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Documentation conventions

1 Documentation conventions

1.1 General information
The STM32L0x2 devices have an Arm®@ Cortex®-M0+ core.

arm

1.2 List of abbreviations for registers

The following abbreviations®) are used in register descriptions:

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

read/clear writeO (rc_wO0)

read/clear write1 (rc_w1)

read/clear write (rc_w)

read/clear by read (rc_r)

read/set by read (rs_r)

read/set (rs)

read/write once (rwo)

toggle (t)

Software can read and write to this bit.
Software can only read this bit.
Software can only write to this bit. Reading this bit returns the reset 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 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 to the register. The
value written to this bit is not important.

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

Software can read this bit. Reading this bit automatically sets it to 1.
Writing this bit 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 only write once to this bit and can also read it at any time.
Only a reset can return the bit to its reset value.

The software can toggle this bit by writing 1. Writing 0 has no effect.

read-only write trigger (rt_w1) Software can read this bit. Writing 1 triggers an event but has no effect on

Reserved (Res.)

the bit value.

Reserved bit, must be kept at reset value.

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

b. This is an exhaustive list of all abbreviations applicable to STMicroelectronics microcontrollers, some of
them may not be used in the current document.
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1.3 Glossary

This section gives a brief definition of acronyms and abbreviations used in this document:
e  Sector: 32 pages write protection granularity in the Code area

e Page: 32 words for Code and System Memory areas, 1 word for Data, Factory Option
and User Option areas

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

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

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

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

e  AHB: advanced high-performance bus.

e NVM: non-volatile memory.

e ECC: error code correction.

e DMA: direct memory access.

e  MIF: NVM interface.

e  PCRORP: proprietary code readout protection.

1.4 Availability of peripherals

For availability of peripherals and their number across all sales types, refer to the particular
device datasheet.

1.5 Product category definition

Table 1 gives an overview of memory density versus product line.

The present reference manual describes the superset of features for each product line,
Refer to Table 2 for the list of features per category.

3
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Table 1. STM32L0x2 memory density

Memory density Category 3 Category 5
16 Kbytes -
32 Kbytes STl\jgg/ll_sozeLz?(S(z/IES)
64 Kbytes STl\%g/ll_%zangs(ZA)\(ES) STM3zLO72x
128 Kbytes ) STl\j;gll_:z)ZSLZ()):(i)\(ES)
192 Kbytes ) STS;Z_%ZSLZ?Z(?\(ES)

Table 2. Overview of features per category

Feature Category 3 Category 5
MPU full-featured full-featured
NVM full-featured, full-featured

single bank

Cyclic redundancy check calculation unit (CRC)

full-featured

full-featured

Firewall (FW)

full-featured

full-featured

Power control (PWR)

full-featured

full-featured

Reset and clock control (RCC)

full-featured

full-featured

Clock recovery system (CRS)

full-featured

full-featured

GPIOA full-featured full-featured
GPIOB full-featured full-featured
GPIOC full-featured full-featured
GPIOD [2] full-featured
GPIOE - full-featured
GPIOH [0:1] [0:1][9:10]

System configuration controller (SYSCFG)

full-featured

full-featured

Direct memory access controller (DMA1)

full-featured

full-featured

Nested vectored interrupt controller (NVIC)

full-featured

full-featured

Extended interrupt and event controller (EXTI)

full-featured

full-featured

Analog-to-digital converter (ADC1)

full-featured

full-featured

Digital-to-analog converter (DAC1)

full-featured

full-featured

Digital-to-analog converter (DAC2)

full-featured

Comparator (COMP1)

full-featured

full-featured

Comparator (COMP2)

full-featured

full-featured

RMO0376 Rev 7
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Table 2. Overview of features per category (continued)

Feature Category 3 Category 5

Touch sensing controller (TSC1) full-featured full-featured

Advanced encryption standard hardware accelerator (AES) full-featured full-featured
Random number generator (RNG) full-featured full-featured
General-purpose timers (TIM2) full-featured full-featured
General-purpose timers (TIM3) - full-featured
General-purpose timers (TIM21) full-featured full-featured
General-purpose timers (TIM22) full-featured full-featured

Basic timers (TIM6) full-featured full-featured

Basic timers (TIM7) - full-featured

Low power timer (LPTIM1) full-featured full-featured

Independent watchdog (IWDG) full-featured full-featured

System window watchdog (WWDG) full-featured full-featured

Real-time clock (RTC) full-featured full-featured

Inter-integrated circuit (12C1) interface full-featured full-featured
Inter-integrated circuit (12C2) interface full-featured full-featured
Inter-integrated circuit (12C3) interface - full-featured
Universal synchronous ?S)érxlgfrc;r;ous receiver transmitter full-featured full-featured
Universal synchronous asynchronous receiver transmitter full-featured full-featured

(USART2)

Universal synchronous asynchronous receiver transmitter

(USART4) - full-featured

Universal synchronous asynchronous receiver transmitter
- full-featured

(USART5)

Low-power universal asynchronous receiver transmitter
(LPUART1) full-featured full-featured
Serial peripheral interface(SPI1) full-featured full-featured
Serial peripheral interface/ inter-IC sound (SP12/12S2) full-featured full-featured
Universal serial bus full-featured-speed device interface full-featured full-featured

(USB)
Debug support (DBG) full-featured full-featured
Device electronic signature full-featured full-featured
54/1009 RM0376 Rev 7 Kys
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2

System and memory overview

2.1 System architecture
The main system consists of:
e  Two masters:
- Cortex®-MO0+ core (AHB-lite bus)
—  GP-DMA (general-purpose DMA)
e Three slaves:
— Internal SRAM
— Internal Non-volatile memory
— AHB to APB, which connects all the APB peripherals
These are interconnected using a multilayer AHB bus architecture as shown in Figure 17:
Figure 1. System architecture
<ﬁ MIF
. <ﬁ> NVM memo
GPIO ports som Cortex Memory interface ry
AB.CDEH Mo+ <:> SRAM
Busmatrix
DMA
Controller m
(Channels
1107) |4
YSCF
a7 FISRSVC\;/ASL
ARB2APB | /L——N
e [ dges [\ APBbuses PWR
N v CRS
Reset and EXTI
g — clock ADC
s controller DAC
T (RCC) COMP1/2
< TIM2/3/6/7/21/22
Touc;h LPTIM1
<:> sensing IWDG
controller WWDG
(TSC) RTC
DBGMCU
| CRC 12C1/2/3
USART1/2/3/4/LPUART1
)| AES SPI1/2
USB SRAM
) RNG USB FS
~~
DMA request
MS34748V2

1. Referto Table 1: STM32L0x2 memory density, to Table 2: Overview of features per category and to the device datasheets
for the GPIO ports and peripherals available on your device.
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21.2

2.1.3

Note:

56/1009

S0: Cortex®-bus

This bus connects the DCode/ICode bus of the Cortex®-M0+ core to the BusMatrix. This
bus is used by the core to fetch instructions, get data and access the AHB/APB resources.

S1: DMA-bus

This bus connects the AHB master interface of the DMA to the BusMatrix which manages
the access of the different masters to Flash memory and data EEPROM, the SRAM and the
AHB/APB peripherals.

BusMatrix

The BusMatrix manages the access arbitration between masters. The arbitration uses a
Round Robin algorithm. The BusMatrix is composed of two masters (CPU, DMA) and three
slaves (NVM interface, SRAM, AHB2APB1/2 bridges).

AHB/APB bridges

The AHB/APB bridge provide full synchronous connections between the AHB and the 2
APB buses. APB1 and APB2 operate at a maximum frequency of 32 MHz.

Refer to Section 2.2.2: Memory map and register boundary addresses on page 58 for the
address mapping of the peripherals connected to this bridge.

After each device reset, all peripheral clocks are disabled (except for the SRAM and MIF).
Before using a peripheral you have to enable its clock in the RCC_AHBENR,
RCC_APB2ENR, RCC_APB1ENR or RCC_IOPENR register.

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

3
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2.2 Memory organization

2.21 Introduction

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

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

The addressable memory space is divided into eight main blocks, of 512 Mbytes each.

RMO0376 Rev 7 57/1009
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2.2.2 Memory map and register boundary addresses

Figure 2. Memory map

OXFFFF FFFF

7 0x5000 1FFF IOPORT
0xE010 0000
Cortex-M0+ 0x5000 0000
peripherals
0xEO000 0000
reserved
6
0xC000 0000
0x4002 63FF
5 AHB
0x4002 0000
0xA000 0000 reserved
0x4001 8000
4 Ox1FFF FFFF )
Option bytes APB2
0x8000 0000 0x4001 0000
System
memory reserved
3 0x4000 8000
0x6000 0000 APB1
0x4000 0000
2 reserved
0x4000 0000 Peripherals
1 Flash system
memory
0x2000 0000 SRAM 0x0800 0000
reserved
0 CODE
Flash, system
memory or
0x0000 0000 SRAM,
depending on
BOOT
configuration
0x0000 0000
|:| Reserved

MS34761V2

All the memory map areas that are not allocated to on-chip memories and peripherals are
considered “Reserved”. For the detailed mapping of available memory and register areas,
refer to the following table.

3
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The following table gives the boundary addresses of the peripherals available in the

devices.

Table 3. STM32L0x2 peripheral register boundary addresses(!)

Bus Boundary address Size (bytes) Peripheral Peripheral register map
0X5000 1C00 - 0X5000 1FFF 1K GPIOH Section 9.4. 7,5;5’3 10 register
0X5000 1400 - 0X5000 1BFF 2K Reserved -
0X5000 1000 - 0X5000 13FF 1K GPIOE Section 9.4. 7,5;5’3 10 register

(OPORT |  ©X5000 0C00 - 0X5000 OFFF 1K GPIOD Section 9.4. Z;SP 10 register
0X5000 0800 - 0X5000 OBFF 1K GPIOC Section 9.4 Z;SP 10 register
0X5000 0400 - 0X5000 07FF 1K GPIOB Section 9.4. 7,5;5’3 10 register
0X5000 0000 - 0X5000 03FF 1K GPIOA Section 9.4. g;gp 10 register
0X4002 6400 - 0X4002 FFFF 49 K Reserved -
0X4002 6000 - 0X4002 63FF 1K AESSV\(/iCt:l? tASE%nd Section 18.7.13: AES register

only) map
0X4002 5400 - 0X4002 5FFF 3K Reserved -
0X4002 5000 - 0X4002 53FF 1K RNG Section 19. 7,';’; 5’\’ G register
0X4002 4400 - 0X4002 4FFF 3K Reserved -
0X4002 4000 - 0X4002 43FF 1K TSC Section 17. 6',; ;;)TSC register

AHB | 0X4002 3400 - 0X4002 43FF 3K Reserved -
0X4002 3000 - 0X4002 33FF 1K CRC Section 4.4.6: CRC register map
0X4002 2400 - 0X4002 2FFF 3K Reserved -
0X4002 2000 - 0X4002 23FF 1K FLASH Section 3.7. Zaz fash register
0X4002 1400 - 0X4002 1FFF 3K Reserved -
0X4002 1000 - 0X4002 13FF 1K RCC Section 7'3'22; 500 register
0X4002 0400 - 0X4002 OFFF 3K Reserved -
0X4002 0000 - 0X4002 03FF 1K DMA1 Section 11'6,':; I?MA register

3
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Table 3. STM32L0x2 peripheral register boundary addresses(!) (continued)

Bus Boundary address Size (bytes) Peripheral Peripheral register map
0X4001 5C00 - 0X4001 FFFF 42 K Reserved ]
0X4001 5800 - 0X4001 5BFF 1K DBG Section 32. 1,3;5 BG register
0X4001 3C00 - 0X4001 57FF 7K Reserved -
0X4001 3800 - 0X4001 3BFF 1K USARTA Section 28.8.12: USART
register map
0X4001 3400 - 0X4001 37FF 1K Reserved -
0X4001 3000 - 0X4001 33FF 1K SPI1 Section 30. 7,'771;; SPI register
0X4001 2800 - 0X4001 2FFF 2K Reserved -
0X4001 2400 - 0X4001 27FF 1K ADC1 Section 14. Z;;‘D C register
APB2 | 0X4001 2000 - 0X4001 23FF 1K Reserved -
0X4001 1C00 - 0X4001 1FFF 1K Firewall Section 5'4'8,’77’; ’; ewall register
0X4001 1800 - 0X4001 1BFF 1K Reserved -
0X4001 1400 - 0X4001 17FF 1K TIM22 Section 21.4.16: TIM21/22
register map
0X4001 0C000 - 0X4001 13FF 2K Reserved -
0X4001 0800 - 0X4001 OBFF 1K TIM21 Section 21.4.16: TIM21/22
register map
0X4001 0400 - 0X4001 O7FF 1K EXTI Section 13. > 5X Tl register
SYSCFG Section 10.2.8: SYSCFG
0X4001 0000 - 0X4001 O3FF 1K ’ register map, Section 16.5.3:
COMP .
COMP register map
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Table 3. STM32L0x2 peripheral register boundary addresses(!) (continued)

Bus Boundary address Size (bytes) Peripheral Peripheral register map
0X4000 8000 - 0X4000 FFFF 32K Reserved -
0X4000 7C00 - 0X4000 7FFF 1K LPTimy | Seeton 2575 ERTIM register
0X4000 7800 - 0X4000 7BFF 1K 12C3 Section 27. 7/771 azp 12C register
0X4000 7400 - 0X4000 77FF 1K DAC1/2 Section 15. 10:571:;; DAC register
APB1 0X4000 7000 - 0X4000 73FF 1K PWR Section 6'4'37’; WR register
0X4000 6C00 - 0X4000 6FFF 1K CRS Section 8.7.5: CRS register map
0X4000 68000 - 0X4000 6BFF 1K Reserved ]
USB (SRAM

0X4000 6000 - 0X4000 67FF 2K 512x16bit) -
0X4000 5C00 - 0X4000 5FFF 1K USB FS Section 3 1'6,;73;:83 register
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Table 3. STM32L0x2 peripheral register boundary addresses(!) (continued)

Bus Boundary address Size (bytes) Peripheral Peripheral register map
0X4000 5800 - 0X4000 5BFF 1K 2C2 Section 27.7. 4 12C register
0X4000 5400 - 0X4000 57FF 1K 12C1 Section 27. 7,'771 :p 12C register
0X4000 5000 - 0X4000 53FF 1K USART5 Section 28.8.12: USART

register map
0X4000 4C00 - 0X4000 4FFF 1K USART4 Section 28.8.12: USART
register map
0X4000 4800 - 0X4000 4BFF 1K LPUARTA Section 29.7.10: LPUART
register map
0X4000 4400 - 0X4000 47FF 1K USART2 Section 28.8.12: USART
register map
0X4000 3C000 - 0X4000 43FF 2K Reserved ]
0X4000 3800 - 0X4000 3BFF 1K SPI2 Section 30. 7,'771;; SPI register
0X4000 3400 - 0X4000 37FF 1K Reserved ]

APB1 , : ,
0X4000 3000 - 0X4000 33FF 1K IWDG Section 24'4'2'6"[) WDG register
0X4000 2C00 - 0X4000 2FFF 1K wwpg | Section 25'5",’7"7;?"/[’ G register

RTC + Section 26.7.21: RTC register

0X4000 2800 - 0X4000 2BFF 1K BKP REG map

0X4000 1800 - 0X4000 27FF 3K Reserved )

0X4000 1400 - 0X4000 17FF 1K TIMER? Section 22'4'2;82’”6” register
0X4000 1000 - 0X4000 13FF 1K TIMERe | Section 22'4'%62M6” register
0X4000 0800 - 0X4000 OFFF 1K Reserved ]

0X4000 0400 - 0X4000 07FF 1K TIMER3 | Section 20.5: TIMx register map
0X4000 0000 - 0X4000 03FF 1K TIMER2 Section 20.5: TIMx register map
0X2000 2000 - 0X3FFF FFFF ~524 M Reserved -

SRAM
0X2000 0000 - 0X2000 4FFF up to 20 K SRAM -
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Table 3. STM32L0x2 peripheral register boundary addresses(!) (continued)

Bus Boundary address Size (bytes) Peripheral Peripheral register map
0X0800 0000 - 0X0802 FFFF upto 192k | Flash program )
memory
0x0808 0000 - 0x0808 17FF upto6K | Data EEPROM -
NVM 0x1FF0 0000 - Ox1FFO 1FFF 8K System .
memory
Ox1FF8 0020 - 0x1FF8 007F 96 Factory option .
bytes
Ox1FF8 0000 - 0x1FF8 001F 32 User option i
bytes

1. Referto Table 1: STM32L0x2 memory density, to Table 2: Overview of features per category and to the device datasheets
for the GPIO ports and peripherals available on your device. The memory area corresponding to unavailable GPIO ports or
peripherals are reserved.

2.3

24

3

Embedded SRAM

STM32L0x2 devices feature up to 20 Kbytes of static SRAM.

This RAM can be accessed as bytes, half-words (16 bits) or full words (32 bits). This
memory can be addressed at maximum system clock frequency without wait state and thus
by both CPU and DMA.

The SRAM start address is 0x2000 0000.

The CPU can access the SRAM from address 0x0000 0000 when physical remap is
selected through boot pin or MEM_MODE (see Section 10.2.1: SYSCFG memory remap
register (SYSCFG_CFGR1)).

Boot configuration

In the STM32L0x2, three different boot modes can be selected through the BOOTO pin and
boot configuration bits in the User option byte, as shown in the following table.

Table 4. Boot modes!"

Boot mode selection

Boot mode Aliasing
BOOT1 pin | BOOTO pin

Flash program

X 0 Flash program memory is selected as boot area
memory

0 1 System memory System memory is selected as boot area

1 1 Embedded SRAM | Embedded SRAM is selected as boot area

1. BOOT1 value is the opposite of nBOOT1 option bit.
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The boot mode configuration is latched on the 4th rising edge of SYSCLK after reset. Itis up
to the user to set nBOOT1 and BOOTO to select the required boot mode.

The boot mode configuration is also re-sampled when exiting from Standby mode.
Consequently the boot mode configuration must not be modified 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 at 0x0000 0004.

Depending on the selected boot mode, Flash program memory, system memory or SRAM is

accessible as follows:

e  Boot from Flash program memory: the Flash program memory is aliased in the boot
memory space (0x0000 0000), but still accessible from its original memory space
(0x0800 0000). In other words, the Flash memory contents can be accessed starting
from address 0x0000 0000 or 0x0800 0000.

e Boot from system memory: the system memory is aliased in the boot memory space
(0x0000 0000), but still accessible from its original memory space (Ox1FF0 0000).

e Boot from the embedded SRAM: the SRAM is aliased in the boot memory space
(0x0000 0000), but it is still accessible from its original memory space (0x2000 0000).

Bank swapping (category 5 devices only)

For devices featuring two banks, the bank swapping mechanism allows the CPU to point
either to bank1 or to bank 2 in the boot memory space (0x0000 0000). Either Flash program
and data EEPROM address are changed (see Table 8: NVM organization for UFB = 0

(128 Kbyte category 5 devices), Table 10: NVM organization for UFB = 0 (64 Kbyte category
5 devices)).

Physical remap

Once the boot pin and bit are selected, the application software can modify the memory
accessible in the code area. This modification is performed by programming the
MEM_MODE bits in the SYSCFG memory remap register (SYSCFG_CFGR1).

Embedded bootloader

The embedded bootloader is located in the System memory, programmed by ST during
production. It is used to reprogram the Flash memory using one of the following serial
interfaces:

e  For category 3 devices: USART1, USART2, SPI1 or SPI2

e  For category 5 devices with USB interface: USART1, USART2 or USB.

e For category 5 devices without USB interface: USART1, USART2, SPI1, SPI2, 12C1 or
12C2.

For details concerning the bootloader serial interface corresponding I/O, refer to your device
datasheet.

For further details on STM32 bootloader, please refer to AN2606.

3
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Flash program memory and data EEPROM (FLASH)

3

3.1

3.2

3

Flash program memory and data EEPROM (FLASH)

Introduction

The non-volatile memory (NVM) is composed of:

e Upto 192 Kbytes of Flash program memory. This area is used to store the application
code.

e Up to 6 Kbytes of data EEPROM

e Aninformation block:
—  Up to 8 Kbytes of System memory
—  Up to 8x4 bytes of user Option bytes
— Up to 96 bytes of factory Option bytes

NVM main features

The NVM interface features:

e Read interface organized by word, half-word or byte in every area
e  Programming in the Flash memory performed by word or half-page
e  Programming in the Option bytes area performed by word

e  Programming in the data EEPROM performed by word, half-word or byte (granularity of
the data EEPROM is one word, erase/write endurance cycles are linked to one word
granularity)

e  Erase operation performed by page (in Flash memory, data EEPROM and Option
bytes)

e  Option byte Loader

e  ECC (Error Correction Code): 6 bits stored for every word to recognize and correct just
one error

e Mass erase operation

e Read / Write protection

e  PCRORP protection

e Low-power mode

e Category 5 devices only:
—  Dual-bank memory with read-while-write
—  Dual-bank boot capability allowing to boot either from Bank 1 or Bank 2 at startup
—  Bank swapping capability.
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3.3 NVM functional description

3.31 NVM organization

The NVM is organized as 32-bit memory cells that can be used to store code, data, boot
code or Option bytes.

The memory array is divided into pages. A page is composed of 32 words (or 128 bytes) in
Flash program memory and System memory, and 1 single word (or 4 bytes) in data
EEPROM and Option bytes areas (user and factory). The erase/write endurance cycles are
linked to one page granularity for Flash program memory and one single word granularity for
data EEPROM.

A Flash sector is made of 32 pages (or 4 Kbytes). The sector is the granularity of the write

protection.
Table 5. NVM organization (category 3 devices)
Size i
NVM NVM addresses Name Description
(bytes)
0x0800 0000 - 0x0800 007F 128 bytes Page 0
0x0800 0080 - 0x0800 OOFF 128 bytes Page 1
sector 0
0x0800 OF80 - 0x0800 OFFF 128 bytes Page 31
0x0800 7000 - 0x0800 707F 128 bytes Page 224
Flash program 0x0800 7080 - 0x0800 70FF 128 bytes Page 225
1) sector 7
memory R - -
0x0800 7F80 - 0x0800 7FFF 128 bytes Page 255
0x0800 FO00 - 0x0800 FO7F 128 bytes Page 480
0x0800 F080 - 0x0800 FOFF 128 bytes Page 481
sector 15
0x0800 FF80 - 0x0800 FFFF 128 bytes Page 511
Data EEPROM 0x0808 0000 - 0x0808 07FF 2 Kbytes - Data EEPROM
0x1FFO0 0000 - Ox1FFO OFFF 4 Kbytes - System memory
Information block 0x1FF8 0020 - 0x1FF8 007F 96 bytes - Factory Options
0x1FF8 0000 - 0x1FF8 001F 32 bytes - User Option bytes

1. For 32 Kbyte category 3 devices, the Flash program memory is divided into 256 pages of 128 bytes each.

3
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Table 6. NVM organization for UFB = 0 (192 Kbyte category 5 devices)
Size i
NVM NVM addresses Name Description
(bytes)

0x0800 0000 - 0x0800 007F 128 bytes Page 0
0x0800 0080 - 0x0800 0OFF 128 bytes Page 1

sector 0
0x0800 OF80 - 0x0800 OFFF 128 bytes Page 31
0x0800 7000 - 0x0800 707F 128 bytes Page 224

Bank 1

0x0800 7080 - 0x0800 70FF 128 bytes Page 225

sector 7
0x0800 7F80 - 0x0800 7FFF 128 bytes Page 255

Flash program
memory

0x0801 7F80- 0x0801 7FFF 128 bytes Page 767 sector 23
0x0801 8000 - 0x0801 807F 128 bytes Page 768 sector 24
0x0802 FO0O - 0x0802 FO7F 128 bytes Page 1504 Bank 2
0x0802 FO80 - 0x0802 FOFF 128 bytes Page 1505

sector 47
0x0802 FF80 - 0x0802 FFFF 128 bytes Page 1535
0x0808 0000 - 0x0808 OBFF - Data EEPROM Bank 1

Data EEPROM 6 Kbytes
0x0808 0C00 - 0x0808 17FF - Data EEPROM Bank 2
0x1FFO0 0000 - Ox1FFO 1FFF 8 Kbytes - System memory
Information block 0x1FF8 0020 - Ox1FF8 007F 96 bytes - Factory Options

0x1FF8 0000 - Ox1FF8 001F 32 bytes - User Option bytes

3
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Table 7. Flash memory and data EEPROM remapping
(192 Kbyte category 5 devices)

NVM addresses Remapped addresses
NVM Description MEM_MODE =0, MEM_MODE =0, MEM_MODE =0, MEM_MODE =0,
BOOTO0= 0 and BOOTO0= 0 and BOOTO0= 0 and BOOTO0= 0 and
UFB=0 UFB =1 UFB=0 UFB =1
Bank 1 0x0800 0000 - 0x0801 8000 - 0x0000 0000 - 0x0001 8000 -
Flash 0x0801 7FFF 0x0802 FFFF 0x0001 7FFF 0x0002 FFFF
program
memory Bank 2 0x0801 8000 - 0x08000 0000 - 0x0001 8000 - 0x0000 0000 -
0x0802 FFFF 0x0801 7FFF 0x0002 FFFF 0x0001 7FFF
Bank 1 0x0808 0000 - 0x0808 0COO0 - 0x0008 0000 - 0x0008 0COO0 -
Data 0x0808 OBFF 0x0808 17FF 0x0008 OBFF 0x0008 17FF
EEPROM Bank 2 0x0808 0CO0 - 0x0808 0000 - 0x0008 0CO0 - 0x0008 0000 -
0x0808 17FF 0x0008 OBFF 0x0008 17FF 0x0008 OBFF
Table 8. NVM organization for UFB = 0 (128 Kbyte category 5 devices)
NVM NVM addresses Size (bytes) Name Description
0x0800 0000 - 0x0800 007F 128 bytes Page 0
0x0800 0080 - 0x0800 00FF 128 bytes Page 1
sector 0
0x0800 OF80 - 0x0800 OFFF 128 bytes Page 31
0x0800 7000 - 0x0800 707F 128 bytes Page 224 Bank 1
0x0800 7080 - 0x0800 70FF 128 bytes Page 225
sector 7
0x0800 7F80 - 0x0800 7FFF 128 bytes Page 255
Flash program
memory
0x0800 FF80- 0x0800 FFFF 128 bytes Page 511 sector 15
0x0801 0000 - 0x0801 007F 128 bytes Page 512 sector 16
0x0801 FO0O - 0x0801 FO7F Page 992 Bank 2
sector 31
0x0801 FF80 - 0x0801 FFFF 128 bytes Page 1023
0x0808 0000 - 0x0808 OBFF - Data EEPROM Bank 1
Data EEPROM 6 Kbytes
0x0808 0CO0 - 0x0808 17FF - Data EEPROM Bank 2
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Table 8. NVM organization for UFB = 0 (128 Kbyte category 5 devices) (continued)

NVM NVM addresses Size (bytes) Name Description
0x1FFO0 0000 - Ox1FFO 1FFF 8 Kbytes - System memory
Information block 0x1FF8 0020 - Ox1FF8 007F 96 bytes - Factory Options
0x1FF8 0000 - Ox1FF8 001F 32 bytes User Option bytes

Table 9. Flash memory and data EEPROM remapping (1

28 Kbyte category 5 devices)

NVM addresses Remapped addresses
NVM Description MEM_MODE = 0, MEM_MODE = 0, MEM_MODE =0, MEM_MODE = 0,
BOOTO0= 0 and BOOTO0= 0 and BOOTO0= 0 and BOOTO0= 0 and
UFB =0 UFB =1 UFB=0 UFB =1

Bank 1 0x0800 0000 - 0x0801 0000 - 0x0000 0000 - 0x0001 0000 -

Flash program 0x0800 FFFF 0x0801 FFFF 0x0000 FFFF 0x0001 FFFF
memory Bank 2 0x0801 0000 - 0x0800 0000 - 0x0001 0000 - 0x0000 0000 -
0x0801 FFFF 0x0800 FFFF 0x0001 FFFF 0x0000 FFFF

Bank 1 0x0808 0000 - 0x0808 0CO00 - 0x0008 0000 - 0x0008 0CO00 -

0x0808 OBFF 0x0808 17FF 0x0008 OBFF 0x0008 17FF

Data EEPROM

Bank 2 0x0808 0COO0 - 0x0808 0000 - 0x0008 0COO0 - 0x0008 0000 -

0x0808 17FF 0x0808 OBFF 0x0008 17FF 0x0008 OBFF

Table 10. NVM organization for UFB = 0 (64 Kbyte category 5 devices)m

NVM NVM addresses Size (bytes) Name Description
0x0800 0000 - 0x0800 007F 128 bytes Page 0
0x0800 0080 - 0x0800 OOFF 128 bytes Page 1
sector 0
0x0800 OF80 - 0x0800 OFFF 128 bytes Page 31
Flash program Bank 1
memory
0x0800 FOO0O - 0x0800 FO7F 128 bytes Page 480
sector 15
0x0800 FF80 - 0x0800 FFFF 128 bytes Page 511
Data EEPROM 0x0808 0C00 - 0x0808 17FF 3 Kbytes - Data EEPROM Bank 2
0x1FFO0 0000 - Ox1FFO0 1FFF 8 Kbytes - System memory
Information block 0x1FF8 0020 - Ox1FF8 007F 96 bytes - Factory Options
0x1FF8 0000 - Ox1FF8 001F 32 bytes User Option bytes

1. Flash memory and data EEPROM remapping is not possible on 64 Kbyte category 5 devices.
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3.3.2

Note:

Dual-bank boot capability

Category 5 devices have two Flash memory banks: Bank 1 and Bank 2. They feature an
additional boot mechanism which allows booting either from Bank 2 or from Bank 1
depending on BFB2 bit status (bit 23 in FLASH_OPTR register).

e When the BFB2 bit is set and the boot pins are configured to boot from Flash memory
(BOOTO = 0 and BOOT1 = x), the device maps the System memory at address 0. It
boots from the System memory after reset and Standby and executes (during
approximately 440 us) the embedded bootloader code which implements the dual-
bank boot mechanism:

a)

b)

The System memory code first checks Bank 2. If it contains a valid code (see note
below), it sets the UFB bit in SYSCFG_CFGR1 register to map Bank 2 at address
0x0800 0000, jumps to the application code located in Bank 2, and leaves the
bootloader.

If the code located in Bank 2 is not valid, the System memory code checks Bank 1
code. If it is valid (see note below), it jumps to the application located in Bank 1
(UFB is kept at ‘0’ so that Bank 1 remains mapped at address 0x0800 0000).

If both Bank 2 and Bank 1 do not contain valid code (see note below), the normal
bootloader operations are executed when the protection level2 is disabled.
Otherwise, the System memory code jumps to Bank 1 regardless of its validity.
Refer to Table 11 for more details.

e  When BFB2 bit is reset (default state), the dual-bank boot mechanism is not performed.

The code is considered as valid when the first data located at the bank start address (which
should be the stack pointer) points to a valid address (stack top address).

For category 5 devices, the Flash memory Bank 1 and Bank 2, System memory or SRAM
can be selected as the boot area, as shown in Table 11 below.

Table 11. Boot pin and BFB2 bit configuration

Protection
level

BFB2
bit

Boot mode
selection

nBOOT1 Boot mode Aliasing

. BOOTO
option in
bit P

Oor1

User Flash memory Bank1 is selected as the

X 0 User Flash memory boot area

1 1 System memory Boot on System memory to execute bootloader.

0 1 Embedded SRAM |Boot on Embedded SRAM

Boot on System memory to execute dual bank
X 0 System memory boot mechanism. If Bank 2 and Bank 1are not
valid, bootloader is executed for Flash update.

1 1 System memory Boot on System memory to execute bootloader.

0 1 Embedded SRAM |Boot on Embedded SRAM.
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Table 11. Boot pin and BFB2 bit configuration (continued)

Boot mode
selection
Protection | BFB2
. Boot mode Aliasing
level bit nBO_OT1 BOOTO
option in
bit P
X 0 User Flash memory
0 p 1 User Flash memory User Flash memory Bank1 is selected as the
boot area.
) 0 1 User Flash memory
X 0 System memory Boot on System memory to execute dual bank
1 1 1 System memory boot mechanism. If Bank 2 isn’t valid, it jumps to
Bank 1.
0 1 System memory
When entering System memory, you can either execute the bootloader (for Flash update) or
execute Dual Bank Jump (see Table 11).
When protection level2 is enabled, the bootloader is never executed to perform a Flash
update.
When the conditions a, b, and ¢ described below are fulfilled, it is equivalent to configuring
boot pins for System memory boot (BOOTO0 = 1 and BOOT1 = 0). In this case when
protection level2 is disabled, normal bootloader operations are executed.
a) BFB2 bitis set.
b) Both banks do not contain valid code.
c) Boot pins configured as follows: BOOTO0 = 0 and BOOT1 = x.
When the BFB2 bit is set, and Bank 2 and/or Bank 1 contain valid user application code, the
Dual Bank Boot is always performed (bootloader always jumps to the user code).
Consequently, if you have set the BFB2 bit (to boot from Bank 2) then, to be able to execute
the bootloader code for Flash update when protection level2 is disabled, you have to:
a) Setthe BFB2 bit to 0, BOOTO =1 and BOOT1 =0 or,
b) Program the content of address 0x0801 8000/0x0801 0000 (base address of
Bank2) and 0x0800 0000 (base address of Bank1) to 0xO0.
3.3.3 Reading the NVM

3

Protocol to read

To read the NVM content, take any address from Section 3.3.1: NVM organization. The
clock of the memory interface must be running. (see MIFEN bit in Section 7.3.13: AHB
peripheral clock enable register (RCC_AHBENR)).

Depending on the clock frequency, a 0 or a 1 wait state can be necessary to read the NVM.

The user must set the correct number of wait states (LATENCY bit in the FLASH_ACR
register). No control is done to verify if the frequency or the power used is correct, with
respect to the number of wait states. A wrong number of wait states can generate wrong
read values (high frequency and 0 wait states) or a long time to execute a code (low
frequency with 1 wait state).
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You can read the NVM by word (4 bytes), half-word (2 bytes) or byte.

When the NVM features only one bank, it is not possible to read the NVM during a
write/erase operation. If a write/erase operation is ongoing, the reading will be in a wait state
until the write/erase operation completes, stalling the master that requested the read
operation, except when the address is read-protected. In this case, the error is sent to the
master by a hard fault or a memory interface flag; no stall is generated and no read is

waiting.

When two banks are available (category 5 devices), read operations from one bank can be
performed while write or erase operations are performed on the other bank.

Relation between CPU frequency/Operation mode/NVM read time

The device (and the NVM) can work at different power ranges. For every range, some
master clock frequencies can be set. Table 12 resumes the link between the power range
and the frequencies to ensure a correct time access to the NVM.

Table 12. Link between master clock power range and frequencies

Name Power range Max.imum fr.equency Ma_ximum fr.equency
(with 1 wait state) (without wait states)
Range 1 1.65V-1.95V 32 MHz 16 MHz
Range 2 1.35V-1.65V 16 MHz 8 MHz
Range 3 1.05V-135V 4.2 MHz 4.2 MHz

Table 13 shows the delays to read a word in the NVM. Comparing the complete time to read
a word (Ttotal) with the clock period, you can see that in Range 3 no wait state is necessary,
also with the maximum frequency (4.2 MHz) allowed by the device. Ttotal is the time that the
NVM needs to return a value, and not the complete time to read it (from memory to Core
through the memory interface); all remaining time is lost.

Table 13. Delays to memory access and number of wait states

Name Ttotal Frequency Period Number of.walt
state required
32 MHz 31.25 1
Range 1 46.1 ns
16 MHz 62.5 0
16 MHz 62.5 1
Range 2 86.8 ns
8 MHz 125 0
4 MHz 250 0
Range 3 184.6 ns
2 MHz 500 0
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3

Change the CPU Frequency

After reset, the clock used is the MSI (2.1 MHz) and 0 wait state is configured in the
FLASH_ACR register. The following software sequences have to be respected to tune the
number of wait states needed to access the NVM with the CPU frequency.

A CPU clock or a number of wait state configuration changes may take some time before
being effective. Checking the AHB prescaler factor and the clock source status values is a
way to ensure that the correct CPU clock frequency is the configured one. Similarly, the read
of FLASH_ACR is a way to ensure that the number of programmed wait states is effective.

Increasing the CPU frequency (in the same voltage range)
1. Program 1 wait state in LATENCY bit of FLASH_ACR register, if necessary.

2. Check that the new number of wait states is taken into account by reading the
FLASH_ACR register. When the number of wait states changes, the memory interface
modifies the way the read access is done to the NVM. The number of wait states
cannot be modified when a read operation is ongoing, so the memory interface waits
until no read is done on the NVM. If the master reads back the content of the
FLASH_ACR register, this reading is stopped (and also the master which requested
the reading) until the number of wait states is really changed. If the user does not read
back the register, the following access to the NVM may be done with 0 wait states,
even if the clock frequency has been increased, and consequently the values are
wrong.

3. Modify the CPU clock source and/or the AHB clock prescaler in the Reset & Clock
Controller (RCC).

4. Check that the new CPU clock source and/o