write
trigger (rt_w)

toggle (t)
Reserved (Res.)

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

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

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

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

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

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

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

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

Reserved bit, must be kept at reset value.

Peripheral availability

For the peripherals available, and their number, across all STM32L15xxx sales types,
please refer to the STM32L15xxx datasheet.
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2 Memory and bus architecture

2.1 System architecture

The main system consists of a 32-bit multilayer AHB bus matrix that interconnects:
e Up to five masters:

—  Cortex-M83 I-bus, D-bus and S-bus

— DMAT1 and DMA2
® Up to five slaves:

— 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 T:

Figure 1. System architecture (medium density devices)
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Figure 2. System architecture (high density 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.

DMA bus
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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, DMA2 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 1 on page 41 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.

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

2.2 Memory organization

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

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

For the detailed mapping of peripheral registers, 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 STM32L15xxx datasheet.

2.3 Memory map

See the STM32L15xxx datasheet for a comprehensive diagram of the memory map. Table 1
gives the boundary addresses of the peripherals available in STM32L15xxx devices.
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Table 1. Register boundary addresses
Boundary address Peripheral Bus Register map

0XA000 0000 - 0XA000 OFFF | FSMC Section 24.5.7: FSMC
register map on page 579

0x5006 0000 - 0x5006 03FF | AES Section 22.12.13: AES
register map on page 511

0x4002 6400 - 0x4002 67FF | DMA2 Section 10.4.7: DMA register
map on page 206

0x4002 6000 - 0x4002 63FF | DMAT Section 10.4.7: DMA register
map on page 206

0x4002 3C00 - 0x4002 3FFF | Flash memory interface See Flash programming
manual

0x4002 3800 - 0x4002 3BFF | RCC Section 5.3.15: RCC register
map on page 124

04002 3000 - 0x4002 33FF CRC Section 3.4.4: CRC register
map on page 55

0x4002 1C00 - 0x4002 1FFF | GPIOG

0x4002 1800 - 0x4002 1BFF | GPIOF AHB

0x4002 1400 - 0x4002 17FF | GPIOH

0x4002 1000 - 0x4002 13FF | GPIOE Section 6.4.11° GPIO

0x4002 0C00 - 0x4002 OFFF | GPIOD register map on page 142

0x4002 0800 - 0x4002 OBFF | GPIOC

0x4002 0400 - 0x4002 07FF | GPIOB

0x4002 0000 - 0x4002 03FF | GPIOA

0x4001 3800 - 0x4001 3BFF | USART1 Section 26.6.8: USART
register map on page 661

0x4001 3000 - 0x4001 33FF | SPI1 Section 27.5.10: SPI register
map on page 713

0x4001 2C00 - 0x4001 2FFF | SDIO Section 28.9.16: SDIO
register map on page 768

0x4001 2400 - 0x4001 27FF | ADC Section 11.15.21: ADC
register map on page 249

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

0x4001 0CO0 - 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 O7FF | EXTI Section 9.3.7: EXTI register
map on page 190

0x4001 0000 - 0x4001 03FF | SYSCFG Section 7.5.7: SYSCFG

register map on page 171
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Table 1.

Register boundary addresses (continued)

Boundary address Peripheral Bus Register map

0x4000 7C00 - 0x4000 7C03 | COMP Section 13.9.2: COMP
register map on page 281

0x4000 7C04 - 0x4000 7C5B | Rl Section 7.5.7: SYSCFG
register map on page 171

0x4000 7C5C - 0x4000 7FFF | OPAMP Section 14.4.2: OPAMP
register map on page 291

0x4000 7400 - 0x4000 77FF | DAC Section 12.5.15: DAC
register map on page 270

0x4000 7000 - 0x4000 73FF | PWR Section 4.4.5: PWR register
map on page 82

USB device FS SRAM

0x4000 6000 - 0x4000 63FF | 5 bytes Section 23.5.4: USB register
map on page 541

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

0x4000 5800 - 0x4000 5BFF | 12C2 Section 25.6.10: 12C register

0x4000 5400 - 0x4000 57FF | 12C1 map on page 610

0x4000 5000 - 0x4000 53FF | USART5

0x4000 4800 - 0x4000 4BFF | USART3 APBA register map on page 661

0x4000 4400 - 0x4000 47FF | USART2

0x4000 3C00 - 0x4000 3FFF | SPI3 Section 27.5.10: SPI register

0x4000 3800 - 0x4000 3BFF | SPI2 map on page 713

0x4000 3000 - 0x4000 33FF | IWDG Section 20.4.5: IWDG
register map on page 479

0x4000 2C00 - 0x4000 2FFF | WWDG Section 21.6.4: WWDG
register map on page 486

0x4000 2800 - 0x4000 2BFF | RTC Section 19.6.21: RTC
register map on page 473

0x4000 2400 - 0x4000 27FF | LCD Section 15.5.6: LCD register
map on page 314

0x4000 1000 - 0x4000 13FF | TIM6 register map on page 435

0x4000 0CO0 - 0x4000 OFFF | TIM5 (32-bits)

0x4000 0800 - 0x4000 OBFF | TIM4 Section 16.4.21- TIMx

0x4000 0400 - 0x4000 07FF | TIM3 register map on page 373

0x4000 0000 - 0x4000 03FF | TIM2
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2.3.1

2.3.2

Embedded SRAM

The STM32L15xxx features 48 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 1-Code/D-Code bus
when boot in SRAM is selected or when physical remap is selected (see Section 7.5.1:
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).

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 STM32L15xxx 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.qg.
DMA).

A mapping formula shows how to reference each word in the alias region to a corresponding
bit in the bit-band region. The mapping formula is:
bit_word_addr = bit_band_base + (byte_offset x 32) + (bit_number x 4)

where:

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

bit_band_base is the 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.
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2.3.3
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Embedded Flash memory

® Up to 384 Kbytes of Flash memory

® Memory organization (dual banks):
—  Up to 384 Kbytes of Flash program memory and up to 12 Kbytes of data EEPROM
— Up to 8 Kbytes of system memory and up to 64 bytes of option bytes

Each bank is organised as follows:
— 192 Kbytes of program memory and 6 Kbytes of data
— 4 Kbytes of system memory, 32 bytes of option bytes

Flash memory interface (FLITF) features:

Flash memory read operations: read access is performed by 64 or 32 bits

Flash memory program/erase operations

Read while write (RWW) from one bank to the other

Read/write protection

Write access is performed by 32 bits

Option byte loader reset

Low power mode:

—  Flash memory in Power down mode when the STM32L15xxx is in the Standby
mode or the Stop mode

—  Flash memory can be placed in Power down or Idle mode when the STM32L15xxx
is in the Sleep mode

—  Flash memory can be placed in Power down or Idle mode when the STM32L15xxx
is in the Run mode

Flash module organization

The memory is organized as a main program memory block, a data memory block of 1536
double words, and an information block. Table 3 shows the Flash memory organization.

The program memory block is divided into 96 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. In total, the program memory block contains 1536 pages.
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Table 2. Flash module organization (medium density devices)
Block Flash memory addresses Size Name Description
0x0800 0000 - 0x0800 O0FF 256 bytes Page 0
0x0800 0100 - 0x0800 01FF 256 bytes Page 1
0x0800 0200 - 0x0800 02FF 256 bytes Page 2
0x0800 0300 - 0x0800 O3FF 256 bytes Page 3 Sector 0
0x0800 0400 - 0x0800 O7FF 1 Kbytes Page4to7
0x0800 0800 - 0x0800 OBFF 1 Kbytes Page 8 to 11
Program 0x0800 0CO00 - 0x0800 OFFF 1 Kbytes Page 12 to 15

memory 0x0800 1000 - 0x0800 1FFF 4 Kbytes Page 16 to 31 Sector 1
0x0800 2000 - 0x0800 2FFF 4 Kbytes Page 32 to47 Sector 2
0x0800 3000 - 0x0800 3FFF 4 Kbytes Page 48 to 63 Sector 3
0x0801 EO00 - 0x0801 EFFF 4 Kbytes Page 478 t0495 Sector 30
0x0801 FOOO - 0x0801 FFFF 4 Kbytes Page 496 to511 Sector 31

Data memory 0x0808 0000 - 0x0808 OFFF 4096 bytes DATA Data memory

0x1FFO0 0000 - Ox1FFO OOFF 256 bytes Page 0
0x1FF0 0100 - 0Ox1FFO O1FF 256 bytes Page 1
0x1FF0 0200 - 0x1FFO 02FF 256 bytes Page 2

Information 0x1FFO0 0300 - Ox1FFO 03FF 256 bytes Page 3 System memory

Block
0x1FFO0 OF00 - Ox1FFO OFFF 256 bytes Page 15
0x1FF8 0000 - Ox1FF8 000F 16 bytes OPTB Option bytes block
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Table 3. Flash module organization (high density devices)
Block Flash memory addresses Size Name Description

0x0800 0000 - 0x0800 O0OFF 256 bytes Page 0
0x0800 0100 - 0x0800 O1FF 256 bytes Page 1
0x0800 0200 - 0x0800 02FF 256 bytes Page 2
0x0800 0300 - 0x0800 03FF 256 bytes Page 3 Sector 0
0x0800 0400 - 0x0800 O7FF 1 Kbytes Page4to7
0x0800 0800 - 0x0800 OBFF 1 Kbytes Page 8 to 11
0x0800 0CO00 - 0x0800 OFFF 1 Kbytes Page 12 to 15
0x0800 1000 - 0x0800 1FFF 4 Kbytes Page 16 to 31 Sector 1

Program 0x0800 2000 - 0x0800 2FFF 4 Kbytes Page 32 to47 Sector 2

memory 0x0800 3000 - 0x0800 3FFF 4 Kbytes Page 48 to 63 Sector 3
0x0801 E000 - 0x0801 EFFF 4 Kbytes Page 478 t0495 Sector 30
0x0801 FOOO - 0x0801 FFFF 4 Kbytes Page 496 to511 Sector 31
0x0802 0000 - 0x0802 FFFF 64 Kbytes Page 512 to 767 | Sector 32 to Sector 47
0x0803 0000 - 0x0804 FFFF 128 Kbytes Page 768 to 1279 | Sector 48 to Sector 79
0X0805 0000 - 0x0805 FFFF 64 Kbytes Pag‘j ;gg 810 I 5ector 80 to Sector 95

Data memory 0x0808 0000 - 0x0808 17FF 6 Kbytes DATA Bank 1 Data EEprom Bank 1
0x0808 1800 - 0x0808 2FFF 6 Kbytes DATA Bank 2 Data EEprom Bank 2
0x1FF0 0000 - 0x1FFO O0OFF 256 bytes Page 0
0x1FF0 0100 - 0Ox1FFO O1FF 256 bytes Page 1
0x1FF0 0200 - Ox1FFO 02FF 256 bytes Page 2
0x1FFO0 0300 - 0x1FF0 03FF 256 bytes Page 3 System me1mory Bank

Information

Block
0x1FFO0 OFQ0 - Ox1FFO OFFF 256 bytes Page 15
0x1FFO 1000 - 0x1FF0 1FFF 4 Kbytes Page 161031 | SYStem mezmory Bank
0x1FF8 0000 - 0Ox1FF8 001F 32 bytes OPTB Option bytes Bank 1
0x1FF8 0080 - 0x1FF8 009F 32 bytes OPTB Option bytes Bank 2
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Reading the Flash memory
Relation between CPU clock frequency and Flash memory read time
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 Cortex-M3 clock and the
supply voltage of the device. Table 4 shows the correspondence between wait states and
core clock frequency.

Table 4. Number of wait states (WS) according to CPU clock (HCLK)

frequency
HCLK frequency (MHz)
Voltage range Voltage range Wait states
165Vto 3.6V 20Vto3.6V (LATENCY)
Veore =12V Veore =15V Vcore=1.8V
0< fHCLKS 2 MHz 0< fHCLKS 8 MHz 0< fHCLK <16 MHz 0 WS (1 HCLK cycle)
2 <fyok <4 MHz 8 < fHoLk< 16 MHz 16 < fyoLk <32 MHz | 1 WS (2 HCLK cycles)

It is also possible to access the Flash memory by 32 bits. This is done by clearing the
ACC64 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.
Increasing the CPU frequency (in the same voltage range)

® Program the 64-bit access by setting the ACC64 bit in Flash access control register
(FLASH_ACR)

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

Program 1 WS to the LATENCY bit in FLASH_ACR

Check that the new number of WS is taken into account by reading FLASH_ACR
Modify the CPU clock source by writing to the SW bits in the Clock configuration
register (RCC_CFGR)

If needed, modify the CPU clock prescaler by writing to the HPRE bits in RCC_CFGR
Check that the new CPU clock source or/and the new CPU clock prescaler value is/are

taken into account by reading the clock source status (SWS bits) or/and the AHB
prescaler value (HPRE bits), respectively, in the RCC_CFGR register
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Decreasing the CPU frequency (in the same voltage range)

Modify the CPU clock source by writing to the SW bits in the Clock configuration
register (RCC_CFGR)

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

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

Program the new number of WS to the LATENCY bit in Flash access control register
(FLASH_ACR)

Check that the new number of WS is taken into account by reading FLASH_ACR
Program the 32-bit access by clearing ACC64 in FLASH_ACR
Check that 32-bit access is taken into account by reading FLASH_ACR
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Note:

Instruction prefetch when Flash access is 64 bits

Each Flash memory read operation provides 64 bits from either two 32-bit instructions or
four 16-bit instructions. So, in case of a sequential code, at least 2 CPU cycles are needed
to read the previous instruction line. Prefetch on the ICode 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.

Table 5 shows the supported ACC64, LATENCY and PRFTEN configurations.

Table 5. Allowed configuration in FLASH_ACR

ACC64=0 ACC64 =1

LATENCY

PRFTEN =0

PRFTEN =1

PRFTEN =0

PRFTEN =1

OK

OK

OK

OK

OK

The Flash access control register (FLASH_ACR) is used to control the Flash state in
run/sleep modes, the prefetch status and access time depending on the CPU frequency.
The table above provides the bit map for this register.

For complete information on Flash memory operations, please refer to the STM32L15xxx
Flash programming manual (PM0076). For details on register configurations, refer to the
following section (Flash access control register (FLASH_ACR) on page 50).
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Flash access control register (FLASH_ACR)
Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5

N
—_

Reserved

ACC64
PRFTEN

2| RUN_PD | &
2 |SLEEP_PD| w
2 | LATENCY | o

2
2

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

Bit4 RUN_PD: Flash 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 is in Power down mode or Idle mode when
the STM32L15xxx is in Run mode.

The Flash memory can be placed in Power down mode only when the code is executed from
RAM).

0: Flash in Idle mode
1: Flash in Power down mode

Bit 3 SLEEP_PD: Flash mode during Sleep
This bit is used to have the Flash memory in Power down mode or Idle mode when the
STM32L15xxx is in Sleep mode.
0: Flash in Idle mode
1: Flash in Power down mode

Bit2 ACC64: 64-bit access

This bit is used to read data from the Flash memory 64 bits or 32 bits at a time. 32-bit access
is used to decreases the Flash 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.

Bit1 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.
Bit 0 LATENCY: Latency

This bit represents the ratio of the CPU clock period to the Flash 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.
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Flash interface register map

The following table summarizes the Flash memory registers.

Table 6. Flash interface register map and reset values
ofsel] _Register [z [2a (=[x &[&[% @[8[[g[z[2[Fe[2FelH[F[Eo]a[~e[o[][s[-[>
eBlL B8
FLASH_ACR 2|58k |E
0x00 Reserved E w < E =
wn -
e oo o[o]o]o]o

2.4 Boot configuration

Due to its fixed memory map, the code area starts from address 0x0000 0000 (accessed
through the 1ICode/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). STM32L15xxx microcontrollers implement a special
mechanism to be able to boot from other memory than the Flash (like internal SRAM).

In the STM32L15xxx, 3 different boot modes can be selected through the BOOT[1:0] pins as
shown in Table 7.

Table 7. Boot modes
Boot mode selection pins
Boot mode Aliasing
BOOT1 BOOTO
X 0 Main Flash memory | Main Flash memory is selected as the boot space
0 1 System memory System memory is selected as the boot space
1 1 Embedded SRAM | Embedded SRAM is selected as the boot space

The values on the BOOT pins are latched on the 4th rising edge of SYSCLK after a reset. It
is up to the 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 BOOQT 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.

Note: 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
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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:

® Main Flash memory
® System memory
® Embedded SRAM

Note: Depending on the memory protection programmed by option byte, some boot/remap
configurations may not be available (refer to the readout protection section in programming
manual PM0O076 for details).

Table 8. Memory mapping vs. boot mode/physical remap
Addresses Boot/Remap in main Boot/Remap in Boot/Remap in
Flash memory embedded SRAM 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
i Flash (384 KB) . System memory
0x0000 0000 - 0x0005 FFFF Aliased SRAM Aliased (8 KB) Aliased

Note: 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:

® In medium density devices: USART1 or USART2.

® In high density devices: USART1, USART2 or USB

This program is located in the system memory and is programmed by ST during production.
52/809 Doc ID 15965 Rev 5 17




RMO0038

CRC calculation unit

3

3.1

3.2

3.3

CRC calculation unit

This section applies to the whole STM32L15xxx family, unless otherwise specified.

CRC introduction

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

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

CRC main features
® Uses CRC-32 (Ethernet) polynomial: 0x4C11DB7
X324 X26 1 x23 1 x22 4 x16 4 x12 4 x11 4 X104 %8 4 X7 + X5 + X* + X2+ X +1
® Single input/output 32-bit data register
® CRC computation done in 4 AHB clock cycles (HCLK)
® General-purpose 8-bit register (can be used for temporary storage)

The block diagram is shown in Figure 3.

Figure 3. CRC calculation unit block diagram

| AHB bus |

A
32-bit (read access)

| Data register (output) |
A

| CRC computation (polynomial: 0x4C11DB7) |

A
32-bit (write access) d

| Data register (input) |

ai14968

CRC functional description

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

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

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

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

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

3.4 CRC registers

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

3.4.1 Data register (CRC_DR)

Address offset: 0x00
Reset value: OxFFFF FFFF

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

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

3.4.2 Independent data register (CRC_IDR)

Address offset: 0x04
Reset value: 0x0000 0000

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

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

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

Can be used as a temporary storage location for one byte.
This register is not affected by CRC resets generated by the RESET bit in the CRC_CR
register.
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343 Control register (CRC_CR)
Address offset: 0x08
Reset value: 0x0000 0000

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

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

Bit 0 RESET bit

Resets the CRC calculation unit and sets the data register to OxFFFF FFFF.
This bit can only be set, it is automatically cleared by hardware.

344 CRC register map

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

Table 9. CRC calculation unit register map and reset values
Offset | Register | 31-24 | 23-16 | 15-8 7 6 5 4 3 2 1 0

0x00 CRC_DR Data register
Reset value OxFFFF FFFF

0x04 CRC_IDR Reserved Independent data register
Reset value 0x00

0x08 CRC_CR Reserved RESET
Reset value 0
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4.1
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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
VCORE =12t01.8V

VcoRe is the power supply for digital peripherals, SRAM and Flash memory. It is
generated by a internal voltage regulator. Three VooRg ranges can be selected by
software depending on Vpp (refer Figure 5).

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 Vppa is 1.8 V when the ADC is used.

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

VRer. and Vgeg, are only available as external pins on LQFP144, UFBGA132,
LQFP100, UFBGA100, and TFBGA64 packages, otherwise they are bonded to Vgga
and Vppa, respectively.

VLCD =25t03.6V

The LCD controller can be powered either externally through V| ¢p pin, or internally
from an internal voltage generated by the embedded step-up converter.
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4.1.1

Figure 4. Power supply overview

Vppa domain
(from 1.8 Vup to VppA) VREF+ ADC
(must be tiedto VgsA) VREF- DAC
Temp. sensor
(VoD) VDDA Reset block
(Vgs) Vssa PLL
Vpp domain Vcore domain

Flash memory
10 supply

Standby circuitry Core
Vss (Wakeup logic, Memories
Eﬂ: IWDG, RTC, digital
LSE crystal 32K osd| eripherals
VbD RCC CSR) perp

Voltage regulator
Dynamic Voltage
Scaling

VLeD LCD

ai17209¢c

Vppa and Vgga must be connected to Vpp and Vgg, respectively.
2. When available (depending on packages), Vggr. 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
STM32L15xxx datasheets.

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.
® The ADC voltage supply input is available on a separate Vppa pin

® Anisolated supply ground connection is provided on the Vggp pin

Doc ID 15965 Rev 5 57/809




Power control (PWR) RMO0038

4.1.2

4.1.3

58/809

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
VREeE. a 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 For ADC
- 24V< VRer, =Vppa forfull speed (ADCCLK = 16 MHz, 1Msps)
— 1.8V < VRer, =Vppa for medium speed (ADCCLK = 8 MHz, 500 Ksps)
— 2.4V < VRer, # Vppa for medium speed (ADCCLK = 8 MHz, 500 Ksps)
— 1.8V < Vggry < 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

— 1.8 V< Vggr: < Vppa
® When Vppj is higher than 2.4 V, the voltage on Vggg, may range from 2.4 V to Vppa.
® When Vpp, is below 2.4 V, Vieg, must be equal to Vppa.

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

VRer, and VRgg. pins are not available. They are internally connected to the ADC voltage
supply (Vppa) and ground (Vssa).

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:

® 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.

® |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.

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

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

RTC and RTC backup registers

The real-time clock (RTC) is an independent BCD timer/counter. The RTC provides a time-
of-day clock/calendar, two programmable alarm interrupts, and a periodic programmable
wakeup flag with interrupt capability. The RTC contains 20 backup data registers (80 bytes)
in medium density devices and 32 backup data registers (128bytes) in high density 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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41.4

4.1.5

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 4.4.1).
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 (VcoRre) can be programmed by software to
three different ranges within 1.2 - 1.8 V (typical) (see Section 4.1.5).

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 Voore
domain (core, memories and digital peripherals).

® 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 VooRre
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.

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

e 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 (Vcorg), according to the
circumstances.

Dynamic voltage scaling to increase Vopg is known as overvolting. It allows to improve the
device performance. Refer to Figure 5 for a description of the STM32L15xxx operating
conditions versus performance.

Dynamic voltage scaling to decrease VsoRe 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.
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The voltage regulator outputs a 1.8 V voltage (typical) as long as the Vpp input voltage is
above 2.0 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
1.2 V (typical, range 3) without any limitations on Vpp (1.65 to 3.6 V).

® 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.

® 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 10 for details on the performance for each range.

Table 10. Performance versus Voo ranges
Max frequency
CPU Power VcoRE Typical (MHz) Vi range
performance performance range Value (V) bp rang
1WS ows
High Low 1 1.8 32 16 2.0-3.6
Medium Medium 2 1.5 16 8
1.65 - 3.6
Low High 3 1.2 4 2
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Figure 5. STM32L15xxx performance versus Vpp and V¢corg range
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4.1.6 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 5: STM32L15xxx
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 developement, in
case a critical reaction time to interrupt is needed, and depending on peripheral used (timer,
communication,...).
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4.1.8

4.2
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Voltage regulator and clock management when Vpp drops
below 2.0 V

When Vcoge 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 4.2.3.

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 MHz for
range 3.

3. Select the required voltage range:
Note that when Vpp is below 2.0 V, only range 2 or range 3 can be selected.

When Vcope range 2 or range 3 is selected and Vpp drops below 2.0 V, no system
reconfiguration is required.

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:
® 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.

® 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:
® From range 2 to range 3

a) Adapt the clock frequency to voltage range 3.

b) Select voltage range 3.
® From range 3 to range 2

a) Select the voltage range 2.

b) Tune the clock frequency if needed.

Power supply supervisor

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
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min value at power down is 1.65 V). For devices operating between 1.65 V and 3.6 V, the
BOR is permanently disabled. Consequently, the start-up time at power-on can be
decreased down to 1ms 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, VggginT, 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
Vpbp/Vpbpa 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/Vppa drops below the Vpyp threshold and/or when Vpp/Vppy 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 6.
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Figure 6. Power supply supervisors
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——— POR/PDR (BOR not available) (Note 4) ai17211b

The PVD is available on all STM32L devices and it is enabled or disabled by software.

2. The BORis available only on devices operating from 1.8 to 3.6 V, and unless disabled by option byte it will
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

64/809
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4.2.1

4.2.2

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

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
is1.5 V.

The POR and PDR are used only when the BOR is disabled (see Section 4.2.2: Brown out
reset (BOR))). 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 7. Power on reset/power down reset waveform

A Vop/Vppa

Temporization
trsTTEMPO

Reset

Brown out reset (BOR)

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

For devices operating from 1.65 to 3.6 V, the BOR option is not available and the power
supply is monitored by the POR/PDR. As the POR/PDR thresholds are at 1.5V, a "grey
zone" exists between the Vpor/VppR thresholds and the minimum product operating voltage
1.65 V.

For devices operating from 1.8 to 3.6 V, the BOR is always active at power on and it's
threshold is 1.8 V.

Then when the system reset is released, the BOR level can be reconfigured or disabled by
option byte loading.
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4.2.3
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If the BOR level is kept at the lowest level, 1.8 V at power on and 1.65 V at power down, the
system reset is fully managed by the BOR and the product operating voltages are within
safe ranges.

And when the BOR option is disabled by option byte, the power down reset is controlled by
the PDR and a "grey zone" exists between the 1.65 V and Vppg.

Vpor is configured through device option bytes. By default, the Level 4 threshold is
activated. 5 programmable VggR thresholds can be selected.

BOR Level 0 (VgoRo): reset threshold level for 1.69 to 1.80 V voltage range
BOR Level 1 (VgoRy): reset threshold level for 1.94 to 2.1 V voltage range
BOR Level 2 (VgoRo): reset threshold level for 2.3 to 2.49 V voltage range
BOR Level 3 (VgoRa): reset threshold level for 2.54 to 2.74 V voltage range
BOR Level 4 (VgoR4): reset threshold level for 2.77 to 3.0 V voltage range

When the supply voltage (Vpp) drops below the selected Vggg threshold, a device reset is
generated. When the Vp is above the Vgog 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 VggRq to start the device option byte programming
sequence. The power on and power down is then monitored by the POR and PDR (see
Section 4.2.1: Power on reset (POR)/power down reset (PDR))

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

Figure 8. BOR thresholds

Vbop/Vppa

100 mV
hysteresis

Programmable voltage detector (PVD)

You can use the PVD to monitor the Vpp/Vppa power supply by comparing it to a threshold
selected by the PLS[2:0] bits in the PWR_CR (see Section 4.4.1).

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.
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4.2.4

A PVDO flag is available, in the PWR_CSR (see Section 4.4.2), to indicate if Vpp/Vppa is
higher or lower than the PVD threshold. This event is internally connected to the EXTI line16
and can generate an interrupt if enabled through the EXTI registers. The PVD output
interrupt can be generated when Vpp/Vppa drops below the PVD threshold and/or when
Vpp/Vppa rises above the PVD threshold depending on EXTI line16 rising/falling edge
configuration. As an example the service routine could perform emergency shutdown tasks.

Figure 9. PVD thresholds
Vbo/Vppa

hysteresis

! PVD threshold . I“’O mv

PVD output

Internal voltage reference (VgerinT)

The functions managed through the internal voltage reference (Vgerint) @re BOR, PVD,
ADC, LCD and comparators. The internal voltage reference (VgggnT) IS always enabled.

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.
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4.3 Low-power modes
By default, the microcontroller is in Run mode after a system or a power on reset. In Run
mode the CPU is clocked by HCLK and the program code is executed. Several low-power
modes are available to save power when the CPU does not need to be kept running, for
example when waiting for an external event. It is up to the user to select the mode that gives
the best compromise between low-power consumption, performance, short startup time and
available wakeup sources.
The devices feature five low-power modes:
® Low power run mode: regulator in low power mode, limited clock frequency, limited
number of peripherals running
® Sleep mode: Cortex-M3 core stopped, peripherals kept running
® 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.
® Stop mode (all clocks are stopped, regulator running, regulator in low power mode
e Standby mode: Vgorg domain powered off
In addition, the power consumption in Run mode can be reduce by one of the following
means:
® Slowing down the system clocks
® Gating the clocks to the APBx and AHBX peripherals when they are unused.
Table 11. Summary of low-power modes
Effecton
Effect on VCORE VDD
Mode name Entry Wakeup domain clocks | domain Voltage regulator
clocks
Low power LPSDSR and The regulator is forced in
P LPRUN bits + "e9 None None |Inlow power mode
run ) Main regulator (1.8 V)
Clock setting
WFI Any interrupt CPU CLK OFF
Sleep
no effect on other
(Sleep now or clocks or analo None ON
LPSDSR bits + . CPU CLK OFF
Low power WFI Any interrupt no effect on other
f‘f:,po(rsslfzgp_ P clocks oranalog | None |In low power mode
IS +
on-exit) WEE Wakeup event clock sources,
Flash CLK OFF
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Table 11. Summary of low-power modes (continued)
Effecton
Effect on VCORE VDD
Mode name Entry Wakeup domain clocks | domain Voltage regulator
clocks
PDDS’.LPSDSR Any EXTI line (configured ON, in low power
Stop bits + . in the EXTI registers mode (depending
SLEEPDEEP bit + internal and external Iin’es) on PWR_CR)
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
WFI or WFE RTC timestamp event,
external reset in NRST
pin, IWDG reset
4.3.1 Behavior of clocks in low power modes
APB peripheral and DMA clocks can be disabled by software.
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:
® PLL is disabled
® Internal RC 16 MHz (HSI) oscillator is disabled
® External 1-24 MHz (HSE) oscillator is disabled
® Internal 65 kHz - 4 MHz (MSI) 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.
4.3.2 Slowing down system clocks
In Run mode the speed of the system clocks (SYSCLK, HCLK, PCLK1, PCLK2) can be
reduced by programming the prescaler registers. These prescalers can also be used to slow
down peripherals before entering Sleep mode.
For more details refer to Section 5.3.3: Clock configuration register (RCC_CFGR).
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4.3.3

4.3.4

Note:

Note:
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Peripheral clock gating

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

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

Peripheral clock gating is controlled by the AHB peripheral clock enable register
(RCC_AHBENR), APB2 peripheral clock enable register (RCC_APB2ENR), APB1
peripheral clock enable register (RCC_APB1ENR) (see Section 5.3.8: AHB peripheral clock
enable register (RCC_AHBENR), Section 5.3.10: APB1 peripheral clock enable register
(RCC_APB1ENR) and Section 5.3.9: 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).

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 128
KHz.

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 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.

Low power run mode can only be entered when Vogg 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:

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

® The frequency of the system clock must be decreased below 128 KHz.
® 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:

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

® The frequency of the clock system can be increased.
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4.3.5

Note:

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:

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

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

Refer to Table 12: Sleep-now and Table 13: Sleep-on-exit for details on how to enter Sleep
mode.

Exiting Sleep mode

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

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

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

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

This mode offers the lowest wakeup time as no time is wasted in interrupt entry/exit.
Refer to Table 12: Sleep-now and Table 13: Sleep-on-exit for more details on how to exit
Sleep mode.

Table 12.  Sleep-now

Sleep-now mode Description
WEFI (Wait for Interrupt) or WFE (Wait for Event) while:
Mode entr — SLEEPDEEP =0 and
v — SLEEPONEXIT = 0
Refer to the Cortex-M3 System Control register.
If WFI was used for entry:
. Interrupt: Refer to Table 32: Vector table (medium-density devices)
Mode exit
If WFE was used for entry
Wakeup event: Refer to Section 9.2.3: Wakeup event management
Wakeup latency None
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4.3.6

Note:

Note:
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Table 13.  Sleep-on-exit

Sleep-on-exit Description

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

M t

ode entry — SLEEPONEXIT = 1
Refer to the Cortex-M3 System Control register.

Mode exit Interrupt: refer to Table 32: Vector table (medium-density devices) and
Table 33: Vector table (high-density devices).

Wakeup latency None

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 128 KHz.

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

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

To be able to read the RTC calendar register when the 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:

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

® Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as
it exits the lowest priority ISR.
To enter Low power sleep mode, proceed as follows:

® The Flash memory can be switched off by using the control bits (SLEEP_PD in the
FLASH_ACR register. For more details refer to PM0062). This reduces power
consumption but increases the wake-up time.

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

® The frequency of the system clock must be decreased.
® The regulator is forced in low power mode by software (LPSDSR bits set).
® 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 14: Sleep-now and Table 15: Sleep-on-exit for details on how to enter Low
power sleep mode.
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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:

® 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
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.

® 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 14: Sleep-now and Table 15: Sleep-on-exit for more details on how to exit
Sleep low power mode.

Table 14. Sleep-now

Sleep-now mode Description

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

Mode entry — SLEEPDEEP =0 and

— SLEEPONEXIT =0

Refer to the Cortex™-M3 System Control register.

Voltage regulator in Main regulator mode and the Flash memory switched on
If WFI was used for entry:
Mode exit Interrupt: Refer to Table 32: Vector table (medium-density devices)
If WFE was used for entry
Wakeup event: Refer to Section 9.2.3: Wakeup event management

Wakeup latency Regulator wakeup time from low power mode

Table 15.  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.
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4.3.7

Note:
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Table 15. Sleep-on-exit (continued)

Sleep-on-exit Description

Interrupt: refer to Table 32: Vector table (medium-density devices) and

Mode exit Table 33: Vector table (high-density devices).
Wakeup latency regulator wakeup time from low power mode
Stop mode

The Stop mode is based on the Cortex-M3 deepsleep mode combined with peripheral clock
gating. The voltage regulator can be configured either in normal or low-power mode. In Stop
mode, all clocks in the 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, VgegnT, 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/O pins keep the same state as in Run mode.

Entering the Stop mode
Refer to Table 16 for details on how to enter the Stop mode.

To further reduce power consumption in Stop mode, the internal voltage regulator can be
put in low power mode. This is configured by the LPSDSR bit in the PWR_CR register (see
Section 4.4.1).

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 20.3 in Section 20: Independent watchdog (IWDG).

® Real-time clock (RTC): this is configured by the RTCEN bit in the RCC_CSR register
(see Section 5.3.14).

® Internal RC oscillator (LSI RC): this is configured by the LSION bit in the RCC_CSR
register.

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

Exiting the Stop mode
Refer to Table 16 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.
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4.3.8

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

Table 16. Stop mode

Stop mode Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:
— Set SLEEPDEERP bit in Cortex™-M3 System Control register
— Clear PDDS bit in Power Control register (PWR_CR)

— 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)), 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 32: Vector
table (medium-density devices) and Table 33: Vector table (high-density
devices).

If WFE was used for entry:
Any EXTI Line configured in event mode. Refer to Section 9.2.3: Wakeup
event management on page 184

Mode exit

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

Wakeup latency 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 Vgorg 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 4).

Entering the Standby mode

Refer to Table 17 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 20.3: IWDG functional description on page 475.

® Real-time clock (RTC): this is configured by the RTCEN bit in the RCC_CSR register
(see Section 5.3.14).

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

® External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
RCC_CSR register.
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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 4.4.2) indicates that the MCU was in Standby mode.

Refer to Table 17 for more details on how to exit Standby mode.

Table 17. Standby mode

Standby mode Description

WEFI (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)

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

I/O states in Standby mode

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

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

® WKUP pin 1 (PAO) and WKUP pin 3 (PES6), 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™-MS3 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 29.16.1: Debug support for low-power modes.
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4.3.9

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).

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 5.3.14):

® 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)

® 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

® 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

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

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

a)
b)

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

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

necessary to:

a)
b)

a)
b)

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

Configure the RTC to detect the tamper or time stamp event
To wake up from the Stop mode with an RTC Wakeup event, it is necessary to:
Enable the RTC Wakeup Interrupt in the RTC_CR register

Configure the RTC to generate the RTC Wakeup event

Comparator auto-wakeup (AWU) from the Stop mode

® 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
4.4 Power control registers
The peripheral registers have to be accessed by half-words (16-bit) or words (32-bit).
441 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 11 10 9 8 7 6 5 4 3 2 1 0
R LPRUN R VOS[1:0] FWU ULP DBP PLS[2:0] PVDE | CSBF | CWUF | PDDS |LPSDSR
es- w es- w w w w w w | w | w w rc_wi rc_wi rw w
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Bits 31:15
Bit 14

Bits 13
Bits 12:11

Bit 10

Bit 9

Bit 8

Reserved, always read as 0.

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 mode. LPSDSR is
used as a prepositionning 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

Reserved, must be kept at reset value.

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 (range1 will be automatically selected)

01: 1.8 V (range 1)

10: 1.5V (range 2)

11: 1.2 V (range 3)

FWU: Fast wakeup
This bit works in conjunction with ULP bit.
If ULP = 0, FWU is ignored

If ULP = 1 and FWU = 1: VgepinT 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 VgggNT 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 VggprnT iS ready
1: VRerFTiNT Start up time is ignored when exiting low power modes

ULP: Ultralow power mode

When set, the VRepinT is switched off in low power mode. This bit is not reset by resetting the
PWRRST bit in the RCC_APB1RSTR register.

0: VRepTINT IS ON in low power mode
1: VReprinT IS Off in low 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.
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Bits 7:5 PLS[2:0]: PVD level selection

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

000: 1.9V

001: 2.1V

010: 2.3V

011:25V

100: 2.7 V

101: 29V

110: 3.1V

111: External input analog voltage (Compare internally to VgegNT)
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.

Bit 4 PVDE: Power voltage detector enable
This bit is set and cleared by software.

0: PVD disabled

1: PVD enabled

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

Bit 2 CWUF: Clear wakeup flag
This bit is always read as 0.
0: No effect
1: Clear the WUF Wakeup flag after 2 system clock cycles

Bit 1 PDDS: Power down deepsleep
This bit is set and cleared by software.
0: Enter Stop mode when the CPU enters deepsleep. The regulator is in low-power mode.
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
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4.4.2 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.

Bit9 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
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Bit 4 VOSF: Voltage Scaling select flag
A delay is required for the internal regulator to be ready after the voltage range is changed.
The VOSF 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.

Bit 3 VREFINTRDYF: Internal voltage reference (VgernT) ready flag
This bit indicates the state of the internal voltage reference, VRggrNT:
0: VreginT is OFF
1: VRefFINT iS ready

Bit2 PVDO: PVD output
This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.
0: Vpp/Vppa is higher than the PVD threshold selected with the PLS[2:0] bits.
1: Vpp/Vppa is lower than the PVD threshold selected with the PLS[2:0] bits.

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

Bit 1 SBF: Standby flag
This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down reset)
or by setting the CSBF bit in the PWR power control register (PWR_CR)

0: Device has not been in Standby mode
1: Device has been in Standby mode

Bit 0 WUF: Wakeup flag
This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down reset)
or by setting the CWUF bit in the PWR power control register (PWR_CR)

0: No wakeup event occurred
1: A wakeup event was received from the WKUP pin or from the RTC alarm (Alarm A or
Alarm B), RTC Tamper event, RTC TimeStamp event or RTC Wakeup).

Note: An additional wakeup event is detected if the WKUP pins are enabled (by setting the
EWUPx (x=1, 2, 3) bits) when the WKUP pin levels are already high.

4.4.3 PWR register map

The following table summarizes the PWR registers.

Table 18. PWR - register map and reset values

offset | Register |5/3[2|Q|N[8]0[s]c[d]z[Q[2]2[x]e]e|2[e]Nz|2]o|o|~]o]w]+|w]~]~|o
PWR_CR S g | vos 2% (% | PLsio |2 | 58 g’
= Tz : e | [a)
0x000 Reserved o 5 [1:01 | |3 |a z 8 % a g
Reset value 0 |¢ 1|00000|0000000
&
a
B IVEES - S T
o (o |a ® |% (v O (L |w
PWR_CSR S5 2 [RlQlE|Q|a|D
0x004 - Reserved 22| &6 9121217 |n|2
Lo g8 (g7 |h|>
i i
>
Reset value 0{0f0 ojof1(0j0j0

Refer to Table 1 on page 41 for the register boundary addresses.
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5

5.1

5.1.1

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 ok wDd

The reset source can be identified by checking the reset flags in the control/status register,
RCC_CSR (see Section 5.3.14).

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 the STM32L15xxx Flash
programming manual (PM0062).
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5.1.2

5.1.3

84/809

Power reset

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

A power reset sets all registers to their reset values including for the RTC domain (see
Figure 10)

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 32: Vector table (medium-density devices) and Table 33: Vector table
(high-density devices).

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

Figure 10. Simplified diagram of the reset circuit

_ Voo/Vppa

% RPU ’
External .
reset 4—" Filter

NRST ’17
—— IWDG reset

Pulse Power reset

|4_ generator Software reset
(min 20 ps) Low-power management reset
Option byte loader reset
Exit from Standy mode

ai16095¢

» System reset

L

- —

—” \WWWDG reset

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:

1. A software reset, triggered by setting the RTCRST bit in the RCC_CSR register (see
Section 5.3.14)
2. Power reset (BOR/POR/PDR)
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5.2

Clocks

Four different clock sources can be used to drive the system clock (SYSCLK):
HSI ((high-speed internal) oscillator clock

® HSE (high-speed external) oscillator clock

e PLL clock

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

® 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:

® The 48 MHz clock USB and SDIO clocks which are derived from the PLL VCO clock.

® 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.

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

® |WDG 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.
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Figure 11. Clock tree
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5.2.1

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:

® HSE external crystal/ceramic resonator

® 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 12. HSE/ LSE clock sources

Clock source

Hardware configuration

OSC_OouT
[ ] [ ]
External clock T (Hi-2)
External
source

OSC_IN OSC_OuT
]
HHOEA

Crq Cpo
ez Load 7

capacitors

Crystal/Ceramic
resonators

External source (HSE bypass)

In this mode, an external clock source must be provided. It can have a frequency of up to
32 MHz. This mode is selected by setting the HSEBYP and HSEON bits in the Clock control
register, RCC_CR (see Section 5.3.1). 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 12).
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5.2.2

5.2.3

88/809

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 12. Refer to the electrical
characteristics section of the datasheet for more details.

The HSERDY flag of the RCC_CR register (see Section 5.3.1) indicates wether 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 25 °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 5.3.2).

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. For more details on how to measure the HSI
frequency variation please refer to Section 5.2.14: Internal/external clock measurement with
TIMO/TIM10/TIM11.

The HSIRDY flag in the RCC_CR indicates wether 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.

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 5.3.2: 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 MSI frequency does not change after waking up
from Stop.
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5.2.4

Note:

1

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 wether 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 5.3.1).

It can also be used as a backup clock source (auxiliary clock) if the HSE crystal oscillator
fails. Refer to Section 5.2.9: Clock security system (CSS) on page 91.

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 25 °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 5.2.14: 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 11 and
Section 5.3.1: 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 |If the 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).

® The system clock is derived from the PLL VCO divided by the output division factor.

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.
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5.2.5

5.2.6

90/809

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 5.3.4).

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 5.3.14).

The LSERDY flag in the RCC_CSR register indicates wether 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 5.3.4).

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 5.3.1). The external clock signal (square, sinus or triangle) with ~50% duty cycle
has to drive the OSC32_IN pin while the OSC32_OUT pin should be left Hi-Z (see

Figure 12).

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 5.3.14).

The LSIRDY flag in RCC_CSR indicates wether 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 5.3.4).

LSI measurement

The frequency dispersion of the LSI 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 5.2.14: Internal/external clock measurement with TIM9/TIM10/TIM11.
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5.2.7 System clock (SYSCLK) selection
Four different clock sources can be used to drive the system clock (SYSCLK):
® The HSI oscillator
® The HSE oscillator
® ThePLL
® 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.
5.2.8 System clock source frequency versus voltage range

The following table gives the different clock source frequencies depending on the product
voltage range.

Figure 13. System clock source frequency

Product voltage

Clock frequency

range MSI HSI HSE PLL
HSE 32 MHz (external clock) 32 MHz
Range 1 (1.8 V) 4MHz | 16 MHz or 24 MHz (crystal) (PLLVCO max = 96 MHz)
Range2(1.5V) | 4MHz | 16 MHz 16 MHz (PLLVCO1 ggAxH_Z% MHz)
4 MHz
Range3(1.2V) | 4 MHz NA 4 MHz (PLLVCO max = 24 MHz)

5.2.9

Note:

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.

Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMl is
automatically generated. The NMI will be executed indefinitely unless the CSS interrupt
pending bit is cleared. As a consequence, in the NMI ISR 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.
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5.2.10

5.2.11

Note:

5.2.12

5.2.13

92/809

Clock Security System on LSE

In high density 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 LSI are enabled (LSEON and LSION enabled) and ready (LSERDY
and LSIRDY set by hardware), and after the RTC clock has been selected by RTCSEL.

The CSS on LSE is working in all modes: run, Sleep, Stop and Standby.

If a failure is detected on the external 32 kHz oscillator, the LSE clock is no longer supplied
to the RTC but no hardware action is made to the registers.

In Standby mode a wakeup is generated. In other modes an interrupt can be sent to wake-
up the software (see Section 5.3.4: Clock interrupt register (RCC_CIR) on page 100).

The software MUST then disable the LSECSSON bit, stop the defective 32 kHz oscillator
(disabling LSEON), and can change the RTC clock source (no clock or LS| or HSE, with
RTCSEL), or take any required action to secure the application.

RTC and LCD clock

The RTC and LCD have the same clock source which can be either the LSE, the LS|, 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 5.3.14) and the
RTCPRE[1:0] bits in the RCC_CR register (see Section 5.3.1).

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.

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 (MCO) 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
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5.2.14

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:

® SYSCLK
HSI

MSI
HSE
PLL

LSl

e LSE

The selection is controlled by the MCOSEL[2:0] bits of the RCC_CFGR register (see
Section 5.3.3).

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 14.

Figure 14. Using the TIM9/TIM10/TIM11 channel 1 input capture to measure
frequencies

TIMO
TI1_RMP[1:0]
o]
GPI D—Aﬁ )
ETR
GPIO @ TI(2)
TIM10
ETR
TIH_RMP[1:0]
GPIO @
RTC_OUT TI(1)
LSE
LSI
TIM11
ETR
TI1_RMP[1:0]
GPIO O—M8M
VS TI(1)
HSE_RTC (1 MHz)
ai17186

Each timer has an input multiplexer that selects which of the I/O 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.
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5.2.15

Note:

94/809

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.

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:

® accumulate the results of several captures in a row
® use the timer’s input capture prescaler (up to 1 capture every 8 periods)

® use the RTC_OUT signal at 512 Hz (when the RTC is clocked by the LSE) as the input
for the channell input capture. This improves the measurement precision

TIM10 can also be used to measure the LSI: this is useful for applications with no crystal.
The ultralow 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 14 on page 93. 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.
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5.3 RCC registers
Refer to Section 1.1 for a list of abbreviations used in register descriptions.
5.3.1 Clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 0300
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
. CSSs PLL HSE HSE HSE
Res. RTCPRE(1:0] ON Reserved RDY PLLON Reserved BYP RDY ON
rw rw w r w rw 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 rw

Bit 31 Reserved, must be kept at reset value.
Bits 30:29 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).
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

Bit 28 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)

Bit 27:26 Reserved, must be kept at reset value.

Bit 25 PLLRDY: PLL clock ready flag
This bit is set by hardware to indicate that the PLL is locked.
0: PLL unlocked
1: PLL locked
Bit 24 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: PLLON

Bits 23:19 Reserved, must be kept at reset value.
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Bit 18

Bit 17

Bit 16

Bits 15:10
Bit 9

Bit 8

Bits 7:2
Bit 1

Bit 0

96/809

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.
0: HSE oscillator not bypassed
1: HSE oscillator bypassed with an external clock

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

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

Reserved, must be kept at reset value.

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.

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

Reserved, must be kept at reset value.

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

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
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5.3.2 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 21 20 19 18 17 16
MSITRIM[7:0] MSICAL[7:0]
w | w | rw | rw | rw | rw | rw | rw r | r | r r | r | r | r | r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSIRANGE[2:0] HSITRIM[4:0] HSICAL[7:0]
rw | w | rw rw | rw | rw | rw | rw r | r | 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 automatically initialized at startup.

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
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

Bits 12:8 HSITRIM[4:0]: High speed internal clock trimming
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.
Bits 7:0 HSICAL[7:0] Internal high speed clock calibration
These bits are initialized automatically at startup.
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5.3.3 Clock configuration register (RCC_CFGR)
Address offset: 0x08
Reset value: 0x0000 0000
Access: 0 < wait state < 2, word, half-word and byte access
1 or 2 wait states inserted only if the access occurs during clock source switch.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MCOPRE[2:0] MCOSEL[2:0] PLLDIV[1:0] PLLMUL(3:0] PLL
Res. Res. Res. SRC
w | w | rw rw | w | rw w | rw rw | rw | rw | w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PPREZ2[2:0] PPRE1[2:0] HPRE[3:0] SWS[1:0] SW[1:0]
Reserved
rw | w | rw rw | w | w rw | w | rw | rw r | r rw rw
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
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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 PPRE2[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).

0xx: 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).

0xx: 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 SW[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

5.34 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 LSI
Reserved SC | RDYC | RDYC | RDYC | RDYC | RDYC | RDYC
w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LSECS| MSI PLL HSE HSI LSE LSI CSSF LSE MSI PLL HSE HSI LSE LSI
Res. SIE RDYIE | RDYIE | RDYIE | RDYIE | RDYIE | RDYIE CSSF | RDYF | RDYF | RDYF | RDYF | RDYF RDYF
rw rw rw rw rw w w r r r r r r r r
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Bits 31:24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit 16

Bit 15
Bit 14

Bit 13

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 high density 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 high density 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 LSI 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

Bit 6 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 high density 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

Bit 4 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 LSI 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

5.3.5 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 DMA1R
DMA2RST
Res. RST Reserved RST Res. ST 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
rw 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 high density devices only.

Bits 29:28 Reserved, must be kept at reset value.
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Bit 27

Bit 26
Bit 25

Bit 24

Bits 23:16
Bit 15

Bits 14:13
Bit 12

Bits 11:8
Bit 7

Bit 6

Bit 5

Bit 4

104/809

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.
Reserved, must be kept at reset value.

DMA2RST: DMA2 reset
This bit is set and cleared by software.

0: No effect
1: Reset DMA2

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

DMA1RST: DMAT1 reset
This bit is set and cleared by software.

0: No effect
1: Reset DMA1

Reserved, must be kept at reset value.

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

Reserved, must be kept at reset value.

CRCRST: CRC reset
This bit is set and cleared by software.

0: No effect
1: Reset CRC

Reserved, must be kept at reset value.

GPIOGRST: IO port G reset
This bit is set and cleared by software.
0: No effect
1: Reset IO port G

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

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 high density devices only.

GPIOHRST: IO port H reset
This bit is set and cleared by software.

0: No effect
1: Reset

GPIOERST: 10 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 GPIODRST: IO port D reset
This bit is set and cleared by software.
0: No effect
1: Reset IO port D

Bit 2 GPIOCRST: IO port C reset

This bit is set and cleared by software.
0: No effect
1: Reset IO port C

Bit 1 GPIOBRST: IO port B reset

This bit is set and cleared by software.
0: No effect
1: Reset IO port B

Bit 0 GPIOARST: IO port A reset
This bit is set and cleared by software.

0: No effect
1: Reset IO port A

5.3.6 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 11 10 9 8 7 6 5 4 3 2 1 0
USART1 SPI1 | SDIO Res. ADCH1 TIM11 | TIM10 | TIM9 SYSCF
Res. RST Res. | RST RST RST Reserved RST RST RST Res. | GRST
w w rw rw w w w rw

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

Bit 14 USART1RST: USART1 reset
This bit is set and cleared by software.

0: No effect
1: Reset USART1

Bit 13 Reserved, must be kept at reset value.

Bit 12 SPI1RST: SPI 1 reset
This bit is set and cleared by software.
0: No effect
1: Reset SPI 1

Bit 11 SDIORST: SDIO reset

This bit is set and cleared by software.
0: No effect
1: Reset SDIO

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

Bit10 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 TIM9RST: 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
5.3.7 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 | I12C1 |UARTS | UART4 USQRT USQRT
RST | Res. | RST | RST Reserved RST | RST | RST | RST | RST | por | Rt | Res.
w rw rw rw rw w rw rw rw rw
15 14 13 12 11 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 rw w rw w rw rw rw rw rw

Bit 31 COMPRST: COMP interface reset

This bit is set and cleared by software.
0: No effect
1: Reset COMP interface

Bits 30 Reserved, must be kept at reset value.

Bit 29 DACRST: DAC interface reset

This bit is set and cleared by software.
0: No effect
1: Reset DAC interface
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Bit 28

Bits 27:24
Bit 23

Bit 22

Bit 21

Bit 20

Bit 19

Bit 18

Bit 17

Bit16
Bit 15

Bit 14

Bits 13:12

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: I2C 2 reset
This bit is set and cleared by software.

0: No effect
1: Reset [2C 2

I2C1RST: I°C 1 reset
This bit is set and cleared by software.
0: No effect
1: Reset IC 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 high density devices only.

UARTA4RST: UART 4 reset

This bit is set and cleared by software.
0: No effect
1: Reset UART 4

Note: This bit is available in high density 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.

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 high density devices only.

SPI2RST: SPI 2 reset
This bit is set and cleared by software.

0: No effect
1: Reset SPI 2

Reserved, must be kept at reset value.
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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.

Bit9 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 high density devices only.

Bit 2 TIM4RST: Timer 4 reset

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

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

0: No effect
1: Reset timer 2
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5.3.8 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 0xO0.

31 30 29

28 27 26 25 24 23 22 21

20

19

17

16

FSMC

Res. EN

rw

Reserved

AES DMA2E
EN Res.
w w w

DMA1EN

Reserved

15 14 13

12 11 10 9 8 7 6 5

4

3

2

1

0

FLITF

EN Reserved

rw

CRCEN
Reserved EN EN EN

GPIOG | GPIOF | GPIOH

GPIOE
EN

GPIOD
EN

GPIOC
EN

GPIOB
EN

GPIOA
EN

'w w w 'w

rw

Bit 31
Bit 30

Bits 29:28
Bit 27

Bit 26
Bit 25

Bit 24

Bits 23:16
Bit 15

Bits 14:13

Reserved, must be kept at reset value.

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 high density devices only.
Reserved, must be kept at reset value.

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.
Reserved, must be kept at reset value.

DMAZ2EN: DMA2 clock enable
This bit is set and cleared by software.

0: DMA2 clock disabled
1: DMA2 clock enabled

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

DMA1EN: DMA1 clock enable
This bit is set and cleared by software.

0: DMA1 clock disabled
1: DMA1 clock enabled

Reserved, must be kept at reset value.

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

Reserved, must be kept at reset value.

Doc ID 15965 Rev 5

109/809




Reset and clock control (RCC)

RMO0038

Bit 12

Bits 11:6
Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit0

110/809

CRCEN: CRC clock enable
This bit is set and cleared by software.

0: CRC clock disabled
1: CRC clock enabled

Reserved, must be kept at reset value.

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 high density devices only.

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 high density devices only.

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

GPIOEEN: 10 port E clock enable
This bit is set and cleared by software.
0: 10 port E clock disabled
1: 10 port E clock enabled

GPIODEN: 10 port D clock enable
Set and cleared by software.

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

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

GPIOBEN: IO port B clock enable
This bit is set and cleared by software.
0: 10 port B clock disabled
1: 10 port B clock enabled
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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5.3.9 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.
Note: When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0xO0.
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. EN Res. EN EN Res. EN Reserved EN EN EN Res. GEN
rw rw rw rw rw rw w rw

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

Bit 14 USART1EN: USART1 clock enable
This bit is set and cleared by software.

0: USART1 clock disabled
1: USART1 clock enabled

Bit 13 Reserved, must be kept at reset value.

Bit 12 SPI1EN: SPI 1 clock enable
This bit is set and cleared by software.

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

Bit 11 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 high density devices only.
Bit 10 Reserved, must be kept at reset value.

Bit 9 ADC1EN: ADC1 interface clock enable
This bit is set and cleared by software.

0: ADC1 interface disabled
1: ADC1 interface clock enabled

Bits 8:5 Reserved, must be kept at reset value.

Bit 4 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

Bit2 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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5.3.10 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 0xO0.

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 rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWD LCD TIM7 | TIM6 TIM5 TIM4 TIM3 | TIM2
EN EN Reserved GEN | Res. EN Reserved EN EN EN EN EN EN
w rw rw rw rw rw 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 I12C2EN: I2C 2 clock enable
This bit is set and cleared by software.
0: I1°C 2 clock disabled
1: 12C 2 clock enabled
Bit 21 12C1EN: 12C 1 clock enable
This bit is set and cleared by software.
0: I°C 1 clock disabled
1: I2C 1 clock enabled
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Bit 20

Bit 19

Bit 18

Bit 17

Bit 16
Bit 15

Bit 14

Bits 13:12
Bit 11

Bit 10
Bit 9

Bits 8:6
Bit 5
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UART5EN: 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 high density devices only.

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 high density devices only.

USART3EN: USART 3 clock enable
This bit is set and cleared by software.
0: USART 3 clock disabled
1: USART 3 clock enabled

USART2EN: USART 2 clock enable
This bit is set and cleared by software.

0: USART 2 clock disabled
1: USART 2 clock enabled

Reserved, must be kept at reset value.

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 high density devices only.

SPI2EN: SPI 2 clock enable

This bit is set and cleared by software.
0: SPI 2 clock disabled
1: SPI 2 clock enabled

Reserved, must be kept at reset value.

WWDGEN: Window watchdog clock enable
This bit is set and cleared by software.

0: Window watchdog clock disabled
1: Window watchdog clock enabled

Reserved, must be kept at reset value.

LCDEN: LCD clock enable
This bit is set and cleared by software.
0: LCD clock disabled
1: LCD clock enabled

Reserved, must be kept at reset value.

TIM7EN: Timer 7 clock enable
This bit is set and cleared by software.

0: Timer 7 clock disabled
1: Timer 7 clock enabled
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Bit 4 TIMGEN: 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 high density devices only.
Bit2 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
5.3.11 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 rw w rw 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
rw w rw rw rw rw rw rw rw rw
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 high density 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: DMA2 clock enabled during Sleep mode
Note: This bit is available in high density devices only.

Bit 24 DMA1LPEN: DMA1 clock enable during Sleep mode
This bit is set and cleared by software.
0: DMA1 clock disabled during Sleep mode
1: DMAT 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 12 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 high density 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 high density 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
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Bit 4 GPIOELPEN: IO 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

Bit2 GPIOCLPEN: 10 port C clock enable during Sleep mode
This bit is set and cleared by software.
0: 10 port C clock disabled during Sleep mode
1: 10 port C clock enabled during Sleep mode

Bit 1 GPIOBLPEN: 10 port B clock enable during Sleep mode
This bit is set and cleared by software.

0: 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

5.3.12 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 11 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 rw rw 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 SPI1LPEN: 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 high density devices only.

Bit 10 Reserved, must be kept at reset value.

Bit9 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.

Bit 4 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 TIM1OLPEN: 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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5.3.13

Note:

31

30

APB1 peripheral clock enable in low power mode register
(RCC_APB1LPENR)

Address: 0x30
Reset value: 0xBOE6 4A37

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

The peripheral clock is enabled in sleep mode only if it's previously has been enabled in
APB1ENR register.

29 28

27

26

25

24 23

22

21

20

19

18

17

COMP
LPEN

Res.

DAC | PWR
LPEN | LPEN

Reserved

USB
LPEN

12C2
LPEN

12C1
LPEN

UART5
LPEN

UART4
LPEN

USART3
LPEN

USART2

LPEN

Res.

rw

w

w

15

14

11

10

2

1

SPI3
LPEN

SPI2
LPEN

Reserved

WWD
GLPE

Res.

LCD
LPEN

Reserved

TIM7
LPEN

TIM6
LPEN

TIM5
LPEN

TIM4
LPEN

TIM3
LPEN

TIM2
LPEN

rw

w

w

Bits 27:24

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

Bits 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

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: I°C 2 clock enable during Sleep mode
This bit is set and cleared by software.
0: I°C 2 clock disabled during Sleep mode
1: 12C 2 clock enabled during Sleep mode

Bit 21 12C1LPEN: I°C 1 clock enable during Sleep mode
This bit is set and cleared by software.
0: I°C 1 clock disabled during Sleep mode
1: 12C 1 clock enabled during Sleep mode

Doc ID 15965 Rev 5

119/809




Reset and clock control (RCC) RMO0038

Bit 20 UARTS5LPEN: 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 high density 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 high density 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 SPISLPEN: 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 high density 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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Bit 4 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 high density devices only.
Bit 2 TIMA4LPEN: 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
5.3.14 Control/status register (RCC_CSR)
Address: 0x34
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: 1 The LSEON, LSEBYR, 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 | AMVF | RsT | EN Reserved RTCSEL[1:0]

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

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

LSECS |LSECS | LSE LSl
- so | son | Byp |LSERDY |LSEON Fesorved RDy | LSION
r rw rw r rw r w
Ays Doc ID 15965 Rev 5 121/809




Reset and clock control (RCC) RMO0038

Bit 31

Bit 30

Bit 29

Bit 28

Bit 27

Bit 26

Bit 25

Bit 24

Bit 23

122/809

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.
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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, the only possible way of modifying
the selection is to set the RTCRST bit, or issuing a POR.

00: No clock

01: LSE oscillator clock used as RTC clock

10: LS| oscillator clock used as RTC clock

11: HSE oscillator clock divided by a programmable prescaler (selection through the
RTCPRE[1:0] bits in the RCC clock control register (RCC_CR)) used as the RTC 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 high density devices only.
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 high density 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

Bits 7:2

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

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 LS| oscillator is stable. After the
LSION bit is cleared, LSIRDY goes low after 3 LSI oscillator clock cycles.

This bit is reset by system reset.

0: LSI oscillator not ready

1: LSI 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: LSI oscillator OFF

1: LSI oscillator ON

5.3.15 RCC register map
The following table gives the RCC register map and the reset values.
Table 19. RCC register map and reset values
Offset| Register |5|3[2|Q|N|&[R[S]R[{]c|R[2]2|x]e]e|2[e[vz|e]o|w|~]o]w]+|w]~]~|o
ol > a (>
3IEE3] 3 [2]3 =123 513 5|3
RCC_CR slala|lo| 2 |T R R oc |2 T |Q
0x00 5|0 |0 |o o |4 = Reserved u % » Reserved |2 Reserved R
gz |10 § Tz 2121 s |2 T|T
Resetvalie |~ [0[0]0 00 000 717 010
. ) MSIRAN ! )
oxoa | RCC_ICSCR MSITRIM[7:0] MSICAL[7:0] Ge2o) | HSITRIM[4:0] HSICAL[7:0]
Reset value OO|0|OOO|0|0 x|x x|x|x|xxx1|01 1|O 0|O|0 x|x|x|x x|x x|x
o ° PLL 59| ©
8 |MCOPRE |8 | MCOSEL 8| 8 | PPRE2 | PPRE1 SWs | sw
M [} N
0x08 RCCCFGR |2 |\ "0 ™18 (Mo | DIV |PLLMULBO] 2 @) | 2 2:0] 2:0] HPRE[3:0] | 7107 | (1:0]
g g ol 2| 8
Resetvalue |T [0[0[O0|T |[0[0J0|0J0|0[0JOJO|T[0| © [0J0[0|O0OJ0[0|0]J0[0]0][0[0]|0]0O
OlojlolQ oo |0 v |V |W w W w Wy [V (TR |V IR [T T
] > ) = < > [>= >
RCC_CIR Qe zEEEEEREEEE HBERR2EEE
0x0C - Reserved SB%EE%E.:%%B%EEE%EgE%%LU%E%
QIR 2IZ28 2221|229 éEn_%Iﬂ)—l
Reset value 0(0(0|0[0|0[0]O 0(0|0|0|0|0|O]O 0[0|0]0[0]0O
[ - [~ — — ('7) [l Lol Lol | ol L Lol L o
RCAHBRSTRE&)gEE%% 2l 8 |2 g%%%%%%%
— >
0x10 ce_. % % % @ % % < Reserved E g Q| Reserved (O[O |Q|Q[Q|Q QS
(2] - [T Sy o W o W Wy VW [ W 1 S
gl & ||g2 5 | & [°] 66|66 |6 |6 |6 |6
Reset value 0 0[O0 0 0 ojojofojO[Of0O]O
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RCC register map and reset values (continued)

Table 19.

0 |LSHD0SAS|® | LSHZWIL |©|NIVdOIdD [© [NID4OSAS|® | NIZWIL | [NIJTVOIdD |~ [NIJTD40SAS|~ | NadTeWiL [~| NoIs1 [°
I paniesay LSHEWIL |© [NIEdOIdD|© | paniesey NIEWIL [© |N3d1901dD [~ paniesay NIdIEWIL |[—| AQdIsT [°
C | LsHBWIL |©| 1SHPNIL [©[NIOdOIdD|®| NISWIL [©| NIPWIL [©|N3d100IdD[~ | NIdT6WIL [~ | NIdTPNIL |~
€| 1sHOLNL [©| LSHSWIL [|©[N3AdOIdD|® | NIOLWIL [©| NISWIL [© [N3d1a0IdD |~ | NIdTOLWIL [~ | NadISWIL |~ 5
V| isdilnL [©] LISHOWIL [©[N33JOIdD|© | NILHAIL [©]| NIOWIL [© [NIJTIOIdD [~ | NIdTHLNIL [~ | NIdTOWIL |~ m
] - LSHZNIL [© |NIFHLOIdD|© o NIZWIL [© |NIdTHOIdD [~ o NIdTZNIL |~ 3
o | 1) 1) = 9] = o
9 = N34dOoIdD |© c 8 N3d140I1dD [~ c g
L 3 paniesay  |NIDJOIdD [ 3 g N3d190IdD [~ 3 8
— o o 3 o 9]
8 5 o 5 = NO3ST
6 | isuioav o] iswao1 e m N3toav Jo| n3aon [o m N3d1oav |- | N3d1ao1 [-| agwas1 o
(1]8 paniasay panlesay 3 paniasey panlesey 3 paniesey paniesey dAg3st [©
[an [an
L] isHoias [°| LsHamm _o NIOIdS [© | NIDamm _o N34I0IaS [~ | NIJ1DAMM _1 NOSS03s1 |°
CL] isdids |° N3oHO o] Nalds [o N3J10HO |~ | N3dIHdS [~ asso3si o
panlesay panlesay panlasey
€l peAlasey paAlasey paAlasey o
paniesey paniesey b
Vl|isdiidvsn|e| isdalds [© NIL1HYSN[©| N32ds [© NId1LIHYSN[— | N3dT2lds |~ ]
Q
Sl 1seids |©| N34 |- N3EIS |© | NadT4Ld [~ N3dields [~ (=
Ell penlesay pentesey | NIATAVHS [~ penesay ogg 2]
Ll Lsyzidvsn|e N3zldvsn[e Nadlzidvsn[—| TP= o
8l Lsyeldvsn|@ - N3ELHYSN[© N3dIeLHVSN|~
6l Lsdyldvn [© 2 NIr1HYSN[© B NEERTARELAI]
——1 2 b paniasey
0C LSHS1HYN [© 8 N3ISLIHVSN|@ ] N3d1S1HvYSN|—
Q
e 1sdLozl [© N3ILO2I |° o N3d1Lozl |~
[44 m LsHeozl [° m N32ozl |° m N3d1edel |[~| N3O [°
€2 g lsygsn |o g N3gsn e g N3dlgsn || LsHold [°
Q Q Q
ve o - NILVNG |° o - N3d1IVING [~ o o JANH @
sz m N32vWa |© m R m 41SH180 [©
9¢ m paniesey m paniesey m d4ISHNId [~
yx4 N3sav [o N3d1sav [~ 41SH4Od [~
8¢ (=} (=} — o
1SHHMd penesel NIHMd ponIoSaY NEERISIE] 41sH14S
6¢C 1syovale NIOoVa [° N3J10vad [~ | 41SHHami |°
0¢ ponissay| NIOWSH [° panisset | NIJTOWSH [~ panisseH  |41SHOAMM[O
L 1SHJINOD [©| paniesay N3JWOD [©| penesey N3d1dWOD [~ | d1sHMmd1 [©
2 2
o 2 2
= o ) o o z ) i ) b o & o r o r o « )
[ o E] o > w k= u k= w k= o k= N El - k) & k)
..& N [ - [} o [} o © o © T © 1] o [ 1] o © o ©
K} m > om > T > a > a > =2 > o £ > [ £ > , >
[o2] a © a D < ko) < D < D | w D < w © < w D (&) D
o < I} < » | I} | I} | » I3 » | I} | » o I}
o | o] | [J] [8) i) o o] 13} o) o o] (8] i) Q o) T o]
O oC O oC o oC o (ne o (nn b (nn [&] oC (8] (nn (nn
(8] (8] o e T o [+
[ [
..Au.“ <
K] 3 2 Q & 3 8 8 3 Q
b= x x x x x x x x =<
o) S S S S S S S S 3

Refer to Table 1 on page 41 for the register boundary addresses.
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General-purpose 1/0s (GPIO)

GPIO introduction

Each general-purpose I/O port has four 32-bit configuration registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR and GPIOx_PUPDR), two 32-bit data registers
(GPIOx_IDR and GPIOx_ODR), a 32-bit set/reset register (GPIOx_BSRR), a 32-bit locking
register (GPIOx_LCKR) and two 32-bit alternate function selection register (GPIOx_AFRH
and GPIOx_AFRL).

GPIO main features

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

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

Speed selection for each /O

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

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

Analog function

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

Fast toggle capable of changing every two clock cycles

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

GPIO functional description

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

e Input floating

Input pull-up

Input-pull-down

Analog

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

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

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

Each I/O port bit is freely programmable, however the I/O port registers have to be accessed
as 32-bit words, half-words or bytes. The purpose of the GPIOx_BSRR register is to allow
atomic read/modify accesses to any of the GPIO registers. In this way, there is no risk of an
IRQ occurring between the read and the modify access.
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Figure 15 and Figure 16 show the basic structures of a standard and a 5 V tolerant I/O port
bit, respectively. Table 23 gives the possible port bit configurations.

Figure 15. Basic structure of a standard I/O port bit

r— - - — — — — — — — — 1
To on-chip < Analog | |
peripheral _ Alternate function input | ‘
‘
5 ! on/off |
Read 2 | |
<4+— g | K| ‘ Vob Vbp
©
g :"5 | triqger y ff‘ Protection
2 5 | 99 on/o ‘ diode
=2 2
Write g s/ /! V"= — — - 1/0 pin
' (7] (2}
Qo | TN es A T m
= o \
@ @ | po on/off| _i Protection
& 3 ——d[ P-mos v diode
3 | Output | sS Vss
L g | control |A
Read/write | N-MOS |
L Vss
. Push-pull
From on-chi p
erioheral P Atternate function output | open-drain or |
perip I—————————dlsa—blecj——J\nalog
ai15938h|
Figure 16. Basic structure of a five-volt tolerant I/O port bit
r— - - — — — — — — — — a
To on-chip Analog | |
peripheral - |
‘Alternate function input
N —
N ! on/off |
Q
< g | )/I | (1)
< 3 i N 7 Voo Voo_Fr
] ©
4 3 | TTL Schmitt Protection
s 5 | trigger 0”/°"| diode
& = Input dri
wite | & 5 Lhnputdiver . _ . — — — — 44 /O pin
TEN18 —  omuawe —— v o0
[}
§ b op °n/°ﬁ| _{ Protection
& g [ P-mos v diode
5 Output | 88 vgg
= control A
Read/write 3 —[ N-mos |
L |
From on-chip ) Vss Push-pull
peripheral Alternate function outpuf open-graih or |
L — — _ _ _ __ _disabled - Analog
ai15939%b
1. Vpp_pris a potential specific to five-volt tolerant I/Os and different from V.
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Table 20.  Port bit configuration table(!)
M()[?E?(i) OTYPER(i) OSTEE\?R“) PU[I:%I]R(i) 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
10 0 SPEED 1 1 Reserved
1 [B:A] 0 0 |AF oD
1 0 1 AF OD + PU
1 1 0 AF OD + PD
1 1 1 Reserved
X X X 0 0 Input Floating
X X X 0 1 Input PU
00
X X X 1 0 Input PD
X X X 1 1 Reserved (input floating)
X X X 0 0 Input/output Analog
X X X 0 1
11
X X X 1 0 Reserved
X X X 1 1

1.

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

function.

General-purpose 1/0 (GPIO)

During and just after reset, the alternate functions are not active and the 1/O ports are
configured in input floating mode.

The JTAG pins are in input pull-up/pull-down after reset:
PA15: JTDI in pull-up

PA14: JTCK in pull-down

PA13: JTMS in pull-up

PB4: NJTRST in pull-up
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When the pin is configured as output, the value written to the output data register
(GP1Ox_ODR) is output on the 1/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.

6.3.2 I/0 pin multiplexer and mapping

The STM32L15xxx /O pins are connected to onboard peripherals/modules through a
multiplexer that allows only one peripheral’s alternate function (AF) connected to an I/O pin
at a time. In this way, there can be no conflict between peripherals sharing the same 1/0 pin.

Each I/0 pin has a multiplexer with sixteen alternate function inputs (AF0 to AF15) that can
be configured through the GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15)
registers:

® After reset all I/Os are connected to the system’s alternate function 0 (AFQ)
® The peripherals’ alternate functions are mapped from AF1 to AF14
® Cortex™-M3 EVENTOUT is mapped on AF15

This structure is shown in Figure 17 below.

In addition to this flexible I/O multiplexing architecture, each peripheral has alternate
functions mapped onto different 1/0 pins to optimize the number of peripherals available in
smaller packages.

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

e System function: you have to connect the 1/0 to AFO and configure it depending on
the function used:

— JTAG/SWD, after each device reset these pins are assigned as dedicated pins
immediately usable by the debugger host (not controlled by the GPIO controller)

— RTC_AF1: refer to Table 22: 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: You can disable some or all of the JTAG/SWD pins and so release the associated pins for
GPIO usage.

For more details please refer to Section 5.2.13: Clock-out capability.

Table 21.  Flexible SWJ-DP pin assignment

SWJ /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
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Table 21.  Flexible SWJ-DP pin assignment (continued)

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) but without

NJTRST X X X X
JTAG-DP Disabled and SW-DP Enabled X X

JTAG-DP Disabled and SW-DP Disabled Released

® GPIO: configure the desired I/0O as output, input or analog in the GPIOx_MODER

register.

Peripheral’s alternate function:

For the ADC and DAC, configure the desired I/O as analog in the GPIOx_MODER
register.

For other peripherals:
—  Configure the desired I/O as an alternate function in the GPIOx_MODER register

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

—  Connect the I/O to the desired AFx in the GPIOXx_AFRL or GPIOx_AFRH register

EVENTOUT: you can configure the 1/0 pin used to output the Cortex™-M3
EVENTOUT signal by connecting it to AF15

EVENTOUT is not mapped onto the following I/O pins: PHO, PH1 and PH2.

Please refer to the “Alternate function mapping” table in the STM32L15xxx datasheets for
the detailed mapping of the system and peripherals’ alternate function 1/O pins.
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Figure 17. Selecting an alternate function
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For pins 8 to 15, the GPIOx_AFRH[31:0] register selects the dedicated alternate function
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6.3.3 I/O port control registers

Each of the GPIOs has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR) to configure up to 16 I/Os. The
GPIOx_MODER register is used to select the 1/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 I/O speed pins are directly connected to the
corresponding GPIOx_OSPEEDR register bits whatever the I/0O direction). The
GPIOx_PUPDR register is used to select the pull-up/pull-down whatever the 1/O direction.

6.3.4 I/O port data registers

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers
(GPIOx_IDR and GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/write
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accessible. The data input through the I/O are stored into the input data register
(GPIOx_IDR), a read-only register.

See Section 6.4.5: GPIO port input data register (GPIOx_IDR) (x = A..H) and Section 6.4.6:
GPIO port output data register (GPIOx_ODR) (x = A..H) for the register descriptions.

I/O data bitwise handling

The bit set reset register (GPIOx_BSRR) is a 32-bit register which allows the application to
set and reset each individual bit in the output data register (GPIOx_ODR). The bit set reset
register has twice the size of GPIOx_ODR.

To each bit in GPIOx_ODR, correspond two control bits in GPIOx_BSRR: BSRR(i) and
BSRR(i+SIZE). When written to 1, bit BSRR(i) sets the corresponding ODR(i) bit. When
written to 1, bit BSRR(i+SIZE) resets the ODR(i) corresponding bit.

Writing any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit in
GPIOx_ODR. If there is an attempt to both set and reset a bit in GPIOx_BSRR, the set
action takes priority.

Using the GPIOx_BSRR register to change the values of individual bits in GPIOx_ODR is a
“one-shot” effect that does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always
be accessed directly. The GPIOx_BSRR register provides a way of performing atomic
bitwise handling.

There is no need for the software to disable interrupts when programming the GPIOx_ODR
at bit level: it is possible to modify one or more bits in a single atomic 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 1/0Os (during the write sequence the LCKR[15:0] value must
be the same). When the LOCK sequence has been applied to a port bit, the value of the port
bit can no longer be modified until the next reset. Each GPIOx_LCKR bit freezes the
corresponding bit in the control registers (GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH).

The LOCK sequence (refer to Section 6.4.8: GPIO port configuration lock register
(GPIOx_LCKR) (x = A..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 6.4.8: GPIO port
configuration lock register (GPIOx_LCKR) (x = A..H).

I/O alternate function input/output

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

This means that a number of possible peripheral functions are multiplexed on each GPIO
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6.3.9

using the GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can
thus select any one of the possible functions for each I/0. The AF selection signal being
common to the alternate function input and alternate function output, a single channel is
selected for the alternate function input/output of one 1/0O.

To know which functions are multiplexed on each GPIO pin, refer to the STM32L15xxx
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 9.2: External interrupt/event controller (EXTI) and
Section 9.2.3: Wakeup event management.

Input configuration

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

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

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

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

Figure 18 shows the input configuration of the 1/0 port bit.

Figure 18. 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 1/0 state
A read access to the output data register gets the last written value

Figure 19 shows the output configuration of the I/O port bit.

Figure 19. 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 I/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

Figure 20 shows the Alternate function configuration of the 1/0 port bit.
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Figure 20. Alternate function configuration
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6.3.12 Analog configuration

When the 1/O port is programmed as analog configuration:
® The output buffer is disabled

® The Schmitt trigger input is deactivated, providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt trigger is forced to a constant value (0).

® The weak pull-up and pull-down resistors are disabled
® Read access to the input data register gets the value “0”

Figure 21 shows the high-impedance, analog-input configuration of the I/O port bit.

Figure 21. High impedance-analog configuration
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6.3.15

Table 22.

Using the OSC32_IN/OSC32_OUT pins as GPIO PC14/PC15

port pins

The LSE oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose
PC14 and PC15 I/Os, respectively, when the LSE oscillator is off. The PC14 and PC15 I/Os
are only configured as LSE oscillator pins OSC32_IN and OSC32_OUT when the LSE

oscillator is ON. This is done by setting the LSEON bit in the RCC_BDCR register. The LSE
has priority over the GPIO function.

The PC14/PC15 GPIO functionality is lost when the Vooge 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 STM32L15xxx features:

m Two GPIO pins, which can be used as wakeup pins (WKUP1 and WKUP3).

m 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:

® Wakeup pin 2 (WKUP2): 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 reqister.

e RTC AFI_TAMPER1: Tamper event detection

® 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 22.

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

136/809
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Table 22. RTC_AF1 pin (continued)")
Pin | A\FO_ALARM | AFO_CALIB| Tamper |Time-stamp| Ewupz | 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 input 0 0 1 1 Don’t care Don’t care
floating
.TIMESTAMP 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.

6.4 GPIO registers
This section gives a detailed description of the GPIO registers.
For a summary of register bits, register address offsets and reset values, refer to Table 23.
The peripheral registers have to be accessed by words (32-bit).
6.4.1 GPIO port mode register (GPIOx_MODER) (x = A..H)
Address offset: 0x00
Reset values:
® 0xA800 0000 for port A
® 0x0000 0280 for port B
® 0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODER15[1:0] | MODER14[1:0] | MODER13[1:0] | MODER12[1:0] | MODER11[1:0] | MODER10[1:0] | MODER9[1:0] | MODERS[1:0]
w | rw rw | rw rw | rw rw | rw rw | rw rw | w rw | rw rw | rw
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]
w | rw rw | rw rw | w rw | rw rw | rw rw | w rw | rw rw | rw
Bits 2y:2y+1 MODERYy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/0 direction mode.
00: Input (reset state)
01: General purpose output mode
10: Alternate function mode
11: Analog mode
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6.4.2 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 1 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
rw rw rw rw rw rw rw rw w rw rw rw rw rw rw rw
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 OTy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the output type of the 1/O port.
0: Output push-pull (reset state)
1: Output open-drain
6.4.3 GPIO port output speed register (GPIOx_OSPEEDR)
(x =A..H)
Address offset: 0x08
Reset values:
® 0x0000 00CO for port B
® 0x0000 0000 for other ports
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OSPEEDR15[1:0]|OSPEEDR14[1:0]| OSPEEDR13[1:0]| OSPEEDR12[1:0] | OSPEEDR11[1:0]| OSPEEDR10[1:0] |OSPEEDR9[1:0]| OSPEEDRS][1:0]
rw | rw w | rw rw | w rw | w rw | rw rw | rw rw | rw rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

OSPEEDR7[1:0]

OSPEEDRS[1:0]

OSPEEDRS5[1:0]

OSPEEDR4[1:0]

OSPEEDR3[1:0]

OSPEEDR2[1:0]

OSPEEDR1[1:0]

OSPEEDRO[1:0]

rw | 'w

w | w

'w | 'w

'w | w

w | rw

w | w

w | rw

w | rw

Bits 2y:2y+1 OSPEEDRYy[1:0]: Port x configuration bits (y = 0..15)

These bits are written by software to configure the 1/0 output speed.
00: 400 kHz Very low speed

01: 2 MHz Low speed

10: 10 MHz Medium speed

11: 40 MHz High speed on 50 pF (50 MHz output max speed on 30 pF)

6.4.4 GPIO port pull-up/pull-down register (GPIOx_PUPDR)

(X = AH)
Address offset: 0x0C

Reset values:

® (0x6400 0000 for port A
e (0x0000 0100 for port B
® 0x0000 0000 for other ports

138/809 Doc ID 15965 Rev 5




RMO0038 General-purpose 1/0s (GPIO)
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] | PUPDRY[1:0] PUPDRS][1:0]
rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PUPDR7[1:0] | PUPDR6[1:0] | PUPDRS[1:0] | PUPDRA4[1:0] PUPDR3[1:0] | PUPDR2[1:0] | PUPDRT1[1:0] PUPDRO[1:0]
w | rw rw | rw rw | rw rw | rw w | rw rw | rw rw | rw rw | rw
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
01: Pull-up
10: Pull-down
11: Reserved
6.4.5 GPIO port input data register (GPIOx_IDR) (x = A..H)
Address offset: 0x10
Reset value: 0x0000 XXXX (where Xmeans undefined)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IDR15 | IDR14 | IDR13 | IDR12 | IDR11 | IDR10 | IDR9 | IDR8 | IDR7 | IDR6 | IDR5 | IDR4 | IDR3 | IDR2 | IDR1 | IDRO
r r r r r r r r r r r r r r r r
Bits 31:16 Reserved, must be kept at reset value.
Bits 15:0 IDRy[15:0]: Port input data (y = 0..15)
These bits are read-only and can be accessed in word mode only. They contain the input
value of the corresponding I/O port.
6.4.6 GPIO port output data register (GPIOx_ODR) (x = A..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 11 10 9 8 7 6 5 4 3 2 1 0
ODR15 | ODR14 | ODR13 | ODR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5 | ODR4 | ODR3 | ODR2 | ODR1 | ODRO
rw rw rw rw rw rw rw rw rw rw rw w rw rw rw rw

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

Bits 15:0 ODRy[15:0]: Port output data (y = 0..15)
These bits can be read and written by software.

Note: For atomic bit set/reset, the ODR bits can be individually set and reset by writing to the
GPIOx_BSRR register (x = A..H).
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6.4.7 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
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BS15 BS14 BS13 BS12 BS11 BS10 BS9 BS8 BS7 BS6 BS5 BS4 BS3 BS2 BS1 BSO
w w w w w w w w w w w w w w w w

Bits 31:16 BRy: Port x reset bity (y = 0..15)

These bits are write-only and can be accessed in word, half-word or byte mode. A read to

these bits returns the value 0x0000.
0: No action on the corresponding ODRXx bit
1: Resets the corresponding ODRXx bit

Note: If both BSx and BRx are set, BSx has priority.
Bits 15:0 BSy: Port x set bity (y=0..15)

These bits are write-only and can be accessed in word, half-word or byte mode. A read to

these bits returns the value 0x0000.
0: No action on the corresponding ODRXx bit
1: Sets the corresponding ODRXx bit

6.4.8 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 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

rw

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

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

Bit 16 LCKK[16]: Lock key
This bit can be read any time. It can only be modified using the lock key write sequence.
0: Port configuration lock key not active
1: Port configuration lock key active. The GPIOx_LCKR register is locked until an MCU reset
occurs.

LOCK key write sequence:

WR LCKR[16] = ‘1’ + LCKR[15:0]

WR LCKR[16] = ‘0’ + LCKR[15:0]

WR LCKR[16] = ‘1’ + LCKR[15:0]

RD LCKR

RD LCKR[16] = ‘1’ (this read operation is optional but it confirms that the lock is active)

Note: During the LOCK key write sequence, the value of LCK[15:0] must not change.
Any error in the lock sequence aborts the lock.
After the first lock sequence on any bit of the port, any read access on the LCKK bit will
return ‘1’ until the next CPU reset.
Bits 15:0 LCKYy: Port x lock bit y (y= 0..15)
These bits are read/write but can only be written when the LCKK bit is ‘O.

0: Port configuration not locked
1: Port configuration locked

6.4.9 GPIO alternate function low register (GPIOx_AFRL) (x = A..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] AFRLA4[3:0]

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFRL3[3:0] AFRL2[3:0] AFRL1[3:0] AFRLO[3:0]

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

Bits 31:0 AFRLy: Alternate function selection for port x bity (y = 0..7)
These bits are written by software to configure alternate function I/Os

AFRLy selection:

0000: AFO 1000: AF8
0001: AF1 1001: AF9
0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
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6.4.10 GPIO alternate function high register (GPIOx_AFRH)
(x =A..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]
rw | rw | rw | rw rw | w | rw | rw rw | w | w | rw | rw | rw | rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFRH11[3:0] AFRH10[3:0] AFRH9[3:0] AFRH8[3:0]
rw | rw | rw | rw rw | rw | rw | rw rw | rw | rw | w rw | rw | rw | rw
Bits 31:0 AFRHy: Alternate function selection for port x bit y (y = 8..15)
These bits are written by software to configure alternate function I/Os
AFRHy selection:
0000: AFO 1000: AF8
0001: AF1 1001: AF9
0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
6.4.11 GPIO register map
The following table gives the GPIO register map and the reset values.
Table 23. GPIO register map and reset values
Offset| Register |72 % &N & 23|I ] 22~ 222 o =2 o] o~ o] <] o« | o
000 GPIOA_MODER i i e« i i i & & T o & & & & & &
o o o o o o a a [a) a a a [=) [a) a a
o o o o o o o o o o o o o o o o
= = = s s = = = = = = = = = = =
Reset value 1|o1|o1|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
el |l |2 |2 |2 |g|lg|lg|lg|lg|lg|eg|g|a |
0x00 GPIOB*MODER E E E E E E w w w 11} w w w w L w
o o o o fa) o a o a a a a a a a a
o o o o o o o o o o o o o o o o
s s s s s s = = = = = = = = = =
Reset value o|o o|o o|o o|o o|o o|o o|o o|o o|o 0|o o|o 1|0 1|o o|o 0|o o|o
el |l |2 |2 |2 |lg|lg|lg|lg|lg|lg|eg|g|a |
I} F o ~ = S i i = ) s s i = 5 =
GPIOXMODER | = ' = |z |z |g |z | & |& |2 | |2 | |28 |& |& |&
0x00 | (wherex=C..F) | o ] ] ] ] w w i i w w w w | w
a a a a a a a a [a) a a a a [a) a a
o o o o o o o o o o o o o o o o
s s = = s s s s s s s s s s s s
Resetvalue |[0[o0foJoJofo[oJoJoJo[oJoJoJo[o[ofoJoJofo[o]JoJoJo[o]JoJoJo]o[0]0]O
GPLOX*OTY:EER VITIR|N[Z 2 |o (o[~ |o|w |t |o|a |- |o
oxoa | XA Reserved 55E55|55/0lcl6(66(5(5(5(5
Reset value oloflofofofofolofofofo[o[o]o]o]oO
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GPIO register map and reset values (continued)

Table 23.
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Refer to Table 1 on page 41 for the register boundary addresses.
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7

7.1

7.2

Note:

144/809

System configuration controller (SYSCFG) and
routing interface (RI)

Medium-density devices are STM32L151xx, and STM32L152xx microcontrollers where
the Flash memory density ranges between 64 and 128 Kbytes.

High-density devices are STM32L151xx and STM32L152xx microcontrollers where the
Flash memory density ranges between 256 and 512 Kbytes.

This section applies to the whole STM32L15xxx 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 1/0Os toward
the input captures of the STM32L15xxx’s three high-end timers (TIM2, TIM3 and TIM4).
The STM32L15xxx’s 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/0O analog pins to
a given channel of the ADC matrix by managing the analog switches of each 1/O.

Rl main features

e TIM2/TIM3/TIM4’s input captures 1,2,3 and four routing selections from selectable 1/0s
® Routing of internal reference voltage Vyeg T t0 Selectable 1/Os for all packages

® Up to 40 external I/Os + 3 internal nodes (internal reference voltage + temperature
sensor + Vpp and Vpp,» measurement by Veopp) can be used for data acquisition
purposes in conjunction with the ADC interface

® Input and output routing of COMP1 and COMP2

The Rl 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 5.3.10 on page
113.
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Figure 22. Routing interface (RI) block diagram for medium-density devices
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Note: The internal reference voltage and temperature sensor cannot be used as COMP1 non-

inverting input.
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Figure 23. Routing interface (RI) block diagram for high-density devices
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0

Note: 1 These I/O pins cannot be used as COMP1 inputs.

2 The internal reference voltage and temperature sensor cannot be used as COMP1 non-
inverting input.
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7.3

7.3.1

Note:

Rl 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 22: Routing interface (Rl)
block diagram for medium-density devices).

® When I/Os are used for analog purposes other than data acquisition, the 1/0 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: closing switches
sets the corresponding bits whereas opening switches clears them.

® When I/Os are used as ADC inputs for data acquisition purposes, the 1/0 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).

High density devices:

Up to 6 I/Os are connected directly and independently to the ADC through the pad resistor:
these 6 I/Os offer the capability of fast and full 1 Mega sample/s data acquisition (Max ADC
acquisition time). All others ADC channels don’t exceed 750 Ksamples. The output of the
operational amplifiers 1 and 2 are directly connected to the ADC switches matrix and can be
used also as 1 Mega sample/s data acquisition.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.

As shown in Table 24: I/O groups and selection on page 148, 50 1/Os are grouped within 11
groups to allow the application described into the appendices. When they are programmed
in input mode by standard IOPORT registers, the Schmidt trigger and the hysteresis are
enable by default. In this mode, registers RI_ASWCRx 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 only 7 groups (34 1/0s) are multiplexed to the ADC thanks to pad
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 comparison versus Vref bandgap (cf.
Figure 59: COMP1 interconnections (medium-density devices) on page 273 and application
described in Chapter Appendix C: Touch sensing by Stantum multitouch acquisition
principle on page 64).

Specific channels dedicated for each OPAMP use 3 I/Os among the 40 I/Os discussed
above when these amplifiers are selected. (cf Chapter 2: Operational Amplifier interface on
page 24)

Medium density devices:

8 or For all I/Os used as comparator inputs, the I/O port configuration must be kept in analog
mode.

Table 24 shows the grouping of I/Os, the control register bits used to configure them as
analog inputs or outputs (irrespective of standard I/O port programming), and the associated
ADC channel number.
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Table 24. 1/0 groups and selection
nuirg:rri)ng GPIO port Ancal'::gnAe?c Vo :V[\:i(t:cla‘lnalog /O functions
GR1-1 PAO CHo RI_ASCR1->CHO
Group| GR1-2 PA1 CH1 RI_ASCR1->CH1 COMP1 INP
1 GR1-3 PA2 CH2 RI_ASCR1->CH2
GR1-4 PA3 CH3 RI_ASCR1->CH3
GR2-1 PAG CHé RI_ASCR1->CH6
GR2-2 PA7 CH7 RI_ASCR1->CH7
Grg“p GR2-3 PF15 CH7b/37 RI_ASWCR2->CH7b COMP1_INP
GR2-4() PGO®) CH8b/38 RI_ASWCR2->CH8b
GR2-5(") PG1() CH9b/39 RI_ASWCR2->CH9b
GR3-1 PBO CHs8 RI_ASCR1->CH8
COMP1_INP /VREF_OUT
GR3-2 PB1 CH9 RI_ASCR1->CH9
Grg“p GR3-3(" PB2 CHOb/32 RI_ASWCR2->CHOb
GR3-4( PF11 CH1b/33 RI_ASWCR2->CH1b COMP1_INP
GR3-5(") PF12 CH2b/34 RI_ASWCR2->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_ASWCR2->GR6-3
GR6-4(1) PB7 RI_ASWCR2->GR6-4 COMP2_INP/PVD_IN
GR7-1 PB12 CH18 RI_ASCR1->CH18
GR7-2 PB13 CH19 RI_ASCR1->CH19
GR7-3 PB14 CH20 RI_ASCR1->CH20
Grg“p GR7-4 PB15 CH21 RI_ASCR1->CH21 COMP1_INP
GR7-5(") PG2() CH10b RI_ASWCR2->CH10b
GR7-6(") PG3@ CH11b RI_ASWCR2->CH11b
GR7-7() PG4 CH12b RI_ASWCR2->CH12b
GR8-1 PCO CH10 RI_ASCR1->CH10
Group| GR8-2 PC1 CH11 RI_ASCR1->CH11 COMP1 INP
8 | GRs-3 PC2 CH12 RI_ASCR1->CH12
GR8-4 PC3 CH13 RI_ASCR1->CH13
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Table 24. 1/0 groups and selection (continued)
nuirg:rri)ng GPIO port Ancal'::gnAell:)c Vo :V[\:i(t:cla‘lnalog VO functions
GR9-1 PC4 CH14 RI_ASCR1->CH14
GR9-2 PC5 CH15 RI_ASCR1->CH15
Grgup GR9-3(" PF13 CH3b RI_ASWCR2->GR9-3 COMP1_INP
GR9-4(" PF14 CHeéb RI_ASWCR2->GR9-4
GR10-1 PC6 RI_ASCR2->GR10-1
Group | GR10-2 PC7 NA RI_ASCR2->GR10-2
10 | GR10-3 PC8 RI_ASCR2->GR10-3
GR10-4 PC9 RI_ASCR2->GR10-4
GR11-1 PF6 CH27 RI_ASWCR->CH27
GR11-2 PF7 CH28 RI_ASWCR->CH28
Gr1°1”p GR11-3 PF8 CH29 RI_ASWCR->CH29 COMP1_INP
GR11-4 PF9 CH30 RI_ASWCR->CH30
GR11-5 PF10 CH31 RI_ASWCR->CH31
PA4 CH4 RI_ASWCR->CH4 COMP1_INP/DACT
PA5 CH5 RI_ASWCR->CH5 COMP1_INP/DAC2
Fast chanmels PE7 CH22 RI_ASWCR->CH22 COMP1_INP
PES CH23 RI_ASWCR->CH23 COMP1_INP
PE9 CH24 RI_ASWCR->CH24 COMP1_INP
PE10 CH25 RI_ASWCR->CH25 COMP1_INP
OPAMP1_VOUT CH3 NA
Fast channel PA3 CH3 COMP_CSR->FCH3
OPAMP2_VOUT CH8 NA
Fast channel PBO CHS8 COMP_CSR->FCH8
OPAMP3_VOUT CH13 NA
PC3 CH13 COMP_CSR->RCH13
Vivp CH16/CH16b NA
VRer CH17/CH17b NA
Veowp CH26/CH26b NA
NA PB3 NA COMP2_INM
NA PB6(!) NA COMP2_INP
NA PB7 NA PVD_IN/COMP2_INP

1. Auvailable only in high-density devices.

2. When used in touch sensing solutions, these GPIOs can only be configured as sampling capacitor 1/Os.
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7.3.2

Note:

150/809

Input capture routing

By default (at reset), the four input captures of the three general-purpose timers (TIM2,
TIM3, TIM4) are connected to the I/O port specified in the STM32L15xxx datasheet’s “pin
descriptions” table.

The 1/O routing can be changed by programming register RI_ICR as indicated below:

® The input capture 1 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the IC110S[3:0] bits in RI_ICR.

® The input capture 2 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the 1C210S[3:0] bits in RI_ICR.

® The input capture 3 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the IC310S[3:0] bits in RI_ICR.

® The input capture 4 of TIM2, TIM3 and TIM4 can be rerouted from any I/O by
configuring the 1C410S[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 1/0
routing: the defaults connections are enabled.

Moreover, when a timer is selected, I/O 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 25 for the 1/O correspondence and to Table 26 for the timer selection.

Table 25. Input capture mapping

IC110S /1C210S / IC3I0S / IC410S TIMx IC1/ TIMx IC2 / TIMx IC3 / TIMx IC4
0000 PAO / PA1/PA2 / PA3
0001 PA4 / PA5 / PA6 / PA7
0010 PA8 / PA9 / PA10 / PA11
0011 PA12/ PA13/PA14/ PA15
0100 PCO0/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
1111 PE12/PE13/PE14/PE15

The I/O should be configured in alternate function mode (AF14).

Doc ID 15965 Rev 5 KYI




RMO0038 System configuration controller (SYSCFG) and routing interface (RI)

Table 26. Timer selection

TIM[1:0] Selected timer
00 No timer selected, default routing on all timers
01 TIM2 selected
10 TIMS3 selected
11 TIM4 selected

Table 27. Input capture selection

IC4/1C3/I1C2/IC1 Selected input capture
0 IC deselected, default routing on the input capture (AF)
1 Input capture routing follows Table 26
7.3.3 Reference voltage routing

Figure 24. Internal reference voltage output

VREFOUTEN

/\
PBO |:|—/ VRerinT ~1.2V
Group3
pe1 O— @

The VRregNT OUtput can be routed to any 1/O in group 3 by following this procedure:
1. Setthe VREFOUTEN bit in COMP_CSR.
2. Close the analog switch of all I/Os in group 3 by setting CH8 or CH9 in RI_ASCR{.

ai17148b
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7.4 Rl registers

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

7.4.1 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: 0x04
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 rw rw w w | w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1C410S[3:0] IC310S[3:0] 1C210S[3:0] IC110S[3:0]
rw | w | rw | w rw | rw | w | rw rw | rw | w | rw w | w | w | w

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

Bit 21 IC4: 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: AFon IC3
1: Multiple port routing capability according to IC310S[3:0] (bits 11:8)

Bit 19 IC2: 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: AFonlIC2
1: Multiple port routing capability according to 1IC210S[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: AFonIC1
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
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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 1000: PD3
0001: PA7 1001: PD7
0010: PA11 1010: PD11
0011: PA15 1011: PD15
0100: PC3 1100: PE3
0101: PC7 1101: PE7
0110: PC11 1110: PE11
0111: PC15 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 1000: PD2
0001: PA6 1001: PD6
0010: PA10 1010: PD10
0011: PA14 1011: PD14
0100: PC2 1100: PE2
0101: PC6 1101: PE6
0110: PC10 1110: PE10
0111: PC14 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 1000: PD1
0001: PA5 1001: PD5
0010: PA9 1010: PD9
0011: PA13 1011: PD13
0100: PC1 1100: PE1
0101: PC5 1101: PE5
0110: PC9 1110: PE9
0111: PC13 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 1000: PDO
0001: PA4 1001: PD4
0010: PA8 1010: PD8
0011: PA12 1011: PD12
0100: PCO 1100: PEO
0101: PC4 1101: PE4
0110: PC8 1110: PE8
0111: PC12 1111: PE12

Note: 1  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

2 The standard AFs dedicated to TIM3 are:
IC4-> PB1 or PC9
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IC3-> PBO or PC8
IC2-> PA7, PC7, PB5 or PE4
IC1-> PA6, PC6, PB4 or PE3

3 The standard AFs dedicated to TIM4 are:
IC4-> PD15 or PB9
IC3-> PD14 or PB8
IC2-> PD13 or PB7
IC1-> PD12 or PB6

7.4.2 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: 0x08
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CH30 | CH29 | CH28 | CH27 CH21 | CH20 | CH19 | CH18 CH31
SCM | GR11-4|GR11-3|GR11-2|GR11-1| VeOMP | CH25 | CH24 | CH23 | CH22 | ony ) | GR7.3 | GR7-2 | GR7-1 | Res. | GR7-1
rw rw rw rw w rw rw w rw rw w rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH15 | CH14 | CH13 | CH12 | CH11 | CH10 | CH9 | CH8 | CH7 | CH6 |COMP1_| CH31 | CH3 | CH2 | CH1 | CHO
GR9-2 | GR9-1 | GR8-4 | GR8-3 | GR8-2 | GR8-1 | GR3-2 | GR3-1 | GR2-2 | GR2-1 | SW1 |GR11-5| GR1-4 | GR1-3 | GR1-2 | GR1-1
rw rw rw rw w rw rw w rw rw w rw rw rw rw rw
Bit 31 SCM: Switch control mode
This bit is set and cleared by software to control the analog ADC switches according to the
state of the analog I/O switches controlled by bits [25:18] and [15:0].
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] Analog switch control
These bits are set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed
Note: These bits are available in high density 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 59 on page 273 .
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. If the I/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
Bits 21:18 CH[21:18]/GR7[4:1] Analog switch control
These bits are set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed
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Bit 177 Reserved

Bit 16 CH31/GR11-5 Analog switch control
This bit is set and cleared by software to control the analog switch.
0: Analog switch open
1: Analog switch closed
Note: This bit is available in high density devices only

Bits 15:14 CH[15:14] GR9[2:1]: Analog switch control
These bits are set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed

Bits 13:10 CH[13:10] GR8[4:1]: Analog switch control
These bits are set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed

Bits 9:8 CHI[9:8] GR3[2:1]: Analog switch control
These bits are set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed

Bits 7:6 CH[7:6] GR2[2:1]: Analog switch control
These bits are set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed

Bit5 COMP1_SW1: Comparator 1 analog switch

This bit is set and cleared by software to control the core analog switch 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 60 on page 274 .

0: Analog switch open
1: Analog switch closed

Bit 4 CH[31] GR11-5: Analog switch control
This bit is set and cleared by software to control the analog switches.
0: Analog switch open
1: Analog switch closed

Bits 3:0 CH[3:0] GR1[4:1]: Analog switch control
These bits are set and cleared by software to control the analog switches.

0: Analog switch open
1: Analog switch closed

Note: 1 The ADC_IN16 and ADC_IN17 channels are internal and controlled only by the ADC
interface for data acquisition purposes.

2 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.

3 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.

4 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.
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7.4.3 Rl analog switch control register 2 (RI_ASCR2)

The RI_ASCR2 register is used to configure the analog switches of groups of I1/0Os not linked
to the ADC. In this way, predefined groups of I/Os can be connected together.

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GR64 | GRe.g | CH12b | CH11b | CH10b | CHOb | CH8b | CH7b | CHBb | 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

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GR4-3 | GR4-2 | GR4-1 | GR5-3 | GR52 | GR5-1 | GR6-2 | GR6-1 | GR10-4 | GR10-3| GR10-2 | GR10-1

Reserved w w rw w w w rw w w rw w rw

Bits 31:29 Reserved, must be kept at reset value

Bits 28:16 GRx-x: GRx-x analog switch control

These bits are set and cleared by software to control the analog switches independently.
from the ADC interface. Refer to Table 24: I/O groups and selection on page 148.

0: Analog switch open
1: Analog switch closed

Note: These bits are available in high density devices only.
Bits 15:12 Reserved, must be kept at reset value

Bit 11:0 GRx-x: GRx-x analog switch control
These bits are set and cleared by software to control the analog switches independently.
Refer to Table 24: I/O groups and selection on page 148 from the ADC interface.

0: Analog switch open
1: Analog switch closed
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7.4.4 Rl 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: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PB[15:0]
rw rw | rw | w | rw | rw | rw | rw | rw | rw | rw | rw | rw w | w | rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
rw rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw rw | rw | rw

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

7.4.5 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: 0x14
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PD[15:0]

2 N N N I I N A i N R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]

T N I N O I N A B B R

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
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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

7.4.6 Rl Hysteresis control register (RI_HYSCR3)

The RI_HYSCRS3 register is used to enable/disable the hysteresis of the input Schmitt
trigger of the entire port E and F.

Address offset: 0x18
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PF[15:0]

rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw

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

rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw

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 high density 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

747 Rl 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: 0x1C
Reset value: 0x0000 0000

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

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

v [ [w [ [w [w [ w o [w[w [ w[w[w[w][w][ow
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Bits 27:22 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 high density devices only.

7.4.8 Analog switch mode register (RI_ASMR1)

The RI_ASMR1 register is available in high density 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_ASCRX registers.

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 r r +r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
O N N O N N I 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

7.4.9 Channel mask register (RI_CMR1)

RI_CMRH1 is available in high density 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: 0x24
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
- rrrrr r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
rw | w | w | w | w | rw | w | w | rw | rw | w | rw | rw | w | w | w
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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 ZI input of Port A.

0: Masked
1: Not masked

7.4.10 Channel identification for capture register (RI_CICR1)

The RI_CICR1 register is available in high density devices only and is used when analog
switches are controlled by a timer OC. RI_CICR1 allows a channel to be identifed for timer

input capture.
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 r r +r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA[15:0]
O N N O N N I 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 1/0

7.4.11 Analog switch mode register (RI_ASMR2)

The RI_ASMR2 register is available in high density 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_ASCRXx registers.

Address offset: 0x2C
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+ r r +r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB[15:0]
I N N N N N N R

160/809 Doc ID 15965 Rev 5 KYI




RMO0038 System configuration controller (SYSCFG) and routing interface (RI)

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

7.4.12 Channel mask register (RI_CMR2)

RI_CMR2 is available in high density 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: 0x30
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+ r r +r & [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB[15:0]
w o Lo [ [ [ [ [ o [ [ [ [ o [ [ [ o [

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 ZI input of Port B.

0: Masked
1: Not masked

7.4.13 Channel identification for capture register (RI_CICR2)

The RI_CICR2 register is available in high density devices only and is used when analog
switches are controlled by a timer OC. RI_CICR2 allows a port B channel to be identifed for
timer input capture.

Address offset: 0x34
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
- rrrrr r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB[15:0]
rw | w | rw | w | rw | rw | w | rw | rw | rw | w | rw | rw | w | w | w
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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 1/Os on Port B.

0: Channel I/O
1: Sampling capacitor I/O

7414 Analog switch mode register (RI_ASMR3)

The RI_ASMRS3 register is available in high density 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: 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 r r +r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
O I N O N N N N R

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

7.4.15 Channel mask register (RI_CMR3)

RI_CMRS is available in high density 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: 0x3C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
- rrrrr r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
rw | w | rw | w | rw | rw | w | rw | rw | rw | w | rw | rw | w | w | w
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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 ZI input of Port C.

0: Masked
1: Not masked

7.4.16 Channel identification for capture register (RI_CICR3)

The RI_CICRS3 register is available in high density devices only and is used when analog
switches are controlled by a timer OC. RI_CICR3 allows a port C channel to be identifed for
timer input capture.

Address offset: 0x40
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 r r +r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC[15:0]
O I N O N 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/Os on Port C.

0: Channel I/O
1: Sampling capacitor 1/0

7.4.17 Analog switch mode register (RI_ASMR4)

The RI_ASMRA4 register is available in high density 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: 0x44
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+ r r +r +r [ [ [ [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PF[15:0]
I N N N N N N R

IYI Doc ID 15965 Rev 5 163/809




System configuration controller (SYSCFG) and routing interface (RI)

RMO0038

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 high density devices only.
7.4.18 Channel mask register (RI_CMR4)
RI_CMRA4 is available in high density 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: 0x48
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PF[15:0]
rw | rw | rw | w | rw | rw | rw | rw | rw | rw | w | rw | rw | 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 ZI input of Port F.
0: Masked
1: Not masked

Note: These bits are available in high density devices only.

7.4.19 Channel identification for capture register (RI_CICR4)
The RI_CICRA4 register is available in high density devices only and is used when analog
switches are controlled by a timer OC. RI_CICR4 allows a port F channel to be identifed for
timer input capture.
Address offset: 0x4C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|O
PF[15:0]
w I w [ w o [w [ w [ w [w [ w [ w]w][w][w]w
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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 I/Os on Port F.

0: Channel I/O
1: Sampling capacitor I/O

Note: These bits are available in high density devices only.

7.4.20 Analog switch mode register (RI_ASMRS5)
The RI_ASMRS5 register is available in high density 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: 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 11 10 9 8 7 6 5 4 3 2 1 0
PG[15:0]
rw | rw | rw | w | rw | rw | rw | rw | rw | rw | rw | rw | rw | w | w | w

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_ASCRx controlled

1: Timer controlled
Note: These bits are available in high density devices only.

7.4.21 Channel mask register (RI_CMRS5)
RI_CMRS5 is available in high density 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: 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]
rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw | rw
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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 ZI input of Port G.
0: Not masked
1: Masked
Note: These bits are available in high density devices only.

7.4.22 Channel identification for capture register (RI_CICR5)

The RI_CICRS register is available in high density devices only and is used when analog
switches are controlled by a timer OC. RI_CICRS allows a port G channel to be identifed for
timer input capture.

Address offset: 0x58
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
-+ ¢ r ¢ & & & & [ [ |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PG[15:0]
v v [ 