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Abbreviations in The Text

The following abbreviations are used in the description of the registers:

nomenclature

descriptive

read/write(rw)

The software can read and write this bit.

read-only(r)

The software can only read this bit.

write-only(w)

Software can only write this bit; reading this bit will return the
Reset value.

read/clear(rc_w1)

Software can read this bit or clear it by writing a '1'; writing a '0’
has no effect on this bit.

read/clear(rc_wO0)

Software can read this bit or clear it by writing a '0'; writing a '1'
has no effect on this bit.

read/clear by read(rc_r)

Software can read this bit, reading this bit will automatically
clear it to '0', writing '0' has no effect on this bit.

read/set(rs)

Software can read or set this bit, writing '0' has no effect on this
bit.

read-only write trigger(rt_w)

The software can read or set this bit: writing ‘0" or 1" triggers an
event but has no effect on the value of this bit.

toggle(t)

The software can only flip this bit by writing a 1, writing a '0' has
no effect on this bit.

reserved(Res.)

reserved bit, the default value must be left unchanged.
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Memory and Bus Architecture

System Framework

The main system consists of the following components:
® Four drive units:
- Cortex™ -M3 core DCode bus (D-bus), and system bus (S-bus)
- Universal DMA1 and Universal DMA2
® Three passive units
- internal SRAM
- internal flash memory
- AHB to APB bridge (AHB2APBXx), which connects all APB devices
These are interconnected through a multi-level AHB bus architecture as below in Figureshown
Figure1 :

< ICode > LiE <:::> Elash

DCode

Cortex-M3
System

L

SDIO

Bus matrix

_—> AHB systg? bus Bridge 2 ]
Bridge 1 PB1
< Reset & clock APB2
E control (RCC)
ADC1 GPIOC ||DAC  SPI3/I12S
ADC2 GPIOD ||PWR SPI2/128
P DMA Request ADC3 GPIOE | |BKP IWDG
USART1 GPIOF | |bxCAN WWDG
SPI1 GPIOG ||usB RTC
Tim EXTl||l2c2  TiM7
DMA2 TIM8 AFI0 ||12c1 TIM6
GPIOA UART5  TIM5
<:—— GPIOB UART4  TIM4
USART3 TIM3
USART2 TIM2
<
|
<
DMA request

Figure1 System Architecture

ICode Bus

This bus connects the instruction bus of the Cortex™ -M3 core to the flash instruction interface.
Instruction prefetching is done on this bus.

DCode Bus

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

System Bus

This bus connects the system bus (peripheral bus) of the Cortex™ -M3 core to the bus matrix,
which coordinates accesses between the core and the DMA.

DMA Bus
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Notes:

2.2

2.3

This bus connects the DMA's AHB master interface to the bus matrix, which coordinates the
CPU's DCode and DMA accesses to SRAM, flash memory, and peripherals.

Bus Matrix

The bus matrix coordinates access arbitration between the kernel system bus and the DMA
master bus, which utilizes a rotation algorithm. The bus matrix contains four driving
components (the CPU's DCode, system bus, DMA1 bus, and DMA2 bus) and three passive
components (flash memory interface, SRAM, and AHB2APB bridge).

The AHB peripherals are connected to the system bus via a bus matrix that allows DMA access.

AHB/APB Bridge (APB)

Two AHB/APB bridges provide a synchronous connection between the AHB and the 2 APB
buses.APB1 operates at speed limited to 108MHz and APB2 operates at full speed (up to 216MHz).
Refer toTable1 for address mapping of the different peripherals connected to each bridge. After
each reset, all peripherals except SRAM and FLITF are turned off, and before using a peripheral,
register RCC_AHBENR must be set to turn on the clock for that peripheral.

When an 8-bit or 16-bit access is made to an APB register, the access is automatically converted
to a 32-bit access: the bridge automatically extends the 8-bit or 32-bit data to match the 32-
bit vector.

Memory Organization

Program memory, data memory, registers, and input/output ports are organized in the same
4GB linear address space.

Data bytes are stored in memory in little end format. The lowest address byte in a word is
considered to be the least significant byte of the word, while the highest address byte is the
most significant byte.

Refer to the relevant sections for the peripheral register images.

The accessible memory space is divided into 8 major blocks of 512MB each.

All other memory space not allocated to on-chip memory and peripherals is reserved address
space.

Memory Image

Table1 lists the starting addresses of the built-in peripherals in the W55MH32 used.
Table1 Register Group Starting Address

starting address peripherals con;ﬂl;ter register image

0x5006 0800-0x5006 OBFF TRNG See 20.2.6
0x5004 0000-0x5006 07FF Reserved

0x5000 0000-0x5003 ffff USB OTG Full Speed See 29.16.6
0x4003 0000-0x4FFF FFFF Reserved

0x4002 8000-0x4002 9FFF Reserved

0x4002 3400-0x4002 7FFF Reserved

0x4002 3000-0x4002 33FF CRC See 3.4.7
0x4002 2400-0x4002 2FFF Reserved

0x4002 2000-0x4002 23FF flash memory interface ARB

0x4002 1400-0x4002 1FFF Reserved

0x4002 1000-0x4002 13FF Reset and Clock Control (RCC) See 6.3.13
0x4002 0800-0x4002 OFFF Reserved

0x4002 0400-0x4002 O7FF DMA2 See 10.4.7
0x4002 0000-0x4002 03FF DMA1 See 10.4.7
0x4001 8400-0x4001 ffff Reserved

0x4001 8000-0x4001 83FF SbIo See 23.9.16
0x4001 7000-0x4001 7FFF Reserved
0x4001 6C50-0x4001 6CBF OTP APB2 See 22.2.13
0x4001 6C00-0x4001 6FFF SYSCFG See 21.1.9
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starting address peripherals congr:ll;ter register image
0x4001 5800-0x4001 7FFF Reserved
0x4001 5400-0x4001 57FF TIM11 Timer See 15.5.11
0x4001 5000-0x4001 53FF TIM10 Timer See 15.5.11
0x4001 4C00-0x4001 4FFF TIM9 Timer See 15.4.13
0x4001 4000-0x4001 4BFF Reserved
0x4001 3C00-0x4001 3FFF ADC3 See 11.12.15
0x4001 3800-0x4001 3BFF USART1 See 0
0x4001 3400-0x4001 37FF TIM8 Timer See 13.4.21
0x4001 3000-0x4001 33FF SPI1 See 26.5.10
0x4001 2c00-0x4001 2fff TIM1 Timer See 13.4.21
0x4001 2800-0x4001 2BFF ADC2 See 11.12.15
0x4001 2400-0x4001 27FF ADC1 See 11.12.15
0x4001 2000-0x4001 23FF GPIO Port G See 0
0x4001 1c00-0x4001 1fff GPIO Port F See 0
0x4001 1800-0x4001 1BFF GPIO Port E See 0
0x4001 1400-0x4001 17FF GPIO Port D See 0
0x4001 1000-0x4001 13FF GPIO Port C See 0
0x4001 0c00-0x4001 Offf GPIO Port B See 0
0x4001 0800-0x4001 OBFF GPIO Port A See 0
0x4001 0400-0x4001 O7FF EXTI See 8.3.7
0x4001 0000-0x4001 O3FF AFIO See 0
0x4000 7800-0x4000 FFFF Reserved
0x4000 7400-0x4000 77FF DAC See 12.5.14
0x4000 7000-0x4000 73FF Power Control (PWR) See 4.4.3
0x4000 6C00-0x4000 6FFF Backup Register (BKP) See 5.4.5
0x4000 6800-0x4000 6BFF Reserved
0x4000 6400-0x4000 67FF bxCAN See 25.9.5
0x4000 6000-0x4000 63FF USB/CAN shared 512 bytes SRAM
0x4000 5C00-0x4000 5FFF USB Full Speed Device Register See section 21.5.4
0x4000 5800-0x4000 5BFF 12C2 See 27.6.10
0x4000 5400-0x4000 57FF 12C1 See 27.6.10
0x4000 5000-0x4000 53FF UART5 See 0
0x4000 4C00-0x4000 4FFF UART4 See 0
0x4000 4800-0x4000 4BFF USART3 See 0
0x4000 4400-0x4000 47FF USART2 APB1 See 0
0x4000 4000-0x4000 43FF Reserved
0x4000 3C00-0x4000 3FFF SPI13/12S3 See 26.5.10
0x4000 3800-0x4000 3BFF Reserved
0x4000 3400-0x4000 37FF Reserved
0x4000 3000-0x4000 33FF Independent Watchdog Dog (IWDG) See 18.4.5
0x4000 2C00-0x4000 2FFF Window Watchdog (WWDG) See 19.6.4
0x4000 2800-0x4000 2BFF RTC See 17.4.7
0x4000 2400-0x4000 27FF Reserved
0x4000 2000-0x4000 23FF TIM14 Timer See 15.5.11
0x4000 1C00-0x4000 1FFF TIM13 Timer See 15.5.11
0x4000 1800-0x4000 1BFF TIM12 Timer See 15.4.13
0x4000 1400-0x4000 17FF TIM7 Timer See 16.4.9
0x4000 1000-0x4000 13FF TIM6 Timer See 16.4.9
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starting address peripherals congr:llsjter register image
0x4000 0C00-0x4000 OFFF TIM5 Timer See 14.4.19
0x4000 0800-0x4000 OBFF TIM4 Timer See 14.4.19
0x4000 0400-0x4000 O7FF TIM3 Timer See 14.4.19
0x4000 0000-0x4000 03FF TIM2 Timer See 14.4.19

2.3.1 Embedded SRAM

The W55MH32 has a built-in 96K bytes of static SRAM. it can be accessed as a byte, half word
(16-bit), or full word (32-bit). the starting address of the SRAM is 0x2000 0000.

2.3.2 Bandwidth

The Cortex™ -M3 memory image consists of two bit-band areas. These two bit-band areas map

each word in the alias memory area to a bit in the bit-band memory area, and writing a word
in the alias memory area has the same effect as performing a read-modify-write operation on
the target bit in the bit-band area.
In the W55MH32, the peripheral registers and SRAM are mapped into a single bit-segment area,
which allows single bit-segment write and read operations to be performed.
The following mapping equation gives how each word in the alias region corresponds to the
corresponding bit in the bit-band region:
bit_word_addr=bit_band_base+(byte_offsetx 32)+(bit_numberx 4)
Among them:
bit_word_addr is the address of the word in the alias memory area that maps to some
target bit.
bit_band_base is the starting address of the alias zone.
byte_offset is the serial number of the byte containing the target bit in the bit field
bit_number is the target bit location (0-31)
Example:
The following example shows how to map bit 2 in the byte with SRAM address 0x2000 0300 in
the alias area:

0x2200 6008=0x2200 0000+(0x300x 32)+(2x 4).

A write operation to address 0x2200 6008 has the same effect as performing a read-modify-
write operation to bit 2 at address 0x2000 0300 bytes in SRAM.

Reading the 0x2200 6008 address returns the value (0x01 or 0x00) of bit 2 of address 0x2000
0300 bytes in SRAM.

Refer to the Cortex™ -M3 Technical Reference Manual for more information on bit segments.

2.3.3 Embedded Flash

The high-performance flash memory module has the following key features:
® Up to 1M bytes flash memory structure: flash memory has a main storage block and
information block composition:
- Primary storage block capacity:
Main storage blocks up to 128Kx 64-bit, each divided into 256 4K-byte pages (seeTable2
- Information block capacity
258x 64-bit (seeTable2
The flash memory interface is characterized by:
® Read interface with prefetch buffer (2x 64 bits per word)

Select Byte Loader
Flash Program/Erase Operations
Access/write protection
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Notes:

Table2 Flash Module Organization

module (in software) name (of a thing) address magnitude
Page 0 0x0800 0000 - 0x0800 OFFF 4K Byte
Page 1 0x0800 1000 - 0x0800 1FFF 4K Byte
Page 2 0x0800 2000 - 0x08002FFF 4K Byte
primary storage block Page 3 0x0800 3000 - 0x08003FFF 4K Byte
Page 255 0x080f f000 - 0x080f ffff 4K Byte
information block system memory Ox1FFF FO0O - Ox1FFF F7FF 2K Byte
Select Byte Ox1FFF FOOO - Ox1FFF F7FF 16Byte
FLASH_ACR 0x4002 2000 - 0x4002 2003 4 Byte
FALSH_KEYR 0x4002 2004 - 0x4002 2007 4 Byte
FLASH_OPTKEYR 0x4002 2008 - 0x4002 200B 4 Byte
Flash Memory Interface FLASH_SR 0x4002 200c - 0x4002 200f 4 Byte
Register FLASH_CR 0x4002 2010 - 0x4002 2013 4 Byte
FLASH_AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH_OBR 0x4002 201c - 0x4002 201f 4
FLASH_WRPR 0x4002 2020 - 0x4002 2023 4

Flash Memory Readout

Instruction and data access to the flash memory is done through the AHB bus. The prefetch
module is used to read instructions over the ICode bus. Arbitration is acting on the flash
interface and data access on the DCode bus takes precedence.
Read access can have the following configuration options:
® Wait Time: The number of wait states for read operations that can be changed at any time.
® Prefetch buffers (2 64-bit): are opened automatically after each reset. Since the size of
each buffer (64-bit) is the same as the bandwidth of the flash memory, the contents of the
entire buffer can be updated by a single read of the flash memory. Because of the prefetch
buffer, the CPU can operate at higher frequencies. the CPU fetches up to 32-bit words at a
time, and fetches one instruction while the next instruction is already waiting in the buffer.
® Half-cycle: for power consumption optimization.
1. These options should be used in conjunction with the flash memory access time. The wait
period reflects the relationship between the system clock (SYSCLK) frequency and the flash
memory access time:

0 wait cycle when 0<SYSCLK<24MHz

1 wait cycle when 24MHz<SYSCLK < 48MHz

2 wait cycle when 48MHz < SYSCLK < 72MHz

2. The half-cycle configuration cannot be used with an AHB that uses a prescaler, and the clock
system should be equal to the HCLK clock. This feature can only be used with an internal RC
oscillator (HSI) that can be used directly when the clock frequency is 8MHz or less, or a master
oscillator (HSE), but not a PLL.

3. When the AHB prescaler factor is not 1, the prefetch buffer must be turned on.

4. The prefetch buffer open and close operations can only be performed if the system clock
(SYSCLK) is less than 24MHz and the AHB prescaler is not turned on (i.e., HCLK must be equal
to SYSHCLK). Generally, the prefetch buffer open and close operations are performed during
initialization, when the microcontroller clock is provided by an 8MHz internal RC oscillator
(HSI).

5. Using DMA: DMA accesses flash memory on the DCode bus, which has a higher priority than
fetch fingers on the ICode.DMA has a spare cycle after each transfer is completed. Some
instructions can be executed in conjunction with a DMA transfer.

Programming and Erasing Flash Memory

Flash memory can be programmed to write 16 bits (half words) at a time.

Flash erase operations can be performed on a page-by-page basis or a complete erase (full
erase). A full erase does not affect blocks of information.

To ensure that over-programming does not occur, the flash programming and erasure controller
blocks are controlled by a fixed clock.

An interrupt can be triggered at the end of a write operation (program or erase). This interrupt
can be used to exit from WFI mode only when the flash controller interface clock is on.
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Source Control/Status Register (PWR_CSR)

Address offset: 0x00
Reset value: 0x0000 0030

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

‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved |PRFTBS|PRFTBE|HLFCYA| LATENCY
r w w w w rw
Bit notation clarification

31:6 Reserved | Reserved

PRFTBS: prefetch buffer status

5 PRFTBS 0: prefetch buffer disabled

1: Prefetch buffer enabled

PRFTBE: Enable prefetch buffer

4 PRFTBE 0: prefetch buffer disabled

1: Prefetch buffer enabled

HLFCYA: Enabling Half-Cycle Access to Flash Memory
3 HLFCYA 0: Half-cycle banned

1: Half-cycle enabled

LATENCY: Delay

These bits indicate the ratio of system clock cycles to Flash access time
2:0 LATENCY 000 Zero wait state 0 < SYSCLK<=24 MHz

001 A wait state 24 MHz < SYSCLK <=48 MHz

010 Two wait states 48 MHz < SYSCLK <= 72 MHz

Startup Configuration

In the W55MH32, three different boot modes can be selected via the BOOT[1:0] pins.
Table3 Startup Modes

Startup Mode Selection
Pin activation mode clarification
BOOT1 BOOTO
X 0 main flash memory Main flash memory selected as boot area
0 1 system memory System memory selected as boot area
1 1 internal SRAM Internal SRAM selected as boot area

After system reset, the value of BOOT pin will be latched on the 4th rising edge of SYSCLK. The
user can select the startup mode after a reset by setting the state of the BOOT1 and BOOTO
pins.

On exit from standby mode, the value of the BOOT pin is relocked; therefore, the BOOT pin
should remain in the desired startup configuration in standby mode. After the boot delay, the
CPU fetches the address of the top of the stack from address 0x0000 0000 and begins executing
code from the address indicated by 0x0000 0004 in boot memory.

Because of the fixed memory image, the code area always starts at address 0x0000 0000
(accessed via the ICode and DCode buses), while the data area (SRAM) always starts at address
0x2000 0000 (accessed via the system bus). The Cortex-M3 CPU always gets the reset vector
from the ICode bus, i.e., booting is only appropriate to start from the code area (typically from
Flash). Starting (typically from Flash).The W55MH32 microcontroller implements a special
mechanism whereby the system can boot not only from Flash memory or system memory, but
also from the built-in SRAM.

Depending on the selected boot mode, the main flash memory, system memory, or SRAM can
be accessed as follows:

® Booting from the main flash memory: the main flash memory is mapped to boot space
(0x0000 0000), but it can still be accessed at its original address (0x0800 0000), i.e., the
contents of the flash memory can be accessed in two address areas, 0x0000 0000 or 0x0800
0000.

® Booting from system memory: System memory is mapped to boot space (0x0000 0000), but
it can still be accessed at its original address (original address Ox1FFF BOOO for interconnect
products, Ox1FFF FOOO for other products).

® Booting from the built-in SRAM: The SRAM can only be accessed in the address area starting
at 0x2000 0000.
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Notes: When booting from the built-in SRAM, the vector table must be remapped into the SRAM using
the NVIC's exception table and offset registers in the application’s initialization code.

Embedded Bootstrap Program

The embedded bootstrap program is stored in the system memory and is written on the
production line for reprogramming the flash memory via the available serial interface.
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CRC Calculation Unit

Introduction to CRC

The cyclic redundancy check (CRC) computation unit is to get the CRC computation result of
any 32-bit full word based on a fixed generating polynomial.

In other applications, the CRC technique is mainly used to verify the correctness and integrity
of data transfer or data storage. The standard EN/IEC 60335-1 provides a method for verifying
the integrity of flash memory, whereby a CRC calculation unit calculates a software identifier
at program runtime, which is then compared with a reference identifier generated at
connection time and stored in a designated memory space.

CRC Key Features

® Using the CRC-32 (Ethernet) polynomial: 0x4C11DB7
= X32+x26+x23+x22+x16+x12+x11+x10+x8+X7+Xx4+Xx2+x+1
® One 32-bit data register for input/output
® (CRC calculation time: 4 AHB clock cycles (HCLK)
® General purpose 8-bit register (can be used to store temporary data)
The following figure shows the block diagram of the CRC calculation unit

AHB bus

32-bit (read access)

Data register (output)

|

CRC computation (polynomial: 0x4C11DB7)

32-bit (write access) /£ T

Data register (input)

Figure2 Block diagram of the CRC calculation unit

CRC Functional Description

The CRC calculation unit contains one 32-bit data register:

® When a write operation is performed on this register, it serves as an input register for new
data to be entered for CRC calculation.

® A read operation to this register returns the result of the last CRC calculation.

For each write to the data register, the result of the calculation is a combination of the result
of the previous CRC calculation and the result of the new calculation (CRC calculations are
performed on the entire 32-bit word, not byte by byte).

CPU write operations are suspended during CRC calculations, so back-to-back writes or
sequential write-read operations can be performed to register CRC_DR.

Register CRC_DR can be reset to OxFFFF FFFF by setting the RESET bit of register CRC_CR. this
operation does not affect the data within register CRC_IDR.
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3.4 CRC Register
The CRC calculation unit consists of two data registers and one control register.

3.4.1 Data Register (CRC_DR)

Address offset: 0x00
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 28 17 16
| DR[31:16] |
rw rw rw r'w rw rw rw rw rw rw r'w rw rw rw r'w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| DR[15:0] |
rw rw rw r'w rw rw rw rw rw rw r'w rw rw rw r'w rw
Bit notation clarification
data register bits
31:0 CRC_DR When new data is written to the CRC calculator, the result of the CRC calculation is
returned when it is read as an input register.
3.4.2 Independent Data Register (CRC_IDR)
Address offset: 0x04
Reset value: 0x0000 0000
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved IDR[7:0] |
rw rw rw rw rw rw rw rw

Bit notation

clarification

31:8 Reserved

Reserved

7:0 CRC_IDR

General purpose 8-bit data register bits
Can be used to temporarily store 1 byte of data.

The CRC reset generated by the RESET bit of register CRC_CR has no effect on this register

3.4.3 Control Register (CRC_CR)

Address offset: 0x08
Reset value: 0x0000 0000

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

Bit notation clarification
31:1 Reserved Reserved
RESET bit
0 RESET Resume the CRC calculation unit and set the data register to OxFFFF FFFF.
Only '1' can be written to this bit, it is cleared '0' automatically by hardware.
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3.4.4  Control Status Extension Register (CRC_CSR)

Address offset: 0x0C
Reset value: 0x0000 00CA

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

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
XOR_O|REV_O[BYTE_
Reserved BYTE_NUM uT uT REV REV_IN| TYPE | POLY
rw rw rw rw w w w w
Bit notation clarification

31:8 Reserved Reserved

BYTE_NUM: Select the number of bytes for CRC calculation
0: Perform CRC operation only on byte0
1: byte0, byte1
7:6 BYTE_NUM | 2: byteO, byte1, byte2
3: byte0, bytet, byte2, byte3
Note: When configured as CRC16, only 0 and 1 can be configured
When configured as CRC32, all can be configured
XOR_OUT: XOR the CRC calculation result with Oxffffffff
5 XOR_OUT | 0: Output the calculation result directly
1: XOR CRC32 with Oxffffffff, and XOR CRC16 with 0x0000ffff
REV_OUT: Reverse the high and low bits of the CRC calculation result
4 REV_OUT | 0: Do not reverse
1: Reverse
BYTE_REV: CRC input byte endian reversal
For CRC32:
0: Calculation order byte0->byte1->byte2->byte3
3 BYTE_REV | 1: Calculation order byte3->byte2->byte1->byte0
For CRC16:
0: Calculation order byte0->byte1
1: Calculation order byte1->byte0
REV_IN: Calculate by reversing the endianness of the CRC 8-bit input size. For example,
2 REV IN bit7 participates in the operation as bit0, bité as bit1, and so on.
- 0: Do not reverse
1: Reverse
TYPE: CRC Type Selection
1 TYPE 0: CRC16
1: CRC32
POLY: Multiple options for CRC16. This bit is invalid when CRC32 is selected.
0 POLY 0: 0x8005
1: 0x1021

3.4.5 Initial Value Expansion Register (CRC_INI)
Address offset: 0x10
Reset value: OxFFFF FFFF

3130 29 28 27 26 25 24 23 22 21 20 19 28 17 16
| CRC_INI[31:16] |

w rw rw rw rw rw rw rw w rw rw rw w w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CRC_INI[15:0] |
w rw rw rw rw rw rw rw w rw rw rw w w rw rw
Bit notation clarification

CRC_INI: Initial value for CRC calculation

After writing to this register, it is necessary to configure the RESET register to load this
value.

Only the lower 16 bits are valid in CRC16 mode.

31:0 CRC_INI
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3.4.6 Result XOR Register (CRC_XOR)
Address offset: 0x14
Reset value: OxFFFF FFFF

31 30 29 28 27 26 25 24 23 2 2 20 19 28 17 16
| CRC_XOR[31:16] |

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
| CRC_XOR[15:0] |
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification

CRC_XOR: XOR value of the CRC result

After writing to this register, it is necessary to configure the RESET register to load this
value.

Only the lower 16 bits are valid in CRC16 mode.

31:0 CRC_XOR

3.4.7 CRC Register Image

The following table lists the register images and Reset values for CRCs
Table4 CRC Calculation Unit Register Images and Reset values

Offset | Register | & |m QR |RNIS|QIQIRINIS[Q(T|2|R|e2(F (29T |Q|o|w|~|o|n|¥|m|~||0
CRC_DR
000h Data RegisterOxFFFF FFFF
Reset value
CRC_IDR
004h Reserved Independent data register0x00
Reset value
G
008h CRCLR Reserved Q
Reset value 0
CRC_CSR BYTE 'él %I % f’ £ 3
00Ch Reserved NUM (S| El2|F| =
X | | m
Reset value 1 ‘1 o|joft1jo|1|0
o CRC_INI CRC_INI[31:0]
010 Reset value 1‘1‘1‘1‘1‘1‘1|1|1|1|1|1|1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1|1
o CRC_XOR CRC_XOR[31:0]
014 Reset value 1‘1‘1‘1‘1‘1‘1|1|1|1|1|1|1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1|1

For the starting addresses of the registers, see Table1
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Notes:

4.1.1

4.1.2

Power Control (PWR)

Power Supply

The W55MH32 operates from a voltage (VDD) of 2.0~ 3.6 V. The required 1.8 V supply is

provided through the built-in voltage regulator. When the main power supply VDD is powered
down, power is provided to the real-time clock (RTC) and backup registers through the VBAT
pin.

Vppa domain

A/D converter
t D/A converter
Temp. sensor
Reset block

R a—T
(Vss) Vssa

Vpp domain 1.8 V domain

(Vssa) VREE. E
(from 2.4 VV up to VDDA)VREF+

I/0 Ring Core

Vss 7 .
EE Standby circuitry Memories

] (Wakeup logic, d_lgltal
IWDG) peripherals

| Voltage Regulator |

Low voltage detector

l Backup domain

LSE crystal 32K osc
BKP registers

RCC BDCR register
RTC

Veat [1™>—

Figure3 Power Supply Block Diagram
VDDA and VSSA must be coupled to VDD and VSS respectively.

Separate A/D Converter Supply and Reference Voltage

To improve conversion accuracy, the ADC is powered by a separate power supply that filters
and shields it from burr interference on the printed circuit board.

® The ADC power pins are VDDA

® Separate power ground VSSA

If there is a VREF-pin (depending on the package), it must be connected to VSSA.

To ensure better accuracy when the input is low voltage, the user can connect a separate
external reference voltage ADC to the VREF+ and VREF- pins. The voltage range at VREF+ is

2.4V ~ VDDA.

Battery Backup Area

Connecting to the VBAT pin using a battery or other power source preserves the contents of the
backup registers and maintains the function of the RTC when VDD is powered down.

The VBAT pin supplies power to the RTC, LSE oscillator, and ports PC13 through PC15, which
ensures that the RTC will continue to operate when the main power supply is cut off. The switch
to switch to VBAT power supply is controlled by the power-down reset function in the reset
module.
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Notes:

4.1.3

4.2
4.2.1

Warning:

The power switch between VBAT and VDD remains connected to VBAT during the VDD rise phase
(tRSTTEMPO) or after a PDR (power-down reset) is detected.

During the VDD rise phase, current may be injected into VBAT through the internal diode
between VDD and VBAT if VDD reaches a steady state in less than tRSTTEMPO (refer to the
relevant section in the datasheet for the value of tRSTTEMPO) and VDD > VBAT + 0.6V.

If the power supply or battery connected to the VBAT cannot withstand such an injection
current, it is highly recommended to connect a low dropout diode between the external VBAT
and the power supply.

If an external battery is not available in the application, it is recommended that the VBAT be
connected externally to VDD and a 100nF ceramic filter capacitor.

When the backup area is powered by VDD (internal analog switch connected to VDD), the
following functions are available:

® PC14 and PC15 can be used for GPIO or LSE pins

® The PC13 can be used as a general-purpose 1/0 port, a TAMPER pin, an RTC calibration
clock, an RTC alarm clock, or a seconds output (see Chapter 5: Backup Registers (BKP).)
Because the analog switches can only pass a small amount of current (3mA), there are
limitations to using the /0 port functions of the PC13 to PC15 in output mode: the speed must
be limited to less than 2MHz, the maximum load is 30pF, and these I/0 ports must never be
used as a current source (e.g., to drive LEDs).

When the backup area is powered by VBAT (analog switch connected to VBAT after VDD
disappears), the following function can be used:

® PC14 and PC15 can only be used on the LSE pin

® PC13 can be used as a TAMPER pin, RTC alarm clock, or seconds output (see Section5.4.2 :
RTC Clock Calibration Register (BKP_RTCCR))

Voltage Regulator

The regulator is always enabled after reset. Depending on the application it works in 3 different
modes.

® Running Mode: the regulator provides 1.8V power (core, memory and peripherals) in
normal power mode.

® Stop Mode: the regulator provides a 1.8V supply in low power mode to save the contents
of the registers and SRAM.

® Standby mode: the regulator is de-energized. The contents of the registers and SRAM are
all lost except for the standby circuit and backup domain.

Power Manager

Power-On Reset (POR) and Power-Down Reset (PDR)

The W55MH32 has a complete internal power-on reset (POR) and power-down reset (PDR)
circuitry that allows the system to operate normally when the supply voltage reaches 2V.
When VDD/VDDA falls below the specified limit voltage VPOR/VPDR, the system remains in the
reset state without the need for an external reset circuit. Refer to the Electrical Characteristics
section of the datasheet for details on power-on reset and power-down reset.

W55MH32 Reference Manual V1.0.1 43/645



4.2.2

@}Znet

VDD/VDDA
A
VPOR/PDR
rising edge TtTTTTTTTT I U
I
| 40 mV
i
VPOR/PDR } hysteresis PDR
fallingedge | "~""""°""°° . A
i | 1
o :
b !
| | 1
! ¢ ': Temporization !
| | tRSTTEMPO :
Lo
L
Reset

Figure4 Power-on reset and power-down reset waveforms

Programmable Voltage

Monitor (PVD)

The user can monitor the power supply by using PVD to compare the VDD voltage with the
PLS[2:0] bits in the Power Control Register (PWR_CR), which select the threshold value for

monitoring the voltage.

PVD is enabled by setting the PVDE bit.
The PVDO flag in the Power Control/Status Register (PWR_CSR) is used to indicate whether VDD
is above or below the voltage threshold for PVD. This event is internally connected to line 16
of the external interrupt and generates an interrupt if the interrupt is enabled in the external
interrupt register. A PVD interrupt is generated when VDD falls below the PVD threshold and/or
when VDD rises above the PVD threshold, depending on the rising/falling edge trigger setting
of line 16 of the external interrupt. This feature can be used, for example, for performing

emergency shutdown tasks.

VDD
PVD threshold 100 mV
fmmmem - . __hysteresis
I
1
I
1
1
I
1
PVD output m™———— - —

Figure5 Threshold for PVD
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Low Power Mode

After a system or power reset, the microcontroller is in a running state. Various low-power
modes can be utilized to save power when the CPU does not need to continue running, such as
when waiting for an external event. The user needs to select an optimal low-power mode based
on conditions such as lowest power consumption, fastest boot time, and available wake-up

sources.

Three low-power modes:
® Sleep mode (Cortex™ -M3 core is stopped, all peripherals including those of the Cortex-M3

core, such as NVIC, system clock (SysTick), etc. are still running)
® Stop mode (all clocks are stopped)

® Standby mode (1.8V power off)

In addition, in the operation mode, power consumption can be reduced in one of the following

ways:

® Reduced system clock

® Turns off unused peripheral clocks on the APB and AHB buses.

Table5 Low Power Mode List

For the 1.8V
region PR e voltage
paradigm go into awakens Vbparea
Impact of the clocks regulator
clock
(SLEEP-NOW or other clocks not have check, 1nvoic’e
SLEEP-ON-EXIT) WrE wake-up event | 4 ADC clocks etc)
On or in low
Any external power dmodte
(of a prepaid mobile PDDS and LPDS bits | interrupt (set in Eﬁgc:erttmg oof
phone) be out of + SLEEPDEEP bits + the external the powir
credit WFI or WFE interrupt control
register) Turn off all Oscillator register
clocks in the shutdown for (PWR_CR))
Rising edge on 1.8V region HSI and HSE =
PDDS bit + WTUP pin, RtTC
pragmatic SLEEPDEEP bit + alarm elven ’ mountain pass
WFI or WFE external reset
on NRST pin,
IWDG reset

Reduced System Clock

In Run mode, any of the system clocks (SYSCLK, HCLK, PCLK1, PCLK2) can be slowed down by
programming the prescaler registers. The prescaler can also be utilized to lower the peripheral

clocks before entering sleep mode. See 6.3.2for detailsSection : Clock Configuration Register
(RCC_CFGR) .

Control of External Clock

In Run mode, power consumption can be reduced at any time by stopping the clocks (HCLK and
PCLKXx) for the peripherals and memory. To reduce power consumption even more in sleep mode,
all peripheral clocks can be turned off before executing a WFI or WFE instruction.

The clocks of each peripheral module are switched on and off by setting the AHB peripheral
clock enable register (RCC_AHBENR), the APB2 peripheral clock enable register (RCC_APB2ENR),
and the APB1 peripheral clock enable register (RCC_APB1ENR).

Sleep Mode

Go to Sleep Mode
The sleep state is entered by executing the WFI or WFE instruction. Depending on the value of
the SLEEPONEXIT bit in the Cortex™ -M3 System Control Register, two options are available to

select the sleep mode entry mechanism:
® SLEEP-NOW: If the SLEEPONEXIT bit is cleared, the microcontroller enters sleep mode
immediately when WRI or WFE is executed.
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® SLEEP-ON-EXIT: If the SLEEPONEXIT bit is set, the microcontroller enters sleep mode
immediately when the system exits from the lowest priority interrupt handler.

In sleep mode, all I/0 pins remain in the same state as they were in run mode.

Refer toTable6 andTable7 for more details on how to enter sleep mode.

Exit Sleep Mode

If the WFI instruction is executed to enter sleep mode, any one of the peripheral interrupts
responded to by the Nested Vector Interrupt Controller can wake the system from sleep mode.
If the WFE instruction is executed to enter sleep mode, the microprocessor will exit from sleep
mode whenever a wake-up event occurs. A wake-up event can be generated in the following
ways:
® Enable an interrupt in the peripheral control register, not in the NVIC (Nested Vector
Interrupt Controller), and enable the SEVONPEND bit in the Cortex-M3 system control register.
The peripheral interrupt pending bit and the peripheral NVIC interrupt channel pending bit (in
the NVIC interrupt clear pending register) must be cleared when the MCU wakes up from WFE.
® (Configure an external or internal EXIT line for event mode. When the MCU wakes up from
WFE, it is not necessary to clear the peripheral’s interrupt pending bit or the peripheral's NVIC
interrupt channel pending bit because the pending bit corresponding to the event line is not
set.
This mode takes the least amount of time to wake up because there is no time lost on interrupt
entry or exit. Refer toTable6é andTable7 for more details on how to exit sleep mode.
Table6 SLEEP-NOW Mode
SLEEP-NOW mode instructions

Execute the WFI (wait for interrupt) or WFE (wait for event) instruction under the

following conditions:

go into - SLEEPDEEP=0 and

- SLEEPONEXIT=0

Refer to the Cortex-M3 System Control Register at .

If the WFI is executed enter sleep mode:

Interrupts: refer to the interrupt vector table (Table51

If the WFE is executed enter sleep mode:

Wake-up events: refer to Wake-up event management (section8.2.3)
Table7 SLEEP-ON-EXIT Modes

SLEEP-ON_EXIT mode instructions

Execute the WFI command under the following conditions:

. - SLEEPDEEP=0 and

go into - SLEEPONEXIT=1

Reference Cortex™ -M3 System Control Registers

abort

abort Interrupts: refer to the interrupt vector table (Table51

wake-up delay not have

4.3.4 Stop Mode

Stop mode is a combination of peripheral clock control mechanisms based on the deep sleep
mode of the Cortex™ -M3. In stop mode the voltage regulator can operate in normal or low

power mode. All clocks in the 1.8V supply area are stopped, PLL, HSI and HSERC oscillator
functions are disabled, and SRAM and register contents are preserved.
In stop mode, all I/0 pins remain in the same state as they were in run mode.

Entering Stop Mode

SeeTable8 for details on how to enter stop mode.

In stop mode, more power consumption can be reduced by setting the LPDS bit of the Power
Control Register (PWR_CR) to put the internal regulator into low-power mode.

If flash programming is in progress, the system does not enter stop mode until access to memory
is complete.

If an access to the APB is in progress, the system does not enter stop mode until the access to
the APB is complete. The following functions can be selected by programming separate control
bits:

® Independent Watchdog (IWDG): the IWDG can be started by writing to the watchdog's key
register or by hardware selection. once the independent watchdog has been started, it cannot
be stopped again except by a system reset. See Section 17.3 for details.
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® Real Time Clock (RTC): set via the RTCEN bit of the Backup Domain Control Register
(RCC_BDCR).

Internal RC oscillator (LSIRC): set via the LSION bit of the control/status register (RCC_CSR).
External 32.768kHz oscillator (LSE): set via the LSEON bit of the Backup Domain Control
Register (RCC_BDCR).

In stop mode, if the ADC and DAC are not turned off before entering this mode, these
peripherals still consume current. These 2 peripherals can be turned off by setting the ADON
bit of register ADC_CR2 and the ENx bit of register DAC_CR to zero.

Exit Stop Mode

See the following table for details on how to exit stop mode.

The HSIRC oscillator is selected as the system clock when an interrupt or wake-up event causes

an exit from stop mode.

When the voltage regulator is in low power mode, there will be an additional start-up delay

when the system exits from stop mode. If the internal regulator is kept on during stop mode,

the exit startup time will be shorter, but the corresponding power consumption will increase.
Table8 Stop Mode

Stop Mode instructions

Execute the WFI (wait for interrupt) or WFE (wait for event) instruction under the
following conditions:

-Sets the SLEEPDEEP bit in the Cortex-M3 system control registers.

-clears the PDDS bit in the Power Control Register (PWR_CR)

-Selects the mode of the voltage regulator by setting the LPDS bit in PWR_CR

Note: In order to enter stop mode, all request bits for external interrupts (pending
register (EXTI_PR)) and the alarm flag of the RTC must be cleared, otherwise the stop
mode entry process will be skipped and the program continues to run.

go into

If the WFI is executed enter the stop mode:

Set any external interrupt line to interrupt mode (the corresponding external interrupt
vector must be enabled in the NVIC). See the interrupt vector table (Table51 ).

If the WFE is executed enter the stop mode:

Set any external interrupt line to event mode. See Wake-Up Event Management
(Section8.2.3 ).

abort

wake-up delay HSIRC Wake-Up Time+ Time for the voltage regulator to wake up from low power.

Standby Mode

Standby mode enables the lowest power consumption of the system. This mode turns off the
voltage regulator while the Cortex-M3 is in deep sleep mode. The entire 1.8V supply area is
powered down. the PLL, HSI, and HSE oscillators are also powered down. the SRAM and register
contents are lost. Only the backup registers and standby circuitry maintain power (seeFigure3 ).

Entering Standby Mode

SeeTable9 for details on how to enter standby mode.

The following standby mode functions can be selected by setting separate control bits:

® Independent Watchdog (IWDG): The IWDG can be started by writing to the watchdog's key
register or by hardware selection. once the independent watchdog has been started, it cannot
be stopped again except by a system reset. See section18.3 for details.

® Real Time Clock (RTC): set via the RTCEN bit of the Backup Region Control Register
(RCC_BDCR).

® Internal RC oscillator (LSIRC): set via the LSION bit of the control/status register (RCC_CSR).
® External 32.768kHz oscillator (LSE): set via the LSEON bit of the Backup Region Control
Register (RCC_BDCR).

Exit Standby Mode

The microcontroller exits from standby mode when an external reset (NRST pin), an IWDG reset,
a rising edge on the WKUP pin, or a rising edge of an RTC alarm event occurs (seeFigure175 :
Simplified RTC Block Diagram). Upon wakeup from standby, all registers are reset except the
power control/status register (PWR_CSR) (see Section4.4.2 ).

Code execution after waking up from standby mode is equivalent to execution after a reset
(sampling boot mode pins, reading reset vectors, etc.). The Power Control/Status Register
(PWR_CSR) (see Section4.4.2 ) will instruct the core to exit from standby.

See the following table for details on how to exit standby mode.
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Table9 Standby Modes

standby mode clarification

Execute the WFI (wait for interrupt) or WFE (wait for event) instruction under the
following conditions:
go into - Setting the SLEEPDEEP bit in the Cortex™ -M3 system control registers

- Setting the PDDS bit in the Power Control Register (PWR_CR)
- Clear the WUF bit in the power control/status register (PWR_CSR)

Rising edge of WKUP pin, rising edge of RTC alarm event, external reset on NRST pin,

abort IWDG reset.

wake-up delay Startup of the voltage regulator during the reset phase.

Input/Output Port Status in Standby Mode

In standby mode, all I/0 pins are in the high resistance state, except for the following pins:
® Reset pin (always active)

® TAMPER pin when set to anti-intrusion or calibration outputs

® Enabled wake-up pins

Debug Mode
By default, if the microprocessor is put into stop or standby mode while debugging the
microprocessor, the debug connection will be lost. This is because the Cortex™ -M3 core loses

its clock.

However, by setting certain configuration bits in the DBGMCU_CR register, it is possible to
debug the software while using low-power mode. Refer to Section31.16.1 : Debugging Support
for Low Power Mode for more details.

Automatic Wake-up in Low-Power Mode (AWU)

The RTC can wake up the microcontroller in low-power mode without relying on external

interrupts (automatic wake-up mode).The RTC provides a programmable time base for periodic

wake-up from stop or standby mode. Two of the three RTC clock sources can be selected to

implement this function by programming the RTCSEL[1:0] bits of the Backup Region Control

Register (RCC_BDCR).

® Low power consumption 32.768kHz external crystal (LSE)

The clock source provides a low-power and accurate time reference. (Consumption is less than
1uA in typical cases).

® Low Power Internal RC Oscillator (LSIRC)

Using this clock source saves the cost of a 32.768kHz crystal. But the RC oscillator will increase
the power consumption a little. In order to wake up the system from stop mode with an
RTC alarm event, the following must be done:

® (onfigure external interrupt line 17 for rising edge triggering.

® Configure the RTC so that it can generate RTC alarm events.

It is not necessary to configure the external interrupt line 17 if you want to wake up from

standby mode.

Power Control Register

These peripheral registers can be operated in half-word (16-bit) or word (32-bit) format.

Power Control Register (PWR_CR)

Address offset: 0x00
Reset value: 0x0000 0000 (cleared on wake-up 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
Reserved | ose | PLS[2:0] | pvoE | csBF | cwur | pops | Leps |
w w rw w w  rc_wl rc_wi w w
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Bit notation clarification

31:9 Reserved Reserved

DBP: Remove write protection from the backup area
After a reset, the RTC and Backup registers are in a protected state to prevent accidental
writes. Set this to allow writes to these registers.

8 bBP 0: Write to RTC and back-up registers disabled

1: Writes to the RTC and Backup Registers are allowed
Note: If the RTC is clocked to HSE/128, this bit must be held to '1'.
PLS[2:0]: PVD level selection
These bits are used to select the voltage
threshold for the supply voltage monitor
000: 2.2V 100: 2.6V

7:5 PLS 001: 2.3V 101: 2.7V
010: 2.4V 110: 2.8V
011: 2.5V 111: 2.9V

Note: See the Electrical Characteristics section of the datasheet for a detailed description.

PVDE: Power supply voltage monitor (PVD) enable

4 PVDE 0: PVD disabled

1: Turn on PVD

CSBF: Clear standby bit always reads 0

3 CSBF 0: No effect

1: Clear SBF standby bit (write)

CWUF: Clear Wake-Up Bit Always Read Out to 0

2 CWUF 0: No effect

1: Clear WUF wake-up bit after 2 system clock cycles (write)
PDDS: Power-Down Deep Sleep and LPDS Bit Co-Operation
0: Enter shutdown mode when the CPU enters deep sleep and the state of the regulator is

! PDDS | ontrolled by the LPDS bit.
1: The CPU enters standby mode when it enters deep sleep.
LPDS: Low power consumption under deep sleep

0 LPDS PDDS=0 operates in concert with the PDDS bit

0: Voltage regulator on in shutdown mode
1: In shutdown mode the voltage regulator is in low power mode

4.4.2 Power Control/Status Register (PWR_CSR)

Address offset: 0x04
Reset value: 0x0000 0000 (not cleared when waking up from standby mode)
Reading this register requires an additional APB cycle compared to 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
| Reserved | EWUP | Reserved | PVDO | SBF | WUF |
'w r r r
Bit notation clarification

31:9 Reserved | Reserved

EWUP: Enable WKUP pin

0: WKUP pin is general purpose /0. Events on the WKUP pin cannot wake up the CPU from
standby mode

8 EWUP 1: The WKUP pin is used to wake up the CPU from standby mode. The WKUP pin is forced to
an input pull-down configuration (a rising edge on the WKUP pin wakes up the system from
standby mode).

Note: This bit is cleared during a system reset.

7:3 Reserved | Reserved. Always reads 0.

PVDO: PVD output

This bit is valid when PVD is enabled by the PVDE bit

0: VDD/VDDA above the PVD threshold value selected by PLS[2:0]

1: VDD/VDDA is below the PVD threshold value selected by PLS[2:0].

Note: In standby mode PVD is stopped. Therefore, after standby mode or after a reset, this
bit is 0 until the PVDE bit is set.

2 PVDO

SBF: standby flag

This bit is set by hardware and can only be cleared by POR/PDR (Power On/Power Off Reset)
1 SBF or by setting the CSBF bit of the Power Control Register (PWR_CR).

0: System is not in standby mode

1: System enters standby mode

WUF: Wake Up Flag

0 WUF This bit is set by hardware and can only be cleared by POR/PDR (Power On/Power Off Reset)
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or by setting the CWUF bit of the Power Control Register (PWR_CR).
0: No wakeup event occurred

the EWUP bit) the WKUP pin is enabled.

1: A wake-up event occurs on the WKUP pin or an RTC alarm event occurs.
Note: When the WKUP pin is already high, an additional event is detected when (by setting

4.4.3 PWR Register Address Image
The following table lists all PWR registers.

Table10 PWR Register Address Map and Reset values

Offset Register |&|2|Q[QIN[SQ|QIIKNSIQS(2T(L(L|I[2|2 (2] o [o|~]|o|w|t|m|~f—|o
al PSS |8]|5(5|8]4
PWR_CR gl oo 12181288
000h Reserved [2:0] |&|O(T|a|=
Reset value 0|0 | 0 | ojofo|o|o0fO
a a ™
PWR_CSR g S é g

004h Reserved [} Reserved o
Reset value 0 000

SeeTable1 for register start addresses.
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5.1

5.2

5.3
5.3.1

Notes:

5.3.2

Backup Register (BKP)

Introduction to BKP

The backup registers are 42 16-bit registers that can be used to store 84 bytes of user
application data. They are in the backup domain, and when the VDD power is cut off, they are
still maintained powered by VBAT. They are also not reset when the system is woken up in
standby mode, or when the system is reset or power is reset.

In addition, the BKP control register is used to manage the intrusion detection and RTC
calibration functions.

After reset, access to the backup registers and RTC is disabled and the backup domain is
protected against possible accidental write operations. Perform the following operations to
enable access to the backup registers and RTC.

® Turn on the clock for the power and backup interfaces by setting the PWREN and BKPEN
bits of register RCC_APB1ENR.

® The DBP bit of the Power Control Register (PWR_CR) is used to enable access to the Backup
Register and RTC.

BKP Characteristics

® Data Backup Register.

® Status/control registers for managing anti-intrusion detection with interrupt capability

® A checksum register used to store the RTC checksum value.

® Output RTC calibration clock, RTC alarm pulse or seconds pulse on PC13 pin (when this pin
is not used for intrusion detection).

BKP Functional Description

Intrusion Detection

When the signal on the TAMPER pin changes from '0' to '1' or from '1' to '0' (depending on the
TPAL bit of the Backup Control Register BKP_CR), an Intrusion Detection event is generated.
The Intrusion Detection event clears the contents of all data backup registers.

However, to avoid losing the intrusion event, the intrusion detection signal is the logical sum
of the signal detected at the edge and the intrusion detection allow bit, so that an intrusion
event that occurs before the intrusion detection pin is allowed can also be detected.

® When TPAL=0: If the TAMPER pin is already high before the intrusion detection TAMPER pin
is activated (by setting the TPE bit), an additional intrusion event is generated once the
intrusion detection function is activated (even though no rising edge occurs after TPE position
1.

® When TPAL=1: If this pin is already low before activating the intrusion detection pin
TAMPER (by setting the TPE bit), an additional intrusion event is generated once the intrusion
detection function is activated (even though no falling edge occurs after the TPE position '1').
Setting the TPIE bit of the BKP_CSR register to '1' generates an interrupt when an intrusion
event is detected.

After an intrusion event has been detected and cleared, the intrusion detection pin TAMPER
should be disabled. The intrusion detection function is then re-enabled with the TPE bit before
writing to the backup data register again. This prevents software from writing to the backup
data register while there is still an intrusion event on the intrusion detection pin. This is
equivalent to level detecting the intrusion pin TAMPER.

The intrusion detection function remains active when the VDD supply is disconnected. To avoid
unnecessary reset of the data backup register, the TAMPER pin should be connected off-chip
to the correct level.

RTC Calibration

To facilitate measurements, the RTC clock can be output via a 64-division frequency to the
intrusion detection pin TAMPER. This feature is enabled by setting the CCO bit of the RTC
checksum register (BKP_RTCCR).

By configuring the CAL[6:0] bits, this clock can be slowed down by up to 121 ppm.
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5.4 BKP Register Description

For the abbreviations used in the register descriptions, refer to Sectiont .
These peripheral registers can be operated in half-word (16-bit) or word (32-bit) format.

5.4.1 Backup Data Register x (BKP_DRx) (x=1..10)

Address offset: 0x04 to 0x28, 0x40 to 0xBC
Reset value: 0x0000 0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
D[15:0]
rw w rw w w rw w w rw rw w rw rw w w w
Bit notation clarification

D[15:0]: Backup data

These bits can be used to write user data.

Note: The BKP_DRx register will not be reset by a system reset, power reset, or wake-up
from standby mode.

They can be reset by a backup domain reset or (if the Intrusion Detection Pin TAMPER
function is enabled) by an intrusion pin event.

5.4.2 RTC Clock Calibration Register (BKP_RTCCR)

Address offset: 0x2C
Reset value: 0x00000000

15:0 D[15:0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | Asos | asoE | cco | CAL[6:0]
rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
15:8 Reserved Reserved, always reads 0. startup) is reset by an intrusion pin event.
ASOS: Alarm or second output selection
When the ASOE bit is set, the ASOS bit can be used to select whether the output on the
9 ASOS TAMPER pin is an RTC seconds pulse or an alarm clock pulse signal.
0: Output RTC alarm pulse
1: Output second pulse
Note: This bit can only be cleared by a reset of the backup area
ASOE: Allow output of alarm or second pulse (Alarm or second output enable)
Depending on the setting of the ASOS bit, this bit allows an RTC alarm or seconds pulse to
8 ASOE be output to the TAMPER pin.
The width of the output pulse is one cycle of the RTC clock. TAMPER cannot be enabled
when the ASOE bit is set.
Note: This bit can only be cleared by a reset of the backup area
CCO: Calibration clock output
0: no effect
7 cco 1: This position 1 allows the output of a 64-division RTC clock at the intrusion detection
pin. When the CCO is in position 1, the intrusion detection function must be turned off to
avoid detecting useless intrusion signals.
Note: This bit is cleared when the VDD supply is disconnected.
CAL[6:0]: Calibration value
The calibration value indicates how many clock pulses will be skipped within every 220
6:0 CAL clock pulses. This can be used to calibrate the RTC to slow down the clock by a ratio of
1000000/220ppm.
The RTC clock can be slowed down by 0 to 121 ppm.

5.4.3  Backup Control Register (BKP_CR)

Offset address: 0x30
Reset value: 0x0000 0000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | TPl | TPE |
rw rw
Bit notation clarification

15:2 Reserved Reserved, always reads 0.

TPAL: Intrusion detection TAMPER pin active level (TAMPERpinactivelevel)

1 TPAL 0: Intrusion Detection A high level on the TAMPER pin clears all data backup registers (if the
TPE bit is 1)
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1: Intrusion Detection A low level on the TAMPER pin clears all data backup registers (if the
TPE bit is 1)

TPE: Startup Intrusion Detection TAMPER pin (TAMPERpinenable)

0 TPE 0: Intrusion detection TAMPER pin used as general purpose 10 port

1: Turn on the intrusion detection pin to be used as intrusion detection

Notes: It is always safe to set both the TPAL and TPE bits at the same time. However, clearing both
at the same time will generate a false intrusion event. Therefore, it is recommended to change
the state of the TPAL bit only when TPE is 0.

5.4.4 Backup Control/Status Register (BKP_CSR)

Offset address: 0x34
Reset value: 0x00000000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | TIF | TEF | Reserved |TPIE | CTl | CTE |
r r rw w w
Bit notation clarification

15:10 Reserved | Reserved, always reads 0.

TIF: Trespass Interrupt Flag (Tamper interrupt flag)

This bit is set by hardware when an intrusion event is detected and the TPIE bit is 1. This
flag bit is cleared by writing a 1 to the CTI bit (which also clears the interrupt). If the TPIE
9 TIF bit is cleared, this bit is also cleared.

0: No intrusive interruptions

1: Generation of intrusive interruptions

Note: Reset this bit only after a system reset or wake-up from standby mode.

TEF: Tamper event flag

This bit is set by hardware to 1 when an intrusion event is detected, and can be cleared by
writing a 1 to the CTE bit.

0: No intrusion

1: Intrusion detected

Note: An intrusion event resets all BKP_DRx registers. All BKP_DRx registers remain reset
as long as TEF is 1. When this bit is set to 1, if a write operation is performed to the
BKP_DRX, the value written will not be saved.

7:3 Reserved | Reserved, always reads 0.

TPIE: TAMPER pin interrupt enable

0: Disable intrusion detection interrupt

2 TPIE 1: Allow intrusion detection interrupt (TPE bit of BKP_CR register must also be set to 1)
Note 1: Intrusive interrupts cannot wake up the system core from low-power mode.
Note 2: Reset this bit only when the system is reset or woken up from standby mode.
CTI: Clear tamper interrupt (Clear tamper interrupt)

This bit can only be written to, and the read value is 0.

8 TEF

1 CTI . .
0: Invalid
1: Clear Intrusion Detection Interrupt and TIF Intrusion Detection Interrupt flags
CTE: Clear tamper event

0 CTE This bit can only be written to, and the read value is 0.

0: Invalid
1: Clear the TEF intrusion detection event flag (and reset the intrusion detector).

5.4.5 BKP Register Image

The BKP register is a 16-bit addressable register.
Table11 BKP register image and Reset values

offset | Register = 2|2 N2 Q% RRT 22 elolzlnlac/elo w/n on]</m a0
000h Reserved
BKP_DR1 D[15:0]
004h Reserved
Reset value olo]oo]o]o]afo]ofo]o|o]o]o]o]o
BKP_DR2 D[15:0]
008h Reserved
Reset value o|o|o|o|o|0|o|o|o|o|o|0|o|o|o|o
BKP_DR3 D[15:0]
00Ch Reserved
Reset value o|o|o]o|o]o]o]o]o]o|o]o]o|o]0]o0
BKP_DR4 D[15:0]
010h Reserved
Reset value o|o|o]o|o]o]o]o]o]o|o]o]o|o]0]o0
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014h BKP_DRS Reserved pI13:0]
Reset value o|o|o]o|o]o]a]o]o]o|o]o]o|o]o]o0
018h BKP_DR6 Reserved pI13:01
Reset value o|o|o]o|o]o]o]o|o]o|o]o]a|o]0]0
01Ch BKP_DR7 Reserved pI13:0]
Reset value o|o|o]o|o]o]o]o]o]o|o]o]o|o]o]o0
020h BKP_DR8 Reserved plt=:01
Reset value o|o|o]o|o]o]o]o]o]o|o]o]o]o]o]o0
024h BKP_DR9 Reserved plt=:01
Reset value o|o|o]o|o]o]o]o]o]o|o]o]o|o]0]o0
028h BKP_DRTO Reserved pI13:0]
Reset value o|o|o]o|o]o]o]o]o]o|o]o]o|o]0]o0
oach BKP_RTCCR ecerved é g S CAL[6:0]
Reset value 0000|0|0|0|0 0o
RTC_CR = &
030h Reserved =
Reset value 0]0
Wi —w
034h RTC.GR Reserved E E Reserved = G|S
Reset value 00 0(o]o0
038h Reserved
03Ch Reserved
BKP_DR11 D[15:0]
040h Reset value Reserved o|o|o]o|o|o]o]o]o]o|o]o]o]o]0]0
044h BKP_DR12 Reserved PL1>:0]
Reset value O|O|O|O|O|O|0|O|O|0|O|O|O|0|O|O
048h BKP_DR13 Reserved PL1>:0]
Reset value o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o
BKP_DR14 D[15:0]
o4ch Reset value Reserved o|o|0|0|o|0|0|0|0|0|0|0|0|0|0|o
BKP_DR15 D[15:0]
050n Reset value Reserved o|o|0|0|o|0|0|0|0|o|0|0|o|0|0|o
BKP_DR16 D[15:0]
0>4h Reset value Reserved O|O|O|O|O|O|0|O|O|0|O|O|O|0|O|O
058h BKP_DR17 Reserved PL1>:0]
Reset value o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o
BKP_DR18 D[15:0]
0¢h Reset value Reserved o|o|0|0|o|0|0|0|0|0|0|0|0|0|0|o
BKP_DR19 D[15:0]
060h Reset value Reserved o|o|0|0|o|0|0|0|0|o|0|0|o|0|0|o
BKP_DR20 D[15:0]
064h Reset value Reserved O|O|O|O|O|O|0|O|O|0|O|O|O|0|O|O
BKP_DR21 D[15:0]
068h Reset value Reserved o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o
06Ch BKP_DR22 Reserved D[15:0]
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Offset Register =2L7RIGRINNSIR 2R eI 2¥ Z(C o @ ~N0|in|¥|m N[~ |0
Reset value 0j0]|0 o|jofof0ojojOoj0O|0Of0O]0O]O
BKP_DR23 D[15:0]

070h Reset value Reserved o|o]o]o]o|o]e]o]o]o]o]o]|o]a]0]0
BKP_DR24 D[15:0]

074h Reset value Reserved o|oo]o]o|o|o]o]o]o]o|o]a]o]o]0
BKP_DR25 D[15:0]

078h Reset value Reserved o|oo]o]o|o|o]o]o]o]o|o]a]o]0]0
BKP_DR26 D[15:0]

o7ch Reset value Reserved O|O|O|O|O|O|0|0|0|0|0|0|O|0|0|O
BKP_DR27 D[15:0]

080h Reset value Reserved o|o]o]o]o|o]e]o]o]o]o]o]o]a]o]0
BKP_DR28 D[15:0]

084h Reset value Reserved o|ofo|o|o]oo|o]o]o]o|o]0]0]0]0
BKP_DR29 D[15:0]

088h Reset value Reserved o|ofo|o|o]o]o|o]o]o]o|o]0]a]0]0
BKP_DR30 D[15:0]

08ch Reset value Reserved O|O|O|O|O|O|0|0|0|0|0|0|O|0|0|O
BKP_DR31 D[15:0]

0%0h Reset value Reserved o|oo]o]o|o|o]o]o]o]a|o]o]o]o]0
BKP_DR32 D[15:0]

094h Reset value Reserved o|oo]o]o|o|o]o]o]o]o|o]a]o]o]0
BKP_DR33 D[15:0]

098h Reset value Reserved o|oo]o]o|o]o]o]o]o]o|o]a]o]o]0
BKP_DR34 D[15:0]

09¢h Reset value Reserved o|oo]o]o|o|o]o]o]o]o|o]a]o]o]0
BKP_DR35 D[15:0]

040D Reset value Reserved O|O|O|O|O|O|0|0|0|0|0|0|O|0|0|O
BKP_DR36 D[15:0]

OAdh Reset value Reserved o|o]o]o]o|o]e]o]o]o]o]o]|o]a]0]0
BKP_DR37 D[15:0]

0Agh Reset value Reserved o|oo]o]o|o|o]o]o]o]o|o]a]o]0]0
BKP_DR38 D[15:0]

OACh Reset value Reserved o|oo]o]o|o|o]o]o]o]o|o]a]o]o]0
BKP_DR39 D[15:0]

080 Reset value Reserved O|O|O|O|O|O|0|0|0|0|0|0|O|0|0|O
BKP_DR40 D[15:0]

0B4h Reset value Reserved o|o]o]o]o|o]e]o]o]o]o]o]|o]a]0]0
BKP_DR41 D[15:0]

068h Reset value Reserved o|oo]o]o|o|o]o]o]o]o|o]a]o]0]0
BKP_DR42 D[15:0]

oBeh Reset value Reserved o|ofo|o|o]o]o|o]o]o]o|o]0]0]0]0

SeeTable1 for register start addresses.
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6 Reset and Clock Control (RCC)

6.1 Reset (a Dislocated Joint, an Electronic Device etc)

The W55MH32 supports three forms of reset, namely system reset, power-on reset and backup
area reset.

6.1.1 System Reset

A system reset will reset all registers to their reset state except for the reset flag bit in the
RCC_CSR register of the clock controller and the registers in the backup area (seeFigure3 ).

A system reset is generated when any of the following events occur:

1. Low level on NRST pin (external reset)

2. Window watchdog count termination (WWDG reset)

3. Independent Watchdog Count Termination (IWDG Reset)

4. Software reset (SW reset)

5. Low power management reset

The source of the reset event can be identified by looking at the reset status flag bit in the
RCC_CSR control status register.

Software Reset
A software reset can be achieved by setting the SYSRESETREQ position '1' in the Cortex™ -M3

Interrupt Application and Reset Control Register. Please refer to the Cortex™ -M3 Technical
Reference Manual for further information.

Low Power Management Reset

A low-power management reset can be generated in the following two cases:
1. Generates a low-power management reset when entering standby mode:

This reset will be enabled by setting the nRST_STDBY position '1" in the user selection byte.
At this point, even if the process of entering standby mode is performed, the system will be
reset instead of entering standby mode. process, the system will be reset instead of entering
standby mode.
2. Generates a low-power management reset when entering stop mode:

This reset will be enabled by setting the nRST_STOP position '1" in the user selection byte.
At this point, even if the process of entering the shutdown mode procedure is performed,
the system will be reset instead of entering shutdown mode.

6.1.2 Power Reset

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

1. Power-on/power-off reset (POR/PDR reset)

2. Return from standby mode

A power reset will reset all registers except the backup area. (SeeFigure3

The reset source in the figure will eventually act on the RESET pin and remain low during the
reset process. The reset entry vector is fixed at address 0x0000_0004.

The chip’s internal reset signal is output on the NRST pin, and the pulse generator ensures that

each (external or internal) reset source has a pulse delay of at least 20 ys; it generates a reset
pulse when the NRST pin is pulled low to generate an external reset.
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Figure6 Reset Circuit

L

Backup Domain Reset

The backup area has two specialized resets that affect only the backup area (seeFigure3 ). A

backup area reset is generated when one of the following events occurs.

1. software reset, a backup area reset can be by setting the Backup Domain Control Register
(RCC_BDCR) generated BDRST bit in the (see section6.3.9 ).

2. With both VDD and VBAT powered down, a VDD or VBAT power-up will trigger a backup
area reset.

Clocks

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

® HSI Oscillator Clock

® HSE Oscillator Clock

® PLL clock

These devices have the following 2 secondary clock sources:

® 40kHz low-speed internal RC that can be used to drive a standalone watchdog and
programmatically selected to drive the RTC. the RTC is used to automatically wake up the
system from shutdown/standby mode.

® A 32.768kHz low-speed external crystal can also be used to drive the RTC (RTCCLK) via
program selection.

When not in use, either clock source can be independently started up or shut down, thereby
optimizing system power consumption.
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Figure7 Clock tree
1.  When the HSI is used as an input to the PLL clock, the maximum frequency that can be
obtained for the system clock is 108 MHz.
2. For the characteristics of the internal and external clock sources, please refer to the
"Electrical Characteristics” section of the respective datasheets.
The user can configure the frequency of the AHB, high speed APB (APB2) and low speed APB
(APB1) domains through multiple prescalers.The maximum frequency of the AHB and APB2
domains is 216 MHz.The maximum allowable frequency of the APB1 domain is 108 MHz.The
clock frequency of the SDIO interface is fixed to HCLK/2.
The RCC is used as an external clock for the Cortex system timer (SysTick) through the AHB
clock (HCLK) 8-division frequency. The above clock or the Cortex (HCLK) clock can be selected
as the SysTick clock by setting the SysTick control and status registers.The ADC clock is obtained
from the high-speed APB2 clock by dividing it by 2, 4, 6, or 8.
The timer clock frequency assignment is automatically set by the hardware in the following 2
cases:
1. If the corresponding APB prescaler factor is 1, the timer is clocked at the same frequency
as the host APB bus.
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2. Otherwise, the clock frequency of the timer is set to two times the frequency of the APB
bus to which it is connected.

FCLK is the free running clock for Cortex™ -M3. See ARM's Cortex™ -M3 Technical Reference
Manual for details.

HSE Clock

The high-speed external clock signal (HSE) is generated by the following two clock sources:

® HSE External Crystal/Ceramic Resonators

® HSE User External Clock

To minimize clock output distortion and shorten startup stabilization time, the crystal/ceramic
resonator and load capacitor must be placed as close as possible to the oscillator pins. The load

capacitance value must be adjusted according to the selected oscillator.
Hardware configuration

‘ OSC_ouT
[ ] [ ]
external clock = —
T (HiZ)
External
source

OSC_IN 0OSC_ouT

Crystal/Ceramic Resonators

IR

7777 Cu C2 7777

Load
capacitors

Figure8 HSE/LSE Clock Source

External Clock Source (HSE Bypass)

In this mode, an external clock must be provided. This mode can be selected by setting the
HSEBYP and HSEON bits in the clock control register. The external clock signal (50% duty cycle
square, sine or triangle wave) must be connected to the SOC_IN pin while ensuring that the
OSC_OUT pin is left open. SeeFigure8 .

External Crystal/Ceramic Resonator (HSE Crystal)

A 4~-16Mz external oscillator provides a more accurate master clock for the system. The related
hardware configuration can be found Figure8 and further information can be found in the
Electrical Characteristics section of the datasheet.

The HSERDY bit in the clock control register RCC_CR is used to indicate whether the high speed
external oscillator is stable. At startup, the clock is not released until this bit is set '1' by
hardware. If an interrupt is allowed to be generated in the clock interrupt register RCC_CIR,
the appropriate interrupt will be generated.

The HSE crystal can be turned on and off by setting the HSEON bit in RCC_CR in the clock control
register.

HSI Clock

The HSI clock signal is generated by an internal 8MHz RC oscillator and can be used directly as
a system clock or as a PLL input after a 2-division frequency.

The HSIRC oscillator is capable of providing a system clock without the need for any external
devices. It has a shorter start-up time than the HSE crystal oscillator. However, its clock
frequency accuracy is poor even after calibration.

Calibrations
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The manufacturing process determines that the RC oscillator frequency will vary from chip to
chip, which is why the HSI clock frequency of each chip has been factory calibrated to 1% (25°

C) by ST. The factory calibration value is loaded into the HSICAL[7:0] bits of the Clock Control
Register at system reset.

If the user's application is based on a different voltage or ambient temperature, this will affect
the accuracy of the RC oscillator. The HSI frequency can be adjusted using the HSITRIM[4:0]
bits in the clock control register.

The HSIRDY bit in the Clock Control Register is used to indicate whether the HSIRC oscillator is
stable. The HSIRC output clock is not released during clock startup until this bit is set by
hardware to '1." The HSIRC can be started and shut down by the HSION bit in the Clock Control
Register.

If the HSE crystal oscillator fails, the HSI clock is used as a backup clock source. Refer to
section6.2.7 Clock Safety Systems.

6.2.3 PLL

The internal PLL can be used to multiply the HSIRC output clock or the HSE crystal output clock.
Refer toFigure7 and the Clock Control Register.

PLL setup (selecting the HIS oscillator divided by 2 or the HSE oscillator as the PLL's input clock,
and selecting the multiplication factor) must be done before it is activated. Once the PLL is
activated, these parameters cannot be altered.

If PLL interrupts are allowed in the Clock Interrupt Register, an interrupt request can be
generated when the PLL is ready.

If a USB interface is required for the application, the PLL must be set to output a 48 or 72 MHZ
clock, which is used to provide a 48 MHz USBCLK clock.

6.2.4 LSE Clock

The LSE crystal is a 32.768kHz low-speed external crystal or ceramic resonator. It provides a
low power and accurate clock source for real time clocks or other timing functions.

The LSE crystal is activated and deactivated by the LSEON bit in the Backup Domain Control
Register (RCC_BDCR).

LSERDY in the Backup Domain Control Register (RCC_BDCR) indicates whether the LSE crystal
oscillation is stable. During the startup phase, the LSE clock signal is not released until this bit
is set '1" by hardware. If allowed in the clock interrupt register, an interrupt request can be
generated.

External Clock Source (LSE Bypass)

An external clock source at 32.768 kHz must be provided in this mode. You can select this mode
by setting the LSEBYP and LSEON bits in the Backup Domain Control Register (RCC_BDCR). An
external clock signal (square, sine, or triangle) with a 50% duty cycle must be connected to the
0SC32_IN pin while keeping the OSC32_OUT pin free, seeFigure8 .

6.2.5 LSI Clock

The LSIRC assumes the role of a low-power clock source that can be kept running in shutdown
and standby modes to provide a clock for the standalone watchdog and auto-wakeup unit.The
LSI clock frequency is approximately 40kHz (between 30kHz and 60kHz). For further information
please refer to the section on electrical characteristics in the datasheet.

LSIRC can be activated or deactivated by the LSION bit in the control/status register (RCC_CSR).
The LSIRDY bit in the control/status register (RCC_CSR) indicates whether the low-speed
internal oscillator is stable. This clock is not released during the startup phase until this bit is
set to '1' by hardware. If allowed in the Clock Interrupt Register (RCC_CIR), an LSI interrupt
request will be generated.

LSI Calibration

The internal low-speed oscillator LSI can be calibrated to compensate for its frequency offset,
resulting in an RTC time base with acceptable accuracy, as well as an independent watchdog
dog (IWDG) timeout (when these peripherals use the LS| as a clock source).

Calibration can be achieved by measuring the LSI clock frequency using the input clock of the
TIM5 (TIM5_CLK). Measurements are guaranteed with HSE accuracy, and software can adjust
the RTC's 20-bit prescaler to obtain the exact RTC clock base, as well as calculate to obtain the
exact Independent Watchdog Dog (IWDG) timeout.
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6.2.6

6.2.7

Notes:

6.2.8

6.2.9

The LSI calibration procedure is as follows:

1. Open TIM5 and set channel 4 to input capture mode;

2. Set the TIM5_CH4_IREMAP bit of AFIO_MAPR to '1’ to internally connect the LSI to channel 4
of TIM5;

3. The LSI clock frequency is measured by TIM5 capture/compare 4 events or interrupts;

4. Set the 20-bit prescaler based on the measurement results and the desired RTC time base
and independent watchdog timeout.

System Clock (SYSCLK) Selection

The HSI oscillator is selected as the system clock after a system reset. It cannot be stopped
when the clock source is used as the system clock either directly or indirectly through a PLL.
Switching from one clock source to another occurs only when the target clock source is ready
(after a delay in the startup stabilization phase or PLL stabilization). Switching of the system
clock does not occur when the selected clock source is not ready. The switching does not occur
until the target clock source is ready.

Status bits in the Clock Control Register (RCC_CR) indicate which clock is ready and which clock
is currently being used as the system clock.

Clock Safety System (CSS)

The Clock Safety System can be activated via software. Once it is activated, the clock monitor
is enabled after the HSE oscillator start-up delay and switched off after the HSE clock is
switched off.

If the HSE clock fails, the HSE oscillator is automatically turned off and the clock failure event
is sent to the brake inputs of the advanced timers (TIM1 and TIM8) and generates the Clock Safe
Interrupt CSSI, which allows software to complete the rescue operation. This CSSI interrupt is

connected to the NMI interrupt (non-maskable interrupt) of the Cortex™ -M3.

Once CSS is activated and the HSE clock fails, the CSS interrupt is generated and the NMI is
automatically generated.The NMI will be executed continuously until the CSS interrupt
pending bit is cleared. Therefore, the CSS interrupt must be cleared in the NMI handler by
setting the CSSC bit in the Clock Interrupt Register (RCC_CIR).

If the HSE oscillator is being used directly or indirectly as the system clock, (indirectly meaning:
it is being used as the PLL input clock and the PLL clock is being used as the system clock), a
clock failure will result in the system clock automatically switching to the HSI oscillator while
the external HSE oscillator is turned off. In the event of a clock failure, if the HSE oscillator
clock (divided or undivided) is the input clock to the PLL used as the system clock, the PLL will
also be turned off.

RTC Clock

The RTCCLK clock source can be provided by the HSE/128, LSE, or LSI clock by setting the
RTCSEL[1:0] bits in the Backup Domain Control Register (RCC_BDCR). This selection cannot be
changed unless the backup domain is reset.
The LSE clock is in the backup domain, but the HSE and LSI clocks are not. Therefore:
® [f LSE is selected as the RTC clock:
- As long as VBAT maintains power, the RTC continues to operate despite the VDD supply
being cut off.
® If the LSI is selected as the Automatic Wake-Up Unit (AWU) clock:
- The AWU status cannot be guaranteed if the VDD supply is cut off. See section LSI
Clocking at6.2.5 for details on LSI calibration.
® If the HSE clock is 128 divided and used as the RTC clock:
- If the VDD supply is cut off or the internal voltage regulator is turned off (supply to the
1.8V domain is cut off), the RTC state is indeterminate.
- The DPB bit of the Power Control Register (see section4.4.1 ) (which removes write
protection from the backup area) must be set to '1'.

Watchdog Clock

If the Independent Watchdog has been started by the hardware option or software, the LSI
oscillator is forced in the on state and cannot be turned off. After the LSI oscillator has
stabilized, the clock is supplied to the IWDG.
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6.2.10 Clock Output

The microcontroller allows the output of a clock signal to an external MCO pin.
The corresponding GPIO port registers must be configured to function accordingly. The
following four clock signals can be selected as the MCO clock:

® SYSCLK
® HSI
® HSE

® PLL clock for division 2
Clock selection is controlled by the MCO[2:0] bits in the Clock Configuration Register
(RCC_CFGR).

6.3 RCC Register Description

Refer to Section1 for the abbreviations used in register descriptions.

6.3.1  Clock Control Register (RCC_CR)

Offset address:0x00
Reset value:0x0000 XX83, X stands for undefined
Access: no wait state, word, half-word and byte access

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

PLL PLL HSE | HSE | HSE
Reserved RDY ON Reserved CCS ON BYP | RDY ON
r rw w w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSICAL[7:0] HSITRIM[4:0] Re;j” HSIRDY| HSION
r r r r r r r r w w rw rw w r w
Bit notation clarification
31:26 Reserved Reserved, always reads 0.
PLLRDY: PLL clock ready flag (PLL clock ready flag)
Set '"1' by hardware after PLL lock.
25 PLLRDY 0: PLL is not locked;
1: PLL lock.
PLLON: PLL enable
Set 1" or cleared by software.
24 PLLON This bit is cleared by hardware when entering standby and stop modes. This bit cannot
be cleared when the PLL clock is used or selected to be used as the system clock.
0: PLL off;
1: PLL enable.
23:20 Reserved Reserved, always reads 0.
CSSON: Clock security system enable
19 CSSON Set '1" or cleared to zero by software to enable the clock monitor.

0: Clock monitor off;

1: If the external 4-16MHz oscillator is ready, the clock monitor turns on.

HSEBYP: External high-speed clock bypass

Bypass the external crystal oscillator by setting '1' or clearing it by software in debug
18 HSEBYP mode. This bit can only be written if the external 4-16MHz oscillator is off.

0: External 4-16 MHz oscillator is not bypassed;

1: External 4-16MHz external crystal oscillator is bypassed.

HSERDY: External high-speed clock ready flag (External high-speed clock ready flag)
A'1'is set by hardware to indicate that the external 4-16MHz oscillator has stabilized.
After the HSEON bit is cleared, this bit requires six external 4-25MHz oscillator cycles to
clear.

0: The external 4-16 MHz oscillator is not ready;

1: External 4-16MHz oscillator ready.

HSEON: External high-speed clock enable

Set 1" or cleared by software.

This bit is cleared by hardware to turn off the 4-16MHz external oscillator when entering
16 HSEON Standby and Stop modes. This bit cannot be cleared when the external 4-16MHz
oscillator is used or selected to be used as the system clock.

0: HSE oscillator off;

1: HSE oscillator on.

HSICAL[7:0]: Internal high-speed clock calibration

These bits are automatically initialized at system startup

17 HSERDY

15:8 | HSICAL[7:0]
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HSITRIM[4:0]: Internal high-speed clock trimming
are written by software to adjust the internal high-speed clocks, which are superimposed
on the HSICAL[5:0] values.
HSITRIM These bits, on top of HSICAL[7:0], allow the user to enter an adjustment value to adjust
7:3 [4:0] the frequency of the internal HSIRC oscillator based on voltage and temperature

changes.
The default value is 16, which allows you to adjust the HSI to 8MHz+ 1%; the change in
HSICAL is adjusted about 40kHz per step.

2 Reserved Reserved, always reads 0.
HSIRDY: Internal high-speed clock ready flag (Internal high-speed clock ready flag)
A'1'is set by hardware to indicate that the internal 8MHz oscillator has stabilized. After

1 HSIRDY the HSION bit is cleared, this bit takes six internal 8MHz oscillator cycles to clear.
0: The internal 8MHz oscillator is not ready;
1: Internal 8MHz oscillator ready.
HSION: Internal high-speed clock enable
Set '1" or cleared by software.
This bit is set "1' by hardware to start the internal 8MHz RC oscillator when returning

0 HSION from standby and stop mode or when the external 4-16MHz oscillator used as the system
clock fails. This bit cannot be cleared when the internal 8MHz oscillator is used or
selected to be used as the system clock, either directly or indirectly.
0: Internal 8MHz oscillator off;
1: Internal 8MHz oscillator is turned on.

Clock Configuration Register (RCC_CFGR)

Offset address:0x04
Reset value:0x0000 0000
Accesses: 0 to 2 wait cycles, word, half-word and byte accesses

1 or 2 wait cycles

are inserted only if the access occurs on a clock switch.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
USBPRE .7 [PLLMUL|Reserv . Reserv . PLLXTP
2] ADCPRE[3:2] 4] od MCO [2:0] ed USBPRE| PLLMUL[3:0] RE PLLSRC
w w rw w rw rw w rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPRE[1:0] PPRE2[2:0] PPRE1[2:0] HPRE [3:0] SWS[1:0] SW[1:0]
rw rw rw rw rw rw rw rw rw rw rw rw r r rw rw
Bit notation clarification
31 USBPRE[2] | USBPRE[2]: USB prescaler [2] bit.
30:29 ADCPRE ADCPRE[3:2]: ADC prescaler [3:2] bits. For specific prescaler values, please refer to the
: [3:2] description of ADCPRE[1:0] bits.
28 PLLMUL[4] | PLLMUL[4] and PLLMUL[3:0] together form the PLL frequency multiplication factor.
27 Reserved Reserved, always reads 0.
MCO: Microcontroller Clock Output (MCO)
Set '1" or cleared by software.
Oxx: No clock output;
100: System clock (SYSCLK) output;
101: Internal RC oscillator clock (HSI) output;
110: External oscillator clock (HSE) output;
26:24 MCO 111: PLL clock 2-division output.
Note:
-This clock output may be truncated when starting and switching the MCO clock source.
-When the system clock is used as an output to the MCO pin, make sure that the output clock
frequency does not exceed 50MHz (the maximum frequency of the 1/0 port).
- When the PLL requires a higher frequency division, it is necessary to first set the MCO bit to
111, and then further set the RCC_MCO_VAL register.
23 Reserved Reserved, always reads 0.
USBPRE: USB prescaler
A 48MHz USB clock is generated by software setting '1' or clearing '0'. It is important to ensure
22 USBPRE that this bit is valid before enabling the USB clock in the RCC_APB1ENR register. This bit cannot
be cleared if the USB clock is enabled.
0: PLL clock 1.5 times divided as USB clock
1: PLL clock directly as USB clock
PLLMUL: PLL multiplication factor (PLL multiplication factor)
The PLL multiplication factor is determined by a software setting. Can only be written if the PLL
21:18 PLLMUL is turned off.
’ [3:0] Note: The output frequency of the PLL must not exceed 216 MHz
00000: PLL2 octave output 10000: PLL17 octave output
00001: PLL3 octave output 10001: PLL18 octave output
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00010: PLL4 octave output 10010: PLL19 octave output
00011: PLL5 octave output 10011: PLL20 octave output
00100: PLL6 octave output 10100: PLL21 octave output
00101: PLL7 octave output 10101: PLL22 octave output
00110: PLL8 octave output 10110: PLL23 octave output
00111: PLL9 octave output 10111: PLL24 octave output
01000: PLL10 octave output 11000: PLL25 octave output
01001: PLL11 octave output 11001: PLL26 octave output
01010: PLL12 octave output 11010: PLL27 octave output
01011: PLL13 octave output 11011: PLL28 octave output
01100: PLL14 octave output 11100: PLL29 octave output
01101: PLL15 octave output 11101: PLL30 octave output
01110: PLL16 octave output 11110: PLL31 octave output
01111: PLL16 octave output 11111: PLL32 octave output

17

PLLXTPRE

PLLXTPRE: HSE divider for PLL entry

Set '1" or cleared '0" by software to divide the HSE and then use it as the PLL input clock. This bit
can only be written when the PLL is turned off.

0: HSE without crossover

1: HSE 2-way

16

PLLSRC

PLLSRC: PLL entry clock source

Set '1" or cleared '0' by software to select the PLL input clock source. This bit can only be written
when the PLL is turned off.

0: HSI oscillator clock divided by 2 as PLL input clock

1: The HSE clock is used as the PLL input clock.

15:14

ADCPRE
[1:0]

ADCPRE[1:0]: ADC pre-scaler (ADC prescaler)

Set 1" or clear '0' by software to determine ADC clock frequency
00: PCLK22 divided and used as ADC clock

01: PCLK24 divided as ADC clock

10: PCLK26 divided and used as ADC clock

11: PCLK28 divided and used as ADC clock

13:11

PPRE2
[2:0]

PPRE2[2:0]: high-speed APB prescaler(APB2)

The prescaling factor of the high-speed APB2 clock (PCLK2) is controlled by software setting '1’
or clearing '0'.

Oxx: HCLK without crossover frequency

100: HCLK2 crossover

101: HCLK 4-way

110: HCLK 8-way

111: HCLK16 crossover

10:8

PPRE1
[2:0]

PPRE1[2:0]: low-speed APB prescaler (APB1)

The prescaling factor of the low-speed APB1 clock (PCLK1) is controlled by software setting "1’ or
clearing '0'.

WARNING: Software must ensure that the APB1 clock frequency does not exceed 36MHz.

Oxx: HCLK without crossover frequency

100: HCLK2 crossover

101: HCLK 4-way

110: HCLK 8-way

111: HCLK16 crossover

7:4

HPRE [3:0]

HPRE[3:0]: AHB Prescaler
The prescaling factor of the AHB clock is controlled by setting '1' or clearing '0' by software.
Oxxx: SYSCLK without crossover
frequency

1000: SYSCLK2 crossover frequency
1001: SYSCLK4 crossover frequency

1100: SYSCLK64 crossover frequency
1101: SYSCLK128 crossover frequency

1110: SYSCLK256 frequency division
1010: SYSCLK8 crossover frequency . s
1011: SYSCLK 16 crossover frequency 1111: SYSCLK512 frequency division

Note: The prefetch buffer must be turned on when the preshunt factor of the AHB clock is
greater than 1. See Flash Read (Section2.3.3 ) for details.

3:2

SWS[1:0]

SWS[1:0]: System clock switch status (System clock switch status)

Set '1" or cleared '0' by hardware to indicate which clock source is used as the system clock.
00: HSI is used as the system clock;

01: HSE as system clock;

10: PLL output is used as system clock;

11: Not available.

1:0

SW[1:0]

SW[1:0]: System clock switching (System clock switch)

The system clock source is selected by software by setting '1' or clearing '0".

Hardware-forced selection of the HSI as the system clock on return from stop or standby mode
or in the event of a failure of the HSE that is directly or indirectly used as the system clock (if
the clock security system has been activated)

00: HSI is used as the system clock;

01: HSE as system clock;

10: PLL output is used as system clock;

11: Not available.
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6.3.3  Clock Interrupt Register (RCC_CIR)

Offset address:0x08
Reset value:0x0000 0000
Access: No wait cycle, word, half-word and byte accesses

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

PLL HSE HIS LSE LSI
Reserved €SSC | Reserved | ppyc | RDYC | RDYC | RDYC | RDYC
w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PLL HSE HSI LSE LSI CSSF Reserved PLL HSE HSI LSE LSI
RDYIE | RDYIE [ RDYIE | RDYIE | RDYIE RDYF | RDYF | RDYF [ RDYF | RDYF
rw rw rw rw rw r r r r r r
Bit notation clarification
31:24 Reserved Reserved, always reads 0.
CSSC: Clock security system interrupt clear
23 MCO Set '1' by software to clear the CSSF safety system interrupt flag bit CSSF.
0: No effect;
1: Clear the CSSF safety system interrupt flag bit.
22:21 Reserved Reserved, always reads 0.
PLLRDYC: Clear PLL ready interrupt (PLL ready interrupt clear)
20 PLLRDYC S.et 1" by sof.tware to clear the PLL ready interrupt flag bit PLLRDYF.
0: No effect;
1: Clear the PLL ready interrupt flag bit PLLRDYF.
HSERDYC: clear HSE ready interrupt (HSE ready interrupt clear)
19 HSERDYC S?t 1" by sof‘tware to clear the HSE ready interrupt flag bit HSERDYF.
0: No effect;
1: Clear the HSE ready interrupt flag bit HSERDYF.
HSIRDYC: clear HSI ready interrupt (HSI ready interrupt clear)
18 HSIRDYC S?t 1" by sof‘tware to clear the HSI ready interrupt flag bit HSIRDYF.
0: No effect;
1: Clear the HSI ready interrupt flag bit HSIRDYF.
LSERDYC: clear LSEreadyinterruptclear
17 LSERDYC S?t 1" by sof‘tware to clear the LSE ready interrupt flag bit LSERDYF.
0: No effect;
1: Clear the LSE ready interrupt flag bit LSERDYF.
LSIRDYC: clear LSI ready interrupt (LSI ready interrupt clear)
16 LSIRDYC S‘et 1" by sof‘tware to clear the LSl ready interrupt flag bit LSIRDYF.
0: No effect;
1: Clear the LSI ready interrupt flag bit LSIRDYF.
15:13 Reserved Reserved, always reads 0.
PLLRDYIE: PLL ready interrupt enable
12 PLLRDYIE Enable or disz}ble the PLL ready interrupt by setting '1' or clearing '0' by software.
0: PLL ready interrupt off;
1: PLL ready interrupt enable.
HSERDYIE: HSE ready interrupt enable (HSE ready interrupt enable)
Enable or disable the external 4-16MHz oscillator ready interrupt by setting "1' or clearing
11 HSERDYIE | '0' by software.
0: HSE ready interrupt off;
1: HSE ready interrupt enable.
HSIRDYIE: HSI ready interrupt enable (HSI ready interrupt enable)
The internal 8MHz RC oscillator ready interrupt is enabled or disabled by software setting
10 HSIRDYIE 1" or clearing '0'.
0: HSI ready interrupt off;
1: HSI ready interrupt enable.
LSERDYIE: LSE ready interrupt enable (LSE ready interrupt enable)
Enable or disable the external 32kHz RC oscillator ready interrupt by setting '1' or clearing
9 LSERDYIE ‘0’ by software.
0: LSE ready interrupt off;
1: LSE ready interrupt enable.
LSIRDYIE: LS| ready interrupt enable (LSI ready interrupt enable)
The internal 40kHz RC oscillator ready interrupt is enabled or disabled by software setting
8 LSIRDYIE 1" or clearing '0'.
0: LSI ready interrupt off;
1: LSI ready interrupt enable.
CSSF: Clock security system interrupt flag (Clock security system interrupt flag)
Set '1' by hardware in the event of a fault in the external 4-16MHz oscillator clock.
7 CSSF Cleared by software by setting the "1' CSSC bit.
0: No safety system interrupt generated by HSE clock failure;
1: Failure of the HSE clock resulted in an interruption of the clock safety system.
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6:5 Reserved Reserved, always reads 0.

PLLRDYF: PLL ready interrupt flag (PLL ready interrupt flag)

Set '1' by hardware when PLL is ready and PLLRDYIE bit is set '1'. Cleared by software by

4 PLLRDYF setting the '1" PLLRDYC bit.

0: No clock-ready interrupt generated by PLL up-lock;

1: PLL up-lock causes clock ready interrupt.

HSERDYF: HSE ready interrupt flag (HSE ready interrupt flag)

Set '1" by hardware when the external low-speed clock is ready and the HSERDYIE bit is set
3 HSERDYF '1". Cleared by software by setting the "1' HSERDYC bit.

0: No clock-ready interrupt generated by external 4-16 MHz oscillator;

1: External 4-16MHz oscillator causes clock ready interrupt.

HSIRDYF: HSI ready interrupt flag (HSI ready interrupt flag)

Set '1" by hardware when the internal high-speed clock is ready and the HSIRDYIE bit is set
2 HSIRDYF '1". Cleared by software by setting the '1" HSIRDYC bit.

0: No clock-ready interrupt generated by the internal 8MHz RC oscillator;

1: Internal 8MHz RC oscillator causes clock ready interrupt.

LSERDYF: LSE ready interrupt flag (LSE ready interrupt flag)

Set '1' by hardware when the external low-speed clock is ready and the LSERDYIE bit is set
1 LSERDYF '1". Cleared by software by setting the "1' LSERDYC bit.

0: No clock ready interrupt generated by external 32kHz oscillator;

1: External 32kHz oscillator causes clock ready interrupt.

LSIRDYF: LSI ready interrupt flag (LSI ready interrupt flag)

Set '1" by hardware when the internal low-speed clock is ready and the LSIRDYIE bit is set
0 LSIRDYF '1". Cleared by software by setting the '1' LSIRDYC bit.

0: No clock-ready interrupt generated by the internal 40kHz RC oscillator;

1: Internal 40kHz RC oscillator causes clock ready interrupt.

6.3.4  APB2 Peripheral Reset Register ( RCC_APB2RSTR )

Offset Address:0x0C
Reset value:0x0000 0000
Access: no wait cycle, word, half-word and byte accesses

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM11 | TIM10 | TIM9

Reserved RST RST RST Reserved
rw ™w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADC3 |[USART1| TIM8 [ SPI1 | TIM1 | ADC2 | ADC1 | IOPG | IOPF | IOPE | IOPD | IOPC | IOPB | IOPA |Reserv| AFIO
RST RST RST RST RST RST RST RST RST RST RST RST RST RST ed RST
'w 'w 'w 'w 'w 'w 'w 'w 'w 'w 'w 'w 'w 'w res 'w

Bit notation clarification

31:22 Reserved Reserved, always reads 0.

TIM8RST: TIM11 timer reset
Set '1" or clear ‘0" by software
0: No effect;

1: Reset the TIM11 timer.
TIM10RST: TIM10 timer reset
Set '1" or clear '0' by software
0: No effect;

1: Reset the TIM10 timer.
TIMIRST: TIM9 timer reset (TIM8 timer reset)
Set '1" or clear '0' by software
0: No effect;

1: Reset the TIM9 timer.

18:16 Reserved Reserved, always reads 0.

ADC3RST: ADC3 interface reset
Set '1" or clear '0' by software

0: No effect;

1: Reset the ADC3 interface.
USART1RST: USART1 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset USART1.

TIM8RST: TIM8 timer reset

Set '1" or clear '0' by software

21 TIM11RST

20 TIM10RST

19 TIMIRST

15 ADC3RST

14 USART1RST

13 TIMRST 0: No effect;
1: Reset the TIM8 timer.
SPI1RST: SPI1 reset

12 SPI1RST Set '1" or clear '0' by software

0: No effect;
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1: Reset SPI1.

11 TIM1RST

TIM1RST: TIM1 timer reset (TIM1 timer reset) is set to '1' or cleared to ‘0’ by software.

0: No effect;
1: Reset the TIM1 timer.

10 ADC2RST

ADC2RST: ADC2 interface reset
Set '1" or clear '0' by software

0: No effect;

1: Reset the ADC2 interface.

ADC1RST

ADC1RST: ADC1 interface reset
Set '1" or clear '0' by software

0: No effect;

1: Reset the ADC1 interface.

IOPGRST

IOPGRST: 10 portG reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 10 port G.

IOPFRST

IOPFRST: 10 portF reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 10 port F.

IOPERST

IOPERST: |0 portE reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 10 port E.

IOPDRST

IOPDRST: 10 portD reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 10 port D.

IOPCRST

IOPCRST: 10 portC reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 10 port C.

IOPBRST

IOPBRST: 10 portB reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 10 port B.

IOPARST

IOPARST: 10 portA reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 10 port A.

1 Reserved

Reserved, always reads 0.

AFIORST

AFIORST: Auxiliary function 1/0 reset (Alternate function 1/0 reset)
Set '1" or clear '0' by software

0: No effect;

1: Reset Auxiliary Function.

APB1 Peripher
Offset address: 0x10

al Reset Register (RCC_APB1RSTR)

Reset value: 0x0000 0000
Access: no wait cycle, word, half-word and byte accesses

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved DAC | PWR | BKP |Reserv| CAN [Reserv| USB | 12C2 | 12C1 |[UART5|UART4 |USART3|USART2|Reserv
RST RST RST ed RST ed RST RST RST RST RST RST RST ed
w rw rw w w w rw rw w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 Reserved WWDG Reserved TIM14 | TIM13 | TIM12 | TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
RST RST RST RST RST RST RST RST RST RST RST
w rw rw w w rw rw w rw rw w
Bit notation clarification
31:30 Reserved Reserved, always reads 0.
DACRST: DAC interface reset
Set '1" or clear '0' by software
29 DACRST 0: No effect;
1: Reset the DAC interface.
PWRRST: Power interface reset
Set '1" or clear '0' by software
28 PWRRST 0: No effect;
1: Reset power connector.
27 BKPRST BKPRST: Backup interface reset
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Set '1" or clear ‘0" by software
0: No effect;
1: Reset the backup interface.

26 Reserved Reserved, always reads 0.

CANRST: CAN reset

Set '1" or clear '0' by software
0: No effect;

1: Reset CAN.

25 CANRST

24 Reserved Reserved, always reads 0.

USBRST: USB reset

Set '1" or clear '0' by software
0: No effect;

1: Reset the USB.

23 USBRST

12C2RST: 12C2 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 12C2.

22 12C2RST

12C1RST: I12C1 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset 12C1.

21 12C1RST

UART5RST: UARTS5 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset UARTS.

20 UART5RST

UART4RST: UART4 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset UARTA4.

19 UART4RST

USART3RST: USART3 reset is set to "1' or cleared to '0' by software.
18 USART3RST | 0: No effect;
1: Reset USARTS3.

USART2RST: USART2 reset
Set '1" or clear '0' by software
0: No effect;

1: Reset USART2.

17 USART2RST

16 Reserved Reserved, always reads 0.

SPI3RSTSPI3 reset (SPI3 reset)
Set '1" or clear '0' by software
0: No effect;

1: Reset SPI3.

15 SPI3RST

14:12 Reserved Reserved, always reads 0.

WWDGRST: Window watchdog reset
Set '1" or clear '0' by software

0: No effect;

1: Reset the window watchdog.

11 WWDGRST

10:9 Reserved Reserved, always reads 0.

TIM14RST: Timer14 reset
Set '1" or clear '0' by software
0: No effect;

1: Reset the TIM14 timer.

8 TIM14RST

TIM13RST: Timer13 reset
Set '1" or clear '0' by software
0: No effect;

1: Reset the TIM13 timer.

7 TIM13RST

TIM12RST: Timer12 reset
Set '1" or clear '0' by software
0: No effect;

1: Reset the TIM12 timer.

6 TIM12RST

TIM7RST: Timer7 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset the TIM7 timer.

5 TIM7RST

TIM6RST: Timer6 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset the TIMé6 timer.

4 TIM6RST

TIM5RST: Timer5 reset

Set '1" or clear '0' by software
0: No effect;

1: Reset the TIM5 timer.

3 TIM5RST

2 TIM4RST TIM4RST: Timer4 reset

68/645 W55MH32 Reference Manual V1.0.1



6.3.6

Notes:

@}Znet

Set '1" or clear ‘0" by software
0: No effect;
1: Reset the TIM4 timer.

TIM3RST: Timer3 reset
Set '1" or clear '0' by software

1 TIM3RST 0: No effect;
1: Reset the TIM3 timer.
TIM2RST: Timer2 reset

0 TIM2RST Set '1" or clear '0' by software

0: No effect;
1: Reset the TIM2 timer.

AHB Peripheral Clock Enable Register (RCC_AHBENR)

Offset address: 0x14
Reset value: 0x0000

0014

Access: no wait cycle, word, half-word and byte accesses

register and the value returned is always 0xO.

When the peripheral clock is not enabled, the software cannot read the value of the peripheral

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved SDIO Reserved CRC [Reserv| FLITF |Reserv| SRAM | DMA2 | DMA1
EN EN ed EN ed EN EN EN
rw rw rw rw rw rw
Bit notation clarification
31:11 Reserved Reserved, always reads 0.
SDIOEN: SDIO clock enable
Set '1" or clear '0' by software.
10 SDIGEN 1 5. SDIO clock off;
1: SDIO clock on.
9:7 Reserved Reserved, always reads 0.
CRCEN: CRC clock enable
Set '1" or clear '0' by software.
6 CRCEN | 0. CRC clock off;
1: CRC clock on.
5 Reserved Reserved, always reads 0.
FLITFEN: Flash Memory Interface Circuit Clock Enable (FLITF clock enable)
Set '1" or clear '0' by software to turn on or off the flash interface circuit clock when in
4 FLITFEN sleep mode.
0: Flash interface circuit clocked off during sleep mode;
1: The flash interface circuit clock is turned on during sleep mode.
3 Reserved Reserved, always reads 0.
SRAMEN: SRAM interface clock enable
2 SRAMEN Set '1" or clear '0' by software to turn on or off the SRAM clock during sleep mode.
0: SRAM clock off during sleep mode;
1: SRAM clock on during sleep mode.
DMA2EN: DMA2 clock enable
Set '1" or clear '0' by software.
1 DMA2EN 0: DMA2 clock off;
1: DMA2 clock on.
DMA1EN: DMA1 clock enable
Set 1" or clear '0' by software.
0 DMATEN 0: DMA1 clock off;
1: DMA1 clock on.
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6.3.7 APB2 Peripheral Clock Enable Register (RCC_APB2ENR)
Offset address: 0x18
Reset value: 0x0000 0000
Access: word, half-word and byte access
Normally there are no access wait cycles. However, when a peripheral on the APB2 bus is
accessed, a wait state is inserted until the peripheral access to APB2 is complete.
Notes: When the peripheral clock is not enabled, the software cannot read the value of the peripheral
register and the value returned is always 0xO.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R d TIMT1 [ TIMI10 | TIM9 R q
eserve EN EN EN eserve
rw rw r'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC3 |USART1| TIM8 | SPI1 | TIM1 | ADC2 | ADC1 | IOPG | IOPF | IOPE [ IOPD | IOPC | IOPB | IOPA [Reserv| AFIO
EN EN EN EN EN EN EN EN EN EN EN EN EN EN ed EN
rw rw r'w rw rw r'w rw rw rw r'w rw rw r'w rw r'w
Bit notation clarification

31:22 Reserved Reserved, always reads 0.

TIM11EN: TIM11 Timer clock enable
Set '1" or clear '0' by software

0: TIM11 timer clock off;

1: TIM11 timer clock on.

21 TIMT1EN

TIM10EN: TIM10 Timer clock enable
Set '1" or clear '0' by software

0: TIM10 timer clock off;

1: TIM10 timer clock on.

20 TIM10EN

TIMIEN: TIM9 Timer clock enable
Set '1" or clear '0' by software

0: TIM9 timer clock off;

1: TIM9 timer clock on.

19 TIM9EN

18:16 Reserved Reserved, always reads 0.

ADC3EN: ADC3 interface clock enable
Set '1" or clear '0' by software

0: ADC3 interface clock off;

1: ADC3 interface clock on.

15 ADC3EN

USART1EN: USART1 clock enable
Set '1" or clear '0' by software

0: USART1 clock off;

1: USART1 clock on.

14 USART1EN

TIM8EN: TIM8 Timer clock enable
Set '1" or clear '0' by software

0: TIM8 timer clock off;

1: TIM8 timer clock on.

13 TIMBEN

SPI1EN: SPI1 clock enable
Set '1" or clear '0' by software
0: SPI1 clock off;

1: SPI1 clock on.

12 SPI1EN

TIM1EN: TIM1 Timer clock enable
Set '1" or clear '0' by software

0: TIM1 timer clock off;

1: TIM1 timer clock on.

11 TIM1EN

ADC2EN: ADC2 interface clock enable
Set '1" or clear '0' by software

0: ADC2 interface clock off;

1: ADC2 interface clock on.

10 ADC2EN

ADC1EN: ADC1 interface clock enable
Set '1" or clear '0' by software

0: ADC1 interface clock off;

1: ADC1 interface clock on.

9 ADC1EN

IOPGEN: 1/0 portG clock enable
Set '1" or clear '0' by software

0: 10 port G clock off;

1: 10 port G clock on.

8 IOPGEN

IOPFEN: I/0 portF clock enable
Set '1" or clear '0' by software
0: 10 port F clock off;

1: 10 port F clock on.

7 IOPFEN

6 |OPEEN IOPEEN: 1/0 portE clock enable
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Set '1" or clear ‘0" by software
0: 10 port E clock off;
1: 10 port E clock on.

IOPDEN: 1/0 portD clock enable
Set '1" or clear '0' by software

0: 10 port D clock off;

1: 10 port D clock on.

5 IOPDEN

IOPCEN: 1/0 portC clock enable
Set '1" or clear '0' by software

0: 10 port C clock off;

1: 10 port C clock on.

4 IOPCEN

IOPBEN: 1/0 portB clock enable
Set '1" or clear '0' by software

0: 10 port B clock off;

1: 10 port B clock on.

3 IOPBEN

IOPAEN: 1/0 portA clock enable
Set '1" or clear '0' by software

0: 10 port A clock off;

1: 10 port A clock on.

2 IOPAEN

1 Reserved Reserved, always reads 0.

Set '1" or clear '0' by software
0: Auxiliary function 10 clock off;
1: The auxiliary function 10 clock is turned on.

0 AFIOEN

AFIOEN: Auxiliary function 10 clock enable (Alternate function I/0 clock enable)

6.3.8 APB1 Peripheral Clock Enable Register (RCC_APB1ENR)
Offset address: 0x1C
Reset value: 0x0000 0000
Access: word, half-word and byte access
Normally there are no access wait cycles. However, when a peripheral on the APB1 bus is
accessed, a wait state is inserted until the APB1 peripheral access ends.
Notes: When the peripheral clock is not enabled, the software cannot read the value of the peripheral
register and the value returned is always 0xO.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved DAC | PWR | BKP |Reserv| CAN [Reserv| USB 12C2 | 12C1 |UART5 [ UART4 [USART3|USART2| Reserv
EN EN EN ed EN ed EN EN EN EN EN EN EN ed
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
SPI3 Reserved WWDG Reserved TIM14 | TIM13 | TIM12 | TIM7 | TIM6 | TIM5 | TIM4 | TIM3 | TIM2
EN EN EN EN EN EN EN EN EN EN EN
rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
31:30 Reserved Reserved, always reads 0.
DACEN: DAC interface clock enable (DAC interface clock enable) by software set '1' or
clear '0’
29 DACEN 0: DAC interface clock off;
1: DAC interface clock on.
PWREN: Power interface clock enable is set to 1" or cleared to '0' by software.
28 PWREN 0: Power interface clock off;
1: Power interface clock on.
BKPEN: Backup interface clock enable is set to '1' or cleared to ‘0’ by software.
27 BKPEN 0: Backup interface clocked off;
1: The backup interface clock is turned on.
26 Reserved Reserved, always reads 0.
CANEN: CAN clock enable is set to "1' or cleared to '0' by software.
25 CANEN 0: CAN clock off;
1: CAN clock on.
24 Reserved Reserved, always reads 0.
USBEN: USB clock enable is set to "1' or ‘0" by software.
23 USBEN 0: USB clock off;
1: USB clock on.
12C2EN: 12C2 clock enable is set to '1' or cleared to '0' by software.
22 12C2EN 0: 12C2 clock off;
1: 12C2 clock on.
12C1EN: 12C1 clock enable is set to '1' or cleared to '0' by software.
21 12C1EN 0: 12C1 clock off;
1: 12C1 clock on.
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6.3.9

Notes:

UARTS5EN: UARTS5 clock enable is set to 1" or cleared to '0' by software.
20 UARTS5EN 0: UARTS5 clock off;
1: UARTS5 clock on.
UART4EN: UART4 clock enable is set to 1" or cleared to '0' by software.
19 UART4EN 0: UART4 clock off;
1: UARTA4 clock on.
USART3EN: USART3 clock enable is set to '1" or cleared to '0' by software.
18 USART3EN | 0: USART3 clock off;
1: USARTS3 clock is turned on.
USART2EN: USART2 clock enable is set to '1' or cleared to '0' by software.
17 USART2EN | 0: USART2 clock off;
1: USART2 clock on.
16 Reserved Reserved, always reads 0.
SPI3EN: SPI3 clock enable is set to '1' or cleared to '0’ by software.
15 SPI3EN 0: SPI3 clock off;
1: SPI3 clock on.
14 Reversed | Reserved, always reads 0.
13:12 Reserved Reserved, always reads 0.
WWDGEN: Window watchdog clock enable (Window watchdog clock enable) set to 1" or
clear '0' by the software.
1 WWDGEN 0: Window watchdog clock off;
1: Window watchdog clock on.
10:6 Reserved Reserved, always reads 0.
TIM7EN: Timer7 clock enable is set to 1" or cleared to ‘0’ by software.
5 TIM7EN 0: Timer 7 clock off;
1: Timer 7 clock on.
TIM6EN: Timeré6 clock enable is set to 1" or cleared to '0' by software.
4 TIM6EN 0: Timer 6 clock off;
1: Timer 6 clock on.
TIM5EN: Timer5 clock enable is set to '1" or cleared to '0' by software.
3 TIM5EN 0: Timer 5 clock off;
1: Timer 5 clock on.
TIM4EN: Timer4 clock enable is set to '1" or cleared to '0' by software.
2 TIM4EN 0: Timer 4 clock off;
1: Timer 4 clock on.
TIM3EN: Timer3 clock enable is set to '1" or cleared to '0' by software.
1 TIM3EN 0: Timer 3 clock off;
1: Timer 3 clock on.
TIM2EN: Timer2 clock enable is set to 1" or cleared to ‘0’ by software.
0 TIM2EN 0: Timer 2 clock off;
1: Timer 2 clock on.

Backup Domain Control Register (RCC_BDCR)

Offset address: 0x20

Reset value: 0x0000 0000, can only be reset by the backup domain reset valid reset

Accesses: 0 to 3 wait cycles, word, half-word, and byte accesses

When successive accesses are made to this register, a wait state is inserted.

The LSEON, LSEBYP, RTCSEL and RTCEN bits in the Backup Domain Control Register (RCC_BDCR)
are in the backup domain. Therefore, these bits are write-protected after a reset, and changes
to these bits can only be made after the DBP position '1" in the Power Control Register
(PWR_CR). Refer to section5.1 for further information. These bits can only be cleared by a
backup domain reset (see section6.1.3 ). Any internal or external reset will not affect these
bits.

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

‘ Reserved ‘ BDRST ‘
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[RTCen| Reserved RTCSEL[1:0] Reserved |LseBvP|LsERDY| LsEON |
rw rw rw rw r rw
Bit notation clarification
31:17 Reserved Reserved, always reads 0.
BDRST: Backup domain software reset
Set '1" or clear '0' by software
16 BDRST 0: Reset is not activated;
1: Reset the entire backup domain.
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15 RTCEN

RTCEN: RTC clock enable
Set '1" or clear '0' by software
0: RTC clock off;

1: RTC clock on.

14:10 Reserved

Reserved, always reads 0.

RTCSEL

9:8 [1:0]

RTCSEL[1:0]: RTC clock source selection (RTC clock source selection)

The RTC clock source is selected by a software setting. Once the RTC clock source is
selected, it cannot be changed until the next time the backup domain is reset. It can be
cleared by setting the BDRST bit.

00: No clock;

01: LSE oscillator as RTC clock; 10: LSI oscillator as RTC clock;

11: The HSE oscillator is used as the RTC clock after 128 divisions.

7:3 Reserved

Reserved, always reads 0.

2 LSEBYP

LSEBYP: External low-speed clock oscillator bypass (External low-speed oscillator bypass)
LSE is bypassed by software in debug mode by setting 1" or clearing '0". this bit can only be
written when the external 32kHz oscillator is off

0: The LSE clock is not bypassed;

1: The LSE clock is bypassed.

1 LSERDY

LSERDY: external low-speed LSE ready (External low-speed oscillator ready)

Set '1" or cleared '0' by hardware to indicate if the external 32kHz oscillator is ready. After
LSEON is cleared, it takes 6 cycles of the external low-speed oscillator for this bit to be
cleared.

0: External 32kHz oscillator not ready;

1: External 32kHz oscillator ready.

0 LSEON

LSEON: External low-speed oscillator enable
Set 1" or clear '0' by software

0: External 32kHz oscillator off;

1: External 32kHz oscillator on.

6.3.10

Control/Status Register (RCC_CSR)
Offset address: 0x24

Reset value: 0x0C00 0000, cleared by system reset except for the reset flag, which can only be

cleared by a power reset.
Accesses: 0 to 3 wait cycles, word, half-word, and byte accesses
When successive accesses are made to this register, a wait state is inserted.

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

18 17 16

LPWR |[WWDG| IWDG | SFT POR PIN |Reserv RMVF Reserved
RSTF | RSTF | RSTF | RSTF | RSTF | RSTF ed
r'w rw r'w rw rw r'w rw r'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved |LsIRDY | LSION |
r rw
Bit notation clarification

LPWRRSTF: Low-power reset flag (Low-power reset flag)

writing the RMVF bit.

0: no low-power management reset occurs ;)

1: Low power management reset occurs .

For more information about Low Power Management Reset, refer to "Low Power
Management Reset" at6.1.1 .

31 LPWRRSTF

Set '1" by hardware when a low-power management reset occurs; cleared by software by

30 WWDGRSTF | bit.
0: No window watchdog reset occurs;
1: A window watchdog reset occurs.

WWDGRSTF: Window watchdog reset flag (Window watchdog reset flag) is set to '1' by
hardware when window watchdog reset occurs; cleared by software by writing the RMVF

IWDGRSTF: Independent watchdog reset flag (Independent watchdog reset flag)
Set '1' by hardware when an independent watchdog reset occurs in the VDD region;
cleared by software by writing the RMVF bit.

0: No independent watchdog reset occurs;

1: An independent watchdog reset occurs.

29 IWDGRSTF

SFTRSTF: Software reset flag (Software reset flag)

Set '1" by hardware when a software reset occurs; cleared by software by writing the
RMVF bit.

0: No software reset occurred;

1: A software reset has occurred.

28 SFTRSTF

PORRSTF: power-on/power-off reset flag (POR/PDR reset flag)

Set '1' by hardware when power-up/power-down reset occurs; cleared by software by
writing the RMVF bit.

0: No power-up/power-down reset occurs;

27 PORRSTF
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1: A power-up/power-down reset occurs.

PINRSTF: NRST pin reset flag (PIN reset flag)

Set '1' by hardware when NRST pin reset occurs; cleared by software by writing the RMVF
26 PINRSTF bit.

0: No NRST pin reset occurs;

1: An NRST pin reset occurs.

25 Reserved Reserved, read operation returns 0
RMVF: Remove reset flag is set to '1' by software to clear the reset flag.
24 RMVF 0: No effect;
1: Clear the reset flag.
23:2 Reserved Reserved, read operation returns 0

LSIRDY: Internal low-speed oscillator ready (Internal low-speed oscillator ready)

Set '1" or cleared '0' by hardware to indicate the readiness of the internal 40kHz RC
oscillator. LSIRDY is cleared after 3 cycles of the internal 40kHz RC oscillator after LSION
is cleared.

0: The internal 40kHz RC oscillator clock is not ready;

1: Internal 40kHz RC oscillator clock ready.

LSION: Internal low-speed oscillator enable is set to '1' or cleared to '0' by software.

0 LSION 0: Internal 40kHz RC oscillator off;

1: The internal 40kHz RC oscillator is turned on.

1 LSIRDY

6.3.11 Control/Status Register (RCC_MCO_VAL)

Offset address: 0x30

Reset value: 0x0000 0001, cleared by system reset except for the reset flag, which can only be
cleared by a power reset.

Accesses: 0 to 3 wait cycles, word, half-word, and byte accesses

When successive accesses are made to this register, a wait state is inserted.

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

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved MCOPLLVAL |
rw rw rw rw
Bit notation clarification
31:4 Reserved | Reserved, read operation returns 0.
lA)I\COPLLVAL: MCO(Microcontroller clock output), PLL clock frequency division extension
it.
0001: PLL clock 2-division output. 1001: PLL clock 10-division output.
0010: PLL clock 3-division output. 1010: PLL clock 11-division output.
0011: PLL clock 4-division output. 1011: PLL clock 12-division output.
0100: PLL clock 5-division output. 1100: PLL clock 13-division output.
3:0 MCOPLLVAL | 0101: PLL clock 6-division output. 1101: PLL clock 14-division output.
0110: PLL clock 7-division output. 1110: PLL clock 15-division output.
0111: PLL clock 8-division output. 1111: PLL clock 16-division output.

1000: PLL clock 9-division output.

Note: You must first set the MCO bit of the RCC_CFGR register to 111 (that is, the PLL
clock is output after being divided by 2), and then set the current register for the
extended bit settings to take effect.
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6.3.12 SYSCFG_CONFIG Register (RCC_SYSCFG_CONFIG)

Offset address: OxFO
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 4 3 2 1 0
| Reserved | RST | Reserved | EN |
rw rw
Bit notation clarification
31:9 Reserved Reserved, read operation returns 0.
RST: SYSCFG interface reset
Set to '1" or cleared to '0' by software
8 RST 0: No effect
1: Reset SYSCFG
7:1 Reserved | Reserved, read operation returns 0.
EN: SYSCFG clock enable
0 EN Set to '1' or cleared to '0' by software
0: SYSCFG clock is on
1: SYSCFG clock is off
6.3.13 RCC Register Address Image
The following table lists the RCC register image and Reset values.
Table12 RCC Register Address Map and Reset values
Offset Register =21 RINISIQIIIKRNNSR[ (2T |2|T|2|Y|S|]o|w|~|o|w|t[m]|~|—|o
>|= =8> |= > =
a >1a el
RCC_CR =9 2zls| 2 HSICAL[7:0] HSITRIM[4:0] | 2|z |2
000h Reserved Z|a| Reserved [G|L[2|F o|2|T
&
Reset value oo ofofo 00|0 0|0|0 0|0|01|0|0|00 111
g T 3|8 mco [|B|E £l PRRE2 | PRRET1 HPRE SWS | SW
RCC_CFGR |&| 2 (2|9 Q55 |PLLMUL[3:0] |52 [ 4 | PRE
004h - & g = el [2:0] |2 § [3:0] § E [1:0] [2:0] [2:0] [3:0] [1:0] | [1:0]
5| 8 2|8 £ g
Reset value oljojo|o 0|0|0 ofojo|o|jofo|ofofofofofOfOfO|O|O|O|OfOfOfO|O]|O
vlvlulu|u L b | [THN NV TR T T
Y- I PN PN PPN BS o ===zl = |ZIEIEI&]I=
008h Reserved §i££ﬂﬂ % 22243 %i%fﬂﬂ
oz oz oz
Reset value 0 o|ofofo]|o0 ofojo|ofo]|o0 o|jofojoj|o
-
S5 Ely|= HlE|E= El=l=|E =
clelzl = |2|2|glzlelelelz|ee|lt|zle]e|l
RCC_APB2RSTR S N EEEE RN EEEEEEE
ooch Reserved HHEHE R EHBREEEEEEEEEENE
=lF|[F 4 <£I—WI—<<_—_____8<
o o
Reset value ofofo ofofofofofofof0fO]|OjO|OfO]|O 0
= lelBBle e 5 ClIGIGIEIEIEIEIEIE
° Ll2bleglgbzz2e sz 3 (2] 3 |2|eeleelelelele
RCC_APBIRSTR | 2 |G| E|2|2I12 SIS IEEIEIZ2l&al 2 (18] 2 |T2(Y|S|ela|g|a|a
010h g 322353388 %5%32 385 3§ |2 g EZEEEIEIE1RIE
& &l PP55|E & |IZ| & |F|FIF
Reset value 0(0|0 0 0/0|0|0|0|0]|O 0 0 ofojojofofojof0]|oO
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Refer to Table1 for the starting addresses of the registers.
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General Purpose and Multiplexed Function 1/0 (GPIO and
AFI0)

GPIO Function Description

Each GPI/0 port has two 32-bit configuration registers (GPIOx_CRL, GPIOx_CRH), two 32-bit
data registers (GPIOx_IDR and GPIOx_ODR), a 32-bit bit/reset register (GPIOx_BSRR), a 16-bit
reset register (GPIOx_BRR), and a 32-bit lockout register (GPIOx_LCKR).
Each bit of the GPIO port can be individually configured by software into a variety of modes,
depending on the specific hardware characteristics of each 1/0 port listed in the datasheet.

- Input Float

- Input pull-up

- Input Dropdown

- analog input

-  open-drain output

- push-pull output

-  push-pull multiplexing

- open drain multiplexing (ODMP) function
Each I/0 port bit is freely programmable; however, the 1/0 port registers must be accessed as
32-bit words (no half-word or byte accesses are allowed.) The GPIOx_BSRR and GPIOx_BRR
registers allow independent read/change accesses to any GPIO register; this way, there is no
danger of generating an IRQ between read and change accesses.
The following figure gives the basic structure of an 1/0 port bit.

r— - - — — — — — -
V
To on-chip 4Analog Input | D]P |
peripheral _, Alternate Function Input | on/off |
N [y
g | on/off |
I X |
< Read g | ~ | Vo
E .
% g | t'lr'iTLeSrchmm % | Protection
%’ _E- | 99 on/off \L | diode
(]
Write 5 B | Inputdriver Vss | /O pin
@ a1 oo - ==
g i':’ '_Output driver Vob T
3 = | | Protection
= § | —cl P-MOS | diode
2 Output Ves
L | a | control |
Read/write | [ n-mos |
— Vss
i Push-pull
From on-chi I,
peripheral ° Alternate Function Output !_ gizzr;-lgaam or _!

Figure9 Basic Structure of 1/0 Port Bits
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- - - — — — — — — — — 1
V
To on-chip <nalog Input | D_ll_) |
peripheral , Alternate Function Input | onloff |
g : on/off :
B
o Read a /J/I
| — E | 1 | | VDD_FT(”
3 T
o © | TTL Schmitt |
.% — § | trigger on/off \]'_ |
) £
@ . i
L % 2L L m__ ] roen
= E:’ '_Output driver Voo L .
EH ) | | P'rotectlon
b Prf | P-MOS | diode
E Output Vss
8 | control |
Read/write | N-MOS |
| Vss
. Push-pull
From on-chip ) | i |
peripheral Alternate Function Output a4 _gi%eeﬁlg@ or_ |
Figure10 Basic Structure of 5-Volt Compatible /0 Port Bits
(1) Voo_rris special to the 5-volt tolerant 1/0 pin, which is different from VDD
Table13 Port Bit Configuration Table
Configuration Mode CNF1 CNFO MODE1 MODEO PxODR register
universal Push-Pull 0 Oor1
0 01
output Open-Drain 1 10 Oor1
Multiplexed Push-Pull 0 11 non-use
Function - 1 SeeTable14
Outputs Open-Drain 1 non-use
analog input 0 0 non-use
float input 1 non-use
importation 00
pull-down input ; 0 0
pull-up input 1
Table14 Output Mode Bits
MODE[1:0] significance
00 Reserved
01 Maximum output speed of 10MHz
10 Maximum output speed of 2MHz
1 Maximum output speed of 50MHz

General Purpose 1/0 (GPIO)

During and just after reset, the multiplexing function is not turned on and the 1/0 ports are
configured in floating input mode (CNFx[1:0]=01b, MODEx[1:0]=00b).
After reset, the JTAG pins are placed in input pull-up or pull-down mode:

—  PA15: JTDI placed in pull-up mode

- PA14: JTCK placed in drop-down mode

- PA13: JTMS placed in pull-up mode

—  PB4: JNTRST placed in pull-up mode
When configured as an output, the value written to the output data register (GPIOx_ODR) is
output to the appropriate 1/0 pin. The output drivers can be used in push-pull mode or open-
drain mode (when output 0, only the N-MOS is turned on).
The input data register (GPIOx_IDR) captures data on the I/0 pins at each APB2 clock cycle.
All GPIO pins have an internal weak pull-up and weak pull-down that can be activated or
disconnected when configured as inputs.
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7.1.2

7.1.3

7.1.4

Notes:

7.1.5

7.1.6

7.1.7

Individual Bit Set or Bit Clear

When programming individual bits of GPIOx_ODR, software does not need to disable interrupts:
only one or more bits can be changed in a single APB2 write operation.

This is accomplished by writing a '1' to the bit you want to change in the Set/Reset Register
(GPIOx_BSRR, Reset is GPIOx_BRR). Bits that are not selected will not be changed.

External Interrupt/Wakeup Line

All ports have external interrupt capability. In order to use the external interrupt line, the port
must be configured in input mode. For more information on external interrupts, refer to:

® Section8.2 : External Interrupt/Event Controller (EXTI);

® Section8.2.3 : Wake-Up Event Management.

Multiplexing Function (AF)

The Port Bit Configuration Register must be programmed before using the default multiplexing
feature.

® For multiplexed input functions, the port must be configured in input mode (float, pull-up
or pull-down) and the input pin must be externally driven.

It is also possible to emulate the multiplexed function input pins through software; this
emulation can be achieved by programming the GPIO controller. In this case, the port should
be set to multiplexed output mode. Obviously, the corresponding pins are no longer driven
externally, but by software via the GPIO controller.

® For the multiplexed output function, the port must be configured for the multiplexed
function output mode (push-pull or open-drain).

® For bidirectional multiplexing, the port bits must be configured for the multiplexing
function output mode (push-pull or open-drain). At this point, the input driver is configured for
floating input mode.

If the port is configured for the multiplexed output function, the pin is disconnected from the
output register and connected to the output signal of the on-chip peripheral.

If software configures a GPIO pin to function as a multiplexed output, but the peripheral is not
activated, its output will be indeterminate.

Software Remapping of I/0 Multiplexing Functions

In order to optimize the number of peripheral I/0 functions for different device packages, it is
possible to remap some of the multiplexed functions to some other pins. This can be done by
configuring the appropriate registers in software (refer to the AFIO register description). At this
point, the multiplexed functions are no longer mapped to their original pins.

GPIO Locking Mechanism

The locking mechanism allows the |0 configuration to be frozen. When a lock (LOCK) procedure
is performed on a port bit, the configuration of the port bit cannot be changed again until the
next reset.

Input Configuration

When the 1/0 port is configured as an input:

® Qutput buffer disabled

® Schmidt trigger input activated

® Depending on the input configuration (pull-up, pull-down or float), weak pull-up and pull-
down resistors are connected

® Data appearing on the /0 pins is sampled at each APB2 clock into the input data registers
® Read accesses to the input data registers yield 1/0 states

The following figure gives the input configuration of the 1/0 port bits
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r Vop L
N | onfoff \ |
s| | on |
o Read =) | /I/I |
« — e
= i B I Vpp of Vpp_gr("
g g TTL Schmitt
= chmi .
% - g | trigger off | p_rotectlon
. o = | on/o X | diode
Write = o
— P = ] .
g g L | Li“E‘ driver V, Si . J /0 pin
= o|! @0 r—_—— e — — M — — — = =
D = output driver 1 .
= © | | protection
o ° diode
g | - |
Read/write © | | 58
I I
L o e i

Figure11 Input Float/Pull-Up/Pull-Down Configuration
(1) Voo_rris special for the 5-volt tolerant 1/0 pin, which is different from Vpp

Output Configuration

When an 1/0 port is configured as an output:
® Output buffer activated
- Open-drain mode: '0' on the output register activates the N-MOS, while '1' on the output
register places the port in a high-resistance state (the P-MOS is never activated).
—  Push-Pull Mode: '0' on the output register activates N-MOS, while '1' on the output
register will activate P-MOS.

® Schmidt trigger input activated
® Weak pull-up and pull-down resistors are disabled
® Data appearing on the 1/0 pins is sampled at each APB2 clock into the input data registers
® In open-drain mode, a read access to the input data register yields the 1/0 state
® Inpush-pull mode, a read access to the output data register gets the value of the last write.
The following figure gives the output configuration of the I/0 port bits.
| r——— - - — — —/ —/ 1
Read 2 | o |
4 N~ea 2
) ] g : ){} : Vop or Vpp_rr(1)
. 5 | TTL Schmitt | oot
@ — | 5 tri rotection
% é | rioger | diode
Write i) .
— ¥ = g — Lnputdriver __ __ __ __ _ _ 4 1/0 pin
= —L g Outputdriver Vo T ,
;:,, % | | z"roéectlon
m h=] 100e
= —d[ p-mos
L é- —‘ | Output | Vg
Read/write O control
| —[ N-MOS |
— | Push-pull or |
Lo v 58 _ Opendrain

Figure12 Output Configuration
(1) Voo_rris special for 5-volt-compatible I/0 pins, which are different from Vpp

Multiplexing Function Configuration

When an 1/0 port is configured as a multiplexing function:

® In open-drain or push-pull configurations, the output buffer is turned on

@ Signal driver output buffer with built-in peripheral (multiplexed function output)
® Schmidt trigger input activated
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7.1.10

® Weak pull-up and pull-down resistors are disabled

® At each APB2 clock cycle, data appearing on the 1/0 pins is sampled into the input data
registers

® In open-drain mode, the I/0 port status can be obtained when reading the input data
register.

® In push-pull mode, the value of the last write is available when the output data register is
read.

The following figure illustrates the configuration of the multiplexing function for the 1/0 port
bits. See Section7.3.10 -AFIO Register Description for details.

A set of multiplexed function 1/0 registers allows the user to remap some multiplexed functions
to different pins.

r—-— - - — — — — -
To on-chip Alternate Function Input | |
peripheral < | |
. on
)
Read z | )/ |
«— & I N i Voo or Vpp_rr(1)
@©
2 § | 1I;grléesrChmltt | Protection
3] =] .
B 2 | | diode
(=] - .
Write e - _Inputdriver 3 1O pin
" 3 2
2 k= TOutput driver Voo a
3 2 | | Protection
(2} © h
5 5 | ——[ p-mos | diode
=1 —l—. Output VSS
% | control |
Read/write o —{ N-MOS
’ | Vas push-pull or |
From on-chip o — — == _ open-drain
peripheral Alternate Function Output

Figure13 Multiplexing Function Configuration
(1) Voo_rris special for 5-volt-compatible I/0 pins, which are different from Vpp

Analog Input Configuration

When the 1/0 port is configured for analog input configuration:

® The output buffer is disabled;

® Disabling the Schmitt trigger inputs achieves zero consumption on each analog I/0 pin. The
Schmitt trigger output value is forced to '0’;

® Weak pull-up and pull-down resistors are disabled;

® The value is '0' when the input data register is read.

The following figure illustrates the high impedance analog input configuration for the I/0 port
bits:
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r—— - - - - - - — - — a
To on-chip 4Analog Input | |
peripheral 1 | |
A |
<« Read 2 | off |
% | 0 /—“_l/l I Vpp or Vpp_rr(1)
5
I - | TTL Schmitt | ‘
c | trigger | Protection

diode

110 pin

Protection
diode

o
i
o
o
Write < =
@ @2
£ g
[)]
= 8
om h=]
=
=2
— 3 .
Read/write
From on-chip
peripheral

Figure14 High Impedance Analog Input Configuration
(1) Voo_rris special for 5-volt-compatible I/0 pins, which are different from Vpp.

GPIO Configuration for Peripherals

The following table lists the pinouts for each peripheral.

Table15 Advanced Timer TIM1/TIM8

TIM1/TIM8 pins configure GPIO Configuration
Input capture channel x float input
TIM1/8_CHx
Output comparison channel x push-pull multiplexed output
TIM1/8_CHxN Complementary output channels x push-pull multiplexed output
TIM1/8_BKIN Brake Input float input
TIM1/8_ETR External Trigger Clock Input float input

Table16 General Purpose Timer TIM2/3/4/5

TIM2/3/4/5 pins

configure

GPIO Configuration

TIM2/3/4/5_CHx

Input capture channel x

float input

Output comparison channel x

push-pull multiplexed output

TIM2/3/4/5_ETR

External Trigger Clock Input

float input

Table17 USART s

USART pin configure GPIO Configuration
full duplex mode ush-pull multiplexed output
USARTX_TX P PUshp P P
half-duplex synchronous mode push-pull multiplexed output
full duplex mode Float input or pull-up input
USARTX_RX Unused, can be used as
half-duplex synchronous mode
general purpose 1/0
USARTx_CK synchronous mode push-pull multiplexed output
USARTx_RTS hardware flow control push-pull multiplexed output
USARTx_CTS hardware flow control Float input or pull-up input
Table18 SPI
SPI Pin configure GPIO Configuration
Master Mode ush-pull multiplexed output
SPIx_SCK PSP P P
modal float input
Full duplex mode/master mode push-pull multiplexed output
Full duplex mode/slave mode Float input or pull-up input
SPIx_MOSI P P P P TP
Simple two-way data line/master mode push-pull multiplexed output
Simple bi-directional data line/slave mode Unused, can be used as
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general purpose /0

Full duplex mode/master mode

Float input or pull-up input

Full duplex mode/slave mode

push-pull multiplexed output

SPIx_MISO . . Unused, can be used as
Simple two-way data line/master mode
general purpose 1/0
Simple bi-directional data line/slave mode push-pull multiplexed output
Hardware master/slave mode Floating 1npu§ or pull-up input
or pull-down input
SPIx_NSS Hardware master mode/NSS output enable push-pull multiplexed output
Unused, can be used as
software model
general purpose 1/0
Table19 125
12S Pin configure GPIO Configuration
125%_WS Master Mode push-Pull multiplexed output
modal float input
125%_CK Master Mode push-Pull multiplexed output
modal float input
transmitters push-pull multiplexed output
125x_SD ing i -up i
X_ refraction Floating mput' or pull-up input
or pull-down input
Master Mode push-pull multiplexed output
12Sx_MCK modal Unused, can be used as
general purpose 1/0
Table20 12C Interface
12C pin configure GPIO Configuration
12Cx SCL 12C clock open-drain multiplexed
— output
12Cx SDA 12C data open-drain multiplexed
— output
Table21 BxCAN
BxCAN pin GPIO Configuration
CAN_TX push-pull multiplexed output
CAN_RX Float input or pull-up input
Table22 USB
USB Pin GPIO Configuration

USB_DM/USB_DP

Once the USB module is enabled, these pins are automatically connected to

the internal USB transceiver

Table23 SDIO

SDIO Pin

GPIO Configuration

SDIO_CK push-pull multiplexed output
SDIO_CMD push-pull multiplexed output
SDIO[D7:D0] push-pull multiplexed output

ADC input pins must be configured as analog in

Table24 ADC/DAC
ADC/DAC Pins GPIO Configuration
ADC/DAC analog input
Table25 Other 1/0 Functions
pinout multiplexing function GPIO Configuration
RTC output When configuring the BKP_CR and
TAMPER-RTC BKi_RTCCR registers, the setting is forced
Intrusion Event Input by hardware
MCO clock output push-pull multiplexed output
EXTI Input Line External Interrupt Input :-'r:giiing input or pull-up input or pull-down
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7.2 GPIO Register Description

Refer to Chapter 1 for the abbreviations used in the register descriptions.
These peripheral registers must be operated in word (32-bit) format.

7.2.1 Port Configuration Low Register (GPIOx_CRL) (x=A..G)
Offset address: 0x00
Reset value: 0x4444 4444

3130 29 28 27 26 25 24 23 2 21 20 19 18 17 16
| oNF70] | MODEZ[1:0] | CNFe[1:0] | MODES[1:0] | CNFS[1:0] | MODES[1:0] | CNF4[1:0] | MODEA[1:0] |

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| one3pr:op | mopesfi:o] | onFarr:0] | mopeafi:o] | onFi1:0] | moDET[1:0] | cNFo[1:0] | moDEO[1:0] |
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
CNFy[1:0]: port x configuration bits (y=0..7) (Port x configuration bits)
31:30 The software configures the corresponding I/0 port with these bits, refer toTable13 Port
27;26 B1t. Configuration Table.
23:22 In input moFIe (MODE[1:0]=00):
19:18 00: Analog input mode .
15:14 CNFy[1:0] | O1: Float input mode (state after reset) 10: Pull-up/down input mode
11;10 11: Reserved
7:6 In output mode (MODE[1:0]>00): 00: General-purpose push-pull output mode
3:2 01: Generalized open-drain output mode
: 10: Multiplexed function push-pull output mode 11: Multiplexed function open-drain
output mode
29:28 . . .
25:24 MODEy[1:0]: modg bits for port x (y=0.:7) (Port x moqe bits) .
21:20 The software configures the corresponding /0 port with these bits, refer toTable13 Port
17:16 Bit Configuration Table.
13j12 MODEy[1:0] | 00: Input mode (state after reset)
9:8 01: Output mode, max. speed 10MHz
5:4 10: Output mode, max. speed 2MHz
1;0 11: Output mode, maximum speed 50MHz

7.2.2  Port Configuration High Register (GPIOX_CRH) (x=A..G)

Offset address: 0x04
Reset value: 0x4444 4444
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNF15[1:0] | MODE15[1:0] | CNF14[1:0] | MODE14[1:0] | CNF13[1:0] | MODE13[1:0] | CNF12[1:0] | MODE12[1:0] |

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
| CNF11[1:0] | MODE11[1:0] | CNF10[1:0] | MODE10[1:0] | CNF9[1:0] | MODE9[1:0] | CNF8[1:0] | MODE8[1:0] |

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Bit notation clarification

CNFy[1:0]: port x configuration bits (y=8..15) (Port x configuration bits)

31:30 The software configures the corresponding /0 port with these bits, refer toTable13 Port Bit
27:26 Configuration Table.
23;22 In input que (MODE[1:0]=00):
19:18 00: Analog input mode .
15:14 CNFy[1:0] 01: Float input mode (state after reset) 10: Pull-up/down input mode
11:10 11: Reserved

7:6 In output mode (MODE[1:0]>00): 00: General-purpose push-pull output mode

3:2 01: Generalized open-drain output mode

. 10: Multiplexed function push-pull output mode 11: Multiplexed function open-drain output
mode

29:28 AT . -
25:24 MODEYy[1:0]: modg bits for port x (y=8..'15) (Port x mc_)de bits) _ '
21:20 The software configures the corresponding /0 port with these bits, refer toTable13 Port Bit
17:16 Configuration Table.
13:12 MODEy[1:0] | 00: Input mode (state after reset)

9:8 01: Output mode, max. speed 10MHz

5:4 10: Output mode, max. speed 2MHz

1;0 11: Output mode, maximum speed 50MHz
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7.2.3  Port Input Data Register (GPIOx_IDR) (x=A..G)

Address offset: 0x08
Reset value: 0x0000 XXXX

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

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ 10r15 | 1DR14 | 1DR13 | 1DR12 | 1DR11 | 1DR10 | 1DR9 | 1DR8 | 1DR7 | IDR6 | IDRS | IDR4 | 1DR3 | IDR2 | IDR1 | IDRO |
r r r r r r r r r r r r r r r r
Bit notation clarification
31:16 Reserved Reserved, always reads 0.
IDRy[15:0]: Port input data (y=0...15) (Port input data)
15:0 IDRy[15:0] These bits are read-only and can only be read out as words (16 bits). The value read
out is the status of the corresponding I/0 port.

7.2.4  Port Output Data Register (GPIOx_ODR) (x=A..G)

Address Offset: 0xOCh
Reset value: 0x00000000

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
|opRr15 | 0DR14|0DR13 |0DR12 |0DR11|0DR10| ODR9 | ODRS | ODR7 | ODRé | ODRS | ODR4 | ODR3 | ODR2 | ODR1 | ODRO |
'w 'w 'w 'w rw 'w 'w rw 'w 'w 'w rw 'w 'w rw 'w

Bit notation clarification

31:16 Reserved Reserved, always reads 0.

ODRy[15:0]: Port output data (y=0...15) (Port output data)

These bits are readable and writable and can only be manipulated as words (16 bits).
Note: For GPIOx_BSRR (x=A...E), each ODR bit can be set/cleared independently
separately.

7.2.5 Port Bit Set/Clear Register (GPIOx_BSRR) (x=A..G)
Address offset: 0x10
Reset value: 0x0000 0000

3 30 29 28 27 26 25 24 23 2 2 20 19 18 17 16
| BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BRS | BR4 | BR3 | BR2 | BR1 | BRO |

15:0 IDRy[15:0]

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 | B9 | Bss | Bs7 | Bse | Bss | Bsa | Bs3 | Bs2 | Bs1 | sso |
w w w w w w w w w w w w w w w w
Bit notation clarification

BRy: clear port x bit y (y=0..15) (Port x Reset bit y)

These bits can only be written to and can only be operated on as words (16 bits).

31:16 BRy 0: no effect on the corresponding ODRy bit

1: Clear the corresponding ODRy bit to 0

Note: The BSy bit works if the corresponding bits of BSy and BRy are set at the same time.
BSy:Set bit y of port x (y=0..15) (Port x Set bit y)

These bits can only be written to and can only be operated on as words (16 bits).

0: no effect on the corresponding ODRy bit

1: Set the corresponding ODRy bit to 1

15:0 BSy
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7.2.6  Port Bit Clear Register (GPIOXx_BRR) (x=A..G)

Address offset: 0x14
Reset value: 0x00000000

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

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Br15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BRS | BR4 | BR3 | BR2 | BRY | BRO |
w w w w w w w w w w w w w w w w
Bit notation clarification
31:16 Reserved Reserved, always reads 0.
BRy: clear port x bit y (y=0..15) (Port x Reset bit y)
15:0 BR These bits can only be written to and can only be operated on as words (16 bits).
' Y 0: no effect on the corresponding ODRy bit
1: Clear the corresponding ODRy bit to 0

7.2.7 Port Configuration Lock Register (GPIOx_LCKR) (x=A..G)

This register is used to lock the configuration of the port bits when bit 16 (LCKK) is set by
performing the correct write sequence. Bits [15:0] are used to lock the configuration of the
GPIO port. LCKP[15:0] cannot be changed during a defined write operation. After a LOCK
sequence has been performed on the corresponding port bit, the configuration of the port bit
cannot be changed again until the next system reset.

Each lock bit locks the corresponding 4 bits in the control registers (CRL,CRH).

Address offset: 0x18

Reset value: 0x0000 0000

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

‘ Reserved ‘ LCKK ‘
'w
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Lck1s | Lekia | Leka3 | Lz [ ek [Lekio | Leko | Leks | Lekz | Leks | Loks | Loka | Leks | Leke | Lokt | ko |
r'w rw r'w rw rw r'w 'w rw r'w 'w rw rw r'w rw rw r'w
Bit notation clarification
31:17 Reserved Reserved, always reads 0.

LCKK: Lock key
This bit can be read out at any time; it can only be modified by a lock-key write sequence.
0: Port Configuration Lock keystone active
1: The port configuration lock key bit is activated and the GPIOx_LCKR register is locked
16 LCKK before the next system reset. Lock key write sequence:
Write 1 -> Write 0 -> Write 1 -> Read 0 -> Read 1
The last read can be omitted, but can be used to confirm that the lock key has been
activated.
Note: The value of LCK[15:0] cannot be changed while operating the lock key write
sequence. Any error in the operation lock key write sequence will not activate the lock key.
LCKy:Port x Lock bit y (y=0..15) (Port x Lock bit y)
15:0 LCKy These bits are readable and writable but can only be written when the LCKK bit is zero.

' 0: Configuration without locking the port
1: Locked port configuration
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7.2.8 Forced Pull-Up/Pull-Down Configuration Register (GPIOx_PU_PD_
EN) (x=A..G)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PULL_ | PULL_ [ PULL_ | PULL_ [PULL_ |PULL_|PULL_ |PULL_|PULL_|PULL_|PULL_|PULL_|PULL_|PULL_|PULL_|PULL_
DOWN_|DOWN_|{DOWN_|DOWN_|DOWN_|DOWN_|DOWN_|DOWN_|DOWN_|DOWN_|DOWN_[DOWN_|DOWN_[DOWN_|DOWN_[{DOWN_|
EN_15 | EN_14 | EN_13 [EN_12 | EN_11 |EN_10] EN_9 | EN_8 | EN_7 | EN_6 | EN_.5 | EN_.4 | EN_3 | EN_2 | EN_1 | EN_O

'w r'w 'w 'w r'w 'w 'w r'w 'w 'w r'w 'w 'w r'w 'w 'w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PULL_ | PULL_ [{PULL_ | PULL_|PULL_ {PULL_|PULL_|PULL_{PULL_|PULL_|PULL_|PULL_|PULL_|PULL_|PULL_|PULL_
UP_ | UP_ | UP_ | UP_ | UP_ | UP_ | UP UP_ | UP UP_ | UP_ | UP UupP UP_ | UP UP
EN_15 [EN_14 JEN_13 [EN_12 JEN_11 [EN_10) EN_9 [ EN_8 | EN_7 [ EN_6 | EN_5 | EN_4 | EN_3 | EN_2 | EN_1 | EN_O
rw w rw rw w rw rw w rw rw w rw rw

2|
2|
2

Bit notation clarification
PULL_DOWN_EN_x: Force enable pull-down (x=0...15)
31:16 PULL_DOWN_EN_x | 0: Disable pull-down

1: Enable pull-down

PULL_UP_EN_y: Force enable pull-up (y=0...15)
15:0 PULL_UP_EN_x 0: Disable pull-up

1: Enable pull-up

7.2.9  Forced Pull-Up/Pull-Down Lock Register (GPIOx_PU_PD_LCKR) (x
=A..G)
Address offset: 0x34
Reset value: 0x0000 0000

3130 29 28 27 26 25 24 23 2 21 20 19 18 17 16
| FORCE_PU_PD_LOCK[31:16] |

w w rw rw w rw w w rw rw w rw w w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| FORCE_PU_PD_LOCK[15:0] |
w w rw rw w rw w w rw rw w rw w w rw w
Bit notation clarification

FORCE_PU_PD_LOCK: Force pull-up and pull-down lock register
31:0 FORCE_PU_PD_LOCK | Oxa5a5a5a5: Enable the forced pull-up and pull-down function
other: Disable the forced pull-up and pull-down function

7.3 Multiplexed Functional 1/0 and Debug Configuration (AF10)

Setting the Multiplexing Remap and Debug I/0 Configuration Register (AFIO_MAPR) implements
the remapping of pins. At this point, the multiplexed functions are no longer mapped to their
original assignments.

7.3.1  0OSC32_IN/OSC32_OUT as GPIO Port PC14/PC15

When the LSE oscillator is turned off, the LSE oscillator pins OSC32_IN/0SC32_OUT can be used
as GPIO's PC14/PC15, respectively, and the LSE function always takes precedence over the
function of the general-purpose 1/0 port.

Notes: 1. The GPIO port function of PC14/PC15 cannot be used when the 1.8V voltage area is turned
off (entering standby mode) or when the backup area is powered by VBAT (no more VDD power
supply);

2. See Section4.1.2 for restrictions on I/ O port usage.
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7.3.2

Notes:

7.3.3

7.3.4

7.3.5

Use OSC_IN/OSC_OUT Pins as GPIO Ports PDO/PD1

The external oscillator pins OSC_IN/OSC_OUT can be used as PDO/PD1 of the GPIO, which is
realized by setting the Multiplexing Remap and Debug 1/0 Configuration Register (AFIO_MAPR).
This remapping only applies to 36, 48, and 64-pin packages (separate pins for PDO and PD1 are
available on 100-pin and 144-pin packages and do not need to be remapped)

The external interrupt event function is not remapped. On 36, 48, and 64-pin packages, PDO
and PD1 cannot be used to generate external interrupt events.

CAN1 Multiplexing Function Remapping

CAN signals can be mapped to Port A, Port B, or Port D as shown in the table below.

Table26 CAN1 Multiplexing Function Remapping
CAN_REMAP[1:0]="00" CAN_REMAP[1:0]="10"
PA11 PB8
PA12 PB9

CAN_REMAP[1:0]="11"
PDO
PD1

multiplexing function
CAN1_RX or AN_RX
CAN1_TX or AN_TX

JTAG/SWD Multiplexing Function Remapping

The debug interface signals are mapped to GPIO ports as shown in the following table.
Table27 Debug Interface Signals

multiplexing function GPIO port
JTMS/SWDIO PA13
JTCK/SWCLK PA14
JTDI PA15
JTDO/TRACESWO PB3
JNTRST PB4
TRACECK PE2
TRACEDO PE3
TRACED1 PE4
TRACED2 PE5
TRACED3 PE6

In order to be able to use more GPIOs during debugging, the above remapping configuration can
be changed by setting the SWJ_CFG[2:0] bits of the Multiplexed Remapping and Debugging 1/0
Configuration Register (AFIO_MAPR). See the table below.

Table28 Debug Port Images

SWJI/0 Pin Assignment
Wo5TC | Possible debug ports PA13/ PA14/ PA1S/ PB3/ bR/
[2:0] JTMS/ JTCK/ 17D1 JTDO/ NUTRST
SWDIO SWCLK TRACESWO
Fully SWJ (JTAG-DP+SW- 1/0 1/0 1/0 1/0 1/0
000 DP) . . . . .
unavailable | unavailable | unavailable | unavailable | unavailable
(reset state)
Fully SWJ (JTAG-DP+SW- 1/0 1/0 1/0 1/0 1/0
001 DP) unavailable | unavailable | unavailable | unavailable available
But no JNTRST.
010 Turn off the JTAG-DP. 1/0 1/0 1/0 1/0 1/0
Enable SW-DP unavailable | unavailable available available available
100 Turn off the JTAG-DP. 1/0 1/0 1/0 1/0 1/0
Turn off SW-DP available available available available available
other than | prohibit the use of sth.

(1). 1/0 ports can be used only when asynchronous tracing is not used.

ADC multiplexing Function Remapping

Refer to the Multiplexing Remapping and Debugging I/0 Configuration Register (AFIO_MAPR).
Table29 ADC1 External Trigger Injection Conversion Multiplexing Function Remapping

ADC1_ETRGINJ_REMAP=0 ADC1_ETRGINJ_REMAP=1

ADC1 externally triggered injection ADC1 externally triggered injection
conversion connected to EXTI15 conversion connected to TIM8_CH4

multiplexing function

ADC1 externally triggered
injection conversion
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Table30 ADC1 External Trigger Rule Conversion Multiplexing Function Remapping

multiplexing function ADC1_ETRGREG_REMAP=0 ADC1_ETRGREG_REMAP=1
ADC1 externally triggered ADC1 externally triggered injection ADC1 externally triggered injection
injection conversion conversion connected to EXTI15 conversion connected to TIM8_CH4

Table31 ADC2 External Trigger Injection Conversion Multiplexing Function Remapping

multiplexing function ADC2_ETRGINJ_REMAP=0 ADC2_ETRGINJ_REMAP=1
ADC2 externally triggered ADC2 externally triggered injection ADC2 externally triggered injection
injection conversion conversion connected to EXTI15 conversion connected to TIM8_CH4
Table32 ADC2 External Trigger Rule Conversion Multiplexing Function Remapping
multiplexing function ADC2_ETRGREG_REMAP=0 ADC2_ETRGREG_REMAP=1
ADC2 externally triggered rule ADC2 externally triggered rule ADC2 externally triggered rule
conversion conversion connected to EXTI11 conversion connected to TIM8_TRGO

7.3.6  Timer Reuse Function Remapping

Channels 1 through 4 of Timer 4 can be remapped from Port B to Port D. Remappings for other
timers are listed in Table33~Table37 . See Multiplexing Remapping and Debug 1/0 Configuration
Registers (AFIO_MAPR).
Table33 TIM5 Multiplexing Function Remap
multiplexing function TIM5CH4_IREMAP=0 TIM5CH4_IREMAP=1

. The LSl internal clock is connected to
TIM5_CH4 Channel 4 of TIM5 is connected to PA3. the input of TIM5_CH4 for calibration.

Table34 TIM4 Multiplexing Function Reimage

multiplexing function TIM4_REMAP=0 TIM4_REMAP=1
TIM4_CHA1 PB6 PD12
TIM4_CH2 PB7 PD13
TIM4_CH3 PB8 PD14
TIM4_CH4 PB9 PD15
Table35 TIM3 Multiplexing Functionality Remap
multiplexing TIM3_REMAP[1:0]=00 TIM3_REMAP[1:0]=10 TIM3_REMAP[1:0]=11
function (No reimaging) (partial re-imaging) (full reimage)
TIM3_CH1 PA6 PB4 PC6
TIM3_CH2 PA7 PB5 PC7
TIM3_CH3 PBO PC8
TIM3_CH4 PB1 PCY
Table36 TIM2 Multiplexing Functional Remapping
—— TIM2_RE(%AP[1 :0] TIM2_REg\1AP[1 :0] T'MZ—REQ"(;“P“ :0] TIM2_R=E$A1AP[1 :0]
LG e (No reimaging) (partial re-imaging) (.parti.al re1- (full reimage)
imaging)"

TIM2_CH1_ETR® PAO PA15 PAO PA15
TIM2_CH2 PA1 PB3 PA1 PB3
TIM2_CH3 PA2 PB10
TIM2_CH4 PA3 PB11

(1). TIM2_CH1 and TIM2_ETR share a common pin, but cannot be used at the same time (hence
the use of this labeling here: TIM2_CH1_ETR)
Table37 TIM1 Multiplexing Function Reimage

multiplexed TIM1_REMAP[1:0]=00 TIM1_REMAP[1:0]=01 TIM1_REMAP[1:0]=11
functional image (No reimaging) (partial re-imaging) (full reimage)

TIMTETR PA12 PE7
TIM1_CH1 PA8 PE9
TIM1_CH2 PA9 PE11
TIM1_CH3 PA10 PE13
TIM1_CH4 PA11 PE14
TIM1BKIN PB12 PA6 PE15

TIM1_CH1N PB13 PA7 PE8

TIM1_CH2N PB14 PBO PE10
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TIM1_CH3N

PB15 PB1

PE12 |

Table38 TIM9 Remapping )

multiplexed functional image

TIM9_REMAP =0

TIM9_REMAP = 1

TIM9_CH1

PA2

PE5

TIM9_CH2

PA3

PEG6

(1). See AF Remapping and Debug |I/0 Configuration Registers, Section xx AF Remapping and
Debug 1/0 Configuration Register 2 (AFIO_MAPR2)

Table39 TIM10 Remapping

multiplexed functional image

TIM9_REMAP =0

TIM9_REMAP = 1

TIM10_CH1

PB8

PF6

(1). See AF Remapping and Debug 1/0 Configuration Registers, Section xx AF Remapping and
Debug I/0 Configuration Register 2 (AFIO_MAPR2)

Table40 TIM11 Remapping )

multiplexed functional image

TIM9_REMAP =0

TIM9_REMAP = 1

TIM11_CH1

PB9

PF7

(1). See AF Remapping and Debug 1/0 Configuration Registers,
Debug 1/0 Configuration Register 2 (AFIO_MAPR2)

Table41 TIM13 Remapping

Section xx AF Remapping and

multiplexed functional image

TIM9_REMAP =0

TIM9_REMAP = 1

TIM13_CH1

PAG6

PF8

(1). See AF Remapping and Debug 1I/0 Configuration Registers, Section xx AF Remapping and
Debug I/0 Configuration Register 2 (AFIO_MAPR2)

Table42 TIM14 Remap

multiplexed functional image

TIM9_REMAP =0

TIM9_REMAP = 1

TIM14_CH1

PA7

PF9

(1). See AF Remapping and Debug 1/0 Configuration Registers, Section xx AF Remapping and
Debug 1/0 Configuration Register 2 (AFIO_MAPR2)

USART Multiplexing Function Remapping
See Multiplexing Remapping and Debugging 1/0 Configuration Register (AFIO_MAPR)

Table43 USART3 Reimage

multiplexing usart3_remap[1:0]=00 usart3_remap[1:0]=01 usart3_remap[1:0]=11
function (No reimaging) (partial re-imaging) (full reimage)
USART3_TX PB10 PC10 PD8
USART3_RX PB11 PC11 PD9
USART3_CK PB12 PC12 PD10
USART3_CTS PB13 PD11
USART3_RTS PB14 PD12

Table44 USART2 Reimage

multiplexing function

USART2_REMAP=0

USART2_REMAP=1

USART2_CTS PAO PD3
USART2_RTS PA1 PD4
USART2_TX PA2 PD5
USART2_RX PA3 PD6
USART2_CK PA4 PD7

Table45 USART1 Reimage

multiplexing function

USART1_REMAP=0

USART1_REMAP=1

USART1_TX

PA9

PB6

USART1_RX

PA10

PB7
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7.3.8 12C1 Multiplexing Function Remapping
See Multiplexing Remapping and Debugging I/0 Configuration Register (AFIO_MAPR).
Table46 12C1 Remap
multiplexing function 12C1_REMAP=0 12C1_REMAP=1
12C1_SCL PB6 PB8
12C1_SDA PB7 PB9
7.3.9  SPI1 Multiplexing Function Remapping
See Multiplexing Remapping and Debugging I/0 Configuration Register (AFIO_MAPR).
Table47 SPI1 Reimage
multiplexing function SPI1_REMAP=0 SPI1_REMAP=1
SPI1_NSS PA4 PA15
SPI1_SCK PA5 PB3
SPI1_MISO PA6 PB4
SPI1_MOSI PA7 PB5
7.3.10 SPI3 Multiplexing Function Remapping
Table48 SPI3 Remapping
multiplexing function SPI3_REMAP=0 SPI3_REMAP=1
SPI1_NSS PA15 PA4
SPI1_SCK PB3 PC10
SPI1_MISO PB4 PC11
SPI1_MOSI PB5 PC12
7.4 AFIO Register Description
Refer to Chapter 1 for the abbreviations used in the register descriptions.
Notes: The AFIO clock . Refer to SectionO APB2 Peripheral Clock Enable Register (RCC_APB2ENR)should
be turned on first before performing read or write operations to registers AFIO_EVCR,
AFIO_MAPR and AFIO_EXTICRX.
These peripheral registers must be operated in word (32-bit) format.
7.4.1 Event Control Register (AFIO_EVCR)

Address offset: 0x00
Reset value: 0x00000000

31 30 29 28

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

‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved | EvoE | PORT[2:0] PIN[3:0]
rw rw rw rw rw rw rw rw

Bit notation instructions

31:8 Reserved Reserved, always reads 0.
EVOE: allow event output (Event output enable)

7 EVOE This bit can be read and written by software. When this bit is set, the Cortex's

EVENTOUT will connect to the 1/0 port selected by PORT[2:0] and PIN[3:0].
PORT[2:0]: Port selection
Select the port used to output the EVENTOUT signal from the Cortex:
000: Select PA

6:4 PORT[2:0] 001: Select PB
010: Select PC
011: Select PD
100: Select PE
PIN[3:0]: Pin selection (x=A...E) (Pin selection)

3:0 PIN[3:0] Select the pin used to output the EVENTOUT signal from the Cortex:

’ ' 0000: Select Px0 0001: Select Px1 0010: Select Px2 0011: Select Px3

0100: Select Px4 0101: Select Px5 0110: Select of Px6  0111: Select Px7
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1001: Select Px9
1101: Select Px13

1010: Select Px10
1110: Select Px14

1011: Select Px11
1111: Select Px15

1000: Select Px8
1100: Select Px12

Multiplexed Remap and Debug

(AFIO_MAPR)

Address offset: 0x04
Reset value: 0x0000 0000
Register images and bit definitions

31 30

29 28

27 26 25 24 23 22 21 20 19 18 17

I/0 Configuration Register

16

Reserved

ADC2_ET|ADC2_E AT%CJR—EE
RGREG |TRGINJ

G_REM
_REMAP | REMAP AP

SWJ_CFGJ[2:0] Reserved

REMAP

ADC1_E[TIM5CH
TRGINJ|4_IREM

AP

15 14

13 12

w W w

11 10 9 8 7 6 5 4 3 2 1

PDO1_R|
EMAP

CAN_REMAP
[1:0]

TIM4_R
EMAP

TIM3_REMAP | TIM2_REMAP | TIM1_REMAP |USART3_REMAP|USARTZUSARTT

[1:0] [1:0] [1:0] [1:0] _REMA _R'EDMA

2C1_RE|SPI1_R
EMAP

'w 'w

'w r'w

'w 'w r'w 'w 'w r'w 'w 'w 'w 'w 'w

'w

Bit

notation

clarification

31:27

Reserved

Reserved, always reads 0.

26:24

SWJ_CFG
[2:0]

SWJ_CFG[2:0]: serial wire JTAG configuration (Serial wire JTAG configuration)
These bits are writable by software only (reading these bits will return undefined
values) and are used to configure the |/0 ports for the SWJ and trace multiplexing
functions.SWJ (Serial Wire JTAG) supports JTAG or SWD access to the Cortex's debug
ports. The default state after system reset is SWJ enabled but no trace functionality.
This state allows you to select either JTAG or SW (Serial Wire) mode via specific
signals on the JTMS/JTCK pin.

000: Fully SWJ (JTAG-DP+SW-DP): reset state;

001: Fully SWJ (JTAG-DP + SW-DP) but no NJTRST;

010: Disable JTAG-DP and enable SW-DP;

100: turn off JTAG-DP, turn off SW-DP; other combinations: no effect.

23:21

Reserved

Reserved, always reads 0.

20

ADC2_ETRGR
EG_REMAP

ADC2_ETRGREG_REMAP: ADC2 external trigger regular conversionre mapping

This bit can be set '1" or set '0' by software. It controls the trigger input that is
connected to the ADC2 rule-conversion external trigger. When this bit is '0’, the ADC2
rule-conversion external trigger is connected to EXTI11; when this bit is '1’, the ADC2
rule-conversion external trigger is connected to TIM8_TRGO.

19

ADC2_ETRGIN
J_REMAP

ADC2_ETRGINJ_REMAP: ADC2 external trigger injected conversion remapping

This bit can be set "1' or set ‘0’ by software. It controls the trigger input that is
connected to the ADC2 injection conversion external trigger. When this bit is '0', the
ADC2 injection conversion external trigger is connected to EXTI15; when this bit is '1",
the ADC2 injection conversion external trigger is connected to TIM8 channel 4.

18

ADC1_ETRGR
EG_REMAP

ADC1_ETRGREG_REMAP: ADC1 external triggerr egular conversion remapping

This bit can be set '1" or set '0' by software. It controls the trigger input connected to
the ADC2 rule-converting external trigger. When this bit is '0’, the ADC1 rule-
conversion external trigger is connected to EXTI11; when this bit is '1', the ADC1 rule-
conversion external trigger is connected to TIM8_TRGO.

17

ADC1_ETRGIN
J_REMAP

ADC1_ETRGINJ_REMAP: ADC1 External trigger injected conversion remapping

This bit can be set '1" or set '0' by software. It controls the trigger input that is
connected to the ADC2 injection conversion external trigger. When this bit is '0', the
ADC2 injection conversion external trigger is connected to EXTI15; when this bit is '1",
the ADC1 injection conversion external trigger is connected to TIM8 channel 4.

16

TIM5CH4_IRE
MAP

TIM5CH4_IREMAP: TIM5 channel4 internal remap (TIM5 channel4 internal remap)
This bit can be set "1' or set '0’ by software. It controls the TIM5 channel 4 internal
image. When this bit is '0', TIM5_CH4 is connected to PA3; when this bit is '1", the LSI
internal oscillator is connected to TIM5_CH4 for the purpose of calibrating the LSI.

15

PDO1_REMAP

PDO1_REMAP: port DO/port D1 mapping to OSC_IN/OSC_OUT (PortD0/PortD1
mappingon OSC_IN/OSC_OUT)

This bit can be set '1" or set '0' by software. It controls the GPIO function images for
PDO and PD1. When the main oscillator HSE is not used (the system runs on the
internal 8MHz resistive oscillator), PDO and PD1 can be mapped to the OSC_IN and
OSC_OUT pins.

0: No reimaging of PDO and PD1;

1: PDO is mapped to OSC_IN and PD1 is mapped to OSC_OUT.

14:13

CAN_REMAP
[1:0]

CAN_REMAP[1:0]: CAN alternate function remapping

These bits can be set 1" or ‘0’ by software to control the reimaging of the multiplexing
functions CAN_RX and CAN_TX.

00: CAN_RX is mapped to PA11 and CAN_TX is mapped to PA12;
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01: Unused combinations;
10: CAN_RX is mapped to PB8 and CAN_TX is mapped to PB9;
11: CAN_RX is mapped to PDO and CAN_TX is mapped to PD1.
TIM4_REMAP: Timer 4 remapping (TIM4 remapping)
This bit can be set "1' or '0' by software to control the mapping of channels 1-4 of the
TIM4 to the GPIO port.
12| TIM4_REMAP | . '\o reimaging (TIM4_CH1/PB6, TIM4_CH2/PB7, TIM4_CH3/PB8, TIM4_CH4/PB9);
1: Full image (TIM4_CH1/PD12, TIM4_CH2/PD13, TIM4_CH3/PD14, TIM4_CH4/PD15).
Note: Reimaging does not affect TIM4_ETR on PEQ.
TIM3_REMAP[1:0]: timer 3 remapping (TIM3 remapping)
These bits can be set '1" or set '0' by software to control the image of channels 1
11:10 TIM3_REMAP | through 4 of Timer 3 on the GPIO port.
' [1:0] 00: no reimaging (CH1/PA6, CH2/PA7, CH3/PB0, CH4/PB1); 01: unused combination;
10: Partial image (CH1/PB4, CH2/PB5, CH3/PB0, CH4/PB1); 11: Full image (CH1/PCé,
CH2/PC7, CH3/PC8, CH4/PC9). Note: Re-imaging does not affect TIM3_ETR on PD2.
TIM2_REMAP[1:0]: timer 2 remapping (TIM2 remapping)
These bits, which can be set "1" or '0' by software, control the mapping of channels 1
TIM2 REMAP through 4 of Timer 2 and external triggering (ETR) on the GPIO ports.00: No re-
9:8 [T'O] imaging (CH1/ETR/PAO, CH2/PA1, CH3/PA2, CH4/PA3);
' 01: Partial images (CH1/ETR/PA15, CH2/PB3, CH3/PA2, CH4/PA3);
10: Partial images (CH1/ETR/PAO, CH2/PA1, CH3/PB10, CH4/PB11);
11: Fully imaged (CH1/ETR/PA15, CH2/PB3, CH3/PB10, CH4/PB11).
TIM1_REMAP[1:0]: timer 1 remapping (TIM1 remapping)
These bits can be set 1" or '0' by software to control the image of channels 1 through
4, 1N through 3N, External Trigger (ETR) and Brake Input (BKIN) of Timer 1 on the
GPIO port.
TIM1 REMAP 00: No reimaging (ETR/PA12, CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA11, BKIN/PB12,
7:6 [T'O] CH1N/PB13, CH2N/PB14, CH3N/PB15);
: 01: Partial images (ETR/PA12, CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA11, BKIN/PA6,
CH1N/PA7, CH2N/PBO, CH3N/PB1);
10: Unused combinations;
11:Full Image (ETR/PE7, CH1/PE9, CH2/PE11, CH3/PE13, CH4/PE14, BKIN/PE15,
CH1N/PE8, CH2N/PE10, CH3N/PE12).
USART3_REMAP[1:0]: USART3 remapping
These bits can be set 1" or '0' by software to control the image of the USART3's CTS,
USART3 RTS, CK, TX and RX multiplexing functions on the GPIO port.
5:4 REMAP[1:0] 00:No reimage (TX/PB10, RX/PB11, CK/PB12, CTS/PB13, RTS/PB14);
- : 01:Partial images (TX/PC10, RX/PC11, CK/PC12, CTS/PB13, RTS/PB14);
10: Unused combinations;
11:Full Image (TX/PD8, RX/PD9, CK/PD10, CTS/PD11, RTS/PD12).
USART2_REMAP: USART2 remapping
USART2 These bits can be set 1" or '0' by software to control the image of the USART2's CTS,
3 REMAP RTS, CK, TX and RX multiplexing functions on the GPIO port.
- 0:No reimaging (CTS/PAO, RTS/PA1, TX/PA2, RX/PA3, CK/PA4);
1:Reimage (CTS/PD3, RTS/PD4, TX/PD5, RX/PD6, CK/PD7);
USART1_REMAP: USART1 remapping
2 USART1 This bit can be set 1" or '0' by software to control the image of USART1's TX and RX
_REMAP multiplexing functions on the GPIO ports. 0: No reimaging (TX/PA9, RX/PA10);
1: Reimage (TX/PB6, RX/PB7).
12C1_REMAP: 12C1 remapping
1 12C1 REMAP This bit can be set "1' or '0' by software to control the mapping of 12C1's SCL and SDA
- multiplexing functions on the GPIO ports. 0: No reimaging (SCL/PB6, SDA/PB7);
1:Reimage (SCL/PB8, SDA/PB9).
SPI1_REMAP: reimage of SPI1
This bit can be set "1' or '0' by software to control the image of SPI1's NSS, SCK, MISO
0 SPI1_REMAP | and MOSI multiplexing functions on the GPIO port.
0:No reimaging (NSS/PA4, SCK/PA5, MISO/PA6, MOSI/PA7);
1:Reimage (NSS/PA15, SCK/PB3, MISO/PB4, MOSI/PB5).

External Interrupt Configuration Register 1 (AFIO_EXTICR1)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| EXTI3[3:0] EXTI2[3:0] EXTI1[3:0] EXTI0[3:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
31:16 Reserved Reserved, always reads 0.
EXTIx[3:0]: EXTIx configuration (x=0..3) (EXTI x configuration)
15:0 EXTI These bits can be read and written by software to select the input source for the
EXTIx external interrupt. Refer to the7.2.5 section.
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0100: PE[x] pin
0101: PF[x] pin
0110: PG[x] pin

0000: PA[x] pin
0001: PB[x] pins
0010: PC[x] pin
0011: PD[x] pin

7.4.4  External Interrupt Configuration Register 2 (AFIO_EXTICR2)
Address offset: 0x0C
Reset value: 0x0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| EXTI7 [3:0] EXTI6 [3:0] EXTI5 [3:0] EXTI4 [3:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
31:16 Reserved Reserved, always reads 0.
EXTIX[3:0]: EXTIx configuration (x=4..7) (EXTI x configuration)
These bits can be read and written by software to select the input source for the EXTIx
external interrupt.
15:0 EXTI 0000: PA[x] pin 0100: PE[x] pin
0001: PB[x] pins 0101: PF[x] pin
0010: PC[x] pin 0110: PG[x] pin
0011: PD[x] pin
7.4.5 External Interrupt Configuration Register 3 (AFIO_EXTICR3)
Address offset: 0x10
Reset value: 0x0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| EXTI11 [3:0] EXTI10 [3:0] EXTI9 [3:0] EXTI8 [3:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
31:16 Reserved Reserved, always reads 0.
EXTIX[3:0]: EXTIx configuration (x=8..11) (EXTI x configuration)
These bits can be read and written by software to select the input source for the EXTIx
external interrupt.
15:0 EXTI 0000: PA[x] pin 0100: PE[x] pin
0001: PB[x] pins 0101: PF[x] pin
0010: PC[x] pin 0110: PG[x] pin
0011: PD[x] pin
7.4.6  External Interrupt Configuration Register 4 (AFIO_EXTICR4)
Address offset: 0x14
Reset value: 0x0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| EXTI15 [3:0] EXTI14 [3:0] EXTI13 [3:0] EXTI12 [3:0]
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
31:16 Reserved Reserved, always reads 0.
EXTIx[3:0]: EXTIx configuration (x=12..15) (EXTI x configuration)
These bits can be read and written by software to select the input source for the EXTIx
external interrupt.
15:0 EXTI 0000: PA[x] pin 0100: PE[x] pin
0001: PB[x] pins 0101: PF[x] pin
0010: PC[x] pin 0110: PG[x] pin
0011: PD[x] pin
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7.4.7

AF Remaps and Debugs I/0 Configuration Register 2 (AFIO_MAPR2)
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
Reserved TIM14_ [TIM13_ [TIM11_ [TIM10_ [TIM9_ Reserved
REMAP [REMAP |REMAP [REMAP |REMAP
rw rw rw rw rw
Bit notation clarification
31:10 Reserved Reserved, always reads 0.

9 TIM14_ REMAP

TIM14_ REMAP:TIM14 Remapping

This bit is set and cleared by software. It controls the mapping of the TIM14CH1 alternative
function to the GPIO port.

0: No remapping (PA7)

1: Remapping (PF9)

8 TIM13_REMAP

TIM13_REMAP:TIM13 Remapping

This bit is set and cleared by software. It controls the mapping of the TIM13_CH1
alternative function to the GPIO port.

0: No remapping (PA6)

1: Remapping (PF8)

7 TIM11_REMAP

TIM11_REMAP:TIM11 Remapping

This bit is set and cleared by software. It controls the mapping of the TIM11_CH1
alternative function to the GPIO port.

0: No remapping (PB9)

1: Remapping (PF7)

6 TIM10_REMAP

TIM10_REMAP:TIM10 Remapping

This bit is set and cleared by software. It controls the mapping of the TIM10_CH1
alternative function to the GPIO port.

0: No remapping (PB8)

1: Remapping (PF6)

5 TIM9_REMAP

TIM9_REMAP:TIM9 Remapping

This bit is set and cleared by software. It controls the mapping of the TIM9_CH1 alternative
function to the GPIO port.

0: No remapping (TIM9_CH1 on PA2, TIM9_CH2 on PA3)

1:Remapping (TIM9_CH1 on PE5, TIM9_CH2 on PEé6)

4:0 Reserved

Reserved, always reads 0.
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7.5 GPIO and AFIO Register Address Mapping

Refer toTable1 for register start addresses. The GPIO and AFIO register images and Reset values
are listed below.
Table49 GPIO Register Address Map and Reset values

Offset Register |5 |2 |Q[R[(R[QLQI|QNNS|QS[2(S[Le(2|T|2|D|T|Q|o|w|~|o|wn|<x|m|~|=]|0
GPIOX CRL CNF7 |MODE7| CNF6 |MODE6 C1N.I(:)5 IMODES5| CNF4 (MODE4| CNF3 [MODE3| CNF2 |[MODE2| CNF1 |MODE1| CNFO |MODEO
000h X [1:0] | [1:0] | [1:0] | [1:0] [1:0] [1:0] | [1:0] | [1:0] | [1:0] | [1:0] | [1:01 | [1:0] | [1:0] | [1:0] | [1:0] | [1:0]
Reset value 0|1 0|1 0|1 0|1 O|1 0|1 0|1 0|1 0|1 0|1 0|1 0|1 0|1 0|1 O|1 0|1
0 < [aa] N sy = o
GPlox CRH |CNF15| & & [CON14| & & CON13| & & CON12| & & [CON11| & &' |CON10| & & | CON9 | 15 &' | CON8 IMODES
004h - [1:0] g.‘: [1:0] g.‘: [1:0] g.‘: [1:0] g.‘: [1:0] g.‘: [1:0] g.‘: [1:0] %': [1:0] | [1:0]
Reset value O|1 0|1 O|1 0|1 0|1 0|1 0|1 0|1 O|1 0|1 O|1 0|1 O|1 0|1 0|1 0|1
GPIOx_IDR IDR[15:0]
008h Reserved
Reset value 0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
GPIOx_ODR ODR[15:0]
00Ch Reserved
Reset value 0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
GPIOX_BSRR BR [15:0] BSR[15:0]
o10n Reset value 0|0|0|0|O|0|0|0|0|0|0|0|0|0|0|0 0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
GPIOx_BRR BR [15:0]
014h Reserved
Reset value 0|O|0|0|0|O|0|0|0|O|0|0|0|0|0|0
o18h GPIOx_LCKR Reserved % LCK [15:0]
Reset value T0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
0012CF21~ Reserved
£|§|2|“:‘|“:|e|;I:I;l:lgl:l;l;l;l;lmVMN‘—OO\OOI\\OvaN‘_o
EEEEEEL'Jl ) ) e Y ] e ;l ; ;l ; ;l ;' Z|z1=\=|2|Z|Z|z|Z|z
GPIOX_ z'z'z'z'z'z'§§§§§§§§§§'-”l'-”l'-”l'-'-','-”l'-”|:|:_"|z|:|:|:_"|z|:|:|:|
PU_PD_EN %%%%%%OOOOOOOOoo%%%%%%D|D|D|D|D|D|D|D|DIDI
030n slalsis(alslai2ale1ag1ale12a 2] 22| 2] 21212 2] 212 2] 21212 2 2
Reset value (0|O|O|O|O|O]|OfOJOfO|OfO|OfO|O|O|O|OfO|OfOJOfO|JOfO|O|jO|O|O|O]JOfO
o3 PUfFI’Dll)C_))L(EKR FORCE_PU_PD_LOCK[31:0]
resetvatue | 0| 0] 0] o] o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o]o
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Table50 AFIO Register Address Map and Reset values

Offset Register |%|R[(Q[RN|QQ[I[(KN|S|Q| (2 |=|2|e(I|2(F|C|8|a|w|~|[o|w|w|m|~n|—|o
w
AFIO_EVCR ) P?_%T PIN[3:0]
000h Reserved w [2:0]
Reset value 00 0|O ofojo]o0
% 5 % Sa = gl g | g|2lals
o|m|olm|§%ﬁ,%.‘:. = = = 12122y
) )
SWJ CFG o EZEZES%E% % g EEESE
AFIO_MAPR X qt) 2 g 2 8 vl n:| (] ‘zl E E L g Nl \—l n:| &
004h Reserved (2:0] o EEEES S 2 I ¥ « o - |E|ElS -
¢ | LSadge z BElg ¢ s | B [ZS2]5
OYI0IRIF S = E = S 122
<2< >
Reset value 0fo]o ooooooo‘ooo‘o o|o o|o o|ooooo
EXTI3 EXTI2 EXTI1 EXTIO
AFIO_EXTICR1
008h _ Reserved [3:0] [3:0] [3:0] [3:0]
Reset value O|0|0|0 O|O|0|O O|0|0|O 0|0|0|0
AFIO_EXTICR2 EXTI7 [3:0] | EXTI6 [3:0] | EXTI5 [3:0] | EXTI4 [3:0]
00Ch Reserved
Reset value 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0
AFIO_EXTICR3 EXTI11 [3:0] | EXTI10 [3:0] | EXTI9 [3:0] | EXTI8 [3:0]
010h Reserved
Reset value 0|0|0|0 0|0|0|0 0|0|0|0 0|0|0|0
AFIO_EXTICR4 EXTI15 [3:0] | EXTI14 [3:0] | EXTI13 [3:0] | EXTI12 [3:0]
014h Reserved
Reset value 0|O|0|0 0]0]0 0 000|0|0|0
oa|la|loa|oa
>z <|<|=|Z
alz1=(z=|2
AFIO_EXTICR2 SEEIEEE
01Ch - Reserved LEJI g' ‘rg' :' ‘o_' o Reserved
R EEEE
FIF|F|F([F
Reset value ojofOofo0fOfO
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8 Interrupts and Events
8.1 Nested Vector Interrupt Controller
Characterization

67 maskable interrupt channels (16 Cortex™ -M3 interrupt lines not included);

8 programmable priority levels (3-bit interrupt priority is used);

Low latency exception and interrupt handling;

Power management control;

System control register implementation;

The Nested Vector Interrupt Controller (NVIC) interfaces closely with the processor core to
enable low-latency interrupt handling and efficient handling of late arriving interrupts.

The nested vector interrupt controller manages interrupts including kernel exceptions.

8.1.1 SysTick Calibration Value Registers

The system tick calibration value is fixed at 9000, and when the system tick clock is set to 9MHz
(the maximum value of HCLK/8), a 1ms time reference is generated.

8.1.2 Interrupt and Exception Vector
Table51 W55MH32 Product Vector Table

)
@ priorit
% izatio | Priority type name (of a thing) clarification address
(9}
n
=
Reserved 0x0000 0000
3 set rigidly in Reset reset (a disl}ocateq joint, 0x0000 0004
place an electronic device etc)
set rigidly in unmaskable interrupt
-2 lgacey NMI RCC Clock Security System 0x0000 0008
P (CSS) Link to NMI Vector
-1 set ;r;lilgéy ™ | Hard Fault All types of failures 0x0000 000C
0 configurable storage Management (Mem memory management 0x0000 0010
Manage)
1 configurable | Bus Fault Prefetch fa1lure, memory 0x0000 0014
access failure
2 | configurable | Usage Fault Undefined instructions or 0x0000 0018
illegal states
Reserved 0x0000 001c~0x0000
002b
3| configurable | svcall System service calls via 0x0000 002C
SWI instructions
4 configurable | Debug Monitor Debugging Monitor 0x0000 0030
Reserved 0x0000 0034
5 configurable | PendSV Susp.endable system 0x0000 0038
services
6 configurable | SysTick System Tick Timer 0x0000 003C
0 7 configurable | WWDG Window Timer Interrupt 0x0000 0040
Connected to EXTI's Power
1 8 configurable | PVD Voltage Detection (PVD) 0x0000 0044
interrupt
2 9 | configurable | TAMPER Intrusion detection 0x0000 0048
interruption
3 | 10 | configurable | RTC Real Time Clock (RTC) 0x0000 004C
Global Interrupt
4 11 configurable | flash Flash Global Interrupt 0x0000 0050
. Reset and Clock Control
5 12 configurable | RCC (RCC) interrupts 0x0000 0054
6 13 configurable | EXTIO EXTI line 0 interrupt 0x0000 0058
7 14 configurable | EXTI1 EXTI line 1 interrupt 0x0000 005C
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Lo

E priorit

g izatio | Priority type name (of a thing) clarification address

] n

o

8 15 configurable | EXTI2 EXTI line 2 interrupt 0x0000 0060

9 16 configurable | EXTI3 EXTI line 3 interruptions 0x0000 0064

10 17 configurable | EXTI4 EXTI line 4 interrupt 0x0000 0068

11| 18 | configurable | DMAT Channel 1 DMAT channel 1 global 0x0000 006C
interrupt

12| 19 | configurable | DMA1 Channel 2 DMA1 channel 2 global 0x0000 0070
interrupt

13| 20 | configurable | DMAT channel 3 DMAT channel 3 global 0x0000 0074
interrupt

14 | 21 | configurable | DMAT channel 4 DMA1 channel 4 global 0x0000 0078
interrupt

15 | 22 | configurable | DMAT channel 5 DMAT channel 5 global 0x0000 007C
interrupt

16 | 23 | configurable | DMAT channel 6 DMA1 channel 6 global 0x0000 0080
interrupt

17 | 24 | configurable | DMAT channel 7 DMA1 channel 7 global 0x0000 0084
interrupt

. Global interrupts for ADC1

18 25 configurable | ADC1_2 and ADC2 0x0000 0088

19 | 26 | configurable | USB_HP_CAN_TX USB high priority or CAN 0x0000 008C
transmit interrupt

20 | 27 | configurable | USB_LP_CAN_RXO USB low priority or CAN 0x0000 0090
receive 0 interrupt

21 28 configurable | CAN_RX1 CAN receive 1 interrupt 0x0000 0094

22 29 configurable | CAN_SCE CANSCE interrupt 0x0000 0098

23| 30 | configurable | EXTI9 5 EXT! line [9:5] 0x0000 009C
interruptions

24 31 configurable | TIM1BRK TIM1 brake interrupt 0x0000 00AO

25 32 configurable | TIM1_UP TIM1 update interrupt 0x0000 00A4

26 | 33 | configurable | TIM1_TRG_COM TIM1 trigger and 0x0000 00A8
communication interrupt

27 | 34 | configurable | TIM1_cC TIMT Capture Compare 0x0000 00AC
Interrupt

28 35 configurable | TIM2 TIM2 global interrupt 0x0000 00BO

29 36 configurable | TIM3 TIM3 Global Interrupt 0x0000 00B4

30 37 configurable | TIM4 TIM4 Global Interrupt 0x0000 00B8

31 38 configurable | 12C1_EV 12C1 event interrupt 0x0000 00BC

32 39 configurable | 12C1_ER 12C1 error interrupt 0x0000 00CO

33 40 configurable | 12C2_EV 12C2 event interrupt 0x0000 00C4

34 41 configurable | 12C2_ER 12C2 error interrupt 0x0000 00C8

35 42 configurable | SPI1 SPI1 global interrupt 0x0000 00CC

36 43 Reserved Reserved 0x0000 00DO

37 44 configurable | USART1 USART1 global interrupt 0x0000 00D4

38 45 configurable | USART2 USART?2 Global Interrupt 0x0000 00D8

39 46 configurable | USART3 USART3 Global Interrupt 0x0000 00DC

40 | 47 | configurable | EXTI15_10 EXT! line [15:10] 0x0000 00EO
interruptions

. RTC Alarm Clock Interrupt

41 48 configurable | RTCAlarm Connected to EXTI 0x0000 00E4
Wake from USB standby

42 49 configurable | USB Wakeup interrupt connected to 0x0000 O0E8
EXTI

43 50 configurable | TIM8_BRK TIM8 brake interrupt 0x0000 00EC

44 51 configurable | TIM8_UP TIM8 update interrupt 0x0000 00FO0

45 | 52 | configurable | TIM8_TRG_COM TIM8 trigger and 0x0000 00F4
communication interrupt

46 53 configurable | TIM8_CC TIM8 Capture Compare 0x0000 00F8
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Lo
E priorit
g izatio | Priority type name (of a thing) clarification address
[} n
=
Interrupt
47 54 configurable | ADC3 ADC3 Global Interrupt 0x0000 00FC
48 55 Reserved Reserved 0x0000 0100
49 56 configurable | SDIO SDIO Global Interrupt 0x0000 0104
50 57 configurable | TIM5 TIM5 Global Interrupt 0x0000 0108
51 58 configurable | SPI3 SPI3 Global Interrupt 0x0000 010C
52 59 configurable | UART4 UART4 Global Interrupt 0x0000 0110
53 60 configurable | UART5 UARTS5 global interrupt 0x0000 0114
54 61 configurable | TIM6 TIM6 Global Interrupt 0x0000 0118
55 62 configurable | TIM7 TIM7 Global Interrupt 0x0000 011C
56 | 63 | configurable | DMA2 Channel 1 DMA2 channel 1 global 0x0000 0120
interrupt
57 | 64 | configurable | DMA2 Channel 2 DMAZ channel 2 global 0x0000 0124
lnterrupt
58 | 65 | configurable | DMA2 Channel 3 DMA2 channel 3 global 0x0000 0128
interrupt
DMA2 channel 4 and DMA2
59 66 configurable | DMA2 channels 4_5 channel 5 global 0x0000 012C
interrupts
60 Reserved Reserved 0x0000 0130 ~ 0x0000
0153
61 69 configurable | RNG RNG global interrupts 0x0000 0154
8.2 External Interrupt/Event Controller (EXTI)
The W55MH32 has 19 edge detectors capable of generating event/interrupt requests. Each input
line can be independently configured with the input type (pulse or hang) and the corresponding
trigger event (rising or falling edge or both edges triggered). Each input line can be
independently masked. The pending register holds the interrupt request for the status line.
8.2.1 Main Characteristics

The main features of the EXTI controller are as follows:

® Each interrupt/event is independently triggered and masked

® Each interrupt line has dedicated status bits

® Supports up to 19 software interrupt/event requests

® Detects external signals with pulse widths lower than the APB2 clock width. See the
relevant parameters in the Electrical Characteristics section of the datasheet.
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Flowchart
| AMBA APBbus |
POLK2 _’| Peripheral interface |
1 4 ﬂk A
19 19 19 19 19
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Pending Interrupt Sdftware Rising Falling
request mask interrupt ":Qgt‘?r tr:gg?r
. ; event selection selection
register register register register register
To NVIC interrupt 19 19 19 19

controller
Pulse /7_ Edge detect [] Input
19 ( \J 19 circuit R

19 | genemtor Line

Event
mask
register

Figure15 External Interrupt/Event Controller Block Diagram

Wake-up Event Management

The W55MH32 can handle external or internal events to wake up the core (WFE). Wake-up
events can be generated by the following configuration:

® Enable an interrupt in the peripheral's control register, but not in the NVIC, and enable
the SEVONPEND bit in the Cortex-M3's system control register. When the CPU recovers from
WFE, it needs to clear the interrupt pending bit of the corresponding peripheral and the
peripheral NVIC interrupt channel pending bit (in the NVIC interrupt clear pending register).

® Configure an external or internal EXTI line to event mode, and when the CPU recovers from
WFE, it does not have to clear the interrupt pending bit of the corresponding peripheral or the
NVIC interrupt channel pending bit because the pending bit of the corresponding event line is
not set.

To use an external I/0 port as a wakeup event, see the function description in the section7.2.4

Functional Description

To generate an interrupt, the interrupt line must first be configured and enabled. Set the 2
trigger registers according to the desired edge detection and also write '1' to the corresponding
bit in the interrupt mask register to allow an interrupt request. When an expected edge occurs
on the external interrupt line, an interrupt request is generated and the corresponding pending
bit is set "1". Writing "1’ to the corresponding bit in the pending register will clear the interrupt
request.

If an event needs to be generated, the event line must be configured and enabled first. Edge
detection as required is allowed by setting the 2 trigger registers and also writing a 1" to the
corresponding bit in the event mask register to allow an event request. When the desired edge
occurs on the event line, an event request pulse is generated and the corresponding pending
bit is not set '1".
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Interrupt/event requests can also be generated by software by writing '1" to the software
interrupt/event register.

Hardware Interrupt Selection

Configure 19 lines as interrupt sources by following the procedure below:

® Configuration of 19 mask bits for interrupt lines (EXTI_IMR)

® (Configure the trigger selection bits (EXTI_RTSR and EXTI_FTSR) for the selected breakout
line;

® (Configuring the enable and mask bits of the NVIC interrupt channel corresponding to the
external interrupt controller (EXTI) allows requests in the 19 interrupt lines to be responded to
correctly.

Hardware Event Selection
Through the following process, 19 lines can be configured as event sources

® Configure the mask bits of the 19 event lines (EXTI_EMR)
® (Configure the trigger selection bits (EXTI_RTSR and EXTI_FTSR) for the event line

Selection of Software Interrupts/Events

19 lines can be configured as software interrupt/event lines. The following is the procedure for
generating a software interrupt:

® Configure 19 interrupt/event line mask bits (EXTI_IMR,EXTI_EMR)

® Setting the request bit of the software interrupt register (EXTI_SWIER)
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External Interrupt/Event Line Image

The 61 general-purpose 1/0 ports are connected to 16 external interrupt/event lines in the
manner shown below:

EXTIO[3:0] bits in AFIO_EXTICR1 register
|
PAO O——
PB0 O——
pco O———
PDOOF——
PE0 O——
PFO O——
PGO O——

EXTIO

EXTI1[3:0] bits in AFIO_EXTICR1 register

}

PA1 O——
pB1 O——
pctO——mm
PD1 O——m
PE1 O——>

PF1 O—————f
PG1 O——

EXTN

EXTI15[3:0] bits in AFIO_EXTICR4 register
|
PA15 D—b\
PB15 O———
pC15s ——
PD15s 00—
PE15s O——>

PF15 O——
PG15 C——

EXTI5

Figure16 External Interrupt General Purpose /0 Image
1. To configure external interrupts/events on the GPIO line via AFIO_EXTICRx, the AFIO clock
must be enabled first.
The other four EXTI lines are connected as follows:
® EXTI line 16 connected to PVD outputs
® EXTI line 17 connected to RTC alarm clock event
® EXTI line 18 connected to USB wake-up event

EXTI Register Description

For abbreviations in register descriptions, refer to Sectiont .
These peripheral registers must be operated in word (32-bit) format.
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8.3.1 Interrupt Mask Register (EXTI_IMR)

Offset address: 0x00
Reset value: 0x0000 0000

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

| Reserved | MR18 | MR17 | MR16 |
rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ MR15 | MR14 | MR13 [ MR12 | MR11 [ MR10 | MR9 | MR8 | MR7 | MRe | MR4 | MRa | MR3 | mR2 | mR1 | mRo |
w rw w rw rw w w rw rw w rw rw w rw rw w
Bit notation clarification
31:19 Reserved Reserved, always reads 0.
MRXx: Interrupt Mask on line x.
18:0 MRx 0: Block interrupt requests from line x;
1: Open interrupt requests from line x.

8.3.2 Event Mask Register (EXTI_EMR)

Offset address: 0x04
Reset value: 0x0000 0000

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

| Reserved | MR18 | MR17 | MR16 |
rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ MR15 | MR14 | MR13 | MR12 [ MR11 [ MR10 | MR9 | MR8 | MR7 | MRe | MR4 | MRa | MR3 | MR2 | MR1 | mRo |
w rw w rw rw w w rw rw w rw rw w rw rw w
Bit notation clarification
31:19 Reserved Reserved, always reads 0.
MRx: Event Mask on line x.
18:0 MRx 0: Block interrupt requests from line x;
1: Open interrupt requests from line x.

8.3.3  Rising Edge Trigger Select Register (EXTI_RTSR)

Offset address: 0x08
Reset value: 0x0000 0000

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

| Reserved | TR18 | TR17 | TR16 |
rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
[ TR15 | TR14 | TR13 | TR12 [ TR11 [ TR10 | TRO | TR8 | TR7 | TR6 | TRa | TRa | TR3 | TR2 | TR1 | TRO |
w rw w rw rw w w rw rw w rw rw w rw rw w
Bit notation clarification
31:19 Reserved Reserved, always reads 0.
TRx: Rising trigger event configuration bit of line x
18:0 TRx 0: Block interrupt requests from line x;
1: Open interrupt requests from line x.

Notes: External wake-up lines are edge-triggered, and no burr signals can appear on these lines.
When the EXTI_RTSR register is written, the rising edge signal on the external interrupt line
is not recognized and the hang bit is not set. On the same interrupt line, both rising edge and
falling edge triggering can be set. That is, either edge can trigger an interrupt.
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8.3.4  Falling Edge Trigger Select Register (EXTI_FTSR)

Offset address: 0x0C
Reset value: 0x0000 0000

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

| Reserved | TR18 | TR17 | TR16 |
rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ TR15 | TR14 | TR13 | TR12 [ TR11 [ TR0 | TRO | TR8 | TR7 | TR6 | TR4 | TRa | TR3 | TR2 | TRY | TRO |
rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Bit notation clarification
31:19 Reserved Reserved, always reads 0.
TRx: Falling trigger event configuration bit of line x
18:0 TRx 0: Block interrupt requests from line x;
1: Open interrupt requests from line x.

Notes: External wake-up lines are edge-triggered, and no burr signals can appear on these lines.
When the EXTI_FTSR register is written, the falling edge signal on the external interrupt line
is not recognized and the hang bit will not be set. On the same interrupt line, both rising edge
and falling edge triggering can be set. That is, either edge can trigger an interrupt.

8.3.5 Software Interrupt Event Register (EXTI_SWIER)

Offset address: 0x10
Reset value: 0x0000 0000

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

| Reserved WIER18|WIER17|WIER1¢]
rw rw r'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|WIER15|WIER14|WIER13|WIER12|WIER1 1|WIER10| WIER9 |WIER8 | WIER? | WIER6 |WIER5 |WIER4 | WIER3 |WIER2 |WIER1 | WIERO |
rw rw rw rw rw rw 'w rw rw w rw rw rw rw rw rw
Bit notation clarification
31:19 Reserved Reserved, always reads 0.

SWIERX: Software interrupt on line x.

When this bit is '0', writing 1" will set the corresponding pending bit in EXTI_PR. An

18:0 SWIERX interrupt will be generated at this point if it is allowed to be generated in EXTI_IMR and
EXTI_EMR.

Note: The bit can be cleared to '0' by clearing the corresponding bit of EXTI_PR (writing '1').

8.3.6 Pending Register (EXTI_PR)

Offset address: 0x14
Reset value: OxXXXX XXXX

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

| Reserved WIER18|WIER17|WIER1¢]
rw rw r'w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IWIER15|WIER14|WIER13|WIER12|WIER11|WIER10| WIER9 | WIERS | WIER7 | WIER6 | WIERS | WIER4 | WIER3 | WIER2 | WIER1 | WIERO |
rw rw rw rw rw rw 'w rw rw w rw rw rw rw rw rw
Bit notation clarification
31:19 Reserved Reserved, always reads 0.

PRx: Pending bit

0: No trigger request occurred

1: A trigger request for selection has occurred

This bit is set to "1' when a selected edge event occurs on the external interrupt line.
Writing a '1' to this bit clears it, or it can be cleared by changing the polarity of the edge
detection.

18:0 PRx
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8.3.7 External Interrupt/Event Register Image

The following table lists the EXTI register image and Reset values.
Table52 External Interrupt/Event Controller Register Images and Reset values

Offset Register = 2QRRNERIRNRIRZ2E eI 2d 8 oo~vimn T ma~o
EXTI_IMR MR [18:0]

000h Reserved
Reset value 0|0|O|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
EXTI_EMR MR [18:0]

004h Reset value Reserved O|O|0|O|0|O|O|0|0|0|0|0|0|0|0|0|0|0
EXTI_RTSR TR[18:0]

008h Reserved
Reset value 0|0|0|0|0|O|O|0|0|0|0|0|0|0|0|0|0|0
EXTI_FTSR TR[18:0]

00Ch Reserved
Reset value O|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0
EXTI_SWIER SWIER[18:0]

010h Reserved
Reset value 0|0|0|O|0|0|0|0|0|0|0|0|0|0|0|0|0|0
EXTI_PR PR[18:0]

014h Reserved
Reset value O|O|0|O|0|O|O|0|0|0|0|0|0|0|0|0|0|0

SeeTable1 for register start addresses.
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TCP/IP Offload Engine (TOE)

TOE Introduction

The TCP/IP Offload Engine (TOE) is an embedded, all-hardware TCP/IP Ethernet controller that
provides a simpler, embedded network access solution. 10/100M Ethernet Data Link Layer (MAC)
and Physical Layer (PHY), enabling users to extend network connectivity in their applications
using a single chip.

The market-proven WiZnet full hardware TCP/IP stack supports TCP, UDP, IPv4, ICMP, ARP,
IGMP and PPPoE protocols. A 32K byte on-chip cache is embedded for Ethernet packet
processing. If you use the TCP/IP Offload Engine (TOE), you only need some simple socket
programming to implement Ethernet applications. This is faster and easier than other
embedded Ethernet solutions. Users can use up to 8 hardware sockets to communicate
independently at the same time. In order to minimize system power consumption, Wake-on-
LAN (WOL) and Power-Off modes are available for customers to choose.

TOE Key Features

Full hardware TCP/IP protocol support: TCP, UDP, ICMP, IPv4, ARP, IGMP, PPPoE
Supports 8 independent Sockets

Supports hibernation mode

Supports UDP Wake-on-Demand

Independent 32KB TX/RX cache

Supports power-down mode

10BaseT/100BaseTX Ethernet Physical Layer (PHY)

Supports auto-negotiation (10/100-Based full/half-duplex)

LED status display (full/half-duplex, network connection, network speed, activity status)

Register and Memory Composition

The TCP/IP Offload Engine (TOE) has one general-purpose register, eight socket register areas,
and a send/receive buffer for each socket. The transmit buffer for each socket is in a 16KB
physical transmit memory, initially allocated as 2KB, and the receive buffer for each socket is
in a 16KB physical receive memory, initially allocated as 2KB.

Regardless of the size of the receive/transmit cache assigned to each Socket, it must be within
the 16-bit offset address range (from 0x0000 to OxFFFF). For more information on what
constitutes 16KB of receive/send memory and how it is accessed, refer to the9.4 section.
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Block Select Bits

11111

11110

11101

11100

11011

11010

11001

11000

10111

10110

10101

10100

10011

10010

10001

01000

01111

oll10

elle1

01100

01011

01010

01001

01000

00111

00110

00101

00100

00011

00010

00001

00000

General Register Area (GRA)

(8x1F)
(OxX1E)
(8x1E)
(ex1C)
(ex1B)
(ex1A)
(ex19)
(ex18)
(ex17)
(0x16)
(ex15)
(ex14)
(ox13)
(ex12)
(ex11)
(ex10)
(@x0F)
(8XOE)
(exeD)
(execC)
(@x0B)
(@x0A)
(0x09)
(0x08)
(ex07)
(0x06)
(@x05)
(ox04)
(exe3)
(0x02)
(ex01)

(0x00)

Blocks

Socket 7 RX Buffer

16bit Offset Address
Valid Range

Socket 7

TX Buffer

Socket 7

Register

Reserved

Socket 6

RX Buffer

Socket 6

TX Buffer

Socket 6

Register

Reserved

Socket 7 RX Buffer

Socket 5

RX Buffer

Socket 5

TX Buffer

Socket 5

Register

Reserved

Socket 4

RX Buffer

Socket 4

TX Buffer

Socket 4

Register

Reserved

Socket 3

RX Buffer

Socket 3

TX Buffer

Socket 3

Register

Reserved

Socket 2

RX Buffer

Socket 2

TX Buffer

Socket 2

Register

Socket 1 TX Buffer

Reserved

Socket 1

RX Buffer

Socket 1

TX Buffer

Socket 1

Register

Reserved

Socket @

RX Buffer

Socket ©

TX Buffer

Socket ©

Register

Common Register

16|

OXFFFF 3 Ox3FFF
ox3E2C

OxF800
OxF7FF

0x3800

0xFo0e.
OXEFFF

0x3000

.
. 0x2800
.

Ox9E2C
0x2000

0x1800

0x1000
OXOFFF

0x1000

0x0800 OXOFFF

OX07FF

0x0800
0x0000

0x0000

Physical
KB RX Memory

Socket 7
RX Buffer (2KB)

Socket 6
RX Buffer (2KB)

Socket 5
RX Buffer (2KB)

Socket 4
RX Buffer (2KB)

Socket 3
RX Buffer (2KB)

Socket 2
RX Buffer (2KB)

Socket 1
RX Buffer (2KB)

Socket 0
RX Buffer (2KB)

Physical

16KB TX Memory

OX3FFF
OXFFFF.

0x3800
0xF800
OXF7FF
0x3000
0xF000
OXEFFF
ox2800
.
0x2000
0x413C i
.
0x1800
0x1000
OXOFFF
0x1000
OXOFFF
0x0800 0x093C
OxO7FF
0x0800
0x0000

0x0000

Reserved

OXFFFF

0x0031

Socket @ Register

0x0030

0x0000

Reserved

OXFFFF

0Xx003A

Common Register

0x0039

0x0000

Figure17 Register and Memory Composition

Socket 7
TX Buffer (2KB)

Socket 6
TX Buffer (2KB)

Socket 5
TX Buffer (2KB)

Socket 4
TX Buffer (2KB)

Socket 3
TX Buffer (2KB)

Socket 2
TX Buffer (2KB)

Socket 1
TX Buffer (2KB)

Socket 0
TX Bufer (2KB)

The General Purpose Register area configures basic information about the TOE, such as IP and
MAC addresses. Table53 describes the offset addresses of the general purpose registers. For

more information on each register, refer to the9.5.1 section.

Table53 Offset Addresses for General Purpose Registers

Offset register I Offset register I Offset register
0x0000 paradigm 0x0013 | Interrupt Low Level Timer [ 0x0021 (PHAR3)
(MR) 00014 (INTLEVELO) 0x0022 (PHAR4)
0x0001 Gateway Address (INTLEVEL1) 0x0023 (PHAR5)
0x0002 (GARO) interru - —
pt 0x0024 | PPP Session Identification
0x0003 (GAR1) LB (R) 0x0025 (PSIDO)
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0x0004 (GAR2) (PSID1)
(GAR3) 0x0016 Interrupt Mask
(IMR) PPP Maximum Segment
0x0026 Size
Socket Interrupt 0x0027 (PMRUO)
Subnet Mask Address 0x0017
ocket nterru t Mas
0x0007 gggg; 0x0018 SIMR) p 0x0028 Unreach(a&l;’eRl(; address
0x0008 0x0029
(SUBR3) 0x0019 Retry Time 0x002A (UIPR1)
0x001A (RTRO) 0x002B (UIPR2)
(RTR1) (UIPR3)
0x0009 Source Hasrﬂ\/gsge Address Retry Count
0x000A ESHAR1 ; 0x001B (RCR) 0x002C Unr(ejsggt%lsoi’ort
peo (SHAR2) g (UPORTR1)
0x000C (SHAR3) 0x001C PPP LCP Request Timer
0x000D PTIMER
0X000E (SHAR4) I ( : I PHY Configuration
(SHARS) I I Ltz (PHYCFGR)
PPP LCP Magic number
0x001D
S P Add X (PMAGIC) 0x002F
ource ress .
0x000F (SIPRO) PPP Destination MAC 0x0038 eSS
giggl? (SIPR1) 0x001E Address
(SIPR2) 0x001F (PHARO) Chi i
L (SIPR3) 0x0020 (PHAR1) 0x0039 (VERSIONR)
(PHAR2)
0x003A ~ OxFFFF Reserved

Socket Register Area

The TOE supports 8 sockets as communication channels. Each Socket is controlled through the
Socket n register area (0 n<< 7).

Table54 defines the 16-bit offset address corresponding to the Socket n register area.
Refer to the9.5.2 section for details on each register.

Table54 Socket n Offset addresses in registers (0 n<< 7)

Offset register Offset register Offset register
0x0000 Socket n Socket n Destination Socket n TX Write
(Sn_MR) 0x0010 Port 0x0024 Pointer
0x0011 (Sn_DPORTO) 0x0025 (SN_TX_WRO0)
0x0001 | Socket n Command (Sn_CR) (Sn_DPORT1) (5n_TX_WR1)
Socket n RX Received
Socket n 0x0026 Size
0x0002 Socket n Interrupt 0x0012 Maximum Segment Size 0x0027 (Sn_RX_RSR0)
(Sn_IR) 0x0013 (Sn_MSSRO0) (Sn_RX_RSR1)
(Sn_MSSR1)
0x0003 Socket n Status Socket n RX Read
(Sn_SR) 0x0028 Pointer
0x0014 Reserved 0x0029 (Sn_RX_RDO)
(Sn_RX_RD1)
0x0004 Socket n Source Port 0x0015 Socz(se: r_:_g’S)TOS
0x0005 (Sn_PORTO) - Socket n RX Write
(Sn_PORT1) 0x002A Pointer
Socket n IP TTL 0x002B (Sn_RX_WRO0)
0x0016 -
X (Sn_TTL) (Sn_RX_WR1)
Socket n Destination 0x0017 0x002C Socket n Interrupt Mask
0x0006 Hardware Address - Reserved (Sn_IMR)
0x0007 (Sn_DHARO) 0x001D
0x0008 (Sn_DHART1) Socket n Receive Buffer Socket n Fragment
0x0009 (Sn_DHAR2) 0X001E Size 0x002D Offset in IP header
0x000A (Sn_DHAR3) (Sn_RXBUF_SIZE) 0x002E (Sn_FRAGO0)
0x000B (Sn_DHAR4) = = (Sn_FRAG1)
(Sn_DHARS5) Socket n
0x001F Transmit Buffer Size
(Sn_TXBUF_SIZE) Keep alive timer
TEnIHF (Sn_KPALVTR)
Socket n 0x0020 Socket n TX Free Size
0x000C Destination IP Address 0x0021 (Sn_TX_FSRO)
0x000D (Sn_DIPRO) (SN_TX_FSR1) 0x0030
0x000E (Sn_DIPR1T) ~ Reserved
0x000F (Sn_DIPR2) Socket n TX Read Pointer || OxFFFF
(5n_DIPR3) 0x0022 (Sn_TX_RDO)
e (Sn_TX_RD1)
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9.4 Memory

The TOE has a 16KB send memory for Socket n's send buffer and a 16KB receive memory for
Socket n's receive buffer.

16KB of transmit memory is initially allocated as a 2KB transmit buffer per socket (2KB X 8 =
16KB). The initially allocated 2KB Socket Transmit Buffer can be reallocated by using the Socket
Transmit Buffer Size Register (Sn_TXBUF_SIZE).

Once all the Socket Transmit Buffer Size Registers (Sn_TXBUF_SIZE) are configured, 16KB of
transmit memory is allocated to each Socket's transmit buffer as configured and in order from
Socket 0 to 7. The addresses of the 16KB of physical memory are self-addressable. However, to
avoid data transfer errors, it is necessary to avoid the sum of the Send Cache Size Register
(Sn_TXBUF_SIZE) exceeding 16.

The 16KB of read memory is allocated in the same manner as the 16KB of transmit memory.
16KB of receive memory is initially allocated as a 2KB receive buffer per Socket (2KB*8=16KB).
The initially allocated 2KB Socket receive buffer can be reallocated by using the Socket receive
buffer size register (Sn_XBUF_SIZE).

Once all the Socket transmit buffer size registers (Sn_TXBUF_SIZE) have been configured, 16KB
of transmit memory is allocated to each Socket's transmit buffer as configured and in order
from Socket 0 to 7. The addresses of the 16KB of physical memory are self-incrementing.
However, to avoid data transfer errors, it is necessary to avoid the sum of the Send Cache Size
Register (Sn_TXBUF_SIZE) exceeding 16.

For 16-byte receive/transmit memory allocation, please refer to the description of
Sn_TXBUF_SIZE and Sn_RXBUF_SIZE in Section9.5.2 .

The 16KB of transmit memory is allocated to the corresponding Socket n transmit buffer, which
is used to cache data transmitted from the host. the 16-bit offset address of the Socket n
transmit buffer supports an addressing range of 64KB (from 0x0000 to OxFFFF), for its
configuration please refer to ' Socket n Transmit Write Pointer Register (Sn_TX_WR)' and Socket
n Transmit Read Pointer Register (Sn_RX_WR). However, this 16-bit offset address is
automatically translated into the physical address of the specified 16KB of transmit memory,
as shown inFigure17 . Please refer to section9.5.2 for Sn_TX_WR & Sn_TX_RD.

The 16KB of receive memory is allocated to the receive buffer corresponding to Socket n, which
is used to cache data transmitted from the network. receive buffer of Socket n. The 16-bit
offset address of the Socket n receive buffer supports an addressing range of 64KB (from 0x0000
to OxFFFF), please refer to 'Socket n Receive Read Pointer Register (Sn_RX_RD)' and 'Socket n
Receive Write Pointer Register (Sn_RX_WR)' for more details about the configurations. Socket
n accepts read pointer registers (Sn_RX_RD)' and Socket n accepts write pointer registers
(Sn_RX_WR). However, this 16-bit offset address is automatically translated into the physical
address of the specified 16KB of receive memory as shown inFigure17 . Please refer to the9.5.2
section for Sn_RX_RD & Sn_RX_WR.

9.5 Register Description
9.5.1 General-Purpose Register

MR (Mode Register - Mode Register) [R/W] [0x0000] [0x00]"
This register is used for S/W reset, ping block mode and PPPoE mode.

7 6 5 4 3 2 1 0
| RST | Reserved WOL ‘ PB ‘ PPPoE ‘ Reserved FARP Reserved

Bit notation show
If this bit (bit) is "1, the internal register will be initialized and it will be cleared

’ RST automatically after reset.
6 Reserved | reserved bit
Wake on LAN
5 WOL 0: Turn off network wakeup;

1: Turn on Wake on Network;
If Wake-on-Network is enabled, normal reception of a Magic Packet from UDP pulls the

! Footnote symbols: [Readable/writable] [Memory address] [Default]
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interrupt (INTn) pin low. When using Wake-on-Network, the UDP Socket port needs to be
turned on regardless of any source port number. (Refer to the Socket n Mode Register
(Sn_MR) Enabling Sockets section for details.)

Note: Magic Packet supported by TOE is transported via UDP. The UDP load consists of a 6-
byte synchronization stream (‘'OxFFFF FFFF FFFF') and a 16 destination MAC address stream.
Settings regarding passwords are ignored. You can use any UDP source port as a network
wakeup.

Ping Block Mode

0: Disables the Ping block;

1: Enable the Ping block;

If this bit is set to '1", there is no response to a ping request.

3 PPPoE

PPPoE mode

0 : Disable PPPoE mode

1 : Enable PPPoE mode

If you want to use ADSL, it needs to be set to '1'.

2 Reserved

Reserved

1 FARP

Forced ARP mode

0 : Disable forced ARP mode;

1 : Enable forced ARP mode;

In Forced ARP mode, an ARP request is forced whether or not data is sent.

0 Reserved

Reserved

GAR (Gateway IP Address Register) [R/W] [0x0001 - 0x0004] [0x00]

This register is used to set the default gateway address.
Example: "192.168.0.1"

0x0001

0x0002 0x0003 0x0004

| 192 (0xCO)

| 168 (0xA8) | 0 (0x00) | 1 (0x01)

SUBR (Subnet Mask Register) [R/W] [0x0005 - 0x0008] [0x00]

This register is used to set the subnet mask address.
Example: "255.255.255.0"

0x0005

0x0006 0x0007 0x0008

| 255 (OXFF)

| 255 (OXFF) | 255 (OXFF) | 0 (0x00)

SHAR (Source MAC Address Register) [R/W] [0x0009 - 0x000E] [0x00]

This register is used to set the source MAC address.
Example: "00.08.DC.01.02.03"

0x0009

0x000A 0x000B 0x000C 0x000D 0x000E

| 0x00 |

0x08 | 0xDC | 0x01 | 0x02 | 0x03

SIPR (Source IP Address Register) [R/W] [0xO00F - 0x0012] [0x00]

This register is used to set the source IP address.
Example: "192.168.0.2"

0x000F

0x0010 0x0011 0x0012

| 192 (0xCO)

| 168 (0xA8) | 0 (0x00) | 2 (0x02) |

INTLEVEL (Low Level Interrupt Timer Register) [R/W] [0x0013 - 0x0014] [0x0000]

This register is used to set the interrupt active wait time (IAWT). When the next interrupt is
triggered, the interrupt pin will pull down the interrupt pin (INTn) after the INTLEVEL time.

Liwr = (INTLEVEL + 1) X PLL¢1x X 4 (when INTLEVEL > 0)
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123 456 7 8 9 10111213141516

PLL_CLK
| | | |
| | | |
SR 0x0000% 0x0001 > 0x0003 X 0x0002 i
| | | T
| | | |
| | | |
SR 0x00 XX O0x04 | X 0x00 !
| | | |
| | | |
I | b | I
S1_IR 0x00 | ol ! 0x01 |
l ’ | o
| a i‘c. TAWT e | d.
INTn [

Figure18 INTLEVEL Timing Sequence

1.  When Socket O's timeout interrupt is triggered, the S1_IR[0] & SIR[1] bits are set to 1", at
which time the INTn pin is pulled low.

2.  When the connection interrupt for Socket 1 is triggered before the previous interrupt has
been processed, the S1_IR[0] & SIR[1] bits are set to '1', while the INTn pin remains low.

3. If the host completes the previous interrupt entirely by clearing the SO_IR[3] bit, the INTn
pin is pulled high, but S1_IR[0] & SIR[1] remain '1'.

4. Even though the S1_IR[0] & SIR[1] bits are set to '1', INTh cannot be pulled down during
the INTLEVEL time. Only after the INTLEVEL time, INTn can be pulled down.

IR (Interrupt Register) [R/W] [0x0015] [0x00]

The Interrupt Register (IR) specifies the status of the interrupt. A bit of 1" indicates that an
interrupt has occurred, and when the host writes a '1' to that bit, that bit of the IR is cleared
to ‘0. If IR is not equal to '0x00', the INTn pin will be pulled low. INTn will not be pulled high
until it becomes '0x00'.

7 6 5 4 3 2 1 0
CONFLICT UNREACH PPPoE MP Reserved Reserved Reserved Reserved
Bit notation clarification
IP conflict

7 CONFLICT This bit will be set to 1" if the sender IP is found to be duplicated with the local IP when the
APR request is received

The target is unreachable.

When an ICMP (destination port unreachable) packet is received, this position '1'

6 UNREACH When this bit is '1", the target information may be queried through the corresponding UIPR &
UPORTR.

For example, IP address and port number.

5 PPPOE PPI.’oE.connection shutdown o .

This bit takes effect when the PPPoE connection is disconnected in PPPoE mode

Magic Packet

4 MP When Wake-on-LAN mode is enabled and Magic Packet Wake-on-LAN packets are received
over UDP
The bit takes effect
3-0 Reserved reserved bit

IMR (Interrupt Mask Register) [R/W][0x0016][0x00]

The Interrupt Mask Register (IMR) is used to mask the interrupt source. Each interrupt mask bit
corresponds to a bit in the Interrupt Register (IR).

An interrupt is generated when a bit in the IMR is '1" and the corresponding bit in the IR is also
1. In other words, when the mask bit in IMR is cleared '0’, no interrupt is generated even if the
corresponding IR interrupt bit is 1",

7 6 5 4 3 2 1 0
IM_IR7 IM_IR6 IM_IR5 IM_IR4 Reserved Reserved Reserved Reserved
Bit notation clarification
IP Conflict Interrupt Masking
7 IM_IR7 0: Turn off IP conflict interrupt
1: Enable IP Conflict Interrupt
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The destination address cannot reach the interrupt mask
6 IM_IR6 0: Closed destinations cannot be reached

1: Turn on destination not reachable

PPPoE Disable Interrupt Masking

5 IM_IR5 0: Turn off PPPoE Turn off interrupts

1: Turn on PPPoE Turn off interrupts

Magic Packet Interrupt Blocking

4 IM_IR4 0: Turn off Magic Packet interrupt
1: Enable Magic Packet interrupt
3:0 Reserved reserved bit

SIR (Socket Interrupt Register) [R/W] [0x0017] [0x00]

SIR specifies the interrupt status of the Socket, and after SIR is set to 1, it will remain at "1’
until Sn_IR is cleared by the host writing '1". If Sn_IR is not equal to '0x00', then it means that
the nth bit corresponding to SIR is '1". INTn can only be pulled down when SIR is '0x00'.

7 6 5 4 3 2 1 0
S7_INT S6_INT S5_INT S4_INT S3_INT S2_INT ST_INT SO_INT

Bit notation clarification

When the interrupt of Socket n is triggered, the corresponding bit of the SIR register

7:0 Sn_INT changes to '1'.

SIMR (Socket Interrupt Mask Register) [R/W] [0x0018] [0x00]

Each bit in the SIMR register corresponds to the corresponding bit of the SIR. When one bit of
SIMR is "1 and the corresponding bit of SIR is 1, the interrupt will be triggered. In other words,
if a bit of SIMR is '0', the interrupt will not be triggered even if the corresponding bit of SIR is
"1,

7 6 5 4 3 2 1 0
S7_IMR S6_IMR S5_IMR S4_IMR S3_IMR S2_IMR S1_IMR SO_IMR
Bit notation clarification
Socket n Interrupt Mask
7:0 Sn_IMR 0: Close Socket n interrupt
1: Enable Socket n interrupts

RTR (Retry Time Value Register) [R/W] [0x0019 - 0x001A] [0x07DO0]

RTR configures the time value for the retransmission timeout. The value is 100 microseconds
per unit. The value is set to 2000 (0x07D0) when initialized, which is equivalent to 200
milliseconds (100us X 2000).

During the RTR configured time period, the TOE waits for a response from the other party after
the Sn-CR(CONNECT, DISCON, CLOSE, SEND, SEND_MAC, SEND_KEEP command) is transmitted.
If there is no response within the RTR time period, the TOE performs a packet retransmission
or triggers a timeout interrupt.

For example, when the timeout period is set to 400ms, RTR=(400ms/1ms)X10=4000 (0xOFAQ)

0x0019 0x001A
| 0xOF | 0xA0 |

RCR (Retry Count Register) [R/W] [0x001B] [0x08]

This register is to set the number of retransmissions. The timeout interrupt is set to '1" when
the 'RCR+1th’' retransmission occurs. (The ‘'interrupt’ bit (TIMEOUT bit) of the interrupt register
(Sn_IR) is set to '1').

Example: RCR = 0x0007

0x001B
| 0x07 |

The TOE's timeout can be configured using RTR and RCR.The TOE's timeout includes Address
Resolution Protocol (ARP) and TCP retransmission timeout. During the ARP retransmission
timeout (see RFC 826 http://www.ietf.org/rfc.html), the TOE automatically sends an ARP
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request to the peer's IP address to obtain MAC address information (IP, UDP, or TCP is used for
communication). As for waiting for the ARP response from the other party (peer), if there no
ARP response from the other party (peer) when the retransmission time is set in the RTR, the
timeout occurs and the ARP will request a retransmission. Repeat this step up to 'RCR+1" times.
If there is still no ARP response when the number of times ARP repeats the request for
retransmission reaches 'RCR+1' times, a final timeout interrupt will be triggered and
Sn_IR(TIMEQOUT) will change to '1".

The final timeout value (ARPTO) for ARP requests is as follows.

ARP;, = (RTR % 0.1ms) x (RCR + 1)

When a TCP packet retransmission timeout occurs while RTR and RCR are configured, the TOE
sends TCP packets (SYN, FIN, RST, packets) and waits for an acknowledgement (ACK). If there
is no ACK response from the peer, a temporary timeout interrupt is triggered and the TCP
packets (transmitted earlier) are retransmitted. The TCP packet is retransmitted until it is
retransmitted 'RCR+1' times. Even if the TCP packet is retransmitted 'RCR+1' times, if there is
still no ACK response from the peer, a final timeout interrupt will be triggered and
Sn_IR(TIMEOUT)="1" will be triggered at the same time.

M
TCPry = (Z(RTR x2V) + ((RCR-M) x RTRMAX)> x 0.1ms

N=0

N : Retransmission count, 0<N < M
M : Minimum value when RTR x 2> 65535 and 0 < M < RCR
RTRMAX : RTR x 2

Example:
When RTR = 2000(0x07D0),RCR = 8(0x0008), the
ARPTO = 2000 X 0.1ms X 9 = 1800ms = 1.8s
TCPTO = (0x07D0+0x0FAQ0+0x1F40+0x3E80+0x7D00+0xFA00+0xFA00+0xFA00+0xFA00)X0.1ms
= (2000 + 4000 + 8000 + 16000 + 32000 + ((8 - 4) X 64000)) X 0.1ms
= 318000 X 0.1ms = 31.8s
PTIMER (PPP Connection Control Protocol Request Timing Register) [R/W] [0x001C] [0x0028]
PTIMER Sets the time in 25 milliseconds (ms) for sending LCP Echo requests.
Example: if PTIMER is 200, 200 * 25(ms) = 5000(ms) = 5 seconds

PMAGIC (PPP Connection Control Protocol Phantom Register) [R/W] [0x001D] [0x00]

This register configures the 4-byte Magic number to be used for LCP response requests.
Example: PMAGIC = 0x01, LCP Magic number = 0x0101010101

0x001D
0x01 |

PHAR (Destination MAC register in PPPoE mode) [R/W] [0x001E-0x0023] [0x0000]

The PHAR needs to write the MAC address required by the PPPoE server during the PPPoE
connection.
Example: Destination MAC address is 00:08:DC:12:34:56

0x001E 0x001F 0x0020 0x0021 0x0022 0x0023
0x00 0x08 0xDC 0x12 0x34 0x56
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PSID (Session ID Register in PPPoE Mode) [R/W] [0x0024-0x0025] [0x0000]

PSID needs to be filled in with the PPPoE server session ID that is required during the PPPoE
connection.
Example: Session ID 0x1234

0x0024 0025

18 (0x12) | 52(0x34) |

PMRU (Maximum Receiving Unit in PPPoE Mode) [R/W] [0x0026-0x0027] [OXFFFF]

The PMRU specifies the maximum receive unit in PPPoE mode.
For example, the maximum receive unit in PPPoE mode is 0x1234

0x0026 0027
18 (0x12) | 52 (0x34) |

UIPR (Unable to Reach IP Address Register) [R] [0x0028-0x002B] [0x00000000]

UPORTR (Unable to Reach Port Register) [R] [0x002C-0x002D] [0x0000]

When the TOE sends data to an unopened or unreachable port number, an ICMP packet is
received (destination unreachable), the IR changes to '1', and the UIPR & UPORTR record the
destination IP address and port number respectively.

Example: "192.168.0.11"

0x0028 0x0029 0x002A 0x002B
192 (0xCO) | 168 (0XA8) | 0 (0x00) | 11 (OXOE)

Example: "0x1234"
0x002C 002D

‘ 18 (0x12) | 52(0x34) |

PHYCFGR (TOE PHY Configuration Register) [R/W] [0x002E] [0b10111XXX]

PHYCFGR configures the operating mode of the PHY and PHY restart. In addition, PHYCFGR
specifies the status of the PHY, e.g., Full/Office Duplex, Speed, Link Status.

Bit notation clarification

Reboot Reset [R/W]
7 RST When this bit is '0', the internal PHY restarts.
This bit shall be set to '1' after PHY reboot.

Configure the PHY operating mode

1: Configured via the OPMDC[2:0] bits of the PHYCFGR;

0: Configured via hardware pins (PMODE[2:0]);

This bit configures the operating mode of the PHY via the OPMDC[2:0] bits or the
PMODE[2:0] pins.

When the TOE is restarted via the POR or RSTn pin, the PHY's operating mode defaults to
the mode in which it is restarted via the

PMODE[2:0] pin configuration. After a POR or RSTn reboot, the user can still reset the
Use the OPMDC[2:0] bits to configure the PHY operating mode. If the user wants to reset
the mode of operation of the PHY via the

OPMDC[2:0] bits to configure the PHY operating mode. It is necessary for the user to
configure the PHY operating mode in the PMODE[2:0] bits.

After setting this bit to '1" in pin configuration mode and restarting the PHY with RST
position '0'.

6 OPMD

Operating Mode Configuration Bit [R/W]

The operating modes of these bit-selected PHYs are shown in the table below:
5 3 | clarification

10BT Half-Duplex, Auto-Negotiation Off

10BT full duplex, auto-negotiation off

100BT Half-Duplex, Auto-Negotiation Off

100BT full duplex, auto-negotiation off

100BT half-duplex with auto-negotiation enabled
not yet activated

power-down mode

Full-featured, auto-negotiation enabled

5:3 OPMDC

Ala|lalalo|lo|lolo
el B ==l B Bl (=1 (=] N
= |1O|=(O(=[O|=|O
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Duplex operating status [read-only
1: Full duplex
0: Half-duplex

2 DPX

Speed status [read-only]
1: 100Mpbs based
0: 10Mpbs based

1 SPD

Connection status [read-only]
1: Connected
0: Connection disconnected

0 LNK

VERSIONR (TOE Chip Version Register) [R] [0x0039] [0x04]
The TOE's version register defaults to 0x04.

Socket Register

Sn? _MR (Socket n Mode Register) [R/W] [0x0000] [0x00]
This register is used to configure all SOCKET options or protocol types.

7 6 5 4 3 2

MULTI/ ND / MC UCASTB

MFEN BCASTB /MMB MIP6B

P3 P2

P1

PO

Bit

notation

clarification

MULTV/
MFEN

UDP multicast mode

0: Turn off multicasting

1: Enable Multicast

This bit is only valid if UDP mode (P[3:0] = ‘0010").

To use multicast mode, Sn_DIPR & Sn_DPORT are required on Socket n through the opening of
Sn_CR.

Configure the multicast IP address and port number separately before the configuration
command opens.

Enable MAC address filtering in MACRAW mode

0 : Disable MAC Filtering

1 : Enable MAC Filtering

0: Disable MAC address filtering

1: Enable MAC address filtering

This bit is only valid during the MACRAW(P[3:0] = '0100') mode. If set to

1", TOE accepts only broadcast packets as well as packets sent to himself. When this bit is set
to'0, the

The TOE can receive all packets from the network. If the user wants to implement mixed TCP
and IP protocols

stack, it is recommended to set this bit to 1" to reduce the load on the host to process all
incoming packets.

BCASTB

Network Blocking in MACRAW and UDP Mode

0: Turn off broadcast blocking

1: Enable broadcast blocking

This bit in UDP mode (P[3:0] = '0010') blocks the reception of broadcast packets.
In addition, this bit is also valid in MACRAW mode (P[3:0] = '0100').

ND/MC/MMB

Use non-delayed ACK

0: Turn off the no delay ACK option

1: Enable the no delay ACK option

This bit is only valid in TCP mode (P[3:0] = '0001).

When this bit is set to '1', the TOE will reply to the ACK packet as soon as possible after
receiving the packet from the opposite end without any delay. When this bit is

‘0, the TOE sends ACK packets that require the timeout set by the RTR for delay.

multicast

0: Use IGMP version 2

1: Using IGMP Version 1

This bit only takes effect in UDP mode (P[3:0] = '0010") with MULTI="1".
He configured the version of IGMP messages (join/leave/report).

Multicast Blocking in MACRAW Mode

0: Turn off multicast blocking

1: Enable multicast blocking

This bit is only effective in MACRAW(P[3:0] = '0100') mode. He can block multicast

%js the Socket number (0, 1, 2, 3,4, 5, 6, 7). n The SNUM[2:0] control bit set is set.
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MAC address for packet transmission.

Unicast Blocking in UDP Mode

0: Disable Unicast Blocking

1: Enable unicast

In UDP mode (P[3:0] = '0010") and with MULTI="1", this bit masks the reception of unicast
packets;

UCASTB
4 MIP6B
IPv6 packet blocking in MACRAW mode
0: Turn off IPv6 packet blocking
1: Enable IPvé6 packet blocking
This bit is only effective in MACRAW mode (P[3:0]='0100"). It will block the reception of IPv6
Package.
P3 Protocol
This bit configures the protocol mode used by Socket n
2 P2 P3 P2 P1 PO hidden meaning
1 P1 0 0 0 0 Closed
0 0 0 1 TCP
0 0 1 0 uDP
0 PO 0 1 0 0 | MACRAW

* MACRAW iis only available under Socket 0.

Sn_CR (Socket n Configuration Register) [R/W] [0x0001] [0x00]

(be) worth notation clarification
Initialize and open (open) Socket n according to the protocol selection of
Sn_MR(P3:P0).
The following table shows the corresponding values of Sn_SR and Sn_MR.
Sn_MR (P[3:0]) Sn_SR
0x01 OPEN Sn_MR_CLOSE (0000') }
Sn_MR_TCP (‘0001") SOCK_INIT (0x13)
Sn_MR_UDP ('0010") SOCK_UDP (0x22)
sO_mr_macraw ('0100') SOCK_MACRAW (0x02)
This bit takes effect only in TCP mode (Sn_MR(P3:P0) = Sn_MR_TCP).
In this mode, Socket n is configured as a TCP server, which is waiting for the "TCP
Client" connection request (SYN packet). This Sn_SR register is defined by SOCK_INIT
Change to SOCK_LISTEN.
0x02 LISTEN \&hteg\ea TCP client's connection request is successful, this Sn_SR register is changed
SOCK_LISTEN changes to SOCK_ESTABLIESHE with Sn_IR(0)
will change to '1". On the other hand, when the connection fails, Sn_IR(3) is set to '1',
the
Sn_SR changed to SOCK_CLOSED.
This mode is only available in TCP mode and running Socket n as a TCP client. This is
accomplished by connecting to the
stored in Destination Address Register (Sn_DIPR) and Port Number Register
(Sn_DPORT)
IP address and port number to connect, a connection request is sent to the TCP
server.
When a client's connection request is successful, the Sn_SR register changes to the
SOCK_ESTABLIESHED, Sn_IR(0) will change to '1'.
0x04 CONNECT The following three conditions mean that the connection request failed:
ARPTO timeout occurred (Sn_IR(s)="1"). Because the MAC address of the destination
Cannot be obtained through the ARP process.
When no SYN/ACK packet is received and TCPTO(Sn_IR(3)) is set to '1', the
TCPTO(Sn_IR(3)) is set to '1".
Hours.
When an RST packet is received instead of a SYN/ACK packet.
In the above three cases, Sn_SR will be changed to SOCK_CLOSED.
Valid only in TCP mode;
Use DISCON to disconnect either "TCP server” or "TCP client".
Active shutdown: It transmits a disconnect request (FIN packet) to the connected
peer.
Passive shutdown: reply with a FIN packet when a FIN packet is received from the
other party (peer)
to the other person (peer).
When a successful disconnect operation is performed (FIN/ACK packet is received),
0x08 DISCON Sn_SR is changed to
SOCK_CLOSED.
The TCPTO timeout interrupt occurs when the disconnect request does not receive
an ACK (Sn_IR(3)=
'1"), Sn_SR changed to SOCK_CLOSED.
cf.> If the CLOSE command is used instead of the disconnect command, it means
that directly the
Sn_SR becomes SOCK_CLOSED, the disconnect mechanism FIN/ACK is no longer
implemented.
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Thus there is no disconnection process. If, when a communication is received during
the communication from an opposing party (peer)
RST packets, Sn_SR will unconditionally change to SOCK_CLOSED.

Close Socket n.

0x10 CLOSE Sn_SR changed to SOCK_CLOSED.
Send (SEND) Socket n Sends (TX) all buffered data in memory.
For more information, see Socket n Transmit (TX) Free Size Registers
0x20 SEND (Sn_TX_FSR), Socket n Transmit (TX) Write Pointer Register (Sn_TX_WR) and Socket

n
Transmit (TX) Read Pointer Register (Sn_TX_RD).

Valid only in UDP mode;

The basic operation is the same as sending (SEND). Generally speaking, sending
(SEND) data usually requires the

The destination MAC address must be obtained through an automatic ARP (Address
0x21 SEND_MAC Resolution Protocol) request in order to

The transfer is performed. SEND_MAC, on the other hand, does not require the use
of an automatic ARP request. In this case, the destination

The MAC address is set using the host Sn_DHAR, not through the ARP process.
Accessed.

Valid only in TCP mode;

The connection status is checked by sending a 1-byte online heartbeat packet.
0x22 SEND_KEEP If the other party fails to return an online heartbeat packet within the timeout
count period, the connection will be closed and the

Triggers a timeout interrupt.

The RECV command accomplishes this by using the Receive Read Pointer Register
(Sn_RX_RD) to set the RECV command in the Socket n

The process of receiving data in the receive cache.

0x40 RECV For details, refer to, Socket n Receive Read Size Register (Sn_RX_RSR), Socket n
Receive

The pointer register (Sn_RX_WR) and Socket n receive read pointer registers.
(Sn_RX_RD).

This register is used to set configuration commands such as OPEN, CLOSE, CONNECT, LISTEN,
END, and RECEIVE for Socket n. Upon recognition of this command by the TOE, the Sn_CR
register is automatically cleared to 0x00. The command is still being processed even though
Sn_CR is cleared to 0x00. To verify that the command has completed, check the Sn_IR or Sn_SR
registers.

Sn_IR (Socket n Interrupt Register) [RCW1] [0x0002] [0x00]

The Sn_IR register is used to provide the Socket n interrupt type information such as
Establishment, Termination, Receiving data and Timeout. When an interrupt is triggered and
the corresponding bit of Sn_IMR is '1', the corresponding bit of Sn_IR will also be set to "1'.

The host should 1" the Sn_IR bit if it wants to clear it to zero.

7 6 5 4 3 2 1 0
Reserved Reserved Reserved SEND_OK TIMEOUT RECV DISCON CON
Bit notation clarification
7~-5 Reserved reserved bit
4 SEND_OK Sn_IR(SENDOK)

This bit takes effect when the SEND command completes.
Sn_IR(TIMEOUT) Interrupts

3 TIMEOUT This bit takes effect when the ARPTO or TCPTO timeout is triggered.

2 RECV Sn_IR(RECV) Interrupt
This bit takes effect whenever data is received from the other side.

1 DISCON Sn_IR(DISCON) Interrupt
This bit takes effect when a FIN or FIN/ACK packet is received from the other party.
Sn_IR(CON) Interrupt

0 CON When a connection is successfully established with the other party and Sn_SR changes

to the SOCK_ESTABLISHED state, the
This bit takes effect.
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Sn_SR (Socket n Status Register) [R] [0x0003] [0x00]

Sn_SR indicates the state of Socket n and changes according to Sn_CR or some special control
packets in TCP mode, such as SYN, FIN packets.

ez notation clarification

worth
This bit indicates that Socket n is in the shutdown state and resources
are released.

0x00 SOCK_CLOSED When the.DIC(")N, CLOSE command takes effect or when a timeout
interrupt is triggered, the TOE
The corresponding socket n ignores the previous state and becomes
SOCK_CLOSED.
This bit indicates that the Socket n port is open and in TCP operating
mode.

0x13 SOCK_INIT When Sn_MR (P[3:0]) = '0001' and the OPEN command is in effect, Sn_SR
The user can only use LISTEN
CONNECT command.
This bit indicates that Socket n is operating in TCP server mode.
and waiting for a connection request (SYN Packet) from the other party
(TCP client).

0x14 SOCK_LISTEN When the connection request is successfully accepted, Socket_SR
changes to
SOCK_ESTALBLISHED state. Otherwise it will be triggered when TCPTO is
triggered.
After a timeout interrupt, it changes to the SOCK_CLOSED state.
Indicates the connection status of Socket n.
SOCK_LISTEN state, when the TCP server processes TCP client
SYN request packet or when the CONNECT command is successfully

0x17 SOCK_ESTABLISHED configured, becomes
SOCK_ESTABLISHED.
In this state, you can use the SEND or RECV commands to perform packet
Transmission.
Indicates that Socket n received a disconnect request from the other
side of the connection.
(FIN packet). This is a semi-closed state that allows for data transfer.

0xic SOCK_CLOSE_WAIT To turn it all off, you need to use the DISCON command. And if it is to
turn off the
Socket, the CLOSE command is required.
Indicates that Socket n is in UDP mode (Sn_MR(P[3:0]) =
'0010).
When Sn_MR(P[3:0]) = '0010' and the OPEN command is in effect, Sn_SR

0x22 SOCK_UDP Change to SOCK_UDP.
Unlike TCP mode, in this mode, packets can be sent in a connectionless
process.
transmission in the case of the
Indicates that Socket 0 is operating in MACRAW mode (SO_MR(P[3:0]) =
'0100').MACRAW mode is effective only under Socket 0.
When SO_MR(P[3:0] = '0100" and the OPEN command is in effect, Sn_SR
Change to SOCK_MACRAW.

0x42 SOCK_MACRAW As in UDP mode, Socket 0, when operating in MACRAW mode, also
MAC packets (Ethernet frames) can be realized without a connection
process.
Transmission.

The following table shows the temporary state when the state of Socket n changes.
2:2) notation clarification

worth
Indicates that Socket n has sent a connection request (SYN Packet) to
the other side.
He shows that after sending the CONNECT command, the sn_SR is
removed from the SOCK_INIT
to the temporary state of SOCK_ESTABLISHED.

0x15 SOCK_SYNSENT If, at this point, a request to accept the connection is received from the
other party (SYN/ACKpac), the connection is not accepted.
ket) then, becomes SOCK_ESTABLISHED.
Otherwise, after a TCPTO timeout (Sn_IR[TIMEOUT] = '1') interrupt, the
Transforms to SOCK_CLOSED.
Indicates that Socket n successfully received a connection request
packet from the other side (SYN).
packet).

0x16 SOCK_SYNRECY If Socket n successfully sends a connection answer (SYN) to the other
party, it is not possible for Socket n to send a connection answer (SYN)
to the other party.
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/ACK packet), will transition to the SOCK_ESTABLISHED state.
Otherwise, after triggering a timeout interrupt (Sn_IR[TIMEOUT] = '1"),

the
changed to SOCK_CLOSED.
0x18 SOCK FIN WAIT These conditions indicate that SOCKET n is shutting down.
— This shows the process of disconnecting (active or passive shutdown).
Ox1A SOCK_CLOSING When the disconnect procedure completes successfully or

TCPTO(Sn_IR(timeout)="1") occurs, the

0X18 SOCK_TIME_WAIT It then changes to SOCK_CLOSED.

indicates that Socket n is in the passive shutdown state.

Waiting for a response to a disconnect request (FIN packet) (FIN/ACK
0X1D SOCK_LAST_ACK packet).

When Socket n successfully receives a response to a disconnect request
or a departure timeout is reached
interrupt, it changes to the SOCK_CLOSED state.

Sn_PORT (Socket n Source Port Register) [R/W] [0x0004-0x0005] [0x0000]

This register configures Socket n's source port number. This register takes effect when Socket
n is operating in TCP or UDP mode.

Notes: Setting of this register must be completed before the OPEN command takes effect.
For example, port = 5000 (0x1388) for SOCKET 0, the configuration should be as follows:

0x0004 0x0005
| 0x13 | 0x88 |

Sn_DHAR (Socket n Destination MAC Address Register) [R/W] [0x0006-0x000B]

[OXFFFFFFFFFFFFFFFF]

The Sn_DHAR register indicates the MAC address of the destination host for Socket n in UDP
mode using the Send_MAC configuration command, or the MAC address obtained by the ARP
process using the CONNECT/SEND configuration command.

For example, Socket 0's destination MAC address = 08.DC.00.01.02.10 should be configured as

follows:
0x0006 0x0007 0x0008 0x0009 0x000A 0x000B
| 0x08 | 0xDC 0x00 | 0x01 | 0x02 | 0X0A |

Sn_DIPR (Socket n Destination IP Address Register) [R/W] [0x000C-0x000F] [0x00000000]

Sn_DIPR Configured or indicated as the destination host IP address for Socket n, effective in
TCP/UDP mode.

In TCP client mode, this register sets the IP address of the TCP server before the CONNECT
configuration command.

In TCP server mode, he shows the IP address of the TCP client after a successful connection is
established; in UDP mode, he configures the IP address of the other host to receive UDP packets
after the SEND or SEND_MAC configuration command.

For example, if the destination IP address of Socket 0 = 192.168.0.11, the configuration should
be as follows:

0x000C 0x000D 0X000E 0X000F
| 192 (0xCO) 168 (0xA8) | 0 (0x00) | 11 (0x0B) |

Sn_DPORT (Socket n Destination Port Register) [R/W] [0x0010-0x0011] [0x00]

Sn_DPORT Configures or indicates the destination host port number for Socket n, effective in
TCP/UDP mode.

In TCP client mode, this register configures the port number on which TCP Server listens before
the CONNET configuration command.

In TCP server mode, he shows the port number of the TCP client after a successful connection
has been established;
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In UDP mode, he receives UDP packets after configuring the port number of the other host for
the SEND or SEND_MAC configuration command.

For example, if the destination port number for Socket 0 = 5000 (0x1388), the configuration
should be as follows:

0x0010 0x0011
0x13 | 0x88 |

Sn_MSSR (Socket n Maximum Segmentation Register) [R/W] [0x0012-0x0013] [0x0000]

This register configures or displays the Maximum Transfer Unit (MTU) of Socket n. The register
is used to configure or display the MTU of Socket n. The register is used to configure or display
the MTU of Socket n.

In TCP/UDP mode, the default maximum transmission unit set by this register takes effect.
However, in PPPoE mode (MR[PPPoE] = '1'), this register will depend on the maximum
transmission unit for PPPoE.

Normal (MR(PPPOE)="0") PPPOE (MR(PPPOE)="1")

Mode Default MTU Range Default MTU Range

TCP 1460 1~ 1460 1452 1~ 1452

ubP 1472 1~ 1472 1464 1~ 1464
MACRAW 1514

When Socket n is in MACRAW mode, the default MTU will be in effect because the MTU is not
processed internally. Therefore, when transferring data larger than the default MTU, the host
needs to manually divide the data into the default MTU size units for transmission.
When Socket n is in TCP/UDP mode and the data being transferred is larger than the MTU, the
data will be automatically divided into the default MTU unit size for transmission.
In UDP mode, MTU configuration is used because there is no connection process involved as in
TCP mode. When MTU data of different sizes is transmitted to the other side, ICMP packets
(MTU fragmentation) may be received. In this case, IR(FMTU) is set to '1" and the other party's
information such as MTU size and IP address will be specified by FMTUR and UIPR respectively.
If IR[MTU] = '1", the user cannot send data to the other party. To resume communication with
the other party, you can do the following:
1. Shut down the Socket with the CLOSED configuration command.
2. Set Sn_MSS to specify the MTU in FMTUR.
3. Open Socket n with the OPEN configuration command.
4. Re-communicate with each other.
For example, Socket 0 with MSS = 1460(0x05B4) should be configured as follows:

0x0012 0x0013

| 0x05 | OxB4 |

Sn_TOS (Socket n IP Type of Service Register) [R/W] [0x0015] [0x00]

This register is set in the TOS (Type of Service) field of the IP header at the IP level. It should
be set before the OPEN command is executed.
Please refer to http://www.iana.org/assignments/ip-parameters.

Sn_TTL (Socket n Survival Time Register) [R/W] [0x0016] [0x80]

This register is set in the TTL (Time-To-Live) field of the IP header in the IP layer. It should be
set before the OPEN command is executed.
Please refer to http://www.iana.org/assignments/ip-parameters.

Sn_RXBUF_SIZE (Socket n Receive Buffer Size Register) [R/W] [0x001E] [0x02]

Sn_RXBUF_SIZE configures the receive buffer size for Socket n. The Socket n receive buffer size
can be configured as 1, 2, 4, 8, and 16 Kbytes. if configured to any other size, the TOE will not
be able to receive data from the other host properly.

Even though the receive buffer size of Socket n is initially defaulted to 2Kbytes, the user can
still redefine it using Sn_RXBUF_SIZE. However, the total size of the receive buffer
(Sn_RXBUF_SIZE) for all sockets must not exceed 16Kbytes; otherwise, a receive exception will
occur.
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When all Sn_RXBUF_SIZE are configured, 16Kbytes of receive memory will be allocated to each
socket in order from socket O to socket 7 to be used as receive cache.

Regardless of the size of Socket n's receive buffer configuration, it can be addressed by a 16-
bit offset address. (Addressing range: 0x0000 to OxFFFF)

Value (dec) 0 1 2 4 8 16
Buffer size OKB 1KB 2KB 4KB 8KB 16KB
Example: Socket 0 RX Buffer Size = 8KB
0x001E
0x08 |

Sn_TXBUF_SIZE (Socket n Transmit Buffer Size Register) [R/W] [0x001F] [0x02]

Sn_TXBUF_SIZE configures the size of the transmit buffer for Socket n. Socket n transmit buffer
size can be configured as 1, 2, 4, 8, and 16Kbytes. if configured to any other size, the TOE will
not be able to send data to the other host properly.

Even though the transmit buffer size of Socket n is initially defaulted to 2Kbytes, the user can
still redefine it using Sn_RXBUF_SIZE. However, the total size of the transmit buffer for all
sockets must not exceed 16Kbytes, otherwise, a transmit exception will occur.

Once all Sn_TXBUF_SIZE are configured, 16Kbytes of transmit memory will be allocated to each
socket in the order of socket 0 to 7 to be used as transmit cache.

Socket n can be addressed with a 16-bit offset address, regardless of the size of its receiving
memory configuration. (Addressing range: 0x0000 to OxFFFF)

Value (dec) 0 1 2 4 8 16
Buffer size OKB 1KB 2KB 4KB 8KB 16KB
Example: Socket 0 TX Buffer Size = 4KB
0x001F
0x04 |

Sn_TX_FSR (Socket n Idle Transmit Cache Register) [R] [0x0020-0x0021] [0x0800]

Sn_TX_FSR shows the size of the free space in the Socket n transmit buffer. This register is
initially configured to the size of Sn_TXBUF_SIZE. If the length of the data to be sent is greater
than the value of Sn_Tx_FSR, the data in the transmit cache that has not been sent will be
overwritten, so the TOE will not be allowed to write to the transmit cache if the data length is
greater than the value of Sn_Tx_FSR. Therefore, before sending the cached data to Socket n,
you need to check if the data size is equal to or less than the remaining space before saving
the data to the send cache and sending it via the SEND/SEND_MAC configuration command. If
the data is larger than the checked remaining space, you need to divide the data into sizes less
than or equal to the remaining space before saving the data to the Socket n send cache. If
Sn_MR(P[3:0]) is not in TCP mode ('0001'), TOE calculates the space between the send write
pointer (Sn_TX_WR) and the Socket n send read pointer, and automatically divides the data
into the appropriate size.
If Sn_MR(P[3:0]) is in TCP mode ('0001'), the TOE calculates the space between the transmit
write pointer (Sn_TX_WR) and the internal ACK pointer (indicating the location of the node that
has already received data from the connecting party).
Example: 2048(0x0800) at SO_TX_FSR

0x0020 0x0021

| 0x08 | 0x00 |

Sn_TX_RD (Socket n Transmit Read Pointer Register) [R] [0x0022-0x0023] [0x0000]

The Sn_TX_RD register can initialized by the OPEN configuration command. However, if
Sn_MR(P[3:0]) is in TCP mode ('0001"), this register will be re-initialized during TCP connection.
After initialization, this register increments itself according to the SEND configuration command,
which transfers the data currently stored in the Socket n transmit buffer between Sn_TX_RD
and Sn_TX_WR. After transferring the saved data, the SEND configuration command causes
Sn_TX_RD to equal Sn_TX_WR. When Sn_TX_RD is incremented beyond the maximum value of
OxFFFF (greater than 0x10000 and generates a rounding error), Sn_TX_RD ignores the rounding
error and saves the value as a 16-bit lower value automatically.
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Sn_TX_WR (Socket n Transmit Write Pointer Register) [R/W] [0x0024-0x0025] [0x0000]

The Sn_TX_WD register can initialized by the OPEN configuration command. However, if
Sn_MR(P[3:0]) is in TCP mode ('0001'), this register will be re-initialized during TCP connection.
This register needs to be read or updated as follows:

1. Read the first address in the transmit cache where the transmitted data will be stored.

2. Starting from the first address corresponding to the transmit buffer of Socket n, save the
data to be transmitted.

3. After saving the transmitted data, increase the value of Sn_TX_WR to the transmitted data
size. If the increase exceeds the maximum value OxFFFF (which is larger than 0x10000 and
generates a rounding), then the rounding is automatically ignored and the value is automatically
updated to the lower 16 bits.

4. Send the data stored in the Socket n transmit buffer by using the SEND command.

Sn_RX_RSR (Socket n Idle Receive Cache Register) [R] [0x0026-0x0027] [0x0000]

Sn_RX_RSR shows the size of received and saved data in the Socket n receive cache.
Sn_RX_RSR does not exceed the size of n_RXBUF_SIZE and is calculated as the size of the space
between the Socket n receive write pointer (Sn_RX_WR) and the Socket n receive read pointer.
Example: 2048(0x0800) at SO_RX_RSR

0x0026 0x0027

‘ 0x08 | 0x00 |

Sn_RX_RD (Socket n Receive Read Pointer Register) [R/W] [0x0028-0x0029] [0x0000]

The Sn_RX_RD register can be initialized with the OPEN configura